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ABSTRACT

Energy plays a vital role in the macroeconomic development of countries. The increase in energy consumption and the increase in the number of
energy companies are among the basic dynamics of country development and growth. Enhancing the financial performance of companies operating
in the energy sector strengthens the competitive power of countries at both national and international levels. In this context, this study aims to
determine the financial performance rankings of companies operating in the energy sector in Turkey over a 10-year period, identifying the most
successful and least successful periods over the years. Using data from energy sector companies listed on Borsa Istanbul (BIST) between 2013 and
2022, after determining the research criteria, the weights of these criteria were calculated using the Entropy method. Subsequently, considering the
criteria weights, the performance rankings of energy companies were determined year by year using the MAIRCA method. According to the results
of the Entropy analysis, when the importance level is evaluated, the most significant criterion in 2013 was the Liquidity Ratio (LR), in 2014, 2017,
2018, and 2019 it was the Gross Profit Growth (GPG) criterion, in 2015 it was the Current Ratio (CR) criterion, in 2016 and 2022 it was the Net Profit
Growth (NPG) criterion, and in 2020 it was the Net Profit Growth (NPG) criterion. Finally, in 2021, the most important criterion was determined to
be EBITDA Growth (EBG). Furthermore, based on the MAIRCA analysis, the reasons behind the most successful and least successful years of the
companies were explained using financial and activity reports, as well as special situation disclosure notifications obtained from the Public Disclosure
Platform (PDP).

Keywords: Energy Sector, Financial Performance, Multi-criteria Decision-making Methods, Tiirkiye
JEL Classifications: K32, .25, C58

1. INTRODUCTION

Today, when the negative effects of climate change affect the
entire world, the energy sector has become a critical element
of the global economy. This process has resulted in the energy
sector becoming a more complex structure, rather than just an
important component of economic life. The energy sector has
been continuing this transformation process uninterruptedly
from the Industrial Revolution to the present day. Environmental
challenges, energy security problems and global fluctuations that

have become more apparent, especially in the last half-century,
have made the energy sector more noticeable. The energy sector,
which determines the growth of national economies and affects
various industries (Ntanos et al., 2018), is also considered an
indicator of the level of economic development of countries
(Edenhofer et al.,2011). In this context, the energy sector emerges
as a multidimensional phenomenon that needs to be addressed
from financial, fiscal, social, developmental and environmental
perspectives (Katsamppoxakis et al., 2022). Environmental
challenges that have become more evident in the globalizing world
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in recent years have made sustainable growth policies necessary.
An important component of sustainable growth is the concept of
sustainable energy.

Sustainable energy refers to energy production models that can
meet the current and future needs of countries with the lowest
economic, environmental and social costs (Randolph and Masters,
2008). These models provide long-term economic benefits by
increasing energy efficiency and reducing emissions from energy
production (Tan et al., 2017). However, energy production and
consumption are increasing rapidly, which leads to ecosystem
degradation and serious environmental problems. These problems
force countries and companies to take measures to make energy
resources clean and sustainable and to reduce environmental
pollution (Ersoy and Taslak, 2023). At this point, companies
operating in the energy sector have great responsibilities.

As in other sectors, the primary goal of companies in the
energy sector is to demonstrate good financial performance and
make profits by using their resources efficiently. The financial
performance of companies is considered an important indicator
of whether their financial situation is good or bad (Purba and
Bimantara, 2020). In particular, companies with a corporate
structure and sustainable environmental policies are more
likely to achieve their goals. The energy sector has a high risk
level and a strong financial infrastructure is needed for the
sustainability of production. In order to reduce these risks,
financial performance measurements are made in the energy
sector, and these measurements provide effective results in future
performance estimates (Yasar and Terzioglu, 2022). In this study,
financial performance measurement in the energy sector, whose
importance is increasing day by day, was evaluated specifically
for energy sector companies traded on Borsa Istanbul (BIST).
In the study, the performances of the companies were analyzed
using multi-criteria decision-making methods. In the analysis
conducted with 10-year data, the criteria weights were determined
with the Entropy method, and then, considering these weights, the
performance rankings of the companies by year were calculated
with the MAIRCA method.

2. LITERATURE REVIEW

In the study conducted by Sakarya et al. (2015), the financial
performances of 14 energy companies registered in BIST
between 2010 and 2014 were analyzed using the TOPSIS method.
According to the analysis results, the most successful and least
successful companies in terms of financial performance in the
5-year period were determined.

In the study conducted by Metin et al. (2017), the financial
performances of 11 energy companies registered in BIST between
2010 and 2015 were evaluated using the TOPSIS and MOORA
methods. According to the study findings, it was determined that
the rankings obtained in both methods were different.

In their study, Eyiiboglu and Ve Celik (2016) aimed to calculate the

financial performances of Turkish energy companies in the period
2008-2013. Fuzzy AHP and Fuzzy TOPSIS methods were used as
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methods, and analysis was carried out with 15 evaluation criteria.
As aresult of the analysis, the company with the highest financial
performance was determined as AVTUR, and the company with
the lowest performance was determined as ZOREN.

Karakul and Ozaydin (2019) analyzed the financial performances
of 8 companies traded in the BIST energy sector in 2017 using
TOPSIS and VIKOR methods. Financial performance rankings
were obtained in both methods.

In the study conducted by Mercan and Cetin (2019), the financial
performances of 7 companies included in the BIST electricity
index between 2014 and 2018 were analyzed using COPRAS and
VIKOR methods. The results showed that the company rankings
were the same in both methods.

In the study by Orgun (2019), the financial performances of 5
companies in the BIST Electricity Index were analyzed using
Entropy and WASPAS methods. In addition, the relationship
between the obtained financial performance rankings and stock
market returns was examined with Spearman rank correlation. The
findings revealed that AYEN was the most successful company in
2016 and 2017. However, no significant relationship was found
between financial performance rankings and stock market returns.

In the study by Arsu (2021), the financial performances of the
companies in the Electricity, Gas and Steam Sector traded in BIST
were calculated using the Entropy-based ARAS method using
2018 data. According to the analysis results, the most successful
company was determined as ENJSA, while the least successful
company was determined as BMELK.

Ciftci and Yildirim (2020) examined the financial performances of
6 companies traded in the BIST Energy sector between 2011 and
2019 using Gray Relational Analysis and Gray Entropy methods.
According to the analysis results, the most ideal company within
the framework of 20 financial ratio criteria was determined as Aksa
Energy, while the farthest from ideal company was determined
as Zorlu Energy.

In the study by Karcioglu et al. (2020), the financial performances
of 8 energy companies registered in BIST between 2013 and 2017
were evaluated using Intuitive Fuzzy Logic and Entropy-Based
Multi-Criteria Decision Making techniques. In the 5-year average,
the company with the best performance was ODAS, and the
company with the worst performance was AYEN.

In the study by Topal (2021), the financial performance of 10
energy companies in the Fortune 500 in 2019 was analyzed using
the Entropy and Cocoso methods. According to the results, the
most successful company was ENKA, and the least successful
company was GAMA ENERJI.

In the study by Akgiin (2022), the financial performances of 12
energy companies traded on BIST in 2020 and 2021 were analyzed
using the CRITIC and CODAS methods. With the CODAS
method, the most successful company in 2020 was determined
as NTGAZ, and the least successful company was determined as
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HUNER. For 2021, the most successful company was determined
as ARASE, and the least successful company was determined as
BIOEN.

In the study conducted by Babacan and Tuncay (2022), the
interaction between the financial performances and working capital
of 8 companies operating in the BIST energy sector between 2014
and 2020 was examined. The analyses conducted using the AHP,
SWARA and TOPSIS methods showed that the company rankings
may differ according to the methods.

Terzioglu et al. (2022) evaluated the financial performances of
8 companies operating in the BIST Electricity, Steam and Gas
sector with the SWARA method, and then created performance
rankings with the WASPAS and VIKOR methods. The results
revealed that the financial performance rankings differed according
to both methods.

In the study of Ozdemir and Parmaksiz (2022), the financial
performances of 16 companies in the BIST energy sector were
analyzed using the TOPSIS and EDAS methods. The findings
showed that the most successful and least successful companies
were the same according to both methods in 2019 and 2020.

Bektas (2023) evaluated the financial performances of energy
companies traded in BIST 100 in 2022 using MEREC and
MABAC methods. According to the results, the company with
the most successful financial performance was determined as
ENIJSA, while the least successful company was determined
as BIOEN.

In the study by Medetoglu et al. (2023), the financial performances
of 8 companies operating in the BIST Electricity, Gas and Steam
sector between 2017 and 2021 were analyzed using TOPSIS and
MOORA methods. The results revealed that there were significant
similarities between the two methods, but the rankings changed
due to calculation differences.

In the study conducted by Makki and Alqahtani (2023), the
financial performances of companies in the Saudi energy sector
between 2019 and 2021, before and after COVID-19, were
examined. AHP and TOPSIS methods were used by following a
hybrid Multi-Criteria Decision Making approach, and the impact
of COVID-19 on the performances of energy companies was
analyzed.

In the study conducted by Sonmez et al. (2023), the financial
performances of 5 energy companies listed in BIST 100 in 2021
were evaluated with the TOPSIS method. The results showed that
the most successful company was IPEKE and the least successful
company was VESTL.

In the study of Yalgin and Ersoy (2024), it was aimed to examine
the financial performances of energy companies registered in
BIST in the 2020-2022 period using the cash flow ratio evaluation
criterion with Entropy and TOPSIS methods. The results revealed
that there were different performance rankings according to
liquidity power and cash management on a yearly basis.

3. METHODOLOGY

In this study, the financial performance of companies operating
in the Electricity, Gas and Water sector on BIST was analyzed
using Multi-Criteria Decision-Making (MCDM) methods. The aim
was to identify the years in which companies demonstrated their
most successful and least successful financial performance. The
weights of the criteria were determined using the Entropy method.
Subsequently, the performance rankings of energy companies were
calculated year by year using the MAIRCA method, considering
the weights of the criteria.

3.1. Entropy Method

Entropy was first defined by Rudolph Clausius in 1865 as a
measure of disorder within a system (Zhang et al., 2011). The
Entropy method calculates the relative weight of each criterion
using relatively simple calculations without requiring an individual
decision-maker to rank the criteria (Erol and Ferrell, 2009).
This ensures the objectivity of the method and provides it with
a significant advantage. The codes for the variables used in the
Entropy Method are shown below (Aygin, 2020):

A=i decision alternative (= 1,2,....,m)
Cj:j evaluation criterion (j = 1,2,....,n)

Xij:j the value of the i. alternative according to the j. evaluation
criterion

Pij:normalized value of the i. alternative according to the j.
evaluation criterion

k=entropy coefficient

e=entropy value

dj:degree of diversification

szweight of the j. evaluation criterion (j = 1,2,....,n)

The Entropy Method consists of five stages (Lam et al., 2021;
Yufang and Wanli, 2021):

Decision matrix

m L ml me xmn_ (1)
Normalization

Xy . 2

P ==V, (2)
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Entropy values

e; = —kZLIPij. n(P,;i=1,2,....,mve j=12,...,n (3)

>
The k value in Formula 3:

k = (In(m))" is a constant coefficient that takes a value such that
0<e=<1

Degrees of Differentiation

(i=1.2...n) (4)

Calculating entropy criterion weights

d/'
S ®
z/=1d/’

In the Entropy method, the presence of negative values in the
decision matrix can cause issues in calculations. In such cases,
various correction methods found in the literature are applied.
Using the Z-score standardization transformation developed by
Zhang et al. (2014), negative values in the decision matrix are
transformed using Formula 6 (Zhang et al., 2014; Ayg¢in, 2020).

’ (6)

Subsequently, the data in the decision matrix are converted to
positive values using Formula 7.

4 'l/ =z, tA4:A4 >|;¢/ in %;/| (7)

3.2. MAIRCA Method

The MAIRCA method, defined by Pamucar et al. in 2014 (Aycin,
2020), is based on the fundamental assumption of determining
the gap between ideal and empirical weights. By summing these
gaps for each criterion, the MAIRCA method creates an overall
gap to evaluate the alternatives under consideration. In the final
stage of the method, the alternative with the smallest total gap is
considered the best choice, representing the most ideal option.
MAIRCA is an effective method that accounts for the concepts of
positive and negative ideal solutions. The steps of the MAIRCA
method are outlined below (Gigovic et al., 2016; Pamucar et al.,
2018; Chatterjee et al., 2018).

e Step 1: Construct the decision matrix.

Al Xy X Xy,
X=A,|Xy Xp... X, |X=
Am _Xml XmZ"' an_ (8)
e  Step 2: Determine the priorities of the alternatives.
1
Py=— ©)
m

> P =li=12,....m (10)
P, =P, =+=P, an

e Step 3: Construct the theoretical rating matrix.

Pow, Pow,... P,w,
T,=|P,w, P,w,... P,w, (12)
_PAmWI PAmWZ PAmWn_

e  Step 4: Construct the empirical rating matrix.

e For a benefit-type criterion (where a higher value is

preferable):
X — X
ty= tpij'[ﬁ] (13)
ij ij
e For a cost-type criterion (where a lower value is
preferable):
X, — X
t=t | —— 14
"’ "”[xij—xij*J (9

Here, x,* represents the maximum value obtained by the criterion

s Ajj

for an alternative, and x;~ represents the minimum value.

trl] trlZ N rln
L=ty ty ty, (15)
_trml trmZ trmn_

e Step 5: Construct the total gap matrix.

gy =t,,—1,8,€0,%] (16)
g 8- Zin
T,-T.=| 8 8xn- 8u (17)
_gml gm2 gmn_

e Step 6: Define the total gap for each alternative.

As a result of the calculations, if the actual rating (trij) of an
alternative (A.) and theoretical rating (t ) for a criterion (C)) is a
non-zero value and matches, the gap (gij = 0) will be zero. In this
context, the alternative (A)) is considered the ideal alternative (A"
for the criterion (C)). However, if both the actual rating (trij) and
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theoretical rating (tpij) of an alternative (A,) for a criterion (Cj) are
zero, the gap value (tpij =t =g~ 0) will also be zero. Consequently,
the alternative (A) is considered the worst alternative (A7) for

criterion <) (Aygin, 2020: 192).

e Step 7: Calculate the Final Criterion Function Value for the
Alternatives.

The final values of the criterion functions (Q,) are obtained by
summing the alternatives and gaps (g)-

Q,-=2Z:1g,-j,l'=1,2,...,m (18)

3.3. Sample and data collection

The research covers the data from 2013 to 2022 for 6 companies
selected according to research criteria among the 32 companies
operating in the Electricity, Gas, and Water sector BIST. A total
of 32 companies operate in the Electricity, Gas, and Steam sector.
However, most of these companies were listed on the BIST in 2020
or later, so they were excluded from the scope of the research. The
names and codes of the companies analyzed in the Electricity, Gas,
and Water sector are presented in Table 1.

The ratios used in the research were obtained from Finnet Analysis
Expert. Table 2 provides the evaluation criteria and their codes. The
findings of the research are limited to the applied methodology,
the selected financial ratios and the years evaluated.

Table 1: The sample of the research

4. RESULTS

In this research, the data of 6 companies in the Electricity, Gas
and Water Sector traded in BIST were obtained from Finnet and
analyzed using 10 evaluation criteria. In the analysis, using the
Excel program, the importance weight degrees of the criteria were
obtained by ranking from the most important criterion to the least
important criterion by using the Entropy method from Multi-
Criteria Decision-Making Methods. Then, MAIRCA method
was used to determine which company is the most successful
and which company is the least successful in terms of financial
performance year by year.

4.1. Entropy Analysis Results

In order to obtain the decision matrix of 6 companies in the
Electricity, Gas and Water Sector for the year 2013, the mean
and standard deviation of the negative values were calculated and
presented in Table 3.

The negative values in Table 3 were transformed with the help
of formula 6, the Z-score standardization formula developed by
Zhang et al. (2014), and presented in Table 4.

The values in Table 4 for 2013 were converted to positive values
using formula 7 and presented in Table 5.

The decision matrix for 2013 was calculated through formula 1
and presented in Table 6.

goK(gNR gz:;l;?jlil)};gﬂ:rik Uretim A S. Normalize.d decision matrix was created through formula 2 and
AKSEN Aksa Enerji Uretim A.S. presented in Table 7.

AKSUE Aksu Enerji ve Ticaret A.S.

AYEN Ayen Enerji A.S. Entropy values for the criteria were obtained through formula 3
ODAS Odas Elektrik Uretim _Sanayi Ticaret A.S. and these values are given in Table 8.

ZOREN Zorlu Enerji Elektrik Uretim A.S.

Table 2: Evaluation criteria

Degrees of differentiation were calculated using formula 4 and
presented in Table 9.

Code Evaluation criteria Purpose

EBM EBITDA margin Maximum (Benefit) Entropy criterion weights importance degree was calculated using
GP Gross profit Maximum (Benefit) formula 5 and presented in Table 10.

NP Net profit Maximum (Benefit)

NPG Net profit growth Maximum (Benefit) When Table 10 is examined, the criterion with the highest degree
GPG Gross profit growth Maximum (Benefit) . R . .

EBG EBITDA growth Maximum (Benefit) of importance among the criteria used in the analysis of the
CR Current ratio Maximum (Benefit) companies in the Electricity, Gas and Water Sector for 2013 was
LR Liquidity ratio . MaX%mum (Benefit) determined as LR criterion with a value of 0.2064, while the
PTC Permanent turnover of capital Maximum (Benefit) criterion with the lowest degree of importance was determined
ATR Asset turnover ratio Maximum (Benefit)

Table 3: Means and standard deviations for 2013

as ATR criterion with a value of 0.0127.

Companies/Criteria EBM NP GP NPG GPG EBG CR LR PTC ATR
AKENR 21.50 —16.48 19.38 —256.67 7.80 99.25 1.04 0.96 0.27 10.01
AKSEN 17.46 -7.37 12.32 —157.70 —=7.00 322.83 0.83 0.36 0.79 7.87
AKSUE 46.82 —96.46 46.24 —131.20 —38.63 —152.95 7.54 7.37 0.06 12.59
AYEN 20.71 —13.24 16.15 —322.38 10.03 450.01 0.62 0.45 0.45 8.24
ODAS 7.88 —-1.18 8.37 —146.10 66.61 426.46 1.14 0.88 3.04 16.80
ZOREN 18.06 —49.47 232 —152.52 205.67 -37.1 0.32 0.29 0.13 7.30
Ort. - —30.6993 - —194.4283 40.7467 184.7500 - - - -

Stdandard deviation - 36.3290 - 77.0511 87.7236 252.3575 - - - -
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Table 4: Adjusted Criterion Values for 2013

In 2013, all steps for the Entropy method were performed for the
years 2014, 2015, 2016, 2017, 2018, 2019, 2020, 2021 and 2022.
Due to the high number of analysis steps and page limitations,

AKENR 0.39 —0.81 —0.38 -0.34 the decision matrix of each year and the importance levels of the
AKSEN 0.64 0.48 —-0.54 0.55 criteria weights (w.) are included in the study.

AKSUE ~1.84 0.82 090  -1.34 !

AYEN 0.48 1,66 035 1.05 The decision matrix for 2014 was calculated through formula 1
ODAS 0.81 0.63 0.29 0.96 d ted in Table 11

ZOREN -0.52 0.54 1.88 —0.8g ~andpreseniedin table 11

When Table 12 is examined, the criterion with the highest degree
of importance for 2014 is determined as GPW criterion with a

Table 5: Converting negative values to positive values for s N ’
value of 0.1715, while the criterion with the lowest degree of

2013

importance is determined as ATR criterion with a value 0of 0.0319.
AKENR 201 0.86 0.53 1 01 The decision matrix for 2015 was calculated through formula
AKSEN 2.46 2.15 0.37 9 1 and presented in Table 13.
AKSUE 0.01 2.49 0.01 0.01
AYEN 2.30 0.01 0.56 24 Table 14 shows that the most important criterion in 2015 was CO
ODAS 2.63 2.30 1.20 231 with a value of 0.1638, while the least important criterion was GP
ZOREN 1.30 2.21 2.79 0.47 -

with a value of 0.0377.
Table 6: Corrected decision matrix for 2013
AKENR 21.50 2.21 19.38 0.86 0.53 1 01 1.04  0.96 0.27 10.01
AKSEN 17.46 2.46 12.32 2.15 0.37 0.83 0.36 0.79 7.87
AKSUE 46.82 0.01 46.24 2.49 0.01 0.01 7.54 737 0.06 12.59
AYEN 20.71 2.30 16.15 0.01 0.56 2.4 0.62 045 0.45 8.24
ODAS 7.88 2.63 8.37 2.30 1.20 2.31 1.14  0.88 3.04 16.80
ZOREN 18.06 1.30 2.32 2.21 2.79 0.47 0.32 0.29 0.13 7.30

Table 7: Normalized decision matrix for 2013

AKENR 0.1623 0.2026 0.1850 0.0858 0.0971 0.1247 0.0907 0.0928 0.0575 0.1594
AKSEN 0.1319 0.2255 0.1176 0.2146 0.0678 0.2346 0.0718 0.0351 0.1672  0.1253
AKSUE 0.3535 0.0009 0.4413 0.2485 0.0018 0.0012 0.6563 0.7151 0,0118 0.2004
AYEN 0.1564 0.2108 0.1541 0.0010 0.1026 0.2963 0.0544  0.0435 0.0953 0.1312
ODAS 0.0595 0.2411 0.0799 0.2295 0.2198 0.2852 0.0989 0.0854 0.6399 0.2675
ZOREN 0.1364 0.1192 0.0221 0.2206 0.5110 0.0580 0.0279  0.0282  0.0284 0.1163

Table 8: Entropy values relating to criteria in 2013

AKENR
AKSEN
AKSUE
AYEN
ODAS
ZOREN
In (m)

S

—0.2951
—-0.2671
—0.3676
—0.2902
—0.1679
-0.2717

0.5581
0.9263

—0.3234
—-0.3359
—0.0064
—0.3282
—0.3430
—0.2535

0.8876

—0.3121
—-0.2517
—0.3610
—0.2882
—0.2018
—0.0844

0.8367

—0.2107
—-0.3302
—0.3460
—0.0069
—0.3378
—0.3334

0.8735

—0.2264
—-0.1824
—0.0115
—0.2336
—0.3330
—0.3431

0.7423

—0.2596
—0.3401
—0.0083
—0.3604
—0.3578
—0.1652

0.8324

—-0.2177
—0.1891
—0.2764
—0.1583
—0.2288
—0.1000

0.6531

—0.2206
—0.1175
—0.2398
—0.1364
—0.2101
—0.1005

0.5720

—0.1643
—0.2990
—0.0525
—0.2240
—0.2857
—0.1011

0.6287

—0.2927
—0.2602
—-0.3221
—0.2664
—0.3527
—0.2502

0.9736

Table 9: Degrees of Differentiation in 2013

0.0737 0.1124 0.1633 0.1265 0.2577 0.1676 0.3469 0.4280 0.3713 0.0264

Table 10: Entropy criteria weights in 2013 importance degree

wj 0.0356 0.0542 0.0787 0.0610 0.1243 0.0808 0.1673 0.2064 0.1790 0.0127

International Journal of Economics and Financial Issu

S | Vol 14 « Issue 6




Koc, et al.: Financial Performance Analysis of Energy Companies Using Multi-Criteria Decision-Making
Techniques: An Application in the BIST Electricity, Gas and Water Sector

Table 11: Corrected decision matrix for 2014

AKENR 4.11 1.40 0.01 3.04 0.01 2.28 0.50 040 043 10.32
AKSEN 17.57 2.37 1.55 1.69 0.58 2.53 0.51 020 079 2144
AKSUE 17.40 0.01 2.18 2.07 0.17 2.43 442 428 0.04 7.40
AYEN 33.34 2.68 2.97 1.57 0.51 2.46 0.82 0.73  0.21 7.30
ODAS 8.64 2.45 1.14 0.01 0.58 2.54 0.80 0.63 257 17.29
ZOREN 23.03 1.42 1.27 2.18 2.75 0.01 0.31 029  0.27 6.68

Table 12: Entropy criteria weights importance level for 2014

Wi 0.0470 0.0625 0.0710 0.0603 0.1715 0.0523 0.1472 0.1852 0.1712 0.0319

Table 13: Corrected decision matrix for 2015

AKENR 14.17 0.67 8.84 2.69 0.01 0.01 2.52 2.38 0.36 13.00
AKSEN 19.54 1.05 14.44 0.01 2.39 242 0.54 021 0.86 27.25
AKSUE 33.82 2.99 28.15 1.74 2.67 1.31 4.07  3.78 0.07 9.97
AYEN 26.61 1.02 20.34 1.84 2.34 2.35 044 043 0.24 9.60
ODAS 7.89 1.40 8.84 222 2.30 2.08 0.90  0.66 1.13 10.59
ZOREN 36.69 0.01 2291 2.72 2.48 2.69 0.39  0.38 0.20 8.75

Table 14: Entropy criteria weights importance level for 2015

Wi 0.0453 0.1340 0.0377 0.0819 0.0755 0.0856 0.1638 0.1975 0.1370 0.0417

Table 15: Corrected decision matrix for 2016

AKENR 11.07 0.01 3.11 0.79 0.01 0.01 1.11 1.05 0.32 13.09
AKSEN 13.57 1.65 8.72 0.83 0.92 0.37 0.71 0.27 1.54 11.51
AKSUE 46.72 0.28 48.67 0.01 247 0.59 0.23 0.16 0.06 10.23
AYEN 35.06 1.86 28.56 0.59 2.40 2.27 036 035 0.26 11.78
ODAS 11.89 2.23 12.81 2.83 2.08 1.84 0.91 0.57 0.80 8.46
ZOREN 33.77 232 21.95 0.29 2.25 2.19 047 042 0.28 6.94

Table 16: Entropy criteria weights importance level for 2016

Wi 0.0614 0.1245 0.1079 0.1909 0.0904 0.1441 0.0493 0.0695 0.1534 0.0086

Table 17: Corrected decision matrix for 2017

AKENR 9.77 1.91 2.89 1.86 0.46 0.52 0.28 0.25 0.35 22.09
AKSEN 13.45 2.53 8.76 1.57 0.38 2.83 0.69 0.42 1.20 7.54
AKSUE 27.13 0.01 21.07 2.90 0.01 0.01 0.23 0.18 0.12 5.99
AYEN 22.94 2.48 18.91 1.54 0.09 1.34 0.72 0.51 0.30 13.88
ODAS 8.89 2.63 10.19 0.01 0.15 1 0.63 0.42 0.56 7.53
ZOREN 18.92 2.37 16.62 0.64 2.63 1.85 0.51 0.43 0.70 12.51

Table 18: Entropy criteria weights importance level for 2017

Wi 0.0360 0.0815 0.0604 0.1202 0.3657 0.1390 0.0344 0.0238 0.0924 0.0466
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Table 19: Corrected decision matrix for 2018

AKENR 11.63 0.21 2.60 2.86 0.16 1.94 022  0.15 0.52 14.26
AKSEN 22.70 2.21 15.75 1.39 1.24 1.76 0.86  0.68 1.36 3.35
AKSUE 73.69 0.01 58.57 1.62 2.79 0.01 038 0.32 0.17 5.99
AYEN 27.69 2.01 21.87 0.41 0.86 221 0.57  0.36 0.39 13.25
ODAS 7.56 1.39 6.31 0.01 0.01 2.67 038 0.16 0.42 9.24
ZOREN 28.98 221 24.89 1.26 0.77 2.76 0.56  0.42 0.54 10.11

Table 20: Entropy criteria weights importance level for 2018

2 0.1052 0.1390 0.1420 0.1340 0.1907 0.0812 0.0349 0.0547 0.0798 0.0385

Table 21: Corrected decision matrix for 2019

AKENR 20.47 0.01 9.75 242 2.16 0.01 0.52 041 0.28 18.54
AKSEN 25.16 2.25 18.20 2.64 0.44 1.81 0.91 0.78 1.07 2.83
AKSUE 74.20 2.76 65.43 2.36 0.42 1.79 0.70  0.66 0.19 5.72
AYEN 4791 2.16 38.39 235 0.21 1.51 040  0.18 0.24 12.57
ODAS 24.29 1.00 18.77 2.45 2.21 3.15 045  0.19 0.46 7.06
ZOREN 20.73 1.89 17.38 0.01 0.01 1.57 0.51 0.42 0.79 10.03

Table 22: Entropy criteria weights importance level for 2019

w 0.0686 0.1116 0.1013 0.0895 0.2623 0.1098 0.0211 0.0659 0.0964 0.0735

Table 23: Corrected decision matrix for 2020

AKENR 19.29 0.26 9.06 222 1.13 32.53 0.60  0.56 0.36 21.64
AKSEN 21.25 2.45 16.56 2.13 1.60 10.34 1.05  0.99 1.25 2.85
AKSUE 71.83 0.01 65.60 0.25 2.16 35.76 0.19  0.17 0.26 4.98
AYEN 43.65 1.57 33.33 0.01 0.01 14.25 034 032 0.21 13.10
ODAS 29.29 1.21 2431 2.11 2.81 35.91 047 023 0.42 6.33
ZOREN 21.18 2.23 17.68 1.61 0.76 19.51 0.50  0.47 0.63 7.01

Table 24: Entropy criteria weights importance Level for 2020

w. 0.0641 0.1640 0.0967 0.1539 0.1330 0.0469 0.0605 0.0813 0.0960 0.1038

Table 25: Corrected decision matrix for 2021

AKENR 19.51 2.34 15.34 2.32 203.00 348.18 0.96 0.94 0.34 19.37
AKSEN 17.81 2.62 14.97 2.66 73.58 100 1.14 1.07 1.03 3.73
AKSUE 60.44 0.01 68.38 232 24.16 22.4 0.49 0.46 0.31 4.89
AYEN 41.56 2.51 36.03 1.03 199.66 168.28 0.62 0.60 0.37 10.84
ODAS 27.96 2.42 26.45 1.50 61.30 5231 0.86 0.36 0.25 7.54
ZOREN 18.51 2.34 16.01 0.01 22.84 52.13 0.68 0.64 0.45 5.57

Table 26: Entropy criteria weights importance level for 2021

w 0.0655 0.1012 0.1016 0.1290 0.1716 0.2000 0.0219 0.0383 0.0767 0.0942
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Table 27: Corrected decision matrix for 2022

AKENR 11.18 0.06 9.00 0.04 155.28 186.97 1.11 1.09 0.89 14.28
AKSEN 14.03 9.99 11.94 0.13 162.07 164.46 1.43 1.38 1.94 5.61
AKSUE 69.66 7.38 69.22 0.01 96.65 115.56 0.20 0.19 0.43 5.08
AYEN 39.55 23.46 37.86 0.62 353.23 249.27 1.46 1.45 0.95 15.43
ODAS 43.55 30.77 41.97 2.55 738.57 693.29 1.43 0.81 0.96 19.71
ZOREN 15.34 0.37 12.96 0.01 109.12 96.76 0.60 0.56 0.67 5.77

Table 28: Entropy criteria weights importance level for 2022

w. 0.0666 0.1680 0.0792 0.3398 0.0948 0.0845 0.0432 0.0450 0.0343 0.0446

Table 29: Decision matrix for 2013

AKENR 21.50 2.21 19.38 0.86 0.53 1.01 1.04 0.96 0.27 10.01 0.167
AKSEN 17.46 2.46 12.32 2.15 0.37 1.9 0.83 0.36 0.79 7.87 0.167
AKSUE 46.82 0.01 46.24 2.49 0.01 0.01 7.54 7.37 0.06 12.59 0.167
AYEN 20.71 2.30 16.15 0.01 0.56 24 0.62 0.45 0.45 8.24 0.167
ODAS 7.88 2.63 8.37 2.30 1.20 231 1.14 0.88 3.04 16.80 0.167
ZOREN 18.06 1.30 2.32 221 2.79 0.47 0.32 0.29 0.13 7.30 0.167
w. 0.0356 0.0542 0.0787 0.0610 0.1243  0.0808  0.1673 0.2064  0.1790  0.0127

Table 30: Theoretical rating matrix for 2013

AKENR 0.0059 0.0091 0.0131 0.0102 0.0208 0.0135 0.0279 0.0345 0.0299 0.0021
AKSEN 0.0059 0.0091 0.0131 0.0102 0.0208 0.0135 0.0279 0.0345 0.0299 0.0021
AKSUE 0.0059 0.0091 0.0131 0.0102 0.0208 0.0135 0.0279 0.0345 0.0299 0.0021
AYEN 0.0059 0.0091 0.0131 0.0102 0.0208 0.0135 0.0279 0.0345 0.0299 0.0021
ODAS 0.0059 0.0091 0.0131 0.0102 0.0208 0.0135 0.0279 0.0345 0.0299 0.0021
ZOREN 0.0059 0.0091 0.0131 0.0102 0.0208 0.0135 0.0279 0.0345 0.0299 0.0021

Table 31: Maximum and minimum values for 2013

Xij+ 46.8162 2.6300 46.2448 2.4900 2.7900 2.4000 7.5446 7.3670 3.0423 16.8026
Xij- 7.8789 0.0100 2.3201 0.0100 0.0100 0.0100 0.3211 0.2900 0.0562 7.3034

Table 32: Actual rating matrix for 2013

AKENR 0.0021 0.0076 0.0051 0.0035 0.0039 0.0056 0.0028 0.0032 0.0022 0.0006
AKSEN 0.0015 0.0085 0.0030 0.0088 0.0027 0.0107 0.0019 0.0003 0.0074 0.0001
AKSUE 0.0059 0.0000 0.0131 0.0102 0.0000 0.0000 0.0279 0.0345 0.0000 0.0012
AYEN 0.0020 0.0079 0.0041 0.0000 0.0041 0.0135 0.0012 0.0008 0.0040 0.0002
ODAS 0.0000 0.0091 0.0018 0.0094 0.0089 0.0130 0.0032 0.0029 0.0299 0.0021
ZOREN 0.0016 0.0045 0.0000 0.0090 0.0208 0.0026 0.0000 0.0000 0.0008 0.0000

Table 33: Gap Matrix for 2013

AKENR 0.0039 0.0015 0.0080 0.0067 0.0169 0.0078 0.0251 0.0312 0.0277 0.0015
AKSEN 0.0045 0.0006 0.0102 0.0014 0.0181 0.0028 0.0260 0.0341 0.0225 0.0020
AKSUE 0.0000 0.0091 0.0000 0.0000 0.0208 0.0135 0.0000 0.0000 0.0299 0.0009
AYEN 0.0040 0.0011 0.0090 0.0102 0.0167 0.0000 0.0268 0.0337 0.0259 0.0019
ODAS 0.0059 0.0000 0.0113 0.0008 0.0119 0.0005 0.0248 0.0316 0.0000 0.0000
ZOREN 0.0044 0.0046 0.0131 0.0012 0.0000 0.0109 0.0279 0.0345 0.0291 0.0021
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Table 34: Ranking of alternatives for 2013

AKENR 0.1304 6
AKSEN 0.1221 3
AKSUE 0.0741 1
AYEN 0.1293 5
ODAS 0.0868 2
ZOREN 0.1278 4

Table 40: Ranking of alternatives for 2019

AKENR 0.0915 4
AKSEN 0.0836 3
AKSUE 0.0749 2
AYEN 0.1033 5
ODAS 0.0720 1
ZOREN 0.1210 6

Table 35: Ranking of Alternatives for 2014

AKENR 0.1353 6
AKSEN 0.1128 5
AKSUE 0.0821 1
AYEN 0.1088 3
ODAS 0.0984 2
ZOREN 0.1122 4

Table 41: Ranking of alternatives for 2020

AKENR 0.0919 3
AKSEN 0.0601 1
AKSUE 0.1098 5
AYEN 0.1227 6
ODAS 0.0820 2
ZOREN 0.0930 4

Table 36: Ranking of alternatives for 2015

AKENR 0.1031 3
AKSEN 0.1050 4
AKSUE 0.0424 1
AYEN 0.1116 6
ODAS 0.0920 2
ZOREN 0.1108 5

Table 37: Ranking of alternatives for 2016

AKENR 0.1324 6
AKSEN 0.0980 5
AKSUE 0.1143 4
AYEN 0.0798 2
ODAS 0.0540 1
ZOREN 0.0827 3

Table 38: Ranking of alternatives for 2017

AKENR 0.1168 4
AKSEN 0.0820 2
AKSUE 0.1308 6
AYEN 0.1011 3
ODAS 0.1233 5
ZOREN 0.0455 1

Table 39: Ranking of alternatives for 2018

AKENR 0.1198 5
AKSEN 0.0723 1
AKSUE 0.0753 2
AYEN 0.0936 4
ODAS 0.1299 6
ZOREN 0.0807 3

The decision matrix for 2016 was calculated through formula 1
and presented in Table 15.

When Table 16 is analyzed, the most important criterion in 2016
was NPG criterion with a value of 0.1909, while the least important
criterion was determined as ATR criterion with a value of 0.0086.

Table 42: Ranking of alternatives for 2021

AKENR 0.0454 1
AKSEN 0.0897 3
AKSUE 0.1171 4
AYEN 0.0746 2
ODAS 0.1179 5
ZOREN 0.1396 6

Table 43: Ranking of alternatives for 2022

AKENR 0.1457 5
AKSEN 0.1307 3
AKSUE 0.1355 4
AYEN 0.0884 2
ODAS 0.0187 1
ZOREN 0.1590 6

The decision matrix for 2017 was calculated through formula 1
and presented in Table 17.

When Table 18 is analyzed, it is seen that the criterion with
the highest degree of importance among the criteria used
in the analysis of the companies in the Electricity, Gas and
Water Sector for 2017 is determined as GPG criterion with a
value of 0.3657, while the criterion with the lowest degree
of importance is determined as LR criterion with a value of
0.0238.

The decision matrix for 2018 was calculated through formula 1
and presented in Table 19.

2018 criterion importance weights are given in Table 20. When
Table 20 is examined, the criterion with the highest degree of
importance in 2018 was determined as GPG criterion with a
value of 0.1907, while the criterion with the lowest degree of
importance was determined as CR criterion with a value of
0.0349.

The decision matrix for 2019 was calculated through formula 1
and presented in Table 21.
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When Table 22 is analyzed, the criterion with the highest degree of
importance in 2019 was determined as the GPG criterion with a value
0f 0.2623, while the criterion with the lowest degree of importance
was determined as the CR criterion with a value of 0.0211.

The decision matrix for 2020 was calculated through formula 1 and
presented in Table 23.

When Table 24 is analyzed, the criterion with the highest degree
of importance in 2020 was determined as NP criterion with a value
0f 0.1640, while the criterion with the lowest degree of importance
was obtained as EBG criterion with a value of 0.0469.

The decision matrix for 2021 was calculated through formula 1
and presented in Table 25.

When Table 26 is analyzed, the criterion with the highest degree
of importance in 2021 is determined as EBG criterion with a value
0f0.2000, while the criterion with the lowest degree of importance
is determined as CR criterion with a value of 0.0219.

The decision matrix for 2022 was calculated through formula 1
and presented in Table 27.

When Table 28 is analyzed, the criterion with the highest degree
of importance in 2022 is determined as NPG criterion with a value
0f0.3398, while the criterion with the lowest degree of importance
is obtained as PTC criterion with a value of 0.0343.

4.2. MAIRCA Analysis Results

The decision matrix and (w,) (criteria weight importance levels)
obtained separately for each year through the Entropy method
were used in the MAIRCA method and the necessary calculation
steps were followed and the financial performance score values
of the companies for the years 2013-2022 were calculated.
Table 29 shows the decision matrix for 2013 obtained by the
Entropy method, the (w)) value and the value calculated by
formula 9.

The theoretical rating matrix was obtained using Formula 12 and
shown in Table 30.

Since all the evaluation criteria used in the study are maximization
(benefit) oriented, the values in the empirical rating matrix were
calculated using Formula 13 and presented in Table 31.

The empirical rating matrix was obtained through Formula 15 and
provided in Table 32.

The gap matrix was created using Formula 16 and shown in
Table 33.

The values of the criterion functions were calculated for each
alternative using Formula 18, resulting in score values. The score
values are presented in Table 34.

According to the results of the MAIRCA analysis, as examined
in Table 34, the most successful company in terms of financial
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performance in the Electricity, Gas and Water Sector in 2013
was AKSUE (0.0741), while the least successful company was
AKENR (0.1304).

As seen in Table 35, in 2014, the most successful company in
terms of financial performance was AKSUE (0.0821), and the
least successful company was AKENR (0.1353).

Table 36 shows that in 2015, the most successful company in
terms of financial performance was AKSUE (0.0424), while the
least successful company was AYEN (0.1116).

According to Table 37, in 2016, the most successful company in
terms of financial performance was ODAS (0.0540), and the least
successful company was AKENR (0.1324).

As noted in Table 38, in 2017, the most successful company in
terms of financial performance was ZOREN (0.0455), while the
least successful company was AKSUE (0.1308).

In 2018, as shown in Table 39, the most successful company in
terms of financial performance was AKSEN (0.0723), while the
least successful company was ODAS (0.1299).

According to Table 40, in 2019, the most successful company
in the Electricity, Gas, and Water Sector in terms of financial
performance was ODAS (0.0720), while the least successful
company was ZOREN (0.1210).

As examined in Table 41, in 2020, the most successful company
in terms of financial performance was AKSEN (0.0601), while
the least successful company was AYEN (0.1227).

According to Table 42, in 2021, the most successful company in
terms of financial performance was AKENR (0.0454), while the
least successful company was ZOREN (0.1396).

Finally, as shown in Table 43, in 2022, the most successful
company in terms of financial performance was ODAS (0.0187),
while the least successful company was ZOREN (0.1590).

5. CONCLUSION

In the initial phase of the research, the Entropy Analysis method
was employed to weight the financial ratios used as evaluation
criteria. Each year, the criteria with the highest and lowest levels
of importance were identified. According to the 2013 analysis, the
criterion with the highest importance was the LR. In 2014, 2017,
2018, and 2019, the highest importance was attributed to the GPG,
while in 2015, it was the CR.

In 2016 and 2022, the highest importance was found to be the
NPG, and in 2020, the NP held the highest importance. Finally, in
2021, the EBG was identified as the most important criterion. Since
these ratios are maximization-oriented, higher values in the most
important criteria for each year have a positive effect on a company’s
financial performance. Companies striving to improve their financial
performance can enhance their success by increasing these ratios.
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According to the MAIRCA analysis, AKSUE was the most
financially successful company for three consecutive years (2013-
2015), while AKENR was the least successful in 2013 and 2014,
and AYEN took this position in 2015. The reasons for the success
or failure of these companies were examined using financial
statements, activity reports, and material disclosures obtained from
the PDP. In 2013, the AKSUE company had the highest CR, LR,
NPG, EBG, and GPG. In 2014, the company maintained a high
CR and LR, and the completion of its solar power plant installation
contributed to its financial success. In 2015, the company’s profit
increased compared to previous years, making it the leader in NPG,
NP, GP, CR and LR within its sector. Additionally, the energy
sales from the solar power plant, which began operations in 2014,
further supported AKSUE’s financial success.

AKENR, on the other hand, experienced increased cost of sales in
both 2013 and 2014 and incurred losses in both years. Furthermore,
in 2014, the company decided to cease production activities at
the “Boziiyiik Natural Gas Combined Cycle Power Plant” due to
prevailing market conditions, as stated in its material disclosures.
These factors contributed to AKENR being the least successful
company in 2013 and 2014. In 2015, AYEN was identified as
the least successful company due to increased cost of sales, a
decrease in gross profit, and significant losses compared to the
previous year. Additionally, its CR and LR fell below 1, negatively
impacting its success.

In 2016, ODAS was the most successful company, while AKENR
remained the least successful. ODAS reported that it was not
negatively impacted by price fluctuations in the sector and saw
growth in total installed capacity and renewable energy production.
These factors contributed to the company’s success. AKENR
experienced a decrease in hydrological flows and a lower average
market clearing price, leading to significant declines in sales
revenue and gross profit, which negatively affected its financial
performance.

In 2017, ZOREN emerged as the most successful company, while
AKSUE was the least successful. ZOREN saw increases in sales
revenue and gross profit and shifted from a loss in the previous year
to a significant net profit in 2017. AKSUE, however, experienced
a notable increase in cost of sales, coupled with declines in gross
profit and operating profit, leading to higher losses and a poor
performance.

In 2018, AKSEN was the most successful company, while ODAS
was the least successful. ODAS incurred significant losses and
witnessed declines in gross and operating profits, which negatively
affected its performance. In contrast, AKSEN achieved growth
in sales revenue, gross profit, and operating profit. Additionally,
the company expanded its operations by signing new business
agreements and increasing the installed capacity of its power
plant in Ghana, which contributed positively to its performance.

In 2019, ODAS was the most successful company, while ZOREN
was the least successful. ODAS saw increases in sales revenue,
gross profit, and operating profit compared to previous years.
ZOREN, on the other hand, faced challenges with its wind power
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plants and natural gas plant production, resulting in significant
losses and a decline in its financial performance.

In 2020, AKSEN was the most successful company, while AYEN
was the least successful. AKSEN’s financial statements showed
notable increases in sales revenue, gross profit, operating profit,
and net profit. Furthermore, the company made an investment in
Uzbekistan, marking its first venture into Asia, and applied for
energy export permits to Iraq. Despite the global challenges posed
by COVID-19, AKSEN’s revenue grew significantly, boosting its
profitability and financial success.

In 2021 and 2022, ZOREN was the least successful company. In
2021, AKENR was the most successful, while in 2022, ODAS
achieved this position. ZOREN’s financial statements for 2021
indicated a significant increase in cost of sales, while in 2022,
the company announced the liquidation of its Kazakh branch,
negatively impacting its performance. AKENR’s 2021 financial
statements revealed increases in sales revenue, gross profit,
and operating profit and the company also reported that it had
expanded its installed capacity and joined the European Energy
Exchange. These developments contributed to AKENR being
the most successful company in its sector in 2021. ODAS, in
2022, saw growth in sales revenue, gross profit, and operating
profit, and after incurring losses in 2020 and 2021, the company
achieved significant profitability in 2022. ODAS also expanded
its power plant in Uzbekistan and maintained an upward trend in
its renewable energy portfolio, positively influencing its financial
performance.

This study contributes to the literature by analyzing a decade
(2013-2022) of data and utilizing a comprehensive set of financial
ratios not previously applied or only partially used in other
energy sector studies. The use of the Entropy Analysis method
for weighting criteria and the MAIRCA method for performance
ranking further enhances the originality of the research. Future
studies could benefit from incorporating additional evaluation
criteria and exploring different weighting and performance ranking
methods.
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