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Abctract

Reusing of the wastewater has a vital importance because of limited natural water resources all around the
world. Recycled wastewater can be used in many areas such as agriculture, industry, cleaning etc. Treatment
of wastewater is one of the important tasks of metropolitan municipalities. The aim of this study is to evaluate
the performances of wastewater treatment services provided by the metropolitan municipalities in Turkey
using a hybrid approach using Entropy, SAW, MOORA and TOPSIS methods. In the scope of the study, four
criteria have been considered as the ratio of the municipal population served by the treatment plant to the total
population, the ratio of the municipal population served by the sewerage system to the total population,
treatment rate of discharged water, increase rate of treated water in treatment plants. A case study has been
conducted in Turkey and the metropolitan municipalities have been ranked depending on their performance.
Aydin Metropolitan Municipality as the highest municipality and Kahramanmaras Metropolitan Municipality
as the lowest municipality have been determined. In Western cities performance is high, performance goes
down as it goes east.
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Belediyelerin Atiksu Aritma Performanslarimin CKKYV Yontemleri Kullanilarak
Degerlendirilmesi: Tiurkiye Ornegi

Oz

Atiksuyun yeniden kullanimi, tiim diinyadaki sinirlt dogal su kaynaklari nedeniyle hayati dneme sahiptir. Geri
doniistiirelen atiksu, tarim, sanayi, temizlik vb. bir¢cok alanda kullanilabilir. Atik suyun aritimi, biyiiksehir
belediyelerinin 6nemli gorevlerinden biridir. Bu calismanin amaci, Tiirkiye'deki biiyiiksehir belediyeleri
tarafindan saglanan atiksu aritma hizmetlerinin Entropi, SAW, MOORA ve TOPSIS yontemlerini kullanan
hibrit bir yaklagimla performanslarini degerlendirmektir. Calisma kapsaminda, aritma tesisleri ile hizmet
verilen belediye niifusunun toplam niifusa orani, kanalizasyon sistemi ile hizmet verilen belediye niifusunun
toplam niifusa orani, bosaltilan suyun aritilma orani ve aritma tesislerinde aritilmis su orani olmak tizere dort
kriter dikkate alinmistir. Tiirkiye'de bir vaka ¢aligmasi yapilmig ve biiyiiksehir belediyeleri performanslarina
gore siralanmustir. Performanst en yiiksek belediye olarak Aydin Biiyiiksehir Belediyesi en diisiik belediye
olarak ise Kahramanmaras Biiyiiksehir Belediyesi tespit edilmistir. Bati sehirlerinde performanslar yiiksek
iken, doguya gidildikge performans diismektedir.

Anahtar Kelimeler: Atiksu aritimi, Entropi, SAW, TOPSIS, MOORA

1. Introduction

The reuse of wastewater and keeping recycling were indicated in Ministry of Labor
resources clean is becoming important due to  and Social Security report (Ozcan, 2014) are
the increasing population, developing shown as below:

industry and rapid increase of water demand. e To allocate limited natural water
The main reasons of using the wastewater resources for aims requiring qualified water,
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e To prevent environmental pollution
problems that may be caused by waste water
discharges,

e Since domestic wastewater contains
99.9 % pure water,

e Concentration of water requirements
at certain centers due to the increase of urban
population shares.

Wastewater recycled through wastewater
treatment plants can be used in agricultural,
industrial, resource feeding, fire water,
recycling in toilets, even as drinking water.
For this reason, it is very important to recycle
the waste water taking consider of the
decreasing water resources.

In the literature this issue is well studied.
Ishikawa and Kusuda (1996) presented and
discussed a probabilistic approach for
evaluation of the performance of the
urban wastewater systems. Moreover, they
calculated net present cost when they were
trying to find best option. A simple multi-
criteria approach, known as  WISPS
(wastewater integrated system performance
score) has been applied in a theoretical study
using actual data to decide which of the four
catchments in a Scottish water authority area
should be prioritized for improvement in
Blackwood et al. (2000)’s study. Volcke et
al. studied about the  simulation
Benchmark multi criteria evaluation of the
performance of control strategies for
biological wastewater treatment plants.
Reviewed the literature for sustainability of
the wastewater treatments. Palme et
al.(2005) presented a study where sustainable
development indicators for sludge handling
and wastewater treatment systems were
constructed in co-operation with a large
Swedish water company. They used multi-
criteria analysis (MCA) and life cycle
assessment (LCA). Hidalgo et al. (2007)
presented the MCA user friendly software
that able to guide the responsible authorities
to the most efficient solutions in terms of can
be sustainable for the possibilities
agricultural reuse of the water. Flores-Alsina

et al. (2008)’s study showed the variations in
the decision making when there is an
uncertainty in activated sludge model (ASM)
parameters is either included or not during
the evaluation of wastewater treatment plant
control  strategies.  Karagiannidis and
Perkoulidis (2009) described a conceptual
framework and  methodological  tool
developed for the evaluation of different
anaerobic digestion technologies suitable for
treating the organic fraction of municipal
solid waste by introducing the multi-
criteria decision support method Electre Il
and demonstrating its related applicability via
a test application. Benedetti et al. used MCA
of wastewater treatment plant  design  and
control scenarios under uncertainty. Bottero,
et al. (2011) studied the application of
different MCA  techniques  (Analytic
Hierarchy Process (AHP) and Analytic
Network Process (ANP) for a real decision
problem concerning the choice of the
mostsustainable wastewater treatment techno
logy. Kimet al. (2013) developed a new
framework that prioritized the best sites for

treated wastewater instream  using  fuzzy
Technique for Order of Preference by
Similarity to Ideal Solution (fuzzy

TOPSIS).Ranade and Bhandari (2014) have
prepared a comprehensive book on industrial
wastewater treatment. They also used a
complex multi-criteria decision support tool
that is called ELECTRE in their
study. Ouyang et al. combined fuzzy AHP
with  multidimensional scaling (MDS)
approach to improve current methods for
determining the optimal alternative and the
combined method was applied to select
natural wastewater treatment alternatives in a

case study.
Although there is a lot of work in the
literature in the literature, the method

proposed in this study has not been used
before. For this reason, it can be said that this
work is original. The aim of the study is to
evaluate the performance of the wastewater
treatment services provided by the existing
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metropolitan municipalities in Turkey. For
this purpose, the problem has been taken into
consideration as a Multi-Criteria Decision-
Making (MCDM) problem. In the study,
because only metropolitan municipalities
have been investigated in Turkey, they have
been considered as alternatives in MCDM
problem. Moreover, the performances of
wastewater treatment services provided by
these cities have been evaluated depending
on four main criteria. These are the ratio of
the municipal population served by the
treatment plant to the total population, the
ratio of the municipal population served by
the sewerage system to the total population,
treatment rate of discharged water and
increase rate of treated water in treatment
plants.

The remainder of the study is organized as
follows. In the next section, the methodology
related to the handled methods has been
presented. Moreover, a case study has been
carried out about the evaluation of the
performances of wastewater treatment
services provided by the metropolitan
municipalities in Turkey explaining on the
methods. In third section, findings can be
seen. Finally, the study has been concluded
in Section 4.

2. Material and Method

In the study, a hybrid approach has been
presented for the evaluation of the
performances of wastewater treatment
services provided by the metropolitan
municipalities in Turkey. In this context,
entropy has been integrated with SAW,
MOORA and TOPSIS that are MCDM
methods. In this approach, while entropy is
used for determining the weights of the

considered criteria, SAW, MOORA and
TOPSIS are wused for evaluation the
performances. The cause of considering the
three different MCDM methods is to see
whether the similar results are obtained. In
other words, it is aimed to support to the
obtained results in terms of the handled
methods. The scheme of the proposed hybrid
approach is shown in Figure 1.

In case study, the latest data that was taken
from TUIK (2014) on wastewater treatment
facilities which located in environmental
statistics has been taken into consideration.
First of all, the criteria weights of the
wastewater treatment services of the thirty
metropolitan  municipalities have been
determined via entropy method. Then, the
performances of the metropolitan
municipalities have been evaluated with the
help of the proposed hybrid approach that
these weights have been used in SAW,
MOORA and TOPSIS methods. In the next
subsections, the considered methods are
briefly explained.

2.1. Entropy

While solving MCDM problems, many
methods can be used for determining the
weights of the criteria. One of these methods
is the entropy method which weights the
criteria objectively. This method, developed
on the concept of entropy, which measures
the uncertainty of information in terms of
probability theory, is adapted to the
information theory. According to the theory,
the quality and quantity of information play a
key role in any decision making problem
(Shabmardan and Zadeb, 2013). In the
weighting of the criteria; the range of values
that any criterion takes for alternatives is
important.
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INPUTS
Decision Matrix that Consists of
Criteria and Alternatives

ENTROPY Method

OUTPUTS
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SAW Method

MOORA Ratio Method

|
|
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I TOPSIS Method
|
|
|
|

Performance Ranking of Wastewater
Treatment Services Provided by

Importance Weights of Criteria

[ SRsE————————

Figure 1. The proposed hybrid approach

The larger the value range, the more
important the content of the criterion. This
means that it will have a greater entropy
value. This method can be applied if we have
enough information and numbers for the
criteria (Hwang and Yoon, 2012). Developed
as a weight calculation procedure by Wang
and Lee (2009), the steps of this method are
as follows:

Step 1: Creating of the Decision Matrix

Within the scope of the study, wastewater
treatment performance of 30 metropolitan
municipalities in Turkey has been examined.
Data were collected by determining 4
different criteria as the end result of the
researches. All the criteria used in the study
are the benefit criteria. The decision matrix
used is shown in Table 1.

Criteria 1: The ratio of the municipal
population served by the treatment plant to
the total population,

Metropolitan Municipalities
According to Methods

Criteria 2: The ratio of the municipal
population served by the sewerage system to
the total population,

Criteria 3: Treatment rate of discharged
water,

Criteria 4: Increase rate of treated water in
treatment plants.
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Table 1. Decision matrix to problem.

Metropolitan o o o o
Municipality Criterial |Criteria 2 Criteria 3 Criteria 4
Adana 85.00 85.00 100.00 11.58
Ankara 93.00 96.00 96.84 29.92
Antalya 80.00 80.00 100.00 16.10
Aydin 88.40 90.00 98.22 50.79
Balikesir 61.90 78.00 79.33 21.72
Bursa 88.30 99.00 89.16 0.00
Denizli 65.00 80.00 81.20 34.46
Diyarbakir 72.80 98.00 74.26 3.31
Erzurum 0.10 99.00 0.14 0.00
Eskisehir 83.10 90.00 92.31 30.53
Gaziantep 94.00 98.00 95.91 22.79
Hatay 34.30 80.00 42.81 291
Mersin 67.10 82.00 81.77 37.27
Istanbul 97.80 100.00 97.83 25.25
[zmir 93.00 93.00 100.00 12.17
Kayseri 88.10 94.00 93.69 10.60
Kocaeli 98.00 98.00 100.00 17.28
Konya 69.80 90.00 77.60 44.16
Malatya 61.10 75.00 81.52 0.00
Manisa 36.40 92.00 39.53 28.11
Kahramanmaras 0.00 75.00 0.00 0.00
Mardin 0.00 92.00 0.00 0.00
Mugla 55.30 70.00 79.06 28.58
Ordu 20.60 55.00 37.37 51.74
Sakarya 40.90 60.00 68.08 0.00
Samsun 28.50 69.00 41.35 71.21
Tekirdag 10.90 78.00 13.95 35.64
Trabzon 38.40 80.00 48.01 17.59
Sanliurfa 5.10 62.00 8.14 7.08
Van 45.00 80.00 56.25 33.00

Step 2: Normalization of the Decision . :Normalized value of alternative i for

Matrix criterion j (i=12.m),(j=12.n)
X; L
i =& (1) Step 3: Calculating of the Entropy Values
ol for Criteria
m: Number of the alternatives k=(In(m))™ )
: Number of the criteria \
n: Her! e, =—k>_r, In(r;) A3)

i=1
X; ‘Value of alternative i for criterion j
(i=12.m),(j=12.n) k : Coefficient of the entropy

€, Entropy value for criterion j (j=1,2..n)
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Step 4: Calculating of the Weights of
Criteria

W= @
Z(l—ej)

W; : Weight of the criterion j (j=1,2..n)

In the analysis, the criterion weights related
to the handled problem have been found as
follows:

w, =0.2647, w, =0.0133, w, =0.2276 and
w, =0.4945.

2.2. SAW (Simple Additive Weighting)
Method

SAW one of the most used MCDM methods
because of the mathematical simplicity was
developed by Churchman and Ackoff (1954).
The steps of this method are as follows (Wu,
et al., 2009):

Step 1: Normalization of the Decision
Matrix

= 5)

m: Number of the alternatives

n: Number of the criteria

X; :Value of alternative | for criterion ]
(i=12.m),(j=L2.n)

I :Normalized value of alternative | for
criterion J (i=1,2.m),(j=212..n)

Step 2: Calculating of the Total Preference
Value

Vi= lej i (6)
j=

W, : Weights of the criterion J (j=1,2..n)
v, : Total preference value (i =1,2..m)

After calculating of the total preference value
for each alternative, the preference order has
been determined by sorting the alternatives
according to the total preference values from
the biggest to the smallest.

2.3. TOPSIS
For Order Preference
To Ideal Solution) Method

(Technique
By Similarity

TOPSIS that was developed by Hwang and
Yoon (1981) is one of the MCDM methods.
It makes it possible to make the Dbest
selection among the alternatives. When
deciding with the TOPSIS method, it is
expected that alternative chosen is close to
the ideal solution and is also away from the
non-ideal solution (negative ideal). The steps
of the method are as follows (Alizadeh et al.

).

Step 1: Normalization of the Decision
Matrix

The squares of the decision criteria values
corresponding to each alternative are
calculated, the values of each column are
summed and the square root is calculated.
Then, this operation is performed for each
cell.

8;

. @)
(3

aij: Value of alternative i for criterion j
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Step 2: Obtaining of the

Normalize Matrix

Weighted

The weighted normalized matrix is obtained
with multiplying the normalized matrix by
decision criteria’s weights.

Step 3: Obtaining of the Positive and
Negative Ideal Solution Values

Once the weighted normalized matrix is
obtained, the maximal values of each column
are  determined  considering  problem
structure. Namely if goal is maximization
then maximum of each column are
determined. These maximum values are the

ideal solution values(v;). Then minimum
values for each column are obtained. These
minimum values are the negative ideal
solution values(v;) . If the goal is
minimization, the opposite of the obtained

values is valid for analysis. Thus, ideal and
negative ideal solution values are obtained.

Step 4: Obtaining of the ldeal and Non-
Ideal Distance Values

The formulas used in the calculation of the
positive and negative ideal distances are
given below, respectively.

= Zri:(vij _V;)Z !

= DY -v)E (8

j=1
Step 5: Calculating of the ldeal Solving
Relative Proximity

In the calculating of the ideal solving relative
proximity, the formula is used below.

G == ©)

2.4. MOORA Ratio Method

In the ratio system, the initial values of the
alternatives are normalized on the basis of
the criteria. Each alternative on the criteria

basis is compared with a denominator
(divisor) that represents all alternatives
related to this criterion. The denominator
contains the square root of the sum of the
squares of values of each alternative takes in
each criterion. The formula is given below:

X; - value of alternative i for criterion j;

I=1,2.m ;m represents number of the
alternatives; j=1,2..n; n represents number
of the criteria,

xg: normalized value of alternative i for
criterion j; i=12.m ;m represents number
of alternatives ; represents
number of the criteria (Kracka, Brauers, and

Zavadskas, 2010).

j=L2.n; n

X = (10)

ij m
=1

" 1
I

After the values of the alternatives based on
the criteria have been normalized according
to the formulation above. Normalized values
are added in maximization and subtracted in
minimization as stated in the following
formula (Stanujkic, Magdalinovic,
Stojanovic and Jovanovic 2012).

n
Yi :ixij - Z X
=1

j=g+1

(11)

xi’; - normalized value of the alternative i for

criterion j

j=12..g states that criteria which are

maximized

j=9g+1g+2.n states that criteria which
are minimized

i=12..m states the alternatives
Yy, : states the total ranking index of the

alternative i where y; e[-11]
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The ordering of yi* will give the final state, so
the best alternative that has the highest value
of y; while the worst alternative has the

lowest value of yi* (Chakraborty 2011). In

some cases, some criteria may be considered
more important than others. In order to give
more importance to these criteria, the criteria
can be multiplied by the appropriate weights
|/ significance coefficients (Brauers and
Zavadskas, 2009). The following equation

can be wused when considering these
significance coefficients;
* * N *
Yi= iwjxij - Z W; X; (12)
= j=g#1

w; states the weight of criteria j .

3. Findings

In the study, the obtained performance
rankings of the metropolitan municipalities
according to 3 different methods are shown

in Table 2. Moreover, the overall trend of
performance scores related to the methods is
shown in Figure 2.

According to the results, Aydin Metropolitan
Municipality, where the first established
wastewater treatment plant in Turkey, is
ranked in the first place in the first two
methods and is ranked the second place in
the third method. Konya and Ankara
Metropolitan Municipalities located in the
Central Anatolian Region are located in the
upper ranks in the methods because of the
high-water needs.

In the last rankings, the metropolitan
municipalities are located in the Eastern and
South Eastern Anatolian Regions, where the
industry has not been developed sufficiently.
Istanbul Metropolitan Municipality, which
has the highest population, is in 4th place in
one method and 9th and 10th in the other two
methods, respectively. This can be
considered as a success for the city where
about 20% of the Turkish population lives.
[zmir Metropolitan Municipality, which is
3rd biggest city in Turkey, is in the middle
ranks.
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Table 2. The obtained performance rankings of the metropolitan municipalities according to 3 different methods.

Metropolitan

Municipality ENTROPY-SAW |ENTROPY-MOORA | ENTROPY-TOPSIS
Adana 13 14 19
Ankara 2 3 7
Antalya 12 13 17
Aydm 1 1 2
Balikesir 16 11 16
Bursa 19 21 22
Denizli 10 5 6
Diyarbakir 20 22 23
Erzurum 28 27 28
Eskigehir 6 8 8
Gaziantep 7 10 13
Hatay 26 24 26
Mersin 8 6 5
Istanbul 4 9 10
[zmir 11 19 18
Kayseri 14 20 20
Kocaeli 9 16 15
Konya 3 4 4
Malatya 22 25 24
Manisa 21 17 14
Kahramanmaras 30 29 30
Mardin 29 30 29
Mugla 15 15 12
Ordu 17 7 3
Sakarya 25 26 25
Samsun 5 2 1
Tekirdag 24 18 11
Trabzon 23 23 21
Sanlurfa 27 28 27
Van 18 12 9
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Figure 2. The overall trend of performance scores related to the methods.
4. Result and Discussion more criteria or alternatives. Moreover,

As the performances of the metropolitan
cities are examined, it can be seen that the
cities such as Adana, Manisa, Bursa and
Kocaeli, where the industry has developed
rapidly, are located in the middle ranks. In
case the development process of the industry
is examined, it will be a realistic approach to
predict that the water needs in these cities
will increase. In this context, these cities
need to improvement of the wastewater
treatment performance.

In addition, since the wastewater treatment
performance of coastal cities directly affects
marine pollution, it can be said that
precaution should be taken to increase the
wastewater treatment performance in these
cities. On the other hand, it is known that
Mardin, Sanlwurfa and Kahramanmaras
metropolitan  municipalities, which are
located in the last ranks, have already
projected wastewater treatment facilities.

In conclusion, it is known that, recycling of
wastewater has become important due to the
increasing population, developing industry
and increasing water demand. In this context,
in order to emphasize the importance of
wastewater, conducted services related to this
issue have been investigated for Turkey. This
study can be extended for different countries,

different MCDM methods that have different
structure and characteristic can be considered
to support the results.
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