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Abstract
In this study, Simav Integrated Geothermal Energy System (Simav-IGES) was evaluated by using Technique for Order 
Preference by Similarity to Ideal Solution (TOPSIS) which is one of the multi-criteria decision-making techniques. In the 
decision-making process, the importance scale of the analytic hierarchy process (AHP) was used to determine the masses of 
TOPSIS to obtain more sensitive results. In this way, a new model was developed combining AHP and TOPSIS. The used 
data were obtained from the analytical calculations of Simav-IGES. IGES was formed of the electricity generation, district 
heating of residences, district heating of greenhouses, and spas. For this purpose, the electricity generation amount (ORC), 
the number of heated residences (RH), and the heated area of greenhouses were determined through energy, exergy, and eco-
nomical methods. The present status of spas was taken into account for the balneology use. As a conclusion, it is determined 
that the best design is Design 16 for the all basis included solution in Simav-IGES. Design 16 is the one which includes the 
highest residential heating number with 16,311 and the lowest power generation with 41,153 kWh. In this case, the situation 
of greenhouse heating has a medium value of 631,449 m2. So, it is the optimum application to install the integrated system 
taking into lower outlet temperatures (313.15 K) of power plant (ORC).
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Introduction

Integration and thermodynamic analysis of the single 
systems for multi-generation purposes is very important 
to achieve the best designs from the environmental, eco-
nomical, and efficiency (3E) sides [1–10]. Optimization of 
these systems is also important. In this aim, artificial intel-
ligence is commonly used to obtain the extreme points of 

the systems which includes the highest values of the handled 
designs [11–13]. However, this thermodynamic and artificial 
analysis cannot decide the optimum use of the resources 
of these designs. In this regard, the multi-criteria decision-
making (MCDM) techniques are the best choice. MCDM 
techniques are widely used in several problems with the cri-
teria more than one since it helps to make a decision more 
efficient. These problems include several areas such as data 
centers, universities, manufacturing industry, recruitment of 
the candidates, power plants, water management for the opti-
mization or efficiency evaluations of the systems [14–18]. 
MCDM techniques have more attention to the energy sys-
tems in the last decades. There are many studies evaluat-
ing the efficiency terms of sources. These studies generally 
include thermal power plants, price, and possible problems 
in the energy sector, renewable energy sources, environmen-
tal factors, and so on [19–32].

There are many decision-making techniques used in the 
literature. Generally, these techniques have a structure that 
makes an ordering taking the input criteria into account. 
The analysis techniques such as Data Enveloping Analy-
sis (DEA), Efficiency Analysis Technique with Output 
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Satisficing (EATWOS), and Technique for Order Prefer-
ence by Similarity to Ideal Solution (TOPSIS) are the most 
commonly used ones for the numeric data in the literature 
[33–40]. The most important problem in these techniques is 
the weighting problem of decision points. The most com-
mon application in this way is the arithmetical sum of the 
input and out values. It is not sufficient from the engineer-
ing side of view although it gives approximate results. This 
approach may be useful for a rapid decision of engineering 
processes. However, a more sensitive approach is a need 
for the ultimate evaluations of engineering systems. At this 
point, an expert sight would be more attractive. So, the ana-
lytic hierarchy process (AHP) is one of the available solu-
tions on this aim since it has a scale that can be evaluated 
by the experts of a research field [41, 42]. In this regard, 
the most attractive way, to take advantage of the experts’ 
view for a sensitive decision making, is to combine AHP 
with MCDM techniques. In the literature, there is some 
sample of studies for these combinations. Karahalios [43] 
evaluated the ship operators from the point of cost–benefit. 
In this study, the hybrid of AHP and TOPSIS was handled 
for decision making. Sennaroglu and Celebi [44] integrated 
AHP with different MCDM techniques for the location 
selection of military airports. In this aim, they evaluated the 
criteria masses by AHP. Muhsen et al. [45], in their study, 
used the AHP–TOPSIS combination for the calculation of 
customer load management. In the study, they included that 
the energy-saving provided by the proposed method is supe-
rior. Sun [46] combined gray analysis and entropy model to 
evaluate the regional rainwater resource. In the study, it was 
found that the proposed method is reasonable to determine 
the mass of the criteria.

Geothermal energy systems are commonly based on heat-
ing, balneology, and power applications. The heating section 
is formed of residential and greenhouse heating where the 
power section is formed of the organic Rankine cycle (ORC). 
Since there are limited energy sources based on the geother-
mal water, the decision makers should carefully organize the 
systems. Therefore, the integrated usage of these systems is 
the best way to evaluate the geothermal resources. In this 
regard, the experts need to take all the cases and designs into 
account for an effective solution and need to expose solu-
tions for the main aim of the purposes of heating and power 
generation. In this case, a decision-making problem occurs. 
Therefore, it would certainly be more advantageous to use 
a more efficient method for the energy design problems in 
which multiple criteria with numerical parameters are com-
pared and the most effective solution is decided.

In this study, Simav Integrated Geothermal Energy Sys-
tem is evaluated by using TOPSIS. However, TOPSIS is not 
enough to make a sensitive order of the system designs since 
it depends on the masses of criteria. In this aim, AHP can 
be used as a key tool since it has an expertise scale which 

can effectively be used to increase the sensitivity of TOP-
SIS. So, a new model based on the hybridization of AHP 
and TOPSIS can be an attractive solution for the integra-
tion of systems through an expert in this area. In this study, 
the integrated usage of energy systems including electricity 
generation, district heating, greenhouse heating, and balne-
ology use of geothermal resources was taken into account. 
In this purpose, different system configurations were formed. 
Finally, the effective solution was decided employing the 
hybrid AHP–TOPSIS analysis.

Materials and methods

Simav geothermal region was handled to evaluate the geo-
thermal water in the integrated system. Simav geothermal 
resources are currently used for heating for approximately 
10,000 residences. The heat center is already present for the 
residence heating. The heated network water is pumped to 
the substation located at each residence [47]. Besides, the 
geothermal resources are already in use for the greenhouse 
heating purpose. However, the geothermal fluid is directly 
used in this system. Also, spas are actively used for bal-
neological purposes. However, the energy potential is very 
higher just for the residence heating. The average fluid tem-
perature of the region, which currently consists of 10 wells, 
is 406.65 K and the total fluid flow rate is 462 kg s−1. So, 
this energy potential can be evaluated more effectively in 
an integrated system [48]. The integrated system, as given 
in Fig. 1, is orderly formed of 4 subsystems namely power 
generation (ORC), residential heating (RH), greenhouse 
heating (GH), and balneology use (BU) of the spa. These 
configurations were formed according to the temperature 
scale of the systems. In ORC, R141b is chosen as the work-
ing fluid with the best power generation performance [48, 
49]. Four substations, installed in the geothermal region, are 
taken into account for the delivery of heat energy. Finally, 
the geothermal fluid is re-injected to ensure the continuity 
of the sources for a sustainable future.

Taking the integrated system given in Fig. 1 into consid-
eration, different models were formed by energy and exergy 

Production
well

406.65 K
462 kg s–1

ORC RH GH BU

Re-injection
well

308.15 K

T2
T3 T4

Fig. 1   The flow diagram of the integrated geothermal energy system
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analysis. In these models, configurations were parametrically 
performed and results were obtained as generated electric-
ity (ORC), the number of heated residences (RH), area of 
heated greenhouse (GH), and balneology use (BU) in its 
current status. For the decision-making point, the benefit of 
the system was handled as the objective function. On this 
aim, this function was calculated through the net present 
value (NPV) analysis. This analysis technique is very useful 
since it includes the time dimension of the money. So, the 
results of the analysis are obtained for the system lifetime 
of 20 years. The detailed information about the parametric 
calculation can be found in Ref. [46–49]. In this regard, 21 
different models were observed for decision-making analy-
sis. The analytical results are given in Table 1.

Hybrid analysis

AHP has more sensitive ordering since it allows scaling the 
importance by an expert in the view analytic hierarchical 
process. Although AHP is a method that determines the 
order of convergence to the best in itself, TOPSIS makes a 
better decision in ordering scale depending on its mathemat-
ical procedure. So, the hybridization of these two methods 
would produce more powerful and effective results on the 
decision point. In this aim, the convergence values of AHP 
can be used as the masses of TOPSIS. The stepwise of the 
analysis is given in Fig. 2. According to this flowchart, the 
integrated system is analyzed analytically as the first step. 

So, the data for hybrid analysis are obtained. According to 
Fig. 2, the decision units are determined first. In this regard, 
3 different decision units were determined for Simav geo-
thermal resources. The first one is predominantly based on 
the higher power generation, the second one is predomi-
nantly based on higher greenhouse heating, and the last 
one is predominantly based on higher residence heating. 
All these configurations should be evaluated by an expert 
according to the importance scale of the AHP analysis chart 
(see Table 2) since it directly affects the final results. Then, 
the AHP is run to determine the order of priority. The results 
of the AHP step generate the masses of TOPSIS. Including 
these masses into TOPSIS analysis, AHP and TOPSIS are 
hybridized. Finally, the common results are obtained and are 
eliminated for the best choice by the expert.

AHP part of hybrid analysis

As the second step, the expert view is very important since 
the integrated system occurs from 4 subsystems. So, at this 
stage, it is decided which step is more important for the inte-
grated system by the expert view. So, the hybrid analysis can 
be run according to these views. In this aim, three different 
cases come insight. The first case is the case that the power 
generation (ORC) is the most important issue. The second 
one is the case including greenhouse heating (GH) as the 
most important issue. The third one is the case for residential 
heating (RH) as the most important issue. According to these 

Table 1   Analytical results of 
models

Design no. T2/K T3/K T4/K RH GH/m2 ORC/kWh η/% ε/% Benefit/million $

1 353.15 333.15 313.15 10,844 420,765 48,190 15.09 64.47 258.81
2 323.15 10,844 210,433 48,190 12.77 63.07 238.31
3 343.15 313.15 5427 631,449 48,190 15.49 65.75 250.50
4 323.15 5427 421,117 48,190 13.16 63.99 232.79
5 333.15 5427 254,033 48,190 10.86 62.28 219.09
6 363.15 333.15 313.15 16,280 420,765 45,027 15.14 60.60 283.27
7 323.15 16,280 255,596 45,027 12.75 59.21 267.19
8 343.15 313.15 10,862 631,449 45,027 17.58 63.10 269.37
9 323.15 10,862 421,117 45,027 15.18 61.34 251.66
10 333.15 10,862 254,033 45,027 12.81 59.63 237.95
11 353.15 313.15 5436 842,486 45,027 17.98 63.47 259.55
12 323.15 5436 632,154 45,027 15.58 61.79 241.62
13 333.15 5436 421,721 45,027 13.21 61.48 223.23
14 373.15 333.15 313.15 21,729 420,765 41,153 15.07 55.60 302.41
15 323.15 21,729 210,433 41,153 12.60 54.20 281.91
16 343.15 313.15 16,311 631,449 41,153 17.61 59.42 288.89
17 323.15 16,311 421,117 41,153 15.14 57.67 271.18
18 333.15 16,311 254,033 41,153 12.70 55.96 257.48
19 353.15 313.15 10,884 842,486 41,153 20.12 61.18 275.12
20 323.15 10,884 632,154 41,153 17.65 59.51 257.19
21 333.15 10,884 421,721 41,153 15.21 59.19 238.80
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Analytic analysis of the system

Determination of decision units 
expert views

ORC-based
GH-based

RH-based
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Run AHPRun AHPRun AHPRun AHPRun AHPRun AHP

Run AHP-TOPSIS

Results

Integration AHP mass into TOPSIS

Run AHP-TOPSIS

Results

Expert sight

Decision

Integration AHP mass into TOPSIS

Run AHP-TOPSIS

Results

Integration AHP mass into TOPSIS

Determination of masses Determination of masses Determination of masses Determination of masses Determination of masses Determination of masses

η-based
ε

b

-based

Fig. 2   Flowchart of AHP–TOPSIS analysis

Table 2   Importance scale [41] Scale Value definitions

1 The equal importance of both factors
3 The first factor is more important than the second factor
5 The first factor is much more important than the second factor
7 The fact that the first factor has very strong importance compared to the second factor
9 The fact that the first factor has absolute superiority than the second factor
2, 4, 6, 8 Intermediate values
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views, AHP is run separately for each case as the third step 
of the hybrid analysis.

AHP was conducted by Myers and Alpert in 1968 for 
the first time [50]. Then, in 1977, AHP was developed as a 
model and started to be used for the solution of the prob-
lems of making-decision. AHP uses a comparing scale, 
defined before, on the decision hierarchy. This scale, given 
in Table 2, is a useful tool for the expert views to compare 
the decision points in each other.

In order to define the decision-making problem, the com-
parison matrix formed by n input parameters is defined as 
follows [42];

aij , the importance of the i criteria according to the criteria 
of j, the importance of the j criteria according to the criteria 
of i, is given by aji =

1

aij
 . B matrix is generated to determine 

significance levels within all factors and given by Eq. (2);

where bij is given by bij =
aij∑n

i=1
aij

 . After the creation of the 

significance matrix, the priority vector is generated to deter-
mine the masses of the factors and it is given as follows;

where wn is calculated by the following equation;

The next process includes the determination of the con-
sistency of the determined masses (CR). In this aim, the 
following steps are applied;

Accordingly, CI, the consistency indicator, is given as 
follows,

(1)A =

⎡
⎢⎢⎣

1 ⋯ a1n
⋮ ⋱ ⋮

a1n ⋯ 1

⎤
⎥⎥⎦
.

(2)B =

⎡⎢⎢⎣

1 ⋯ B1n

⋮ ⋱ ⋮

B1n ⋯ 1

⎤⎥⎥⎦
,

(3)W =

⎡⎢⎢⎣

w1

⋮

wn

⎤⎥⎥⎦
,

(4)wn =

∑n

j=1
bij

n
.

(5)C =

⎡⎢⎢⎣

1 ⋯ a1n
⋮ ⋱ ⋮

a1n ⋯ 1

⎤⎥⎥⎦
×

⎡⎢⎢⎣

w1

⋮

wn

⎤⎥⎥⎦
=

⎡⎢⎢⎣

c1
⋮

cn

⎤⎥⎥⎦

(6)di =
ci

wi

.

where � is calculated by the following equation;

Finally, calculation of CR using with random indicators 
(RI), which are taken as 0.58 for this study, is obtained as;

CR value should be less than 0.10 for a consistent assign-
ments of the decision making.

AHP–TOPSIS hybridization

In TOPSIS analysis, the starting point is the decision matrix 
which includes evaluation factors. Decision matrix (Dij) is 
given as;

where m is the number of decision points and n is the num-
ber of evaluation factors. As the second step, standard deci-
sion matrix is formed and given as;

Here the elements of standard decision matrix are cal-
culated as;

For the last step, weighted standard decision matrix ( Vij ) 
is formed and given as;

Here wi describes the masses of decision points and is 
taken from AHP results. This process combines the AHP 
and TOPSIS for a strong decision. Since TOPSIS accepts 
that each evaluation factor is in a way of monotone increase 
or decrease, ideal solution set ( E+ ) is described by the maxi-
mum values of the evaluation factors and is given as;

(7)CI =
� − n

n − 1
,

(8)� =

∑n

i=1
di

n
.

(9)CR =
CI

RI
.

(10)Dij =

⎡⎢⎢⎣

d11 ⋯ d1n
⋮ ⋱ ⋮

dm1 ⋯ dmn

⎤⎥⎥⎦
,

(11)Rij =

⎡⎢⎢⎣

r11 ⋯ r1n
⋮ ⋱ ⋮

rm1 ⋯ rmn

⎤⎥⎥⎦
.

(12)rij =
aij�∑m

k=1
a2
kj

.

(13)Vij =

⎡⎢⎢⎣

w1r11 ⋯ wnr1n
⋮ ⋱ ⋮

w1rm1 ⋯ wnrmn

⎤⎥⎥⎦
.
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Negative ideal solution set ( E− ) is described by the 
maximum values of the evaluation factors and is given as;

In these equations, J indicates the maximization value 
where J′ indicates minimization one. As the next step, 
deviation values of evaluation factors from the ideal or 
negative ideal solution set are calculated for each deci-
sion point. By the Euclidian approach, these deviations 
are given as;

For the final step, relative convergences of each deci-
sion point to ideal or negative ideal solution are calculated 
and are given by;

(14)
E+ =

{
(max

i

vij
||||j ∈ J), (min

i
vij
|||j ∈ J

�

}

=
{
v+
1
, v+

2
,… , v+

n

}
.

(15)
E− =

{
(min

i

vij
||||j ∈ J), (max

i
vij
|||j ∈ J

�

}

=
{
v−
1
, v−

2
,… , v−

n

}
.

(16)S∗
i
=

√√√√ n∑
j=1

(vij − v∗
j
)2

(17)S−
i
=

√√√√ n∑
j=1

(vij − v−
j
)2.

Here F∗
i
 value changes between 0 and 1. When the value 

F∗
i
 converges to 1, it determines the ideal solution, and when 

the value F∗
i
 converges to 0, and then it determines the nega-

tive ideal solution.

Results and discussion

AHP results

According to AHP analysis, CR values were calculated as 
given in Table 3. For all the handled expert views, CR values 
were determined between 0.0023 and 0.0467 for inputs and 
between 0.0079 and 0.0567 for outputs. So, the results show 
that the AHP consistency of expert view is very reliable.

Depending on the input and output parameters of AHP, 
9 different AHP–TOPSIS models were formed. The mass 
values of these models obtained by AHP are given in 
Table 4.

(18)F∗

i
=

S−
i

S−
i
+ S∗

i

.

Table 3   CR values of input and 
output parameters

CR

Inputs Outputs

RH 0.0061 ɛ 0.0079
GH 0.0023 η 0.0252
ORC 0.0467 B 0.0567

Table 4   The mass values of 
inputs and outputs

AHP–TOPSIS model wi

Inputs Outputs

RH DHG EG ɛ η B

RH-based η 0.6687 0.0882 0.2431 0.6689 0.2674 0.0637
RH-based ɛ 0.6687 0.0882 0.2431 0.1638 0.5390 0.2973
RH-based B 0.6687 0.0882 0.2431 0.0833 0.1932 0.7235
GH-based η 0.1026 0.6814 0.2160 0.6689 0.2674 0.0637
GH-based ɛ 0.1026 0.6814 0.2160 0.1638 0.5390 0.2973
GH-based B 0.1026 0.6814 0.2160 0.0833 0.1932 0.7235
ORC-based η 0.1824 0.1454 0.6722 0.6689 0.2674 0.0637
ORC-based ɛ 0.1824 0.1454 0.6722 0.1638 0.5390 0.2973
ORC-based B 0.1824 0.1454 0.6722 0.0833 0.1932 0.7235
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Fig. 3   Convergence values of ORC-based designs for the output of η 
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AHP–TOPSIS results of ORC‑based analysis

In the base of expert view, if the power generation is 
accepted as the main mission, the results of the hybrid 
analysis for the output of first law efficiency are as given 
in Fig. 3.

According to Fig. 3, the best design is determined as 
Design 19 with a positive convergence value of 0.707. The 
second and third best configurations are determined as 
Design 16 with 0.660 and Design 8 with 0.620, respectively. 
The worst design is determined as Design 5 with 0.184. The 
results of the hybrid analysis for the output of second law 
efficiency are as given in Fig. 4.

According to Fig. 4, the best design is determined as 
Design 16 with the highest convergence of 0.592. The sec-
ond and third best configurations are determined as Design 
14 with 0.577 and Design 19 with 0.553, respectively. The 
worst design is determined as Design 13 with 0.272. The 
results of the hybrid analysis for the output of benefits are 
as given in Fig. 5.

As seen in Fig. 5, the best design is determined as Design 
14 with 0.667. The second and third best configurations are 
determined as Design 16 with 0.649 and Design 6 with 
0.605, respectively. The worst design is determined as 
Design 13 with 0.272.

According to these results, if all the output factors are 
taken into consideration, the best configuration is deter-
mined as Design 16 since it ranks among the best three 
design and convergence values that are close to each other. 
So, the results show that the system prominently speculated 
on greenhouse heating would be the more attractive choice 
although the power generation is handled for the main of 
the integration.

AHP–TOPSIS results of GH‑based analysis

In the base of expert view, if the greenhouse heating is 
accepted as the main mission, the results of the hybrid analy-
sis for the output of first law efficiency are as given in Fig. 6.

According to Fig. 6, the best design is determined as 
Design 19 with 0.909. The second and third best configura-
tions are determined as Design 11 with 0.850 and Design 
16 with 0.675, respectively. The worst design is determined 
as Design 5 with 0.078. The results of the hybrid analysis 
for the output of second law efficiency are as given in Fig. 7.

According to Fig. 7, the best design is determined as 
Design 19 with 0.891. The second and third best configura-
tions are determined as Design 11 with 0.858 and Design 16 
with 0.664, respectively. The worst design is determined as 
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Fig. 4   Convergence values of ORC-based designs for the output of ε 
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Design 2 with 0.103. The results of the hybrid analysis for 
the output of benefits are as given in Fig. 8.

As seen in Fig. 8, the best design is determined as Design 
19 with 0.879. The second and third best configurations are 
determined as Design 11 with 0.830 and Design 16 with 
0.674, respectively. The worst design is determined as 
Design 5 with 0.079. According to these results, if all the 
output factors are taken into consideration, the best con-
figuration is determined as Design 19. In the view of all the 
output, the best configuration is determined as Design 19 
since it has the highest convergence. Design 19 also indi-
cates that greenhouse heating is the most critical issue for 
the integrated system.

AHP–TOPSIS results of RH‑based analysis

In the base of expert view, if the residence heating is 
accepted as the main mission, the results of the hybrid analy-
sis for the output of first law efficiency are as given in Fig. 9.

According to Fig. 9, the best design is determined as 
Design 14 with 0.783. The second and third best configura-
tions are determined as Design 15 with 0.707 and Design 16 
with 0.676, respectively. The worst design is determined as 

Design 5 with 0.053. The results of the hybrid analysis for 
the output of second law efficiency are as given in Fig. 10.

According to Fig. 10, the best design is determined as 
Design 14 with 0.865. The second and third best configura-
tions are determined as Design 15 with 0.828 and Design 16 
with 0.665, respectively. The worst design is determined as 
Design 5 with 0.085. The results of the hybrid analysis for 
the output of benefits are as given in Fig. 11.

As seen in Fig. 11, the best design is determined as 
Design 14 with 0.904. The best design is determined as 
Design 14. The second and third best configurations are 
determined as Design 15 with 0.860 and Design 16 with 
0.675, respectively. The worst design is determined as 
Design 5 with 0.050. In the view of all the output, the best 
configuration is determined as Design 14 since it has the 
highest convergence. Design 14 indicates that the residence 
heating has more importance in comparison with power 
generation. For each output basis, the results including all 
configurations are given in Figs. 12–14.

If all the basis and output parameters have been taken 
into consideration, Design 16 seems as the best choice 
with a value of convergence to an ideal solution between 
0.59 and 0.68. For this design, the benefit, energy 

0 0.2 0.4 0.6 0.8 1
1
3
5
7
9

11
13
15
17
19
21

D
es

ig
n 

no
GH-based-B

Fig. 8   Convergence values of GH-based designs for the output of B 

0 0.2 0.4 0.6 0.8 1
1
3
5
7
9

11
13
15
17
19
21

D
es

ig
n 

no

RH-based-η

Fig. 9   Convergence values of RH-based designs for the output of η 
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Fig. 10   Convergence values of RH-based designs for the output of ε 
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1199AHP–TOPSIS hybrid decision‑making analysis: Simav integrated system case study﻿	

1 3

efficiency, and exergy efficiency are obtained as 17.61%, 
59.42%, and 288.89 million US$, respectively. If the dual 
usage is taken into account, when ORC-based and GH-
based situations are the point, Design 16 and 19 seem 
as the best choices with a value of convergence to the 
ideal solution between 0.55 and 0.91. When ORC-based 
and RH-based situations are the point, Design 14 and 19 

seem as the best choices with a value of convergence to 
the ideal solution between 0.52 and 0.91. For Design 19, 
the benefit, energy efficiency, and exergy efficiency are 
obtained as 20.12%, 61.68%, and 275.12 million US$, 
respectively. For Design 14, the benefit, energy effi-
ciency, and exergy efficiency are obtained as 15.07%, 
55.60%, and 302.41 million US$, respectively.

Fig. 12   Convergence values of 
η-based configurations
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Fig. 13   Convergence values of 
ε-based configurations
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Conclusions

Energy system design is an urgent issue for sustainable 
usage of energy. In this regard, the decision for the best 
design is one of the most important issues, since the inte-
grated systems include more confused energy relations. 
In this aim, multi-criteria decision-making techniques are 
very useful. Since these techniques need weighted values 
for decision points, the selection of these values directly 
affects the solution; therefore, they should be calculated 
sensitively. The expert view is very important at this point, 
so, AHP is one of the most useful tools in this relation. 
Combining the AHP solutions in the TOPSIS analysis 
would be a more attractive way to decide energy problems. 
Therefore, an integrated geothermal energy system was 
analyzed employing the hybrid analysis named AHP–TOP-
SIS. In this regard, the best design was determined as 
Design 16 among the analytically formed designs based 
on the aim of the usage area of geothermal energy. Design 
16 is the one which includes the highest residential heat-
ing with a number of 16,311 and lowest power generation 
with 41,153 kWh. In this case, the situation of greenhouse 
heating has a medium value of 631,449 m2. So, it is the 
optimum application to install the integrated system taking 
into lower outlet temperatures (313.15 K) of power plant 
(ORC). From this side, it does not mean that the designs 
with the highest energy efficiency or exergy efficiency, 
or the highest benefit are the most efficient design. By 
so, AHP–TOPSIS results also show that the system has 
still the possibility to be improved. Moreover, to make a 
decision on the integrated energy system, the dynamics, 

needs, and future requirements of the area should be taken 
into account.
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