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Graphical/Tabular Abstract (Grafik Özet) 

In this study, electricity generation, energy, and exergy analyses were performed for 5 different 
temperature values of a geothermal source, and the obtained values were compared. / Bu çalışmada 
bir jeotermal kaynağa ait 5 farklı sıcaklık değeri için elektrik üretimi, enerji ve ekserji analizleri 
yapılmış ve elde edilen değerler karşılaştırılmıştır.  

 
Figure A: The effect of geothermal fluid heat on total thermal power and generated electricity 
/Şekil A: Jeotermal akışkan ısısının toplam ısıl güç ve üretilen elektrik gücü üzerindeki etkisi  

Highlights (Önemli noktalar)  
 The electricity generation from geothermal energy sources has been investigated./ 

Jeotermal enerji kaynağının Elektrik üretimi incelenmiştir. 
 The effects of different temperature values of geothermal fluid on the system were 

compared./ Jeotermal akışkanlığa ait  farklı sıcaklık değerlerinin sistem üzerindeki 
etkileri karşılaştırılmıştır. 

 The overall energy and exergy efficiencies of the system have been calculated./ Sistemin 
genel enerji ve ekserji verimleri hesaplanmıştır. 

Aim (Amaç): The electricity generation potential, energy, and exergy analyses of geothermal 
energy sources have been evaluated. / Jeotermal enerji kaynağının elektrik üretim potansiyeli, 
enerji ve ekserji analizleri değerlendirilmiştir.  

Originality (Özgünlük): The electricity generation potential of geothermal energy source was 
investigated at 5 different temperature values. / Jeotermal enerji kaynağının 5 farklı sıcaklık 
değerinde elektrik üretim potansiyeli incelenmiştir.  

Results (Bulgular): Increasing the temperature of the geothermal energy source has increased 
electricity production, energy and exergy efficiencies. / Jeotermal enerji kaynağının sıcaklığının 
artması elektrik üretimini, enerji ve ekserji verimlerini arttırmıştır. 

Conclusion (Sonuç): The highest energy and exergy efficiencies were obtained from geothermal 
fluid at a temperature of 162°C, calculated to be approximately 0.67% and 3.75%, respectively. / 
En yüksek enerji ve ekserji verimleri 162oC sıcaklığa sahip jeotermal akışkandan elde edilmiş olup 
sırasıyla yaklaşık olarak %0,67 ve %3,75 olarak hesaplanmıştır. 
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Abstract 

Increased energy supply leads to increased energy production. The fact that fossil fuels, which 
are available in limited quantities for energy production, will be depleted in the near future and 
also cause environmental problems hass led to increased research and the use of renewable energy 
sources. Geothermal energy is one of the renewable energy sources. Türkiye ranks 4th in the 
world in terms of underground geothermal energy resources. This study investigated the 
electricity generation from a geothermal well. Exergy and energy analyses have been performed 
on all the main components of the electricity generation plant integrated into this geothermal well. 
Enthalpy-entropy values were obtained for geothermal fluid temperatures of 130, 138, 146, 154, 
and 162 °C using the Engineering Equation Solver (EES) program. For these different 
temperature values, the heat input to the system, electrical power, energy efficiency, and exergy 
efficiencies were obtained and compared. The lowest energy and exergy efficiencies of the 
system were calculated as 0.065% and 0.45%, respectively, when the geothermal fluid 
temperature was 130 °C. The highest energy and exergy efficiencies of the system were calculated 
as 6.7% and 3.75% at a geothermal fluid temperature of 162 °C. 

 

Bir Jeotermal Güç Santralinin Enerji ve Ekserji Analizi Yöntemiyle 
Performans Değerlendirmesi 
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 Öz 

Artan enerji arzı daha fazla enerji üretimini beraberinde getirmektedir. Enerji üretimi için kısıtlı 
miktarda olan fosil yakıtlarının hem yakın zamanda tükenecek olması hem de çevresel sorunlara 
neden olması yenilenebilir enerji kaynaklarının araştırılmasını ve kullanımını arttırmıştır. 
Yenilenebilir enerji kaynaklarından biri de Jeotermal enerjidir. Türkiye yeraltı jeotermal enerji 
kaynağı bakımından dünyada 4. sırada yer almaktadır. Çalışmada bir jeotermal kuyunun elektrik 
üretimi incelenmiştir. Bu jeotermal kuyuya entegre edilen elektrik üretim tesisinin tüm ana 
bileşenlerinin hem ekserji hem de enerji analizleri yapılmıştır. Jeotermal akışkanın 130, 138, 146, 
154 ve 162 oC sıcaklık değerleri için mühendislik Engineering Equation Solver (EES) programı 
ile entalp entropi değerleri elde edilmiştir. Bu farklı sıcaklık değerleri için Sisteme giren ısı, 
elektrik gücü, enerji verimi ve ekserji verimleri elde edilip karşılaştırılmıştır. Sistemin en düşük 
enerji ve ekserji verimleri Jeotermal akışkan sıcaklığının 130 oC olduğunda sırasıyla %0,065 ve 
%0,45 olarak hesaplanmıştır. Sistemin en yüksek enerji ve ekserji verimleri ise Jeotermal 
akışkanın 162 oCsıcaklığında %6,7 ve yüzde 3,75 olarak hesaplanmıştır. 

 

1. INTRODUCTION (GİRİŞ) 

The rapid increase in global energy demand and the 
environmental problems caused by fossil fuels have 
made the shift towards sustainable and clean energy 
sources imperative [1,2]. Many studies aimed at 
solving problems such as global warming and 
carbon emissions focus on carbon neutrality and 
sustainable processes. For this reason, studies in 
areas such as energy storage devices, energy 

conversion, and the use of renewable energy sources 
are at the forefront. Renewable energy sources such 
as solar, wind, hydroelectric, and geothermal energy 
will reduce dependence on traditional fossil fuel 
energy systems and contribute to solving problems 
such as global warming. While renewable energy 
sources like solar and wind power do not provide 
regular and continuous energy production, 
uninterrupted and continuous energy production is 
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possible from hydraulic and geothermal sources [3]. 
Geothermal resources, obtained by extracting 
energy stored as heat beneath the earth's surface, are 
found in different regions of the world. One of the 
regions with these underground geothermal 
resources is Turkey, which ranks 4th in the world 
[4]. Geothermal resources in our country are 
generally used in balneotherapy, greenhouse 
farming, heating homes, and electricity generation. 
There are many studies related to renewable energy 
sources. One of the aims of these studies is to use 
energy resources efficiently by conducting energy 
and energy analysis [5,6]. Many studies have been 
conducted on the use of geothermal energy. Ding et 
al. investigated the system's electricity generation, 
cooling load, and hydrogen production by 
integrating biomass, geothermal, and solar energy 
sources [7]. Inanc and Midilli CO2 capture system, 
an integrated geothermal hydrogen production 
system, and an integrated wind energy and methanol 
production system have been integrated to create a 
complete system. Energy and exergy analysis of this 
system has been performed [8]. Siddiqui et al. 
developed a triple energy production system by 
combining a geothermal energy source, a solar 
energy system, and a hydrogen production facility. 
The system's hydrogen production quantity, energy, 
and energy analyses have been performed [9]. Wang 
et al. conducted a study on supporting a carbon 
capture and storage system with a geothermal 
source and compared the data obtained with that of 
a 300 MW coal-fired power plant [10]. Halit et al. 
have integrated a system combining geothermal and 
solar energy to provide heating, cooling, electricity 
for buildings, hot water, and hydrogen production. 
These proposals were compared in terms of system 
exergy, energy, and system efficiencies. 
Furthermore, a cost analysis of the system was 
performed [11]. Canısı et al. conducted energy and 
exergoeconomic analyses of the system by 
combining solar and geothermal energies. In 
addition, multiple integrated systems were 
connected to the system, and a separate cost analysis 
was performed for the entire system for both 
summer and winter months [12]. Nkinham et al. 
conducted an analysis of geothermal energy 
extraction technologies, challenges, potential, and 
recommendations for widespread use. Geothermal 
energy has been highlighted as a vital component 
for a clean energy future [13]. Willems and Nick 
emphasized that optimizing the spacing between 
injection production wells and the distance between 
individual pairs of wells increased heat recovery 
efficiency to a certain extent [14]. Elbir, a 
geothermal source has been integrated as a 

preheating unit into a conventional fossil fuelsystem 
with a Rankine cycle. Thus, the system's energy and 
exergy analysis, exergy destruction cost, capital 
cost, etc., were evaluated. As a result, it is stated that 
this added heat increased the turbine power output 
by 25% and reduced the boiler heat input by 18% 
[15]. Aryanfar and Wu used different working fluids 
to measure the energy and exergy efficiencies of a 
Rankine cycle integrated double-stage geothermal 
power plant, as well as its environmental impacts on 
global warming and ozone layer depletion potential. 
In conclusion, when the effects of different working 
fluids were examined, it was emphasized that 
different working fluids and pressure optimization 
positively affected efficiency [16].  

In this study, a turbine generator system was 
integrated into a geothermal well with a temperature 
range of 130°C to 162 °C. Unlike previous studies, 
this work calculated electricity production for 
different temperature ranges (130, 138, 146, 154, 
and 162 °C) of a geothermal well integrated with a 
constant pressure flash chamber of 250 kPa. Energy 
and exergy analysis of the entire system was 
performed using the Engineering Equation Solver 
(EES) program. The obtained data were used to 
calculate electricity production and both the exergy 
and energy efficiency of the entire system. 

2. MATERIALS AND METHODS (MATERYAL 
VE METOD) 

2.1. SYSTEM DESCRIPTION (Sistem Açiklamasi)  

A system for generating electricity from geothermal 
energy has been designed. Figure 1 is a schematic 
representation of the designed geothermal 
electricity system. When Figure 1 is examined, it 
can be seen that the heat of the fluid taken from a 
geothermal source and the pressure of the 
geothermal fluid in the flash chamber reach 600 kPa 
and its temperature reaches 158.8 °C. The fluid then 
passes through a separator, and a portion is sent to 
the steam turbine. The steam entering the turbine is 
converted into mechanical energy through the 
vanes. This mechanical energy is transferred from 
the turbine to the generator via the shaft, where it is 
converted into electrical energy. The remaining 
portion of the fluid that passes through the separator 
is transferred to line number 5.The fluid coming 
from line 5 and the fluid exiting the turbine combine 
and pass into line 6. The geothermal fluid can then 
be sent for use in greenhouses or residential areas as 
needed, or any excess can be sent to the reinjection 
well. 
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Figure 1. Schematic representation of a geothermal energy-based system developed for electricity 

generation (Elektrik üretmek üzere geliştirilen jeotermal enerji tabanlı sisteminin şematik gösterimi) 

In this system, electricity production quantity and 
extraction analysis were carried out based on 
geothermal resource data located in Simav, Kütahya 

[17]. The constraints and input parameters required 
for geothermal electricity generation used in this 
design are given in Table 1. 

Table 1. Design requirements and input parameters (Tasarım şartları ve giriş parametreleri) 

Input parameter Value 
Location chosen Kütahya / Simav [17] 
Geothermal fluid inlet condition Saturated liquid [17] 
Geothermal well temperature 130-162 oC [17] 
Geothermal fluid flow rate 72 kg/s [17] 
Geothermal fluid inlet pressure 650,34 kPa [11] 
Geothermal fluid flashing pressure 250 kPa [18] 
Turbine isentropic efficiency  80%  
Generator efficiency 80% 

 

3. System analysis (Sistem Analizi) 

Thermodynamic analysis of each main 
component of the designed geothermal power 

generation system was performed using energy 
and exergy approaches. The assumptions 
accepted in the analysis are listed below. 
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• The steady-state conditions exist. 
• The turbine is assumed to have 80% isentropic 

efficiency. 
• Reference conditions were accepted as 1 bar 

25oC. 
• Heat losses of the system have been neglected. 
• At 162°C, the geothermal fluid is in the 

saturated liquid phase [17]. 
• The change in potential and kinetic energy has 

been ignored. 
• The separator and flash chamber are assumed 

to be adiabatic. 

General exergy and energy balance equations 
were used in the analysis of the geothermal power 
generation system. 

𝑸̇𝑸𝒊𝒊 + 𝑾̇𝑾𝒊𝒊 + ∑ 𝒎̇𝒎𝒊𝒊(𝒉𝒉𝒊𝒊𝒊𝒊 ) = 𝑸̇𝑸𝒐𝒐 + 𝑾̇𝑾𝒐𝒐 +
∑ 𝒎̇𝒎𝒐𝒐(𝒉𝒉𝒐𝒐𝒐𝒐 ) (1) 

∑ 𝒎̇𝒎𝒊𝒊(𝒆𝒆𝒆𝒆𝒊𝒊𝒊𝒊 ) + 𝑬𝑬𝑬̇𝑬𝑸𝑸 + 𝑬𝑬𝑬̇𝑬𝒘𝒘𝒘𝒘𝒘𝒘 =  ∑ 𝒎̇𝒎𝒐𝒐(𝒆𝒆𝒆𝒆𝒐𝒐𝒐𝒐 ) +
𝑬𝑬𝑬̇𝑬𝑸𝑸 + 𝑬𝑬𝑬̇𝑬𝒘𝒘𝒘𝒘 + 𝑬𝑬𝑬̇𝑬𝑸𝑸 + 𝑬𝑬𝑬̇𝑬𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅            (2) 

In the sub-indices used in advertisements 1 and 2, 
i represents the input, o represents the output, 𝒎̇𝒎 
represents the mass flow rate, and 𝑸̇𝑸 represents 
the heat transfer rate. Furthermore, h represents 
enthalpy, 𝑾̇𝑾 represents the rate of work, and 𝑬̇𝑬𝒙𝒙𝒅𝒅 
represents the exergy proximity. The energy and 
exergy balance equations for each component of 
the geothermal power generation system are 
given below [19]. 

• Flash Chamber 

𝒉𝒉𝟏𝟏𝒎̇𝒎𝟏𝟏 = 𝒉𝒉𝟐𝟐𝒎̇𝒎𝟐𝟐                          
(3) 

𝒆𝒆𝒆𝒆𝟏𝟏𝒎̇𝒎𝟏𝟏 = 𝒆𝒆𝒆𝒆𝟐𝟐𝒎̇𝒎𝟐𝟐 + 𝑬𝑬𝑬̇𝑬𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅,𝑭𝑭𝑭𝑭             
(4) 

• Separator 

𝒉𝒉𝟐𝟐𝒎̇𝒎𝟐𝟐 = 𝒉𝒉𝟑𝟑𝒎̇𝒎𝟑𝟑 + 𝒉𝒉𝟓𝟓𝒎̇𝒎𝟓𝟓            (5) 

𝒆𝒆𝒆𝒆𝟐𝟐𝒎𝒎̇ 𝟐𝟐 = 𝒆𝒆𝒆𝒆𝟑𝟑𝒎̇𝒎𝟑𝟑 + 𝒆𝒆𝒆𝒆𝟓𝟓𝒎̇𝒎𝟓𝟓 + 𝑬𝑬𝑬̇𝑬𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅,𝒔𝒔𝒔𝒔𝒔𝒔            
(6) 

• Turbine 

𝒉𝒉𝟑𝟑𝒎̇𝒎𝟑𝟑 = 𝑾̇𝑾𝑻𝑻 + 𝒉𝒉𝟒𝟒𝒎̇𝒎𝟒𝟒             (7) 

𝒆𝒆𝒆𝒆𝟑𝟑𝒎̇𝒎𝟑𝟑 = 𝑾̇𝑾𝑻𝑻 + 𝒆𝒆𝒆𝒆𝟒𝟒𝒎̇𝒎𝟒𝟒 + 𝑬𝑬𝑬̇𝑬𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅,𝑻𝑻            (8) 

• Electricity generation 

𝑾̇𝑾𝒆𝒆𝒆𝒆 = 𝜼𝜼𝒈𝒈𝒈𝒈𝒈𝒈𝑾̇𝑾𝑻𝑻              
(9) 

Where 𝑾̇𝑾𝑻𝑻 represents the mechanical work done 
by the turbine and 𝜼𝜼𝒈𝒈𝒈𝒈𝒈𝒈 represents the generator 
efficiency. The system's overall energy and 
negative energy efficiency are calculated using 
the following formulas. 

𝜼𝜼𝒆𝒆𝒆𝒆,𝒐𝒐𝒐𝒐 = 𝑾̇𝑾𝒆𝒆𝒆𝒆,𝑮𝑮
𝒎̇𝒎𝟏𝟏(𝒉𝒉𝟏𝟏+𝒉𝒉𝟔𝟔)

           (10) 

𝜼𝜼𝒆𝒆𝒆𝒆,𝒐𝒐𝒐𝒐 = 𝑾̇𝑾𝒆𝒆𝒆𝒆,𝑮𝑮
𝒎̇𝒎𝟏𝟏(𝒆𝒆𝒆𝒆𝟏𝟏+𝒆𝒆𝒆𝒆𝟔𝟔)

                       (11) 

4. Results and discussion (Sonuçlar ve Tartışma) 

Geothermal electricity generation using a turbine 
generator system integrated into a geothermal 
well has been investigated. The Engineering 
Equation Solver (EES) software was used in the 
calculations of the system that was established. In 
this system, geothermal energy was used solely 
for electricity generation. Geothermal fluid 
temperatures are 130, 138, 146, 154, and 162 °C. 
The thermophysical properties of the system's 
main components at their respective state points 
for these temperature values are given in Table 2. 
Table 2 shows that the thermophysical properties 
are considered separately for each temperature 
value. For a temperature of 130°C, the exergy, 
pressure, mass flow, enthalpy, and entropy values 
are given in Case 1. Case 2, Case 3, Case 4, and 
Case 5 show data related to temperatures of 138, 
146, 154, and 162 °C, respectively. In 
calculations solely for electricity generation, the 
net energy efficiency of the system, based on the 
given temperature values, was calculated as 6.5% 
at the lowest temperature of 130°C and 67% at 
the highest temperature of 162°C. Geothermal 
fluid from Kütahya Simav [17] with a calorific 
value of 162 °C is sent to a flash chamber at a 
pressure of 250 kPa, and the saturated fluid and 
saturated steam from this chamber then go to a 
separator. The saturated liquid and saturated 
vapor arriving at the separator are separated and 
sent to line 3 and line 5. The amount of vapor and 
liquid varies depending on the temperature of the 
fluid entering the flash chamber and is given in 
Table 2. Saturated steam enters the turbine from 
line 5 at a pressure of 250 kPa and a temperature 
of 127.4 °C, and wet steam exits the turbine at a 
pressure of 150 kPa and a temperature of 111.3 
°C.
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Table 2. Thermophysical properties of the state points of the main components used in the system (Sistemde kullanılan ana bileşenlerinin durum noktalarına ait termofiziksel 
özellikler) [20] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ca
se

 1
 

State 
point 

Substance Mass Flow rate 
(kg/s) 

Temperature 
(°C) 

Pressure 
(kPa) 

Specific enthalpy 
(kJ/kg) 

Specific exergy 
(kJ/kg) 

Specific entropy 
(kJ/kgK) 

1 Water  72 130 313,22 546,4 63,545 1,635 
2 Water  72 127,4 250 546,38 63,51 1,635 
3 Water  0,364 127,4 250 2716,5 618,3 7,052 
4 Water  0,364 111,35 150 2645,328 533,35 7,098 
5 Water  71,636 127,4 250 535,35 60,68 1,6072 
6 Water 72 160,5 150 546,019 63,075 1,635 

ca
se

 2
 

State 
point 

Substance Mass Flow 
rate (kg/s) 

Temperature 
(°C) 

Pressure 
(kPa) 

Specific enthalpy 
(kJ/kg) 

Specific exergy 
(kJ/kg) 

Specific entropy 
(kJ/kgK) 

1 Water  72 138 348,188 588,6 80,776 1,7184 
2 Water  72 127,4 250 588,6 74,3 1,74 
3 Water  1,758 127,4 250 2716,5 618,3 7,052 
4 Water  1,758 111,35 150 2645,328 533,35 7,098 
5 Water  70,242 127,4 250 535,35 60,68 1,6072 
6 Water 72 160,5 150 586,857 72,222 1,741 

ca
se

 3
 

State 
point 

Substance Mass Flow 
rate (kg/s) 

Temperature 
(°C) 

Pressure 
(kPa) 

Specific enthalpy 
(kJ/kg) 

Specific exergy 
(kJ/kg) 

Specific entropy 
(kJ/kgK) 

1 Water  72 146 426,576 614,95 82,5 1,801 
2 Water  72 127,4 250 614,95 81,036 1,805 
3 Water  2,63 127,4 250 2716,5 618,3 7,052 
4 Water  2,63 111,35 150 2645,328 533,35 7,098 
5 Water  69,37 127,4 250 535,35 60,68 1,6072 
6 Water 72 160,5 150 612,35 74,94 1,807 



Özkaya / GU J Sci, Part C, 14(1): 516-527 (2026) 

521 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ca
se

 4
 

State 
point 

Substance Mass Flow 
rate (kg/s) 

Temperature 
(°C) 

Pressure 
(kPa) 

Specific enthalpy 
(kJ/kg) 

Specific exergy 
(kJ/kg) 

Specific entropy 
(kJ/kgK) 

1 Water  72 154 530,024 649,468 92,787 1,88 
2 Water  72 127,4 250 649,468 89,86 1,89 
3 Water  3,77 127,4 250 2716,5 618,3 7,052 
4 Water  3,77 111,35 150 2645,328 533,35 7,098 
5 Water  68,23 127,4 250 535,35 60,68 1,6072 
6 Water 72 160,5 150 645,74 85,414 1,894 

ca
se

 5
 

State 
point 

Substance Mass Flow 
rate (kg/s) 

Temperature 
(°C) 

Pressure 
(kPa) 

Specific enthalpy 
(kJ/kg) 

Specific exergy 
(kJ/kg) 

Specific entropy 
(kJ/kgK) 

1 Water  72 162 650,34 684,168 103,57 1,96 
2 Water  72 127,4 250 684,168 98,74 1,978 
3 Water  4,91 127,4 250 2716,5 618,3 7,052 
4 Water  4,91 111,35 150 2645,328 533,35 7,098 
5 Water  68,23 127,4 250 535,35 60,68 1,6072 
6 Water 72 160,5 150 679,31 92,94 1,98 
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Figure 1 shows that the thermal power entering 
the system increases depending on the 
temperature of the geothermal fluid. The thermal 
power of the geothermal fluid at a temperature of 
130°C was determined to be approximately 
31,786.5 kW, while the thermal power at the 
highest temperature of 162°C was determined to 

be approximately 41,707.3 kW. The increase in 
thermal power due to the temperature of this 
geothermal fluid also positively affects energy 
efficiency. 

 

 

Figure 1. The effect of geothermal fluid heat on total thermal power (Jeotermal akışkan ısısının toplam ısıl güç 
üzerindeki etkisi) 

The generator used in the system operates with 
80% efficiency . The effect of geothermal fluid 
heat on electricity generation is shown in Figure 
2. As can be seen in Figure 2, the variation in 
geothermal fluid temperature between 130 and 

160 has a positive effect on electricity production. 
The net electricity generation for temperature 
values of 130, 138, 146, 154 and 162 °C was 
calculated as 20.73, 100.07, 149.60, 114.48 and 
279.70 kW, respectively. 
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Figure 2. The effect of geothermal fluid heat on the electricity generated (Jeotermal akışkan ısısının üretilen 
elektrik gücü üzerindeki etkisi) 

Geothermal fluid with a flow rate of 72 kg/s 
passes through the flash chamber and is then 
separated into steam and liquid in the separator. 
With this 72 kg/s flow rate, the flow rate of the 
steam passing through the flash chamber and sent 
to the separator varies depending on different 
temperature values. The pressure and temperature 
of the flash chamber are kept constant at 250 kPa 
and 127.41 °C, respectively. The lowest steam 
flow rate obtained from the separator to the 
turbine was approximately 0.36 kg/s at 130 °C, 
and the highest was approximately 4.91 kg/s at 
162 °C. The steam produced is sent to a turbine, 
which in turn generates power. 

In this study, which is based on the temperature 
of the geothermal fluid, both energy and exergy 
efficiencies were calculated using equations 10 
and 11. Figure 3 shows the energy and exergy 
efficiencies of this system. Energy and exergy 
analysis of geothermal fluid temperatures were 
examined for 5 different cases, gradually 
increasing from 130 to 162°C. Energy and exergy 
analyses performed between temperatures of 130 
and 162 °C indicate that electricity generation is 
possible within this temperature range. Thus, the 
effect of temperature variation in geothermal 
fluidity on the system was investigated. 
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Figure 3. The effect of geothermal fluid heat on the overall efficiency of the system (Jeotermal akışkan ısılsın 
sistemin genel verimi üzerine etkisi) 

Figure 3 shows that geothermal fluids with higher 
temperatures have higher exergy and energy 
efficiencies than those with lower temperatures. 
The lowest energy and exergy efficiencies were 
calculated at 130°C, approximately 0.065% and 
0.45%, respectively. The highest energy and 
exergy efficiencies were calculated at 162°C, 
approximately 0.67% and 3.75%, respectively. 

Overall, the exergy efficiency of the system is 
found to be greater than the energy efficiency for 
all temperature values. The fact that exergy 
efficiency is greater than energy efficiency is a 
consequence of heat utilization at low 
temperatures. The fact that exergy efficiency is 
greater than energy efficiency is a consequence of 
heat utilization at low temperatures. 
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Figure 4. The effect of geothermal fluid heating on the irreversibility of system components (Jeotermal 
akışkan ısılsın system bileşenlerinin tersinmezliği üzerine etkisi) 

Figure 4 shows the irreversibility graph of the 
system components as a function of temperature. 
When Figure 4 is examined, it can be seen that 
the least irreversibility occurs at 130 °C and the 
most occurs at 162 °C, depending on the increase 
in temperature. The highest levels of 
irreversibility were observed in the flash chamber 
at a temperature of 162 °C. Irreversibility occurs 
minimally in the separator, and the amount is 
negligible. As shown in Table 2, there is a change 
in the pressure of the geothermal fluid entering 

the system depending on the change in fluid 
temperature. The greater the difference between 
the pressure of the geothermal fluid entering the 
system and the pressure in the flash chamber, the 
greater the irreversibility. At 130°C, the 
irreversibilities of the turbine, flash chamber, and 
separator are approximately 5.02 kW, 2.92 kW, 
and 0.018 kW, respectively. The irreversibilities 
of these system components at 162°C are 
approximately 67.78 kW, 348.17 kW, and 0.25 
kW, respectively. 

Table 3. Comparison of energy and exergy yield of geothermal wells through various processes (Jeotermal 
kuyuya ait enerji ve ekserji veriminin çeşitli süreçlerle karşılaştırılması) 

The energy and exergy efficiencies of a 
geothermal well obtained in this study are 
compared with the results of different geothermal 
processes and geothermal energy integrated with 
different sources given in the literature in Table 
3. In general, when a geothermal resource is 
integrated with other sources, both energy and 
exergy efficiency are higher. 

 

5. CONCLUSION (SONUÇ) 

This study investigates the electricity generation, 
energy, and exergy analysis of geothermal fluid 
at different temperatures. The findings obtained 
from the study are presented below. 

Reference Type Energy 
efficiency 

Exergy 
efficiency 

Present work Geothermal energy 0,67% 3.75% 
[12] Solar and Geothermal energy 19.6% 19.1% 
[15] Solar and Geothermal energy - 40%-50% 
[10] Solar, biomass and Geothermal energy - 35.9% 
[21] Double-flash and binary geothermal power 26.2% 37.5% 



Özkaya / GU J Sci, Part C, 14(1): 516-527 (2026) 

526 
 

• Increasing the temperature of the geothermal 
fluid has increased enthalpy, entropy, exergy, 
energy efficiency, exergy efficiency, thermal 
power input, and electricity production. 

• A 30°C increase in geothermal fluid 
temperature created a difference of 
approximately 158.97 kW of electrical energy 
between the lowest and highest electricity 
production. 

• The overall exergy efficiency of the system, 
depending on the lowest and highest 
temperatures of the geothermal fluid, showed 
a 716% increase compared to the lowest 
exergy efficiency. This indicates that the 
system's work capacity has increased 
eightfold. 

These studies, conducted for different 
temperature values of geothermal fluid, suggest 
that the flash chamber pressure should be kept 
constant, and that future studies should focus on 
optimizing the flash chamber pressure according 
to temperature. 
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