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 In this paper, a geothermal and solar-assisted combined system is designed for the electricity and 

cooling of residences. The geothermal water from the geothermal resource and the heat transfer 

fluid heated in the parabolic trough collector is used as the heat source in the absorption cooling 

system. The organic Rankine cycle (ORC) generates power with geothermal water and heat 

transfer fluid from the absorption cooling cycle. The produced power is supported to the grid. 

Engineering Equation Solver (EES) and Aspen Plus program are used for thermodynamic and 

thermoeconomic analysis of the combined system. In these analyzes, the geothermal and solar 

energy values of Afyonkarahisar city are considered. Geothermal water at a temperature of 130 

ºC and a mass flow rate of 85 kg/s and a solar source at 600 W/m2 radiation is used for the 

combined system. Parametric studies are performed to demonstrate the way unit electricity and 

cooling costs change according to the geothermal water temperature and solar radiation. The 

cooling capacity and the net power output of the system are 2720 kW and 2235 kW, 

respectively. The unit costs of cooling and electricity in the combined system are calculated 

0.017 $/kWh and 0.074 $/kWh, respectively.   
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1. Introduction 

Climate change is a global problem facing the whole 

world today. The leading cause of this problem is global 

warming resulting from greenhouse gas emissions. Carbon 

dioxide (CO2) is the primary greenhouse gas released from 

burning fossil fuels such as oil, natural gas, and coal [1]. 

Meeting the energy demand of any country is of great 

importance for the development and progress of that 

country. Especially in the last 20 years, the countries' 

energy demands have increased due to the increase in the 

world population. In order to meet this increase in demand, 

alternative and uninterrupted energy sources are needed [2]. 

Due to the depletion of fossil fuels and their harmful 

environmental effects, the search for sustainable and 

environmentally friendly alternative energy sources has 

accelerated in recent years. Investments in renewable 

energy sources are increasing day by day. As a result of the 

development of engineering applications and technology, 

the efficiency obtained from renewable energy sources is 

constantly increasing [3]. 

Geothermal energy is a renewable source of heat 

accumulated underground. Geothermal energy reaches the 

earth's surface in different forms and proportions. 

Geothermal energy is a renewable energy source without 

greenhouse gas emissions and environmental pollution [4]. 

Since geothermal energy works almost all year round, it 

can produce energy continuously. It is a very efficient 

source for power generation, district heat, and cooling [5].  

In recent years, interest in solar energy has increased 

worldwide. Solar energy is a renewable and sustainable 

energy source. The thermal energy of solar energy is an 

essential alternative to fossil fuels [6]. Cooling systems are 

expensive systems due to high electricity consumption. 

Solar and geothermal energy are alternative energy sources 

to eliminate this electricity cost [7].The most mature cooling 

technologies are sorption machines, absorption, and 

adsorption cooling systems. [8] Absorption cooling systems 

with LiBr-H2O operate at lower thermal energies than 

absorption cooling systems with NH3-H2O. Absorption 

cooling systems with LiBr-H2O have higher efficiency 

because they work at the higher coefficient of performance 

(COP) values [9]. The absorption coolingsystem with LiBr-

H2O is the most suitable cooling system due to its low-

temperature operation and simple structure [10]. The 
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single-effect absorption cooling system with LiBr-H2O has 

a wide range of applications [11]. 

Combined cooling and power (CCP) systems are highly 

efficient systems that can produce both cooling and 

electricity from one or more heat sources. It works with 

higher efficiency than independent cooling and power 

systems [12]. Fossil fuels operate the majority of cooling 

and power systems around the world. The fact that fossil 

fuels cause high carbon emissions and severe 

environmental problems has accelerated the transition to 

renewable energy sources [13].  

Turkey has rich sources of renewable energy. 

Geothermal and solar-powered electricity production has 

become popular and common in Turkey, especially in 

recent years. The industrial output growth has increased 

Turkey's energy demand in recent years. In order to meet 

this energy demand, reduce external dependency and 

decarbonize the energy sector, the capacity of renewable 

energy sources should be maximized. [14].   

Few studies on geothermal and solar-assisted electricity 

and cooling production are in the literature. These studies 

are presented in the literature review. Alibaba et al. [15] 

investigated a individual geothermal cycle and a hybrid 

geothermal-solar cycle to produce the cooling- heating 

power of the building. The exergoeconomic analysis of the 

cycles showed that the solar power plant has the highest 

cost. Calise et al. [16] proposed a hybrid geothermal-solar 

plant producing electricity, heat, and cool. As a result of the 

thermoeconomic analysis of the hybrid geothermal-solar 

power plant, the payback period of the plant is calculated as 

16.7 years. Alirahmi et al. [17] developed a multi-

generation geothermal and solar-powered energy system. 

As a result of thermoeconomics analysis and optimization, 

the exergetic efficiency and total unit cost of the system are 

29.95% and 129.7 $/GJ. Ghasemi et al. [18] compared a 

hybrid system utilizing geothermal energy and parabolic 

collectors and the individual geothermal system. The solar 

and geothermal energy-powered hybrid system showed 

higher exergy efficiency than the individual geothermal 

system. Heberle et al. [19] have integrated solar energy into 

a geothermal-assisted ORC power plant. The geothermal 

and solar energy-assisted combined system and the 

individual geothermal system are compared. The combined 

system has 7.8% more electricity and power than the 

individual system. Mctigue et al. [20] designed a 

geothermal and solar energy assisted hybrid power plant. 

They considered a double flash for a geothermal resource 

and a concentrated collector for a solar resource and 

performed the energy and economic analysis of the hybrid 

power plant. The hybrid plant's unit electricity cost that 

increased power generation from 22 to 24 MW was 

obtained 0.07 ± 0.01 $/kWh. Kehvarparast et al. [21] 

studied thermodynamic analysis for a geothermal power 

plant hybridized with parabolic trough collectors. A 

thermodynamic analysis of the hybrid plant is performed. 

The energy consumption of the fan and the condenser 

decreased 47.32% and 33.58%, respectively. Haghghi et al. 

[22] have integrated solar-assisted an ORC and an 

absorption cooling cycle for power, heating and cooling 

production. The power, heating and cooling costs are 

calculated as 15.47 $/GJ, 10.27 $/GJ, and 11.44 $/GJ, 

respectively.  Ayub et al. [23] designed a geothermal 

resource and parabolic solar collector system. The result of 

the thermoeconomic analysis indicated that the unit 

electricity cost of a hybrid system decreased by 2% 

compared to a standalone geothermal system.   

This study performs thermodynamic and 

thermoeconomic evaluation of a combined absorption 

cooling and organic Rankine cycle [24]. The absorption 

cooling cycle for cooling residences and ORC for 

electricity of residences is considered. The purchased 

equipment cost of the combined system is calculated in the 

Aspen Plus program [25]. This paper is a novelty in adding 

a solar power system to an existing geothermal power plant 

in Afyonkarahisar. Through the developed model, 

electricity and cooling production are combined. Two 

useful outputs are obtained from the combined system. This 

study contributes to supplying the energy demand of 

Afyonkarahisar from renewable resources and competitive 

costs. 

The steps to be applied in the study can be written as: (i) 

the combined system is modeled and solved 

thermodynamically in a computer environment, (ii) in the 

thermodynamic and thermoeconomic analysis of the 

combined system, the geothermal and solar energy values 

of Afyonkarahisar are used, (iii) parametric analyses of the 

combined system are performed at different geothermal 

water temperatures and solar radiation, (iv) unit electricity 

and cooling costs of the combined system are investigated 

under different conditions.  

 

2. Description and Operating Principle 

In this study, an integrated approach is developed to 

requirements residential buildings' cooling and electricity 

supply. In the absorption cooling cycle, the electrical input 

is replaced by renewable energy heat energy. The cooling 

process is provided by this heat energy and two working 

fluids. Conventional vapor compression cycles use a 

compressor to circulate the refrigerant and create pressure 

differences. The absorption cooling system circulates the 

coolant with the help of a secondary fluid or absorber. 

Using parabolic trough solar collectors is one of the 

effective ways to benefit from solar energy with high 

efficiency. Parabolic trough collectors are used to produce 

steam from solar energy. The receiver tube of the parabolic 

trough collector is located along the focal line. In order to 

reduce heat losses, the surface of the receiver is covered 

with a glass cover tube along the focal line. The rays from 
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the sun are reflected in the receiver tube by the parabolic 

reflective mirrors. Concentrated radiation reaching the 

receiver tube heats the heat transfer fluid circulating in the 

receiver, and solar radiation is converted into useful heat. 

This useful heat is used for power generation in ORC [26]. 

In Figure 1, hot geothermal water from the geothermal 

resource (at state 7) and hot heat transfer fluid (Therminol 

VP-1) heated in the parabolic trough collector (at state 10)  

is the heat input of the absorption cooling system. The 

refrigerant vapor in the evaporator and is sent to the 

absorber (at state 21). The refrigerant vapor is absorbed by 

lithium bromide in the absorber. The weak solution of 

lithium bromide enters (at state 13) the heat exchanger by 

increasing the pressure by the pump. The weak solution of 

lithium bromide is heated in the heat exchanger and enters 

the generator (at state 14). With the heat energy transfer of 

hot geothermal water and hot heat transfer fluid, the 

refrigerant vapors and leaves (at state 18) the solution. The 

refrigerant vapor leaving the generator enters the condenser 

and condensed it in the condenser. The pressure of the 

liquid refrigerant is reduced in the expansion valve and sent 

to the evaporator (at state 20). As the refrigerant passes 

through the evaporator, it absorbs the heat of the hot water, 

and cold water is produced (at state 23). The cold water 

leaving the evaporator is sent to the heat exchanger for 

district cooling, producing cold air (at state 26). The cold air 

produced is sent to the buildings for district cooling.   

The ORC uses the geothermal water and heat transfer 

fluid as the heat source for electricity generation. R134a is 

used as the working fluid in the ORC. The geothermal 

water (at state 8) and heat transfer fluid (at state 11) leaving 

the generator of the absorption cooling cycle enters the heat 

exchanger of the ORC to heat a working fluid. The working 

fluid leaves (at state 3) the heat exchanger as vapor. The 

vaporized working fluid is sent to the turbine to generate 

electricity. Electricity is supplied to the grid. The vaporized 

working fluid leaving the turbine is sent (at state 4) to the 

water-cooled condenser and condensed in the condenser. 

The working fluid leaves (at state 1) the condenser as 

liquid, and the cycle is completed. The geothermal water is 

reinjected (at state 9) back to the resource. The Therminol 

VP-1 fluid is pumped (at state 28) to the parabolic trough 

collector to be reheated.   

The geothermal water enters the combined system at 130 

°C and is reinjected back to the resource at 60°C. The solar 

radiation for the solar source is 600 W/m2, and the mass 

flow rate of working fluid circulating in the parabolic 

collector is 0.2 kg/s [27].  

 

3. Thermodynamic Analysis  

Thermodynamic assumptions for the geothermal and 

solar-assisted combined organic Rankine and absorption 

cycle are given following. The equipment of the system 

operates on a steady-state and steady flow condition. The 

potential and kinetic changes are negligible. The isentropic 

efficiency of pumps and turbines is 85%.The pressure drops 

and losses in the equipment of the system are negligible. 

Environment temperature is 25°C and atmospheric pressure 

is 100 kPa. Considering the temperature range and solar 

radiation, Therminol VP-1 is chosen as the working fluid in 

the parabolic collectors [28].   

 

evapQ

conQ

absQ

turbW

 
 

Figure 1. Geothermal and solar energy combined system 
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The COP value of the absorption cooling cycle is calculated 

from:  

                  
)( pumpgen
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where, evaQ is the cooling capacity of the evaporator, genQ  

is the heat capacity of the generator and pumpW is pump 

power. 

The exergy efficiency of the absorption cooling cycle can 

be determined with the help of the following equation:  
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where, 0T  is ambient temperature, ET is evaporator 

temperature and GT is generator temperature. 

The power output from the ORC is calculated from [29]: 

                              PTnet WWW  −=
  

(3) 

where, TW is turbine power and PW is pump power. 

The overall energy efficiency of ORC is the ratio of net  

power output to energy input, and the overall exergy 

efficiency of ORC can be defined as [29]: 
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Q

W




=

  

(4) 

                             

in

net
ORC

xE

W




=   (5) 

Energy efficiency for the overall system can be 

calculated by ratio of net power output from ORC and the 

cooling capacity of the evaporator to the total heat energy 

entering the overall system: 

                 

solargeo
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(6) 

For the combined system, the expression of exergy 

efficiency determined as follows: 
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4. Thermoeconomic Analysis  

Engineering economics is a science that offers techniques 

for the economic analysis of engineering systems [30]. 

Determining the cost of the system and choosing the best 

alternative is a fundamental issue in engineering economics. 

In economic analysis, the operating and maintenance costs 

and the levelized capital investment costs of the 

investigated system are provided [29].  

The capital recovery factor (CRF) can be calculated 

depending on the interest rate (i) and the life time period of 

the system (n) [31]: 

              
( )

( ) 11

1
CRF

−+

+
=

n

n

i

ii
     (8) 

The Z is the total cost rate ($/h) summation with ( CIZ ) 

capital I nvestment and ( OMZ ) the operating and 

maintenance costs [31]: 

                    OMCI ZZZ  +=     (9) 

Thermoeconomics is a discipline that considers both 

thermodynamics and economics. Many different economic 

applications can be used in engineering systems. 

Considering exergy values would be a better option for 

engineering economics. Therefore, the specific exergy 

costing method (SPECO) is preferred for thermoeconomic 

analysis. The fundamental principles of the SPECO method 

are the direct application of exergy flows instead of matter 

and energy flows. The three steps of this method are; (i) 

identification of exergy streams, (ii) definition of fuel and 

product (iii) cost equations and derivation of auxiliary 

equations [32]. 

In the SPECO method, all exergy streams are associated 

with a cost. Thus, the exergy transfer rate associated with 

entering and exiting streams of the equipment, the exergy 

transfer rate associated with output work and input heat can 

be expressed [32]: 

                 )( iiiiii exmcxEcC  ==   (10) 

        )( eeeeee exmcxEcC  ==           (11) 

                  WcC 
ww =                              (12) 

                         qqq xEcC  =
   

 (13) 

For a k component receiving the heat and the power 

can be written as [32]: 

( ) ( ) k

i
kiikq,kq,kkw,

e
kee ZxEcxEcWcxEc  ++=+  (14) 

where, ec , ic , wc and qc denote average costs per unit of 

exergy in dollars per gigajoule ($/GJ). ic  and ec  are the 

cost per unit associated with the inlet and outlet exergy 

stream. wc and qc are the cost per unit associated with the 

output work and heat [32]. 

The certain assumptions are performed in the 

economic and thermoeconomics analysis. The annual 

working hour of the system is 7446 hours and its 

economic life is 20 years. The annual interest rate (i, 

interest rate) is assumed as 10% [31].  

Primarily, combined system simulated and operated in 

the Aspen Plus program and the purchase costs of the 

equipment are obtained. Then, in the EES program, the 

necessary data calculated for the system are coded into 

the program by us, and the results of thermoeconomic 

analysis are obtained. 
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5. Results and Discussion 

Energy, exergy and economic analysis results of the 

combined system are presented in this section. The 

thermophysical properties of the geothermal water, 

R134a fluid and lithium-bromide (LiBr-H2O) solution are 

provided from the EES program. For the thermoeconomic 

analysis to be concluded correctly, the thermodynamic 

analysis should be performed carefully. Therefore, 

thermodynamic analysis is critical to the economic results 

of the study. 

The geothermal fluid and heat transfer fluid 

(Therminol VP-1), 25,261 kW of heat and 5578 kW of 

exergy are input to the combined energy system. 

Geothermal water (130°C and 85 kg/s) from the 

production well and Therminol VP-1 fluid (145°C and 

0.2 kg/s) from the parabolic trough collector are heat 

sources of the absorption cooling system. Considering 

these thermodynamic properties, the heat transferred to 

the generator is calculated as 3634 kW. The cooling 

capacity of the absorption cooling system is 2720 kW. 

The actual COP value of the absorption cooling system is 

determined as 0.748 from Equation (1). The second law 

efficiency of the absorption cooling system is 22.5% 

from Equation (2). 
 

 Table 1. Thermoeconomics values of components [22] 

Component PEC ($) Z ($/h) 

ORC-Pump 70,000 1.17 

ORC-Heat exchanger 325,000 5.43 

ORC-Turbine 480,000 8.028 

ORC-Condenser 325,000 5.436 

Pump-1 5000 0.083 

Expansion valve-1 5000 0.083 

Heat exchanger-1 22,000 0.367 

Generator 100,000 1.672 

Condenser 26,900 0.449 

Expansion valve-2 5000 0.083 

Evaporator 11,500 0.192 

Absorber 94,200 1.575 

Heat exchanger-2 11,500 0.192 

Pump-2 1000 0.016 

Parabolic collector 72,000 1.203 

Total PEC 1,554,100 - 

 

The geothermal water and Therminol VP-1 fluid from 

the absorption cooling system, 21,579 kW of heat and 

4505 kW of exergy are the input of the ORC in which the 

electricity is produced. The net power obtained from the 

ORC is determined as 2235 kW. The first law efficiency 

of ORC is calculated as 10.3% and second law efficiency 

as 49.6%. The first law efficiency of the combined 

system is 19.6%, and the second law efficiency is 43.7%.  

The annual working hour for the system is 7446 hours 

and its economic life is 20 years. The annual interest rate 

(i) we use in economic analysis has been accepted as 

10%. The CRF value is calculated as 0.1175. Table 1 

below created for the system shows the purchased 

equipment costs (PEC) of the model equipment and the 

total cost rate ( Z ). The total PEC of the equipment used 

in the model is calculated as $ 1,554,100.  

Based on the SPECO method, all equations used in the 

thermoeconomic analysis of the combined system are 

given in Table 2.  
 

Table 2. Thermoeconomic equations of the components 

associated with exergy 

Component 
Exergetic cost rate balance 

equation 

Auxiliary 

equations 

ORC-Pump 21 CCZC  =++
PWP  

1c  (is 

known) 

2c  

(variable) 

ORC-Heat 

exchanger 
2793

HE1182

CCC

ZCCC





++

=+++
 

98c c=  

ORC-

Turbine 43 CCZC  +=+
TWT  

43 cc =
 

yelectricitc
 

(variable) 

ORC-

Condenser 61WCC54 CCZCC  +=++  0c5 =  

Pump-1 1312 CCZC  =++
PWP  12c  (is 

known) 

Heat 

exchanger-1 
1614

HE1513

CC

ZCC





+

=++
 1615 cc =  

Generator 

1815118

GEN14107

CCCC

ZCCC





+++

=+++
 

87 cc =  

Condenser 
19CON18 CCZCC  +=++ ba  0c =a  

Evaporator 

2321

EVA2220

CC

ZCC





+

=++
 

0c22 =  

2120 cc =  

Absorber 

12

ABS2117

CC

ZCCC





+

=+++

d

c
 0c =c  

Heat 

exchanger-2 
2624

DHE2523

CC

ZCC





+

=++
 

0c25 =
 

2423 cc =  

Parabolic 

collector 1028 CZC  =+ PTC  28c (is 

known) 
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In consideration of technical assumptions, auxiliary 

equations are solved in the EES program accordingly. 

The unit cooling cost is 0.074 $/kWh (20.77 $/GJ) in 

the absorption cooling cycle. The unit electricity cost 

(LCOE) produced in the ORC cycle is 0.017 $/kWh (4.71 

$/GJ). 

In this section, the variation of unit cooling and 

electricity costs in different geothermal water 

temperatures and solar radiation are investigated. In 

Figures 2 and 3, the geothermal water temperature varies 

between 120 and 150°C, while the solar radiation is 

constant at 600 W/m2. When Figure 2 is observed, the 

increase in geothermal water temperature caused an 

increase in unit cooling cost. This is because the 

absorption cooling cycle can use a lower proportion of 

geothermal energy at a higher geothermal source 

temperature. 

Figure 3 indicates the variation of unit electricity cost 

at different geothermal temperatures. At high 

temperatures, the unit electricity cost decreases linearly 

because more power is obtained from geothermal energy. 

The unit cooling and electricity costs corresponding to 

the geothermal data points are given in Table 3.  
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Figure 2. Variation of unit cooling cost with the geothermal 

temperature. 
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Figure 3. Variation of unit electricity cost with the geothermal 

temperature 

Table 3. Unit cooling and electricity cost corresponding to 

geothermal data points. 

Geothermal 

temperature (°C) 

Unit cooling cost 

($/kWh) 

Unit electricity 

cost ($/kWh) 

120 0.0733 0.0187 

125 0.0737 0.0178 

130 0.0740 0.0169 

135 0.0743 0.0161 

140 0.0747 0.0153 

145 0.0751 0.0145 

150 0.0754 0.0138 

 

In Figures 4 and 5, the solar radiation varies between 

300 and 1000 W/m2, while the geothermal water 

temperature is constant at 130°C. Figure 4 shows the 

variation of unit cooling cost at different solar radiations. 

When Figure 4 is observed, the unit cooling cost 

increases because solar energy can be used at a lower 

level with the increase of solar radiation.  Since the 

absorption cooling cycles can absorb and use the energy 

at high temperatures to a certain ratio, the COP and 

cooling capacity of the cooling cycles decrease with the 

increase in the source temperature. Thus the cooling costs 

increase linearly.  

When Figure 5 is observed, solar radiation directly 

affects the unit electricity cost. With the increase of solar 

radiation, the production cost of electricity decreases 

because more energy is used. This parametric study 

showed that the effect of solar radiation on system 

outputs (unit cooling and electricity cost) is lower than 

that of geothermal water. This is because the power 

output is far less than geothermal resource due to the 

considerable amount of losses in the parabolic collectors. 

Table 4 for solar data points shows unit cooling and 

electricity costs.  
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Figure 4. Variation of unit cooling cost with the solar radiatio 
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Figure 5. Variation of unit electricity cost with the solar 

radiation 
 

Table 4. Unit cooling and electricity cost corresponding to solar 

data points  

Solar radiation 

(W/m2) 

Unit cooling cost 

($/kWh) 

Unit electricity 

cost ($/kWh) 

300 0.07389 0.01715 

400 0.07394 0.01710 

500 0.07399 0.01705 

600 0.07404 0.0170 

700 0.07409 0.01695 

800 0.07414 0.01690 

900 0.07419 0.01685 

1000 0.07424 0.01680 

 

5.1 Proposed System Validation and Comparison 

This geothermal and solar energy combined system has 

a 2720 kW cooling capacity and 2235 kW net power. The 

combined system’s first and second law efficiencies are 

19.6% and 43.7%. The unit cooling and electricity cost is 

0.074 $/kWh (20.77 $/GJ) and 0.017 (4.71 $/GJ) $/kWh, 

respectively.  

Alirahmi et al. [17] developed a multi-generation solar 

and geothermal energy-powered system.  According to 

thermodynamic analysis and optimization, the exergetic 

efficiency of the system is 29.95%, and the total unit cost 

is 129.7 $/GJ. Heberle et al. [19] have integrated solar 

energy into a geothermal assisted ORC plant. The 

obtained results of the system show the LCOE with 0.145 

$/kWh considering costs for operation and maintenance 

of 0.0023 $/kWh. Mctigue et al. [20] performed 

thermodynamic and thermoeconomic analysis of a hybrid 

plant integrating heat from a concentrating solar collector 

for a geothermal plant. The energy efficiency of the 

hybrid plant is 17.3%. The levelized cost of electricity 

(LCOE) of the hybrid plant is obtained 0.07 $/kWh. 

Haghghi et al. [22] have integrated solar-assisted an ORC 

and an absorption cooling cycle for power, heating and 

cooling production. The power, heating, and cooling 

costs are calculated as 15.47 $/GJ, 10.27 $/GJ, and 11.44 

$/GJ. Behnam et al. [33] designed a geothermal energy-

assisted system for producing freshwater, heating, and 

electricity.  Electricity is generated in the ORC. The unit 

electricity cost is 0.0402 $/kWh. Ghiasirad et al. [34] 

performed a thermoeconomics analysis of geothermal-

assisted combined power, heating and cooling system. 

The absorption chiller's COP and cooling capacity are 

0.798 and 4991 kW. The unit electricity and cooling costs 

of the combined system are calculated 0.562 and 0.201 

$/kWh, respectively.  

 

6. Conclusions 

Geothermal and solar energy is widely used in many 

countries today. Geothermal and solar energy is among 

the fastest-growing renewable energy technologies in 

Turkey in recent years. Geothermal and solar energy can 

be widely used in electricity generation, heating, cooling, 

industrial applications, and greenhouse cultivation. The 

use of economically renewable energy sources in heating 

and cooling also makes electricity production more 

profitable. In addition, the use of renewable energy 

sources in power and cooling production helps to 

eliminate fossil fuel emissions. The most significant 

advantage of renewable energy-powered systems is that 

exhaust gases do not contain hydrocarbon emissions. 

When all the results are evaluated together, it is seen that 

different approaches can be developed for the use of 

renewable energies in cooling systems, and they can be 

successfully applied in terms of thermodynamics.  

The absorption cooling cycle considered for district 

cooling in has been successfully combined with the 

organic Rankine cycle for electricity generation. The unit 

cooling and electricity cost is calculated as 0.074 $/kWh 

and 0.017 $/kWh, respectively. This study proved that it 

is technically and cost-effectively possible to integrate 

power generation and space cooling into a system. The 

next stage of this study is to find the optimum operating 

conditions for the system by optimizing the system. As a 

result, it is expected that the cooling and power 

production of the system will increase, and the cost of 

unit cooling and electricity produced will decrease. 

The study results will be beneficial for researchers 

interested in the variation of different operating 

temperatures on energy and exergy costs, as well as 

improving the sustainable energy demand.  
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Nomenclature 

C  : Cost rate associated with exergy [$/h] 

xE   : Exergy rate [kW] 

i   : Interest rate [%] 

m   : Mass flow rate [kg/s] 

n   : Operating period   

Q   : Heat energy [kW] 

T : Temperature [ºC] 

W   : Power [kW] 

Z   : Equipment cost rate [$/h] 

   : Energy efficiency 

   : Exergy efficiency 

 

References 

1. Salehi, S., Yari, M.and Rosen, M. A.,Exergoeconomic 

comparison of solar-assisted absorption heat pumps, solar 

heaters and gas boiler systems for district heating in 

Sarein Town, Iran. Applied Thermal Engineering, 2019. 

153: p. 409-425. 

2. Rahman, A., Abas, N., Dilshad, S.and Saleem, M. S.,A 

case study of thermal analysis of a solar assisted 

absorption air-conditioning system using R-410A for 

domestic applications. Case Studies in Thermal 

Engineering, 2021. 26: 101008.  

3. Yu, J., Tang, Y. M., Chau, K. Y., Nazar, R., Ali, S., and 

Iqbal, W.,Role of solar-based renewable energy in 

mitigating CO2 emissions: Evidence from quantile-on-

quantile estimation. Renewable Energy, 2021. 182: p. 216-

226. 

4. El Haj Assad, M., Sadeghzadeh, M., Ahmadi, M. H., 

Al‐Shabi, M., Albawab, M., Anvari‐Moghaddam, A. and 

Bani Hani, E.,Space cooling using geothermal single‐effect 

water/lithium bromide absorption chiller. Energy Science 

& Engineering, 2021. 9: p. 1747-1760. 

5. Mirzaee, M., Zare, R., Sadeghzadeh, M., Maddah, H., 

Ahmadi, M. H., Acıkkalp, E. and Chen, L., 

Thermodynamic analyses of different scenarios in a CCHP 

system with micro turbine–Absorption chiller, and heat 

exchanger. Energy Conversion and Management, 2019. 

198: 111919. 

6. Rahman, A., Abas, N., Dilshad, S. and Saleem, M. S.,A 

case study of thermal analysis of a solar assisted 

absorption air-conditioning system using R-410A for 

domestic applications. Case Studies in Thermal 

Engineering, 2021. 26: 101008.  

7. Gunhan, T., Ekren, O., Demir, V., Hepbasli, A., Erek, 

A.and Sahin, A. S.,Experimental exergetic performance 

evaluation of a novel solar assisted LiCl–H2O absorption 

cooling system. Energy and buildings, 2014. 68: p. 138-

146. 

8. Zhai, X. Q., Qu, M., Li, Y., Wang, R. Z. A review for 

research and new design options of solar absorption 

cooling systems. Renewable and sustainable energy 

reviews, 2011. 15: p. 4416-4423. 

9. Hassan, H. Z., & Mohamad, A. A. A review on solar cold 

production through absorption technology. Renewable and 

Sustainable Energy Reviews, 2012. 16: p. 5331-5348. 

10. Cabrera, F. J., Fernández-García, A., Silva, R. M. P., & 

Pérez-García, M. Use of parabolic trough solar collectors 

for solar refrigeration and air-conditioning applications. 

Renewable and sustainable energy reviews, 2013. 20: p. 

103-118.  

11. Bellos, E., Tzivanidis, C. and Antonopoulos, K. A., 

Exergetic, energetic and financial evaluation of a solar 

driven absorption cooling system with various collector 

types. Applied Thermal Engineering, 2016. 102: p. 749-

759.  

12. Parikhani, T., Ghaebi, H.and Rostamzadeh, H.,A novel 

geothermal combined cooling and power cycle based on 

the absorption power cycle: Energy, exergy and 

exergoeconomic analysis. Energy, 2018. 153: p. 265-277. 

13. Wang, Y., Chen, T., Liang, Y., Sun, H. and Zhu, Y.,A 

novel cooling and power cycle based on the absorption 

power cycle and booster-assisted ejector refrigeration 

cycle driven by a low-grade heat source: Energy, exergy 

and exergoeconomic analysis. Energy Conversion and 

Management, 2020. 204: 112321.  

14. Yilmaz, C.,Thermoeconomic cost analysis and comparison 

of methodologies for Dora II binary geothermal power 

plant. Geothermics, 2018. 75: p. 48-57.  

15. Alibaba, M., Pourdarbani, R., Manesh, M. H. K., Ochoa, 

G. V. and Forero, J. D.,Thermodynamic, exergo-economic 

and exergo-environmental analysis of hybrid geothermal-

solar power plant based on ORC cycle using emergy 

concept. Heliyon, 2020. 6: e03758. 

16. Calise, F., Cappiello, F. L., d’Accadia, M. D. and 

Vicidomini, M.,Energy and economic analysis of a small 

hybrid solar-geothermal trigeneration system: A dynamic 

approach. Energy, 2020. 208: 118295.  

17. Alirahmi, S. M., Dabbagh, S. R., Ahmadi, P. and  

Wongwises, S.,Multi-objective design optimization of a 

multi-generation energy system based on geothermal and 

solar energy. Energy Conversion and Management, 2020.  

205: 112426. 

18. Ghasemi, H., Sheu, E., Tizzanini, A., Paci, M. and Mitsos, 

A.,Hybrid solar–geothermal power generation: Optimal 

retrofitting. Applied energy, 2014. 131: p. 158-170. 

19. Heberle, F., Hofer, M., Ürlings, N., Schröder, H., 

Anderlohr, T.and Brüggemann, D.,Techno-economic 

analysis of a solar thermal retrofit for an air-cooled 

041                    Sen and Yilmaz, International Advanced Researches and Engineering Journal 06(01): 034-042, 2022 

C. Yilmaz developed the methodology. O. Sen 

performed the analysis. C. Yilmaz and O. Sen wrote the 

manuscript together.  



      Sen and Yilmaz, International Advanced Researches and Engineering Journal 06(01): 034-042, 2022 
 

 
geothermal Organic Rankine Cycle power plant. 

Renewable Energy, 2017. 113: p. 494-502. 

20. McTigue, J. D., Castro, J., Mungas, G., Kramer, N., King, 

J., Turchi, C. and Zhu, G.,Hybridizing a geothermal power 

plant with concentrating solar power and thermal storage 

to increase power generation and dispatchability. Applied 

energy, 2018. 228: p. 1837-1852. 

21. Keshvarparast, A., Ajarostaghi, S. S. M. and Delavar, M. 

A.,Thermodynamic analysis the performance of hybrid 

solar-geothermal power plant equipped with air-cooled 

condenser. Applied Thermal Engineering, 2020. 172: 

115160.  

22. Haghghi, M. A., Mohammadi, Z., Pesteei, S. M., Chitsaz, 

A. and Parham, K.,Exergoeconomic evaluation of a system 

driven by parabolic trough solar collectors for combined 

cooling, heating, and power generation; a case study. 

Energy, 2020. 192: 116594.  

23. Ayub, M., Mitsos, A. and Ghasemi, H.,Thermo-economic 

analysis of a hybrid solar-binary geothermal power plant. 

Energy, 2015. 87: p. 326-335. 

24. F-Chart Software, EES, engineering equation solver. In: F-

Chart Software, Internet Website, 

www.fchart.com/ees/ees.shtml, 2021. 

26. Kalogirou, S. A. Solar energy engineering: processes and 

systems, Academic Press, 2013. 

27. Quoilin S, Orosz M, Hemond H, Lemort V. Performance 

and design optimizationof low-cost solar organic Rankine 

cycle for remote power generation. Sol Energy, 2011. 85: 

p. 955–66. 

28. Kumar KR, Reddy KS. Thermal analysis of solar 

parabolic trough with porous discreceiver. Appl Energy 

2009. 86: p. 1804–12. 

29. Cengel, Y. A., Boles, M. A., Kanoglu, M., 

Thermodynamics: An Engineering Approach, McGraw-

Hill, ninth edition, New York, A.B.D., 2019.  

30. Bejan, A., Tsatsaronis, G., Moran, M., Thermal Design 

and Optimization, Wiley&Sons, New York, 1998.  

31. Dhillon B. S., Life Cycle Costing for Engineers, Crc Press, 

2009. 

32. Lazzaretto, A. and Tsatsaronis, G., SPECO: a systematic 

and general methodology for calculating efficiencies and 

costs in thermal systems. Energy, 2006. 31: p. 1257-1289.  

33. Behnam, P., Arefi, A., Shafii, M. B. Exergetic and 

thermoeconomic analysis of a trigeneration system 

producing electricity, hot water, and fresh water driven by 

low-temperature geothermal sources. Energy conversion 

and management, 2018. 157: p. 266-276. 

34. Ghiasirad, H., Asgari, N., Saray, R. K., Mirmasoumi, S. 

Thermoeconomic assessment of a geothermal based 

combined cooling, heating, and power system, integrated 

with a humidification-dehumidification desalination unit 

and an absorption heat transformer. Energy Conversion 

and Management, 2021. 235: 113969. 

 

042 

25. Aspen Plus Version 8.4, Aspen Technology Incorporated, 

Ten Canal Park, Cambridge, MA, USA, Available from:  

www.aspentech.com, 2014.  


