
*Corresponding Author Vol. 24 (No. 2) / 93 

International Journal of Thermodynamics (IJoT) 
ISSN 1301-9724 / e-ISSN 2146-1511 
www.ijoticat.com  

Vol. 24 (No. 2), pp. 93-107, 2021 
doi: 10.5541/ijot.785357 

Published online: Jun. 1, 2021

Exergetic and Exergoeconomic Analysis and Optimization of Gas Turbine Inlet 
Air Cooling Systems with Absorption or Compression Chilling 

Mohammad Reza Abedi1, Gholamreza Salehi*2, Masoud Torabi Azad1, 
  Mohammad Hasan Khoshgoftar Manesh 3,4, Hossein Fallahsohi 1 

1 Energy Systems Engineering Group, Faculty of Marine Science, Northern Tehran Branch, Islamic Azad University, Tehran, 
Iran. 
2 Mechanical Engineering Group, Faculty of Engineering, Central Tehran Branch, Islamic Azad University, Tehran, Iran. 
Email: rezasalehi20@gmail.com  
3 Energy, Environment, and Biological Systems Research Lab (EEBRlab), Division of Thermal Sciences and Energy 
Systems, Department of Mechanical Engineering, Faculty of Technology & Engineering, University of Qom, Qom, Iran  
4 Center of Environmental Research, University of Qom, Iran 

Received 7 September 2020, Revised 19 February 2021, Accepted 2 May 2021 

Abstract 

The present paper aims to study the effect of cooling air inlet methods on gas turbine compressors on increasing their 
efficiency. After modeling gas turbine cycles with absorption and compression systems in the EES software, these 
cycles' performance is investigated for all equipment of the cycle from thermodynamic, exergy, and exergoeconomic 
aspects. In the absorption system, the conventional solution of lithium bromide-water is used as a two-component 
fluid, and in the compression cycle, the R134a operating fluid is used. According to the results, with the rise in the 
system's inlet air temperature, the total output work of the gas turbine decreases. Based on the exergoeconomic 
analysis, the exergy destruction cost dominates the initial cost, resulting in the exergoeconomic factor's decline. 
Relationship predicted by Group Method of Data Handling (GMDH) to reduce the computation time of optimization. 
The studied systems are then subjected to two-objective optimization by the Particle Swarm algorithm using 
MATLAB software. The objective functions are related to the exergy efficiency and total cost rate. The results reveal 
contradictory behavior in these two objective functions so that with the increase in the exergy efficiency, the total cost 
rate increases.  
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1. Introduction
A gas turbine's performance relies on the intake air

temperature so that it will decrease by about 0.64 percent per 
any degree increase in the temperature of the intake air 
versus the standard. So, the cooling of the air entering a plant 
can be an approach to increasing the efficiency of the plant. 
There are various ways to cool the intake air, such as fog or 
media-based evaporative cooling and compression and 
absorption cooling. 
By including an absorption cooling system in the input of a 
gas turbine cycle and steam injection into the cycle, Bartolini 
and Salvi [1] reported an 8% increase in the output power 
and a 4% increase in the thermal efficiency. By placing an 
indirect evaporative cooling system in the compressor 
(intermediate cooling), A M Bassily [2] recorded a 3% 
increase in inefficiency. He also investigated the effect of the 
evaporative cooling in the input and output of the compressor 
in the gas turbine cycle and found an 11% increase in the 
output power and an over 3.5% increase in the efficiency of 
the cycle [3]. In a study on fog-based cooling and its effects 
on the performance of a gas turbine, [4] analyzed the 
environmental conditions and concluded that at an air 
temperature of 40°C, the reduction of the temperature by the 
fog system increased the power of the turbine by 8 MW, i.e., 
10%. Hosseini et al. [5] explored Fars Power Plant's 
combined cycle using an evaporative media system. The 

results indicated that under 38 ° C air temperature and 8% 
relative humidity, each unit's power would increase by 
14.6%, i.e., 11.2 MW, for 19°C decreases in the temperature 
of the inlet air by the evaporative method. Studying an 
evaporative cooling of inlet air, [6], [7] observed a 2-4 
percent increase in the net power associated with the climate 
conditions. Based on the results, they observed that the 
application of evaporative inlet air cooling could be useful in 
hot and arid climates. 
Alhazmy and Najjar [8] addressed the variations in the 
output power with the changes in the inlet air temperature 
using an absorption cooling based on aqua-ammonia cooling 
and stated that the method would increase the output power 
by 21.5% versus the system lacking cooling. Boonnasa et al. 
[9] found that applying an absorption chiller to cool intake
air could improve the power of the gas turbine by about
10.6% and the power of the plant by about 6.24%. The
financial analysis estimated payback of about 3.81 years.
Amery and Hejazi studied the effect of using an absorption
cooling system to raise the Chabahar Power Plant's capacity.
Results showed that this could increase the system's output
power by approximately 11.3% [10].
Behafarid and Bahodori studied performance analysis of a
gas turbine equipped with inlet air cooling using an aquifer
thermal energy storage [11]. Dawoud et al. [12] focused on
studying the effect of an aqua-ammonia absorption cycle to
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cool the intake air. They reported that when the inlet air 
temperature was reduced from 25°C to 5°C, the output power 
was increased by 22%. Farzaneh and Dashtebayaz [13] 
compared the media and absorption chilling methods applied 
to the inlet air of a turbine. The results revealed that the 
absorption chiller's use significantly increased the efficiency 
and cycle power by decreasing the inlet temperature 
compared to the media method. Sanaye et al. [14] examined 
a combined CCHPW power plant. The results indicated that 
the temperature was 18.5°C in the plant's optimal design, 
which enhanced the exergy efficiency by 30.7%, and the 
payback period was determined to be about 4.38 years. 
Baghernejad et al. [15] presented an optimal 
exergoeconomic model to integrate solar energy into a three-
dimensional power generation, heating, and cooling system. 
The system would reduce the unit cost of the products by 
11.5% and increase the exergy efficiency from 44.38% at the 
base state to 56.07% at the optimal state. 
Liu and Wang [16] studied the performance of a LiBr-H2O 
absorption chiller using solar energy. Malewski and 
Holldorff [17] analyzed the exhaust's thermal energy gas of 
a gas turbine in an absorption chiller. The usage of 
absorption and compression refrigeration systems to cool the 
inlet air of a gas turbine was explored by Sanaye et al.  [18], 
in which the impacts of these systems on the performance of 
the gas turbine were analyzed under the climatic conditions 
of Shiraz and Bandar Imam Khomeini (BIK), Iran from the 
technical and economic perspectives. According to the 
results, in the climatic conditions of BIK with a temperature 
of 49°C and relative humidity of 60%, a 10°C temperature of 
the intake air can increase the power of the gas turbine by 
38.3%, whereas it will increase the power of the turbine by 
24.3°C in the climatic conditions of Shiraz with a 
temperature of 40°C and relative humidity of 40%. In 2002 
and 2004, two Italian researchers defined two distinct 
objective functions to minimize the production cost and 
maximize the system's total exergy efficiency and employed 
an evolutionary algorithm for multi-objective optimization 
[19], [20]. 
Also, [21] conducted a research study on optimizing a power 
plant's economic exergy using a new optimization method. 
They reported valuable results by comparing the cost of 
production and maintenance of the power plant components 
with fuel consumption. 
Ibrahim and Rahman investigated optimum combined cycle 
efficiency enhancements based on an Intercooler– reheated 
gas turbine [22].  Thermodynamic modeling of a transformed 
combustion gas turbine plant in which the Brayton 
refrigeration cycle was used for inlet air cooling and after 
cooling with evaporation has been investigated by Khaliq et 
al. [23]. Exergy assessment was coupled with emission 
calculation to determine the effects of operating parameters 
thermodynamically and environmentally. 
Comparative evaluation of different inlet air cooling systems 
consisting of solar energy to promote gas turbine combined 
cycles in hot conditions has been investigated by Rahman 
and Mokheimer [24]. Results showed the increase in the net 
power through fogging, and evaporative cooling is less than 
that gained with chillers due to the limitation of the wet-bulb 
temperature. 
Transient modeling of an intercooler regenerative-reheat gas 
turbine plant in the electric vehicle was performed by Nader 
et al. [25]. Protentional fuel consumption reduction was 
evaluated.  As shown in the previous studies, there is no work 
on multi-objective optimization of inlet air cooling system 

absorption chiller and compression system based on 
exergetic and exergoeconomic objectives.  
Exergoeconomic evaluation and optimization of a novel inlet 
air cooling system with gas turbine engines by considering 
cascaded waste-heat recovery have been performed by 
Najjar and Abubaker [26].  
Morini et al. investigated the inlet air cooling of gas turbines 
through liquid nitrogen spray[27]. They found humidity 
condensation may form via fog which supplies further power 
augmentation. 
The utilizing gas turbine inlet air cooling (TIAC) 
technologies in Riyadh, Saudi Arabia, have been studied by 
Baakeem et al.[28].  Results determined that the optimum 
cooling air temperature was  8 °C. Also, the best 
improvement is indicated on a multistage compressor with a 
wet condenser.  
Mazhari et al. focused on the techno-economic study of using 
different air inlet cooling systems for gas compressor 
stations with 25 MW gas turbine in Iran [29]. In the other 
study, Khoshgoftar Manesh et al. performed a techno-
economic analysis of different cooling systems in warm, dry 
& wet climate conditions at various gas stations in  Qom and 
Asaluyeh pipeline gas stations[30]. 
Kwon et al. evaluated the performance enhancement of gas 
turbine combined cycle by dual cooling of the inlet air and 
turbine coolant by an absorption chiller [31].    Results 
indicated a more significant power boost effect than any 
other cooling options. Also,  Economic analysis showed high 
applicability of the dual cooling scheme. 
Sadighi Dizaji focused on an integrated Maisotsenko cooler 
and absorption chiller for the gas turbine's inlet air cooling.   
The new cycle can be used for real applications [32]. 
Majdi Yazdi et al. evaluated the gas turbine's inlet air cooling 
systems for several climates in Iran using 4E analyses [33]. 
Four cities in Iran candidate for different climatic conditions, 
Bandar Abbas (hot-humid), Ardabil (cold-humid), Yazd 
hot–arid), and Sari (humid subtropical). 
The results indicate that the best cooling system for hot 
climates is the absorption chiller; it enhances gas turbine net 
power by 18% in Bandar Abbas and 14% in Yazd. The inlet 
fogging system applies well only in an arid climate. The cold 
climates cooling system is applied only for a limited period, 
and the heat pump system is suitable.  
Cha et al. investigated the Inlet air cooling and recovering 
system in gas turbine and CO2 combined cycle by cold 
energy from LNG  based on thermodynamic analysis [34].     
The proposed plant determines improvement of power 
generation by 25.4% and efficiency by 11.5%. 
Hashmi et al. investigated fouling and inlet air cooling's 
combined effect on different gas turbine performance for 
industrial applications [35]. 
As seen in the literature review, there was no study about the 
inlet air cooling system's multi-objective optimization based 
on absorption and compression system with maximum 
exergetic efficiency and minimum total exergetic cost rate. 
This paper aims to study the effect of absorption and 
compression systems for cooling air inlet to gas turbine 
compressors on increasing their efficiency and improve 
exergetic cost. In this study, the inlet air cooling system's 
optimization is performed by considering two-objective 
functions by the Particle Swarm algorithm.  
For the first time, the Group Method of Data Handling 
(GMDH) was applied to predict the objective function in 
power plant systems, including exergetic efficiency and 
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exergetic cost rates because of reducing computation time of 
two objective optimizations.  
 

 
 

 

 

Figure 1a. Cooling with an absorption chiller (Config. 1) Figure 1b. Cooling with a compression chiller (Config. 2) 
 
2. The studied cycles 

Figure 1 depicts the schematic outline of the combined 
system equipped with an absorption chiller (Config. 1), and 
Figure 2 shows the system equipped with a compression 
chiller (Config. 2). As is evident, the intake air is first cooled 
down to the air mixture's saturation point. As the temperature 
is reduced further, the air's specific humidity is also 
decreased so that it reaches the standard temperature of 15°C.  
The compression cycle in Figure 1a that works with the 
working fluid R134a is similar to the absorption cycle. The 
only difference is that instead of the set of a generator,  
absorber, solution heat exchanger, pump, and solution 
pressure reducing valve, the output fluid of the evaporator is 
taken to the upper pressure of the cycle by a compressor, and 
electricity is the actuator of the cycle instead of a low-
temperature hot fluid actuator. The gas turbine's waste gases 
in Config. 2 (see Figure 1b) are only used in the steam 
generator to enhance the efficiency of the energy conversion 
system. The initial input values for the simulation of the 

absorption refrigeration cycle and initial values for exergy-
economic analysis are presented in Table 1. 
 
3. Thermodynamic and Exergy-economic analysis of 
combined systems 

The different flows in the combined system are numbered 
according to Figures 1a and 1b, and the properties of the 
mixture of gases are calculated as per the mass according to 
the principles of an ideal gas by multiplying the mass fraction 
of a certain component in the property of each ideal gas 
component.  In the cooling heat exchanger, the air is fed with 
a high temperature and specific humidity, where the cold 
fluid reduces its temperature and humidity.  
The flows equivalent to the fuel and product exergy in 
different components of the combined system are presented 
in Table 2. The main and auxiliary equations for the main 
component are in table 3. The Initial cost of the main 
component is in table 4. 
 

 
Table 1. The initial input values for the simulation of the studied systems 

Simulation parameters exergy-economic parameters 
Symbol Value Symbol Value Parameter Value 
𝑡𝑡abs(℃) 35 �̇�𝑉𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖(𝑚𝑚3/𝑠𝑠) 234 𝜑𝜑 1.06 

𝑡𝑡gen(℃) 85 𝑡𝑡air,in(℃) 45 𝑁𝑁(ℎ𝑟𝑟) 7446 

𝑡𝑡con(℃) 35 𝑝𝑝air,in(𝑘𝑘𝑘𝑘𝑘𝑘) 101.3 𝑖𝑖(%) 10 

𝑡𝑡eva(℃) 6 𝑅𝑅𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖(%) 70 𝑛𝑛(𝑦𝑦𝑦𝑦𝑘𝑘𝑟𝑟) 20 

𝜂𝜂𝑝𝑝  0.95 𝑟𝑟𝑝𝑝,𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑐𝑐𝑐𝑐 10   

𝜀𝜀ℎ𝑥𝑥 0.7 𝜂𝜂𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑐𝑐𝑐𝑐 ,𝜂𝜂𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡𝑎𝑎 0.86   

𝑡𝑡cw,in(℃) 𝑡𝑡abs-8,   𝑡𝑡con-8 𝑡𝑡3(℃) 800   

𝑡𝑡cw,out(℃) 𝑡𝑡abs-3, 𝑡𝑡con-3 𝐿𝐿𝑅𝑅𝑉𝑉(𝑘𝑘𝑘𝑘/𝑘𝑘𝑚𝑚𝑘𝑘𝑘𝑘) 802361   

𝑡𝑡chw,in(℃) 𝑡𝑡eva+8 𝑡𝑡𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓(℃) 25   

𝑡𝑡chw, out(℃) 𝑡𝑡eva+3 𝑘𝑘𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓(𝑘𝑘𝑘𝑘𝑘𝑘) 1200   
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Table 2. Fuel and product exergy flows in different components of the combined cycle 
Component Fuel exergy Product exergy 

Cooling heat exchanger 𝐸𝐸�̇�𝐸25 − 𝐸𝐸�̇�𝐸26 𝐸𝐸�̇�𝐸𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑡𝑡𝑡𝑡 − 𝐸𝐸�̇�𝐸𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖 

Gas compressor �̇�𝑊𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑐𝑐𝑐𝑐 𝐸𝐸�̇�𝐸2 − 𝐸𝐸�̇�𝐸1 
Combustion chamber 𝐸𝐸�̇�𝐸𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓 + 𝐸𝐸�̇�𝐸2 𝐸𝐸�̇�𝐸3 

Gas turbine 𝐸𝐸�̇�𝐸3 − 𝐸𝐸�̇�𝐸4 �̇�𝑊𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡𝑎𝑎 
Steam generator 𝐸𝐸�̇�𝐸4 − 𝐸𝐸�̇�𝐸5 𝐸𝐸�̇�𝐸7 − 𝐸𝐸�̇�𝐸8 

Absorption generator 𝐸𝐸�̇�𝐸5 − 𝐸𝐸�̇�𝐸6 𝐸𝐸�̇�𝐸14 + 𝐸𝐸�̇�𝐸17 − 𝐸𝐸�̇�𝐸13 
Absorption condenser 𝐸𝐸�̇�𝐸17 − 𝐸𝐸�̇�𝐸18 𝐸𝐸�̇�𝐸22 − 𝐸𝐸�̇�𝐸21 
Absorption evaporator 𝐸𝐸�̇�𝐸20 − 𝐸𝐸�̇�𝐸19 𝐸𝐸�̇�𝐸25 − 𝐸𝐸�̇�𝐸26 
Absorption absorber 𝐸𝐸�̇�𝐸16 + 𝐸𝐸�̇�𝐸20 − 𝐸𝐸�̇�𝐸11 𝐸𝐸�̇�𝐸24 − 𝐸𝐸�̇�𝐸23 

Solution heat exchanger 𝐸𝐸�̇�𝐸14 − 𝐸𝐸�̇�𝐸15 𝐸𝐸�̇�𝐸13 − 𝐸𝐸�̇�𝐸12 
Solution pump �̇�𝑤sp,ACH 𝐸𝐸�̇�𝐸12 − 𝐸𝐸�̇�𝐸11 

 
 

Table 3: main and auxiliary equations 
component Main equation auxiliary equations 

cooler 𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖𝐸𝐸�̇�𝐸𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖 + 𝑐𝑐26�̇�𝐸𝐸𝐸26 + �̇�𝑍𝐶𝐶𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓𝑎𝑎,𝐻𝐻𝐻𝐻 = 𝑐𝑐1𝐸𝐸�̇�𝐸1 + 𝑐𝑐25𝐸𝐸�̇�𝐸25 
𝑐𝑐14 = 𝑐𝑐15 
𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖 = 0 

compressor 𝑐𝑐1𝐸𝐸�̇�𝐸1 + 𝑐𝑐𝑓𝑓𝑓𝑓,𝑔𝑔𝑎𝑎𝑔𝑔�̇�𝑊𝑔𝑔𝑎𝑎𝑔𝑔,𝑐𝑐𝑐𝑐𝑐𝑐 + �̇�𝑍𝑔𝑔𝑎𝑎𝑔𝑔,𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑐𝑐2𝐸𝐸�̇�𝐸2 𝑐𝑐1 = 0 
combustion 
chamber 𝑐𝑐2𝐸𝐸�̇�𝐸2 + 𝑐𝑐𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓𝐸𝐸�̇�𝐸𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓 + �̇�𝑧𝑐𝑐𝑐𝑐 = 𝑐𝑐3𝐸𝐸�̇�𝐸3 𝑐𝑐𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓 = 12 (

$
𝐺𝐺𝐺𝐺

) 

gas turbine 𝑐𝑐3𝐸𝐸�̇�𝐸3 + �̇�𝑍𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡𝑎𝑎 = 𝑐𝑐𝑓𝑓𝑓𝑓,𝑔𝑔𝑎𝑎𝑔𝑔�̇�𝑊𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡𝑎𝑎 + 𝑐𝑐4𝐸𝐸�̇�𝐸4 𝑐𝑐3 = 𝑐𝑐4 
steam generator 𝑐𝑐4𝐸𝐸�̇�𝐸4 + 𝑐𝑐7𝐸𝐸�̇�𝐸7 + �̇�𝑍𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑐𝑐5𝐸𝐸�̇�𝐸5 + 𝑐𝑐8𝐸𝐸�̇�𝐸8 𝑐𝑐4 = 𝑐𝑐5 

absorption generator 
𝑐𝑐5𝐸𝐸�̇�𝐸5 + 𝑐𝑐13𝐸𝐸�̇�𝐸13 + �̇�𝑍𝑔𝑔𝑓𝑓𝑖𝑖,𝐴𝐴𝐶𝐶𝐻𝐻 = 𝑐𝑐6𝐸𝐸�̇�𝐸6 + 𝑐𝑐14𝐸𝐸�̇�𝐸14 + 𝑐𝑐17𝐸𝐸�̇�𝐸17 

𝑐𝑐14𝐸𝐸�̇�𝐸14 − 𝑐𝑐13𝐸𝐸�̇�𝐸13
𝐸𝐸�̇�𝐸14 − 𝐸𝐸�̇�𝐸13

=
𝑐𝑐17𝐸𝐸�̇�𝐸17 − 𝑐𝑐13𝐸𝐸�̇�𝐸13
𝐸𝐸�̇�𝐸17 − 𝐸𝐸�̇�𝐸13

 
𝑐𝑐5 = 𝑐𝑐6 

Solution heat 
exchanger 𝑐𝑐12𝐸𝐸�̇�𝐸12 + 𝑐𝑐14�̇�𝐸𝐸𝐸14 + �̇�𝑍𝑔𝑔ℎ𝑥𝑥,𝐴𝐴𝐶𝐶𝐻𝐻 = 𝑐𝑐13𝐸𝐸�̇�𝐸13 + 𝑐𝑐15𝐸𝐸�̇�𝐸15 𝑐𝑐14 = 𝑐𝑐15 

thermal pump 𝑐𝑐11𝐸𝐸�̇�𝐸11 + 𝑐𝑐𝑓𝑓𝑓𝑓�̇�𝑊𝑔𝑔𝑝𝑝,𝐴𝐴𝐶𝐶𝐻𝐻 + �̇�𝑍𝑔𝑔𝑝𝑝,𝐴𝐴𝐶𝐶𝐻𝐻 = 𝑐𝑐12𝐸𝐸�̇�𝐸12 𝑐𝑐𝑓𝑓 = 0.036�
$

𝑘𝑘𝑊𝑊. ℎ�
 

pressure-reducing 𝑐𝑐15 = 𝑐𝑐16 𝑐𝑐18 = 𝑐𝑐19 - 
absorption 
condenser 𝑐𝑐17𝐸𝐸�̇�𝐸17 + 𝑐𝑐21𝐸𝐸�̇�𝐸21 + �̇�𝑍𝑐𝑐𝑐𝑐𝑖𝑖,𝐴𝐴𝐶𝐶𝐻𝐻 = 𝑐𝑐18𝐸𝐸�̇�𝐸18 + 𝑐𝑐22�̇�𝐸𝐸𝐸22 𝑐𝑐21 = 0 

𝑐𝑐17 = 𝑐𝑐18 

absorption chiller 
absorber 

𝑐𝑐16𝐸𝐸�̇�𝐸16 + 𝑐𝑐20𝐸𝐸�̇�𝐸20 + 𝑐𝑐23�̇�𝐸𝐸𝐸23 + �̇�𝑍𝑎𝑎𝑎𝑎𝑔𝑔,𝐴𝐴𝐶𝐶𝐻𝐻 = 𝑐𝑐11𝐸𝐸�̇�𝐸11 + 𝑐𝑐24𝐸𝐸�̇�𝐸24 
𝑐𝑐16𝐸𝐸�̇�𝐸16 + 𝑐𝑐20𝐸𝐸�̇�𝐸20

𝐸𝐸�̇�𝐸16 + 𝐸𝐸�̇�𝐸13
= 𝑐𝑐11 

𝑐𝑐23 = 0 

absorption chiller 
evaporator 𝑐𝑐19𝐸𝐸�̇�𝐸19 + 𝑐𝑐25𝐸𝐸�̇�𝐸25 + �̇�𝑍𝑓𝑓𝑒𝑒𝑎𝑎,𝐴𝐴𝐶𝐶𝐻𝐻 = 𝑐𝑐20𝐸𝐸�̇�𝐸20 + 𝑐𝑐26𝐸𝐸�̇�𝐸26 𝑐𝑐19 = 𝑐𝑐20 

 
 

Table 4: Initial cost formula of the main component 
component cost formula 

exchanger 𝑧𝑧𝐶𝐶𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓𝑎𝑎,ℎ𝑥𝑥 = 130(
𝐴𝐴𝐶𝐶𝑐𝑐𝑐𝑐𝑓𝑓𝑓𝑓𝑎𝑎,𝐻𝐻𝐻𝐻

0.093
)0.78 

compressor 𝑧𝑧𝑔𝑔𝑎𝑎𝑔𝑔,𝑐𝑐𝑐𝑐𝑐𝑐 = 71.1�̇�𝑚𝑎𝑎𝑎𝑎𝑎𝑎(
1

0.9− 𝜂𝜂𝑔𝑔𝑎𝑎𝑔𝑔,𝑐𝑐𝑐𝑐𝑐𝑐
)(
𝑝𝑝2
𝑝𝑝1

) ln(
𝑝𝑝2
𝑝𝑝1

) 

combustion chamber (
1

0.995− 𝑝𝑝4
𝑝𝑝3

)48.08 �̇�𝑚𝑎𝑎𝑎𝑎𝑎𝑎(1 + exp(0.18 𝑡𝑡2 − 26.4)) 

gas turbine 479.34 �̇�𝑚𝑔𝑔𝑎𝑎𝑔𝑔 �
1

0.92− 𝜂𝜂𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡𝑎𝑎
� ln �

𝑝𝑝3
𝑝𝑝4
� (1 + exp (0.036𝑡𝑡3 − 54.4) 

steam generator 6570�  �
�̇�𝑞𝑎𝑎

Δ𝑇𝑇𝑓𝑓𝑐𝑐𝑡𝑡𝑙𝑙,𝑎𝑎
�

0.8

+ 21276 �̇�𝑚7 + 1184.4(�̇�𝑚gas)1.2 

heat exchangers in the 
absorption cycle 

𝑧𝑧𝐻𝐻𝐻𝐻 = 𝑧𝑧𝐻𝐻,𝐻𝐻𝐻𝐻( 𝐴𝐴𝐻𝐻𝐻𝐻
𝐴𝐴𝑅𝑅,𝐻𝐻𝐻𝐻

)0.6,  reference area of the heat exchanger is 𝐴𝐴𝐻𝐻,𝐻𝐻𝐻𝐻 = 100𝑚𝑚2 

𝑧𝑧𝐻𝐻,𝑔𝑔𝑓𝑓𝑖𝑖 = 17500, 𝑧𝑧𝐻𝐻,𝑐𝑐𝑐𝑐𝑖𝑖 = 8000, 𝑧𝑧𝐻𝐻,𝑓𝑓𝑒𝑒𝑎𝑎 = 16000 , 𝑧𝑧𝐻𝐻,𝑎𝑎𝑎𝑎 = 16500 𝑧𝑧𝐻𝐻,𝑔𝑔ℎ𝑥𝑥 = 12000 

pump 𝑧𝑧𝑝𝑝 = 𝑧𝑧𝐻𝐻,𝑃𝑃( �̇�𝑤𝑝𝑝

�̇�𝑤𝑅𝑅,𝑝𝑝
)0.26(1−ɳ𝑝𝑝

ɳ𝑝𝑝
)0.5, �̇�𝑤𝐻𝐻,𝑃𝑃 = 10 kW and 𝑧𝑧𝐻𝐻,𝑃𝑃 = 2100 USD 

 
The following equations calculate the general output work of 
the absorption chiller-equipped system (Config. 1) and 
compression chiller-equipped system (Config. 2): 

�̇�𝑊𝑖𝑖𝑓𝑓𝑡𝑡,𝐶𝐶𝑐𝑐𝑖𝑖𝑓𝑓,1 = �̇�𝑤𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡𝑎𝑎 − �̇�𝑤𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑐𝑐𝑐𝑐 (1) 

�̇�𝑊𝑖𝑖𝑓𝑓𝑡𝑡,𝐶𝐶𝑐𝑐𝑖𝑖𝑓𝑓,2 = �̇�𝑤𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡𝑎𝑎 − �̇�𝑤𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑐𝑐𝑐𝑐 − �̇�𝑤𝑐𝑐𝑐𝑐𝑐𝑐,𝐻𝐻𝑃𝑃𝐶𝐶 (2) 

Eq. (3) is used to measure the energy efficiency of combined 
systems: 

𝜂𝜂𝑓𝑓𝑖𝑖,𝑖𝑖𝑓𝑓𝑡𝑡 = �̇�𝑊𝑛𝑛𝑛𝑛𝑛𝑛+�̇�𝑄𝐻𝐻𝑅𝑅𝐻𝐻𝐻𝐻
�̇�𝑐𝑓𝑓𝑓𝑓𝑛𝑛𝑓𝑓 𝐿𝐿𝐻𝐻𝐿𝐿𝑓𝑓𝑓𝑓𝑛𝑛𝑓𝑓

 (3) 

The energy efficiency is obtained from the following equations:
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𝜂𝜂𝑓𝑓𝑥𝑥,𝑐𝑐𝑐𝑐𝑖𝑖𝑓𝑓,1 = �̇�𝑊𝑛𝑛𝑛𝑛𝑛𝑛,𝑐𝑐𝑐𝑐𝑛𝑛𝑓𝑓,1+𝐸𝐸�̇�𝑥8−𝐸𝐸�̇�𝑥7
𝐸𝐸�̇�𝑥𝑓𝑓𝑓𝑓𝑛𝑛𝑓𝑓

 (4) 

𝜂𝜂𝑓𝑓𝑥𝑥,𝑐𝑐𝑐𝑐𝑖𝑖𝑓𝑓,2 = �̇�𝑊𝑛𝑛𝑛𝑛𝑛𝑛,𝑐𝑐𝑐𝑐𝑛𝑛𝑓𝑓,2+𝐸𝐸�̇�𝑥7−𝐸𝐸�̇�𝑥6
𝐸𝐸�̇�𝑥𝑓𝑓𝑓𝑓𝑛𝑛𝑓𝑓

 (5) 

In addition, the total cost rate is measured by Eq. 6. 

�̇�𝐶𝑡𝑡𝑐𝑐𝑡𝑡 = ∑ �̇�𝑍𝑘𝑘 + ∑ �̇�𝐶𝐷𝐷𝑓𝑓𝑔𝑔𝑡𝑡,𝑘𝑘 (6) 

 

The computation algorithm for simulation, analysis, and 
optimization has been shown in Figure 2. As demonstrated, 

each cycle's thermodynamic simulation has been 
performed in GT Pro and EES software.  

Then, the economic calculation has been done in EES.  After 
economic analysis, exergy and exergoeconomic analysis 
have been performed in EES. Then, sensitivity analysis has 
been carried out based on the main parameters. Due to 
reducing computation time of optimization, correlations 
for the prediction of objective function have been found by 
GMDH. Then, two-objective optimization has been 
performed by MOPSO.  

 

Gas Turbine Specification

Exergy Destruction, Exergetic Cost Rates, Exergetic Cost of Destruction

Exergoeconomic Analsyis
Matlab Software

Optimization BY MOPSO Algorithm  
Maltab

Optimum Condition

Economic Analysis 
EES 

Thermodynamic Simulation 
EES 

Exergy Analysis
Matlab Software

Inlet Air Cooling Sytsem

Input Decision Variables

Prediction of Correlation for Objective Functions through GMDH  
MATLAB 

Sensivity Analysis
EES 

 
Figure 2. Computation Algorithm for  simulation, analysis, and optimization 

 

4. Simulation and optimization Results 

The validation of thermodynamic simulation has been 
performed in GT PRO software. Table 3   shows the 
validation of simulation results of the combined system with 
an absorption chiller – Config. 1 with GT Pro software. 

Also, Table 4 indicates the validation of simulation results 
performed by EES Code and GT Pro software. As shown in 
Table 3 and Table 4,  simulation results have high accuracy.  
After validating the simulation results, this section presents 
the reference state output results to check the performance 
of the different components of the combined systems in 
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question. Then, the parameters are analyzed to explore the 
effect of changing different factors on the systems' energy, 
exergy, and exergy-economic performance. 
 
4.1 Results of analysis 

Tables 5 and 6 present the output values for the energy 
rates and exergies of the combined system's various 
components. As can be seen, the highest exergy destruction 
happens in the combustion chamber, which is significantly 
greater than the other components. The gas turbine has the 
second-highest exergy destruction among the components 
of the combined system. Also, the highest exergy efficiency 
is related to the turbine and compressor in the gas cycle and 
the lowest to the cooling exchanger and absorption 
absorber. For the cogeneration system with an absorption 
chiller (Config. 1) at the reference input state, the total work 
is 41849 kW, the total irreversibility is 64411 kW, the 
exergy efficiency of power generation is 0.326, and the 
exergy efficiency of cogeneration is 0.437. The counterpart 
values are 38451 kW, 57760 kW, 0.3, and 0.471 for the 
cogeneration system with a compression chiller (Config. 2). 
As is evident, the overall net power of Config. 1 is greater 
than that of Config. 2 because a part of the output work of 

Config. 2 is consumed in the heat pump compressor (4130 
kW). On the other hand, the cogeneration's overall exergetic 
efficiency is higher in Config. 2 than in Config. 1. In Config. 
2, the gas turbine's heat output is only used to produce steam 
in the steam generator but in Config. 1 it is consumed by 
both the steam generator and the absorption generator so 
that, according to the tables, the heat generated in the steam 
generator is 59676 kW in Config. 2 and 38599 kW in 
Config. 1. 
Finally, Tables 7 and 8 show the exergy-economic results 
for the combined systems. It is evident in the tables that the 
CC should be considered more from the exergy-economic 
perspective because this component has the highest value of 
Żk + ĊD,k. Also, it can be observed that the CC, generator, 
condenser, and absorber have the lowest exergy-economic 
factor. The values obtained for these components imply that 
the cost of exergetic destruction prevails over the initial 
price, which reduces the exergy-economic factor. For such 
components in the cycle, it is recommended to increase the 
initial cost to minimize exergy destruction.

 
Table 5. The energy and exergy results for the combined system with an absorption chiller – Config. 1 

Component �̇�𝑸𝐨𝐨𝐨𝐨�̇�𝑾(𝒌𝒌𝑾𝑾)  %Error Compare with           
GT PRO Software 𝑬𝑬�̇�𝑬D(𝒌𝒌𝑾𝑾) 𝜼𝜼𝒆𝒆𝑬𝑬 

Chilling exchanger 27211 1.23 842.3 0.262 
Compressor 66748 1.89 4883 0.926 

Combustion chamber -  34529 0.817 
Gas turbine 108597 1.83 7621 0.934 

Steam generator 38599 1.78 6354 0.691 
Absorption generator 35078 1.69 7244 0.411 
Absorption condenser 28908 1.22 585.9 0.43 
Absorption evaporator 27211 1.39 560.5 0.695 
Absorption absorber 33381 1.56 1452 0.2607 

Solution heat exchanger 5190 1.28 166.4 0.659 
Solution pump 0.285 1.33 0.274 0.04 

Refrigerating pressure-reducing valve - 1.11 72.49 0.99 

 
Table 6. The energy and exergy results for the combined system with a compression chiller – Config. 2 

Component �̇�𝑸𝐨𝐨𝐨𝐨�̇�𝑾(𝒌𝒌𝑾𝑾)  %Error Compare with 
GT PRO Software 𝑬𝑬�̇�𝑬D(𝒌𝒌𝑾𝑾) 𝜼𝜼𝒆𝒆𝑬𝑬 

Chilling exchanger 27211 1.39 1247 0.23 
Compressor 66748 1.87 4883 0.926 

Combustion chamber - - 34892 0.816 
Gas turbine 109330 1.73 7710 0.934 

Steam generator 59676 1.48 6655 0.767 
Compression condenser 31342 1.39 570 0.457 
Compression evaporator 27211 1.28 558.4 0.695 
Compression compressor 4130 1.47 875.3 0.809 

Refrigerating pressure-reducing valve - - 458.8 0.94 

 
This is accomplished in heat exchangers by increasing the 
heat exchanger area (which leads to an increase in its 
initial cost) and, on the other hand, by reducing the 
temperature difference in the heat exchanger (which 
results in an irreversible reduction in the heat exchanger). 
Among the components of the combined cycle, the 
performance of the solution pump has little effect on the 
exergy-economic performance of the process, as it has the 
lowest Żk + ĊD,k among all components. 

Also, in Config. 1 the unit cost of electrical energy 
generated is 0.0646 USD/kWh in the gas turbine and 
0.0884 USD/kWh in the steam generator, whilst these are 
0.0633 and 0.0788 USD/kWh in Config. 2, respectively. 
As per the literature's recommendation, the unit exergy 
cost is an important parameter of the performance of 
energy conversion systems, so that its lower value in 
Config. 2 demonstrates the better performance of this 
Config. in this respect.
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Finally, the total amount of the exergy-economic factor is 
9.315% in Config. 1 and 12.78% in Config. 2. This figure 
indicates that 90.685% of the system cost in Config. 1 and 
87.22% of the system cost in Config. 2 are related to the 
cost equivalent to the exergy destruction. As a result, the 
use of more expensive components, which will reduce the 
cost of exergy destruction and increase the initial cost of 
the system, will improve the exergy-economic parameters 
of the system. Also, the high-cost corresponding to the 
exergy destruction in both Configurations reveals the need 
for performing an exergy-economic analysis to find ways 
to decrease the exergy destruction cost. 
To better understand the system's performance and the 
effect of different issues on the gas turbine cooling 
system's performance, this section first explores the effect 
of changing the inlet compressor temperature and the air 
temperature after cooling the heat exchanger on the gas 
turbine system. Then, the whole system's performance is 
examined, and the two systems in question are compared 
by changing the ratio of compressor pressure to the gas 
turbine's input temperature. In the parametric analysis, 
only the input parameter in question is changed, and other 
inputs are kept constant as per Table 1. 

Figure 3 illustrates the impact of changing the hot inlet air 
temperature before the cooling phase in the heat 
exchanger in the range of 30-50°C on the gas turbine 
system's performance. It can be observed that the total 
output work of the gas turbine system decreases when the 
temperature of the inlet air of the system is increased, and 
the state of the output air of the cooling heat exchanger is 
kept constant (at 15°C and the saturation state). In this 
case, the increase in the inlet air temperature results in the 
reduction of the density and mass flow rate of the inlet air 
(�̇�𝑚𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖), leading to a decrease in the output air rate 
flowing out of the cooling exchanger (�̇�𝑚𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑡𝑡𝑡𝑡) and the 
gas flow rate (�̇�𝑚𝑔𝑔𝑎𝑎𝑔𝑔). The outlet airflow rate from the cool 
exchanger is the same as the inlet air flow rate that has lost 
some of its humidity. The rate of gas flow is also the same 
as the rate of outlet airflow from the cool exchanger plus 
the rate of the flow of surplus fuel into the combustion 
chamber. As the temperature of the inlet air increases, if 
the enthalpy difference is constant in the compressor and 
gas turbine, the only factor that will influence the 
reduction of the work of the gas turbine system will be the 
reduction of the flow rate of the air and gas passing 
through the system. 

 
Table 7. The exergoeconomic results for the combined system with an absorption chiller – Config. 1 

Component �̇�𝑪D ($ ⁄ 𝒉𝒉) �̇�𝒁($ ⁄ 𝒉𝒉) �̇�𝑪D + �̇�𝒁($ ⁄ 𝒉𝒉) 𝒇𝒇(%) 

Chilling exchanger 217.8 62.75 280.55 22.37 
Compressor 315.8 195.8 511.6 38.28 
Combustion chamber 1620 5.16 16.25.16 0.31 
Gas turbine 455 84.2 539.2 15.62 
Steam generator 379.4 35.35 414.75 8.524 
Absorption generator 432.5 3.818 436.318 0.875 
Absorption condenser 93.5 0.25 93.75 0.26 
Absorption evaporator 89.45 1.897 91.347 2.077 
Absorption absorber 200.2 1.868 202.068 0.92 
Solution heat exchanger 24.14 0.834 24.974 3.33 
Solution pump 0.32 0.0036 0.3236 1.09 
Refrigerating pressure-reducing valve 11.57 - 11.57 - 

 
Table 8. The exergoeconomic results for the combined system with a compression chiller – Config. 2 

Component �̇�𝑪D ($ ⁄ 𝒉𝒉) �̇�𝒁($ ⁄ 𝒉𝒉) �̇�𝑪D + �̇�𝒁($ ⁄ 𝒉𝒉) 𝒇𝒇(%) 

Chilling exchanger 186.4 62.75 249.15 25.18 
Compressor 309.4 195.8 505.2 38.76 
Combustion chamber 1643 5.16 1648.16 0.31 
Gas turbine 450.9 84.97 535.87 15.86 
Steam generator 389.2 60.09 449.29 13.38 
Compression condenser 45.57 5.915 51.486 11.49 
Compression evaporator 44.64 44.09 88.73 49.69 
Compression compressor 62.78 5.661 68.44 8.27 
Refrigerating pressure-reducing valve 36.68 - 36.68 - 

 
Figure 4 shows the effect of the changes in the post-
cooling cool air temperature and humidity disposal on the 
heat exchanger in the range of 15-25°C on the gas turbine 
system's performance. As can be seen, the increase in the 
compressor inlet temperature is associated with decreased 
total system performance. In this case, with the volume 
flow rate and inlet air temperature to the cooling heat 
exchanger remaining constant, �̇�𝑚𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖 remains constant, 
but further cooling of air beyond 15-25°C results in the 
further decline of humidity so that the lowest outlet air 
flow rate �̇�𝑚𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑡𝑡𝑡𝑡 and gas flow rate �̇�𝑚𝑔𝑔𝑎𝑎𝑔𝑔 are obtained at 
15°C. But here, unlike a higher flow rate at 25°C, the 
output work is reduced. As the temperature increases from 
15 to 25°C, the two factors of flow rate passing through 

the compressor and turbine and the enthalpy difference in 
the turbine are increased, resulting in a higher work in the 
compressor and turbine. However, the extent to which the 
compressor's work requirement increases exceeds the 
increase in the output work of the turbine, resulting in the 
loss of the total output work of the system. It can be 
inferred from these two recent parametric analyses that the 
decrease in the air temperature both in the input and output 
of the cooling heat exchanger will increase the net output 
work of the gas turbine system. 
Figure 5 indicates the effect of the variation in the 
compressor pressure ratio on the studied systems' energy 
and exergy performance. As can be seen, both systems' 
overall output work has a maximum value at a pressure 
ratio of about 8. The increase in the pressure ratio 
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increases the compressor work requirement and turbine 
output work. Initially, the increase in turbine output work 
is greater, leading to an increase in the overall output 
work, but beyond the pressure ratio of 8, the increase in 
the compressor work requirement is greater, resulting in a 
decrease in the overall output work. The overall output 
work of Config. 2 is less than that of Config. 1 throughout 
the studied range because a part of the turbine work in the 
former is spent on supplying the work requirement of the 
compression chiller compressor. On the other hand, as 
shown in the figure, the exergy efficiency of Config. 2 is 
greater than that of Config. 1. In Config. 2, the gas 
turbine's waste exhaust gas is only used to generate heat 
in the steam generator, but in Config. 1, the waste gas is 
consumed in both the steam generator and the absorption 

generator. The high heat generation of Config. 2 increases 
the exergy efficiency of Config. 2 versus Config. 1. On 
the other hand, according to the figure, the trend of exergy 
efficiency variations in Config. 1 is incremental, mainly 
due to the decrease in fuel flow rate requirement and fuel 
exergy of the chamber with a relative increase in the 
compressor pressure as per Figure 6. However, in Config. 
2, despite the decrease in fuel requirement, the reduction 
of the heat exchanger product's exergy, as shown in Figure 
7 causes a more pronounced decrease in the exergy 
efficiency. It is evident in Figure 7 that the reducing trend 
of the exergy of the steam generator product in Config. 2 
is more severe than that of Config. 1, which has a more 
pronounced effect on the reducing trend of the exergy in 
Config. 2. 

  
Figure 3. The impact of the variation in inlet air 
temperature on the net power of the gas turbine 

Figure 4. The impact of the variation  in inlet compressor 
temperature on the net power of the gas turbine 
 

  
Figure 5. The effect of the variation in compressor 
pressure ratio on the energy and exergy analyses of the 
systems 

Figure 6. The effect of the compressor pressure ratio on 
the exergy of the combustion chamber's fuel 

  
Figure 7. The effect of the variation in compressor 
pressure ratio on the product exergy of the heat exchanger 

Figure 8. The effect of the variation in compressor pressure 
ratio on the cost rates 
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Figure 9. The effect of the variation in compressor 
pressure ratio on the unit exergy cost of the products 

Figure 10. The effect of the variation in compressor 
pressure ratio on the exergy destruction cost of different 
components in Config. 1 

  
Figure 11. The effect of the variation in compressor 
pressure ratio on the initial cost rate of different Config 
components. 1 

Figure 12. The effect of the variation in the gas turbine inlet 
temperature of the energy and exergy analyses of the 
systems 

  
Figure 13. The effect of the variation in the gas turbine 
inlet temperature on the fuel exergy of the combustion 
chamber 

Figure 14. The effect of the variation in the inlet 
temperature of the gas turbine on the product exergy of the 
steam generator 

 
 

Figure 15. The effects of the variation in the inlet 
temperature of the turbine on the cost rates 

Figure 16. The effects of the variation in the inlet 
temperature of the turbine on the exergy unit cost of the 
products 
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Figure 17. The effects of the variations in the turbine inlet 
temperature on the exergy destruction cost rate of different 
components in Config. 2 

Figure 18. The effects of the variations in the turbine inlet 
temperature on the initial cost rate of different components 
in Config. 2 

Figures 8 and 9 show the effect of the compressor pressure 
ratio changes on the thermo-economic parameters of the 
systems in question. However, as shown in Figure 9, a rise 
in the compressor pressure ratio causes an increase in the 
initial cost rate and a decrease in the cost of exergy 
destruction. Figure 10 shows the effect of changing the 
compressor pressure ratio on the exergy destruction cost 
in Config. 1. As determined in Figure 11, the increase in 
compressor cost is the deciding factor in the increase in 
the total initial cost rate. Also, as shown in Figure 9, 
Config. 1 has a higher exergy unit cost of electricity and 
heat generation than Config. 2 over the studied range.  
It can be observed in Figure 12 that increasing the inlet 
temperature of the gas turbine increases the total net 
power and exergy efficiency of the cogeneration in both 
systems. In Config. 2, a part of the turbine's output work 
is spent on the input work of the compressor. 
Consequently, the output work of this Config. is lessened. 
In the denominator of the exergy efficiency fraction, 
despite the increase in fuel flow rate and the equivalent 
exergy according to Figure 13, the increase in the output 
work and the exergy of the steam generator product as per 
Figure 14 results in an increase in the exergy efficient of 
the cogeneration system in both Config.s. Due to the 
higher product exergy of the steam generation in Config. 
2 (Figure 14), this Config. has higher exergy efficiency 
than Config. 1. 
Figures 15 and 16 show the effects of inlet temperature 
change in the gas turbine on the studied systems' thermo-
economic performance. It can be observed in Figure 15 
that an increase in the inlet temperature of the turbine 
increases the initial cost rate slightly. Still, the exergy 
destruction cost rate increases significantly in both 
systems, resulting in a higher total cost rate. The total cost 
rate in Config. 1 is also higher than that in Config. 2 over 
the whole studied range. Here, the effect of the change in 

the inlet temperature of the turbine on the rate of exergy 
destruction cost of the different components in Config. 2 
is depicted in Figure 17 as an example. It can be seen that 
an increase in the exergy destruction cost rate in the 
combustion chamber and steam generator plays the main 
role in increasing the total exergy destruction cost rate. 
According to Figure 18, an increase in the steam 
generator's initial cost rate escalates the total initial cost 
rate of Config. 2. Finally, according to Figure 15, an 
increase in the inlet temperature of the turbine reduces the 
exergy unit cost of the generated electricity and heat in 
both Config.s, and the costs are higher in Config. 1 than 
in Config. 2. 

4.2 Results of applying GMDH neural network 
To obtaining the optimal model in the present study, 

the modeling was performed with a neural network 
containing one hidden layer. Data were used to find the 
relationship between the objective functions and the 
design parameters. The compressor pressure was given in 
the range of 5-15, and the inlet temperature of the turbine 
in 700-900°C  as decision variables. 
Thereby, the final relationship for the objective functions 
of exergy efficiency and total cost rate is obtained as 
below: 
𝑁𝑁1 = 𝑘𝑘11 + 𝑘𝑘12𝐸𝐸1 + 𝑘𝑘13𝐸𝐸2 + 𝑘𝑘14𝐸𝐸12 + 𝑘𝑘15𝐸𝐸22 + 𝑘𝑘16𝐸𝐸1𝐸𝐸2 (7) 
in which 𝐸𝐸1 and 𝐸𝐸2 shows the variables of compressor 
pressure ratio and inlet temperature of the turbine in °C, 
respectively. The constants for the exergetic efficiency 
and total exergetic cost rate of Config. 1 and Config. 2 are 
presented in Tables 9 and 10, respectively. The overall 
equation derived from 𝑁𝑁1 provides the exergetic 
efficiency and total exergetic cost rate required for the 
optimization. 

Table 9. Constants of the relationship predicted by GMDH for the function of exergetic efficiency and total exergetic cost 
rate in Config. 1 

target a(i,j) j = 1 j = 2 j = 3 j = 4 j = 5 j = 6 
exergy efficiency i = 1 -0.45533 -0.01531 0.00194 -0.00059 -1.14E-06 3.54E-05 

total cost rate i = 1 4343.121 -196.147 0.458243 14.45139 3.19E-03 -2.54E-01 

Table 10. Constants of the relationship predicted by GMDH for the function of exergetic efficiency and total exergetic cost 
rate in Config. 2 

target a(i,j) j = 1 j = 2 j = 3 j = 4 j = 5 j = 6 
exergy efficiency i = 1 -0.6328 -0.031 0.002525 -0.00046 -1.45E-06 4.58E-05 

total cost rate i = 1 2082.983 -260.341 5.03056 12.34483 -2.03E-04 -1.22E-01 
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4.3 Results of optimization by MOPSO 
The optimization problem and the ranges of the design 

variables are as below. It can be seen that the problem has 
no constraints and only the ranges of the variables 𝐸𝐸1 and 
𝐸𝐸2, which are equivalent to pressure and temperature, 
respectively, should be satisfied. 
𝑀𝑀𝑖𝑖𝑛𝑛𝑖𝑖𝑚𝑚𝑖𝑖𝑧𝑧𝑦𝑦 �̇�𝐶(𝐸𝐸1, 𝐸𝐸2, ) and   𝑀𝑀𝑘𝑘𝐸𝐸𝑖𝑖𝑚𝑚𝑖𝑖𝑧𝑧𝑦𝑦 𝜂𝜂𝑓𝑓𝑥𝑥  (𝐸𝐸1, 𝐸𝐸2, ) 
𝑠𝑠𝑠𝑠𝑠𝑠𝐺𝐺𝑦𝑦𝑐𝑐𝑡𝑡 𝑡𝑡𝑘𝑘 ∶   5 ≤ 𝐸𝐸1 =  𝑟𝑟5 ≤ 15,   700 ℃ ≤ 𝐸𝐸2 =  𝑇𝑇𝑇𝑇𝑇𝑇 ≤
900 ℃ (8) 

The optimization results are obtained from the algorithm 
for a particle population of 200 and the parameters 
presented in Table 11. The Pareto curve is shown in Figure 
19 for System 1 and in Figure 20 for System 2. In order to 
have more continuous points on the Pareto curve, the 
archive size is set at 100. 

 
Table 11. The parameters of the MOPSO algorithm in determining the Pareto curve 

Number of iterations W C1 C2 Archive size Number of particles 
200 0.5 2 2 100 200 

 
Figure 19. The exergetic and total exergetic cost rate optimization of System 1 

 
Figure 20. The exergetic and total exergetic cost rate optimization of System 1 

 
As shown in Figures 19, 20, as the exergetic efficiency 
increases, the exergetic cost rate increases as well, 
indicating a contradictory behavior of these two objective 
functions. The Pareto curve gives the designer a useful 
tool to select the appropriate design according to each 
objective's importance. 
The minimum total cost rate and the maximum exergy can 
be derived from the Pareto curve's points corresponding to 
the Pareto answer. To determining the compromise 
answer, the data in the objective functions column were 
first normalized versus their best values. Then the answer 
with the lower distance to the mean 0.5 line was selected. 
The compromise point is shown in Figure 21 for System 

1 and in Figure 22 for System 2. These three types of 
answers are summarized in Table 12 for System 1 and in 
Table 13 for System 2. According to the results, when the 
compressor inlet temperature is raised, and the cooling 
heat exchanger's outlet air is constant, the gas turbine 
system's total net power decreases, indicating that rising 
the inlet compressor temperature drops the mass flow rate 
and density of the inlet air. In the cool exchanger, the 
reduction of post-cooling cool air temperature and the 
reduction of humidity in the range of 15-25°C implies that 
the rise in the in compressor inlet temperature in this range 
results in the reduction of the total work of the system.  
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Figure 21. The normalized values for the objective functions in the Pareto answers in System 1 

 

 
Figure 22. The normalized values for the objective functions in the Pareto answers in System 2 

 
Table 12. Three sample points of the optimization results using the particle swarm algorithm in System 1 

 𝒓𝒓𝒑𝒑 𝑻𝑻𝑻𝑻𝑻𝑻 Exergy efficiency Total cost rate (USD/h) 

Upper right-hand side point 14.02787 900 0.483 4224.90 
Compromise points 13.6100 808.02 0.439 4010.2 

12.8248 801.32 0.437 4009.8 
Lower left-hand side point 12.82032 700 0.368 3808.11 

 
Table 13. Three sample points of the optimization results using the particle swarm algorithm in System 2 

 𝒓𝒓𝒑𝒑 𝑻𝑻𝑻𝑻𝑻𝑻 Exergy efficiency Total cost rate (USD/h) 

Upper right-hand side point 11.24823 900 0.5219 3844.52 
Compromise points 13.8500 822.33 0.4671 3455.3 

13.6017 793.35 0.4452 3372.5 
Lower left-hand side point 13.87814 700 0.3503 3084.31 

 
Also, when the volumetric flow rate and inlet air temperature 
of the cool exchanger is constant, the flow rate of the inlet 
air to the cooling heat exchanger will be constant, but further 
cooling of air beyond 15-25°C will increase the humidity, 
resulting in the lowest rate of outlet air from the cooling heat 
exchanger and the flow rate of gas at 15°C. 
In other words, it can be said that in the range of 15-25°C, 
the work of the compressor increases, and this results in the 
decline of total output work of the system. 
The comparison of the results for the total work of the 
combined system shows that the cogeneration system with 
an absorption chiller (Config. 1) is higher while the total 
output work of the cogeneration system with the 
compression chiller (Config. 2) is higher. This difference is 
partial because the output work of Config. 2 is consumed by 
the compressor of the heat pump, resulting in the reduction 
of the system's net power. 

On the other hand, the combined system's exergoeconomic 
analysis implies that the consumption chamber needs to be 
explored more than the other components from the 
exergoeconomic perspective. Also, it is evident in Tables 10 
and 11 that the combustion chamber, generator, condenser, 
and absorber have the lowest exergoeconomic factor. Based 
on the results, the exergy destruction cost dominates the 
initial cost, and this reduces the exergy-economic factor. 
It is noteworthy that the total exergoeconomic factor is 
9.315% in Config. 1 and 12.78% in Config. 2. This means 
that 90.685% of the system cost in Config. 1 and 87.22% in 
Config. 2 are due to the cost equivalent to the exergy 
destruction. So, the application of components with a higher 
price that reduces the exergy destruction cost and increases 
the system's initial cost can improve the system's 
exergoeconomic performance. In both studied 
Configurations, the highest cost of exergy destruction means 
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that it is necessary to find approaches to reducing this cost. 
Another point to note is that the significantly higher cost rate 
of the exergy destruction than the initial cost rate in both 
systems is why it is necessary to conduct an exergoeconomic 
analysis to calculate the thermodynamic inefficiencies' cost 
rate. The compressor pressure ratio's increase has a 
complicated and contradictory impact on different 
components' cost rates. Based on the results, the compressor 
cost increase is a decisive factor in increasing the initial 
cost's total rate. It can be seen that an increase in the inlet 
temperature of the gas turbine escalates the total output work 
and exergy efficiency of cogeneration in both systems. In 
this case, increasing the inlet temperature of the turbine and 
the combustion chamber's output temperature under a 
constant work requirement of the compressor will increase 
the enthalpy difference in the turbine and the required flow 
rate of the inlet fuel and the mix of outlet gases of the 
chamber. These two factors will both enhance the output 
work of the gas turbine. In Config. 2, the turbine's output 
work is in part consumed for the input work of the 
compressor, and this reduces the output work of the 
Configuration. 
The optimization by the research can be used to select the 
best design by considering the objective functions. 
According to the solutions, the minimum total exergetic cost 
rate and the maximum exergetic efficiency obtained, and the 
solutions in which both objective functions show acceptable 
behavior are introduced as per Tables 7 and 8. 
 
5. Conclusion 
The present paper investigates cooling air inlet methods on 
gas turbine compressors to enhance their efficiency. Two 
inlet air cooling systems include absorption and compression 
systems, have been considered. In the absorption system, 
lithium bromide-water conventional solution is applied as a 
two-component fluid, and in the compression cycle, the 
R134a operating fluid is considered.  
All cycles have been simulated in the EES software and 
verified by GT Pro Software with high accuracy. In addition, 
to better analysis, exergy and exergoeconomic analysis of 
each component of cycles have been investigated. Also, 
sensitivity analysis has been performed for the main 
parameters of the cycles. To finding optimum design 
parameters of each cycle, two-objective optimization has 
been performed based on minimizing total exergetic costs 
and maximize exergetic efficiency. 
To reduce optimization computation time, GMDH has been 
employed to generate correlations for predicting objective 
functions based on decision variables. The correlation for 
estimation of objective functions has good accuracy. Then, 
these objective functions have been used in MATLAB 
software for multi-objective optimization through MOPSO. 
In future research, environmental consideration and 
exergoenvironmental analysis can be investigated. In 
addition, using the different cooling systems in the combined 
cycle power plant can be considered. Also, reliability and 
risk assessment of using different air inlet cooling systems 
for gas turbines can be performed.  
 
Nomenclature 

Absorber temperature 𝑡𝑡abs(℃) 
Absorption generator temperature 𝑡𝑡gen(℃) 
Absorption and compression condenser 
temperature 

𝑡𝑡con(℃) 

Amount of heat transfer �̇�𝑄 

Average cost of fuel unit 𝑐𝑐𝐹𝐹,𝑘𝑘 
Absorption and compression evaporator 
temperature 

𝑡𝑡eva(℃) 

Absorption solution pump efficiency 𝜂𝜂𝑝𝑝  
Absorption solution heat exchanger 
efficiency 

𝜀𝜀ℎ𝑥𝑥 

Average cost of production unit 𝑐𝑐𝑃𝑃,𝑘𝑘 
Capital return factor 𝐶𝐶𝑅𝑅𝐶𝐶 
Capital profit rate 𝑖𝑖(%) 
Coefficient of performance and 
maintenance cost 

𝜑𝜑 

Config. configuration 
Cost equivalent to exergy destruction �̇�𝐶𝐷𝐷,𝑘𝑘 
Cost of exergy unit 𝑐𝑐𝑎𝑎 
Cost rate for a component �̇�𝑍𝑘𝑘 
Exergy-economic factor 𝑓𝑓𝑘𝑘 
Exergy efficiency ɳ𝑓𝑓𝑥𝑥 
Exergy destruction rate 𝐸𝐸�̇�𝐸𝐷𝐷 
Exergy rate equivalent to work transfer 𝐸𝐸�̇�𝐸𝑤𝑤 
Exergy rate equivalent to heat transfer 𝐸𝐸�̇�𝐸𝑄𝑄 
Flow exergy rate �̇�𝐸𝐸𝐸𝑎𝑎 
Inlet air volume flow rate �̇�𝑉𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖(𝑚𝑚3/𝑠𝑠) 
Inlet air temperature 𝑡𝑡air,in(℃) 
Inlet air pressure 𝑝𝑝air,in(𝑘𝑘𝑘𝑘𝑘𝑘) 
Inlet air relative humidity 𝑅𝑅𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖(%) 
Inlet water temperature of steam 
generator 

𝑡𝑡8(℃) 

Inlet water pressure of steam generator 𝑝𝑝8(𝑘𝑘𝑘𝑘𝑘𝑘) 
  
Input air of gas turbine temperature 𝑡𝑡3(℃) 
Isentropic efficiency  𝜂𝜂𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑐𝑐𝑐𝑐 ,𝜂𝜂𝑔𝑔𝑎𝑎𝑔𝑔,𝑡𝑡𝑡𝑡  
Number of hours of annual performance 
of components 

𝑁𝑁(ℎ𝑟𝑟) 

Number of years of system performance 𝑛𝑛(𝑦𝑦𝑦𝑦𝑘𝑘𝑟𝑟) 
  
  
Lower thermal value of fuel 𝐿𝐿𝑅𝑅𝑉𝑉(𝑘𝑘𝑘𝑘/𝑘𝑘𝑚𝑚𝑘𝑘𝑘𝑘) 
Partial pressure of dry air 𝑘𝑘𝑙𝑙𝑎𝑎𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑎𝑎𝑎𝑎,𝑎𝑎𝑖𝑖 
Pressure ratio 𝑟𝑟𝑝𝑝 
Pressure of input fuel of combustion 
chamber 

𝑘𝑘𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓(𝑘𝑘𝑘𝑘𝑘𝑘) 

Pressure ratio of air compressor 𝑟𝑟𝑝𝑝,𝑎𝑎𝑎𝑎𝑎𝑎,𝑐𝑐𝑐𝑐𝑐𝑐 
Temperature of inlet cool water of 
condenser and absorber 

𝑡𝑡cw,in(℃) 

Temperature of outlet cool water of 
condenser and absorber 

𝑡𝑡cw,out(℃) 

Temperature of inlet cool water of 
evaporator 

𝑡𝑡chw,in(℃) 

Temperature of outlet cool water of 
evaporator 

𝑡𝑡chw,out(℃) 

Temperature of input fuel of combustion 
chamber 

𝑡𝑡𝑓𝑓𝑡𝑡𝑓𝑓𝑓𝑓(℃) 

Volumetric flow rate �̇�𝑚 
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