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 ABSTRACT 

 
Nowadays, energy demand continuously rises while energy stocks are dwindling. 
Discovering new energy resources in addition to using current resources more 
effectively are crucial for the world this century. One of the methods to utilize energy 
resources effectively is to generate electricity from thermal combined cycle power 
plants (CCPP). Conducting performance analysis is a necessity to achieve effective 
operating conditions of thermal plants. The current paper offers a theoretical analysis 
of exergy losses of a typical CCPP over at various temperature and relative humidity 
ranges. Exergy destruction and the exergy efficiencies of each component of a thermal 
plant are calculated as well as subjecting them to parametric analysis. Energy and 
exergy efficiencies of the CCPP in the current study were 48.19% and 46.49%, 
respectively. Exergy destruction of a CCPP decreases with increasing ambient 
temperature and relative humidity. Exergy efficiency of a CCPP drops with increased 
ambient temperature. It is found that the combustion chamber is responsible for most 
of the exergy destruction amongst the system components. 
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1. Introduction 
 

Effective use of various energy resources is highly important, since the Earth’s population 
continuously increases and intense industrialization rates demand much energy, straining our 
resources. At some point, energy resources will be inadequate to meet demand [1-7].  Combined 
cycle thermal power plants (CCPPs), examined in this paper, are useful for effective utilization of 
energy. In these thermal plants, fuel is utilized for generating electricity from two power production 
cycles. Therefore, CCPPs have higher thermodynamic efficiencies compared to traditional thermal 
plants that generate electricity from a single power cycle [8-12]. CCPPs comprise many components 
including a gas turbine (GT), air compressor (AC), combustion chamber (CC), steam turbine (ST) 
condenser (C) and heat recovery steam generator (HRSG). 

CCPP plants are used extensively around the world for power generation, especially to meet peak 
load demand [13-17]. A gas turbine is a constant volume flow machine that uses ambient air as a 
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working fluid [10]. Therefore, ambient parameters (temperature, relative humidity as well as 
pressure) greatly impact the performance of these power plants. GT generation capacity is evaluated 
by the ISO [18, 19]. It specifies reference ambient air inlet conditions including an air temperature of 
15 °C (59 °F), relative humidity of 60% at an absolute (sea level) pressure of 101.325 kPa (14.7 psia) 
[20-25]. Exergy analysis assesses system efficiency and offers guidelines for reaching optimal system 
performance. Furthermore, Second Law considerations can precisely pinpoint the sources of 
thermodynamic losses. Hence, exergy analysis can be used to optimize power systems and enhance 
their functionality. Exergy analysis allows us to draw conclusions about specific energy uses. The 
exergy concept has been widely used by academics as a method to evaluate, improve, and optimize 
gas turbine systems. 

Daoud et al., [26] used exergy analyses of a gas turbine plant utilizing fuzzy logic control. They 
found that up to 80% of the extreme and lowest exergy losses took place in the combustion chamber 
and approximately 8% occurred in the compressor. Baghernejad and Moghaddam [ 72 ] conducted an 
exergoeconomic study in addition to an environmental investigation of a regenerative cycle. They 
documented that the inlet air temperature as well as pressure ratio significantly influence the exergy 
rate. Exergetic evaluation of a natural gas enhancing station utilizing an actual model and real data 
was done by Salimi et al., [28]. They observed that hot weather accounted for 64.6% of the exergy 
destruction caused by a combustion process. Ogunedo and Okoro [29] documented the exergetic 
efficiency of a compressor at 99%, a combustor at 76%, and a turbine at 96%. According to these 
results, the cycle loses of energy were about 2.23 kJ for each 1 MW of power output in the CC. Ivan 
et al., [30] examined the exergy and energy efficiency of a closed-cycle gas turbine cycle. Bassily [31] 
analyzed techniques for decreasing the HRSG irreversibilities of combined cycles and also 
investigated modern cooling methods for commercial CCPPs. The results reveal that reducing the 
temperature differences of the pinch points and decreased flow rates of steam drums decreases the 
irreversibilities.  

According to Majdi et al., [32] exergy efficiency can be enhanced by using a heat pump as it 
increased by about 1.2%. Exergy analysis of a gas turbine power plants utilizing real data was done 
by Mohammad Reza Majdi et al., [33]. They observed that decreasing ambient air temperature at the 
compressor inlet results in improving the exergy efficiency. Abuelnuor et al., [34] performed a 
destructive exergy investigation at the Garri “2” thermal power plant. According to their results, 
exergy destruction in the CC was 63%, while that in the GT was 13.6%. Mahto and Pal examined the 
effect of using a fogging system on the performance of a CCPP system. They also carried out a 
thermodynamic analysis of the system [35]. Additionally, they carried out thermoeconomic, exergy 
and energy analyses for each system [ 63 ]. Tiwari et al., [ 73 ] provided an exergy analysis of a thermal 
power plant in India. They reported that the exergy destruction taking place in CC is 35% of the total. 
Petrakopoulou et al., [38] examined a CCPP using both advanced and conventional exergetic 
evaluation methods. Besides the common exergy efficiency evaluation, they also carried out an 
exergy investigation by dividing the exergy destruction into unavoidable, avoidable and endogenous 
as well as exogenous portions. Several important thoughts arise from the literature. They are: 
 

i. The influence of humidity on CCPP performance, especially exergy calculations, was 
neither not clarified nor negligible.  

ii. Investigation of Grassmann diagram was not provided.  
iii. The specific chemical exergy values of flows were negligible.  

 
Using a different approach than previous work, the current study of the performance of an actual 

CCPP is done with the actual operating records of a real thermal plant. Additionally, the exergy 
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destruction and exergy efficiency of each section was determined. The current paper offers a 
theoretical analysis of exergy losses of a typical CCPP to enhance optimization of the thermal plant. 
This was done for an actual plant located in Syria, the Jandar facility. ISO and actual value differences 
are evaluated and analyzed. A theoretical model outlining fundamental assumptions adopted in this 
work is presented. The results of the research can be used to modify cycle components aiming to 
enhance efficiency. This decreases the consumption of natural gas, air, and water pollution as well 
as global warming.  
 
2. CCPP System Description  
 

In this paper, actual operating data of a working CCPP, the Jandar Thermal Power Plant, is used. 
This facility is one of the most significant electric power plants in Syria. It comprises four gas turbine 
units, which operate on natural gas with two steam turbines. The power plant meets about 20% of 
Syria's needs for electric power [1]. It is located near the City of Homs, 35 km away from the city 
center. The Jandar Energy Corp. was founded in 1993 and began to produce electricity in October 
1994. The last ST was put into service in June 1995. The major purpose of the plant is to meet the 
electrical power and energy demands of central Syria while providing a specific amount of electricity 
to the national electricity network as well to the shareholders of the Hassiaa Industrial Zone.The 
Jandar Thermal Power Plant consists of two blocks. Each block comprises two GT units, two HRSGs, 
one ST unit and an air-cooled condenser. A plant schematic is given in Figure 1.  
 

 
Fig. 1. Schematic representation of a CCPP 

 
According to Figure 1, the topping cycle operates on the basic Brayton cycle. Ambient air is drawn 

through an air filter at State 1 to protect the blades and other components from dust particles. After 
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a compression stage, the air reaches State 2. This compressed air is then directed with natural gas 
into a combustion chamber. Combustion produces hot gases at State 3. The combustion gas 
temperature varies between 1100 and 1120 K. The gases expand while leaving the GT and the 
combustion gas temperature decreases to a level between 780 and 795 K. An HRSG is employed in 
the plant to benefit from the high enthalpy and energy rates of the flue gases leaving the GT. The 
HRSG is a dual pressure level unit, with a high-pressure section (HP) at 55 bars and a low-pressure 
section (LP) at 5 bars. A portion of the heat is utilized in the HRSG to produce steam. This steam 
enters the ST at State 15 as HP steam and 16 as a LP steam which expands to the condenser pressure 
at State 17 to drive a generator. The ST comprises two sections, a HP section and LP section. The HP 
unit of HRSG is used to feed the HP section of the ST. HP steam expands to the LP section value. The 
steam is then mixed at the pressure produced by the LP unit of HRSG and expands in the ST LP section. 
Inside the condenser, the ST exhaust is condensed to a saturation at State 17 and moved by 
condensate extraction pumps (CEP) to the preheater sections of HRSG1 and HRSG2. The main 
parameters used characters of the CCPP are presented in Table 1. 
 

Table 1 
Main parameters used in calculations [1] 
 Parameters  Units 

GT Turbine inlet temperature TIT 1100  oC 
 Compressor volumetric flow rate 243  M3/sec 
 Inlet and outlet pressure loss 0.01P2 Pa 
 Pressure loss in the combustor 0.03P2 Pa 
 Isentropic compressor efficiency 80  % 
HRSG Pinch point temperature  7 oC 
 Approach point temperature  9 oC 
 HP steam  55 Bar 
 LP steam  5 Bar 
 HRSG efficiency 97  % 
ST Condenser pressure 8000 Pa 
 Isentropic efficiency of the pump 90  % 
 Mechanical efficiency 97  % 

       
2.1 Performance Analysis 
 

In this paper, exergy investigation of a thermal plant is conducted using the operating records of 
the control units of a functioning plant.  Additionally, a parametrical investigation is carried out under 
various conditions. For the performance evaluation of the thermal plant, energy analysis, in addition 
to exergy analysis associated with the Second Law, are done. Some assumptions are made for the 
calculations, which include: 
 

i. The flow is assumed steady state.  
ii. Air as well as combustion gas are considered an ideal gas. 

iii. Conditions of the dead state are T = 298.15 K, P = 1 atm. 
 

To fulfill the performance analysis, calculation of the thermophysical characteristics of the CCPP 
working fluids and the values of thermophysical characteristics are given in Table 2. In the next 
section, performance evaluation equations and the thermophysical characteristics of the working 
fluids are explained.  
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Table 2 
Thermodynamic characteristics of each flux of the CCPP at ISO conditions 

Enthalpy (kJ/kg) Pressure (bars) Temperature (℃) Mass flow (kg/s) Type of the stream Point 

288.4 1 15 296.7 Air 1 
641.3 10.593 360.4 296.7 Air 2 
1483 10.272 1100 303.15 Combustion gas 3 
821.5 1 523.7 303.15 Combustion gas 4 
288.4 1 15 296.7 Air 5 
644.5 10.593 364.4 296.7 Air 6 
1481 10.272 1100 303.182 Combustion gas 7 
822 1 522.1 303.182 Combustion gas 8 
393.4 1 119.2 303.15 Flue gas 9 
394.3 1 120 303.182 Flue gas 10 
3411.4 55 493 41.71 Steam 11 
2751 4.91 153 8.58 Steam 12 
3421.3 55.1 497 41.76 Steam 13 
2753.1 4.9 155.2 8.61 Steam 14 
3419.3 54.9 493 83.47 Steam 15 
2752.3 4.9 153.5 17.2 Steam 16 
2195 0.08 40.5 100.66 Steam/water 17 
164.4 0.08 39.4 100.66 Water 18 
164.8 0.08 39.5 100.66 Water 19 
188 2.51 45 100.66 Water 20 
47100 2.6 25 6.447 Fuel 21 
47100 2.6 25 6.482 Fuel 22 

 
2.2 Exergy Analysis 
 

Superior useful work can be achieved from a system considering the dead state conditions 
determined as exergy [39]. Recently, exergy evaluation has been extensively used for thermodynamic 
investigation of many systems since exergetic analysis highlights potential performance 
improvements of the cycle. A steady state exergy balance equation can be applied [31]: 
 

∑(1 −
𝑇𝑜

𝑇
)𝑄 +  �̇� + ∑ �̇�𝑖𝑛𝑖𝑛 𝜓𝑖𝑛 −  ∑ �̇�𝑜𝑢𝑡𝑜𝑢𝑡 𝜓𝑜𝑢𝑡 =  Ψ̇𝐷        (1) 

 

The subscripts in and out denote inlet and outlet conditions, respectively, where ∑(1 −
𝑇𝑜

𝑇
)𝑄 is the 

exergy transfer by heat, �̇� represents the exergy transfer by work, ∑ �̇�𝑖𝑛𝑖𝑛 𝜓𝑖𝑛 stands for exergy 
transfer by mass into the system, ∑ �̇�𝑜𝑢𝑡𝑜𝑢𝑡 𝜓𝑜𝑢𝑡   represents the exergy transferred by mass 

departing the system and  Ψ̇𝐷 is the exergy destruction rate. 𝑄 is the heat transferred through the 
boundary at ambient temperature 𝑇. �̇�𝑖𝑛 and �̇�𝑜𝑢𝑡 are the mass flowrates of the working fluids at 
the inlets and outlets of the system. 𝜓 is the exergetic content for a stream given as [40]: 
 

𝜓 =  𝜓𝑝ℎ + 𝜓𝑐ℎ             (2) 
 

In the simulated system, there are various working fluids with different phases. Therefore, 
equations for computing the exergies of fluids differ. Water/steam phase physical exergy can be 
calculated as: 
 
𝜓𝑝ℎ = (ℎ −   ℎ0) − 𝑇0( 𝑆 −  𝑆0)          (3) 
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where 𝑠 is the specific entropy and subscript 0 represents the dead state conditions. Ideal gases 
physical exergy can be estimated as [41]: 
 

𝜓𝑝ℎ =  𝐶𝑝 [(𝑇 − 𝑇0) − 𝑇0 ln (
𝑇

𝑇0
)] + 𝑅𝑎𝑇0 ln (

𝑃

𝑃0
)                     (4) 

 
The physical exergy of humid air is calculated using Eq. (5) [34, 37]: 
 

𝜓𝑝ℎ =  (𝐶𝑝𝑎 + 𝜔𝐶𝑝𝑣)𝑇0 (
𝑇

𝑇0
− 1 − 𝑙𝑛 (

𝑇

𝑇0
)) + (1 +

𝜔

0∙622
)

𝑇0𝑅

𝑀𝑑.𝑎
𝑙𝑛 (

𝑃

𝑃0
)     (5) 

 

Here, 𝑅 refers to universal gas constant 8.314 (J/ mol∙K), 𝑀𝑑.𝑎 stands for the dry air molar mass and 
𝜔 is specific humidity. 
 

Natural gas is utilized in the Jandar power plant. The composition as well as heating values of the 
fuel are presented in Table 3. Chemical exergies of combustion gases play a significant role in exergy 
analysis of the studied system. During analysis, combustion products are treated as an ideal gas 
mixture. Eq. (6) is used to calculate the exergy of a chemical mixture [4, 38]: 
 

𝜓𝑐ℎ.𝑔 = ∑ 𝑋𝑛 �̅�𝑐ℎ𝑛
+  �̅�𝑇0 ∑ 𝑋𝑛 ln(𝑋𝑛) + �̅�𝐸         (6) 

 

where �̅�𝑐ℎ𝑛
 is the molar chemical exergy, 𝑋𝑛 is the mol fraction of each gas in the mixture and �̅�𝐸 

stands for Gibbs free energy. When the gas mixture pressure is relatively low, �̅�𝐸 is negligible [33, 
42]. The molar composition of the combustion gases is important for estimating the chemical exergy 
of this mixture. Eqs. (7) to (11) are used to determine the combustion gas molar fractions [42]. 
 

𝜆 =
𝑜.058 �̇�ℎ𝑢𝑚𝑖𝑑 𝑎𝑖𝑟

𝑚𝑓̇  
             (7) 

 

𝜒𝑂2 =
2(𝜆−1)

1+(9∙6254)𝜆
             (8) 

 

𝜒𝑁2 =
7∙524𝜆

1+(9∙6254)𝜆
              (9) 

 

𝜒𝐶𝑂2 =
1+(0∙0028)𝜆

1+(9∙6254)𝜆
                        (10) 

 

𝜒𝐻2𝑂 =
2+(0∙0972)𝜆

1+(9∙6254)𝜆
                       (11) 

 
  Table 3 
  Properties and composition of natural gas [43,44] 

Component Mass (%) LHV (Mj/kg) HHV (Mj/Kg) 

𝐂𝐇𝟒 74 50 55.5 
𝐂𝟐𝐇𝟔 13.1 47.80 51.9 
𝐂𝟑𝐇𝟖 5.1 46.35 50.35 
𝐂𝟒𝐇𝟏𝟎 3.2 45.75 49.5 
𝐍𝟐 4.1 0 0 
𝐂𝐎𝟐 0.5 0 0 
Total/average 100 47.1 52.02 
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The chemical exergies of common hydrocarbons 𝐶𝑎𝐻𝑏 can be determined in terms of their lower 
heating value, 𝐿𝐻𝑉, using an expression of the form [45]: 
 

𝜓𝑐ℎ.𝑓 = (𝐶1 + 𝐶2 (
𝑏

𝑎
) −  

𝐶3

𝑎
) 𝐿𝐻𝑉                    (12) 

 

where  𝐶1. 𝐶2 𝑎𝑛𝑑 𝐶3 are constants equal 1.033, 0.0169 and 0.0698, respectively. The constants, a 
and b are the numbers of Carbon and Hydrogen atoms in the fuel [38]. Exergy analysis and equations 
of the CCPP components (Figures 2 to 8) are expressed as: 
 

Ψ̇𝐷.𝐴𝐶 = 𝑊𝑐 +  Ψ̇1 −  Ψ̇2                      (13) 
 

𝜂𝐼𝐼.𝐴𝐶 =  
Ψ̇2− Ψ̇1

𝑊𝑐
= 1 −  

Ψ̇𝐷.𝐴𝐶

𝑊𝑐
                       (14) 

 

 
Fig. 2. Compressor 

 

Ψ̇𝐷.𝑐𝑐 = Ψ̇𝑓𝑢𝑒𝑙 +  Ψ̇2 −  Ψ̇3                      (15) 

 

𝜂𝐼𝐼.𝑐𝑐 =  
Ψ̇3

Ψ̇𝑓𝑢𝑒𝑙+Ψ̇2
= 1 −  

Ψ̇𝐷.𝑐𝑐

Ψ̇𝑓𝑢𝑒𝑙+Ψ̇2
                      (16) 

 

 
Fig. 3. Combustion chamber 

 

�̇�𝐷.𝐺𝑇 = �̇�3 −  �̇�4 − 𝑊𝐺𝑇                      (17) 
 

𝜂𝐼𝐼.𝐺𝑇 = 1 − 
�̇�𝐷.𝐺𝑇

�̇�3− �̇�4
                       (18) 

 

 
Fig. 4. Gas turbine 

 

�̇�𝐷.𝑆𝑇 = �̇�15 +  �̇�16 − + �̇�17 − 𝑊𝑆𝑇                                                                               (19) 
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𝜂𝐼𝐼.𝑆𝑇 =  1 −  
�̇�𝐷.𝑆𝑇

�̇�16+�̇�15−�̇�17
                       (20) 

 

 
Fig. 5. Steam turbine 

 

�̇�𝐷.𝐶 = �̇�17 − �̇�18                                                                                                        (21) 
 

𝜂𝐼𝐼.𝐶 =
�̇�18

�̇�17
=  1 −  

�̇�𝐷.𝐶

�̇�17
                       (22) 

 

 
Fig. 6. Condenser 

 

�̇�𝐷.𝐻𝑅𝑆𝐺 = �̇�4 +  �̇�20 −  �̇�11 − �̇�12 −  �̇�9                     (23) 
 

𝜂𝐼𝐼.𝐻𝑅𝑆𝐺 = 1 −  
�̇�𝐷.𝐻𝑅𝑆𝐺

�̇�4+ �̇�20
                       (24) 

 

 
Fig. 7. Heat recovery steam generator  

 

�̇�𝐷.𝑃𝑢𝑚𝑝 = �̇�19 −  �̇�20 + 𝑊𝑃𝑢𝑚𝑝                            (25) 

 

𝜂𝐼𝐼.𝑃𝑢𝑚𝑝 =  1 −  
�̇�𝐷.𝑃𝑢𝑚𝑝

𝑊𝑃𝑢𝑚𝑝
                        (26) 

 

 
Fig. 8. Pumps 
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The following equations can be used to estimate the exergetic efficiency of the entire system: 
 

𝜂𝐼𝐼.𝑇𝑜𝑝 𝐶𝑦𝑐𝑙𝑒 =   
𝑊𝐺𝑇,𝑛𝑒𝑡

Ψ̇𝑓𝑢𝑒𝑙
                      (27) 

 

𝜂𝐼𝐼.𝐶𝐶𝑃𝑃 =  
𝑊𝐶𝐶𝑃𝑃,𝑛𝑒𝑡

Ψ̇𝑓𝑢𝑒𝑙
                       (28) 

 
3. Results 
 

A parametric investigation of CCPP is conducted with the equations above using information from 
Tables 1 and 2. The outcomes are presented in Table 4. The chemical, physical as well as total exergy 
rates of air, combustion gases, natural gas, steam, and water at different points were calculated and 
presented in Table 5.  
 

 Table 4 
 CCPP summary 
Parameter Value Unit 

Generated power by GTs 185   (MW) 
Generated power by ST 111.4 (MW) 
Total fuel consumption 12.93  (kg/s) 
Net energy efficiency 48.19  % 
Net exergy efficiency 46.49 % 

 
  Table 5  
  Chemical, physical, and total exergy of each flow 

Point Type of the stream �̇�𝒑𝒉 [MW] �̇�𝒄𝒉 [MW] �̇�𝑻𝒐𝒕𝒂𝒍 [MW] S [kJ/kg K] 

1 Air 0 0 0 5.66 
2 Air 94.22 0 94.22 5.846 
3 Combustion gas 290.11 2.23 292.34 6.66 
4 Combustion gas 72.6 2.23 74.83 6.716 
5 Air 0 0 0 5.66 
6 Air 95.31 0 95.31 5.85 
7 Combustion gas 291.78 2.227 294.01 6.67 
8 Combustion gas 73.5 2.227 75.72 6.71 
9 Flue gas 5.07 2.23 7.3 5.974 
10 Flue gas 5.183 2.227 7.41 5.976 
11 Steam 59.48 0.1 59.58 6.9 
12 Steam 6.74 0.021 6.76 6.83 
13 Steam 59.8 0.104 60 6.912 
14 Steam 6.776 0.022 6.8 6.841 
15 Steam 118.31 0.21 118.52 6.906 
16 Steam 13.38 0.043 13.42 6.83 
17 Steam/water 18.2 0.252 18.4 6.984 
18 Water 0.402 0.251 0.653 0.562 
19 Water 0.405 0.251 0.656 0.564 
20 Water 0.63 0.251 0.881 0.636 
21 Fuel 1.75 311.78 313.53     - 
22 Fuel 1.76 313.4 315.2     - 

 
The largest value of exergetic destruction for the CCPP, 117.33 MW (80.6%), occurs in the 

combustion chamber, followed by the gas turbine, 21 MW (14.25%), as shown in Figure 9. The least 
exergy destruction occurs in the boiler feed pumps (BFP), 0.9 MW. The reasons for the large exergy 
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destruction rate and low exergetic efficiency in the combustion chamber are unburnt fuels, heat 
losses during the process, and incomplete combustion. The chemical reactions are the most 
important source of exergy destruction in the combustion chamber. Irreversibilities occur because 
heat transfer, friction, and mixing decreases the thermodynamic performance of parameters such as 
exergy efficiency. 
 

 
Fig. 9. Exergy destruction for the each CCPP component 

 
The values the exergetic efficiency indicated in this paper are shown in Figure 10 for various 

components. It is observed that the steam turbine, HRSGs and GTs have high exergetic efficiencies, 
98.2, 97.4, and 93%, and that the condenser, CEP pumps and CCs have the lowest exergetic 
efficiencies, 18.4, 21.3, 71.3%. The plant exergetic efficiency is 46.52%. Compared to the energy 
efficiency of the plant, 48.22%, the exergy efficiency is lower than the energetic efficiency. According 
to the results of the exergy analysis, the combustion chambers, CEP pumps and condenser should be 
designed to reduce exergy destruction and improve exergetic efficiency. Figure 11 shows a 
Grassmann diagram of the gas turbine unit demonstrating the exergy destruction and percentages 
of each component in the unit based on the obtained results. It is notable that about 14 MW of the 
overall fuel exergy is destroyed and rejected to the environment in the exhaust. 

 

 
Fig. 10. Exergy efficiency of various CCPP components 
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Fig. 11. Grassmann diagram of the CCPP 

 
Figure 12 shows a correlation between exergy efficiencies and destruction at the compressor with 

various air temperatures and humidity levels. With increased ambient temperature, the AC exergy 
destruction declines. Elevated air inlet temperatures make air less dense, lowering the mass flowrate 
into the compressor, according to Eq. (13). Since the decreased compressor power is greater than 

the decrease in Ψ̇2 , in addition to a slightly increased Ψ̇1, the compressor exergy destruction 
decreases as ambient air temperature increases. The results reveal that at 60% relative humidity and 
between 15 °C and 35 °C, a temperature difference of 20 °C, there is a 5.2% decrease in compressor 
power. When the intake temperature is 45 °C, the exergy rate of compressed air is reduced to 91.48 
MW and the compressor power decreases to 93.3 MW. Relative humidity has a positive impact on 

the exergy destruction ratio. Ψ̇𝐷.𝐶  decreases with increased relative humidity, especially at higher 
ambient temperatures. Although increased relative humidity makes the ambient air less dense and 
consequently reduces its mass flowrate, it reduces the air temperature leaving the compressor, 
resulting in a reduction of specific compressor work.  

AC exergy efficiency increases with ambient air temperature since the decreased exergy 

destruction Ψ̇𝐷.𝑐 is less than the decrease in Wc. This results in increased efficiency (Eq. (14)). Relative 
humidity has a negative impact on efficiency. The influence of humidity is clear at higher ambient 
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temperatures. The reason is that the exergy rate of compressed air is more affected by ambient air 
humidity than is compressor power. At 30 °C, an increase in relative humidity to 60% results in an 

increased Ψ̇𝐷.𝐶 of 1.43 MW, while  Ẇ𝑐   decreases by 4.2 MW. Consequently the 
Ψ̇𝐷.𝑐

𝑊𝑐
  ratio increases, 

leading to better exergy efficiency. 
 

 
Fig. 12. Exergy efficiency and destruction in the air compressor 

 
Figure 13 demonstrates the temperature dependency of CC exergy destruction. Exergy 

destruction decreases with the ambient air temperature. It decreased by 2.4% with a 20% increase 
in temperature at a constant 60% relative humidity. Additionally, it was found that relative humidity 
has a negative role in decreasing exergy destruction. At a 30 °C ambient air temperature, the exergy 
destruction for 10%, 60% and 90% relative humidity was 106.34 MW, 110.4 MW and 113.07 MW, 
respectively. Increasing the relative humidity at a constant ambient air temperature results in an 
increased fuel mass flowrate. The results revealed that the CC exergy efficiency increases with the 
ambient air temperature for low relative humidities. In contrast, at elevated relative humidities, 
efficiency is reduced at high ambient temperatures due to an increased fuel mass flowrate. 

 

 
Fig. 13. Exergy efficiency and destruction for combustion chamber 
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Figure 14 depicts the dependence of GT exergy destruction and efficiency on ambient 
temperature. An inverse phenomenon is seen when comparing a GT to the compressor and CC.  
Exergy destruction increases with temperature. According to these results, when the air temperature 
increases from 5 to 45 °C, the GT exergy destruction increases by 9.86%. This represents an increase 
of 2214 W. The positive influence of relative humidity can be pronounced as the exergy destruction 
decreases with increasing relative humidity. The results reveal that GT exergy efficiency decreases 
with increased ambient temperature. Figure 15 represents the relation between ST exergetic 
characters with ambient conditions. It was found that increasing ambient temperature has a positive 
effect on efficiency due to reduced exergy destruction.  Relative humidity has a minor influence on 
ST exergetic characteristics. 
 

 
Fig. 14. Exergy efficiency and destruction for gas turbine 

 

 
Fig. 15. Exergy efficiency and destruction for a steam turbine 

 
Figures 16 and 17 clearly depict the influence of ambient air temperature and relative humidity 

on the exergy destruction as well as on the exergy of the top cycle (gas turbine unit) and CCPP. 
According to these results, exergy destruction as well as the exergy efficiency decrease with increased 
ambient temperature. For instance, a 40 °C increase in temperature leads to a decreased exergy 
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destruction of the top cycle, from 157 to 134.4 MW and 352.7 to 307.6 MW for the CCPP. The 
exergetic efficiency of the top cycle is decreased from 31.18% to 25.36% and from 47.13% to 44.74% 
for the CCPP. However, with increased ambient relative humidity, from 10% to 90%, at an ambient 
temperature of 30 °C, exergy destruction increases for the top cycle from 136.1 MW to 140.5 MW 
and from 311.5 MW to 320 MW for the CCPP. 
 

 
Fig. 16. Exergy efficiency and destruction for the gas turbine cycle 

 

 
Fig. 17. Exergy efficiency and destruction for a combined cycle  
thermal power plant 

 
4. Conclusions 
 

Exergy analysis of a CCPP was done with variable inlet air temperatures and relative humidities, 
yielding the following results: 
 

i. With increased air temperature, exergy destruction for an air compressor and combustion 
chamber decreased, but the for the gas turbine, it increased. 
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ii. To decrease high exergy losses in the CC, some changes can be made by modifying the air-
fuel ratio of mixture entering the combustor and achieving ideal combustion by reducing 
excess air. 

iii. Exergy efficiency for an air compressor increases with the inlet air temperature. 
iv. At low relative humidities, the exergy efficiency of the combustion chamber increases with 

ambient air temperature. Additionally, for high relative humidities, the efficiency 
decreases at high ambient temperatures. 

v. The effect of relative humidity is particularly noticeable at high inlet air temperatures. 
vi. The influence of ambient temperature on CCPP performance is greater than that of relative 

humidity. 
vii. Exergy destruction of a CCPP decreases with increased ambient temperature. 

viii. Exergy efficiency of a CCPP decreases as ambient temperature increases. 
Therefore, this type of work offers a remarkable opportunity to study and understand the 

performance of thermal processes through modeling to determine energy and exergy losses. In 
future work, we will analyze the effects of using cooled inlet air. 
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