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A B S T R A C T  
 

One of the most effective ways to generate electricity in the thermal power plant is with a Combined 

Cycle Power Plant (CCPP), which uses both gas and steam turbines to their full potential. This research 

employs energy, exergy, exergoeconomic, and exergoenvironmental analyses to assess the CCPP 

performance. Energy analysis indicates the plant's overall efficiency, while exergy analysis identifies 

losses due to system irreversibilities and proposes methods for enhancement. Exergoeconomic analysis, 

which integrates thermodynamic and economic factors, quantifies the financial impact of exergy losses 

and identifies cost-effective improvement strategies. Reducing emissions of pollutants and greenhouse 

gases is possible through the use of exergoenvironmental analysis. The research examines case studies 

from several CCPPs worldwide, emphasizing how these analytical approaches have led to enhanced 

performance, reduced costs, and environmental benefits. Finally, the paper provides a thorough 

foundation for future research and development in this area by emphasizing the significance of 

integrated analysis in improving the efficiency, economic feasibility, and environmental sustainability 

of CCPPs..

1. INTRODUCTION 

The escalating global demand for energy necessitates the implementation of more appropriate and efficient power 

generation technologies. Enhancing efficiency and minimizing pollutants are essential considerations in the construction 

of power-producing plants. CCPPs can be utilized to generate electricity and thermal energy with better efficiency. CCPPs 

are strategically positioned to address the rising global energy demand, although they can still gain from the optimization 

of mechanical, electrical, and environmental cycles [1]. The primary objective of the researchers is to achieve higher 

thermal efficiencies of the CCPPs to 60% using current technologies [2]. There has been widespread pollution as a result 

of the release of large amounts of waste heat, including emissions from power plants. Therefore, in order to reduce reliance 

on fossil fuels and other environmental concerns, it is critical to use renewable energy sources and recycle waste heat [3]. 

In the present era, it is crucial to utilise existing energy resources efficiently. This is due to the escalating global population 

which is placing excessive demands on energy. Consequently, there is a looming risk of our resources becoming inadequate 

to satisfy this growing need in the near future. The global power demand increased at a rate of about 6% each year, 

according to studies [4]. Energy consumption is a crucial indicator of a country's economic success, with electricity 

production being the primary component of energy usage. Over the past few years, almost 80% of the global electrical 

supply has been derived from power plants that burn fossil fuels [5]. While fossil fuels have become the dominant source 

of energy, they have also become a major contributor to air pollution emissions [6]. 
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h Enthalpy (kJ/kg) 𝜎 Standard deviation 

s Entropy (kJ kg. K)⁄  𝜙 Mass or molar fuel-air ratio 

ĖX Exergy (kW) 𝜋 Dimensionless pressure 

ĖXD
 Exergy destruction (kW) 𝜃 Dimensionless temperature 

ĖXph
 Physical exergy (kW) 𝜓 Atomic ratio 

ĖXch Chemical exergy (kW)   

ĖXmix

ch
 Mixture of chemical exergy (kW)   

Exf Fuel exergy (kJ/ kg) Abbreviations  

ηex  Exergy efficiency CCPP Combined Cycle Power Plant 

X Mole fraction AC Air Compressor 

R Gas constant (kJ kg. K)⁄  CC Combustion Chamber 

ξ Coefficient of fuel chemical exergy GT Gas Turbine 

𝜆 Air-Fuel ratio HRSG Heat Recovery Steam Generation 

LHV Lower heating value (kJ/ kg) ST Steam Turbine 

𝐶𝑝 Heat capacity at constant pressure ( kJ kg. K)⁄  Cond Condenser 

Ċ Cost rate ($/ s) CRF Capital Recovery Factor 

c Cost per unit of exergy ($/ MJ)   

Z𝑘  Component purchase cost ($)   

Ż Capital cost rate ($/s)   

 

Figure (1) illustrates a comparison of thermal efficiency among several power facilities. Various power plants have been 

created, however the majority suffer from low thermodynamic efficiency due to significant heat losses during electricity 

production. Due to its superior thermal efficiency in comparison to power plants with separate steam and gas turbine cycles, 
CCPP has received significant focus. The CCPP is a means of optimizing energy resource utilization. Commonly utilized 

energy sources in CCPP include natural gas, coal, and diesel [7]. Over 70% of CCPP systems utilize a natural gas-fired gas 

turbine [8]. CCPP consists of two primary co-generation cycles. The first cycle, known as topping, involves a gas turbine 

generator. The second cycle, known as bottoming, involves a steam turbine generator [9]. Figure (2) shows a simplified 

diagram of the CCPP. The CCPP is an energy generation system that achieves great efficiency by combining gas and steam 

turbines to generate electricity. This cutting-edge design utilizes the hot exhaust gasses from the gas turbine to generate 

steam, which in turn powers a steam turbine to provide extra electricity. CCPPs achieve markedly superior thermal 

efficiency compared to conventional single-cycle power plants by employing both gas and steam turbines within a single 

cycle. The first step is the air compressor, which draws in air from the surrounding environment and feeds it into the 

machine. Afterward, air will continue to enter the combustion chamber (CC), and fuel will be added to increase the energy 

level. The next step is to feed the combustion gases into the turbine so that they can produce mechanical work. It is very 

important to generate more thermal systems using the excess heat that is released by the exhaust [10]. 

 
Fig. 1. Thermal efficiency comparison among various power plants [11]. 
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The waste heat from the exhaust gas of a gas turbine is captured and reused in a CCPP using a heat recovery steam generator. 

The steam produced is then utilized to power a steam turbine, generating more electricity. This process enhances the overall 

efficiency of the system and reduces pollution. The GT converts the mechanical energy from the combustion of common 

air and fuel into electrical power [12]. Spark ignition is used to ignite the mixture of air and fuel, and the gas that is burned 

is then sent to the turbine.  Power is produced by the generator when the energy from the burned gases is transmitted to the 

turbine's rotor blades, which in turn rotate the generator [13]. The GT performance is highly conditional on ambient 

conditions. Elevation, air temperature, and relative humidity are the three primary factors that often impact ambient 

conditions [14]. Increasing the Turbine Inlet Temperature (TIT) and compressor pressure ratio successfully improved GT 
performance [15]. The combustion chamber of a gas turbine is responsible for producing the maximum amount of exergy, 

which allows the compressor to reduce exergy loss during the cycle by increasing the pressure ratio [16]. The total 

efficiencies of the plant were significantly improved due to the improved performance of the compressor and turbine. 

Alterations to the basic gas turbine cycle, particularly the intercooler, regeneration, and reheating procedures, can 

substantially increase a power plant's ability to generate electricity [17]. More efficient power generation systems that rely 

on renewable energy sources have lately come to the forefront as a means to lessen the impact on the environment by 

decreasing fuel consumption [18]. Renewable energy has been the fastest-growing energy source [19]. In an effort to lessen 

our impact on the environment, a number of studies have concentrated on renewable energy sources [20]. Figure (3) depicts 

the increase in demand for energy and demonstrates the energy supply from several sources. 

 

 
Fig. 2. The diagram illustrating the functioning of the CCPP [21]. 

 

Exergy analysis can be used to discover where system losses happen [22]. The exergy analysis, which utilizes the first and 

second laws of thermodynamics, is a crucial method for examining energy systems. Exergy evaluation is a method that 

quantifies the efficiency and potential work in CCPP components. Additionally, it allows for the specification of the 

system's maximum performance [23]. Power plants and energy-consuming equipment can greatly benefit from combining 

economic and exergy analyses to improve their thermal performance [24]. The primary purpose of analyzing CCPP is to 

reduce the generation of entropy and irreversibility in the cycle, which eventually improves the efficiency of coupled cycles. 

The GT inlet temperature and pressure ratio of the topping cycle are the primary factors that significantly impact the CCPP 
[25].  

Mohammad Reza et al.  [26] Analyzed the inlet air cooling systems for the GT across different climates utilizing energy, 

exergy, exergoeconomic, and exergoenvironmental (4E) assessments. The absorption chiller system and the inlet fogging 

system function best in warm and dry regions, according to the data. The inlet fogging system is not ideal for usage in 

humid regions due to its lower efficiency. The findings indicate that the optimal cooling solution for urban areas with 

elevated temperatures is the absorption chiller, which enhances GT net power by 18%. Reducing emissions of nitrogen 

oxides by 60% is achieved through intake air cooling. Both the input fogging and absorption chiller systems have significant 

upfront expenses due to the need to purify and transmit water for the fogging system, as well as for the thermal recovery 

unit and heat exchanger coils for the absorption chiller system. Based on the results, it is not cost-effective to deploy these 
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systems in cold areas. The low installation and maintenance costs of heat pump systems make them the better choice in 

cold climates. Ersayin and Ozgener [27] analyzed the performance of CCPP based on the principles of the first law and 

second laws of thermodynamics. The analysis relied on the factual data. Analyzed the parameters and calculated the energy 

efficiency of plant components. The findings indicated that the energy efficiency was 56% and exergy efficiency was 

50.04%. Tajik Mansouri et al. [28] examined the impact of HRSG pressure levels on CCPP performance. The results 

showed that by increasing the number of pressure levels in the HRSG, the stack gas exergy and the total exergy destruction 

rate of the entire cycle dropped, while the energy efficiency of the overall system increased. The triple pressure level in the 

HRSG with a reheater increases the exergy efficiency in CCPP [29]. The study conducted by Kumar and colleagues [30] 
examined using the principles of thermodynamics, comparing two pressure levels in HRSG. Moreover, a comparison is 

made between single and dual pressure levels in HRSG. Based on the study, the cycle efficiency and effectiveness of a 

dual-pressure HRSG are greater than those of a single-pressure HRSG.  

Research has been conducted in recent years on the energy, exergy, exergoeconomic, and exergoenvironmental analysis of 

thermal power plants to optimize performance. To better understand combined cycle power plants, this article compiles 

and analyses existing research on the subject. This paper goes over the fundamentals of the various combined cycle power 

plant configurations, how to enhance them, and how to model and simulate them. 

 
Fig. 3. Diverse fuel sources for fulfilling fundamental energy requirements [31]. 

 

2. MODEL ANALYSIS OF COMINED CYCLE POWER PLANT  

A more efficient power production system is offered by the CCPP plant, which utilizes cogeneration technology. This 

technology allows for the simultaneous utilization of electricity and heat from a fuel. The first rule of thermodynamics is 

commonly used in system energy analysis methodology to analyze the process of energy conversion [32]. When evaluating 

a power system's efficiency, energy analysis is thought of as the most cost-effective and practical examination. Nonetheless, 

the subject of advanced thermodynamics, which analyses cycles using energy and exergy and combines the first and second 
laws of thermodynamics, is gaining more attention [33]. A useful tool for a clear variance between external energy losses 

and internal irreversibilities is the analysis that uses the exergy approach [34]. Enhancements in the thermal efficiency of 

power generation units and consumption devices can be substantially realized by integrating exergy analyses with economic 

assessments [35]. In order to determine the efficacy and ecological imprint of CCPP operations, an exergoenvironmental 
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study integrates the concepts of exergy analysis and environmental impact evaluations. The environmental analysis takes 

into account the costs associated with pollution flows in addition to the exergetic in thermal systems [36]. CC has high 

exergy destruction that produces high emissions of nitrogen oxides NOx and carbon monoxide CO2. Improving this 

component's efficiency reduces these emissions. 

 

Point Details 

1 Air enters the compressor 

2 Air leaves the compressor 

3 Air mixed with fuel 

4 Combustion gases leave the gas turbine 

5 Exhaust gases 

6 Steam generation at high-pressure 

7 Steam generation at low-pressure 

8 Steam leaves the steam turbine 

9 Water leaves the condenser 

10 Water leaves the pump 

 
Fig. 4. The sketch of the combined cycle power plant with a capacity of 400MW [37]. 

 

2.1. Energy analysis  

The energy analysis is a technique that can be used to increase power system efficiency and decrease fuel costs [38]. A 

crucial method for assessing a system's efficiency, energy analysis is based on the principle of conservation of energy, the 

first law of thermodynamics [39]. Energy analysis is concerned only with the amount of energy and does not take into 

consideration its quality. Energy in the form of heat, either added to or removed from a system. Work done by or on the 

system, such as the rotation of a turbine's shaft, is an example of mechanical energy. Equation 1 can be used to determine 

the work of the air compressor [40]. 

�̇�𝐴𝐶 = �̇�𝑎(𝐶𝑝𝑎,2𝑇2 − 𝐶𝑝𝑎,1𝑇1 )                                                                            (1) 

where �̇�𝐴𝐶  is the air compressor work, �̇�𝑎 is the air mass flowrate, 𝑇1 is the compressor inlet air temperature, 𝑇2 is the 

compressor outlet air temperature, 𝐶𝑝𝑎,1 is the compressor inlet air specific heat, and 𝐶𝑝𝑎,2 is the compressor outlet air 

specific heat. The specific heat of air can be calculated according to Equation 2 [41]. 

𝐶𝑝𝑎(𝑇) = 1.04841 − (
3.83719 × 𝑇

104
) + (

9.45378 × 𝑇2

107
) − (

5.49031 × 𝑇3

1010
) + (

7.92981 × 𝑇4

1014
)                 (2) 

Equation 3 displays the relationship between the inlet and outlet temperature of the compressor [42]. 
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𝑇2 = 𝑇1 (1 +
1

𝜂𝐴𝐶

((
𝑃2

𝑃1

)

𝑘−1
𝑘

− 1))                                                                                   (3) 

where 𝜂𝐴𝐶 is the air compressor efficiency, 𝑃1 is the compressor inlet air pressure, 𝑃2  is the compressor outlet air 

temperature, and 𝑘 is the specific heat ratio. 

Equation 4 shows the energy balance of the combustion chamber [43]. 

�̇�𝑎𝐶𝑝𝑎,2𝑇2 + �̇�𝑓𝐿𝐻𝑉 + �̇�𝑓 𝐶𝑝𝑓𝑇𝑓 = �̇�𝑔𝐶𝑝𝑔,3𝑇3                                                            (4) 

where �̇�𝑓 is fuel mass flowrate, LHV is the low heating value, 𝐶𝑝𝑓  is the fuel specific heat, 𝑇𝑓 is the fuel temperature, �̇�𝑔 

is the gas mass flowrate, 𝐶𝑝𝑔,3 is the specific heat of the gas at inlet of the GT, and 𝑇3 is the inlet gas temperature of the 

GT.  

Equation 5 can be used to determine the combustion chamber efficiency [44]. 

�̇�𝑎𝐶𝑝𝑎,2𝑇2 + �̇�𝑓𝐿𝐻𝑉 + �̇�𝑓 𝐶𝑝𝑓𝑇𝑓 = �̇�𝑔𝐶𝑝𝑔,3𝑇3 + (1 − 𝜂𝐶𝐶)�̇�𝑓𝐿𝐻𝑉                                         (5) 

�̇�𝑔 = �̇�𝑓 + �̇�𝑎                                                                                        (6) 

where 𝜂𝐶𝐶 represents the efficiency of the combustion chamber. 

Equation 7 can be used to determine the work of the gas turbine [45]. 

�̇�𝐺𝑇 = �̇�𝑔(𝐶𝑝𝑔,3𝑇3 − 𝐶𝑝𝑔,4𝑇4)                                                                           (7) 

where �̇�𝐺𝑇  is the gas turbine work, 𝐶𝑝𝑔,4 is the specific heat of the gas at the outlet of the GT, and 𝑇4 is the outlet gas 

temperature of the GT. 

The specific heat of gas can be calculated according to Equation 8 [46]. 

𝐶𝑝𝑔(𝑇) = 0.991615 + (
6.99703 × 𝑇

105
) + (

2.7129 × 𝑇2

107
) − (

1.22442 × 𝑇3

1010
)                                    (8) 

Equation 9 displays the relationship between the inlet and outlet temperature of the gas turbine [47]. 

𝑇4 = 𝑇3 (1 − 𝜂𝐺𝑇 − 𝜂𝐺𝑇 (
𝑃3

𝑃4

)

1−𝑘
𝑘

)                                                                                (9) 

where 𝜂𝐺𝑇  is the gas turbine efficiency, 𝑃3  is the inlet gas pressure of the gas turbine, and 𝑃4  is the outlet gas temperature 

of the gas turbine. 

Equation 10 can be employed to determine gas turbine net power output [48]. 

�̇�𝑁𝑒𝑡 = �̇�𝐺𝑇 − �̇�𝐴𝐶                                                                                    (10) 

where �̇�𝑁𝑒𝑡  is the net power output of the gas turbine. 

Equation 11 displays the energy balance of the heat recovery steam generation [49]. 

�̇�6(ℎ6 − ℎ10) + �̇�7(ℎ7 − ℎ10) = �̇�𝑔(𝐶𝑝𝑔,4𝑇4 − 𝐶𝑝𝑔,5𝑇5)                                           (11) 

where �̇�6 is the high-pressure steam mass flowrate, ℎ6 is the enthalpy of the high-pressure steam, where �̇�7 is the low-

pressure steam mass flowrate, ℎ7 is the enthalpy of the low-pressure steam, ℎ10 is the water enthalpy, 𝐶𝑝𝑔,5 is the specific 

heat of the flue gases, and 𝑇5 is the flue gas temperature. 

Equation 12 can be employed to determine steam turbine power output [50]. 

�̇�𝑆𝑇 = �̇�6 ℎ6 + �̇�7 ℎ7  − �̇�8 ℎ8                                                                      (12) 

where �̇�𝑆𝑇  is the power generation of the ST, �̇�8 is the total steam mass flowrate, and ℎ8 is the enthalpy of outlet steam of 

the steam turbine. 

Equation 13 can be used to calculate the heat transfer in the condenser [51]. 

�̇�𝑐𝑜𝑛𝑑 = �̇�8(ℎ8 − ℎ9)                                                                               (13) 

where �̇�𝑐𝑜𝑛𝑑  is the condenser heat transfer and ℎ9 is the enthalpy of outlet water of the condenser. 

Equation 14 can be used to calculate the pump work [52]. 

�̇�𝑝𝑢𝑚𝑝 = �̇�𝑊(ℎ10 − ℎ9)                                                                              (14) 

where �̇�𝑝𝑢𝑚𝑝  is the pump work and ℎ10 is the enthalpy of outlet water of the pump. 

Equation 15 and Equation 16 can be used to determine the thermal efficiency of the gas turbine and combined cycle power 

plant, respectively [53]. 

𝜂𝐼,𝐺𝑇 =
�̇�𝑛𝑒𝑡,𝐺𝑇

�̇�𝑓𝐿𝐻𝑉 + �̇�𝑓𝐶𝑝𝑓 𝑇𝑓

                                                                                    (15) 
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𝜂𝐼,𝐶𝐶𝑃𝑃 =
�̇�𝑛𝑒𝑡,𝐺𝑇 + �̇�𝑛𝑒𝑡,𝑆𝑇

�̇�𝑓𝐿𝐻𝑉 + �̇�𝑓 𝐶𝑝𝑓𝑇𝑓

                                                                           (16) 

Where 𝜂𝐼,𝐺𝑇  is the thermal efficiency of the gas turbine and 𝜂𝐼,𝐶𝐶𝑃𝑃 is the thermal efficiency of the combined cycle power 

plant. 

2.2. Exergy analysis  

Exergy analysis has prospered in recent years as an appropriate tool for understanding the methods that improve CCPPs 

performance [54]. Exergy is characterized in four ways. Out of these four categories, physical and chemical exergy are the 

ones that are typically taken into account in exergy analyses [55]. Just like in previous thermodynamic studies of power 

plants, the variables for kinetic exergy and potential exergy are neglected due to the lack of changes in both height and 

velocity [56], [57], [58]. A system's physical exergy is the amount of exergy caused by its temperature and pressure 

differences from its environment [59]. Calculated at a specific ambient temperature and pressure, it measures the maximum 

amount of work that can be extracted from a system as it goes through a physical process until it finds equilibrium with a 

reference environment. By measuring the usable work potential according to the system's physical state concerning its 

surroundings, physical exergy aids in comprehending and improving the efficiency of thermodynamic systems. Chemical 

exergy is the maximum amount of work that a fuel can produce through its chemical reactions until reaches environmental 

equilibrium [60]. Fuels have a greater chemical exergy than their lower heating values due to that exergy takes into 

consideration the irreversibilities of combustion as well as the chemical potential of both reactants and products. The exergy 
balance of the combined cycle power plant can be written as follows [61], [62].  

ĖXheat
− ĖXwork

+ ∑ ĖXi

i

− ∑ ĖXo

o

− ĖXD
= 0                                                            (17) 

∑ (1 −
To

Tn

) Q̇n − Ẇ + ∑ ĖXi

in

− ∑ ĖXo

o

−  ĖXD
= 0                                                         (18) 

Where ĖXheat
 is the exergy transfer by the heat, ĖXwork

 is the exergy transfer by the work, ĖXi
 is the inlet exergy transfer 

by the mass, ĖXo
 is the outlet exergy transfer by the mass, and ĖXD

 is the exergy destruction. It is equal to zero because the 

combined cycle power plant is in a steady state. 

Equation 19 displays the exergy transfer by mass after ignoring kinetic and potential exergy. 

�̇�𝑋 = �̇�𝑋𝑝ℎ
+ �̇�𝑋𝑐ℎ

                                                                                                                                                (19) 

where �̇�𝑋𝑝ℎ
 is the physical exergy and �̇�𝑋𝑐ℎ

 is the chemical exergy. 

The physical exergy can be calculated according to Equation 20 [63]. 

�̇�𝑋𝑝ℎ
= �̇�[(ℎ − ℎ𝑜) − 𝑇𝑜(𝑠 − 𝑠𝑜)]                                                                                                                     (20) 

where �̇� is mass flowrate, ℎ is the enthalpy, ℎ𝑜 is the ambient enthalpy, 𝑇𝑜 is the ambient temperature, 𝑠 is the entropy, 

and 𝑠𝑜 is the ambient entropy. 

The physical exergy of the ideal gases can be calculated according to the following Equation [64]. 

�̇�𝑋𝑝ℎ
= �̇�𝑋

𝑇  + �̇�𝑋
𝑃                                                                                (21) 

�̇�𝑋
𝑇 = 𝑚 ̇ 𝐶𝑃 [(𝑇 − 𝑇𝑜) − 𝑇𝑜 𝑙𝑛

𝑇

𝑇𝑜
]                                                                    (22) 

�̇�𝑋
𝑃 = �̇� 𝑅𝑇𝑜 𝑙𝑛

𝑃

𝑃𝑜
                                                                                (23) 

where �̇�𝑋
𝑇   is the physical exergy under temperature effect, �̇�𝑋

𝑃  is the physical exergy under pressure effect, 𝑇 is the 

temperature, 𝑅 is the gas constant, is the pressure, and 𝑃𝑜  is the ambient pressure. 

The chemical exergy of mixture can be calculated according to Equation 24 [65], [66]. 

�̇�𝑋𝑚𝑖𝑥

𝑐ℎ
= �̇� [∑ 𝑋𝑖

𝑛

𝑖=1

�̇�𝑋

𝑐ℎ𝑖 + 𝑅𝑇𝑜 ∑ 𝑋𝑖

𝑛

𝑖=1

𝐿𝑛𝑋𝑖]                                                               (24) 

where �̇�𝑋𝑚𝑖𝑥

𝑐ℎ
 is the chemical exergy of mixture, 𝑋𝑖 is the molar fraction, and �̇�𝑋

𝑐ℎ𝑖
 is the chemical exergy. 

The combustion gas molar fraction can be measured by employing the following equations [67].  

𝜆 =
0.058 �̇�𝑎

�̇�𝑓

                                                                                                (25) 

𝑋𝑁2
=

7.524 𝜆

1 + 9.6254𝜆 
                                                                                           (26) 
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𝑋𝑂2
=

2 (𝜆 − 1)

1 + 9.6254𝜆 
                                                                                             (27) 

𝑋𝐶𝑂2
=

1 + 0.0028𝜆

1 + 9.6254𝜆 
                                                                                               (28) 

𝑋𝐻2𝑂 =
2.0972

1 + 9.6254𝜆 
                                                                                             (29) 

where 𝜆 is the air-fuel molar ratio. 

Equation 30 displays the ratio rate between the fuel exergy and fuel lower heating value [68]. 

𝜉 =
𝑒𝑋𝑓

𝐿𝐻𝑉𝑓

                                                                                                    (30) 

where 𝜉 is the exergy-lower heating value ratio of the fuel that can be calculated by employing Equations 31 and 32 for a 

chemical formula 𝐶𝑥𝐻𝑦  [69]. While 𝑒𝑋𝑓
 is the specific exergy of the fuel and 𝐿𝐻𝑉𝑓 is the fuel lower heating value. 

Regarding gaseous fuels. Usually close to 1 [70]. 

𝜉 = 1.033 + 0.0169 𝑦 𝑥⁄ − 0.0698 𝑥⁄                                                                      (31) 

Regarding liquid fuels. 

𝜉 = 1.04224 +  0.011925 𝑦 𝑥⁄ − 0.042 𝑥⁄                                                                 (32) 

Equation 33 can be used to calculate the exergy efficiency of GT [71]. 

𝜂𝐼𝐼,𝐺𝑇 =
�̇�𝑛𝑒𝑡,𝐺𝑇

�̇�𝑋𝑓

                                                                                                 (33) 

where 𝜂𝐼𝐼,𝐺𝑇  is the gas turbine exergy efficiency and �̇�𝑋𝑓
 is the fuel exergy.  

Equation 34 can be used to calculate the exergy efficiency of the CCPP [72]. 

𝜂𝐼𝐼,𝐶𝐶𝑃𝑃 =
�̇�𝑛𝑒𝑡,𝐺𝑇 + �̇�𝑛𝑒𝑡,𝑆𝑇

�̇�𝑋𝑓

                                                                                        (34) 

where 𝜂𝐼𝐼,𝐶𝐶𝑃𝑃  is the combined cycle power plant exergy efficiency. 

The fuel exergy rate and product exergy rate for each component are detailed in Table 1. All components' heat transfer to 

the surrounding environment was ignored except the condenser because the heat transfer from the condenser to the 

environment is very high compared to other components and can not be ignored. 

TABLE I. THE FUEL AND PRODUCT EXERGY OF EACH COMPONENT 

Component Fuel Exergy Rate (kW) Product Exergy Rate (kW) 

Air Compressor �̇�𝐴𝐶  �̇�𝑥2 − �̇�𝑥1 

Combustion Chamber �̇�𝑥2 + �̇�𝑥𝑓 �̇�𝑥3 

Gas Turbine �̇�𝑥3 − �̇�𝑥4 �̇�𝐺𝑇  

Heat Recovery Steam Generator �̇�𝑥4 − �̇�𝑥5 �̇�𝑥6 + �̇�𝑥7 − �̇�𝑥10 

Steam Turbine �̇�𝑥6 + �̇�𝑥7 − �̇�𝑥8 �̇�𝑆𝑇  

Condenser �̇�𝑥8 + �̇�𝐹  �̇�𝑥9 + �̇�𝑋,ℎ𝑒𝑎𝑡  

Pump �̇�𝑃𝑢𝑚𝑝 �̇�𝑥10 − �̇�𝑥9 

 

The exergy destruction and exergy efficiency of each component can be found in the following equations [73]. 

• Air compressor  

Equation 35can be used to calculate the exergy destruction of the air compressor while Equation 36 can be used to calculate 

the exergy efficiency of the AC. 

�̇�𝑋𝐷
= �̇�𝑥1 + �̇�𝐴𝐶 − �̇�𝑥2                                                                                  (35) 

𝜂𝐼𝐼 =
�̇�𝑥2 − �̇�𝑥1

�̇�𝐴𝐶

                                                                                                   (36) 

• Combustion Chamber  

Equations 37 and 38 can be used to determine the exergy destruction and exergy efficiency of the CC, respectively.     

�̇�𝑋𝐷
= �̇�𝑥2 + �̇�𝑥𝑓 − �̇�𝑥3                                                                                (37) 
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𝜂𝐼𝐼 =
�̇�𝑥3

�̇�𝑥2 + �̇�𝑥𝑓

                                                                                                    (38) 

• Gas turbine  

The exergy destruction and exergy efficiency for the GT can be determined by using Equations 39 and 40, respectively.  

�̇�𝑋𝐷
= �̇�𝑥3 − �̇�𝑥4 − �̇�𝐺𝑇                                                                                  (39) 

𝜂𝐼𝐼 =
�̇�𝐺𝑇

�̇�𝑥3 − �̇�𝑥4

                                                                                                   (40) 

• Heat recovery steam generation 

Equations 41 and 42 can be used to determine the exergy destruction and exergy efficiency of the HRSG, respectively.     

�̇�𝑋𝐷
= �̇�𝑥4 + �̇�𝑥10 − �̇�𝑥5 − �̇�𝑥6 − �̇�𝑥7                                                                     (41) 

𝜂𝐼𝐼 =
�̇�𝑥6 + �̇�𝑥7 − �̇�𝑥10

�̇�𝑥4 − �̇�𝑥5

                                                                                            (42) 

• Steam Turbine  

The exergy destruction and exergy efficiency for the ST can be determined by using Equations 43 and 44, respectively.  

�̇�𝑋𝐷
= �̇�𝑥6 + �̇�𝑥7 − �̇�𝑥8 − �̇�𝑆𝑇                                                                          (43) 

𝜂𝐼𝐼 =
�̇�𝑆𝑇

�̇�𝑥6 + �̇�𝑥7 − �̇�𝑥8

                                                                                   (44) 

• Condenser  

Equations 45 and 46 can be used to determine the exergy destruction and exergy efficiency of the condenser, respectively.     

�̇�𝑋𝐷
= �̇�𝑥8 + �̇�𝐹 − �̇�𝑥9 − �̇�𝑋ℎ𝑒𝑎𝑡

                                                                     (45) 

𝜂𝐼𝐼 =
�̇�𝑥9 + �̇�𝑋ℎ𝑒𝑎𝑡

�̇�𝑥8 + �̇�𝐹

                                                                                      (46) 

• Pump  

Equations 47 and 48 can be used to calculate the exergy destruction and exergy efficiency of the pump, respectively.     

�̇�𝑋𝐷
= �̇�𝑥9 + �̇�𝑃𝑢𝑚𝑝 − �̇�𝑥10                                                                      (47) 

𝜂𝐼𝐼 =
�̇�𝑥10 − �̇�𝑥9

�̇�𝑃𝑢𝑚𝑝

                                                                                         (48) 

2.3. Exergoeconomic Analysis 

The cost-effectiveness and performance of the CCPP can be assessed by an exergoeconomic study, which integrates exergy 

and economic evaluations. Exergoeconomic analysis facilitates systems to reduce costs associated with exergy destruction. 

In order to do the exergoeconomic analysis, the specific exergy costing approach is utilized [74]. It entails determining the 

system's exergy rates at each state point [75]. Finding the system-wide cost equilibrium is an essential part of 

exergoeconomic analysis. Here is the fundamental equation utilized in exergoeconomics to determine the cost equilibrium 

of each system component [76], [77], [78]. 
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∑ Ċo,k

outlet

+ Ċwork,k = Ċheat,k + ∑ Ċi,k

inlet

+ Żk                                                                     (49) 

∑(coĖxo
)

k
+ cw,kẆk = cq,kĖxq,k

+ ∑(ciĖxi
)

k
+ Żk                                                               (50) 

where Ċ is the cost rate, c is the cost per exergy, and Ż is the total cost of capital investment plus the cost of operation and 

maintenance and can be calculated by employing Equation 51. 

Żk = �̇�𝑘
𝐶𝐼 + �̇�𝑘

𝑂𝑀                                                                                                  (51) 

where �̇�𝑘
𝐶𝐼 is the capital investment cost and can be calculated according to Equation 52 while �̇�𝑘

𝑂𝑀  is the operating and 

maintenance cost can be calculated according to Equation 53. 

�̇�𝑘
𝐶𝐼 = (

𝐶𝑅𝐹

𝜏
) . 𝑍𝑘                                                                                                (52) 

�̇�𝑘
𝑂𝑀 =

𝛾𝑘 × 𝑍𝑘

𝜏
                                                                                                 (53) 

where 𝐶𝑅𝐹  is the capital recovery factor and can be calculated by employing Equation 54 [79] and 𝑍 is the purchase cost. 

While 𝜏 is the plant operation time in the year and 𝛾 is the maintenance factor. 

CRF =
i(i + 1)n

(i + 1)n − 1
                                                                                              (54) 

where i is the interest rate and n is the total number of years that the system is operational. 

Equation 55 can be used to determine the cost destruction [80]. 

�̇�𝐷,𝑘 = 𝑐𝑓,𝑘�̇�𝐷,𝑘                                                                                      (55) 

𝑐𝑓,𝑘 =
�̇�𝑓,𝑘

�̇�𝑓,𝑘

                                                                                                    (56) 

where �̇�𝐷,𝑘  is the cost destruction and 𝑐𝑓  is the fuel cost per exergy. While �̇�𝑓,𝑘  and �̇�𝑓,𝑘  is the fuel cost rate and fuel exergy 

rate of the components, respectively. 

Equation 57 can be used to determine the exergoeconomic factor [81]. 

𝑓𝑘 =
�̇�𝑘

�̇�𝑘 + �̇�𝐷,𝑘

                                                                                                                                                                      (57) 

where 𝑓𝑘 is the exergoeconomic factor. 

The purchasing equipment cost can be calculated as the following formula [82], [83], [84]. 

• Air compressor  

The purchase cost of the AC can be calculated by employing Equation 58. 

ZAC = 44.71 × �̇�𝑎 ×
1

0.95 − 𝜂𝐴𝐶

×
𝑃2

𝑃1

× ln (
𝑃2

𝑃1

)                                                                                                         (58) 

• Combustion chamber 

The purchase cost of the CC can be calculated according to Equation 59. 

ZCC = 28.98 × �̇�𝑎 × (1 + 𝑒0.015(𝑇3−1540𝐾 ))                                                                                                                 (59)  

• Gas turbine 

The purchase cost of the GT can be calculated by employing Equation 60. 

ZGT = 301.45 × �̇�𝑔 ×
1

0.94 − 𝜂𝐺𝑇

× ln (
𝑃3

𝑃4

) × (1 + 𝑒0.025(𝑇3−1540𝐾))                                                                  (60)  

• Heat recovery steam generator 

The purchase cost of the HRSG can be calculated according to Equations 61-67. 

ZHRSG = 4131.8 × ∑ 𝑓𝑝,𝑖

𝑖

× 𝑓𝑇,𝑆𝑡𝑒𝑎𝑚,𝑖 × 𝑓𝑇,𝐺𝑎𝑠,𝑖 × (
�̇�𝑖

𝐿𝑀𝑇𝐷𝑖

)

0.8

+ 13380 × ∑ 𝑓𝑝,𝑗

𝑗

× �̇�𝑠𝑡𝑒𝑎𝑚,𝑗

+ 1489.7
× (�̇�𝑔𝑎𝑠)1.2                                                                                                                                                 (61) 
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𝑓𝑝,𝑖 = 0.0971 ×
𝑃𝑖

3 𝑀𝑃𝑎
+ 0.9029                                                                              (62) 

fT,Steam,i = 1 + e(
Tout,s,i−830K

500K
)                                                                                    (63) 

fT,Gas,i = 1 + e(
Tout,g,i−990K

500K
)                                                                                           (64) 

𝐿𝑀𝑇𝐷𝐻𝑃 =
(𝑇4 − 𝑇6) − (𝑇𝑔2

𝐻𝑃 − 𝑇10 )

𝑙𝑛 (
(𝑇4 − 𝑇6)

(𝑇𝑔2
𝐻𝑃 − 𝑇10)

)

                                                                             (65) 

𝐿𝑀𝑇𝐷𝐿𝑃 =
(𝑇𝑔2

𝐻𝑃 − 𝑇7) − (𝑇5 − 𝑇10)

𝑙𝑛 (
(𝑇𝑔2

𝐻𝑃 − 𝑇7)

(𝑇5 − 𝑇10)
)

                                                                         (66) 

𝑇𝑔2
𝐻𝑃 = 𝑇𝑔1 −

�̇�𝑠,𝐻𝑃 × (ℎ𝑠,𝑒𝑥𝑖𝑡
𝐻𝑃 − ℎ𝑠,𝑖𝑛

𝐻𝑃 )

�̇�𝑔 × 𝐶𝑝𝑔

                                                                            (67) 

where 𝑓𝑝,𝑖  is the Conversion factor of gas pressure, fT,Steam,i is the conversion factor for outlet steam temperature, fT,Gas,i is 

the conversion factor for outlet gas temperature, �̇�𝑖  is the heat transfer rate of HRSG, and 𝐿𝑀𝑇𝐷𝑖 is the logarithmic mean 

temperature difference.  

• Steam turbine 

The purchase cost of the ST can be calculated by employing Equation 68. 

ZST = 3880.5 × �̇�𝑆𝑇

0.7
× (1 + (

1 − 0.95

1 − 𝜂𝑆𝑇

)3) × (1 + 5 × 𝑒(
𝑇𝑖𝑛−866𝐾

10.42𝐾
))                                       (68) 

• Condenser 

The purchase cost of the condenser can be calculated by employing Equation 69 [85]. 

ZCond = 1773 × �̇�8                                                                                               (69) 

• Pump 

The pump purchase cost can be calculated by employing Equation 70 [86]. 

ZPump = 3540 × �̇�𝑃𝑢𝑚𝑝

0.71
                                                                           (70) 

The exergy cost balance of CCPP components is displayed in Table 2 [87]. 

TABLE II. THE EXERGY COST BALANCE OF EACH COMPONENT. 

Component Cost Balance Auxiliary Equation 

Air Compressor �̇�1 + �̇�𝐴𝐶 + �̇�𝑊,𝐴𝐶 = �̇�2 𝑐1 = 0 

𝑐𝑊,𝐴𝐶 = 𝑐𝑊,𝐺𝑇  

Combustion Chamber �̇�2 + �̇�𝐹 + �̇�𝐶𝐶 = �̇�3 𝑐2 = 𝑐3 

Gas Turbine �̇�3 + �̇�𝐺𝑇 = �̇�4 + �̇�𝑊,𝐺𝑇  𝑐3 = 𝑐4 

Heat Recovery Steam Generator �̇�4 + �̇�10 + �̇�𝐻𝑅𝑆𝐺 = �̇�5 + �̇�6 + �̇�7 𝑐4 = 𝑐5 

Steam Turbine �̇�6 + �̇�7 + �̇�𝑆𝑇 = �̇�8 + �̇�𝑊,𝑆𝑇  𝑐6 + 𝑐7  = 𝑐8  

Condenser �̇�8 + �̇�𝑊,𝐹 + �̇�𝐶𝑜𝑛𝑑 = �̇�9 + �̇�𝐻𝑒𝑎𝑡,𝐶𝑜𝑛𝑑  𝑐8 = 𝑐9 

Pump �̇�9 + �̇�𝑃𝑢𝑚𝑝 + �̇�𝑊,𝑃𝑢𝑚𝑝 = �̇�10 − 

 

2.4. Exergoenvironmental Analysis 

The combustion reaction, which is dependent on many characteristics, including the adiabatic flame temperature, is 

responsible for the quantity of CO and NOx emissions in the CC. Finding the adiabatic flame temperature in the CC is the 

first step in calculating the pollutant emission rate. The following equation can be used to compute the adiabatic flame 

temperature [88]. 

𝑇𝑃𝑍 = 𝐴𝜎𝛼 exp(𝛽(𝜎 + 𝜆)2) 𝜋 𝑥∗
𝜃𝑦∗

𝜓𝑧∗
                                                               (71) 
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where 𝑇𝑃𝑍  is the flame temperature, 𝜎 is the standard deviation defined based on the mass or molar fuel-air ratio (𝜙), 𝜋 is 

the dimensionless pressure (𝑃2 𝑃𝑜⁄ ), 𝜃 is the dimensionless temperature (𝑇2 𝑇𝑜⁄ ), and 𝜓 is the atomic ratio (𝜓 = 4).  

𝜎 = {
𝜙,                    𝜙 < 1
𝜙 − 0.7, 𝜙 ≥ 1

                                                                                             (72) 

In addition, the following equations establish x, y, and z as quadric functions of 𝜎: 

𝑥∗ = 𝑎1 + 𝑏1𝜎 + 𝑐1𝜎2                                                                                          (73)       

𝑦∗ = 𝑎2 + 𝑏2𝜎 + 𝑐2𝜎2                                                                                           (74)   

𝑧∗ = 𝑎3 + 𝑏3𝜎 + 𝑐3𝜎2                                                                                           (75)      

where A, α, β, λ, a, b, and c are constant parameters. The pollutant emissions (𝑔 𝑘𝑔 𝑜𝑓 𝑓𝑢𝑒𝑙⁄ ) are delineated as follows 

[89]: 

𝑚𝑁𝑂𝑥 =
0.15 × 1016 × 𝜏0.5 × exp (−71100 𝑇𝑃𝑍⁄ )

𝑃2
0.05 × (𝛥𝑃2 𝑃2⁄ )0.5

                                                                (76) 

𝑚𝐶𝑂 =
0.179 × 109 × exp (7800 𝑇𝑃𝑍⁄ )

𝑃2
2 × 𝜏 × (𝛥𝑃2 𝑃2⁄ )0.5

                                                                           (77) 

𝑚𝑈𝐻𝐶 =
0.755 × 1011 × exp (9756 𝑇𝑃𝑍⁄ )

𝑃2
2.3 × 𝜏0.1 × (𝛥𝑃2 𝑃2⁄ )0.6

                                                                         (78) 

where 𝑚𝑁𝑂𝑥  represents the nitrogen oxide emissions, 𝑚𝐶𝑂 is the carbon monoxide emissions, and 𝑚𝑈𝐻𝐶  is the unburned 

hydrocarbon. While 𝜏 represents the amount of time spent in the combustion zone (𝜏 = 0.002 𝑠𝑒𝑐) and 𝛥𝑃2 𝑃2⁄  represents 
the nondimensional pressure drop in the CC is equal to (0.05). 

Equation 79 can be utilised to get the overall cost of CCPP [90]. 

�̇�𝑇𝑜𝑡 = �̇�𝑓 + ∑ �̇�𝑘
𝑘

+ �̇�𝐷 + �̇�𝑒𝑛𝑣                                                                                  (79) 

�̇�𝑒𝑛𝑣 = 𝐶𝑁𝑂𝑥 �̇�𝑁𝑂𝑥 + 𝐶𝐶𝑂�̇�𝐶𝑂                                                                                      (80) 

�̇�𝑓 = 𝑐𝑓 �̇�𝑓 × 𝐿𝐻𝑉                                                                                       (81) 

where �̇�𝑒𝑛𝑣   is the environmental impact cost, 𝐶𝑁𝑂𝑥 and 𝐶𝐶𝑂 are damage cost equal 6.853 $/𝑘𝑔𝑁𝑂𝑥  and 0.02086 $/𝑘𝑔𝐶𝑂, 

respectively [91]. 

TABLE III. CONSTANTS FOR EQUATION (71,73–75) [92]. 

Constants 𝟎. 𝟑 ≤ 𝝋 ≤ 𝟏. 𝟎   𝟏. 𝟎 < 𝝋 ≤ 𝟏. 𝟔  

 0.92 ≤ 𝜃 < 2 2 ≤ 𝜃 ≤ 3.2  0.92 ≤ 𝜃 < 2 2 ≤ 𝜃 ≤ 3.2 

A 2361.7644 2315.752  916.8261 1246.1778 

α 0.1157 −0.0493  0.2885 0.3819 

β −0.9489 −1.1141  0.1456 0.3479 

λ −1.0976 −1.1807  −3.2771 −2.0365 

a1  0.0143 0.0106  0.0311 0.0361 

b1 −0.0553 −0.045  −0.078 −0.085 

c1 0.0526 0.0482  0.0497 0.0517 

a2 0.3955 0.5688  0.0254 0.0097 

b2 −0.4417 −0.55  0.2602 0.502 

c2 0.141 0.1319  −0.1318 −0.2471 

a3 0.0052 0.0108  0.0042 0.017 

b3 −0.1289 −0.1291  −0.1781 −0.1894 

c3 0.0827 0.0848  0.098 0.1037 

 

3. RESULTS AND DISCUSSION  

To meet the increasing worldwide demand for energy while reducing negative impacts on the environment, CCPPs are 

needed. By reusing the gas turbine's waste heat to generate more electricity, these systems which incorporate both gas and 

steam turbine cycles are able to outperform traditional thermal power plants in terms of efficiency. The versatility and 

efficiency of CCPPs in satisfying energy demands while minimizing environmental effects have earned them widespread 

recognition. A thorough comprehension of the thermodynamic performance of these systems can be gained from energy 

and exergy evaluations, which emphasize the importance of reducing exergy destruction in critical components including 

gas turbines, HRSG, and steam turbines. In order to find inefficiencies that are costly and to guide improvements in design 
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that are cost-effective, exergoeconomic analysis combines exergy insights with economic factors. In addition, by assessing 

the emissions and resource depletion linked to exergy degradation, the new discipline of exergoenvironmental analysis fills 

the void between thermodynamic performance and environmental considerations. Energy efficiency, cost-effectiveness, 

and environmental sustainability can be achieved by optimisingoptimizing the design and operation of CCPPs through the 

systematic combination of these approaches. This review compiles the most recent findings, approaches, and case studies, 

highlighting how they all work together to make current power plants more efficient and environmentally friendly. Table 

4 presents the most recent research studies on this subject. 

 

TABLE IV.  RECENT SCIENTIFIC INVESTIGATIONS CONCERNING THE CCPP.  

Refs Energy 

Analysis 

Exergy 

Analysis 

Exergoeconomic 

Analysis 

Exergoenvironmental 

Analysis 

Findings and Accomplishments 

[93]      The CC was the main contributor to 

exergy destruction. 

 

[94]     The CC exergy efficiency increases 

when the AC ratio increases. 

 

[95]     The total efficiency and overall power 

output improve as the compression ratio 

rises. 

 

[96]     The GT performance is influenced by 

the fuel's LHV. A higher LHV indicates 

better performance. 

 

[97]     Temperature has a greater effect on GT 

performance than relative humidity. 

Exhaust gas energy loss and fuel usage 

both decrease with rising ambient 

temperature. 

 

[98]     Regenerative systems are the optimal 

choice for reducing exergy losses from 

exhaust gases. 

 

[99]     Using exhaust gas to heat the inlet fuel 

improved the CCPP performance. 

 

[100]     The GT power generation decreases by 

0.5 to 0.9% for every 1°C increase in air 

temperature. 

 

[101]     Solar energy was used as a preheater for 

air compressors to save 64% of fuel. 

 

[102]     Flue gas was used in the absorption 

cooling system to cool inlet air and 

solar energy to increase the steam 

temperature in HRSG to increase CCPP 

thermal energy from 48.96% to 51.5%. 

 

[103]     Used cascaded waste heat recovery 

from GT to increase the 

thermal efficiency from 28.5% to 

41.3%. 

 

[104]     The solar energy was used for air 

compressor heating that enters the CC 

in CCPP to improve the GT thermal 

efficiency from 28.4% to 76.5%. 

 

[105]     Reheating makes the ideal compression 

ratio for compressors, which maximizes 

exergy efficiency. Optimal compressor 

compression ratios are 10 for systems 

without reheat, 14 for systems with one 
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stage of reheat, and 20 for systems with 

two stages of reheat. 

 

[106]     Integrated solar collectors with CCPP 

increase power plant exergy efficiency 

by 17.34% and thermal efficiency by 

17.96% with the total unit cost of 

production being 12.39 $/MWh. 

 

[107]     The GT output power increases by 6-

12% for every 10°C drop in intake air 

temperature. 

 

[108]     Compared to exergy efficiency, thermal 

efficiency was higher. 

 

 

[109]     The incorporation of vapor compression 

cooling with a GT to cool the intake air 

compressor enhances the efficiency of 

the plant by 4.88% and increases the 

plant's work production by 14.77%. 

 

[110]     Cooling the inlet air from 23℃ to 8℃ 

increased the CCPP power output by 

24.2MW. 

 

[111]     Evaporative cooling systems entail 

substantially cheaper initial installation 

costs compared to vapor compression 

cooling systems. However, evaporative 

systems have more repair and 

maintenance expenses. 

 

[112]     The inlet air cooling system was 

discovered to enhance the system and 

raise the GT power output by more than 

7%. 

 

[113]     The chiller system's yearly GT output 

power is 117,027 MWh, incurring an 

annual cost of $7,624,548.90. The 

yearly power augmentation from GT 

employing evaporative cooling is 

86,118 MWh, incurring a total annual 

expenditure of $1,524,779.70. 

Evaporative cooling is a cost-effective, 

low-maintenance, low-electricity-

consumption. 

 

[114]     The reheating system significantly 

influences the minimization of exergy 

losses in steam turbines, with triple-

pressure HRSG accounting for only 

approximately 2.58% of the total exergy 

loss rate. 

 

[115]     The linear parabolic solar collectors 

were used to preheat compressed air 

before it was delivered into the CC. 

This resulted in a 22% decrease in fossil 

fuel usage. 

 

[47]     Enhancing the total exergy efficiency 

from 56.8% to 57.3%. In addition, the 

CC was the primary source of exergy 

destruction and cost destruction. 
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[116]     The exergy destruction of the CC 

decreases with an increase in the GT 

inlet temperature. 

 

[117]     The augmentation of pressure ratio and 

isentropic efficiency in air compressor, 

along with enhanced GT efficiency, 

improves the thermodynamic 

performance of the system. The CC, 

HRSG, and GT exhibit the greatest total 

cost rate. These components are the 

most critical elements of 

exergoeconomic analysis. 

 

[118]     The findings indicated that 60.9% of the 

overall exergy destruction transpires in 

the CC, which serves as the primary 

source of exergy destruction inside the 

system. 

 

[119]     The CC has the highest exergy 

destruction rate, accounting for 77.61% 

of the plant's total exergy destruction 

rate. 

 

[120]     The CC was the primary source of cost 

destruction. 

 

[121]     The CC was the primary source of 

exergy destruction and cost destruction. 

 

[122]     The total exergy destruction in all 

components decreased by 2% after 

installing the intercooler cycle. 

 

[123]     Regenerative CCPP is more efficient 

than simple CCPP. The optimum 

thermal efficiency of regenerative 

CCPP is 58.2% while for simple CCPP 

is 56.6%. 

 

[124]     Improved the CCPP performance by 

integrating it with the solar collector. 

 

[125]     The heat transfer losses in the HRSG 

and the flue gas exhaust to the stack in a 

triple-pressure less than those of the 

double-pressure. The CCPP exergy 

efficiency was enhanced by 1.05% 

when triple-pressure reheat was 

employed. The triple-pressure reheat in 

steam generation elevates the overall 

costs of the plant by 6%. 

 

[126]     The net power output rose from 167.3 

MW to 258.2 MW following the 

incorporation of the steam turbine and 

organic turbine with the GT. 

 

[127]     The CC performed the highest exergy 

destruction and cost destruction. The 

GT produced exhaust emissions of 0.21 

kg/s, requiring a forested area of 

116,300 m2. 

 

[128]     Multi-objective optimization results 

demonstrate a 10.6% enhancement in 

the overall exergy destruction rate and 

an 8.3% reduction in CO2 emissions. 
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[129]     The CC was the primary source of cost 

destruction . To enhance the 

environmental efficiency of CCPP, 

exergy destruction in the CC and ST 

must be minimized. 

 

[130]     Increasing compressor pressure ratios 

from 6 to 16 enhances GT exergy 

efficiency by around 11% in the CCPP. 

   

[131]     By adding an absorption chiller to dual-

cool the intake air and turbine coolant, 

the CCPP power generation was 

increased by 8.2%. 

 

[132]     Adding a solar concentrator with an 

area of 2010 m2 in CCPP  increased the 

total power output from 293.6 to 325.3 

MW. 

 

[133]     Applying the optimal values improved 

exergy efficiency by around 6% and 

decreased CO2 emissions by about 

5.63%. 

 

[134]     With multi-objective optimization, the 

energy efficiency and exergy efficiency 

of the power plant are enhanced by 

8.12% and 10%, respectively while 

reducing the cost rate and emissions. 

 

[135]     Improved GT performance in two 

stages. Firstly, the air preheat was used 

with a bottom Brayton cycle to improve 

the GT efficiency from 30.76% to 

38.83% with a total destruction cost of 

58.17 $/h. In the second stage, the hot 

water unit, thermoelectric generator, 

and absorption chiller were integrated 

with a bottom Brayton cycle to improve 

the GT efficiency from 30.76% to 

40.77% with a total destruction cost of 

49.1 $/h. However, emissions were 

reduced by optimizing efficiency and 

minimizing waste. 

 

[136]     The proposed numerical model utilizing 

the Broyden Fletcher Goldfarb Shanno 

algorithm improves efficiency by 

simulating diverse operating scenarios, 

the resulting increase in power output 

from 452 to 462.1 MW through the 

optimization of environmental factors. 

 

[137]     Increasing thermal efficiency of CCPP 

from 47.26% to 61.1% that incorporated 

with air-cooling system and preheater 

operated by solar energy. 

 

[138]     The solid oxide fuel cell and 

thermoelectric generator were 

integrated with the steam turbine. The 

overall energy efficiency attained is 

62.54%, and CO emissions are 

substantially reduced. 
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4. CONCLUSIONS 

An integrated strategy encompassing energy, exergy, exergoeconomic, and exergoenvironmental evaluations is essential 

for the efficient functioning and sustainability of CCPPs. Energy analysis is a fundamental technique for assessing system 

performance and identifying areas with persistent energy losses and exergy analysis advances the comprehension of energy 

utilization by identifying methods to diminish entropy generation and enhance system efficiency. Exergoeconomic analysis 

is essential for quantifying the financial impact of exergy destruction and providing a cost-benefit assessment for improving 
plant efficiency. This method allows for improved budgeting of power plant improvements by quantifying energy losses 

in monetary terms. Evaluating and mitigating the environmental impacts of CCPPs, particularly concerning pollutant 

discharge and greenhouse gas emissions, necessitates an exergoenvironmental analysis. This approach is beneficial for 

formulating long-term energy strategies as it ensures that efficiency enhancements align with environmental regulations. 

There have been great advances in CCPP performance, but there are still obstacles to overcome, especially with regard to 

lowering exergy destruction and increasing economic feasibility. A number of important approaches should be thought 

about in order to improve the effectiveness and longevity of CCPPs. To optimize the utilization of waste heat, advanced 

energy recovery systems are integrated. These systems include organic Rankine cycles, phase-change materials, and high-

efficiency heat recovery steam generators. Combining power generation from fossil fuels with renewable energy sources 

like solar thermal, biomass, or hydrogen results in a smaller carbon footprint and less fuel use. The integration of these 

analytical techniques provides a comprehensive strategy for improving the operational efficiency, economic feasibility, 

and environmental sustainability of CCPPs, leading to future energy generation that is less harmful to the environment.  
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