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Abstract— Exergoeconomic is one of the best effective tools to 

find the best solutions for optimization of thermal systems. In this 
paper, operating parameters of a gas turbine power plant that 
produces 140 MW of electricity is determined by using 
exergoeconomic principles to optimize by genetic and PSO 
algorithm. Evolutionary algorithms such as genetic algorithm (GA) 
and particle swarm optimization (PSO) are applied to minimize the 
cost function and optimally adjusting five design parameters. 
Comparison results exhibit among the PSO algorithm, genetic 
algorithm and the base case. Simulated results indicate that 
application of GA method leads to better results in terms of cost per 
unit. 
 

Keywords— Gas turbine, Particle swarm optimization (PSO), 
Genetic Algorithm (GA), exergy.  

I. INTRODUCTION 

HIS research use Exergy analysis, a method that uses 
the conservation of mass and conservation of energy 

principles together with the second law of thermodynamics for 
the design and analysis of thermal systems[1]. The method 
that we use to evaluate power plant is an exergy analysis that 
is particularly suited for improving the efficiency of a 
component. The results help to have a comprehensive view to 
a power plant for design. This information can be used to 
improve thermal systems, guide efforts to reduce sources of 
inefficiency in existing systems, and evaluate system 
economics. Exergy  is  defined  as  the  maximum theoretical 
useful work obtained if a system S is brought into 
thermodynamic equilibrium with the environment by means of 
processes in  which  the  S  interacts  only  with  this 
environment. 

The gas turbine cycle is still a preferred topic for exergy 
analysis.  Several  papers  continue  to appear  in  archival  
publications,  confirming the  idea  that  the  Brayton  cycle  
(especially with  the  most  recent  advances  in  materials and 
blade cooling technology) will see some breakthrough in the 
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near future. Chambadal Int. J. of Thermodynamics, Vol. 10 
(No. 1)  14 (1965a,b),  Gasparovic  &  Stapersma  (1973), 
Bandura  (1974),  Vivarelli  et  al.  (1976a,b), Harvey  &  
Richter  (1994),  Pak  &  Suzuki (1997),  Fiaschi  &  Manfrida  
(1998a,b), Abdallah  et  al.  (1999),  Di  Maria  & Mastroianni  
(1999),  Falcetta  &  Sciubba (1999),  Lombardi  (2001),  
Zheng  et  al. (2001),  Alves  &  Nebra  (2002),  Jin  et  al. 
(2002),  Song  et  al.  (2002),  Aronis  & Leithner  (2003),  
Ishida  (2003),  Kopac  & Zemher  (2004)  (steam-injected  
GT),  Sue & Chuang (2004) all dealt with both global and 
local  aspects  of  the  problem,  and  some  of the  works  
explicitly  addressed  transient operation regimes.  

In recent years, there has been a growing emphasis on 
optimization of systems of energy to decrease energy demand. 
At the very least, several workable designs should be 
generated and the final design, which minimizes or maximizes 
an appropriately chosen quantity, selected from these. In 
general, many parameters affect the performance and cost of a 
system. Therefore, if the parameters are varied, an optimum 
can often be obtained in quantities such as power per unit fuel 
input, cost, efficiency, energy consumption per unit output, 
and other features of the system. It is obvious that the first 
step in optimization of the power plant can find a way of 
increasing efficiency and decreasing consumption of fuel. 
When we conserve energy resources, our nation can enjoy 
cleaner air and a healthier environment, and we can help 
protect the climate by reducing greenhouse gases.  

For approaching to these aims, we can use thermo-
economic that is a branch of engineering that combines exergy 
analysis and economic principles to provide a design 
evaluation to optimize a thermal system based on a set of 
variables calculated for each component of the system. We 
can consider thermodynamics as exergy-aided cost 
minimization and consumption of energy. 
The method that we use to evaluate power plant is an exergy 
analysis that is particularly suited for improving the efficiency 
of a component. The results help to have a comprehensive 
view to a power plant for design. This information can be 
used to improve thermal systems, guide efforts to reduce 
sources of inefficiency in existing systems, and evaluate 
system economics. 
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II. THE DESCRIPTION OF CYCLE 

Figure 1 shows the schematic diagram of a gas-turbine plant 
and the exergy flows and the state points which was accounted 
for in this analysis[2]. All parameters have calculated based 
on the values of measured properties such as pressure, 
temperature and mass flow rate at various points in the gas 
turbine on ISO condition by THERMOFLEX software [2]. To 
find the optimum physical and thermal design parameters of 
the system, a simulation program is developed in 
THERMOFLEX software. To use realistic variables for the 
simulation  of  the  gas  turbine  system,  the  software  
THERMOFLEX has  been  used. From the available GT 
library, the Siemens gas turbine; with net power of 140 MW 
was chosen. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Table 1 Power plant specifications 
10.27 Compressor pressure ratio 

 ٪85  Base case efficiency of the compressor 

 ٪88 Base case efficiency of the turbine  

٪75 The effectiveness of the air preheater  

 ٪4  Pressure drop in the air preheater 

٪4 Pressure drop in the combustion chamber 

  
2

N (0.7822), O2 (0.20738) 

2
CO (0.0003), 

2
H O (0.0101) 

Air molar analysis 

This turbine has these specifications that some of them have 
an important role for the decision variables. In this research, 
GT produces 140 MW. The mentioned plant is modeled by 
THERMOFLEX. 

Table 2 State properties and exergy base case 
totE   

(MW) 
P- bar T-K 

kg
m( )

s
   substance ST 

0 1.013 298.15 510 Air 1 

160.69 10.404 629.78 510 Air 2 

207.67 9.98 781.98 510 Air 3 

442.23 30 298.15 8.52 methane 4 

523.3 9.588 1320.21 518.52 
Combustion 

products 
5 

188.74 1.07 832.691 518.52 
Combustion 

products 
6 

123.53 1.03 661.5078 518.52 
Combustion 

products 
7 

In the beginning, we must calculate exergy whole of streams 
that input or exit to our boundaries of control volume. Thus, 
we need to have all information about all of the states. Exergy 
can be divided into four distinct components: physical, 
kinetic, potential, and chemical exergy. Exergy is a measure 
of the departure of the state of the system from that of the 
environment[1]. It is therefore an attribute of the system and 
the environment together. In the absence of nuclear, magnetic, 
electrical, and surface tension effects, the total exergy of a 
system E can be divided into four components[1]. 

(1) Ph KN PT CHE=E +E +E +E   

PT
E Potential Exergy PHE  Physical Exergy 

KN
E kinetic Exergy CH

E Chemical Exergy 
In this case we use the levelized cost method of Moran to find 
a way that helps us to optimize the thermal system[3]. 
Levelized Cost of Energy (LCOE) is the constant unit cost 
(per KWh or MWh) of a payment stream that has the same 
present values the total cost of power plant and operating a 
power plant over its life. In a conventional economic analysis, 
a cost balance is usually formulated for the overall system 
(subscript tot) operating at steady state[1], the annual levelized 
cost and a cost balance have formulated for each component 
separately. The interest rate is 17% that is from Bank of 
Industry and Mine in IRAN. Also in this case, all of 
components of a power plant will work for 20 years old. The 
8000 hours represents the total annual number of hours of 
system operation at full load (about one month per year the 
power plant for maintenance will be off). There is a 
coefficient factor that is the maintenance factor ( 1.06k  ) [1]: 

 
A detailed thermoeconomic evaluation of the design of a 

thermal system is based on a set of variables calculated for 
each component of the system. 
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Figure 1 Regenerative cycle gas-turbine 
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Gas turbine 
)8

(  

)9
(  

Equations 3, 5, 7, 9 by helping below formula have inference: 
)10( =  

Auxiliary equations are: 

)11( 
  

The levelization factor depends on , the real escalation rate, 

CRF capital recovery factor,  effective discount rate, FC 

the levelized value, and P an asset for economic life.  The 
concept of levelization is defined as the use of time value-of-
money arithmetic to convert a series of varying quantities to a 
financially equivalent constant quantity (annuity) over a 
specified time interval [1, 4]. Finally, the cost of the fuel 
stream to the system   and  air entering the air compressor 
are: 

6453.334 ($⁄Hour)           0 
The below matrixes that take the equations of 2 to 11 out will 
help to solve them in a simple manner:  

              C=inv (A) ×B=  

We solve the linear system in MATLAB. (Matrix C is the 
answer and other exergy costing will take from auxiliary 
equations)[5]. A detailed thermo-economic evaluation of the 
design of a thermal system is based on a set of variables 
calculated for each component of the system. Thus, for the 

Component we calculate the: 

 
 

 
 
 

All about relations had been calculated in these situations: 

 All processes are of steady-state steady-flow. 
 The air and combustion products are treated as ideal 

gases. 
 The fuel injected into the combustion chamber is 

assumed to be methane. 

III. PSO AND GENETIC ALGORITHM 

PSO Algorithm is a search technique used in computing to 
find exact or approximate solutions to optimization and search 
problems. Particle swarm optimization (PSO) has been found 
to be a very effective engine for multi-objective optimization, 
and several multi-objective particle swarm optimizers 
(MOPSOs) have been proposed in the last few years[6].  

Many engineering design problems can be formulated as 
constrained optimization problems. So far, penalty function 
methods have been the most popular methods for constrained 
optimization due to their simplicity and easy implementation. 
However, it is often not easy to set suitable penalty factors or 
to design adaptive mechanism. In this case, two objects exist: 
 Increasing efficiency of gas turbine power plant 
 Decreasing the cost of fuel 

A mathematical model is a description in terms of 
mathematical relations, invariably involving some 
idealization, of the functions of a physical system . The 
mathematical model describes the manner in which all 
problem variables are related and the way in which the      
independent variables affect the performance criterion. The 
mathematical model for an optimization problem consists 
of[8, 9]: 
 An objective function to be maximized or minimized  
 Equality constraints  
 Inequality constraints 

Generally, a constrained optimization problem can be 
described by the exergyeconomic method has been developed 
for multi-period optimization of power plants and other 
energy systems. 
 PSO Algorithm is a search technique used in computing to 
find exact or approximate solutions to optimization and search 
problems. Particle swarm optimization (PSO) has been found 
to be a very effective engine for multi-objective optimization, 
and several multi-objective particle swarm optimizers 
(MOPSOs) have been proposed in the last few years[6].Many 
engineering design problems can be formulated as constrained 
optimization problems. So far, penalty function methods have 
been the most popular methods for constrained optimization 
due to their simplicity and easy implementation. However, it 
is often not easy to set suitable penalty factors or to design 
adaptive mechanism. In this case, two objects exist: 
 Increasing efficiency of gas turbine power plant 
 Decreasing the cost of fuel 

IV. RESULT 

PSO is an evolutionary computation technique with the 
mechanism of individual improvement, population 
cooperation and competition, which is based on the simulation 
of simplified social models, such as bird flocking, fish 
schooling and the swarming theory[10]. In PSO, it starts with 
the random initialization of a population (swarm) of 
individuals (particles) in the search space and works on the 
social behavior of the particles in the swarm. Therefore, it 
finds the global best solution by simply adjusting the 
trajectory of each individual towards its own best location and 
towards the best particle of the swarm at each time step 
(generation). However, the trajectory of each individual in the 
search space is adjusted by dynamically altering the velocity 
of each particle, according to its own flying experience and 
the flying experience of the other particles in the search space. 
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 Cost per unit of exergy, cost rate associated with the 
exergy transfer of the actual running power plant in Iran and 
the results from PSO algorithm optimization are compared in 
Table 3. 
 

Table 3 Comparison results cost per unit of exergy 
GA PSO Base case 

State c  
c 

 
c  

0 0 0 0 0 0 1 
11.15 5592 11.146 5542 11.231 6497 2 
11.61 6790 11.56 6731 11.62 8686 3 
4.955 6882.97 4.955 6887.29 4.955 7888.61 4 
8.48 13690 8.14 13685 8.807 16591 5 

8.495 4705 8.111 4702 8.805 5983 6 
8.494 3559 8.110 3564 8.806 3916 7 
9.5754 4826 9.563 4820 9.605 4841 8 
9.5751 5275 9.564 5223 9.61 6089 9 

In Table 4 state properties of cycle has shown. 
 

Table 4 state properties-optimized results 

P T    ST 

1.013 298.15 414.21 PSO 
Air 1 

1.013 298.15 413.95 GA 
11.29 649.43 414.21 PSO 

Air 2 
11.44 652.62 413.95 GA 
10.84 746.81 414.21 PSO 

Air 3 
10.98 748 413.95 GA 

30 298.15 7.44 PSO 
Methane 4 

30 298.15 7.434 GA 
10.41 1408.03 421.65 PSO Combustion 

products 
5 

10.54 1409.59 421.382 GA 
1.07 855.34 421.65 PSO Combustion 

products 
6 

1.07 854.03 421.382 GA 

1.03 737.38 421.65 PSO 
Combustion 

products 
7 

 
 
In summary, from this analysis it was concluded exergy 
analysis in Table 5. 

Table 5 Exergy analysis-Optimized Results 

Etot
  

(MW) 

ECH
  

(MW) 

EPh
   

(MW) 
S h  P   ST 

0 0 0 193.86 730.01 1.013  PSO 
Air 1 

0 0 0 193.86 730.01 1.013 GA 
138.12 0 138.12 196.98 11222.48 11.29 PSO 

Air 2 
139.26 0 139.26 197.03 11321.11 11.44 GA 
161.79 0 161.79 201.68 14262.25 10.84 PSO 

Air  3 
162.46 0 162.46 201.63 14299.81 10.98 GA 
386.09 382.22 3.876 158.16 878.81 30 PSO 

Methane 4 
385.85 381.98 3.873 158.16 878.81 30 GA 
467.28 1.752 465.53 224.04 37884.82 10.41 PSO Combustion 

products 
5 

448.68 1.751 446.93 223.98 37942.36 10.54 GA 
161.01 1.752 159.26 225.38 18325.82 1.07 PSO Combustion 

products 
6 

153.84 1.751 152.09 225.33 18281.90 1.07 GA 
122.06 1.752 120.31 220.78 14415.93 1.03 PSO Combustion 

products 
7 

116.38 1.751 114.63 220.69 14349.51 1.03 GA 

 
It should be noted that this difference between optimized 
values is just due to the optimization procedure. As 
evolutionary algorithm like Particle Swarm and GA is based 
on random search this difference is reasonable. 
The Exergoeconomic analysis and optimization of a typical 
gas-turbine plant were carried out using Genetic Algorithm 
and PSO. All of results for contrasting exhibit in Table 6. 

 
Table 6 Exergoeconomic analysis 

 
Air 

compressor 
Air 

preheater 
Combustion 

chamber 
Gas turbine 

$c ( )f GJ   
Base 
case 

34.595 31.69 25.50 31.71 

PSO 34.43 29.22 24.86 29.33 

GA 34.47 30.59 24.94 30.47 

$c ( )GJp 

Base 
case 

40.43 46.59 31.71 34.58 

PSO 40.12 50.24 29.29 34.43 

GA 40.15 51.64 30.51 34.47 

E (MW)D
     

Base 
case 

15.32 18.24 126.59 18.56 

PSO 13.58 15.28 80.59 14.57 

GA 13.77 14.26 99.63 1.81 

Percentage of 
destroying by 

irreversibilities 

Base 
case 

3.46 4.12 28.63 4.19 

PSO 3.52 3.96 20.88 3.77 

GA 3.57 3.69 25.82 0.469 

  

$C ( )HoursD
  

Base 
case 

1907.58 2080.90 11622.59 2118.15 

PSO 1683.23 1607.33 7212.20 1538.56 

GA 1708.58 1570.79 8943.74 198.46 

$Z( )Hours
 

Base 
case 

408.44 121.39 16.94 321.13 

PSO 319.78 50.85 17.31 1109.06 

GA 316.58 52.29 17.42 1115.98 

C +ZD D
   

Base 
case 

2316.03 2202.29 11639.54 2439.28 

PSO 2003.01 1658.18 7229.51 2647.63 

GA 2025.16 1623.09 8961.16 1314.45 

%f  
Base 
case 

17.64 5.51 0.14555 13.165 

PSO 15.96 3.066 0.24 41.88 
GA 15.63 3.222 0.1944 84.9 

%   
Base 
case 

91.29 72.04 80.52 41.84 

PSO 91.05 60.77 85.29 45.71 
GA 91.01 61.93 81.83 47.48 

V. DISCUSSTION 

In this paper, thermodynamic and exergoeconomic modeling 
and optimizing of a gas turbine power plant with regenerator 
was carried out. To achieve this aim, the general optimization 
model known as Particle Swarm Optimization (PSO) was used 
and the purpose decision variables were considered by fuzzy 
logic method.  

In the present study, thermodynamic and Exergoeconomic 
modeling of a gas turbine power plant with optimization was 
carried out. To achieve this aim, the general purpose 
optimization methods PSO and GA have used for this 
purpose. The obtained results show that the GA is more 
efficient and better than PSO in this optimization Problem. 

 Thermo-economics, or Exergoeconomic, can be classified 
into the three fields: cost allocation, cost optimization, and 
cost analysis. In this article, a comprehensive thermodynamic 
modeling and multi-objective optimization of a gas turbine 
were performed and discussed. Choosing appropriate 
parameter settings for the evolutionary algorithm is a time-
consuming task and many times the result of trial and error. 
Preliminary examinations have shown that, in this application, 
the diversity in a single population quickly decreases and the 
algorithm converges to a suboptimal solution. One of the most 
effective parameters that play a key role in thermo-economic 
optimization is the exergy unit price which specifies the effect 
of exergy efficiency on the total cost. For every system 
component, we expect the investment costs to increase with 
increasing capacity and increasing exergetic efficiency of the 
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component. In this case, combustion chamber and gas turbine 
must increase in capital investments.  

In summary, from this analysis it was concluded that GA 
has the best result in the comparing by PSO algorithm. 
Minimizing fuel mass flow, which minimizes exergy losses 
and destructions, is target of thermodynamic optimization. 

 Nomenclature 

C  Cost rate associated with exergy stream $( )Hours  

CD
  Cost of exergy destruction $( )Hours  

cf  Cost of fuel per unit of exergy $( )GJ  

h Enthalpy Kj( )Kmole  

    m  Mass Flow rate Kg
S  

s Entropy Kj
( )Kmole.K  

P Pressure (bar) 
T Temperature (K) 

PEC Purchased equipment costs

%f  exergoeconomic factor 

    GT  Gas Turbine isentropic efficiency 

    SC  Air Compressor isentropic efficiency 

  maintenance factor 

AC Air Compressor 
CRF Capital Recovery Factor

i Interest rate 
     GT Gas Turbine 

E Exergy (MW) 

LHV lower heating value Mj
( )Kg  

     cp  Cost of product per unit of exergy $( )GJ  
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