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ABSTRACT: 
   In the current research, techno-economic optimization and 

structure modification of gas turbine MGT-70 have been 

discussed in two scenarios. In the first scenario, using a 

recuperator and techno-economic condition of Iran are 

considered and in the second one, issued information and 

documents of turbine manufacturing companies and global 

limitations for the techno-economic characteristics have been 

taken into account. In this survey, the operational 

information of MGT-70 gas turbine in the temperature of 35 

degree centigrade, have been used. The objective functions 

for analysis and optimization of discussed cycle, include 

exergy efficiency and electricity generation cost. In the next 

stage, with the use of independent variables such as 

environmental temperature, compressor pressure ratio, 

turbine inlet temperature, compressor and turbine isentropic 

efficiency, effectiveness of input parameters on the objective 

functions have been analyzed. The results showed that with a 

constant cost, the second scenario had a better efficiency. By 

applying the cost of 0.05461 US$/kWh, the thermal 

efficiency of the second scenario was 36.81%, which means 

a 6.74% increase in the efficiency of the power plant. In this 

case, exergy efficiency was 35.51% and heat rate per kWh 

was 9780. The result show that considering heat rate of 

11973 kJ per kWh in the reference plant, adding a 

recuperator in the second scenario, led to a 18.32% reduction 

in the power plant heat rate. However, in the first scenario, 

with a 0.52% reduction of thermal efficiency, there was no 

significant decrease in the cost of generated power, 

compared to the second scenario, which is due to the 

considerable effect of final cycle thermal efficiency on the 

generated power cost. 

Keywords: Optimization, MGT-70, Heat rate, Electricity 

generation cost, Turbine inlet temperature, Genetic algorithm 

1-INTRODUCTION:
Considering the ever-increasing need for power generation

and the spread of energy consumers, about 1/3 of the world's 

raw materials are used to generate electrical energy. The 

need to build gas units that are faster in terms of installation 

and synchronization with the global network is felt more and 

more day by day. On the other hand, about 58 percent of the 

country's electricity is directly supplied by these power 

plants, which have efficiency ranging from 30 to 35 percent 

[1], which are not cost effective in terms of energy 

utilization. Therefore, it is necessary to improve the 

efficiency to a satisfactory level by combining gas and steam 

cycles. In 1994, a Tokyo power station paper on the use of 

heat from the exhaust of the power plant for preheating the 

intake air of the combustion chamber suggests that 

preheating will increase gas efficiency from 36% to 38.5%. 

This article also states that, under ideal conditions, this 

increase is possible to 58.8% [2]. In 2008, Kumar published 

an research in the field of gas turbine efficiency and power 

generation. In this paper, the analysis has been carried out 

with respect to different input temperatures, different 

pressure ratios and the use of exhaust outlet heat. Further, 

with the analysis and optimization of the desired cycle, the 

power and efficiency of the power plant have increased, and 

due to this improvement, the greenhouse gas emissions and 

pollutants have also been reduced. Finally, the maximum net 

output and thermal efficiency values as well as the minimum 

amount of contamination are presented [3]. In 2008, Khajavi 

et al. examined the amount of energy lost in the process of 

conversion, transmission and distribution of electricity in the 

country. In this study, the most waste was in exhaust, which 

is the main source of energy loss to the environment. The 

research also calculated the amount of recoverable waste in 

efficiency in Iran's power industry to about 5% [4]. Also, in 

2009, Kazerouni et al. studied the reduction of exergy losses 

and energy of gas turbines using recuperators. In this study, 
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an analysis of the energy, exergy and economics of the gas 

station of Bandar Abbas Oil Refining Company has been 

done. The results of mathematical modelling show that the 

heating of the outlet air of the compressor prior to entering 

the combustion chamber with the use of exhaust gases of the 

gas turbine, have an appropriate effect on the improvement 

of the cycle performance [5]. In 2009, Ahmadi et al. aimed at 

optimizing the multi-objective of the Yazd gas turbine power 

plant by exergy, cost of exergy destruction and pollutants 

objective functions. In this paper, the effect of adding air pre-

heating to the cycle is analysed. And the results show that the 

optimization will increase the efficiency of the existing cycle 

by about 2 to 4 percent and reduce the emissions of exhaust 

gases by up to 15 percent [6]. 

  

2- POWER PLANT MODELING  
   Modelling of the power plant using the EES software is 

done in a point-to-point manner. Modelling involves 

analysing the characteristics and performance of the 

thermodynamic-economic and exergy of all major 

components of the power plant and the recuperator. 

 

2.1. INTRODUCING STUDIED GAS TURBINE 
POWER PLANT 
   The intended power plant is at an altitude of 1416 meters 

above sea level. The plant consists of three main components 

of the compressor, combustion chamber and turbine. Fig. 1. 

The MGT-70 gas turbine is one of a series of gas turbines 

manufactured by the MAPNA company. In general, these 

types of turbines have characteristics such as vertical 

combustion chamber and 50 Hz operating frequency. The 

MGT-70 gas turbine uses air as a working fluid, which is 

compressed by its 16-stage compressor. 

 

Fig. 1 Gas turbine power plant main structure 

 
The fuel in two silo-shaped combustion chambers is added to 

the hot air and then ignited. Each of the chambers contains 8 

burners, in order to add heat to the turbine inlet air. The hot 

gas enters a turbine with an approximate temperature of 1100 

° C and a speed of approximately 80 m/s, and expands 

through the 4-stage turbine and depressurizes to the ambient 

with a pressure less than one atmosphere [4]. The present 

paper relates to the modelling of one of the units of this 

power plant, and the average temperature and pressure for 

this plant are considered to be 18.3 ° C and 0.837 times, 

respectively and it is desired to compare different output 

parameters after adding the recuperator. Table (1) shows the 

thermo-dynamic specification of the point to the point of the 

gas cycle of the reference. 

 

Table 1 Thermodynamic characteristics of the point 
to the point of the source gas cycle 

 

First stage Temp. 

(K) 

Press. 

(bar) 

Mass flow 

(kg/sec) 

exergy 

(MW) 
A 308 0.8581 400.7 0 
B 607.3 7.603 7400. 287.5 
C 1333 7.413 408.7 9028.2 
D 814.4 0.8581 408.7 227.3 
E 308 20.5 8.006 51244 

 
2.2. THERMODYNAMIC ANALYSIS OF POWER 
PLANT COMPONENTS 

 
   The most important parameters of gas turbine are: power, 

temperature, pressure, mass flow rate, air-fuel ratio, and 

specific heat capacity of air and gas. The related 

thermodynamic equations are divided into four general 

categories. Equations of compressor, recuperator, 

combustion chamber and turbine are as follows [7-9]. The 

equation (1) represents the power required by the 

compressor: 

2 1
( - )a paAC

W m C T T
          (1) 

In this equation, Cpa is the heat capacity of the air at the 

temperature Ta, which at different temperatures follows the 

following equation: 
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The output temperature of the compressor is determined by 

an adiabatic process: 
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(3) 

 

The combustion chamber of a gas turbine is modelled using 

equilibrium equations between compressed air intake, 

combusted fuel and gas. To obtain the temperature of the 

exhaust gas from the combustion chamber, the equilibrium 

relation (4) is written: 
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In this equation, LHV is the low heat value of the fuel and 

Cp,g is the heat capacity of the combustion products at the 

outlet of the combustion chamber. The amount of heat 

capacity of the burned gas at temperature Tg can be 

calculated by means of equation (5): 
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In (5), Cp,f is the fuel heat capacity and 
CC  is the 

thermodynamic efficiency of the combustion. FA , 
f

m and 

a
m presented in the above relations, respectively, indicate 

the ratio of fuel to air in the combustion chamber , the flow 

of input fuel and the flow of the intake air. 

g afm m m 
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The network output of the gas turbine is obtained by (8): 

3 4
( - )g pgtW m C T T  (8) 

One of the basic parameters in a turbine is the temperature of 

the outlet gas, which is calculated as follows: 
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In this relation ,p tr   is the turbine pressure ratio, which can 

be defined by the following two relations. The second 

relation is used to obtain gas turbine outlet gas pressure: 
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The efficiency of recuperator is expressed by (11): 

3 2
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Figure 2 shows a gas turbine cycle with a recuperator .All the 

points used in the relationship are in accordance with Fig. 2 

 

 
 

Fig 2. Schematic of the cycle with the recuperator 

 
2.3. THERMODYNAMIC EFFICIENCY AND HEAT 
RATE 
   The thermodynamic efficiency and thermal temperature are 

two effective parameters that represent the use or lack of 

optimal fuel use. The relationship between these two 

parameters is as bellow [11]:     
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The net output work (MW): 
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Axial work (MW): 

- .W v dp   
                                                      

(15) 

2.4. ELECTRICITY GENERATION COST 
   The thermodynamic rules in combination with economics 

are a powerful tool for systematic study and optimization of 

energy systems. An economic model considers the cost of 

components, including maintenance and fuel costs. To define 

a cost function that depends on the optimization parameters, 

the component cost must be defined as a function of the 

thermodynamic design parameters. The first study in this 

field was thermos-economic analysis of a simultaneous 

production unit for the production of 30 megawatts of 

electricity and 14 kg/s of saturated vapour at a pressure of 20 

bar [10]. Exergy lonely is incomplete, because some 

important items shall be considered for the increase in exergy 

efficiency. In optimizing the exergy efficiency of the plant, 

the unit cost of the power plant is an important parameter, 

which should be considered. The equations for the economic 

modelling are described as follows [11-13]. 

Compressor Cost ($): 
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(16) 

 

Where C11 = 71.1; C12 = 0.9 

Purchase cost of combustion chamber ($): 
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Where, C21=46.08;   C22=0.995; C23=0.018; C24=26.4; 

The cost of gas turbines ($): 
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Where, C31=479.34; C32=0.92; C33=0.036; C34=54.4 

The cost of recuperator: 
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 Where, C41=4122; U=18 

The cost of per kWh of electricity generated by the power 

plant could be obtained as bellow: 
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(20) 

In this equation, TCI is the Total Cost Investment of 

upgrading the power plant and φ is the operation and 

maintenance factor and its value is determined according to 

the type of power plant. But, according to the reference [5], a 
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value of 1.06 can be used with a good approximation. H, is 

the annual operating time of the new power plant. CRF is the 

Cost Recovery Factor, which is fully explained in reference 

[5]. 

2.5. EXERGY EFFICIENCY AND EXERGY 
DESTRUCTION TERMS 
   In general, in the field of thermodynamics, the first rule of 

thermodynamics is based on energy and the second rule is 

based on exergy. In some references, exergy is defined as 

that part of energy, which is convertible into other forms of 

energy. In other words, exergy represents the quality of 

energy and is equal to the maximum useful work, which is 

obtained from a certain amount of available energy. The 

main objective of exergy is to determine the place and 

amount of irreversible production during a process. Exergy 

efficiency and exergy destruction relations in this study are 

as follows [9, 16-17]. 

Exergy destruction and exergy efficiency of air compressor: 
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Exergy destruction and exergy efficiency of combustion 

chamber: 
a f g D
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Exergy destruction and turbine exergy efficiency: 
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Exergy destruction and gas exergy efficiency with 

recuperator: 
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In the above equations, the two expressions
production

GT
E  and

Consumable

GT
E  are, respectively, the produced exergy and the 

consumed exergy by the system, where the exergy efficiency 

of each system is equal to the ratio of the produced exergy to 

the consumed exergy. 

 

3. RESULTS AND DISCUSSION  
   The isentropic efficiency of the compressor and turbine 

depends on their structural properties, such as the alignment, 

blade design, etc. Increase of the turbine or compressor 

efficiency will result in increasing the overall efficiency of 

the gas turbine. Because increasing the efficiency of each 

section means reducing the heat dissipation in that part, and 

thus reducing the total thermal dissipation, and hence 

increasing the overall efficiency of the gas turbine. Fig. 3 

show that the increase in the air-to-fuel ratio has reduced the 

thermodynamic efficiency, due to the lowering of the outlet 

temperature of the combustion chamber, which is in fact, the 

inlet temperature of the turbine (TIT). 

According to (8) as well as Fig. 3, the thermodynamic 

efficiency of the power plant has decreased as the turbine 

inlet temperature decreased. The compressor compression 

ratio presented in Figs. 3 and 4 is a determinant parameter for 

thermodynamic efficiency, which indicates that increasing 

the compressor pressure ratio could increase the 

thermodynamic efficiency up to 2.1%. Although the increase 

in compressor pressure ratio and turbine inlet temperature is 

considered to be positive, it also faces some limitations. 

Increasing the turbine inlet temperature due to metallurgical 

problems can’t exceed 1700 ° C. Also, in the compressor, the 

compression ratio, due to flow return and surge phenomena, 

should be less than 22 [9]. 

According to (15) and dependence of the axial work to the 

specific volume which, itself  is dependent on temperature, 

the increase in the input temperature of the compressor 

increases the specific volume and therefore requires more 

power for the commissioning of the compressor (Fig. 5). 

 

Fig.3 Effect of air to fuel ratio and compressor 
pressure ratio on the thermal efficiency 

 
Fig. 4 Effect of TIT and compressor compression 

ratio on the GT thermal efficiency 
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Fig. 5 Effect of compression ratio and air inlet 

temperature on thermal efficiency 

 
Fig. 6 Effect of the ambient temperature and TIT on 

the GT thermal efficiency  
 

   The turbine outlet gas flow rate and the gas turbine heat 

rate are also dependent on the compressor inlet air 

temperature. The loss of efficiency due to the increase in the 

compressor inlet air temperature and also the increase of the 

gas mass flow rate during this procedure is the reason for the 

increase in the thermal temperature of the system by 

decreasing this temperature. 

The destruction of exergy in different parts of the gas plant 

with the recuperator, shows that the highest exergy 

destruction occurs in the combustion chamber. The exergy 

destruction in each system depends on the amount of 

irreversibility in that system. On the other hand, these 

irreversibility are produced by three sources of chemical 

reaction, heat transfer and friction, which all present in the 

combustion chamber. But the main source of exergy 

destruction in this part, is the chemical reaction. 

As the temperature of the inlet air of a system increases, the 

inlet exergy and the exergy destruction increase, too. 

Similarly, the exergy of the combustion chamber increases 

by preheating the intake air into the combustion chamber and 

increasing the fuel-to-air ratio which results in increasing the 

exergy destruction.   

Other sources of exergy destruction at the power plant are 

turbines, compressors, and recuperators. Turbines have 

higher exergy losses than other parts, such as compressors, 

due to their high capacity. According to (18), it can be seen 

that the turbine cost has a direct relation to the mass flow of 

gas. In fact, the first part of this equation is reduced by 

increasing the input temperature to the turbine. With the 

assumption of the turbine pressure ratio as a constant, the 

second effect part in the turbine cost is an Exponential 

function of the turbine inlet temperature. According to this 

relation, the critical temperature in the third part of the 

equation is in the range less than 1511 K and, with increasing 

temperature, increases the cost of the turbine. The sudden 

cost changes in Fig. 7 are due to the metallurgical limitations 

of the gas turbine inlet gas temperature. 

The dependence of the mass flow of air and fuel on this 

temperature also results in the dependence of the cost of the 

compressor purchase. In fact, by increasing the turbine inlet 

temperature and reducing the air mass flow rate and the 

linear dependence of the cost of the compressor to its inlet 

flow rate, according to (16), increasing this temperature will 

reduce the cost of purchasing the air compressor. 

Fig.8 shows that increasing this temperature after a range 

increases the cost of purchasing the combustion chamber. 

According to (17), the cost of purchasing the combustion 

chamber depends on the mass flow rate of the air entering the 

combustion chamber and the temperature of the outlet gas. In 

general, the cost of the combustion chamber increases with 

increasing the temperature of the gas entering the turbine and 

consequently reducing the mass flow rate of the air. But 

increasing this temperature more than the critical temperature 

range causes an exponential rise in costs. The temperature 

range for determining the cost of the combustion chamber is 

approximately 1,466 kW, and increasing the temperature 

more than this range, causes an exponential increase in cost. 

Reducing the cost due to the reducing the air mass flow, 

which has a linear relationship, is negligible compared to 

exponential growth. 

Another important parameter in determining the cost of the 

compressor and the total cost, is the air compression ratio in 

the compressor. With the constant assumption of the net 

output power of a gas turbine, the compression ratio of the 

air, such as the inlet temperature of the turbine, effects on the 

mass flow of air and fuel, and thus the total cost of the 

system. Fig.9 shows that increasing the compression ratio 

increases the cost of purchasing a compressor and turbine, 

and this increase is due to the existence of the compressor 

pressure ratio in the cost equation of these two parts. 

However, reduction of air and gas flow rates in cost 

equations, reduces the cost of equipment, but the effect of 

changes in the compression ratio is more than that of air and 

gas mass, so the costs increase. 
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Fig.7 The effect of TIT variations on the cost of the 

purchase of the compressor, turbine and fuel 
consumption 

 
Fig. 8 The effect of the TIT on the compressor and 

turbine power as well as the cost of the combustion 
chamber 

 
 

Fig.9 The effect of changes in compression 
pressure ratio on turbine efficiency and cost of 

compressor and turbine purchase 
 

According to (16), with the increase in the compression ratio 

and the increase in air mass flow, the cost of the compressor 

changes commensurate with the changes in the compressor 

air. 

Table 2 shows thermodynamic specification and exergy of 

each specified point in the intended cycle for two mentioned 

scenarios in comparison with the reference cycle after 

optimization and analysis. 

 
 

 
 

 

 

Table 2 Comparison of Thermodynamic Data of 
Scenarios 

parameters Reference 

cycle 

First 

scenario 

Second 

scenario 

Thermal efficiency (%) 30.07 36.29 36.81 
Exergy efficiency (%) 29.00 35.01 35.51 
Turbine inlet temp. (K) 1333 2433 1482 

Heat rate (kJ/kWh) 11973 9919 9780 
Electricity generation cost 

($/kWh)  
0.1288 0.05461 0.05461 

Turbine power (MW) 119.0 104.1 159.9 
Exergy destruction (MW) 200.7 163.9 248.5 

Exhaust temp. (K) 814.4 843.4 839.5 
Fuel flow rate (kJ/kWh) 8.006 5.802 8.787 
Exhaust flow rate (kg/s) 408.7 369.0 539.3 

 
 

In optimization problems, usually determining one optimized 

point (minimum or maximum) is desired. But there are 

situations in which several functions that are usually in 

conflict with each other shall be optimized simultaneously. 

In this case, multi-objective optimization methods are used. 

Fig.10 shows multi-objective optimization for cycle with 

recuperator  based on decision variables in Iran. For the next 

scenario, with the cost of consuming 0.05461 $/kWh, the 

thermodynamic efficiency and exergy efficiency are shown 

in Table 3. The minimum cost of produced electricity is 

0.04095 $/kWh, with an exergy efficiency of 30.35%. 

 

 
 

Fig.10 Multi-objective optimization pareto front 
diagram (first scenario) 
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Table 3 Specifications of the selected Pareto front 
point  

quantity First 

scenario 

Second 

scenario 

T_A (K) 308 308 

T_B (K) 557.5 552.4 

T_C (K) 966.2 1010 

T_D (K) 1433 1482 

T_E (K) 978.8 1024 

T_F (K) 570.2 566.5 

Compressor exergy efficiency 

(%) 

93.32 93.02 

Combustion chamber exergy 

efficiency (%) 

76.75 76.88 

Recuperator exergy efficiency 

(%) 

97.55 97.24 

Turbine exergy efficiency (%) 82.82 82.94 

Total exergy efficiency (%) 35.01 35.51 

Total thermos dynamical 

efficiency (%) 

36.29 36.81 

Inlet air flow rate (kg/sec) 363.2 530.5 

Fuel flow rate (kg/sec) 5.802 8.787 

outlet gas flow rate (kg/sec) 369.0 539.3 

Fuel to air flow rate 0.01598 0.01656 

Compression ratio 6.438 6.214 

Compressor power (MW) 91.03 130.2 

Turbine power (MW) 195.1 290.1 

Net output power (MW) 104.1 159.9 

Gas turbine output exergy 

(MW) 

21.32 41.89 

Gas turbine output  specific 

exergy (MW) 

57.79 77.67 

Gas turbine exergy destruction 

(MW) 

163.9 248.5 

Heat rate (kJ/kWh) 9919 9780 

Electricity generation cost 

($/kWh) 

0.05461 0.05461 

 

Increasing this cost to 0.05461 $/kWh has increased the 

efficiency of exergy to 35.01% and 35.51% for first and 

second scenarios, respectively. In the second scenario, the 

function obtained from the cost of electricity produced in 

terms of exergy efficiency (cost in the range of 0.04103 to 

0.08639 $/kWh and the exergy efficiency between 30.26% 

and 36.22%) with rms (root mean square) equal to 0.0014527 

and the data error rate equal to 99.15% is as follow: 

 
2

. . . .

3

. .

37.6185 3.45897. 0.105772.

0.00107706.

E e t gt e t gt

e t gt

Z  
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In the case where the recuperator added to the cycle in Fig. 

11 (for second scenario), the minimum electricity cost is 

0.04095 $/kWh, in this case the exergy efficiency is 30.35%, 

and with the cost increase to 0.08639 $/kWh, the exergy 

efficiency is equal to 36.95%. According to the curve in Fig. 

11, the cost function based on the exergy efficiency (cost in 

the range of 0.04095 to 0.08639 $/kWh and the exergy 

efficiency between 30.35% and 36.95%) with rms = 

0.0028033 and the error percentage of the data equal to 

97.60% is as follow: 

 

2

. . . .

3

. .

25.2354 2.30593. 0.0700357.

0.000708358.

E e t gt e t gt

e t gt

Z  
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 Fig.11 Multi-objective optimization pareto front 

diagram (second scenario) 
 

The comparison between optimization of the multi-objective 

cycles with the recuperator based on decision variables in 

Iran and the optimization of the multi-objective cycle with 

recuperator  based on global decision variables  with respect 

to the curves in Fig. 12 shows that for the minimum 

optimized costs which for the first mode is equal to 0.0413 

$/kWh and for the second mode is 0.04095 $/kWh, the 

exergy efficiency is 30.26% and 30.35%, respectively. At a 

fixed cost of 0.08639 $/kWh, for both cases, the exergy 

efficiency was 36.22% and 36.95%, respectively. The 

thermodynamic and exergy characteristics obtained at the 

optimal point (Pareto front point) of the graphs of Figs 11and 

12 are given in Table 3.  

 

 
Fig. 12 Multi-objective optimization for two 

mentioned scenarios   
 

 

4. CONCLUSION 
   Although the proposed gas cycle may have some 

limitations due to the temperature drop of the exhaust gases 

in the combined cycle, one of the significant ways to 

improve the efficiency of these systems is pre-heating the 
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combustion chamber inlet air. As can be deduced from the 

results presented in Tables 2 and 3, all of the parameters and 

technical characteristics of the new cycle have been 

improved. In this paper, the cost of power generating is 

introduced as a limitation for quality and exergy efficiency. 

Such a limitation is a good measure for the feasibility of the 

proposed changes. As can be seen from Fig. 12, modification 

of the proposed structure of the system can greatly improve 

the cycle efficiency in its independent performance 

depending on the scenario considered. 
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APPENDICES 
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