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ABSTRACT  

This research paper investigates the studying of how the performance and efficiency of the Al-Khairat power 

plant, which is located in Kerbala city in Iraq, can be enhanced. This plant is currently operated with a simple gas 

turbine cycle. A Heat Recovery Steam Generator (HRSG) principle, which depends mainly on the waste heat 

energy of exhaust gases produced from a simple gas turbine unit is one method that can be utilized for enhancing. 

The present plant was simulated using an Aspen HYSYS version 2016 software. Simulation results were 

compared to the actual operating data, net power output, and cycle thermal efficiency at the same conditions for 

validation purposes. These results show a high agreement between theoretical and practical data.  This agreement 

permits, gives a good realization, to use this software to simulate an overall combined cycle. In addition, operating 

parameters that affect the power plant performance were investigated. The results show that at the same operating 

conditions, the combined cycle improved thermal efficiency and net power output by 50.9% and 54.46%, 

respectively. Also, the results revealed that the compressor pressure ratio and inlet air temperature have significant 

effects on the thermal efficiency and net produced power for both simple and combined power plant.   
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INTRODUCTION 

A simple gas turbine is one of a famous class of heat engines which is widely used in power plants for electricity 

generation. Mechanical output power can be produced from this engine when a working gaseous fluid with high 

pressure and heat passes through a turbine unit. This output power can be utilized to generate electrical power [1, 

2]. Also, due to a high temperature of exhaust gases of the turbine unit about 450-650 oC, a significant amount of 

heat is lost at this simple gas turbine. Many improving methods have been modified to enhance the efficiency of 

the cycle by utilizing this wasted heat [3]. A combined-cycle power plant is one method for enhancing power 

plant efficiency. It consists of two co-operation units: a simple gas turbine cycle and a heat recovery steam 

generator cycle (HRSG). In the steam cycle, heat is recovered from turbine exhaust gases from a simple cycle, by 

transferring it to water for steam producing, and finally, this steam can be used to drive a steam turbine for power 

generating [4].  

Zuming Liu et al. [5] simulated a model and systematic procedure for the off-design operation of a triple-pressure 

reheat Combined Cycle Gas Turbine power plant in which its full details were captured using Aspen HYSYS 

software. They evaluated their model performance and simulation results by comparing them to an equivalent 

model by Gate Cycle. Their results show the average differences for the thermal efficiencies and power outputs 

of the three cycles: simple gas turbine cycle, steam cycle, and combined cycle plant are lower than 2.0 %, 1.5 %, 

and 0.6 %, respectively. Saddiq H.A. et al. [6] studied the modeling of a simple gas turbine and gas turbine exhaust 

utilizing Aspen HYSYS software for various possible configurations. They studied the effect of the operating 

parameters of the power plant on the performance of simple and combined gas turbine cycles. Their results 
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obtained gives a good indication for a gas turbine in a combined cycle power plant performance, design, and 

operation.   

 

E.N. Achimnole et al. [7] simulated a gas turbine power plant cycle for with and without air intake cooling system 

using Aspen Hysys simulator. For performance evaluation, they applied the actual operating conditions. They 

studied the effect of the ambient temperature on the power output and thermal efficiency, specific fuel 

consumption, and heat-rate. From their analysis,  they show that the simulation results give a high reality 

comparing with the actual operating data. In their comparative study for Al-Kayrat power plant performance for 

various fuel types, Hayder Jawad et al. [8] modeled and simulated this power plant using the Aspen HYSYS 

simulator. Their simulation results show high validity comparing to the actual field conditions and data of the 

plant. Many researchers [9-29] enhanced the heat transfer from the gas turbine blade using different 

configurations. In this research work,  an Aspen HYSYS simulator is used as a powerful tool for power plant 

modeling to improve the performance of the simple gas turbine for the Al-Khairat gas power plant by making use 

high amount of wasted energy which is accompanied with the exhaust outlet gases in turbine gas unit. This energy 

is recovered by building a Heat Recovery Steam Generator (HRSG) model represented in a combined gas turbine 

power plant. A high validation of modeling results comparing with practical data for simple gas turbine gives high 

reliability to use an Aspen HYSYS for Combined Cycle modeling.  

THERMODYNAMIC PRINCIPLES OF POWER PLANT CYCLES 

Gas turbine cycle (Ideal Brayton cycle) 

Gas turbine cycle follows thermodynamically an ideal cycle which is called Brayton. In this cycle the processes 

compression and expansion can operate in the same rotating shaft. This ideal cycle can operate in closed cycle 

which is consisted of the following four reversible processes as shown in figure (1): 1-2 in a compressor unit – a 

process of isentropic compression, 2-3 in combustion chamber unit – a process of addition of heat at constant 

pressure, 3-4 in gas turbine unit- a process of an isentropic expansion, 3-4 in a heat rejection unit - a process at 

constant pressure [1, 5]. All these processes of Brayton cycle are operated under steady-state conditions. The T-S 

diagram of this cycle can be seen in Figure (2). 

 

Figure 1. Schematic diagram of Brayton Cycle 
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Figure 2. Brayton cycle of T-S diagram 

Steam power cycle (The simple ideal Rankine cycle) 

Steam power cycle follows thermodynamically an ideal cycle which is called Rankine cycle. This ideal cycle 

operates in a closed cycle which is consisted of the following four reversible processes as shown in figure (3): 1-

2 in pump unit – a process of isentropic compression, 2-3 in boiler unit – a process of addition of heat at constant 

pressure, 3-4 in steam turbine unit- a process of an isentropic expansion, 3-4 in a heat rejection condenser unit - a 

process of at constant pressure. The T-S diagram of this cycle can be seen in figure (4) [1]. 

 

Figure 3. Thermodynamic schematic of Rankin cycle    
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Figure 4. T-S diagram of Rankine cycle 

Combined cycle  

Combined cycle gas plant is a modified kind of power plant which is used to produce more electricity. This type 

of power plants consists of a simple cycle gas turbine power plant (ideal Brayton cycle) in combination with a 

second power plant steam turbine cycle (ideal Rankine cycle). The high temperature exhaust gases from the 

topping process gas turbine plant are introduced to the bottoming steam cycle to produce steam. And then it can 

be expanded in a second turbine producing additional power. This led to increase the overall plant efficiency and 

net produced power. This combined cycle can be schematized thermodynamically as shown in figures (5) and (6) 

[1].  

 

Figure 5. Schematic of combined cycle 
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Figure 6. T-S diagram of combined cycle 

MATERIALS AND METHODOLOGY 

Al-Khairat power plant specifications 

This plant locates in Iraq in Kerbala city in Al-khairat town. It comprises of 10 of outdoor type of a simple gas 

turbine units, Unit 2 GT43 - Frame 9E. These turbines were manufactured by General Electric Company, USA. 

A design out power of each unit is 125 MW. A Crude Oil  is currently used as  a main fuel and the back-up fuels 

are Light Distillate Oil, and Natural Gas. The main specifications and operating parameters of each unit are shown 

in table (1). 

Table 1. Actual field operating parameters data for Al-kayrat simple gas turbine cycle SGTC power plant  

Operating parameters data Values and units of data 

Inlet (Intake) Temperature of Air to compressor 15 oC 

outlet temperature of air from compressor 322.8 oC 

Relative humidity 60  % 

Pressure Ratio of Compressor 10 

Fuel Mass flow-rate 6 kg/s 

Lower Heating Value of  fuel, LHV 43300 kJ/kg 

Temperature of inlet fuel gas  50 oC 

Inlet temperature of flue gases to turbine  Co 970 

Exhaust temperature of gases from turbine (T4) 495.7 oC 

Power required for compressor 105.26 MW 

Power produced by turbine 186.68MW 

Net power produced by SGTC  81.42 MW 

Total net power 81.42 MW 

Total thermal efficiency 31.3 % 

Simulation package 

In this study, an Aspen HYSYS software version-2016 was used to simulate a simple gas turbine cycle and 

combined cycle. This software is a powerful engineering simulation tool that can be utilized for modeling and 
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simulating most of the chemical, petroleum and power plant processes. It enables the engineer to build, design 

and simulate these different processes chemical using most common devices and equipment such as chemical 

reactors, mixers, pumps, separators, distillation columns and other devices. HYSYS is able to perform many of 

the calculations of especially for chemical engineering, including those concerned with mass and energy balances, 

vapor-liquid equilibrium, heat transfer, mass transfer, chemical kinetics and reactor design, and fractionation. 

Also, this program has the power to produce results that approach a great deal of reality. 

Personal computer  

A laptop personal computer type - hp - core i7- window 10 with high specifications was used to run the Aspen 

HYSIS software. This computer is highly compatible with this version of HYSIS program.  

Simulation environment and assumptions 

The following assumptions were made in the simulation of combined plant, The power plants for single turbine 

cycle and proposed combined cycle were simulated with the following assumptions: 

1) Peng Robinson was selected as a base property package for air, fuel, and exhaust gas, and ASME steam 

table for water and steam. 

2) According to the interested process, the following are the main components and elements for this 

simulation: crude oil as C18H38,  Oxygen O2, Nitrogen N2, CO2, CO, H2O.  

3) The mole percent of Oxygen and Nitrogen in air composition are 21% and 79%, respectively.  

4) The  crude oil is fed at pressure of 30 bar and temperature of 50 oC. 

5) The polytropic efficiencies for compressor and turbine units are 80% and 85%, respectively. 

6) The efficiencies of compressor and turbines are adiabatic. 

7) The chemical formula of crude oil is C18H38. 

8) The mechanical losses and losses in each unit (turbine, compressor, boiler and HRSG adiabatic) were 

neglected. 

Flowcharts preperation for cycles simulation 

According to the simulation environment and assumptions, a simple gas turbine cycle of Al-Khairat power plant 

and proposed combined gas turbine cycle were separately simulated using Aspen HYSYS software. Their  

simulated flow chart are presented in figurs below. According to thermodynamic cycle ( Brayton cycle ),  

simulation environment and assumptions, the present simple gas turbine cycle of Alkayrat power plant was 

modeled and simulated  using Aspen HYSYS software as shown in the flow chart below figure (7). As shown in 

thermodynamic cycle. it comprised of three main sections: air compressor, combustion reactor  and gas turbine 

unit. The percentage of pressure drop in combustion chamber is very little and there is no drop at inlet and outlet. 

Atmospheric air introduces the compressor under field conditions ( Temprature, T1= 15 oC, Pressure, P1= 

101.3kPa and Relative Humidity RH= 60 % ). 

 

Figure 7. Flow chart of a simple gas turbine model using Aspen-HYSYS simulator. 
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In addition, and according to thermodynamic cycle ( Brayton cycle + Rankine cycle as shown in previous section), 

simulation environment and assumptions, the simulation of suggested combined gas turbine cycle CGTC for heat 

recovery purposes was also modeled and built using the same simulator as shown in the flowchart below, figure 

(8). As shown in thermodynamic cycle of combined gas turbine cycle, the exhuat gases from gas turbine of simple 

cycle at 550 oC  are passed  through steam turbine cycle to recover a heat in boiler unit to produce steam which is 

finally used as awork fluid in steam turbine unit additional power producing.  

 

 

Figure 8. Flow chart of simulated combined cycle gas turbine plant model using Aspen- HYSYS simulator. 

RESULTS AND DISCUSSION 

Simulation performance parameters results 

In this work the performance parameters result for both power plants SGTC and CGTC which were obtained from 

simulation process are presented in table (2). For SGTC, it can be seen that a high validation was obtained for net 

power produce. Error percentage of 4.15 % was obtained by simulation process where the actual net power for 

Al-kayrat plant is 81.42 MW whereas 84.78 MW for simulation results. Also, it is 83.2 MW in simulated CGTC 

power plant. In addition, the total thermal efficiency for actual and simulated plant are 31.3% and 31.91 %, 

respectively. The error percentage is 2.6 %. These simulation results give an indication that an Aspen-HYSIS 

software has a good reliability for simulation process for CGTC. For simulated CGTC power plant a good result 

was obtained for both total net power and total thermal efficiency. As illustrated in table 3, the values are 125.85 

MW and 47.23 %, respectively. The percentage increase in total net power is 54.6 % and 50.9 % for total thermal 

efficiency. These percentages can be considered a reasonable result to utilize the waste energy and to improve the 

power plant performance. 

Table 2. Performance parameters results for present work three cases: 1) SGTC for Al-kayrat power plant actual 

field data), 2) Simulated SGTC power plant, 3) Simulated CGTC power plant. 

Results of performance 

parameters 

Al-kayrat power 

plant actual data  

(present plant) 

Simulated SGTC 

power plant (present 

plant) 

Simulated CGTC  

power plant 

(suggested plant) 

Net power produced by SGTC 

power plant only 

 

81.4 MW 

 

84.78 MW 

 

83.2 MW 
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Net power produced by SSTC 

power plant only 

 

Nil 

 

Nil 

 

42.65 MW 

Total Net Power 81.42 MW 84.78 MW 125.85 MW 

Total Thermal Efficiency 31.3 % 31,91 % 47.23  

Effect of compressor pressure ratio on thermal plant efficiency 

The effect of compressor pressure ratio on total thermal efficiency for both simulated power plants SGTC and 

CGTC are studied. From figure (9) it can be noticed that the total thermal efficiency increased gradually as 

pressure ratio increase. For the same pressure ratio the thermal efficiency at 15 oC of inlet air temperature for 

CGTC plant is higher than SGTC, 47.23 % and 31.3 %  at 10 pressure ratio, respectively and approximately 50 

% as increase percentage is obtained. Also, it can be seen that at low values of pressure ratio ranged between 1-5 

the thermal efficiency is dramatically increased for both plants.  

 

Figure 9. Plant efficiency vs compressor pressure ratio for SGTC and CGTC power plants 

Effect of compressor pressure ratio on net power 

The effects of the compressor pressure ratio on the net power of both plants SGTC and CGTC are shown in figure 

(10). As illustrated in previous section (effect on thermal efficiency) it can be seen that the same trends were 

obtained for this effect. Also, it can be noticed that at the same pressure ratio the net produced power for CGTC 

plant is higher than SGTC plant, 125. 85 MW and 81.42 MW, respectively. There is no noticeable increase in the 

net power for pressure ratios more than 10 especially for CGTC power plant.     
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Figure 10. Net power vs compressor pressure ratio for SGTC and CGTC power plants 

Effect of inlet air temperature on plant efficiency 

The effects of the inlet air temperature on the total thermal efficiency of both plants SGTC and CGTC are shown 

in figure (11). It can be seen that the thermal efficiency for both plants decrease slightly as the air temperature 

increase. At 15 oC (actual field operating data) the thermal efficiency of CGTC power plant is higher than SGTC 

plant, 47.32 % and 31.3 %, respectively. The increase percentage is approximately more than 50%.   

 

Figure 11. Plant thermal efficiency vs air inlet temperature for SGTC and CGTC power plant. 

Effect of inlet air temperature on net produced power 

The effects of the inlet air temperature on the total thermal efficiency of both plants SGTC and CGTC are shown 

in figure (12). As shown in previous section 4.3, the effect of inlet air temperature on the net produced power has 

the same trends for both plants. It can be seen that at 15 oC, the net produced power for both plants are 81.31 MW 

0

20

40

60

80

100

120

140

0 2 4 6 8 10 12 14

N
et

 P
o
w

er
, 

M
W

Compressor Pressure Ratio

SGTC

CGTC

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70

T
h

er
m

a
l 

E
ff

ic
ie

n
cy

, 
%

Inlet Air Temp. oC

SGTC

CGTC



Aspen Plus Simulation for Performance Improving of Al-Khayrat Power Plant Using Heat Recovery Steam Generation (HRSG) System 

409 
 

for SGTC power plant and 125.85 MW for CGTC. These results show that at the same inlet air temperature CGTC 

plant produces higher power than SGTC plant around 54 %.    

 

 

Figure 12. Net produce power vs inlet air temperature for SGTC and CGTC power plants. 

CONCLUSIONS 

This research study was objective to utilize the waste energy from Al-kayrat power plant to improve its 

performance. This was done by using a heat recovery steam generator unit HRSG to make use the available energy 

in the exhaust gases of a simple gas turbine unit. In this work two major performance parameters, total thermal 

efficiency and net produced power were used. Aspen HYSYS simulator was used to model and build a combined 

gas turbine power plant using simulation process. From the study results it can be concluded that: 

1- A simulation process for a simple gas turbine unit by Aspen-HYSIS software gives a good validity. It 

can be considered as a reliable simulator for such power plant process. 

2- The total thermal efficiency and net produced power parameters are chosen as main performance 

parameters for comparison. 

3- A combined gas turbine cycle power plant shows a higher performance parameters compared to a single 

gas turbine cycle power plant. 54.6% as increase percentage was achieved for net produced power and 

50.9% for total thermal efficiency  Practically, these results can be utilized to improve the performance 

of present Alkayrat power plant by adding a heat recovery steam cycle unit to get a combined gas turbine 

power plant. 

4-  For both power plants there is no significant effect of compressor ratio on total thermal efficiency. So it 

is preferable to work at 10. The same conclusion can be applied for net produced power.  

5- For both power plants there is no high effect of inlet air temperature on total thermal efficiency and net 

produced power of plants. It is better to work under ambient condition. 
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