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Abstract: This study examines the energy and exergy performance of the Khoy dual fuel combined cycle power plant,
focusing on dual pressure heat recovery steam generators (HRSGs). The aim is to identify an optimal design through
the development of a thermodynamic model using ASPEN PLUS software. In the simulation, isentropic efficiencies
of high-pressure and low-pressure steam turbines, gas turbines, and compressors are assumed to be 0.85, 0.80, 0.85,
and 0.85, respectively. Various practical parameters, such as compressor pressure, condenser pressure, high-pressure
steam turbine pressure, and outlet and inlet temperatures of superheaters and turbines, are investigated for their
effects on energy and exergy efficiencies. The analysis reveals that combustion chamber I and combustion chamber
I contribute the highest amounts of exergy destruction, accounting for 21.80% and 21.50% of the total exergy
destruction, respectively. These areas are identified as requiring improvement. Based on the findings, an optimal
design is presented, resulting in significant enhancements in energy and exergy efficiencies. The energy efficiency
experiences a remarkable increase of 8.75%, while the exergy efficiency demonstrates a substantial improvement of
22.04%. This underscores the superiority of the optimized power plant configuration and provides valuable insights
for designers, engineers, and power plant operators. In conclusion, this study advances the understanding of the
energy and exergy performance of the Khoy dual fuel combined cycle power plant and offers guidance for optimizing
its design and operation.

Keywords: Dual fuel; Combined cycle power plant; Heat recovery steam generators (HRSGs); Energy analysis;
Exergy analysis; Efficiency; ASPEN PLUS

1 Introduction

In the current era, with limited energy resources, minimizing energy losses and enhancing efficiency have become
critical topics for researchers. Combined cycle power plants (CCPPs) represent a well-established technology that
offers improved thermal efficiency, increased power output, and reduced emissions compared to Brayton or Rankin
cycles. The thermodynamic analysis of CCPPs necessitates the consideration of the first and second laws of
thermodynamics. By applying the first law, energy quality can be measured through entropy analysis [1], while the
second law enables the determination of both energy quality and quantity [2].

Srinivas et al. [3] investigated steam injection in a dual-pressure CCPP, while Fiaschi and Manfrida [4]
conducted an exergy analysis to understand the primary origin of irreversibility in a gas turbine CCPP. Aljundi [5]
carried out energy and exergy analyses in a steam power plant, and Ganapathy et al. [6] examined a lignite-fired
power plant, identifying the combustor as the principal source of exergy losses. Cihan et al. [7] found that the
combustion chambers produced the highest irreversibility in the Liileburgaz power plant. Balli et al. [8] proposed an
optimized exergy model for the Eskisehir power plant, while Woudstra et al. [9] applied thermodynamic evaluations
to CCPPs, demonstrating that the highest losses were caused by fuel combustion. Reddy et al. [10] employed
thermodynamic evaluations to analyze CCPPs with and without solar concentrators.

Kaviri et al. [11] performed comprehensive thermodynamic modeling and multi-objective optimization of
a dual-pressure CCPP, revealing that the cost of exergy destruction in the combustion chamber exceeded that of
other components, leading to the conclusion that increasing the gas turbine inlet temperature results in a decrease
in the cost of exergy destruction. Ahmadi and Dincer [12] conducted exergy and exergy-economic analyses for a
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CCPP, achieving an acceptable balance between thermodynamic and economic models by applying optimal design
parameters. Kotowicz and Brzeczek [13] studied the net electric efficiency of a CCPP in the presence of steam
cooling, indicating an improvement of 0.63-0.65 in net electric efficiency. Aliyu et al. [14] examined the impact of
reheating equipment on a CCPP with triple pressure.

Although numerous studies have investigated CCPPs with a single fuel, research on dual fuel CCPPs remains
scarce. The primary objective of this work is to analyze the effects of various practical parameters such as compressor
pressure, condenser pressure, high-pressure steam turbine pressure, and outlet and inlet temperatures of superheaters
and turbines on energy and exergy efficiencies. Furthermore, this study aims to propose an optimal design, simulated
using ASPEN PLUS software, to enhance the performance of the dual fuel CCPP. It is essential to note that the
optimized model represents a simulation rather than an actual implementation.

The remainder of this paper is organized as follows: Section 2 describes the system and simulation procedure;
Section 3 presents the energy analysis; Section 4 provides the exergy analysis and calculates the exergy efficiency by
considering exergy destruction for each component and the overall power plant; Section 5 discusses the results and
their implications; and Section 6 concludes the study with key findings.

2 System Description

This study investigates the Khoy Combined Cycle Power Plant (CCPP) located in the northwest region of Iran.
The Khoy CCPP operates as a combined cycle system, integrating the Brayton cycle for gas turbines and the Rankine
cycle for steam turbines. The operational process commences with the compression of air in two compressors,
followed by mixing with fuel, such as natural gas or gasoline, in the combustion chambers. The combustion reaction
occurs at elevated temperatures, generating exhaust gases. These exhaust gases expand within the gas turbines,
driving the compressors and generating excess work. The excess work is attributed to the temperature change in
the airflow as it passes through the combustion chamber. The hot air-fuel mixture further expands through the gas
turbine blades, causing the turbines to spin. The spinning gas turbines are connected to generators that convert the
rotational energy into electricity. Simultaneously, the waste heat produced by the gas turbines is directed to heat
exchangers within the Heat Recovery Steam Generators (HRSGs). The HRSGs utilize waste heat to generate steam at
two distinct pressure levels. The steam produced in the HRSGs then enters both the high-pressure and low-pressure
steam turbines, which are interconnected via a shared shaft. The steam turbines convert the thermal energy of
the steam into rotational movement, which drives the generator shaft to generate electricity. Maximum efficiency
is achieved by reducing the pressure and temperature of the steam as much as possible. This is accomplished by
cooling the steam discharged from the low-pressure turbine, transforming it back into liquid water. Consequently,
the condensed water from the condenser can be immediately reused as feed water, circulated by water pumps, and
fed into the steam generators for the production of steam. This closed-loop system ensures efficient utilization of
resources within the Khoy CCPP. Table | presents the actual operational data for the power plant, while Figure |
depicts a schematic diagram showcasing the basic configuration of the dual-pressure combined cycle power plant in
Khoy. The diagram illustrates the flow of energy within the system.

Table 1. Actual operational data for natural gas and gasoline-fired power plant of Khoy

Natural gas section Gasoline section

Gas turbine outlet pressure 1.1bar 1.1 bar
Gas turbine outlet temperature 542.9°C 543.6°C
HP superheater outlet pressure 85bar 85 bars
HP superheater heater outlet temperature 510°C 510°C
IP superheater outlet pressure 6.6bar 6.6bar
IP superheater outlet temperature 235°C 235°C
HP economizer inlet pressure 113.6 bar 105.6 bar
HP economizer inlet temperature 138.5°C 117°C
IP economizer inlet pressure 17.7 bar 16.6 bar
IP economizer inlet temperature 136.4°C 115.4°C
LP steam turbine inlet pressure of HP steam turbine 5.1bar
LP steam turbine inlet temperature of HP steam turbine 174.5°C
Condenser inlet temperature of LP steam turbine 49.9°C
Condenser inlet pressure of LP steam turbine 0.1 bar
Condenser inlet temperature 26.7°C
Condenser inlet pressure 0.1bar
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Figure 1. Schematic diagram of the dual-pressure combined cycle power plant in Khoy

2.1 ASPEN PLUS Modeling and Validation

The model of the CCPP is developed using ASPEN PLUS software. The physical property method employed
in this simulation is RKS-BM (Redlich-Kwong-Soave-Boston-Mathias). Flow rate, composition, temperature, and
pressure conditions for both fuels, natural gas and gasoline, are provided in Table 2. Natural gas comprises a
combination of multiple hydrocarbons. For simplicity, natural gas is considered as a mixture of methane, ethane,
nitrogen, and carbon dioxide in this study. The plant design is based on T = 15°C and P = 1.01 bar for the air inlet
stream. Although these conditions may vary for a plant in different seasons, an average environmental condition has
been employed in this study.

Several assumptions have been made for simulating the CCPP using ASPEN PLUS software, which are presented
in Table 3. To verify the simulation results, the power generation of natural gas and gasoline sections, as well as
the work produced from the high-pressure (HP) and low-pressure (LP) turbines of the simulated power plant, were
compared with the actual data of the Khoy power plant. The results demonstrate good agreement, as shown in



Table 4.

Table 2. Fuels composition and conditions

Composition and conditions of natural gas

Ny 0.022
COq 0.022
CHy 0.940
CoHg 0.033
Vapor fraction 1
Temperature [ °C] 18
Pressure [bar] 22
Mass flow [kg/s] 10
Composition and conditions of gasoline
N-DODECANE 1
Vapor fraction 0
Temperature [°C] 15
Pressure [bar] 1.010
Volumetric flow rate[lit/hr] 34000

Table 3. Assumptions made for the simulation of CCPP using ASPEN PLUS software

Parameter Assumed amount

Combustion chambers heat duty 0

Turbines heat duty 0

Compressors heat duty 0

Pumps heat duty 0

Condensers heat duty 0
High-pressure steam turbine isentropic efficiency 0.85
Low-pressure steam turbine isentropic efficiency 0.80
Gas turbines isentropic efficiencies 0.85
Compressors isentropic efficiencies 0.85

Table 4. Comparison of power generation of the simulated power plant with the actual one

Natural gas section Gasoline section power HP turbine work LP turbine work
power generation (MW) generation (MW) (MW) (MW)
Simulation 191.54 201.94 51.22 101.6
Actual data 190 200 50 99.5

3 Thermodynamics Analysis
3.1 Energy Analysis

The first law of thermodynamics in an open flow system, where there are three types of energy transfer including
work, heat, and energy-related to mass transfer in the control surface under a steady-state condition, is presented as
follows [15],

. 2 2 .
ZQ+m<hi+2+gZi>:m<ho+62°+gZo)+W (1)

where, Q, m, C, g, 7, h, and W stand for the rate of heat input to the system [MW], mass flow rate [kgs_l], velocity
[m/s], gravity [m / sz} , height [m], specific enthalpy [kJ kg _1] , and the rate of work produced by the system [MW],
respectively.
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3.1.1 Energy efficiency

The efficiency of a system, known as the energetic or first law efficiency (7;), is determined by the ratio of the
system’s output energy to its input energy. This measurement indicates the effectiveness of converting input energy
into useful output energy within the system.

Desired output energy >~ Wpet

= —_ 3 . 2
" Input energy supplied > Qin &
The output and input energies can be in turn defined as
Z Wnet = V.VGTI + V.VGT o+ V.VST - V.Vcompl - comp I Z Wpump (3)
Z Qin = [m (ho - hi)]combl + [m (ho - hi)]combz )

Note that subscripts I and II denote natural gas fired cycle and gasoline fired cycle, respectively. In Eq. (3),
pumps work is negligible in comparison to the other parameters.

3.2 Exergy Analysis

The exergy of a thermal system is the maximum work that can be obtained from the system, and any irreversibilities
within the system result in the destruction of exergy . The equation for exergy in an open system operating under
steady-state conditions is provided as: [16, 17],

T\ - . ) ) .
Z<1T()>ijcv+zmigizmeseEDo )
J i e

where, T, To, Q, Wey, 1y, e, &, &, and Ep are inlet temperature, outlet temperature, the rate of heat input to the

system [MW], the rate of work produced in control volume [MW], inlet mass flow rate [kgsfl], outlet mass flow

rate [kgs™'], inlet specific exergy [kJkg™'], outlet specific exergy [kJkg '], and Time rate of exergy destruction
By rearranging Eq. (5), we obtain the exergy destruction of a control volume in a steady-state open system.

E.)D = Z EQJQJ - ch + Zmigi - Z MeEe (6)
j i e

When nuclear, magnetic, electrical, and surface tension effects are not present, the total exergy of a system can
be categorized into four components: physical (Epn), chemical (Ecp), potential (Epr) and kinetic exergy (Fxn).

Eow = Epn + Ecu + Epr + Exx @)

By disregarding potential and kinetic exergies, the following relation can be obtained for total exergy,

Eow = Epn + Ecu (8)

The specific physical exergy can be represented by the following expression:

EPH :m[(h—ho) —TO(S—SO)] )

Therefore,

Bt = m [(h — ho) — To (s —s0)] + Ecn (10)

where, the subscript “0” denotes reference conditions.
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To evaluate the chemical exergy for mixtures containing gases not listed in the reference tables, the following
equation can be utilized: [18, 19],

gCH = an (8CH)n + RTy ZXH lan (11

Here, X,, is the mole fraction of the kyy, gas in the mixture, and R is the universal gas constant. In exergy analysis,
another crucial factor that must be taken into account is the reference conditions. For this study, the reference
conditions are defined as the atmospheric temperature of 15°C and pressure of 1.01 bar. The above equation (Eq.
(11)) cannot be utilized for evaluating the fuel exergy [20-22],

ECH,fuel
_ 12
$ = THVi (12)

The lower heating value (LHV), referred to as the net calorific value, of a fuel is determined by combusting a
specified quantity of the fuel (initially at 25°C) and restoring the temperature of the combustion products to 150°C.
In the case of gaseous fuels with a composition of C<Hy, a specific experimental equation is employed to calculate
the parameter &, representing the fuel exergy [21],

0.0698

€ =1.033+0.01697 — (13)
X X
For liquid fuel with C<Hy,, the following experimental equation is used to calculate £ [21]:
0.042
& =1.04224 + 0.011925Y — === (14)
X X

3.2.1 Exergy efficiency

The exergy or second law efficiency is defined as the ratio or measure of the actual useful work or output obtained
from a system to the maximum possible work or output that can be obtained from the same system under the given
operating conditions.

B Actual thermal efficiency _ Exergy output 1 Exergy Loss (15)
MU= "possible (reversible) thermal efficiency  Exergy input Exergy Input

3.2.2 Component-wise exergy analysis

According to Eq. (6), the exergy equations for each component, assumed as a control volume, can be calculated.
The exergy destruction equations and exergy efficiencies for various parts of the CCPP are as follows:
* Air compressor

ED7 Comp — iy (Ein - Eoul) + VIVC()mp (16)

rhair (5oul - gin )

ThL,Comp = . ( 17)
WComp
* Combustion chamber
ED,Comb = Mair €air + Mfuel Efuel — I.npro Epro (18)
ED Comb
0,Comb = 1- (19)

Myir Eair + Miyel Efuel

¢ Gas turbine
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ED,GT = rhpro (Ein - Eoul) - VVGT (20)

W
mLerT = ————— Q1)
Mpro (Ein - Eout )
* Heat recovery steam generator
I:—TJD,HRSG = Ihg <5gin - €goul) + my (Ewin — Ewout ) (22)
My (Ewout — Ewi
MILHRSG = (o—mm) (23)
mg (5g0ut - Egin )
¢ Steam turbine
ED,ST = Ihpro (5in - 5oul) - V-VST (24)
W
MI,ST = — 5 (25)
Mpro (5in — Eout )
¢ Condenser
ED7 Cond — Ihpro (gl - goul) (26)
E
M, Cond = 1 — ﬁ]icgld 27)
* Combined cycle power plant
Eb.cerp = Epcomp + Epcomb + Epcer + Epst + Epnrsa + Epcond (28)
Wnel
iccee = —— = — (29)
Ein - Eoul
Ein = Titguer Enuel + Mair Enir (30)
Eout = rhpro 5out HRSG 3D

4 Results and Discussion
4.1 Effects of Gas Turbine Inlet Temperature and Compressor Pressure Ratio

The performance of a combined cycle is significantly influenced by the inlet temperature of the gas turbine, as
it directly affects the power output of the turbine. To investigate the effect of gas turbine inlet temperature, power

generation of the CCPP was calculated at three different gas turbine inlet temperatures: 1200°C, 1300°C, and 1400°C.
The results are depicted in Figure 2. The production of additional electricity necessitates an increase in the inlet
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temperature of gas turbines, which is dependent on the compressor pressure ratio. Therefore, this parameter plays a
crucial role in determining the performance of the combined cycle [23].

For each gas turbine inlet temperature considered in this section, the effect of the compressor pressure ratio
on the CCPP power generation was investigated, as shown in Figure 2. It was observed that, for a specific gas
turbine inlet temperature, the power produced initially increased with the pressure ratio to a maximum value and
then tended to decrease. Compressor pressure ratios at gas turbine inlet temperatures of 1200, 1300, and 1400°C
varied within the applicable ranges of 10-17, 10-20, and 10-22, respectively. The maximum desirable compressor
pressure ratios for gas turbine inlet temperatures of 1200°C, 1300°C, and 1400°C were found to be 14, 16, and 19,
respectively, as indicated by the black points in Figure 2. It should be noted that the gas turbine inlet temperature
should not exceed 1400°C (the maximum allowable operating temperature of the turbine components) due to material
temperature limitations, and the compressor pressure ratio must not exceed 22 because of commercial availability
[23]. It can be concluded that the maximum power generation occurred at a gas turbine inlet temperature of 1400°C
and a compressor pressure ratio of 19.

—4—1200°C 1300°C —4—1400°C
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410 A il
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390
380 i - =
370
360
350

&
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Power (MW)

L 3

340 —
330

8 10 12 14 16 18 20 22 24

Compressor pressure ratio

Figure 2. Effects of gas turbine inlet temperatures and compressor pressure ratio on the CCPP power generation

4.2 Effect of High-Pressure Heat Recovery Steam Generator (HP HRSG) Working Pressure

Alterations in the outlet stream pressure of HP HRSGs could affect the power plant efficiency. The outlet pressure
of HP HRSGs was varied from 85 to 120 bar. However, the gas turbine’s inlet temperature and compressor pressure
ratio were held constant at 1400°C and 19, respectively. The results are shown in Figure 3. It was evident that
an increase in the pressure of the HP HRSG resulted in an increase in power generation [24]. This increase was
sharp initially, and then further increasing the HP HRSG pressure had little effect on the power generation. Due to
commercial limitations, the HP HRSG outlet pressure was limited to 120 bar.
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Figure 3. Effect of working pressure of HP HRSGs on the performance of CCPP at gas turbine inlet temperature of
1400°C and compressor pressure ratio of 19
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4.3 Effect of Low-Pressure (LP) and High-Pressure (HP) Superheater Outlet Temperatures

To examine the effect of LP and HP superheater outlet temperatures on the power generation of the CCPP, the
outlet temperatures of LP and HP superheaters were varied from 235°C to 300°C (Figure 4) and 510°C to 620°C
(Figure 5), respectively. As can be seen from these figures, an increase in superheater outlet temperature led to
increased power generation. An increase of 20°C in temperature resulted in an increase of approximately 215 kW in
the LP section and about 2300 kW in the HP section. It appeared that the HP outlet temperature had a greater effect
on CCPP performance than the LP outlet temperature. The outlet streams of HP and LP superheaters were led to
the LP and HP steam turbines. Increasing the steam temperature meant less erosion in the final stages of the steam
turbines, but due to metallurgical constraints, these temperatures should not exceed 300°C and 620°C, respectively,
for LP and HP steam turbines [25].
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Figure 4. Effect of LP superheater outlet temperature on the performance of CCPP at gas turbine inlet temperature
of 1400°C and compressor pressure ratio of 19
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Figure 5. Effect of HP superheater outlet temperature on the performance of CCPP at gas turbine inlet temperature
of 1400°C and compressor pressure ratio of 19

4.4 Effect of Condenser Working Pressure

The impact of condenser working pressure on the power generation of the CCPP is illustrated in Figure 6. A
decrease in condenser pressure was found to result in an increase in power generation. In this analysis, condenser
pressure was varied from 0.1 to 0.25 bar, with the maximum power generation occurring at a condenser pressure
of 0.1 bar. Consequently, selecting a lower condensing head pressure was identified as a highly effective method
for enhancing CCPP performance. However, the condenser pressure could not be reduced below 0.1 bar due to
limitations in the damp fraction at the steam turbine outlet [26].
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Figure 6. Effect of condenser working pressure on CCPP performance at gas turbine inlet temperature of 1400°C
and compressor pressure ratio of 19

4.5 Energy Loss and Efficiency

Energy losses for each component of the original Khoy power plant and the optimized model are presented in
Figures 7 and 8, respectively. The optimized model was obtained by applying conditions that resulted in the highest
power generation, as determined from the energy analysis in Sections 4.2 through 4.5 (as shown in Figures 3- 6).
According to the first law analysis, gas turbines exhibited the most significant energy loss in both the original and
optimized power plant models. Using Eq. (2), the first law efficiency, 7;, was calculated to be 54.65% for the
original power plant and 63.4% for the optimized model, indicating an increase of 8.75% in energy efficiency.
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Figure 7. Energy loss of the original Khoy power plant components

4.6 Exergy Loss and Efficiency

Optimal design for the Khoy power plant, from an energy perspective, was achieved by conducting an energy
analysis and determining the effect of adjustable parameters. In this section, calculations were performed to
determine the exergy efficiencies and losses of the optimized power plant components. The aim was to identify
critical components within the system that require improvement. Table 5 presents the exergy destruction and exergy
efficiency data for the optimized power plant components.

The maximum exergy destruction was observed in combustion chamber I and combustion chamber II, accounting
for 21.80% and 21.50% of total exergy destruction, respectively. As per the data provided in Table 5, chemical
reactions contributed to a significant portion of exergy destruction compared to heat transfer and friction. However,
based on the first law analysis, gas turbines were identified as the primary source of energy loss within the system
(refer to Section 4.5). This finding suggests that the first law analysis alone is insufficient for determining the main
source of power loss (exergy destruction).

106



184.4

200
180
160
140

E 120
& 100
B 80
5}

g 60 20.81
a5 2333
6.8E-06 7.00E-06

20
0 - -
9 N v
$ e o) ) )
@‘5%0 @9%0 & 4 & 4 *’@\o
S > ¥ &
S S S < )
QQ DQ ,'\\Q '\\Q
& 5
§

Figure 8. Energy loss of the optimized model components

Gas turbine I, gas turbine II, and the steam turbine, with exergy destructions of 14.77%, 16.15%, and 15.09%,
respectively, were the subsequent most significant components requiring improvement. The total exergy destruc-
tion for the optimized power plant was 1264 MW. Table 5 reveals that compressor I, compressor II, combustion
chamber I, and combustion chamber II exhibited high exergy efficiencies of 93.71%, 93.1%, 94.93%, and 95.39%,
respectively. In contrast, the steam turbine, gas turbine I, gas turbine I, and condenser had low exergy efficiencies
of 34.28%, 44.95%, 44.98%, and 47.25%, respectively. Using Eq. (29), the exergy efficiency for the original Khoy
power plant and the optimized model were calculated as 47.19% and 69.23%, demonstrating a 22.04% improvement
in exergy efficiency.

Table 5. The optimized power plant’s exergy destruction data and exergy efficiency at different points throughout

the plant
Exergy destruction Percent exergy destruction Exergy efficiency

Components M W] [e] [%e]
Compressor [ 10.61 0.84 93.71
Compressor II 11.6 0.92 93.71
Combustion chamber I 275.57 21.8 94.93
Combustion chamber 11 271.86 21.5 95.39
Gas turbine [ 186.74 14.77 44.95
Gas turbine 11 204.13 16.15 4498
HRSG I 47.16 3.73 51.38
HRSG II 52.14 4.12 49.3
Steam turbine 190.75 15.09 34.28
Condenser 13.75 1.09 47.25

5 Conclusions

In this study, a dual-fuel combined cycle power plant, employing both gas and gasoline, was modeled and
optimized utilizing ASPEN PLUS software. The simulation results were validated by comparing them with actual
data from the existing plant, demonstrating a satisfactory agreement. An energy and exergy analysis was performed
on the combined cycle power plant, focusing on both the gas (Brayton cycle) and steam (Rankine cycle) sections.
Optimal design parameters were determined through this analysis.

For the gas section, it was discovered that maximum power generation could be attained with a gas turbine inlet
temperature of 1400°C and a compressor pressure ratio of 19. In the steam section, optimal values were identified as
120 bar for the inlet pressure of the high-pressure steam turbine, 300°C for the outlet temperature of the low-pressure
heat recovery steam generator (HRSG), and 620°C for the outlet temperature of the high-pressure HRSG. Moreover,
a condenser working pressure of 0.1 bar was deemed the optimum value.

An exergy analysis of the optimized model was conducted to evaluate the exergy efficiencies and exergy losses
in all components of the power plant. This analysis revealed that combustion chamber I and combustion chamber
IT exhibited the highest exergy destruction, accounting for 21.80% and 21.50% of the total exergy destruction,
respectively. These results highlight the components requiring improvement for optimization purposes.
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Significant enhancements in both energy and exergy efficiencies were observed for the Khoy power plant upon
implementing the optimized design. Energy efficiency increased by 8.75%, while exergy efficiency experienced a
substantial improvement of 22.04%. These advancements demonstrate the superiority of the optimized power plant
configuration over the existing one. The findings of this study provide valuable insights and guidance for designers,
engineers, and power plant operators in their pursuit of improved performance and efficiency.
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Nomenclature

h  Specific enthalpy [kJkg™*]

QQ  Heat loss flow rate [MW]

s Specific entropy [kJkg ' K]

P Pressure [bar]

m  Mass flow rate [kgs™']

E  Exergy rate [MW]

W Power [MW]

T  Temperature [°C]
Subscripts

comp Compressor

comb  Combustion chamber

cond Condenser

e Exit

CH Chemical

CCPP Combined cycle power plant
GT Gas turbine

ST Steam turbine

PH Physical

CcvV Control volume

0 Dead state condition
LP Low pressure

HP High pressure

KN Kinetic

PT Potential

D Destruction

Pro Product
Greek symbols

€ Specific exergy [kJ kg_l]
nn  Exergy efficiency [%)]
nr  Energy efficiency [%)]
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