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ABSTRACT

Electricity is a fundamental requirement for human daily life. A power plant is one of
the main sources to generate electricity. The main systems of such powerplants are the
gas turbine cycle, steam turbine cycle, and combined cycle. A Combined cycle power
plant (CCPP) is a combination between Gas turbine (Brayton cycle) and a steam turbine
(Rankine cycle) to increase overall plant efficiency. This thesis is based on simulations
analysis using MATLAB/Simulink. The first part of this work performed optimization
and performance analysis of Sabiyah Combined Thermal Power Plant using real
operating data and comparing it with actual output data from the software. The model
was developed using MATLAB software. The exhaust of the Gas turbine reached up to
600°C. The main factors in the top and bottom cycles of the combined cycle are
investigated and discussed. The net-power output based on the performance model
using MATLAB (Simulink) is greater than the current real output in the station by
20.5% and the overall thermal efficiency of the power plant is raised also from 50.5%
to 55.2%. The second part investigated performance enhancement for gas turbines using
MATLAB Simulink. Intercooler-reheat gas turbine configuration system (IRGT) has
been proposed to be implemented in Sabiyah Thermal Power Plant instead of the simple
cycle to raise the output power and efficiency with the same fuel burnt. The results of
the modeling and analysis indicated that the efficiency is higher in IRGT with 45.20%
compared with simple cycle (35.5%). The power output also increases to 210MW in

comparison with the current output in the station which is around 160MW only.



Suad ,\Z\.mﬂi

Go bl il dasa iiads cdpagll Glady) bal ulul Cllae ol Sl
85y Aokl s &oladl Sl sl el el Sl Al gl dpup 1 aliadll
3_sall <l A8l o g5 Adase AU 2l 65 Claal D 1) AadaiY) 4 4S5l
saly 3l Ayl Gl sl 5 4 ledl Sl 5l G m e (& (CCPP) A4l
aladiuly slSlaall Jidas e dag l¥) sda adiai ddaaddl 40K 3Ll
e1aY) Qa5 Gpeendl Coagy Jaad) 138 0 J5Y) 6 3adl . MATLAB / Simulink
p3a oy Sl A8kl A il dall ddass & A8 jall Glas gl (e B2al g Bas ]
o W lie cai Apuall dlaae (e Adds Jedi Glily e el Al )
aladinly oy skl &5 23 sl o) Cus (MATLAB el (e daladl) il jal)
A jlad) Gl ¢l aale 3 ) ja ds jo Glay 3L B MATLAB b »
5930 (o8 A ) Jal gall (e Ailida g) i) AdBlia g pand 3 Ay 530 An 52600 )
V) ziga ulal o dlall A8l il A el sas ol dAland) g 4 slall
o Adlall dagall i) e ST i MATLAB (Simulink) alasiul
Cre 48U daaad 2SN 2 ) el B liSl ad ) &5 G 7205 dopaaiy dguall ddasdll
i il el Cpnd (I BN ¢ 5all 8 Al )l iyl 7552 ) 750.5
Sl iy 8 o S5 aldai #5855 MATLAB Simulink alasiuls 4 5l
Aaaliy) saly ) Chogd Aasall 3 5l (e Yoy dppeall dase B o2 21l (IRGT)
A Al 4 el il ) sill 8 oy (o) Al 285l (9 ) aa B LESH (5 e o)
4 )l8e 745.2 40y IRGT (8 el 3elisll o ) Jdail  dadaill il LS
4 5lie Dl slane 210 ) Wl A8l ) oo 3y 7355 dpeedy dageaall 55 50l

Sl slane 160 s iy (35 ddasall 3 sl mililly



APPROVAL PAGE

The thesis of MESHARI F A F ALSHAMMARI has been approved by the following:

Siti Fauziah Toha
Supervisor

Hazleen Anuar
Co-supervisor

Waleed Fekry Faris
Internal Examiner

Salihatun Md Salleh
External Examiner

Akram Zeki Kheder
Chairman



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently submitted as

a whole for any other degrees at [IUM or other institutions.

Meshari F A F Alshammari

SIGNALUIE .. Date: 13/02/2022



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

A STRATEGY FOR POWER PLANTS PLACEMENT
OPTIMIZATION FOR BETTER EFFICIENCY: KUWAIT AS A
CASE STUDY

| declare that the copyright holders of this thesis are jointly owned by the student and
IHUM.

Copyright © 2022 Meshari F A F Alshammari and International Islamic University Malaysia.
All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder except
as provided below

1. Any material contained in or derived from this unpublished research may
be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The HHUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the 1HUM
Intellectual Property Right and Commercialization policy.

Affirmed by Meshari F A F Alshammari

.................................. 13/02/2022
Signature Date




ACKNOWLEDGEMENTS

All Praises be to “ALLAH” (SWT) Almighty who helped me to complete this thesis
successfully and gave me the strength and patience throughout this thesis. This work has
given me a lot of experience and teaches me to work with individual confidence in
conducting an important project. To do the project using an engineering software program
needs many efforts and to spend many hours waiting for simulation. | learned many things
about the oil/gas field during this period.

| would first like to thank my supervisor Assos Prof Ir Dr Siti Fauziah. The door
to her office was always open whenever | ran into a trouble spot or had a question about
my thesis or writing. She is very helpful, patient and she steered me in the right direction
whenever she thought | needed it. Many thanks also to my co-supervisor also to my co-
supervisor Prof Hazleen Anuar.

Getting through my thesis required more than academic support, and | have many,
many thanks to all the people who helped and supported me over the past four years.

To conclude, | would also like to thank my lovely parents and all my family
members. Many thanks to the Department of Manufacturing Engineering lectures, staff,
and several colleagues who always support me. Thank you in advance for your kindness.

Vi



TABLE OF CONTENTS

N o151 = Tod PSSP i
ADSTFACT IN ATADIC ... i
APPIOVAI PAGE.....c.eiiiitiiiieiieee bbbttt ii
DT Fo - [0 PSP USO RPN iv
ACKNOWIEAGEMENTS ... vi
Table OF CONENES ..o bbbt vii
LISt OF TADIES ...t es IX
LISt OF FIGUIES ..ttt et te et esre e teeneenreas X
LiSt OF SYMDOIS ... xii
CHAPTER ONE: INTRODUCTION ....cooiiiiiiiiiiiesitsieseseeee e 1
1.1 General Background............ccouiiiiiiiiiiii e 1

1.2 Problem StateMENT.........ccoiiiiiiiiieiee e 5

1.3 Research PRIlOSOPNY ......ccooiiiiiiiiice e 5

1.4 RESEAICN SCOPE ..vecvveivieieitie sttt eee st e et ste ettt e e sraeste e ba e aeeneenreas 6

1.5 ReSEarch ODJECLIVES .......cccoiiiiiieieieies s 6

1.6 TheSiS FIOW CRAIt ........cciiiiiiiiiieieiee e 7
CHAPTER TWO: LITERATURE REVIEW.......... oo, 8
2.1 GENEIAl OVEIVIBW ...ooviiiiieiie ittt 8

2.2 The Gas turbine cycle POwer Plants...........ccocoveiiiiinenineneneceeeee 14

2.2.1 Background and PrinCiples.........ccccceoveiieiiiiciicse e, 14

2.2.2 Simple cycle performance ..........ccocvervriniiiiiee e 18

2.2.3 Regenerated Gas turbine Cycle .........cccoovveviiiiiccicc e, 23

2.2.4 Reheated Gas turbine CyCle ... 25

2.2.5 Intercooler gas turbinge CyCle.........ccocvevieieiic i, 27

2.3 The Steam turbine cycle Power Plants...........c.coovviiiinieninineceen 30

2.4 Combined Cycle POWer Plants..........ccccecveiiiie i 35
CHAPTER THREE: METHODOLOGY ....ccociitiiseeeeeeee e 49
3.1 Combined Cycle POWEr PIant ...........cccocevieiiiieiiecece e 50

3.2 Single Gas Turbine Cycle (Brayton Cycle) ........cccoceoiiiniiininiiiieen, 54

CHAPTER FOUR: PERFORMANCE ANALYSIS AND OPTIMIZATION OF
COMBINED CYCLE THERMAL POWER PLANT .....ocoiiiiiiiieeieeee e 58

CHAPTER FIVE: PERFORMANCE ANALYSIS AND OPTIMIZATION OF
GAS TURBINE POWER PLANT ..ot 67

vii



CHAPTER SIX: CONCLUSION......ccoiiiiiii

REFERENCES ... ..o

APPENDIX A

viii



LIST OF TABLES

Table 1: Data for Main Parameters (Combined cycle)
Table 2: Main Parameters (Gas turbine cycle)

Table 3: Results (Steady state mode, Temp = 1200 °C)
Table 4: Abbreviation

Table 5: Comparison between the actual and real output
Table 6: Results (Steady state mode, Temp = 1200 °C)

Table 7: Result summary (Optimization of the gas turbine)

53
57
58
61
66
67
74



LIST OF FIGURES

Figure 1. 1: Kuwait’s Power plants 4
Figure 1. 2: Sabiyah Thermal Power Plant (CCGT Power Plant) 4
Figure 1. 3: Thesis flow chart of the thesis 7
Figure 2. 1: Sketch of John Barber's gas turbine 16
Figure 2. 2: Tesla Turbine 16
Figure 2. 3: Gas turbine (Closed system) (Al-Anfaji 2015) 19
Figure 2. 4: Gas turbine (Open System) (Al-Anfaji 2015) 19
Figure 2. 5: T-S diagram for a simple Brayton cycle 21
Figure 2. 6: Reheated gas turbine components(Al-Anfaji 2015) 26
Figure 2. 7: T-S diagram of reheated Brayton cycle (Al-Anfaji 2015) 26
Figure 2. 8: Simple and intercooler Brayton (Al-Anfaji 2015) 28
Figure 2. 9: Components of ranking cycle steam turbine power plant (Oyedepo,
Fagbenle et al. (2017). 32
Figure 2. 10: P-V diagram of the Ranking cycle 32
Figure 2. 11: T-S diagram of the Ranking cycle 33

Figure 2. 12: T-S Diagram for combined (cycles Brayton /Ranking) (Al-Anfaji 2015) 37
Figure 2. 13: Main components of a combined cycle power plant (Al-Anfaji 2015) 38
Figure 2. 14: Schematic of Combined cycle power plant (Han, Chen et al. 2015). 41

Figure 2. 15: T-S diagram for steam turbine plant (Han, Chen et al. 2015). 41
Figure 2. 16: The combination of a gas turbine and steam turbine cycles 42
Figure 2. 17: Combined cycle gas turbine Kumar, Krishna et al. (2006) 45
Figure 3. 1: (a) Kuwait’s Power Plants 50
Figure 3. 2: Full diagram of a combined cycle power plant to Sabiyah thermal power
plant 52

Figure 3. 3: Schematic of a gas-turbine with intercooling regeneration, and reheat 55
Figure 3. 4: T-S diagram of the gas turbine with Reheat, Intercooling and

Regeneration configurations. 55
Figure 3. 5: Full diagram (Gas-turbine with intercooling, reheat, and regeneration) 56
Figure 4. 1: Energy supplied to the top cycle (Gas turbine Cycle, GTC) 62
Figure 4. 2: Cycle mass flow rate Vs. Gas turbine cycle efficiency 62
Figure 4. 3: Top cycle efficiency (GTC efficiency %) 63
Figure 4. 4: HRSG Total Heat 63
Figure 4. 5: Exhaust Gas Temp vs Firing Temp 64
Figure 4. 6: Overall Efficiency vs Pressure ratio in Combine cycle 64
Figure 4. 7: Gas turbine efficiency Vs. Overall thermal efficiency 65
Figure 5. 1: Energy supplied of Gas Turbine Cycle (GTC) 71
Figure 5. 2: Exhaust Gas Temp vs Firing Temp 71
Figure 5. 3: Overall efficiency vs TIT 72
Figure 5. 4: Outlet Enthalpy vs. TIT 73



Figure 5. 5: Isentropic Turbine efficiency Vs. Overall Thermal efficiency
Figure 5. 6: Overall Power Output for two different methods
Figure 1: Low-Pressure Compressor LPC

Figure 2: Combustion Chamber 1 CC1

Figure 3: Combustion Chamber 1 CC2

Figure 4: Intercooler

Figure 5: High-Pressure Compressor HPC

Figure 6: High-Pressure Turbine HPT

Figure 7: Low-Pressure Turbine LPT

Figure 8: Steam Cycle, Performance Calculations SRC
Figure 9: Top Cycle Performance

Figure 10: Performance and Cost

Xi

73
74
86
86
86
87
87
87
88
88
89
89



LIST OF SYMBOLS

Low-pressure compressor LPC
High-pressure compressor HPC
Combustion chamber CcC
High-pressure turbine HPT
Low-pressure turbine LPT
Boiler heat exchanger BHEX
effectiveness

Gas turbine cycle GTC
Turbine Inlet Temperature TIT
Gas turbine GT
Combined Cycle Power CCPP
Plant

Steam Turbine ST
Intercooler-Reheated Gas IRGT
Turbine

Heat Recovery Steam HRSG

Generator

Xii



CHAPTER ONE

INTRODUCTION

1.1 GENERAL BACKGROUND

Electrical energy is a basic need for the maintenance and development of
modern society. Fossil fuel plants such as coal, natural gas, and uranium have entered
much of the generation today. The continued growth in the world's population, with the
seemingly growing demand for electricity, has clearly shown the need to increase the
power generation capacity. According to global statistics (IEA 2007), there was a steady
increase in the energy supply during the past years. However, it is still commonly held
that the power generation plants available are not sufficient to produce the required.
Thus requiring further investment in the construction of new power, energy supply has
shown a steady increase in recent years (Okeniyi, Anwan et al. 2012, Okeniyi, Atayero

et al. 2018).

Since it would be inexpensive to increase the number of generating stations and
trigger installation-related problems later method must increase generation. Plants that
use fossil fuels as their energy source have poor efficiency, as the calorific value of the
fuel cannot be fully exploited (Rai, Hasan et al. 2013). However, since the early 80s,
the terms energy and environment have been associated. Because of the Carbon
footprint issue. A term that refers to increasing Earth's temperature, as well as pollution
that also causes climate change. Although renewable energy is becoming mainstream,

fossil fuel use is still around 80%. This number is unchanged since 2015.



Therefore, improving power plant performance is no longer an option. The
power plant company should improve efficiency. One approach is to increase gas

turbine system efficiency by optimizing all associated input and output parameters.

Due to the demanding diversification of generating capabilities, thermal power
plants became one of the main sources of power generation. To operate these power
plants, natural gas is the suitable fuel used due to its availability. However, the operation
of thermal power plants is more complicated than the operation of hydroelectric plants
this is because of the usage of working fluids with high temperature and pressure and
due to the related challenging operating conditions of metal tubes, headings,
combustion chamber turbines, heating surfaces, casing, etc. Furthermore, the need for
complex automatic control systems and the effort required to maintain high

performance and reliability (Ibrahim, Rahman et al. 2010, Basha, Shaahid et al. 2012).

The main aim of this research is to study the performance modeling and analysis
and optimizations of single and combined cycled in Sabiyah Thermal Power Plant
which is located in Kuwait as shown in Figure 1.1. Sabiyah Thermal Power Plant was
established in 1998 and is known as one of the important power plants in Kuwait. After
several development stages, now it is considered one of the biggest power plants in the

Middle East. Figure 1.1 shows a side view of the power plant.

In 2000, the first stage of Kuwait's Subiya oil-fired power plant was completed. At the
$2.2 billion Subiya | facility, eight 300MW boilers and turbines produce 2,400MW and
up to 12MGD of drinking water. The gas-fired 2,000MW Subiya Il plant would
increase the drinking water supply to 96MGD. In 1989, Kuwait's Ministry of Electricity

and Water (MEW) began construction on the 2,400MW Subiya project in the country's

2



northwestern region. The station was designed to assist existing power plants in the
event of an emergency and to provide sufficient coverage of future power demand.
Subiya | has a total full-load cooling water demand of 100m3 per second, which has

been raised by Subiya Il to 148m3 per second.

Kuwait's largest power station is the Sabiyah West gas-fired combined-cycle power
plant. The 2GW gas-fired power station, which is owned and controlled by Kuwait's
Ministry of Electricity and Water (MEW), is made up of three combined-cycle power
blocks. As part of the New Kuwait Vision 2035 to boost the efficiency of the country's
power and water infrastructure, the Sabiyah West power station is undergoing an
upgrade that will increase its total production by more than 7%. By 2019, the facility's
initial power block had been upgraded. The Sabiyah West combined-cycle power
project, worth £1.59 billion ($2.65 billion), began construction in September 2009, and

the plant began simple-cycle service with approximately 1,400MW installed capacity



in June 2011. In phase two, which was completed in July 2012, the plant was converted

to a combined-cycle service with a total generating capacity of 2GW.
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1.2 PROBLEM STATEMENT

The State of Kuwait faces an ever-increasing demand for electricity and water
corresponding to the rapid population growth. To get better products, better analysis
tools are needed to optimize them and to get closer to the limit of what the material can
withstand. Meanwhile, air pollution needs to be taken into consideration. It is required
to improve the performance of the cycle and reduce both the natural gas used for driving

the cycle and the CO2 emissions (Kadhim, Jabbar et al. 2018).

1.3 RESEARCH PHILOSOPHY

The research focused on improving power plant efficiency through gas turbine
optimization. Improvement will be conducted through several stages: (1) Identification
of the gas turbine-based power plant in Kuwait. (2) Acquiring the power plant
schematic of a gas turbine-based power plant system. (3) Converting the schematic
system into the gas turbine power plant (Brayton cycle). (4) Modelling the Brayton
cycle in a MATLAB Simulink environment. (5) Assessing the current performance of
the initial model of the Brayton cycle. (6) Developing the new improved model of the
turbine power plant and (7) Assessing the new improved optimized model of the
Brayton cycle and comparing it to the initial one and (8) Proposing the new procedure

of the processing configuration in a gas turbine-based power plant.



1.4 RESEARCH SCOPE

(1) Acquiring data: The data consist of a map of the gas turbine power plant facility
in Kuwait, data of the gas turbine specification, data of the specification of other
apparatus as part of the gas power plant, and data of the current performance or
efficiency of the gas turbine power plant.

(2) Acquiring industrial standardizations related to gas turbine power plants such as
ANSI standard for power generation, EPA Power plant Standard.

(3) Tools to perform modelling: Gas turbine modelling and optimization using
MATLAB Simulink and extract the result to Microsoft Excel.

(4) Some of the existing numerical analysis methods for optimizing the gas turbine

power plant such as Monte Carlo, Artificial Neural Network, and Fuzzy logic.

1.5 RESEARCH OBJECTIVES

1)  To study all thermodynamic cycles and the working principle of every cycle.

2)  To analyze the mathematical formulation for all types of configurations

3) To analyze and simulate the behavior of the Combined cycle using
MATLAB/Simulink.

4) To analyze and simulate the behavior of the Single Gas turbine cycle using
MATLAB/Simulink.

5) To propose the new procedure of the processing configuration in a gas turbine-

based power plant.



1.6 THESIS FLOW CHART
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CHAPTER TWO

LITERATURE REVIEW

2.1 GENERAL OVERVIEW

Satisfaction with human egalitarian lives, accommodations, and inventions is
the main goal behind many advances in human history. Facilities such as transport, air
conditioning, and many other modern necessities of life are then developed. These have
been planned to be powered by the energy emitted from the various energy sources.
The methods used to generate such energy are primarily fossil fuels, nuclear reactions,
and renewables. In each case, the energy has its form, requirements, and the unique

method by which the individual facility normally releases and uses it.

In general, energy became a fundamental requirement for human existence. The
energy demand has gradually increased due to rapid population growth and lifestyle
growth. However, the ongoing wasteful use of part of the energy resources such as
fossil fuels (oil/gas, coal ) in the past IEA (2013) has had significant catastrophic effects
(pollution, change in weather patterns, global warming, etc.). Thus, the understanding
of the aim of increasing access to commercial electricity is crucial for every society's

future and sustainable growth. (Mohamed 2007, Rao and Parulekar 2012).

Due to the rapidly increasing population in the world, the difficulties to enhance
lifestyles, and global economic growth, the energy demand is increasing sharply.
Recently, it became very dangerous to accommodate the expected rise of energy
demand in some countries, since it is now commonly recognized that the wide activities

of the human without caution, such as the burning of fossil fuels involved in energy



systems, are the primary causes of acid rain and greenhouse gases that are the major
contributors to emissions (Goswami and Kreith 2007). In his thesis, Yadav (2009) noted
that one of the most important challenges facing humanity in the 21% century is to
provide everyone on the planet access to healthy, secure, and sustainable energy

supplies.

One of the most important aspects of the country's economy is the production
of electricity. Due to the rapidly increasing economy and population, the energy
demand is growing. Both industry and households should be supported by electricity.
Particularly in the last decades in which operations are conducted 24 hours a day and
seven days a week, the need for energy supply is irregularly increased (Lisin,
Strielkowski et al. 2015). On the other side of production, the energy supplier's growth
is not as quick as the demand side. Thus, the challenge is how to resolve both sides'
unbalanced growth. The problem facing the power plant business is the energy
regulatory requirement (Mohamed and Koivo 2010). As reported in the study
conducted by the European Climate Foundation (ECF), energy players must increase
their efficiency, as fossil fuels still contribute significantly to climate change (Roadmap

2010).

The energy player has an opportunity to motivate them to enhance their
efficiency in terms of an effective output of energy. Improvisation by applying
optimization techniques (Li and Nilkitsaranont 2009). The benefits of optimizing the
power plant will contribute to the country's long-term stability and sustainability not
just for the energy player, nor for a short period of economic growth (Xu, Niu et al.
2016). Continuously monitoring the implementation of the optimization process and

introducing a so-called smart monitoring system that can predict energy demand



irregularity and fluctuation. It will contribute significantly to saving fuel and reducing

the carbon footprint (Diesendorf and Saddler 2003).

In the next few decades, global energy demands are expected to rise, with the
domination of fossil fuels as the energy source. Therefore, CO2 emissions are expected
to rise dramatically. World Energy Outlook (WEO) forecasts between 2011 to 2035
indicate a sharp increase in energy demands (overtake 66%). This would lead to rising
CO:2 emissions by 20% and the temperature increases by around 3.6°C (IEA, Agency

et al. 2013).

Essentially, various methods are typically used to satisfy correlative demands.
Using such techniques will ensure improved energy efficiency with appropriate
environmental impact standards. The first approach is to use various sources of
renewable energy to fuel these facilities such as nuclear reaction and renewables. The
technologies that use these energy sources are either fully established with low outputs
or feature unstable operating availability. However, the high construction and
maintenance costs added to the use of these technologies. The second approach to
solutions targeted modern and more efficient thermal power plants. The approach also
enhances the operating station performance by increasing its thermal efficiency

combined with a substantial decrease in its harmful discharges.

Recently research has concentrated on power-generation installations. Fossil
fuel-fired power plants, with their associated environmental effects, are responsible for
producing much of the present worldwide electricity. These power generation plants
use 32% of fossil fuel resources and 41% of CO.-related energy releases (Taylor,
d’Ortigue et al. 2008). In 2010, 67.4 % of total world electricity was generated from

coal, oil, and gas, as reported by IEA (2013) with 60%, 33%, and 7 %, respectively.
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Thermal power plants generated over 90% of the electricity produced. The average
thermal efficiency of electricity generation from a standalone fossil-fuel mechanism

does not normally exceed 36%.

From the 1880s, fossil fuels were used in power plants to produce industry
electricity. The first generating station in 1882 is established by Thomas Edison. Then
various power plants were built worldwide. Several technologies are implemented to
improve power plant operations such as power plant automation and enhancements to

boost power plant performance and minimize hazardous emissions (Flynn 2003).

Optimizing energy sources regarding the environmental condition and general
energy supply is required. Units that provide control become more complex. Power
plant owners call for guaranteed high-performance power plants. The increasing price
of fuel and environmental effects highlight energy issues considerably (Dincer and Al-

Muslim 2001).

The optimization of the thermal power plant is a very complex operation. It is
known as maximizing thermal efficiency, minimizing the cost of power generation,
minimum emissions, or minimum downtime. Power plants owners aim to be more
efficient and actively explore strategies to minimize costs, minimize time, schedule
time and use computer-aided (CAD) approaches to prevent delays and errors (Perz

1991).

Currently, natural resources are used to generate electricity which is absorbed
rapidly as a world energy resource. Simulation Devices are parts of optimizing power
plant processes. Most engineered systems run at loads below the designed value.

Operating at lower thermal efficiencies than expected (Egelioglu 2002).
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