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ABSTRACT

The vast development and world globalization had caused the existing power
system in most country to hit its bottleneck. In order to sustain the demand, the
current power supply will need to be expanded. Due to cost saving from expansion
the power system network, the system operator has to allow the system to operate
nearer to the system thermal limit and subsequently increase the transmit capacity.
The Availability Transfer Capability (ATC) can be increased using Flexible AC
Transmission System (FACTS). However, FACTS devices are very expensive and
high generation scheduling cost. This project is to focus on how to determine the
optimal location to install this expensive FACTS devices. Optimal location of the
installation of FACTS devices can be determined using the sensitivity analysis.
There are several types of FACTS devices, and Thyristor Controlled Series
Capacitors (TCSC) has been selected to use in the project report on account of its
overall performance and cost effectiveness to relieve congestion. The scope of this
project report will using sensitivity based approach to determine the optimal location
of TCSC. MATLAB is used to perform the power flow of the power system and the
result is adopted into sensitivity index model. Then the location of the TCSC is
determined using the most positive sensitivity index. The simulation is tested using
POWERWORLD on chosen 5-bus system, IEEE 14-bus system and also 30-bus

system. As a result, the optimal location of TCSC is determined and verified.
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ABSTRAK

Pembangunan and globalisasi telah menyebabkan system kuasa yang sedia
ada dalam kebanyakan negara mencecah kesesakan. Dalam usaha mengekalkan
permintaan, bekalan kuasa perlu dipertingkatkan. Pengendali sistem kuasa perlu
membenarkan sistem untuk beroperasi hamper kepada had sistem haba supaya boleh
jimat daripada pengembangan rangkaian sistem kuasa, dengan ini keupayaan
menghantar kuasa dapat dipertingkatkan. Keupayaan keterdapatan perpindahan boleh
ditingkatkan menggunakan Flexible AC Transmission System (FACTS). Walau
bagaimanapun, peranti FACTS sangat mahal dan kos generasi tinggi. Projek ini
adalah untuk memberi tumpuan kepada bagaimana untuk menentukan lokasi yang
optimum untuk memasang peranti FACTS. Lokasi optimum pemasangan alat-alat
FACTS boleh ditentukan dengan menggunakan analisis sensitivity. Thyristor
Controlled Series Capacitors (TCSC) telah dipilih daripada beberapa jenis peranti
FACTS untuk digunakan dalam laporan projek disebabkan oleh prestasi keseluruhan
dan keberkesanan kos untuk memberikan kestabilan sementara. Skop laporan projek
ini akan menggunakan pendekatan berasaskan sensitivity untuk menentukan lokasi
optimum TCSC. MATLAB digunakan untuk melaksanakan aliran kuasa sistem
kuasa dan hasilnya dipindahkan ke dalam model indeks sensitivity. Kemudian lokasi
TCSC ditentukan menggunakan indeks sensitivity yang paling postitif. Simulasi ini
dilaksanakan dengan menggunakan POWERWORLD pada sistem 5-bas, IEEE
sistem 14-bas dan juga sistem 30-bas. Kesimpulannya, lokasi optimum TCSC

ditentukan dan disahkan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Despite the rapid and extreme pace of world development in recent year, the
rate of growth for transmission facilities construction speed is still much slower
compared to load demand growth. Amongst the reason is because the power utility
operator is still using the existing infrastructure with minimum investment to meet
this load demand growth. In addition, environmental factor, economic reasons and
other factors also contribute to this dilemma. After years of research and observation,
Flexible AC Transmission System (FACTS) is introduced to solve this problem.

1.2 Problem Statement

From the introduction, there is a lot of FACTS technology that can be used to
enhance system performance by controlling the power flows in the network. Each
FACTSs devices is suitable in different application such as load flow control, voltage

control. Hence the optimal location of FACTS devices should be determined.



1.3 Objectives

The main objectives of this project is to determine the optimal location of
TCSC devices in order to relieve the system congestion. The methodology will be
carried out in a 5-bus system, IEEE 14-bus system and finally IEEE 30-bus system.
Other sub-objective is to master the application to perform power flow and to
simulate power flow analysis using software such as MATLAB and
POWERWORLD.

1.4 Scope of Work

In order to achieve the research objective several works need to be done. First
to perform literature review on previous researchers works, to study FACTS devices
and explore which is suitable for steady state condition. Besides, the method to solve
power flow in power system need to be explore and master in order to determine
which is the most suitable method to carry out power flow calculation. Follow by
deciding the method for determining the optimal location for TCSC. Lastly, the

results of optimal location is verified by using software simulation.



1.5 Project Organization

This project is represented by five chapters as below:

Chapter 1: Introduction to this project is being discussed. The problem statement,

objectives, scope of works and project outlines is elaborated.

Chapter 2: Discussion about the FACTS technology in power system, the types of
the FACTS devices and how they are being installed and performed in power system.
This chapter is to have a review on other researchers’ works on deciding the optimal

location of FACTS devices mainly on the sensitivity analysis approach.

Chapter 3:The methodology and software being used in this project is eloborated.
Two main software to be used in this project is MATLAB and POWERWORLD.

Chapter 4: This chapter is the results and discussion obtained in this project which is
tested differently on 5-bus test system, IEEE 14-Bus test system and IEEE 30-Bus

test system.

Chapter 5: The last chapter is about the conclusion of this project and the future
possible works which can be done to fine tune the optimal location of TCSC in

power system.
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