TABLE OF CONTENT

Title Page
No.
oy
Originality declaration
Dedication
Acknowledgement
Table of Contents i
List of Tables iv
List of Figures %
Abbreviations vi
Abstract vii
saliica) viii
Chapter One: General Back Ground
1.1 | Introduction 1
1.2 | Static Synchronous Compensator (STATCOM) 2
1.2.1 | Advantages of STATCOM 4
1.3 | Problem Statement 4
1.4 | Motivations 5
1.5 | Thesis objective 5
1.6 | Thesis Organization 5
1.7 | Thesis Methodology 5
Chapter Two: Literature Review
2.1 | Introduction 7
2.2 | History of FACTS Controllers 9
2.4 | Classification 11




2.5 FIRST GENERATION OF FACTs 12
2.5.1 | Static VAR Compensator (SVC) 12
2.5.2 | Thyristor-Controlled Series Capacitor (TCSC) 13
2.5.3 | Thyristor-Controlled Phase Shifter (TCPS) 14

2.6 SECOND GENERATION OF FACTS 14
2.6.1 | Static Compensator (STATCOM) 14
2.6.2 | Static Synchronous Series Compensator (SSSC) 15
2.6.3 | Unified Power Flow Controller (UPFC) 15

2.7 | Benefits of Control of Power Systems 16

2.8 | Benefits of utilizing FACTS devices 17

2.9 | The STATCOM 17
2.9.1 | STATCOM or Static Synchronous Compensator 18
2.9.2 | Applications 19
2.9.3 | Design 19
2.10 | STATCOM Operation 21
2.10.1 | STATCOM versus SVC 24

Chapter Three: Mathematical Model

3.1 | Introduction 25

3.2 | Power Flow Solution 25
3.2.1 | Types of buses 25

3.3 | Numerical Solution of Power Flow 26
3.3.1 | Gauss method 27
3.3.2 | Gauss-Seidel method 27
3.3.3 | Advantages of Gauss-Seidel Method 29
3.3.4 | Disadvantages of Gauss-Seidel Method 29

3.4 | Newton-Raphson Method 29
3.4.1 | Advantages of the Newton-Raphson 31




3.5 | Fast Decoupled Method 32
3.6 | Importance of load flow study 33
3.7 | Modeling of power system with STATCOM 34
3.8 | V- CHARACTERISTICS OF STATCOM 38
3.9 | Modes of Operation 40
3.10 | Restriction of Operation 42
Chapter Four: Simulation Results and Discussion
4.1 | Introduction 43
4.2 | Case study Load flow model of national grid 43
4.2.1 | The National grid of Sudan 43
4.3 | Data Survey 44
4.4 | Results and Discussions 51
4.4.1 | Analysis of Load flow result 51
4.5 | ldentification of Weakest Bus and Transmission Line: 52
45.1 | Fast voltage stability index (FVSI) 52
4.6 | Load flow results after enhancement by using STATCOMS 54
4.7 | Voltage comparison between the busses which STATCOM 78
connected to it before and after
4.8 | Comparison between the losses in the three busbars 79
Chapter Five: Conclusion and Recommendations
5.1 | Conclusion 80
5.2 | Recommendation 81
References 82
Appendixes 84
Appendix 84




List of Tables

Table Page No.
Table 2.1 Number of facts devices used and their total MVA 14
Table 4.1 | NG bus codes and numbers 43
Table 4.2 | NG line data (Per Unit Data) 45
Table 4.3 | Load flow analysis before enhancement 48
Table 4.4 | Ranking of weak lines depend on FVSI values 53
Table 4.5 | load flow analysis after enhancement by (LOM1) 55
STATCOM
Table 4.6 | load flow analysis after enhancement by (MAR2) 59
STATCOM
Table 4.7 | load flow analysis after enhancement by (MHD1) 63
STATCOM
Table 4.8 | load flow analysis after enhancement by (MAR2) 67
STATCOM
Table 4.9 | load flow analysis after enhancement by (MAR2) 72
STATCOM
Table 4.10 | FVSI values for the weakest lines after adding 76

STATCOM




List of Figures

Figure Page No.
Fig. 1.1 Circuit of Statcom 2
Fig. 2.1 Schematic diagram of the STATCOM 16
Fig. 2.2 Statcom in field 17
Fig. 2.3 GTO-based STATCOM Simple Diagram 18
Fig. 2.4 The STATCOM operating principle diagram (a) power 20
circuit (b) equivalent circuit and (c) power exchange
Fig. 3.1 STATCOM voltage regulators and control loop 31
Fig. 3.2 A) Statcom schematic diagram B) Statcom equivalent 34
Using the rectangular coordinate representation
Fig. 3.3 CHARACTERISTICS OF STATCOM 35
Fig. 3.4 Statcom operation 37
Fig. 4.1 National grid of Sudan 42




Abbreviations

Statcom Static synchronous compensators
FACTS Flexible AC Transmission systems
SVC Static var compensators
SSSC Static series var compensators
IGBT Insulated gate bipolar transistor
GTO Gate turn-off thyristor
SVG Static var generator
TCSC Thyristor-Controlled series capacitors
MWP13.8 MARWI POWER PLANT13.8KV
GAR11 GARI 11KV
ROS11 ROSSERIES 11KV
KHN11 KHARTOUM NORTH 11KV
SNP11 SENNAR POWER PLANT11KV
MWP500 MARWI POWER PLANT500KV
MRK500 MRKHIAT500KV
KAB500 KABASHI 500KV
ATB500 ATBARA 500KV
GAR220 GARI 220KV
ROS220 ROSSERIES 220KV
MWP220 MARWI POWER PLANT220KV
KAB220 KABASHI 220KV
SNJ220 SENNAR JUNCTION 220KV
MAR220 MARINJAN 220KV
GAD220 GIAD 220KV
KLX220 KILO X 220KV
JAS220 JABEL AWLIASTATION220KV
IBA220 IED BABIKER 220KV

Vi




Abstract

Power systems suffer greatly from voltage instability especially due to excessive
consumption or injection of reactive power by the system elements and the
consumers ‘loads. The voltage instability caused by the variation in their active
power requirement of the system’s elements and the consumers’ loads either result
in excessive high or low voltage which may cause damage to the system and the
consumer’s load since the system elements and the consumers’ loads are design to
operate within a specific voltage range transmission lines are heavily loaded and the
system stability becomes a power transfer-limiting factor. Flexible AC transmission
systems (FACTS) controllers have been mainly used for solving various power
system steady state control problems. Flexible AC transmission systems or FACTS
are devices which allow the flexible and dynamic control of power systems.
Enhancement of system stability using FACTS controllers has been investigated.
STATCOM s a static synchronous generator operated as a shunt-connected static
VAR compensator whose capacitive or inductive output current can be controlled
independent of the ac system voltage. The STATCOM, like its conventional
counterpart, the SVC, controls transmission voltage by reactive shunt compensation
This thesis discussed the role of STATCOM in VAR compensation and their effect
in improving voltage profile. In this project Sudan national grid under peak load
was studied and amount of VAR compensation was found. Also a suitable location
and sizes of STATCOM were selected
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