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Abstract

Energy losses occur in the process of supplying electricity to the consumer due
to technical and commercial losses. The overall aim of this research is reducing
losses in Sudanese National Grid using NEPLAN software.

The techniques has been used are Adding small generation and Unified power
flow controller (UPFC).The optimal location for generation was MARNGAN
and the losses has been reduced to less than its value at base case.

The Line stability index has been used to detect the optimal location for UPFC
which was the line connecting between MARNGAN and HASAHESA.



oaldinall

Lobaiy) o 4Eil) adliall e Gl 5 lleiinall 400 5eSI 48U o) dolae DA Caaa 3 a8l Adlia
zeal_ya B Ly A0 gl e gil) S8 8 aBlaall JlE g Canll 138 (s )1 gl
NEPLAN .

- (UPFC) 4= )5all 3,08l (o pos A 5 alill day ] 55 a8l o Caaddial Al il

o, Apaladl Adadl 8 Lgtiad Ciuad (e 81 ) aBlall 8 085 clay jle (8 a5 2l il (JaY) a8 gl

On ey JieY) adsall ) aa s 85 (UPFC)J! JieY) ad sall panil da ghadll &y )yl i e aladiiud

anbaalls gl e



Contents

Title Page
No.

A |
Dedication I
Acknowledgement i
Abstract AV}
il \%
Contents Vi
List of Figures IX
List of Tables X
List of Abbreviations XI

CHAPTER ONE

INTRODUCTION
1.1 Background 1
1.2 Problem statement 2
1.3 Objective 2
1.4 Methodology 2
1.5 Layout of project 2

CHAPTER TWO

LITRATURE REVIEW

2.1 Introduction 4
2.2 Technical losses 5
2.3 Main Reasons for Technical Losses 5
2.3.1 Lengthy Distribution Lines 5

VI




2.3.2 Inadequate Size of Conductors of Distribution Lines 6
2.3.3 Installation of Distribution Transformers away from 6
load centers
2.3.4 Low Power Factor of Primary and secondary 7
Distribution System
2.3.5 Load Factor decreasing 7
2.3.6 Inadequate Transformers size and selection 8
2.3.7 Balance three phase loads 8
2.3.8 Switching off Transformers 9
2.3.9 Harmonic 9
2.4 Types of Technical Losses 9
2.4.1 Permanent (Fixed) Technical Losses 9
2.4.2 Variable Technical Losses 12
2.5 Non-Technical (Commercial) Losses 12
2.5.1 Main reasons for Non-Technical Losses 13
CHAPTER THREE
LOSSES REDUCTION TECHNIQUES
3.1 Introduction 14
3.2 Load Flow analysis 14
3.3 Adding small generation substations 14
3.4 FACTS devices 17
34.1 FACTS devices benefits 17
3.5 Unified Power Flow Controller (UPFC) 18
3.6 Optimal location for UPFC 18
3.7 Line stability index (Lmn) calculation 20
3.8 UPFC parameter setting 22
3.9 Criteria for optimal location of UPFC 22

Vil




3.10 Software developments 22
CHAPTER FOUR
SIMULATION AND RESULT
4.1 Sudanese electrical network 24
4.2 Load flow results 26
4.3 Losses reduction using distributed generation 29
technique
4.4 Losses reduction using UPFC 32
4.5 UPFC parameter 34
CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
51 Conclusion 38
5.2 Recommendation 39
References 40
Appendix 42

Vil




List of figures

Figure No. | Title Page No.
Figure 3.1 Unified power Flow Controller (UPFC) 18
Figure 3.2 Two bus system 20
Figure 3.3 Schematic symbol of UPFC in NEPLAN 23
Figure 4.1 Sudanese electrical network 25
Figure 4.2 line losses in base case and after adding generator 32
Figure 4.3 line losses in base case and after adding generator 37




List of tables

Table No. Title. Page No.
1.1 Transmisson and distribution losses 4
percentages in some countries
4.1 Transmisson and distribution losses 24
percentages in some countries
4.2 Bus voltages and angles at best case 26
4.3 Lines losses 27
4.4 The weakest buses in the network 29
4.5 impact of adding substation on the network 29
losses
4.6 impact of adding substation on line losses 30
4.7 Lmn calculations 32
4.8 The UPFC parameters 34
4.9 impact of adding UPFC on line losses 35




List of abbreviations

AC Alternating current
DC Direct current
FACTS Flexible AC transmission system
UPFC Unified power flow controller
DG Distributed generator
P Active power ,Mw
Q Reactive power ,Mvar
Lmn Line stability index
ol Line impedance angle
bo.S Phase angle at the sending end
or Phase angle at the receiving end
Vs Sending voltage ,V
Vr Receiving voltage, V
S Apparent power VA
Z Line impedance ,Q2
X Line reactance ,QQ
NTL Non-technical losses
STATCOM Static Synchronous Compensator.
TCSC Thyristor Controlled series capacitor
SvC Static VAR Compensators.
LT Line transmission
PF Power factor
SSSC Static Synchronous Series Compensator.

Xl




Xl



