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ABSTRACT

This project presents an optimal capacitor placement that simplified by load flow
simulation and calculation. Many methods have been proposed over the last thirty-five
years using different models and mathematical solution techniques. The objectives of
this project are to identify optimal allocation of fixed capacitor, which determines the
size and location of capacitor to be installed at distribution system. This capacitor
compensation will reduce energy losses, improve power factor of the system and
increase the power transmission capability. This project has been applied to the IEEE
test system and real system using ERACS software that suite power system analysis.
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ABSTRAK

Projek ini membincangkan kaedah peletakan kapasitor yang optimum melalui
simulasi analisis aliran kuasa dan juga pengiraan. Dalam tempoh 35 tahun yang lepas,
banyak kaedah dan juga pendekatan penyelesaian yang ditemui dimana melibatkan
banyak jenis model dan juga teknik penyelesaian matematik. Matlamat utama projek ini
adalah untuk memperolehi dan mengenalpasti kedudukan optimum sesebuah kapasistor
tetap melalui penentuan saiz dan lokasi kapasitor yang hendak diletakkan dalam sistem
pengagihan. Hasil daripada pemampasan kapasitor ini akan mengurangkan kehilangan
tenaga, meningkatkan faktor kuasa sesebuah sistem dan juga meningkatkan kadar
kebolehan penghantaran kuasa. Projek ini telah diterapkan kepada IEEE sistem ujian dan
juga sistem sebenar dengan menggunakan perisisan ERACS yang sesuai untuk analisis

sistem kuasa.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

Capacitors have been very commonly used to provide reactive power
compensation in distribution system. They are provided to minimize power and energy
losses, maintain best voltage regulations for load busses and improve the system. It is
essentially for determination of the location and size of capacitors to be placed in the

system.

Optimal capacitor placement allows engineers to strategically place capacitors
for voltage support and power factor correction while minimizing installation and long-
term operation costs. The advanced graphical interface gives users the flexibility to
control the capacitor placement process and graphically view the results. The precise
calculation approach automatically determines the best locations and bank sizes. In
addition, it reports the branch capacity release and the estimated savings during the

planning period due to var loss reduction.
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Computer applications in electric distribution systems are quite common in
distribution system expansion planning and optimal capacitor allocation. These studies
require knowledge of the actual reactive power and power factor correction (PFC)

demands at each load of the distribution system.

The application of capacitors for power factor (PF) improvement is quite
common in industrial plants and commercial establishments. Similarly, capacitors are
commonly used by electric utilities for feeder voltage control and for efficiency
improvement of the distribution system. If a distribution system has a low power factor,
more current must flow through power distribution lines. Energy and money is wasted

due to additional energy being required for non-productive purposes.

One of the outstanding and major problems in the distribution system is the loss
that causes energy losses. In power system operation, the tendency is to maximize the
real power transmission line, bring the voltage profile within tolerance and reduce the
system losses. However, a certain critical voltage level limits increase of real power
transmission in a particular system. This critical voltage is dependent on the reactive
power support available in the system to meet the additional load in that operating

condition.

Power provided and maintained for the explicit purpose of insuring continuous,
steady voltage on transmission networks. Reactive power is energy, which must be
produced for maintenance of the system and is not produced for end-use consumption.
Electric motors, electromagnetic generators and alternators used for creating alternating
current are all components of the energy delivery chain, which require reactive power.
Losses incurred in transmission from heat and electromagnetic emissions are included in
total reactive power. This power is supplied for many purposes by capacitors and similar
devices that can react to.changes in current flow by releasing energy to normalize the

flow, and regulating generators may also have this capability.
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Optimal capacitor placement, consideration of active loads such as induction
motor and passive load such as lighting purpose need to look after. Sizing of capacitor
also important for correct power factor (PF). For example, the capacitor of motor will
not run properly with a weak capacitor. This is not to imply bigger is better, because a
capacitor that is too large can cause energy consumption to rise. In both instances, be it
too large or too small, the life of the motor will be shortened due to overheated motor

windings.

There are several type of capacitor need to considered such as shunt capacitors,
series capacitors, filter capacitors and static var compensation (SVC) capacitors.
Normally shunt fixed capacitor is used on lower voltage at distribution system but for
series capacitors and SVC capacitors is used on transmission voltages because of need
for reactive power and voltage regulation. Judiciously applied shunt capacitors can boost
power factor, reduce system losses, enhance voltage regulation, and release system

capacity for new load.

The application of capacitors for power factor correction and voltage support
must be carefully considered to prevent operating difficulties and potentially damaging
over voltages. System load variations and the type of loads served must be evaluated in
the analysis. Each system is unique and solutions should be modeled on a computer to
determine the optimum type of capacitor system, amounts of correction needed and
where it should be installed. Several different analytical tools and computer programs
(E-RACS software) can utilize for the evaluation of electrical systems and determination

of the best and safest approach to power factor improvement.
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1.2 Project Objective and Scope

1.2.1 To find optimal allocation of fixed capacitor in power system network.

The aim of this project is to determine optimal capacitor placement. It will
consider the size, type and location of capacitor to be installed at distribution system.
This placement applied at test system and real system under load flow simulation. The
load flow module calculates the steady state conditions of the power system network.
Under given constraints the program will determine the network voltage profile, power

factor, real power and reactive power flows.

1.2.2 To analyze system with and without capacitor at distribution system.

Capacitor used to provide reactive power compensation in distribution system. It
is important for analyzing the system before and after addition of capacitor. The solution
procedure start off with performing a simplified power flow study to calculate size of

capacitor and reactive power compensation that been provided by capacitor.

1.2.3 To improve power factor of the system due to addition of capacitor.

Power factor improvement is the main purpose for capacitor installation. It will
give the positive effect to the system such as increased transmission capability and
reduced transmission losses. Power factor of at each load and at the main intake need to
take account for improve power system efficiency. This positive changing of power

factor is called ‘power factor correction’.
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CHAPTER 2

LITERATURE REVIEW

Several studies have been conducted over the last thirty-five years, and there
have been many proposed method using different models and mathematical solution
techniques to solve the capacitor placement problem such as sensitivity based optimal
[2], distribution-analyzer-recorder, genetic algorithms (GA) [1] and etc. Use of shunt
compensation is some of the remedial measures suggested for this method. Test system
and real system has been applied in distribution power system. This method is very well
known and capable method for optimization problems. It is capable of determining and

solving suitable fixed capacitor placement problem.

The proposed method allows design a distribution system to select the optimal
allocation of the fixed capacitor size and location. Design of distribution system model
using E-RACS software with different fixed capacitor placement is considered in the
system simulation. In this method, constant power, constant current and constant
impedance is considered because selection of fixed capacitor is to be install in
distribution system. The proposed method will effect power factor correction and power

transmission capability.
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The proposed optimal fixed capacitor placement simulation is to determine the
actual condition happen at distribution systems. In order to accurately simulate the
distribution systems, it is vitally important to take into account the parameter such as

reactive power, power factor and terminal voltage.

2.1 Type of Capacitor

2.1.1 Shunt capacitors

Shunt capacitor installed in transmission and distribution networks will increase
transmission capability, reduce losses and improve the power factor. Shunt capacitors

are primarily used to improve the power factor (cos ¢) in the network.

Active load such as induction motors consume reactive power and needed is
generated by capacitors. By applying capacitors adjacent to equipment consuming
reactive power, several advantages are obtained such as improved power factor of the

system, reduced the transmission losses and improved power quality.

2.1.2 Series capacitors

Series capacitors in transmission systems increase power transfer capability and
reduce losses. Series capacitors are also installed in distribution systems, mainly to

improve the voltage stability.
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Series compensation of a network positively affects the voltage and the reactive
power balance. When the load currents passes through the capacitor, the voltage drop

over capacitor varies in proportion to the current.

The voltage drop is capacitive, i.e. it compensates the inductive voltage drop,
which also varies with the load current. The result is an automatic stabilizing effect on

the voltage in a network.

2.1.3 Filter capacitors

Many of the loads in a power network such as converters, rectifiers, welding
equipment and arc furnaces generate harmonics. Increased losses and damage to
electronic equipment are among the problems that may occur. Harmonic filters eliminate
the problem by reducing the harmonic content in the network and also improve the

power factor by generating reactive power.

Modern electrical equipment generates harmonic currents, which are transmitted
to the supply network. Most of the harmonics arise from electronically controlled
equipment such as converters, variable speed drives, static converters, welding
equipment etc. but also from arc furnace. =~ Among the problems that may occur due to
excessive harmonic currents are increased losses in motors, transformers, and cables. It
may lead to overheating, overloading of capacitors, damage to or malfunction in
electronic equipment, malfunction of receiver relays in ripple control system and

interference with telephone circuits.
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2.1.4 Static var compensator (SVC) capacitors

In static var compensation (SVC) thyristors are used for switching and control
of capacitors and reactors. Instant transient -free switching is obtained, as well as
continuously variable control of the reactive power. Static var compensators in
transmission systems increase the transmission capacity; improve voltage control and
stability, and damp power swings due to network faults or tripping of heavy loads in

interconnected systems.

They are also used in distribution systems and for difficult loads, e.g. arc furnaces,
where asymmetrical fluctuations in the current occur due to the instability of the
consumption of the arc. Fluctuations in current resulting in variations in the consumption
of reactive power can be controlled and the furnace is provided with more active power,

thus increasing productivity.

2.1.5 HVDC capacitors

Power capacitors from an important part of an HVDC transmission system for
harmonic filtering as well as supply of reactive power. Capacitors with high quality and

reliability are essential to the overall performance of the system.

HVDC capacitors uses the self-protected where can be either of a patented fuseless
design or equipped with internal fuses. The self-protected design offers advantages of vital
importance for all applications where high reliability is an absolute necessity, such as in

HVDC systems.
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Single element failures do not affect the performance and protection coordination is
easier, enabling increased selectivity compared to other protection solutions. High quality
and reliability not only improve the electrical performance of the capacitors, also the
ability to resist severe climatic and seismic conditions is enhanced.

2.2 Size of Capacitor

Sizing of a fixed capacitor required to achieve a utility mandated power factor is
simple, as shown in Figure 1. Systems with small differences between minimum and

maximum loading can be designed for the average loading and fixed (non switched)

capacitors can be applied.

Figure 1: Final power factor as a function of added capacitor size
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10

Figure 1 is provided for quick estimation of the additional kVAR needed to
achieve a higher power factor. To use Figure 1, draw a horizontal line from the desired
PF to intersect with the curve corresponding to the original PF. Extend a vertical line
down to the horizontal axis and read the value for the required capacitor bank (given in
percent of the original load kVA). Example of the use of Figure I: Original kVA of
system 2500, Original PF = 65% Required capacitor size = 1100 kVAR (44% of 2500
kVA) for a desired PF of 90%.

We can also determine the overall KVAR requirements, when the normal load
KW and the original power factor known. This information can usually be obtained from
the electric utility bill or from the local power company. To compute the total KVAR,
required, refer to Table 1, and multiply the value found at the intersection of "Original
Power Factor" and "Desired Power Factor" by the normal loads KW. As an example to

improve the power factor of a 400 KW load from 0.77 to 0.92:

KVAR = KW x Multiplier
= 400 x 0.403 (Table 3)

= 161.2

Example: Total KW-input of load from wattmeter reading 100 KW at a power
factor of 65%. The capacitive KVAR necessary to raise the power factor to 95% is
found by multiplying the 100 KW by the factor found in the table (0.840). Then 100 KW
x 0.840 = 84 KVAR. Use 85 KVAR.

(©) Universiti Teknikal Malaysia Melaka



Table

1: Kilowatts Multipliers for Determining Capacitor Kilovars
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