
Chapter 1 

Introduction 

1.1 Background of the study 

Dependency on a reliable and continuous electricity supply has bee~ considered as a major factor 

in today· s life due to increased living standards and thereby greater usage of electronic 

equipments in the industrial and commercial sectors, thus identification. quantification and 

resolving of power quality (PQ) problems is becoming a very important concern to customers as 

\\ell as utilities. PQ problems such as sag, swelL harmonic distortion, unbalance transient and 

flicker can impact customer operations, causing malfunctions and cost on loss of production and 

do\\n time. 

Both electric utilities and end users of electric power are becoming increasingly concerned about 

the quality of electric power. The term power quality has become one of the most prolific 

buzzword in the power industry since late 1980s. It is an umbrella concept for a multitude of 

indi\'idual types of power system disturbances. 

There are four major reasons for increasing power quality problems; 

1. Newer-generation load equipment, with microprocessor-based controls and power 

electronic devices, is more sensitive to power quality variations than the equipment used 

in the past. 

l The increasing emphasis on overall po\\'er system efficiency has resulted in continued 

grow1h in the application of devices such as high-efficiency. adjustable speed motor 

drives and shunt capacitors for power factor correction to reduce losses. This is resulting 

in increasing harmonic levels on power systems and has many people concerned about 

the future impact on system capabilities. 
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3. End users have an increased awareness of power quality issues. Utility customers are 

becoming better informed about such issues as interruptions, sags, and switching 

transients and are challenging the utilities to improve the quality of power delivered . 

.f. Many things are now interconnected in a network. Integrated processes mean that the 

failure of any component has much more important consequences [I]. 

The figure 1.1 shows the power system interaction with customers. It is clear from this figure 

that initially the utility will provide pure sine wave supply to the customers and the 

customers inject non-linear current to the system. This results in distorting supply voltage to 

other customers. Thus the power quality becomes bi-directional phenomena. 
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Fig. 1.1: Supply Voltage Quality and Customer Interaction 

1.2 Power quality problems 

1\mer quality problems can be categorized as 

• Voltage Regulation /Unbalance 

• Voltage Sags I Interruptions 

• Flicker 

• Transients 

• Harmonic Distortion 
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Voltage sags are the most severe povver quality disturbance faced by industrial consumers. Since 

the complexity of the electronic equipment used in the industrial plant increases. the equipment 

is becoming more sensitive to voltage sags l2J. Voltage sag is a momentary decrease in the rms 

\Oitage magnitude lasting for half a cycle to several seconds. Disruptive voltage sags are usually 

caused by fault condition on the utility transmission and distribution systems or within a 

customer's facility. Motors starting within the customer facilities can also result in voltage sag 

for neighborhood customers. The characteristics of these voltage sags are predictable and can be 

pre\· en ted. 

This thesis discuss about the Power quality problem at Kandana water treatment plant where 

sensitiYe equipment are used for different stages of water treatment and distribution process. 

Further. the mitigation solutions in the form of custom power devices will be introduced. Finally. 

the economic analysis of the solution will be discussed. 

1.3 Motivation 

Frequent interruptions and long duration supply restorations are very common in the present 

suppl) system in Sri Lanka. Thus CEB has been paying attention to reduce number of 

interruptions and supply restoration duration thereby improving supply reliability of existing 

consumer supply. Hence a little or no attention has been paid on the power quality problems in 

the system, especially at sensitive loads like glass industry. cement industry. water supply 

schemes where precise microprocessor controllers arc used for adjustable speed drive systems. 

With the development of state of art technology. the uses of sensitive equipment in industrial 

processes are unavoidable since the development of industries directly affect to the economic 

and social development of the country as a whole. However, the quality of supply is not up to the 

lcn~l \\hich is expected by the modern sensitive equipment. 

Thus power quality improvement measures are becoming compulsory for the development of 

electricity sector in the country. However, a little or no data is available at present on the severity 

and extent of the problem, which considered as a major obstacle for the development of the 

sector. 
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Short-duration power disturbances, such as voltage sags, swells and short interruptions. arc 

major concerns for industrial customers. Due to the wide usage of sensitive electronic equipment 

in process automation, even voltage sags last for only a few milliseconds may cause shut down 

of production process with considerable associated costs; these costs include production losses, 

equipment restarting at peak time, damaged or lower-quality product and reduced customer 

satisfaction [ 3 J. 

In this context, a comprehensive study on a power quality problem in selected consumer location 

will be a good contribution in order to make avenues to the area of power quality research in the 

CEB network. Thus I as an engineer attached to Ceylon Electricity Board have been greatly 

motivated to study power quality problem in the Kandana Water Board Site where 

microprocessor based controllers which are sensitive to power quality problems are used in the 

water treatment process. 

1.4 Objectives 

0 To investigate the power quality problem in Kandana Water Supply Scheme 

0 To propose a cost effective solution to mitigate identified power quality problems at 

kandana water supply Scheme 

0 To make avenues to the area of power quality research in the CEB network 

1.5 Scope of the work 

• Literature Survey 

• Data Collection and System Identification 

• Identification of voltage sag severity with the use of PQ Data Logger 

• Designing of Series Compensating Device (DVR) to mitigate most common voltage sags. 

• Mathematical Modeling and Simulation. 

• Documentation 
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