
Chapter 1 

Introduction 

1.1 Background of the research 

Transmission of reactive power should be kept at a minimum level to reduce 

voltage drops, over voltages, transmission losses and to maximize the flow of 

active power. In order to minimize the flow of reactive power from the supply 

source, capacitors can be installed at selected places in the network close to the 

load. The use of Shunt Capacitor Banks (SCBs) is increasingly popular as they are 

relatively inexpensive, easy and quick to install and can be deployed virtually 

anywhere in the network. Load flow calculations will provide information on the 

total amount of reactive power required and the location of capacitors in the 

transmission network. 

As reactive power requirement changes during the daily load cycle, it is necessary 

to switch the capacitors to match with the load. The size of the individual 

capacitor step must be limited to minimize voltage fluctuations. This may require 

large number of switching equipment. Capacitors are installed at medium voltage 

level to minimize the cost of switching equipment. 

If the grid substation consists with auto transformers with delta tertiary, it is 

preferred to connect the capacitors to the tertiary because this will additionally 

reduce voltage fluctuations that would occur in the system. 

However, electrical transients appear in the network due to network switching and 

faults occurrences. Network equipment, including capacitor banks are subjected to 

high stresses resulting from surge current and voltage.. 

1.1.1 Development of the CEB network 

Prior to 1980s, the Ceylon Electricity Board (CEB)'s transmission system was 

composed of 132 kV and 66 kV lines, which had been developed in coordination 

with the growth in demand and development of hydroelectric power projects for 
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delivering power to Colombo and other regions. 

The major hydropower stations of the Mahaweli and Laxapana Complexes are in 

central mountains and a number of transmission lines have been constructed 

towards Colombo area. Initially, 132 kV transmission lines were constructed as 

the major systems to transmit large power for long distance and 66 kV systems for 

local power transmission. In 1984 , the first 220 kV transmission line with duplex 
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Zebra conductors (400 mm ) , Victoria -Kotmale-Biyagama (suburb of Colombo) 

commenced its operation to transmit the large generated power of the newly 

constructed two major hydro power stations of Victoria and Kothmale 

(approximately 410 M W in total) to Colombo. Later, this system was extended 

from Victoria to Rantambe via Randenigala, and from Biyagama to Kotugoda. 

Two 132 kV lines, Biyagama-Kelanitissa and Biyagama-Pannipitiya, were 

constructed with the 220 kV design and have been operated at 132 kV voltage. 

From Transmission & Substation Development Project 1, the 220 kV network of 

CEB expanded up to Pannipitiya grid substation. 

In 1997 NIPPON KOEI CO., Ltd of Japan conducted a master plan study for 

development of the transmission system of the Ceylon Electricity Board. They 

identified the requirement of static capacitors and shunt reactors to minimize the 

voltage variation of the bus voltage regardless of voltage drop or rise in long 

transmission lines. At that time only three static capacitors of 20 Mvar each have 

been installed on the 33 kV buses of the Kotugoda, Anuradhapura and Galle Grid 

Substations. At the Galle Grid Substation, additional static var compensators 

(SVC), +20 Mvar and -20 Mvar are also in operation for smooth adjustment of 

132 kV system voltages. 

Under the master plan study of CEB, it had identified that low power factor of the 

Colombo power system as a serious problem to keep the operating voltage of the 

132 kV systems. Though gas turbine generators are used in the condenser mode of 

operation, their available capacity was not enough. The shortage of reactive power 

was a serious problem at that time. 



Following to the Power System Analysis, it was proposed to connect 100 Mvar 

capacitors at Pannipitiya Grid substation by 2000 [1]. 

Reactive power compensating substations of the CEB network and there 

capacities are summarized in Table 1. 

No Location Capacity (MVar) Connection Location 

1 Galle (SVC) 20 132 kV network 

2 Anuradhapura 20 33 kV load bus 

3 Habarana 10 33 kV load bus 

4 Kotugoda 50 33 kV load bus 

5 Kiribatkumbura 20 33 kV load bus 

6 Kurunegala 10 33 kV load bus 

7 Matugama 20 33 kV load bus 

8 Panadura 20 33 kV load bus 

9 Puttalama 20 33 kV load bus 

10 Pannipitiya* 100 220/132/33 kV tertiary 

11 Athurugiriya* 20 33 kV load bus 

12 Thulhiriya* 10 33 kV load bus 

Table 1 - Power capacitors installed locations in CEB network 

* Breaker Switch Capacitors installed at Aturugiriya, Pannipitiya and 

Thulhiriya are not in operation due technical reasons. 

1.2 Motivation of this study 

Under the Transmission & Substation Development Project 1, two number of 

83.33 MVA power transformers were installed at Pannipitiya Grid Substation and 

Pannipitiya-Biyagama transmission line voltage level was improved to 220 kV. In 

order to improve the voltage profile of transmission network, 100 Mvar capacitor 

banks were installed at Pannipitiya grid substation under the Transmission & 

Substation Development Project -2, based on the Transmission Development Plan. 
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However, Breaker Switch Capacitors at Pannipitiya GSS, which were connected 

to tertiary of the 220/132/33 kV power transformers were failed within the defect 

liability period. The reasons to failure were under investigating. 

Therefore, 10 Mvar capacitor banks at Thulhiriya GSS and 20 Mvar banks at 

Athurugiriya GSS were kept in de-energized state even though no failures 

observed at those places, due to unresolved issues over this failure. Unavailability 

of necessary reactive power affects the CEB network in following ways. 

1. Network operation is severely constrained in day to day operations due to 

lack of reactive power. 

2. Cost incurred due to increased losses in power transmission. 

3. Financial losses: Capital investment cost is around 15% of the total project 

cost. 

In Ceylon Electricity Board transmission network, Breaker Switch Capacitors 

have been connected atto the 33 kV load bus in all the locations, except at 

Pannipitiya GSS, where the capacitors are connected to the tertiary of 220/132/33 

kV transformers. Various problems were uncounted from time to time, even the 

capacitor banks had been connected to the 33 kV load bus bars. 

Several technical problems are to be addressed in order to guarantee the 

availability of installed power capacitors in CEB network. One of the problems is 

the selection of the location of capacitor banks in a grid substation. 

Objectives 

The objective of this study is to identify the most suitable location for the 

connection of 33kV Breaker Switch Capacitors in a 220/132/33 kV Grid 

substations. Those possible locations are 

• Tertiary of 220/132/33 kV power transformer and 

• 33 kV Load busbar. 


