
1 RESEARCH STUDY 

1.1 INTRODUCTION 

Electrical network consists with generators, power transformers, transmission lines 

and distribution lines have resistive, inductive and capacitive effects. When the 

current passes through resistive elements of the network, it consumes active power, 

which is a loss of power. It is expressed as l2R, where I is the current through the 

network and R is the resistance of network components. The efficiency of power 

delivery is improved if the line current could be reduced for supplying the same 

active power. 

In most of the cases, the reactive power requirement of electrical loads is lagging, 

which means the load is inductive. Electricity generators shall operate to meet the 

active and reactive power demands of the load, which supplies through long 

transmission lines. Alternatively, it is possible to supply lagging reactive power with 

the use power capacitors, which is basically a passive device. Thus power 

generators can be used to supply active power, while power capacitors are 

supplying a major part of the lagging power requirement of the load. Power 

capacitors reduce the current through the electrical network as a portion of total 

reactive power is now supplied by capacitors, located closed to the load. 

Reduction in line current, due to power capacitors reduces network losses. 

Therefore, power capacitors are installed at high voltage and medium voltage 

levels in power utilities for compensation of lagging reactive power of loads and 

thereby improving the efficiency of power delivery. 



1.1.1 Proposed method of loss reduction & its uniqueness 

Reactive power compensation with power capacitors at high or medium voltage 

levels could be categories as bulk power compensation. In most of the cases, the 

target is to achieve unity power factor of operation. Lagging reactive power is 

injected to the electrical system of utilities as Breaker Switch Capacitors (BSC), where 

the total capacitance is controlled by circuit breakers or Static Var Controllers (SVC), 

where the capacitance is smoothly controlled by power electronics. 

Capacitors can be used in low voltage distribution network too for compensation of 

reactive power. The application of power capacitors in low voltage networks is not 

a common practice in electrical utilities due to several reasons. The low voltage 

network consists with many branch circuits and the level of reactive power flow is 

low. Therefore, it is required to connect large number of low power rated capacitors 

at many points for compensating reactive power of the load within the low voltage 

network itself. On the other hand, installation, monitoring and proper maintenance 

of a cluster of low voltage capacitors is a labour intensive program. 

Fixed type capacitors are superior to switching type LV capacitors for a similar 

application as fixed capacitors can be connected at large number of points in the 

low voltage network and operate economically. The application of capacitors in LV 

networks can be identified as a distributed method of compensation. The use of 

fixed value low voltage capacitors could make a viable project by identifying 

problems specific to the proposed method and formulating solutions for same. 

1.1.2 Advantages of the proposed method 

The equipment configuration is simple and thus capital requirement is lower 

compared to switching capacitor bank. With low voltage fixed type capacitors, 

lagging power of the load is compensated almost at the load itself and thus the 

effects of reduced line current is extended almost up to the final delivery point of 

the utility. On contrary, with high voltage power capacitors, the line current reduces 

only in sections upstream from the high voltage grid substation, where capacitors 

are installed. It will not improve power loses in the low voltage network. The reactive 

power compensation at low voltage level will reduce the burden on HV or MV 

reactive power compensation stations improving the overall efficiency. 
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1.1.3 Limitations of the proposed method 

In the proposed method, capacitors are installed as fixed units. The size of capacitor 

is selected considering the base reactive power of the load to avoid over 

compensation in off-peak time. Overcompensation increases the line current and 

thus has a negative effect on the intended purpose. The proposed method reduces 

distribution losses, but significant improvement of powerfactor cannot expect for all 

load condition as in the case of switching type capacitors. 

1.2 OBJECTIVES 

Some of 1 lkV/415V distribution transformers in Colombo city had been fitted with 

fixed type low voltage capacitors. This particular make of unit type distribution 

transformers with high voltage switching ring main unit (RMU) and low voltage 

distribution panel had been installed during the period from 1989 ~ 1990. The 

practice of having a fixed type capacitor at the secondary of distribution 

transformer had not been continued. Some of the capacitors installed as above are 

still in operation, after 20 years of service. 

The power capacitors installed as above had reduced the line current and the 

accumulated effect of reduced power loss over the long period of their operation is 

immense. The main purpose of this research is to identify problems specific to the 

proposal and formulate valid and proven guide lines to make it more viable the 

application of fixed type power capacitors for loss reduction in low voltage (400V) 

distribution networks of power utilities. 

Power capacitors, installed in an outdoor environment of a country like Sri Lanka 

would subject to very high temperature. Therefore the method of installation is 

critical for extended lifetime of capacitors. Hence suitable methodologies are to 

devise for determining followings. 

a) Preferred location in low voltage network 
b) Size of capacitor 
c) Whether to install with or without enclosure 
d) Enclosure selection 

Exterior colour, Use of thermal insulation & Provisions for ventilation 
e) Improvements to voltage profile 
f) Influence from system harmonics 
g) Overvoitage under light load conditions 
h) Conditions for resonance 
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1.3 SUBJECT OF THE ERESEARCH 

The low voltage network of electricity distribution system in Colombo City was 

chosen as the sample for the proposed research. 

1.3.1 Colombo City power distribution system 

The Colombo City power distribution system consists of eight number of Primary 

substation with 132kV or 33kV underground cables as power incoming feeders and 

the power is delivered through 1 lkV underground cables. 

1 lkV cables from primary substations are connected to 1 lkV substations, identified 

as ring or radial substations depending on the connectivity. The ring and radial 

substations feed power to large number of indoor type 11 kV/415V transformer 

substations named as Satellite substations. 

11 kV radial/ Q 
ring substation / ' \ 

132/11 kV / \ 
11 kV/415V Distribution 

Transformer 

Feeder pillar Distributor cable 

Figure l : General arrangement of Colombo City underground distribution system 

Low voltage cables from 11 kV/415V transformer substations to the consumer mains 

are identified as Feeder cable, Distributor cable and Service cable as shown in the 

Figure 1. 
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Summary of network points of the Colombo City system is given in Table 1 

Network nodes Quantity end of 2008 (Nos.) 

132/11 kV primary substations 4 

33/11 kV primary substations 5 

11 kV ring/radial substations 139 [1] 

11 kV/415V distribution transformers 1200 [1] 

Feeder pillars (Low voltage) 1500 [2] 

Table 1: Statistics of 11 kV & low voltage network 

1.3.2 Distribution losses of the Colombo City network [3] 

Electrical energy supplied to Colombo city system was 599 GWh in year 2008 up to 

June and the Energy sales during the same period was 555GWh. The corresponding 

Energy loss was 44 GWh and system losses was 7.4% for the first half in 2008. 

During the recent past years, several measures were implemented to reduce the 

system losses. In 2002, the distribution losses in Colombo City was 12.6% and as a 

result of various steps taken for reducing technical and non technical losses it was 

able to reduce distribution losses in Colombo City up to 7.4% in the year 2008. 

Prior to 2004, Non-technical loss was the major contributor of distribution losses in the 

Colombo City system. Non-technical losses were reduced from 6.5% (2004) up to 2.1% 

(Up to November 2008) due to the steps taken in the reason past by the Energy 

Management unit of the Colombo City. Currently technical losses had been the 

major contributor for the distribution losses in Colombo City. Technical and non 

technical losses of the Colombo City distribution system are compared in Figure 2. 



2008 (upto Nov) 2002 

Tech. 
losses 
5.3% 

Tech. 
losses 
6 . 1 % 

Non 
T&ch. 
losses 
6.5% 

• 

Total distribution loss 7.4% Total distribution loss 12.6% 

Figure 2 : Comparison of distribution losses 

Further improvement to distribution losses from the current level would be critical as 

most of the major steps had already been taken and further improvement to 

technical losses from the current level of 5.3% requires proper studies of the system 

and higher capital investment. In this respect, it would be very remarkable if the 

proposed method of having power capacitors is implemented fully in the low 

voltage system, which is a very cost method of injecting reactive power for 

reducing technical losses of the network. 

1.4 AREA OF RESEARCH 

1.4.1 Locations for installation of power capacitors 

Power capacitors can be connected in the low voltage distribution system as Fixed 

type capacitors or Switching type capacitor banks at locations listed below and 

shown in Figure 3 for reducing distribution losses and improving the voltage profile of 

the LV network. 

1. At feeder pillars as fixed type capacitors. 

2. At 11 /0.415kV distribution transformers as fixed type capacitors. 

3. At 11/0.415kV distribution transformers as switching type capacitors. 

4. At the consumer's main as fixed type capacitors. 



Figure 3 : Proposed locations for low voltage capacitors 

The installation of switching type capacitor banks with regulators and control gears 

at distribution substations (above option 3) are expensive compared to fixed 

capacitors. Hence switching type capacitor banks cannot be used economically at 

most of distribution transformers of the selected sample when compared with the 

fixed capacitor system. The switching type capacitor banks are suitable for highly 

loaded distribution transformers with highly varying load patterns. 

The use of capacitors at the final power delivery point of the utility, i.e. at the 

consumers' main (Option 4 in above Figure 3) would be the ideal location for 

installing capacitors for improving system losses. But such a program would be 

extensively labour intensive. Proper monitoring and maintenance of such a system 

of small capacitors would be impracticable. Therefore, above locations 1 and 2 

were selected for this research study. 
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