
Chapter 2 

2. Capacitor Banks in Substations 

2.1 Shunt Capacitors 

Usc of capacitor banks in utility substations as a source of reactive power is not new to 
electricity transmission and distribution. They are comparatively inexpensive, easy and quick 
to install, and can be deployed at any location. Therefore, this is one ofthe most economical 
way of generating the reactive power requirement and maintaining the voltage stability in 
power systems in comparison to the other similar devices such as static var compensators, 

ST A TCOM devices etc. 

Capacitor Banks consist of individual capacitor units where such a unit is a combination of 
shunt or series set of capacitor elements. Depending on the bank size, those units are again 
connected in series or parallel to give the required size. In medium and high voltage levels, 
sizing of the capacitors in parallel combinations in banks generally has to consider the 
discharge energy through a shorted parallel capacitor in the same group. 

These capacitors banks arc fixed or switched type according to a local requirement. The 
switched type capacitor banks give a poor regulation due to step wise connections. Typical 
applications of capacitor banks at different locations are shown in figure 1.1 
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3-hanks at load level 
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Fixure 2.1 : Tvpical arrangm1en1 of Capacitor hanks in a ulility svstcms 

2.2 Different types of Capacitor banks 

Different types of capacitor banks are available in the present market. Metal enclosed type, 
pad mounted type, stack-rack banks and pole tip mounted types arc the most common type in 
utility applications. Metal enclosed type banks specifically made tor indoor installations. Pad 
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mounted capacitor banks arc also enclosed in a metal enclosure and commonly used for areas 

where accessible to public. 

Nonnally, metal enclosed and pad mounted units come with factory assembled and tested 
hence the installation is very easy. Those banks significantly reduce unnecessary human 
interference such as trespassing and tampering. They do not need a fence around it. However 
their initial cost is high compared to other types and only available up to a certain vo It age 

level. 

Fixure 2.2: Tvpical pad mounted Capacitor hank 

Stack rack capacitor banks arc commonly used in the utility sub stations. The initial cost of 
these is comparatively low and all components are visible. The components are easily 
replaceable and also easily expandable. 

Fixure 2.3: Tvpica/ stacked rack Capacitor hank 

The pole tip mounted banks are commonly used in distribution networks for improving the 
voltage profile in distribution lines. Those arc available as smaller banks and eliminate the 
need tor space. The maintenance and component replacement is little difficult. 
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Figure 2.4: Tvpical pole tipm011111ed C'apacilor hank 

2.3 Controlling philosophy 

The switching of the breaker switched capacitor banks in utility substations depends on the 
local requirements of each utility. Basic need tor such a control is to regulate the bus voltage, 
reduce the losses in lines and transformers and to avoid system constraints. Depending on 
those, the controlling parameter may be different, and may be one of such as voltage, Var, 
time, temperature or power factor. Some of these parameters are directly represent the system 
parameters but some, tor example power factor can be used as an indirect measurement for 
var, losses etc,. 

2.3.1. Temperature control 

This is not a true indicator of the system status and an indirect measure only. The 
control etlectiveness depends on how well the load characteristics are known. Not 
useful in cases where those characteristics change often. Temperature control does not 
require any current sensors. 

2.3.2. Time control 

Some what better parameter for controlling and has to be based on load characteristics. 
Ever changing characteristics of the system load profiles does not allow the optimal 
controlling when time based control is used. Time control does not require any current 
sensors. Both time and temperature controlling need only simple and inexpensive 
controllers. 

2.3.3. Current control 

Current control is not an efficient control because it responds to total line current, and 
assumptions must be made about the load power factor. Current controls require 
current sensors. 

2.3.4. Power factor control 

The power factor is an indirect measure of the var load or the line or transf(mner losses 
of the system and always depends on the real power at the time of measurement. For 
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same power factor, the actual amount of var load depends or changes according to the 
real power. These measurements require both current and voltage sensors. Generally, 
power factor regulation or control is advisable for bulk consumer loads, to avoid low 
load power factors which are penalized by the utility companies. Power factor 
improvement by capacitor banks in the substation docs not reduce the distribution line 
loses and neither eliminates distribution line constraints. It will release the transt(mner 
capacities, reduces transmission line losses and improve the voltage profile. However 
power factor is an indirect measure tor all these. Therefore, power factor controlled 
capacitor banks may not be fully utilized in most of the time unless the setting 
parameters arc carefully assessed. 

We have noticed occasions where the capacitor banks kept unconnected due to power 
factor being within limits while the loads consume reactive power than minimum 
switchable steps. Specially, during low voltage profiles, since the power factor does not 
consider bus voltage, the capacitors may be kept unconnected if power factor is within 
the limits. This means that as a result of the switched capacitors they will reduce 
transmission line losses and improves the bus vo It age, but power factor is not a measure 
of the need for the above. So, tor a utility substation, power factor correction is not the 
best control criteria for switching. 

The above will be explained using system data in a later chapter. 

2.3.5. Var control 

Var control is the natural means to control capacitors because the latter adds a fixed 
amount of leading Var to the system regardless of other conditions, and loss reduction 
depends only on reactive current. Since reactive current at any point along a feeder is 
affected by downstream capacitor banks, this kind of control is susceptible to 
interaction with downstream banks. In a system like CEB, there are no switchablc 
capacitor banks along the distribution feeder so that this problem will not arise. How 
ever, in multiple capacitor feeders, the furthest downstream banks should go on-line 
first and off-line last. Var controls require current sensors and typically costly. 

2.3.6. Voltage control 

Voltage control is used to regulate voltage profiles on the bus on which the capacitors 
are connected to. However, while doing this it may not consider the reduction of system 
losses since lagging or leading low power factors always increase the currents through 
its components. Voltage control requires no current sensors. 

Considering above parameters f(H switching the capacitor banks, we can define two concepts 
of control philosophies. First is single variable switching that considers only one measuring 
parameter. Second concept is multi variable and Boolean switching. In the latter case multiple 
parameters are measured and the decision for switching is done depending on the optimal 
situation considering both parameters. The fact we have to consider is the cost of the 
contra llers. 

2.4 CEB's Present Configuration 

Ceylon Electricity Board has installed number of breaker switched capacitor banks in various 
Grid substations in the system. All of such capacitor banks arc installed at the 33kV level and 
there arc no capacitor banks at the transmission level. The reason for this is due to lower costs 
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at low voltage levels than at higher voltage levels. The selection of locations has been done 
considering the system planning studies done by CEB and considering the voltage, MW and 
Mvar profiles at different locations in the system. 

Generally, the banks are equipped with the inrush limiting reactors as well as detuning 
reactors in most cases. However there are banks without those reactors as well. The banks 
with detuning reactor are called as the filter banks because they are meant for eliminating the 
switching inrush, reduce resonance effects and to filter 5th harmonics in the system loads. The 
other banks are sometimes having inrush limiting reactors and sometimes there arc no such 
rectors. 

In the present system, the typical step size of each bank is 5Mvar. This may slightly changes 
with the presence of the reactor. The Total capacity is changing from I OMvar to 30Mvar. In 
Pannipitiya, the bank size is 100 Mvar and therefore 4 x 5 and 4 x 20 banks are available. In 
Athurugiriya 2 x 10 Mvar banks arc available. The Appendi'C I (a) gives the details of 
capacitor banks available in the CEB system. 

CEB's general concept in fixing the capacitor banks is such that it uses symmetrical banks tor 
each bus section in the 33kV bus sections. Each bus section has an individual controller to 
switch the particular bank. This arrangement has been changed in some of the substations 
later due to new additions of transformers. Appendix 1 (b) shows the arrangement of capacitor 
banks in Panaduara grid substation. Appendix I (c) shows the CEB transmission network with 
the connected capacitor banks. The figure 2.5 shows one 5Mvar stacked rack type capacitor 
bank at Panadura GSS. 

Fixure 2.5: 5/vfmr slacked rack lrpe capacitor hank- Panadura Grid suh station 

For switching the capacitor banks, each bus section has an individual controller. This works 
as an independent controller when the bus section is open and if the bus section is in ON 
position, the set of controllers are arranged to work one as a master and the other as a slave. In 
independent operation, the controller switches the banks assigned to it, typically two. First is 
always the filter bank and compensator bank later. In the master slave mode, the master will 
control all the banks ifthe communication between the controllers is established. Ifnot each 
controller becomes independent. In master slave mode, the banks assigned to slave arc 
identified by the master and those units are switched once the master's own banks are 
switched ON. 
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The switching criteria used in CEB are the power factor regulation. The controller evaluates 
the power factor of the 33kV transformer incomer feeder using voltage and current analogue 
signals and switches the first filter bank when the power factor is below a certain specified 
limit. Generally, this limit is 0.9800. The next banks are switched on as per the same 
condition considering the calculated power factor. Since there arc two types of controllers in 
CEB system switching off schemes is different. One type of controller switches off the banks 
when the power factor becomes leading 0. 98. The other type does not use power factor tor 
switching off It calculates the reactive power calculated with power factor and the real power 
at the time of measurement and reactive power with the set power factor and real power at the 
time of measurement. If the ((I +hysterisis)* difference) is greater than minimum step of the 
banks, then a bank is switched otl Therefore in this kind of controllers, the switching off is 
depends on a reactive power limit. 

During all this period, the automatic voltage regulator of the transformer stays reacting 
independently to adjust the LV side bus voltage. There is no coordination between the cap 
bank controller and voltage regulator. 
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