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reactive power, where the system load is high, and the operator must 
be certain that, in case of a loss of generation, the remaining facilities 
will be able to deliver enough reactive power to keep the voltage within 
the required range. The same applies to the converse situation, where 
the system load is low and reactive power needs to be absorbed.

c. Tier-3 control is the generator control.

d. Hybrid-Tier control is the simultaneous application of both 
the tier-1, and tier-2 or tier-3. It can also involve the control at the three 
tier controls to the power system at the same time. 

Sources of reactive power

Reactive power is produced or absorbed by all major components 
of a power system [4];

1. Generators

2. Power transfer components

3. Loads

4. Reactive power compensation devices

Power Systems Reactive Power Compensation
Reactive power compensation otherwise called reactive var 

compensation is the management of reactive power to improve the 
performance of AC power systems, maximizing stability by increasing 
flow of active power. Compensation can be carried out in series or in 
parallel (shunt). Series and shunt var compensation are used to modify 
the natural electrical characteristic of AC transmission or distribution 
system parameters as well as changes the equivalent impedance of the 
load. 

1. devices for reactive power compensation 

2. synchronous condensers

3. Flexible alternating current transmission system (FACTS) 
controllers.

4. the distributed capacitor compensation (DCC)

The distributed capacitor compensation (Dcc) basis 

There are many different methods used for compensation in 
power systems. Some of these methods include reducing generator 
and transformer reactance, increasing the number of parallel lines 
used, using shunt capacitor compensators, or using series capacitor 
compensators [5]. 

DCC can be used in series or in parallel on a transmission line. 
The addition of DCC in series serves multiple purposes, the most 
important being the improvement in stability along the entire line. Its 
addition in parallel (shunt compensation) is used to support voltage at 
certain point on the line as opposed to the entire line and also inject 
or absorb reactive power to the loads. Series and Shunt compensation 
have been in use since the early part of the 20th century. The first 
application of shunt compensation was in 1914 and has been used ever 
since becoming the most common method of capacitive compensation. 
Series compensation was first used in the United States for NY Power 
& Light in 1928, but didn’t become popular until the 1950’s when the 
voltage levels that could be handled began increasing. By 1968, a 550 
kV application had been implemented and today there are applications 
approaching 800 kV [6]. 

The principal applications of DCC are;

• Improves voltage regulation

• Expand power transmission corridor of the transmission line

• Improves system stability

The applications previously mentioned are merely a selected few of 
the uses that DCC devices can provide. These applications and others 
are used throughout the world to improve the system as a whole. One 
common location where DCC devices are used heavily is on long 
transmission lines fed from hydroelectric generating plants. Many of 
the lines use the DCC devices to improve voltage regulation because 
the main load area is commonly several hundred kilometers from the 
generating station, allowing for large voltage decay. 

DCC circuit

Capacitor compensator circuit is made up of the capacitor module 
and its protective scheme. The protective scheme shown in Figure 1 
consists of [7];

1. A metal oxide varistor (MOV)

2. Current limiting damping equipment (CLDE)

3. Fast protective Device (FPD) and

4. By-pass switch (B)

The MOV has been designed to withstand the energy from external 
faults; faults appearing outside the series compensated circuit, without 
by-passing the DCC. The DCC module may be by-passed for any 
internal fault, (faults in the same circuit where the DCC is located). 
Each DCC is connected and disconnected from the line by means of 
two isolating disconnectors and one by-pass disconnector. The by-pass 
switch is of Sf6 type, with a spring operating mechanism.

The CLDE consists of a current limiting reactor, a resistor and a 
varistor in parallel with the reactor. The purpose of the resistor is to add 
damping to the capacitor discharge current, and thus quickly reduce 
the voltage across the capacitor after a by-pass operation. The varistor 
help to avoid fundamental frequency losses in the damping resistor 
during steady state operation.

The FPD scheme is based on a hermetically sealed and very fast 
high power switch, which replaces conventional spark gaps. The FPD 
works in combination with the MOV, and allows by-passing in a very 
controlled way in order to reduce the energy dissipated in the MOV. 

The Mathematical Model of Tier-1 Compensation 
Electrical power is transmitted through the transmission line 

from the sending-end of the line to the receiving-end of the line. 

Figure 1: The single line diagram of a one-capacitor compensator in series.
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The overall series reactance, X of the transmission line is;
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Thus the active power transmitted becomes;
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The reactive power supplied by the capacitor is calculated as;
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From the above equation, it can be seen that transmitted active 
power increases with Ks [10].

Effective line reactance with and without dcc device

Figure 4 shows a simple transmission line without a compensating 
device. Equation (18) is the effective line reactance in matrix form.
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Where  Xeff is the effective reactance of the line.

The power flow equation becomes
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Inserting a single series capacitor device on the line as in Figure 4 
changes the ABCD parameters and the effective reactance of the line 
becomes (Figure 5)
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As the power flow equation changes to;
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The ABCD parameters are halved because the DCC is place at 
exactly midpoint (Figure 6) to the length of the line hence one DCC 
device is used.

Inserting several series capacitor devices on the line will change 

the ABCD parameters hence the more the capacitors on the line are 
distributed, the better the performance. Figure 6 shows a transmission 
line with multiple series capacitor devices and equation 21 changes to;
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The ABCD constants are divided by four (Figure 6) when the DCC 
is placed at quarter of the line hence three Capacitors are used and 
placed at every quarter of the line.

Power flow including dcc in matrix forms

From equation (21), the transfer admittance matrix of the DCC is 
given by [11];
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Equation (23) holds for inductive operation while for capacitive 
operation, the sign are reversed. The active and reactive power 
equations at bus j are as in equations (25) and (26) below;

( )sin δ δ= −j j i ij j iP V V B                                   (25)

( )2 cos δ δ= − − −i j jj j i ij j iQ V B V V B                        (26)

In Newton-Raphson solutions, these equations are linearized with 
respect to the series reactance. For the condition shown in Figure 3 
where series reactance regulates the amount of active power flowing 
from bus i to j at a value P, [11] the set of linearized power equation is,
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Figure 4: A simple transmission line without compensation.
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Figure 5: A transmission line with single DCC device (compensated line).
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Figure 6: A transmission line with multiple DCC devices.
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