
International Journal of Scientific & Engineering Research, Volume 6, Issue 9, September-2015                                                                                         1171 
ISSN 2229-5518  

IJSER © 2015 
http://www.ijser.org  

Expansion of Power System Corridors Using Tier-
1 Technique for Reactive Power Compensation 

Samuel O. Ezennaya, Ezechukwu, O.A., Anierobi C.C., Akpe V.A 
 

Abstract— This paper develops a novel strategy for the expansion of the power system corridors for the release of the embedded 
transmission capacity. Both theoretical and practical network models are presented with a focus on power flow studies which concentrates 
on the steady state or static behavior of electrical power system. The methodology involves the power flow analysis revalidation of the 
existing standard IEEE 14 bus system and simulation using Newton-Raphson method in both MATLAB and Powerworld simulator (PWS) 
environment. This paper therefore establishes that an original designed network could be modified to take more loads without building new 
generators or transmission lines. The expansion of the existing IEEE 14 bus network to accommodate more load involves the use of static 
compensators incorporated at the transmission lines. This technique is then analyzed extensively when distributed along the lines through 
the use of a distributed capacitors compensators, (DCC). DCC can affect significant change in power line impedance to improve the power 
transfer capacity of an interconnected power system. The application of the DCC on the line is the tier-1 technique. The results obtained 
show that by applying the tier-1 techniques to the transmission line, the system’s capacity will remarkably improve and the transmission 
line will accept extra loading. 

Index Terms— Power corridors, Newton-Raphson, Static compensators, DCC, Tier-1 compensation, PWS, MATLAB 

——————————      —————————— 

1 INTRODUCTION                                                                     

lectrical energy efficiency is of prime importance to indus-

trial and commercial companies operating in today’s 

competitive markets. Optimum use of power system compo-

nents is one main concern that needs to be balanced with en-

ergy efficiency, for both economic and environmental reasons. 

Electricity plays a fundamental role in the economic develop-

ment of any country. Every country seeks to ensure supply of 

electricity that is affordable, reliable and secure in order to 

sustain modern ways of living. The availability of electricity 

greatly facilitates industrialization. This is because, electricity 

is a convenient way to transport energy in which they are also 

converted into transmission, distribution, and consumption 

[1]. Investigations are done in this paper to see how capacitors 

distributed along the transmission lines can expand the 

transmission line corridor by the release of embedded trans-

mission capacity. 

———————————————— 

During the past two decades, the increase in electrical energy 

demand has presented higher requirements from the power 

industry. In interconnected power systems, it has become im-

portant to fully utilize the existing transmission facilities in 

preference to building new power plants and transmission 

lines that are costly to implement and involving long construc-

tion times. This necessitated the need for alternative technolo-

gy through the use of solid state electronic devices with fast 

response characteristics [2]. The requirement was fuelled by 

worldwide restructuring of electric utilities, increased envi-

ronmental and efficiency regulations and difficulty in getting 

permit and right of ways for the construction of overhead 

power transmission lines. Different approaches such as reac-

tive power compensation and phase shifting have been ap-

plied to increase the capacity, stability and security of the 

power system. This need in conjunction with the development 

of semiconductor thyristor switch opened the door for the de-

velopment of flexible alternating current transmission system 

(FACTS) controllers [3]. FACTS controllers make it possible to 
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control the voltage magnitude of a bus, active and reactive 

power flows through transmission line of a system. 

 

1.1: POWER SYSTEMS CONTROL 

Reactive power control service should satisfy the following 

system requirements [4]; 

• Satisfy overall system and customer requirements for 

reactive energy on a continuous basis; 

•  Maintaining system voltages within acceptable lim-

its; 

•  Provide a reserve to cover the changed reactive re-

quirements caused by contingencies, against which 

the system is normally secured, and satisfy certain 

quality criteria in relation to speed of response; 

•  Optimize system losses. 

Three tiers could be established in reactive power control. 

These are tier-1, tier-2, and tier-3 controls. However, two or 

more of the three tiers can simultaneously be applied to form a 

hybrid tier control. A description of the three tiers of reactive 

power control could be made; 

i. Tier-1 control co-ordinates the action of voltage and 

reactive power control devices within the transmis-

sion zones of the network in order to maintain the 

requisite voltage level at a certain node points in the 

system. 

ii. Tier-2 control involves a process of load optimization 

by improving load power factors which influence the 

distribution of 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. 

iii. Tier-3 control is the generator control. 

iv. Hybrid-Tier control is the simultaneous application 

of both the tier-1, and tier-2 or tier-3. It can also in-

volve the control at the three tier controls to the pow-

er system at the same time.  

1.2: SOURCES OF REACTIVE POWER 

Reactive power is produced or absorbed by all major compo-

nents of a power system [4]; 

• Generators; 

• Power transfer components; 

• Loads; 

• Reactive power compensation devices. 

 

2.0: POWER SYSTEMS REACTIVE POWER COMPENSA-

TION 

Reactive power compensation otherwise called reactive var 

compensation is the management of reactive power to im-

prove the performance of AC power systems, maximizing sta-

bility 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 pa-

rameters as well as changes the equivalent impedance of the 

load.  

Devices for reactive power compensation  

• synchronous condensers 

• Flexible alternating current transmission system 

(FACTS) controllers. 

• the distributed capacitor compensation (DCC) 
 

2.1: THE DISTRIBUTED CAPACITOR COMPENSATION 

(DCC) BASIS  

There are many different methods used for compensation in 

power systems. Some of these methods include reducing gen-

erator and transformer reactance, increasing the number of 

parallel lines used, using shunt capacitor compensators, or 

using series capacitor compensators [5].  
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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 20
th 

century. The first application of shunt 

compensation was in 1914 and has been used ever since be-

coming 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 550kV application had been implement-

ed and today there are applications approaching 800kV [6].  

The principal applications of DCC are; 

• Improves voltage regulation 

• Expand power transmission corridor of the transmis-

sion line 

• Improves system stability 

The applications previously mentioned are merely a selected 

few of the uses that DCC devices can provide. These applica-

tions 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 hydro-

electric generating plants. Many of the lines use the DCC de-

vices to improve voltage regulation because the main load 

area is commonly several hundred kilometers from the gener-

ating station, allowing for large voltage decay.  
 

2.2: DCC CIRCUIT 

Capacitor compensator circuit is made up of the capacitor 

module and its protective scheme. The protective scheme 

shown in fig 1 consists of [7]; 

• A metal oxide varistor (MOV); 

• Current limiting damping equipment (CLDE); 

• Fast protective Device (FPD); and 

• By-pass switch (B). 

The MOV has been designed to withstand the energy from 

external faults; faults appearing outside the series compen-

sated 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 discon-

nectors 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 resis-

tor 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 fre-

quency losses in the damping resistor during steady state op-

eration. 

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 al-

lows by-passing in a very controlled way in order to reduce 

the energy dissipated in the MOV. 

 

 

Figure 1.0: The single line diagram of a one-capacitor compen-

sator in series [7] 

3.0: THE MATHEMATICAL MODEL OF TIER-1 COMPEN-

SATION  

Electrical power is transmitted through the transmission line 

from the sending-end of the line to the receiving-end of the 
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line. This can be analyzed through parameterization and mod-

eling of the transmission line with passive components such as 

resistors, capacitors and inductors. The quantities of these pa-

rameters depend mostly on the line conductors and the physi-

cal or geometrical configuration of the lines. These conductors 

will have certain characteristics such as resistance and reac-

tance both in series (from sending to receiving-ends of the 

line) and shunts (from the line to ground) associated with 

them.  
 

3.1: BASIC PRINCIPLE OF POWER IN TRANSMISSION 

Loads are more often expressed in terms of real (watts/KW) 

and reactive (vars/Kvars) power. It is convenient to deal with 

transmission line equations for the sending and receiving-end 

complex power and voltages [8] [9].  

A B C D Constants

S = P  + jQi i j

S= P+ jQj j j

Generator Vi       δ V 0j       

Load
Figure 2.0: A two bus system 

 

For a two-bus system shown in figure 2.0, the sending and 

receiving-end voltages are represented by the bus voltages 

while the sending end voltage leads the receiving end voltage 

by an angle, 𝛿. This angle is called the torque angle. The com-

plex power leaving the receiving end and entering the send-

ing-end of the transmission line can be expressed as 

𝑆𝑗 =  𝑃𝑗 + 𝑗𝑄𝑗 = 𝑉𝑗𝐼𝑗∗   and 𝑆𝑖 =  𝑃𝑖 + 𝑗𝑄𝑖 = 𝑉𝑖𝐼𝑖∗  (1) 

Where 

𝑃𝑗 = �𝑉𝑗�|𝑉𝑖|

|𝑍|
𝑐𝑐𝑐(𝛽 − 𝛿)− �𝑉𝑗�

2

|𝑍|
𝑐𝑐𝑐(𝛽)  And  

𝑄𝑗 = �𝑉𝑗�|𝑉𝑖|

|𝑍|
𝑠𝑠𝑠(𝛽 − 𝛿)− �𝑉𝑗�

2

|𝑍|
𝑠𝑠𝑠(𝛽)     (2) 

Similarly, 

𝑃𝑖 = �1
𝑍
� |𝑉𝑖|2𝑐𝑐𝑐(𝛽)− �

|𝑉𝑖|�𝑉𝑗�
|𝑍| � 𝑐𝑐𝑐(𝛽 + 𝛿)  (3)                                         

𝑄𝑖 = �1
𝑍
� |𝑉𝑖|2𝑠𝑠𝑠(𝛽)− �

|𝑉𝑖|�𝑉𝑗�
|𝑍| � 𝑠𝑠𝑠(𝛽 + 𝛿)    (4) 

At 𝛿 = 𝛽, the maximum power delivered at the load will be; 

𝑃𝑗 = �𝑉𝑗�|𝑉𝑖|

|𝑍|
− �𝑉𝑗�

2

|𝑍|
𝑐𝑐𝑐(𝛽) ;   (5)          If, 𝛽 = 𝜃, 𝑡ℎ𝑒𝑒 𝑐𝑐𝑐𝑐 =  𝑅

|𝑍|
       

(6) 

But the resistance R of a transmission line is very small com-

pared to its reactance, so that; 

𝜃 = 𝑡𝑡𝑡−1 �𝑋
𝑅
� ≈ 900      (7);       Where 𝑍 = 𝑅 + 𝑗𝑗 and 𝜃 =  𝛿. 

Therefore the receiving-end power (Pj) becomes; 

𝑃𝑗 = �𝑉𝑗�|𝑉𝑖|

|𝑋|
𝑠𝑠𝑠(𝛿) and 𝑄𝑗 = �𝑉𝑗�|𝑉𝑖|

|𝑋|
𝑐𝑐𝑐(𝛿)− �𝑉𝑗�

2

|𝑋|
     (8) ;          

Hence 𝑍 ≈ 𝑗𝑗. 

For a very small value of 𝛿, 𝑐𝑐𝑐𝑐 = 1, thus; 

𝑄𝑗 = �𝑉𝑗�
|𝑋| �|𝑉𝑖|− �𝑉𝑗�� ;  (9)       where �|𝑉𝑖|− �𝑉𝑗�� =|∆𝑉|    (10) 

|∆𝑉| is called the magnitude of voltage drop across the trans-

mission line.  

Therefore; 

𝑄𝑗 = �𝑉𝑗�
|𝑋|

|∆𝑉|                 (11) 

3.2: REACTIVE POWER COMPENSATION OF TRANS-

MISSION LINES 

Equations (8) through (11) indicate that the active and reactive 

power/current flow can be regulated by controlling the volt-

ages, phase angles and line impedances of the transmission 

system. It has been shown above that the active power flow 

will reach the maximum when angle 𝛿 is 900. 

3.2.1: SERIES COMPENSATION OF A TRANSMISSION 

LINE 

A series-connected capacitor adds a voltage in opposition to 

the transmission line voltage drop, therefore reducing the se-

ries line impedance. 

Figure 3 show a simplified model of a transmission system 

with series compensation. The voltage magnitude of the send-

ing-end is assumed equal as |V|, and the phase angle between 

them is  𝜹. The transmission line is assumed lossless and rep-

resented by the reactance XL. A control capacitor is series-

connected in the transmission line with voltage addition Vinj. 
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Figure 3: A simplified model of transmission system with se-

ries compensation [7]. 

 

3.2.2: THE DEGREE OF SERIES COMPENSATION (Ks) 

The degree of series compensation or percentage compensa-

tion (Ks) is used to analyze a transmission line with the re-

quired addition of series capacitor. It is defined as the fraction 

of Xc, which refers to the total capacitive reactance of series 

compensators and XL, which refers to the total inductive reac-

tance of the line, as defined in equation 12; 

𝐾𝑠 =  
𝑋𝑐
𝑋𝐿

                (12) 

Therefore, the capacitance, C as a portion of the line reactance 

can be obtained from 

𝑋𝑐 = 𝐾𝑠𝑋𝐿      (13)  and 𝐶 =  1
2𝜋𝑓𝑋𝑐

         (14) 

The overall series reactance, X of the transmission line is; 

𝑋 = 𝑋𝐿 − 𝑋𝑐 = (1−𝐾𝑠)𝑋𝐿       (15) 

Thus the active power transmitted becomes; 

𝑃𝑖 = 𝑃𝑗 =
|𝑉|2

(1−𝐾𝑠)𝑋𝐿
𝑠𝑠𝑠𝛿    (16)  

The reactive power supplied by the capacitor is calculated as; 

𝑄𝑐 = 2
|𝑉|2𝐾𝑠

𝑋𝐿(1−𝐾𝑠)2
(1 − 𝑐𝑐𝑐𝑐)    (17) 

From the above equation, it can be seen that transmitted active 

power increases with Ks [10]. 
 

3.3: EFFECTIVE LINE REACTANCE WITH AND WITHOUT 

DCC DEVICE 

Figure 4 shows a simple transmission line without a compen-

sating device. Equation (18) is the effective line reactance in 

matrix form. 

 

Figure 4: A simple transmission line without compensation 
 
𝑋𝑒𝑓𝑓 = �𝐴       𝐵

𝐶       𝐷�         (3.17) 

Where 𝑋𝑒𝑓𝑓 is the effective reactance of the line. 

The power flow equation becomes 

�
𝑉𝑖
𝐼𝑖
� = �𝐴         𝐵

𝐶          𝐷��
𝑉𝑗
𝐼𝑗
�       (3.18)    

Inserting a single series capacitor device on the line as in fig-

ure 4 changes the ABCD parameters and the effective reac-

tance of the line becomes; 

Ii Ij

V<0i
V<j δ

Bus jBus i

L/2 (Km)
DSCC Device

L/2 (Km)

Figure 

5: A transmission line with single DCC device (compensated 

line) 

𝑋𝑒𝑓𝑓 = �
𝐴1

2�
𝐵1

2�

𝐶1
2�

𝐷1
2�
� ∗ �1 𝑋𝑐

0 1 � ∗ �
𝐴1

2�
𝐵1

2�

𝐶1
2�

𝐷1
2�
�     (20) 

As the power flow equation changes to; 

�
𝑉𝑖
𝐼𝑖
� = �

𝐴1
2�

𝐵1
2�

𝐶1
2�

𝐷1
2�
� ∗ �1 𝑋𝑐

0 1 � ∗ �
𝐴1

2�
𝐵1

2�

𝐶1
2�

𝐷1
2�
� �
𝑉𝑗
𝐼𝑗
�   (21)   

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 de-

vices and equation 21 changes to; 

𝑋𝑒𝑓𝑓 = �
𝐴1

4�
𝐵1

4�

𝐶1
4�

𝐷1
4�
� ∗ �1 𝑋𝑐

0 1 � ∗ �
𝐴1

4�
𝐵1

4�

𝐶1
4�

𝐷1
4�
� ∗ �1 𝑋𝑐

0 1 � ∗  �
𝐴1

4�
𝐵1

4�

𝐶1
4�

𝐷1
4�
�

∗ �1 𝑋𝑐
0 1 � ∗ �

𝐴1
4�

𝐵1
4�

𝐶1
4�

𝐷1
4�
� ∗ �1 𝑋𝑐

0 1 �    (22) 

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. 

L(Km)

Ii Ij

V<0i V<j δ

Bus jBus i

ABCD Constants
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Ii Ij

V<0i
V<j δ

Bus jBus i

L/4 (Km) L/4 (Km) L/4 (Km) L/4 (Km)

DSCC Devices

Figure 6: A transmission line with multiple DCC devices. 

 

 

 

3.4: POWER FLOW INCLUDING DCC IN MATRIX FORMS 

From equation (21), the transfer admittance matrix of the DCC 

is given by [11]; 

�
𝐼𝑖
𝐼𝑗�

= �
𝑗𝑗𝑖𝑖 𝑗𝑗𝑖𝑗
𝑗𝑗𝑗𝑖 𝑗𝑗𝑗𝑗

� ∗ �
𝐼𝑖
𝐼𝑗�

          (23)   

Where 

𝐵𝑖𝑖 = 𝐵𝑗𝑗 =
−1
𝑋𝑐

, 𝐵𝑗𝑖 = 𝐵𝑖𝑗 =
1
𝑋𝑐

       (24) 

Equation (23) holds for inductive operation while for capaci-

tive operation, the sign are reversed. The active and reactive 

power equations at bus j are as in equations (25) and (26) be-

low; 

𝑃𝑗 = 𝑉𝑗𝑉𝑖𝐵𝑖𝑗𝑠𝑠𝑠�𝛿𝑗 − 𝛿𝑖�    (25) 

𝑄𝑖 = −𝑉𝑗2𝐵𝑗𝑗 − 𝑉𝑗𝑉𝑖𝐵𝑖𝑗𝑐𝑐𝑐�𝛿𝑗 − 𝛿𝑖�     (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 line-

arized power equation is, 

 

∆𝑃𝑖𝑗
𝑋𝑐 = 𝑃𝑖𝑗

𝑟𝑒𝑔. −𝑃𝑖𝑗
𝑋𝑐 𝑐𝑎𝑙.             (28) 

Where, ∆𝑃𝑖𝑗
𝑋𝑐 is the active power flow mismatch for the series 

reactance calculated; 

∆𝑋𝑐 = 𝑋𝑐
(𝑛) −𝑋𝑐

(𝑛−1)   (29)  

∆𝑋𝑐  is the increamental change in series reactance; and 𝑃𝑖𝑗
𝑋𝑐 𝑐𝑎𝑙. 

is the calculated power given by equation (25). The state vari-

able Xc of the DCC controller is updated at the end of each 

iterative step according to equation (30); 

𝑋𝑐
(𝑛) = 𝑋𝑐

(𝑛−1) + �
∆𝑋𝑐
𝑋𝑐

�
(𝑛)

𝑋𝑐
(𝑛−1)    (30)     

4.0: THE STANDARD IEEE 14 BUS TEST SYSTEMS (RE-

VALIDATION) 

One of the international load flow test systems is the IEEE-14 

bus system. Load flow analysis is carried out in IEEE 14 bus 

test system. Figure 7 show the standard IEEE 14 bus network 

simulated in Powerworld platform. The run mode of Power-

world simulator enable the simulation of the existing IEEE 14 

bus test system model using N-R iterative method to obtain 

the bus voltages, phase angles, line losses, real and reactive 

power flows. The system topology consists of 14 buses, 20 

transmission lines or branches, 2 online generators, 3 online 

synchronous compensators used only for reactive power sup-

port, and 11 loads totaling 259MW and 78.7Mvar.  

The simulated result of the test system in Powerworld shown 

in tables 1 gives a very close result when compared with the 

MATLAB results of tables 2. It was therefore confirmed that 

the result obtained when DCC is applied on the IEEE 14 bus 

network using only Powerworld simulation software due to 

its flexibility and simplicity.  

Using codes written in MATLAB and system information ex-

ported from Powerworld simulator, the standard IEEE 14 bus 

network is revalidated and reconfirmed as follows;  
 

5.0: SIMULATION RESULT 

The revalidated Standard IEEE 14 bus network show that the 

total real and reactive power loss of the system are 15.31MW 

and 36.77Mvar respectively with the systems maximum cur-

rent rating totaling 2948.91Amps.  As a result, the system’s 

maximum MVA loading becomes 696.604MVA. These results 
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confirmed and agreed with the standard performance of the 

standard IEEE 14 bus system as shown in tables 1A and B 

(Powerworld simulator tool) and table 2 A (MATLAB simula-

tor tool).  All bus voltages were also confirmed to fall within 

the recommended limit (0.9 ≤ 𝑉 ≤ 1.1 𝑝.𝑢).  

 
Figure 7: Standard IEEE 14 bus test system in Powerworld 

simulator environment. 

 

Table 1A: Line records of the standard IEEE 14 bus system in 

Powerworld simulator. 

 

Total power loss in Powerworld simulator:  15.31 MW and 

36.77 Mvar 

 

Table 1B: Bus records of IEEE 14 bus system in Powerworld 

simulator. 
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Table 2A: The bus records of the IEEE 14 bus system in 

MATLAB tool. 

 

 

The tables above confirmed that the standard IEEE 14 bus sys-

tem total power loss in Powerworld simulator is 15.31 MW 

and 36.77 Mvar and that of MATLAB is 15.031MW and 

35.348Mvar. This is a clear indication that the software tool 

used for this model is validated. 

5.1: CASE 1: MODIFICATION OF THE IEEE 14 BUS NET-

WORK (ADDITION OF AN EXCESS LOAD TO THE NET-

WORK) 

To illustrate that an already saturated network can be expand-

ed by the use of capacitors distributed along the lines at stra-

tegic places, an existing load of a selected Company in Nigeria 

was used - the General Steel Mills (GSM), Asaba. The Compa-

ny’s total maximum active and reactive power demand are 

17.80 MW and 25.71 Mvar respectively [12]. These loads were 

added to bus 6 of the standard IEEE 14 bus system which 

modified the revalidated results of the system. The active and 

reactive power losses increased from the normal operating 

performance of the 14 bus standard network to 59.85MW and 

226.84Mvar respectively. The system’s maximum amperage 

was 5658.287Amps as all the bus voltages dropped below 0.9 

p.u except the slack bus-bus 1 (Table 3A). The MVA maximum 

loading also increased to 1062.225MVA (Overloading).  For 

these reasons, it is enough to say that the modified IEEE 14 

bus system got overloaded and cannot accept this extra load. 

 

Table 3A: Bus records of the modified standard IEEE 14 bus 

network (with 17.80 MW and 25.71 Mvar extra load addition) 

 
 

 

 

 

Table 3B: Line records of the modified standard IEEE 14 bus 

network (with 17.80 MW and 25.71 Mvar extra load addition) 

  
 

5.2: CASE 2: APPLICATION OF TIER-1 COMPENSATION 
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TO THE MODIFIED STANDARD IEEE 14 BUS 

NEWTWORK  

 

 

Figure 8: Modified standard IEEE 14 bus network with tier-1 

compensation 

 

Table 4A: Bus records of the Modified standard IEEE 14 bus 

network with tier-1 compensation. 

 
 

Table 4B: Line Records of the the Modified standard IEEE 14 

bus network with tier-1 compensation. 

 
 

The distributed capacitor technology applied on the transmis-

sion lines were used in this case to know how much the lines 

can be freed of their carriage even when the loads were oper-

ating. This was verified by placing capacitors on all the lines 

(interline action) with degree of compensation Ks allowed to 

operate by 0.7 or 70% of the original line reactance value. The 

bus and line results were compared, from which the total ac-

tive power loss reduced from 59.85 to 17.79MW (70.28% re-

duction) while the total reactive power loss reduced from 

226.84 to 59.17Mvar (73.92% reduction). By this margin, the 

system’s MVA loading was released from 1062.225 to 

744.193MVA (29.94% released). This is resulted from the re-

duction in system’s current from 5658.287 to 3212.958Amps 

(43.94% reduction) with all lines still operating within their 

normal limits. Bus voltages were also restored appreciably.  

Figures 9A-D show the graphical plots of line numbers of the 

Modified standard IEEE 14 bus network (with tier-1 compen-

sation) against the MW, Mvar, MVA loadings and bus p.u 

voltages with and without compensation. 
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The percentage reduction in MVA loading and savings deter-

mines how much the systems corridors have been expanded 

by the release of the embedded system capacity on which the 

system can be available for extra loadings.  
 

5.3: CONCLUSION 

The use of DCC creates more loops in the transmission system 

by providing more active power routes without having to 

build new generating stations, new transmission stations or 

dealing with right-of-way issues. Application of the tier-1 

compensation was able to accommodate the added load in the 

existing 14 bus system by releasing the system up to 29.94% 

MVA of its overloading which remarkably reduced the sys-

tem’s active losses by 70.28% and reactive losses by 73.92%. 

Recommendations are made to simultaneously apply also the 

teir-2 and 3 to the network in other to ensure maximum resto-

ration of the power (up to 100% restoration). This efficient con-

trol method can salvage the power system from total collapse 

and as well serves as a quick way to respond to consumers 

power satisfaction quest.  
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