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Abstraa-Transfer of electrical energy from the source of
generation to the distribution via the transmission networks is

accompenied by losses. It is widely recognized that plrcement of
shunt capacitors on the distribution system cen lead to a reduction
in power losses, improve voltage profile rnd releasc systcm

capacity. Reduction of I2R loss in distribution systems is very
essential to improvc the overell efiiciency of power delivcry. The
I2R loss can bc sepsrate into two parts based on the active and

reactive power components of braneh currents. This thesis work
presents a mcthod of CAPO and bus rrnking to pltce the optimal
cepacitor. The performance of the proposed method wes

investigated on distribution systems consisting 9buscs and it was

found thrt a significant loss saving cen be achieved by placing

optimal capecitors in thc aystem. This method has been

implemented using Digsilent software. Digsilent is used to model,

simulate, end enalyze network in distribution system.

Keywordsz Cryrctlor plocenurt, loss nlnhntzdtott, cost savlng

energr udsluof cqodton

I. INTRODUCTION

Capacitor placement is an effective method used in
distribution systems to reduce the losses, power flow control

and improvement in stability. The capacitor placement problem

consists of determining the location, type and the size of
capacitors to be installed in the nodes of radial distribution
system such that the economic benefits due to peak power and

energy loss reduction [2]

In this paper, Digsilent software is used as a simulation

tool. Digsilent software has developed in 1976 in Digsilent
Gmbh Company of Gennany. Other than that, the capabilities

of this software are power flow calculation, sensitivity analysis,

contingency analysis, short circuit analysis and reliability
modeling.

The main objective of this paper is to study optimal

location and size of the capacitor to be placed in radial

distribution feeders to improve the voltage profile, reduce

enerry loss based on the loss reduction and cost of energy

saving. The comparison will be making to show effect of
CAPO application and Bus Ranking method in the network that
gives the result in tenns of total losses and minimum voltage

t3l.

II. METHODOLOGY

For this study there are several steps that have been applied to
get a result. By using Digsileng simulation have been made

step by step. This paper is focused an optimal location and siz.e

of capacitor. To determine suitable locations for capacitor
placement, the CAPO application and bus ranking is

approached.

1

The inoease in power demand makes the operation

systems more complicated. To meet the load demand, the

systems is required to expand by increasing the substation

capaclty and the number of feeders, but this may not be easily

achieved for many utilities due to various constrains. The

losses in the distribution system correspond to 70o/o ofthe total
losses []. By minimizing the power losses, the systems may

acquire longer life span and have greater reliability.
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A) CAPO application

The objective of the CAPO application is to reduce the power

losses and the power losses cosl By using this applicdiott,
CAPO applic*ion will determine the opimal location of
capacitor to be installed based on the lowest total power losses

CAPO application also give the suitable size of capacitor in
order to rcduce total energi losses. Below is the procedure of
CAPO application.

a) The 9-bus test system is designed. The modeling test

system has been designed accordingly in Digsilent.

b) Insert all data of line bus and souroe in the network.

c) Run load flow to obtain the result base on the networll
d) Insert the value of capacitor at CAPO application with

starting of 1OMVAR
e) Run CAPO applicatiur to obtain the result of load

flow after installing capacitor.

0 CAPO will determine the optimal location of capacitor

based on lower total power losses.

g) Insert another size of capacitor with the increment of
1OMVAR and run CAPO applic*ion to obtain the

result. Repeat the step until the CAPO could not

reduce total power losses.

h) Analyze the result and select the opimal placement of
capacitor based on lowest total power losses.

r) Stopthe operation.

Figure I shows the flow chart for the proposed metlpd based

on the CAPO application by using Digsilent software.
Figure l. Flow chart of CAPO to obtain the capacitor

placement on the network.

B) Bus Rankingmethod

Bus ranking method is used to determine the optimal location

of the capacitor and the size of the capacitor. But the capacitor

location and the size ofthe capacitor is depends on the load.

Basically bus ranking consist of two parts which is simulation
and calculation. To find the value of total power losses, the

Digsilent was used to stimulate the network. The calculation
part was used to determine the energr saving cost. Below is the
procedure of bus ranking:

a) Run load flow to obtain the simulation result base on

the network.

2

Start

lv{odeirng nels'ork at Digsilent

Iasert data irput of uetwork

Rrm load flow

Insert the value of the

capeitff at CAPO

Rutr CAPO

Detrrmine capacitor location

Rua power flos'detail to deteraine
tOtal loSes and minimrrm voltage

Alalpe re$lt frompow€r

End

amysuzaima mohd shafiee
Pencil



(
0

b) Place capacitor manually based on the value of
reactive power at each load bus.

c) All load bus must be placed with capacitor to select

the lowest total power losses at the placement of
capacitor.

d) Run load flow detail to obtain the results of total
power losses after installing capacitor. Capacitor is

installed respectively and the result of each bus is
obtained.

e) Analyzed the result from power flow analysis to

determine the optimal location of capacitor based on

the lowest total power losses.

0 Stop operation.

Figure 2 shows the flow chart for the proposed method based

on the bus ranking method by using Digsilent software.

lTS

Figure 2. Flow chart of bus ranking method to obtain capacitor
placement on the network

In bus ranking metho( capacitor is installed manually instead

of CAPO application using Digsilent simulation. The capacitor

needed to be installed at every load buses with the total losses

and minimum voltage are calculated at every time a capacitor is

placed on a bus one after another using the load flow.

The bus which produces the maximum loss reduction and

increasing in voltage magnitude are chosen to allocate the

capacitor. The voltage magrritude must be in range 0.95-1.05

per unit (p.u). The analysis of bus ranking is same with CAPO

application method that considering the total power reduction

and minimum voltage magritude.

C) Cost Energt Sarting

Enerry cost is the most concern in the distribution system. In

order to reduce the cost of energy, capacitor placement has

been installed at the appropriate place. For this purpose of
project, saving cost enerry has been calculated for both method

and comparison has been made. The equation of saving enerry
is following:

KE:AKE * r

Whereas:

AKE: Saving Enerry (Annual enerry before installing-

Annual enerry after installing capacitor)

cost of enerry GM 0.21t kwh)

(1)

III. RESULT AND DISCUSSION

The losses will represent the total power losses of the network.

The total power reductions and the minimum voltage of the

network without capacitor and with capacitor have been taken.

This result also will be compared in the analysis. Figure 3

shows the tEEE-9bus test system that used in simulation to
determine &e total power losses and voltage magnitude. The

system includes three gurerator and three large equivalent

loads connected in a meshed transmission network through

transmission line. Bus l, 2 nd 3 are generation. Bus I is

selected as slack bus with a voltage 1.04p.u. Bus 2 and 3 are

selected as bus PV type, with a voltage of 1.025p.u. Bus 5, 6

and 8 are load bus.

3

Start

Rr.m load flon'

Pleced capacitor based oa th load
LVAX.

AIl'n'nrmberof
busees &ne

Rrm load flow detail to det*i.e
ponrr losses 3ad minimrm vohege

AneVze resuh from poww f,ow to de-

tcmhc the location of cepacitor

f,rnlr [113 gy6me due to the power
losses and vohage proflc

End

NO

amysuzaima mohd shafiee
Pencil



a

EdundEryArBe

aro* {

G€n I

7 f,

I

I

I
g Anea ?

Gen ?'i 3

I
t n 6

4

Oen 3

1

mfiio 3

Figure 3. IEEE-9bus test systems.

A) Simulation result for bus network by using CAPO

application

After done the simulation result by using CAPO, the capacitor

will be added in network. The best location of the capacitor is

chosen. The location ofthe capacitor is chosen depends on the

maximum total power losses and the voltage magnitude is in
range 0.95-1.05 per unit (p.u). The total power loss is in watt

and minimum voltage is in per unit value.

Table I shows the result of the IEEE-9bus network using

CAPO application to comparc the result of the loss rpduction

before compensation and after compensation. After install the

capacitor 40MVA& the total power losses are reduced from
4637.417kW to 4493.067kW, i.e. 3.1l37o losses reduction. The

result obtain in these systems are briefly describe as below.

TABLE I. TOTAL POWER LOSSES BEFORE COMPENSATTON AND
AFIERCOMPENSATION

BEFORE
COMPENSATION

AFTER
COMPENSATION

T1?E Losc R.ductbn
(LW)

Iacc Rcduction
(Llv)

Line 4-5 256.8226 153.3523

Linc $7 229.8314 244.0123
Linc 5-7 2M9.252 20N.135
Ilnc 7{ 474.6963 4ffi.6207
Line &9 88.23463 79.94814
Linc G9 r35t.737 1332.23

Linc 4{ 166.8389 176.7687

TOTAL 4Kt7.417 4493.067

As it can be seen in table 2 capacitor size inserted with the

increment of I0MVAR to SOMVAR and the total power losses

and voltage magnitude is tabulated. 50 MVAR is the limit of
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capacitor size to be placed at each bus and ifexceed the value,

the total power losses will be increase.

TABLE2. CAPACTTOR LOCATIONOF TIIE SYSTEM

Sizc Qcrp
(MVAR)

Bus
locetion

Totrl powcr
hsscs
ftw)

Min.
Vohrgc

(o.r)

No caoacitor 4637.417 1.014384

l0 Bus 5 4569.314 1.0176

20 Bus 5 4521.807 t.020992

30 Bus 5 4496.OO3 1.024382

q) Bus 5 u93.061 r.02783

50 Bus 7 44E1.3t5 1.02823

From the data tabulate by using CAPO, the optimal capacitor

placement is at bus 5 with 40 MVAR optimal value of
capacitor. The total pow€r losses after installing capacitor are

M93.067kW and the minimum value of voltage is 1.02783p.u.

Kf = &KE *r

Pbo*: 4637.417 kW (before compensated)

Pb,.* : 4493.067 kW (After compensated)

Reduction losses : M37.417- 4493.067
:1,14.35 kW

KE = (4637.417- 44e3.067)(0.218X24X36s)

= KM275662308 per year

Based on the result obtained, saving energy cost is RM
275662308 per year. Bus 5 has been selecGd because by
placing capacitor at this bus, the power factor have improve a
lot rather than others bus. So the power losses in line will also
reduce and improve the voltage stability.

B) Simulation resultfor bus network by using Bus

ranking method

In bus ranking method, the size of the capacitor have been used

is depends on load at each bus. The size have been used is
shown in table 5. The capacitor is placed at bus 5, 6 and 8 that

consist of loads. Table 3 shows the result of total power

reduction. The result is compared with the bus that installed

capacitor in each bus location.

TABLE 3. POWER LOSS REDUCTION BEFORE AND AFTER
COMPENSATION

Table 4 shows the result of minimum voltage magrritude

between the capacitor locations at each bus.

5

TYPE

BEtr'ORE
COMPEN-
SATION

Total
Rcduction

(krv)

APTER COMPDNSATION
Totrl Rcduction(kW)

Cepocitor l.ocetion

5 6 s,6,8
(simultaneously)

Linc
4-5 256.8266 151.0708 269.3779 233.5757 149J671

line
u7 229.8314 250.8821 229.2794 223.65W 244.8348

line
*7 2C6/9.252 2010.443 2036255 2039.44 199'1.778

linc
7-8 474.6963 464.7086 471.3283 477.2869 459.2741

linc
8-9 88.23463 78.2M99 92.92489 65.39029 6754618

line
G9 1351.737 1328.907 1395.046 1334.12t l38r.l 86

linc
44 165.8389 180.0r37 168.7794 1s8.3878 160.5682

Tota! 4637.4168 45142fi ffiz.991 4strJ62 446,0l54

8
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TABLE 4. MINIMI.'M VOLTAGE BEFORE COMPENSATION AND
AFTERCOMPENSATION

From the result obtain in table 3, the value of the power loss

reduction is lowest at the bus 5, 6 and 8 that installed in
simultaneously that is ,1460.654kW, but the value of the

minimum voltage is not in range, 1.06161 per unit. The range

of the voltage has been mentioned before. So, the optimal
placement of the capacitor is not in bus 5, 6 and

8(simultaneously installed). So, the optimal placement of the

capacitor is shown in table 5.

TABLE 5, OPTIMIJM SIZE OF CAPACITOR

Size Qcap
(MVAR)

Bus
locetion

Totrl
power
loss€s
(kty)

Mln.
Voltrgc

p.u

50 Bus 5 4514.23 1.031339

30 Bus 6 46r,2.991 1.02186s

35 Bus 8 4$t.84 1.03051 I

ll5 Bus 55.8 4ffi.654 l.06l6l

Result shows the optimum size of the capacitor to be placed in
network is SOMVAR at bus 5 because the total loss reduction is

lowest and the minimum voltage is in range.

Table 6 below shows the differential of CAPO and Bus
Ranking method. The CAPO application method is more
saving than the bus ranking method. The cost of energy saving
for CAPO application per year by using the equation in (l) is
RN127566230E and Bus Ranking mettrod is RM 235247750.20
and the total loss power reduction by using CAPO applicaion
is less than Bus Ranking method. So, the best method to use by
considering the total power loss reduction and voltage
magrritude is CAPO application.

lff=fif,t'*r

Pr*,o = 4637.41683kW (before compensated)

P6r6 : 45 I 4.23kW (After compensated)

Reduction losses : M37.4174514.23: 123.187 kW

KE : (4637 .41684st4.230x0.21 8X24X36s)

:W235247750.2per year

TABLE 6. SI.MMARY CAPO AND BUS RANKING METHOD

W. CONCLUSIONS

This paper has discussed 2 method to finding the optimal
locations and size capaciton in radial distriburtion for capacitor

installation by using CAPO and Bus Ranking method. By
installing shunt capacitor at all the potential locations, the total of
real power loss ofthe system has been reduced and bus voltage is
improved. From the result obtain, the objective of this project are

fulfill. The optimal capacitor placement that needs to be installing
on the network was choose for the analysis using CAPO
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TYPE

BEFORE
COMPEN-
SATION

Min.
Voltrgc(pu)

AFTER COMPENSATION
Min. Voltage(p.u)

Ceoacitor Ilcation

5 6 I 5,6,8

Bus I 1.032359 1.037672 1.038941 1.041461 l.05366

Bus 2 1.0t7359 1.022672 1.023941 1.026461 1.03866

Bus 3 1.017359 1.022672 1.023941 t.025r'r6t 1.03866

Bus 4 1.018177 1.041I 14 1.035043 1.030864 t.o7t43

Bus 5 0.988ffi4 l.uo286 I.003002 1.003957 1.07?27

Bus 5 1.005039 1.024296 t.M)385 r.019973 1.0756/-

Bus 7 1.018134 1.035124 1.028018 1.038682 1.ffi21

Bus 8 1.008248 1.0?2867 t.019632 1.043817 1.07M7

Bus 9 t.024718 1.0353,14 1.037882 1.042921 1.06732

Tot l r.014384 1.031339 1.027%5 1.030511 r.06r6l

CAPO Bus Rrnking

Pon'er losscs (kW) u93.M7 45t4.23

Costseving(Rtr{) 27562308 23s247750

Caprcitor Placcmcnt Bus 5 Bus 5

Improvcm.trt Volitrgc
Rcgulrtion(pu)

1.02783 1.031339
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application method. Using this metho{ the systems shows the

best performance improving of power losses and increasing the

minimum voltage that can be concluded as the proposed technique

is reliable for the network systems compare Bus Ranking method.

V. FUTURESTUDY

The CAPO application can be implementing to the large

distribution system network and the selection ofthe capacitor

value must be available in the market.
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