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Abstract--: Thi s paper presen ts a unified Newto n-Rap hson
mcth ud 10 soh'c pewcr flow problem wit h shun t capa citors.
Ca pa citor a rc used in the transmission O f dist ribution line 10
Increa se line luad llbili ty lind to gel the opt imum voltege level at a
bu s. Matlah load flow analys ls progra m is applied to obta in the
results wh ich can he used to assist the decision maker in
op timu m valu e of capacita nce which gh'cs maximum power
transfer ami minimum losses at acce ptable volregc level. The
prop osed method has been tested with the network of M~'anmll

elect ric power syste m including 65 buses ami 59 branches with
imp edan ces specified in per unit on a lUll MVA base specified
gcnerat lnn anti ktatl cundit jen anti line to line nl lta~e of 2311 kV
as bases.

Ke)'1'~Jrd~~ Loa tl flew, Newron-Raphson method, Matlab
progr am, shunt ca pacitor

N

Q, = - ~ I': lll'j ll r, I ' in(e'j - 0, + OJ) (2)
j=t

Where v tvoltagc). P(real power) and Qrrcactivc power)
terms are given in per unit and () (phase angle) terms are in
radians. This equation shows that the real and reactive powers
at every bus expect the slack bus can be expressed as a
function of voltage mag nitude and phase angles.

Flow diagram of Ncwton-Raphson load flow algorithm is
shown in Fig I.

II\PUl DATA
Read all input datafrom system, admittance

matrix, initialize voltages and anglesof
allbusbars

I. I:-JTRODUCTlO);

The main function of a power system is to serve the need
of real and reactive power as demanded by various connected
load in the network. Catering for a given set of busbar loads
requires a power flow study that determines the steady state
solution of the network. TIle quanti ties obtained from a power
flow study are voltage magnitudes and phase angles at the
load buses. and react ive powers and voltage phase angles at
the generating buses. active and reactive power flows in the
transmission lines and system loss.

If we know how the overall losses occur, we can lake steps
to minimize them. Acuvc power losses can be determined by
various methods. It can simply be computed as JR. TIle power
loss in a line can also be calculated by taking the algebraic
sum of the total power flows in either di rection and the total
loss would be the sum of all the line losses.

The losses on the system network can be controlled by the
modified program to the original Ncwton-Raphson algorithm
by means of the two methods.
( I ) the change of transformer tap settings
(2) addit ion of different values of capacitor banks to
control reactive power distribution

In this paper, only addit ion of shunt capacitor bank will
be discussed.

Fig. I Flow d iagram of lh ~ hasic :\~wl"I.Raphs,," load n"w algorilhm

I Calculate rea.1and reactive power I
I mismatches I

B. Application ofShunt Capacitor Bank
Shunt capaci tors arc primarily used to improve the power

factor in transmission and distribution networks. resulting in
improved voltage regulation reduced network losses. and
efficient capacity utilization. Improved transmission voltage
regulation can bc obtained during heavy power transfer
conditions when the system consumes a large amount or
reactive power that must be replaced by compensation. At the
linc surge impedance loading level. the shunt capacitor would
decrease the line losses by more than 35%.

Fig. 2 shows the effect of adding a shunt capacitor bank to
a power system bus. TIle system is represented by its
Thcvcn in Equivalent at the node. where the capacitor will be

Output
results

YeS
sconvergence obtaine

I Updates voltagesand angles I
+

I FromJacobian ma1;"i ~ I

ISolve Jacobianequationfor I
voltage and angle updates I

( I )

II. M ETIIOIX)[.(XiY

A. Newton -Raphson i.oodflow
The complex power at bus i is:

J~ = i l l'~ l l r') I I Y(l I COS«(},) - 8, + 8)
) =1
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Fig. 4 One line diagram of Myanma National Grid System

RTH;X1H

From the power flow standpoint, the addition of a shunt
capacitor bank to a load bus corresponds to the addition of a
negative reactive load. The power flow program computes the
increase in bus voltage magnitude along with the small change
in phase angle.

The additional capacitor is modeled with the susceptance B.
Given a required reactive power injection of Q, the
susceptance B can be calculated from Q ~ V2B. V is the initial
voltage of the bus where the shunt capacitor needs to be
installed.

The addition of capacitor bank changes the bus admittance
matrix. However, it will only affect the element of the
diagonal admittance matrix of the bus where the capacitor is
added.

vt

Fig. 3 Phasor diagram when adding a shunt capacitor to a power system bus

jX r:rlc

Fig. 2 Effect of adding shunt capacitor to a power system bus

applied by closing the switch. With the switch open, the node
voltage V, is equal to the Thevenin voltage E~.

Ie

III. RESULTS AND DISCUSSION

A. Preparation a/Data
The data bases are from Myanma Electric Power

Enterprise, Ministry of Electric Power (2), which is recorded
in July, 2007. The steps in the collection of data are a single
line diagram of the system, capacity of all generators at the
power stations, load value. Assuming a balance three phase
system, the transmission system is represented by its positive­
phase-sequence network of linear lumped series and shunt
branches. The line impedances and shunt admittance in per
unit values are then found, including transfonner impedances,
shunt capacitor ratings and transfonner tapings.

All voltages and line parameters (i.e. resistance, reactance,
and susceptance) are converted into per unit quantities. Use
three phase volt-ampere of 100 MVA and line to line voltage
of 230 kV as bases.

Real and reactive powers are given in actual values (1vfW
or Mvar).

B. Procedure ofMatlab Input File
l.Launch Matlab program and open an M-file that will serve
as input file.
2.Specify some program parameters: basemva-JOn; accuracy
~ 0.001, maxiter ~100;

3.Input busdata matrix that has the number of rows (equals
system buses) and 11 columns. Column 1 is the bus number.
Column 2 is designated for bus code where code 0, I, and 2
are used to specify load buses, slack bus, and
voltage controlled bus respectively. For slack bus, voltage bus
and phase angle will be specified. For load buses, real and
reactive powers are entered in positive megawatts and
megavars. It is important to specify initial bus voltage and
phase angle. If they are not given enter a flat start (V~I, Ii ~O).
Finally, voltage magnitude, real power generation, minimum,
and maximum limits of the megavars are specified for
voltage-controlled buses. Column 3 and 4 are reserved for
voltage magnitude and phase angle. Column 5 and 6 are load
MW and Mvar in order. Column 7 and 8 are used to specify
generated MW and Mvar respectively. Column 9 and 10 are
denoted for generation unit minimum and maximum limits of
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Mvar. The last column is used to specify positive injected
Mvar of shunt capacitors.
4.Transrnission line parameters are entered in linedata matrix
which consists of six columns. Columns 1 and 2 are reserved
for line bus numbers. Columns 3 through 5 are used for line
resistance, reactance, and one-half of the total line charging
susceptance. The last column has the value of 1 for
transmission line or transfonner tap setting.
5.The following developed functions shown in Table 2 will be
used in sequence to compute and display power flow solution
in Mallab work space:

TABLE I
GENERATIONDATA

rated no power actual
bus base

name capacity of factor capacity remark
no. KV

(MVA) unit (MW)

75 2 0.8 1 is

22.5 3 0.8 out
9 Tigit 132 60

of29.41 3 0.85
11 Kyunchaung 132 28

service25 2 0.8
12 Mone 132 69

1 is15.5 2 0.9
13 Mann 132 10

13.88 2 0.9 out
15 BHP 132 28

of35 2 0.85
16 Sedawgyi 132 24

service31 6 0.9
19 Kinda 132 50

85 2 0.85
21 Lawpita 132 120

85 2 0.85
29 Paunglaungl 230 140

43.05 3 0.8
30 Paunglaung2 230 140

25,28.3 3 0.8
37 Hlawga 33 85

12.5 3 0.8
39 Ywama 33 50

18 1 0.85
40 Thapanzeik 33 30

23.9 4 0.8 1 is
42 Yenew 33 18

24.75, 2 0.8 out
44 Thaketa 66 35

30.7 of
46 Myanaung 66 10

service

43.05 4 0.8 1 is

48 Ahlone 66 7.5 2 0.8 72 out

52 Mawlamyine 66 6 3 0.8 3.8 of

53 Thaton 66 7 3 0.9 14 service

58 Zawgyil 66 7 2 0.9 11

59 Zawgyi 2 66 12.5 2 0.8 9 1 is

60 Zaungtu 66 25 3 0.8 20 out

64 Shwedaung 66 34 of

service

C. Results
The power flow program computes the voltage magnitude

and angle at each bus in a power system under balanced three
phase steady state conditions. Once they are calculated, real
and reactive power flows for all line interconnecting the

buses, as well as each line losses and the total losses in the
whole system are also provided.

100
System Losscs e Total Losses x =----:---:---:----:­

Total Generation

~ 47.765x 100 ~ 4.622%
1025.906

TABLE II
MATLAB DEVELOPED FUNCTIONS

Function Description

lfybus From the bus admittance matrix

lfnewton
Load flow solution by Newton-
Raphson method

busout
Prints the power flow solution on the
screen

lineflow
Computes and displays the line flow
and losses

In the load flow program, the voltage magnitude is set to
1.0 per unit and the specified voltage variation limit is ±5%.
So the voltage magnitude must be in the range of 1.05 per unit
to 0.95 per unit. Table III shows the weak points in the system
that has the voltage magnitude under 0.95.

TABLE III
WEAK POINTS IN THE SYSTEM

Bus No. Name
Voltage Magnitude

(per unit)

1 Kyaukpalitoe 0.938

2 Aungpinlae 0.914

6 Monywa 0.846

10 Nyaungbingyi 0.853

14 Ngapyawdaing(l23kV) 0.941

17 Mandalay 0.905

18 Letpanhla 0.944

41 Ngapyawdaing(33kV) 0.881

57 Aungthabye 0.930

65 Pyinoolwin 0.910

D. Compensation ofShunt Capacitor Bank
Aungpinlae, bus 2, is chosen as an example. The digital

load flow print of Aungpinlae shows a voltage at bus 2 of
0.914 per unit. When the voltage of bus 2 is specified to be
0.953 per unit, the required reactive power generation is found
to be 27 Mvar. The flow of real and reactive power
determined by the computer in the lines cormected to bus 2,
Aungpinlae, with and without the added capacitors is shown
in Fig. 5.
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IV. CO'\CLU S!O:'\

111e quality of electricity is decided by system frequency
and voltage. The load for industria l use which is sensitive to
system frequency is seriously affected by rising and declining
frequency. Therefore. system frequency should be maintained
within ccnain prescribed range. Power system voltage also
should be within a prescribed range. System Frequency is the
sallie at the entire power syste m. but voltage can be different
at cach bus in power system. Therefore. it is necessary to
install voltage compensation devices to the points where the
voltage is too high or low.

111e powe r system must be able to maintain its stability even
under the fluctuation of both active and reactive power.
Unlike other types of energy, electric ity cannot be
conveniently stored in sufficient quantities. T herefore.
adequate ' spinning' reserves of active and reactive power
should bc maintained and appropriately controlled at all times.

The voltage character istics in nor mal conditions of major
2JO kV substations and 132 kV substations are very low
which means our or specified range. Especially, the bus
voltages at the Hlawga. Thakcta, Mandalay. Aungpinlc. where
arc in charge of hCil\'Y loads in Yangon and Mandalay areas.
arc expected to be low. The reactive power facilities need to
be reinforced in these regions.

For reliab le and economical opera tion of the power system
it is necessary to forecast the enure system to get the up-to­
date data. Thc power S~StC lIl opera tional and tcchnical data are
esse ntial for the power system stability.

In developing load now studies of Myanma Electric Power
System variations of the main variable parameters such as
system base load. day and night peak load and emergency load
condition are taken into consideration in determini ng the
optimization of existing system ope ration and the future
expansion of power system planning.

"
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Thc availability of this thesis results would be helpful to
small utilities as electrical power engineers seek to integrate
thcir power system with dilTcrent types of generation.
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Bu~ No. Injec ted M\'a r

2 27

5 6

6 8

'0 8

17 30

41 15

57 15

65 15

........ Reactive Power Flow ( ~h ar)

REQ

)U 05~ t 5.992 10,062 II'

M,::",i:- 'lt41.51\t t::6:;""~
20.318 t Jt 2,878

23.75 10.69 Tclnngon

Load 27MI'ar

Fig. 6 shows comparison for the level of each bus voltage
magnitude with and without injcction of Mvar . Opt imum
value of required reactive compensation gives minimum
losses at acceptable voltage level .

Fig 5. Flow of P and Q at Bus 2 ofthe xtvanrn« Electric Power S ~..tcm (a) a<
found in orig inal load 110w st udy and (b) with ~apadtor add~x1 al Btls 2 to
raise the voltage to 0.953 per unit

The same load now program can be used to determine the
amount of reactive power which must be supplied by
capacitors at bus to raise the voltage to any spec ified value.
Optimum values of the required reactive compe nsatio n are
shown in Table VI.
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