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Abstract— This paper presents a unified Newton-Raphson
method to solve power flow problem with shunt capacitors.
Capacitor are used in the transmission or distribution line to
increase line load ability and to get the optimum voltage level at a
bus. Matlab load flow analysis program is applied to obtain the
results which can be used to assist the decision maker in
optimum value of capacitance which gives maximum power
transfer and minimum losses at acceptable voltage level. The
proposed method has been tested with the network of Myanma
electric power system including 65 buses and 59 branches with
impedances specified in per unit on a 100 MVA base specified
generation and load condition and line to line voltage of 230 kV
as bases.

Keywords— Load flow, Newton-Raphson method, Matlab
program, shunt capacitor

[. INTRODUCTION

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. The quantities obtained from a power
flow study are voltage magnitudes and phase angles at the
load buses, and reactive 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 take steps
to minimize them. Active power losses can be determined by
various methods. It can simply be computed as °R. The power
loss in a line can also be calculated by taking the algebraic
sum of the total power flows in either direction 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 Newton-Raphson algorithm
by means of the two methods.

(1) the change of transformer tap settings
(2) addition of different values of capacitor banks to
control reactive power distribution
In this paper. only addition of shunt capacitor bank will
be discussed.

II. METHODOLOGY
A. Newton-Raphson Load flow
The complex power at bus i is:
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Where V(voltage). P(real power) and Q(reactive power)
terms are given in per unit and 6 (phase angle) terms are in
radians. This equation shows that the real and reactive powers
at everv bus expect the slack bus can be expressed as a
function of voltage magnitude and phase angles.

Flow diagram of Newton-Raphson load flow algorithm is
shown in Fig 1.
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Fig. 1 Flow diagram of the basic Newton-Raphson load flow algorithm

B. Application of Shunt Capacitor Bank

Shunt capacitors are 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 be obtained during heavy power transfer
conditions when the system consumes a large amount of
reactive power that must be replaced by compensation. At the
line 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. The system is represented by its
Thevenin Equivalent at the node, where the capacitor will be
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applied by closing the switch. With the switch open, the node
voltage F, is equal to the Thevenin voltage E;.
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Fig. 2 Effect of adding shunt capacitor to a power system bus
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Fig. 3 Phasor diagram when adding a shunt capacitor to a power system bus

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 rtequired reactive power injection of (Q, the
susceptance B can be calculated from Q = V*B. V is the initial
voltage of the bus where the shunt capacitor needs to be
nstalled.

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.

III. RESULTS AND DISCUSSION

A. Preparation of Data

The data bases are from Myanma Electric Power
Enterprise, Ministry of Electric Power (2), which 1s 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 transformer impedances,
shunt capacitor ratings and transformer tapings.

All voltages and line parameters (1.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 (MW
or Myar).
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Fig. 4 One line diagram of Myanma National Grid System

B. Procedure of Matlab Input File

1 Launch Matlab program and open an M-file that will serve
as input file.

2.Specify some program parameters: basemva=100; 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 O, 1, and 2
are used to specify load buses, slack bus, and
voltagecontrolled bus respectively. For slack bus, voltage bus
and phase angle will be specified. For load buses, real and
reactive powers are entered in positive megawalts and
megavars. It is important to specify nitial bus voltage and
phase angle. If they are not given enter a flat start (V=1, 8 =0).
Finally, voltage magnitude, real power generation, mimimum,
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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Myvar. The last column is used to specify positive injected
Myar of shunt capacitors.

4 Transmission line parameters are entered in finedata 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 transformer tap setting.

5.The following developed functions shown in Table 2 will be
used in sequence to compute and display power flow solution
in Matlab work space:

TABLEI
GENERATIONDATA
rated no power | actual
bus base ) )
name capacity | of factor | capacity | remark
no. KV )
(MVA) | unit (MW)
75 2 08 1is
o 225 3 08 out
o | Tst B2 doemr |3 |oss | of
11 Kyunchaung | 132 25 2 0.8 28 cervice
12 | Mone 132 69 .
155 2 09 1is
10
1% | Mamn B2 age |2 oo out
15 BHP . 132 15 5 085 28 of
16 Sedawgyi 132 = ¢ 6 24 cervice
i 50
19 Kll’ldEl. 132 g5 5 0.85
21 Lawpita 132 g5 5 085 120
29 | Paunglaungl | 230 4305 3 08 140
140
30 Paunglaung? | 230 25283 | 3 08
37 Hlawga 33 125 3 0.8 85
39 Ywama 33 18 1 085 50
40 Thapanzeik 33 30 .
239 4 0.8 lis
2 | Yenew B lrs, |2 [os |8 out
44 Thaketa 66 307 35 of
46 Myanaung 66 10 ’
service
43.05 4 08 1is
48 Ahlone 66 7.5 2 0.8 72 out
52 Mawlamyine | 66 6 3 08 38 of
53 Thaton 66 7 3 0.9 14 service
58 | Zawgyil 66 7 2 09 11
59 | Zawgyi2 66 12.5 2 0.8 9 lis
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 i the
whole system are also provided.

100

Systern Losses = Total Losses v —4——— —
Total Generation

= 47.765x% 2l g 4.622%
1025.906
TABLEII
MATLAB DEVELOPED FUNCTIONS

Function Description

Ifybus From the bus admittance matrix

I Load flow solution by Newton-
Raphson method

b Prints the power flow solution on the

usout

screen

lineflow Computes and displays the line flow
and losses

In the load flow program, the voltage magnitude 1s set to
1.0 per unit and the specified voltage vanation himit 1s £5%.
So the voltage magnitude must be in the range of 1.05 per unit
to 0.95 per unit. Table 11T 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 Volte;lg)ix?lgi;;imde
1 Kyaukpahtoe 0.938
2 Aungpinlae 0.914
6 Monywa 0.846
10 Nyaungbingyi 0.853
14 Ngapyawdaing(123kV) 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 of Shunt 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 1s found
to be 27 Mvar. The flow of real and reactive power
determined by the computer in the lines connected to bus 2,
Aungpinlae, with and without the added capacitors 1s shown
in Fig. 5.
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Fig 5. Flow of P and Q at Bus 2 of the Myanma Electric Power System (a) as
found in original load flow study and (b) with capacitor added at Bus 2 to
raise the voltage to 0.953 per unit

The same load flow 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 specified value.
Optimum values of the required reactive compensation are
shown in Table VI.

TABLE 4
REQUIRED INJECTED Q FOR WEAK POINTS
Bus No. | Injected Mvar

2 27
5 6

6

10 8
17 30
41 15
57 15
65 15

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

The availability of this thesis results would be helpful to
small utilities as electrical power engineers seek to integrate
their power system with different types of generation.

IV. CoNCLUSION

The quality of electricity is decided by system frequency
and voltage. The load for industrial use which is sensitive to
system frequency is seriously affected by rising and declining
frequency. Therefore. system frequency should be maintained
within certain prescribed range. Power system voltage also
should be within a prescribed range. System frequency is the
same at the entire power system. but voltage can be different
at each bus in power system. Therefore. it is necessary to
install voltage compensation devices to the points where the
voltage is too high or low.

The power system must be able to maintain its stability even
under the fluctuation of both active and reactive power.
Unlike other types of energy. electricity cannot be
conveniently stored in sufficient quantities. Therefore.
adequate ‘spinning’ reserves of active and reactive power
should be maintained and appropriately controlled at all times.

The voltage characteristics in normal conditions of major
230 kV substations and 132 kV substations are very low
which means outof specified range. Especially. the bus
voltages at the Hlawga. Thaketa. Mandalay. Aungpinle, where
are in charge of heavy loads in Yangon and Mandalay arcas.
are expected to be low. The reactive power facilities need to
be reinforced in these regions.

For reliable and economical operation of the power system
it is necessary to forecast the entire system to get the up-to-
date data. The power system operational and technical data are
essential for the power system stability.

In developing load flow 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 determining the
optimization of existing system operation and the future
expansion of power system planning.
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