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ABSTRACT: In present scenario power system
dealing with many types of compensating
devises for reactive power management and
voltage control of long high voltage
transmission line. Recently Shunt connected
STATCOM based FACT device reveal a vitals
roll in comparison of passive compensating
devices. it based on voltage-sourced converter,
the STATCOM regulates system voltage by
absorbing or generating reactive power. The
STATCOM may located at different places
such as sending , Middle and Receiving end of
transmission  line  for  reactive  power
compensation. Many research paper shows
that Middle location is the best location for
optimal compensation when compared to other
end of line. But i analysed with MATLAB
simulink environment with two-machine
system some parameter that affect the degree
of compensation of STATCOM at different
location. As power angle increases the degree of
shunt FACT compensation increased. At
steady state limit 90 degree angle is best for
midpoint location of STATCOM.

Keywords—FACT device, STATCOM, Matlab
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1. INTRODUCTION

The introduction of Flexible AC Transmission
System (FACTS) controllers are increasingly used
to provide voltage and power flow controls.
Insertion of FACTS devices is found to be highly
effective in preventing voltage instability [3].
However, the benefits and performance of FACTS
controllers are determined by their location and
size [1]. The SVC and STATCOM are members
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Of the FACTS family that are connected in shunt
with the system with the system and are highly
Effective in improving the voltage stability and
power transmission of system. The analytical
method is used here to find out the optimal
location of FACTS device, in which first system
model simulated, and after simulation observe the
voltage  magnitude and reactive  power
consumption in per unit at all buses. Now select
the lowest voltage magnitude and highest reactive
power Consumption bus, for considerable voltage
and power transfer capability this lowest voltage
magnitude and  highest  reactive  power
consumption bus is the optimal location to install
FACTS devices. In this report performance
strategy were conducted on STATCOM at
different locations such as sending end, middle
and the receiving end of the long distance
transmission line. In every part of the location the
power flow is tested with and without
compensation strategy. In this report also shows
the effect of STATCOM on voltages of system
buses and power flows in both steady state and
abnormal conditions. The simulink model of the
three bus system is developed and tested using
MATLAB Simulink environment.

2. RELATED WORK

In Present scenario the applications of the power
electronics devices in power systems are very
much augmented. It is an urgent need to control
the power flow, in a long distance transmission
line. The FACTS devices are introduced in the
power system transmission for the reduction of the
transmission line losses, Increases Power System
Stability and also to increase the transfer
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capability. STATCOM is VSC based controller to
regulate the voltage by varying the reactive power
in a long transmission line. Tan Y.L., et al [1]
have demonstrated the effectiveness of SVC and
STATCOM of same rating for the enhancement of
power flow. Xia Jiang Xinghao Fang Chow et al
[2] have focused on modelling converter-based
controllers when two or more VSCs are coupled to
a dc link (e.g., unified power-flow controller
(UPFC), interline power-flow controller, and a
generalized unified power-flow controller) and in
their  approach  they allowed efficient
implementation of various VSC operating limits,
where one or more VSCs are loaded to their rated
capacity. Chandrakar, V.K. et al [3] have
investigated the optimal location of shunt FACTS
devices in transmission line for highest possible
benefit under normal condition and also they
considered three different line models namely,
line impedance model, reactance model and pi(m)
model. B.K.[5] has presented an overview of how
series connected and combined series/shunt
connected FACTS controllers are studied in an
AC system. Shakib, STATCOMs. Larki, F. et al
[14] bave presented a new approach for
identification of optimal locations of STATCOM
and SVC and also simulated case studies
conducted on Kouzestan power networks in Iran
based on the proposed techniques. Wolanski, Z.
Galiana, F.D. ; McGillis, D. ; Joos, G. At [4]
shows Many controllers of flexible AC
transmission systems (FACTS), such as the
STATCOM, the unified power flow controller
(UPFC), the PWM asynchronous DC link, the
thyristor-controlled series capacitor (TCSC) and
the PWM series static VAr compensator have
stabilized AC voltage support. Thus, they can be
sited at the mid-point of the transmission line,
which has been proven by the late E.W. Kimbark,
as the optimum location for shunt capacitor
compensation. This paper points out that the
ability to double the power transfer of the
uncompensated line applies also to the
aforementioned FACTS devices. The mid-point
sitting also facilitates the independent control of
reactive power at both ends of the transmission
line. Nouri, H. ; Davies, T.S. ;Mukhedkar, R.A. at
[8] focused on the injection of reactive power with
STATCOM for the control of load bus voltage of
a radial system at various locations is examined.
The STATCOM which consists of a fixed
capacitor bank and a three phase single level
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voltage source inverter is defined in brief. Also
highlighted are new concepts of variable pulse
widths and delay angles on the effectiveness of
STATCOM for loads such as induction machines
and synchronous machines illustrated by
simulation. Results suggest, for the load bus
voltage to remain within statuary limits, the cost
of inverter per reactive power injection is more
economical at the load bus. Karthikeyan, M. ;
Ajay-D-Vimalraj, P. At [13] describe the Power
flow control, in an existing long transmission line,
plays a vital role in Power System area. This paper
employs the shunt connected compensation
(STATCOM) based FACTS device for the control
of voltage and the power flow in long distance
transmission line. The proposed device is used in
different locations such as sending end of the
transmission line, middle and receiving end of the
transmission line. The PWM control strategy is
used to generate the firing pulses of the controller
circuit. Simulations were carried out using
MATLAB Simulink environment. The suitable
location and the performance of the proposed
model were examined. Based on a voltage-
sourced converter, the STATCOM regulates
system voltage by absorbing or generating
reactive power. Contrary to a thyristor-based
Static Var Compensator (SVC), STATCOM
output current (inductive or capacitive) can be
controlled independent of the AC system voltage.
The simulation results reveals that the reactive
power generated is better at the middle of the
transmission line when compared with the other
ends of the transmission line and also the voltage
is controlled at the middle of the line. Henceforth
the location of STATCOM is optimum when
connected at the middle of the line.

B.T. O0i(SM) M. Kazerani (M) R. Marceau*(M)
2. Wolanski(M) F.D. Galiana (F) D. McGillis G.
Joos**(SM) at [4] expalained that the double
power transfer is a consequence of the steady-state
stability limit of the radial line between idealized
sending-end and receiving-end voltages only. It
might not be possible to double the power transfer
when non-ideal voltage regulation in the
alternators, transient stability, and parallel paths
are taken into account. However, the steady-state
stability limits points to the opportunity.

The late E.W. Kimbark pointed out that with shunt
capacitor voltage support at the mid-point of the
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transmission line (which he proved to be the
optimum location), it is possible to transmit twice
the power of the uncompensated line and to
extend the steady-state stability limit from 90" to
180" [10]. This conclusion can be extended to the
FACTS devices. When the thermal limit is above
twice the transmission power of the line, the
FACTS device can provide savings if its cost is
below that of a second transmission line. Another
reason for mid-point sitting is related to the
voltage limit set by equipment and transmission
design. For a given voltage limit, the mid-point
sitting controls a larger reactive power simply
because each side of the FACTS device addresses
only half the line impedance and not the full line
impedance as in the case of the transmission line
end-sitting. The paper develops the case, in a
tutorial form, using a number of phasor diagrams.
To keep the presentation simple, a lossless
transmission line is assumed. A proof of
The steady-state stability limit is given in [4]. It is
necessary to point out that real power systems
deviate in detail from the simplified assumptions
used in the tutorial. Furthermore, the double
power transfer is a consequence of the steady-state
stability limit of the radial line between idealized
sending-end and receiving-end voltages only. It
might not be possible to double the power transfer
when non-ideal voltage regulation in the
alternators, transient stability, and parallel paths
are taken into account. However, the steady-state
stability limit points to the opportunity. Devices
[6-81].

3. MODEL DESCRIPTION

The Static Synchronous Compensator
(STATCOM) is one of the key FACTS devices.
Based on a voltage-sourced converter, the
STATCOM regulates system voltage by absorbing
or generating reactive power. STATCOM output
current (inductive or capacitive) can be controlled
independent of the AC system voltage.

The Model taken from matlab 7.7.0 consists of
two 500-kV equivalents (respectively 3000 MVA
and 2500 MVA) connected by a 600-km
transmission line. Three resistive load each rating
is 100 MW. When the STATCOM is not in
operation, the "natural” power flow on the
transmission line from bus B1 to B3. In our demo,
the STATCOM is located at the different location
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of the line and has a rating of +/- 100MVA. This
STATCOM is a phasor model of a typical three-
level PWM STATCOM. Transmission line and
other ratings are same as in matlab model.

4. SIMULATION MODEL WITH
DIFFERENT LOCATION OF STATCOM

Given model represent a system which consist of
interconnected two machine buses in between
two section of 300 km transmission line.100 MW
load is connected in each segment of line.Figl
simulate the result for without STATCOM
condition then Fig2 to Fig4 represent for different
location of STATCOM.
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Fig.1 Simulation Model at Without STATCOM
Condition.
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Fig.2 Simulation model at STATCOM at Sending

Vol. 2 Issue 8

End Condition.
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Fig.3 Simulation Model when STATCOM at
Middle
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Fig. 5P & Q When STATCOM is Not Connected
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Fig.4 Simulation Model when STATCOM at
Receiving End.

5. SIMULATION WAVEFORM

Simulation result P,Q & V in waveform shown in
Fig5 to Figll with different STATCOM condition
and 75 degree power angle only.In three axis
scope Upper,Middle and Lower scope represent
for Bus B1,B2 and B3 respectively.for P& Q
graph Yellow line represents to Active power P
and Red line represents to Reactive power Q.
Graph at other power angle except 75 degree is
not shown only result are given.
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Fig.6 Bus Voltages When STATCOM is Not
Connected
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Fig.7 P & Q When STATCOM at Sending End.
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6. RESULTS
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Simulation results at different location of
SATACOM with different power angle 0 to 180
degree are give in table no 1 to 4.
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Table no 5 to 11 also shown the same parameter
for simplicity of analytical point of view they are
in order of power angle. At power angle 30, 60,
90,120,150 &180 the variation of P,Q&V at
different location of STATCOM are shown. It is
clear that angle till 60 degree active power will be
Fig.10 Simulation Result of Voltage When approximately same at without and compensated
STATCOM at Middle condition but as angle increase active power after
compensation is increasing and will become
double approx. at angle 150 to 180 degree.
Reactive power also deficit after compensation at
middle STATCOM condition reactive power
deficit more.
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Table 1 At Without STATCOM Condition

Vol. 2 Issue 8

Active Power At Reactive Power At Voltage At
B1,B2&B3 Buses B1,B2&B3 Buses B1,B2&B3 Buses
In Per Unit In Per Unit In Per Unit

Angle in . . .

Deggreev Pl P2 n QL | Q2 | Q@3 | VI VI | V3
0 167 | 076 | 0785] 71 | 098 | 833 | 1974|1269 1153
kll] 7975 | 5655 | 562 | 635 | -0.02 | 677 | L1156 1.228 1.138
43 1055 | 838 | 832 | 5150363 5 |LI15|1176| 1106
60 125 11052 | 10428 | 322 | 057 | 317 | 1.064| 1.104| 1.038
i8] 13674 1195 |11.805| -1 | -0.62 | 0968 | 1.003| 1.013 | 0.996
920 1402 | 1255 | 1236 | 144 ) 05 | 13 |0.936]0906|0921
105 135 | 1228 | 1204 | 396 | 025 | -395 | 0.867|0.783 | 0.836
120 1213 | 1117 | 109 | 639 | 012 | -55 |0.799| 0648 |0.743
135 | 10035] 93 9 855 | 0.6 | -7.01 | 0.739] 0505 0.652
150 735 | 678 | 64 | 103 | 118 | -8.17 | 0.693]0.354|0.364
163 425 | 379 | 34 | 1152 L78 | 874 | 0668|0209 0492
180 095 | 054 | 013 | 1212 237 |-8715| 0.668|0.119| 0449

Tahle2 STATCOM At Sending End

Active Power At Reactive Power At Voltage At
B1.B2&B3 Buses B1.B2&B3 Buses B1.B2&B3 Buses

In Per Unit In Per Unit In Per Unit

Angle in . . .
Deggreev Pl P2 P3 QL | Q2 | Q3 | VI | V2 [ V3
0 164 | 072 | 075 | 54 | 056 | 798 | 168 | 1248|1143
30 T8 | 553 | 55 | 4688 04 | 624 | 1127|1206 1.126
43 1028 | 8176 | 8116 | -345 |-0.729| 465 | 1.087 | 1.154| 1.095
60 1215 | 10247 [ 10.152 |-1.732| -0.92 | 2.714 | 1.053 | 1.082 | 1.047
73 1365 | 1192 | 1178 [-0925| -065 | 094 | 1.002|1.012|0.9%
% 145 | 1295 [ 1275 | 015 | 02 | -1 |0965(0928)0.931
103 14 | 1272 | 1247 | 2.84 | 007 | -32 | 0.89% | 0.804| 0.845
120 1265 | 1165 | 1132 | 54 | 05 | 55 | 083 | 067 | 0751
135 1051 973 | 94 78 1 69 | 0768 | 0523 0.635
150 TI5 | 715 | 677 | 972 | 157 | -8.09 | 0.72 | 0372 0.563
165 455 | 4065 | 365 | 11.06| 221 | -87 | 06970227048
180 112 | 0678 | 025 | 117 | 285 | 87 | 069 |0.141] 046
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Table 3 STATCOM At Middle Condition

Active Power At Reactive Power At Voltage At
B1,B2&B3 Buses B1,B2&B3 Buses B1.B2&B3 Buses
In Per Unit In Per Unit In Per Unit
Angle in
Degree | P1 | P2 ) QL | Q | Q3| VI | V2| V3
0 155 07 | 075 | 58 | 192|735 | 1765 |1223| 113
kl1] T.62 | 3475 | 5433 | 311 0957|5647 L1136 | 1823 | 1115
43 1215110242 | 10152 | -1.73 | -0.92 | 2.714| 1.053 | 1.082| 1.047
60 [ 1193 10.12 | 10.015] -2.1 [0367|2.185| 1.045 | 1.058 | 1.034
73 1355 1185 | 1171 | -082 | 045 | 08 | 10005 1.005| 099
90 [ 1497|1315 | 1296 | 046 |-142| -05 | 0953 {0932 0945
105 143 13 | 1272 31 |-108) -28 | 0882 | 083 | 08
120 13 12| 1167 | 565 | 06 | 49 | 0812 | 0695| 0.768
135 (1096 1015 | 98 | 795 | 005 | 664 075 | 035 | 067
150 83 | 17 73 [ 984 | 08 | 79| 07 | 04 | 038
165 14 1 35 | 118 | 305 | -87 | 0686 | 0.165| 0429
180 14 1 05 | 1181] 31 |-868| 0678 |0.165| 043
Table4 STATCOM At Receiving End
Active Power At Reactive Power At Voltage At
B1,B2&B3 Buses B1,B2&B3 Buses B1,B2&B3 Buses
In Per Unit In Per Unit In Per Unit
Angle in
Degree | P | P2 | P3 | QL | Q| Q@ | VI | V2| W3
a 158 075 | 08 | 645 (1475| 858 | 1.187 [ 1246 112
30 TI1| 548 | 5343 ;7—34 0507 | 8885 1.146 | 1.204 | 1.106
45 102 ] 812 | 805 | 44 [ 019|531 1.107 | 1.1534| 1.0736
60 1209 102 | 1013 | 2.7 |-0.03| 339 | 1.057 | 1.083| 1.025
75 137 118 | 11.83 | -1.05 [-065 | 095 | 1.004 | 1.015| 0.998
90 145 | 1296 | 1276 | 105 [-108 | -1.7 | 094 |0925| 0945
103 1398 127 | 1247 | 367 | 08 |-395| 0868 | 08 | 0.869
120 126 | 116 113 62 | 04| 6 | 0798 | 0664 078
135 1044 967 | 933 | 846 | 01 |-767| 0.734 | 0.514| 0.685
150 7.64 7 667 | 103 | 068 | 887 | 0.685 [0358| 06
165 436 | 39 35 | 1161 | 131 | 95 | 0657 [ 0201 05235
180 083 | 04 0 1225194 | 95 | 0664 | 096 | 0482
Table 5 At power Angle 30 Degree
Bus Active Power | Bus Reactive Power |  Bus Voltage In
SNo In Per Unit In Per Unit Per Unit
Pl 1] Py | Ql | Q2 | Q3| VI | VI | V3
1| AtWithout o5 | sgss | 562 | 635|002| 677 | L156| 1228 | 1138
Statcom
Statcom At o o
1 Sending End TT8 | 353 | 55 | 469 04| 624 | 1127|1206 | 1.126
3 | SaomAt o0 sys| 543 | 511] 096 | 5647|1136 | 1823 | 1115
Middle o T ) ) B ) e
g | SateomAt ool sie | sa3 | 573] 051 | 8885|1146 | 1204 | 1106
Receaving End
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Table 6 Atpower Angle 60 Degree
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Table$ At power Angle 90 Degree

§No mie g gln
p | AWibowt s o] 3m] 7] 2 | Lose | Lo | 1ose
Statcom
Statcom At N N N N
D | e | 11105 1015 A7) 092 200 115 102 L
Statcom At N R
p | RER | 1o om0 | 037 2165 | L | 105 | Lo
g | Saomat h by || 2740 330 | 17| 10w | Lo
Receaving End
Table7 Atpower Angle 73 Degree
) njn[elalele(nnln
p | AVttt e 1|06 oo oo | 1ot | 096
Statcom
y | Satomat ety 17m) 0% 05| 0ot | 1om| Lot 0996
Sending End
Statcom At e |11 00 :
U T\ | 5185|1071 48 045 08 |10 1005 09
g | Somd e | 105|051 09 | Lo | 1015 0o
Receaving End
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5No I A ) 100 O O A A )
p | Aot s i) 1a| 05| 13 | 0% 0906 | 0ol
Statcom
Statcom At te e el oge | oan nm
1 Sending End 145 12951275 045 -02 | -1 {0965 0928|0931
Statom At | Amaelnge | ol oz lnosaloos [ noss
3 Miidle 1497 | 1315 1296 | 046 -1421 0510953 0932 | 0.943
g | St ol s 105 | 408| 47 | 004 | 0935 | 0985
Receaving End
Table9 Atpower Angle 120 Degree
Bus Active Power | Bus Reactive Power Bus Voltage In
§.No. In Per Umit In Per Un* Per Umit
Pl PP Q||| vi]v]ws
| AtWithout oty i7) 109 | 639 | 012 | 55 | % | osss|o7ss
Statcom 9
StatomAt | o] .
2 Se:d';:;“m 1265|1165 | 1132] 354 | 0 083 | 067 |0.751
Statcom At 5 ces | ’ 081 <
3 . 13| 10167 ses | 06| 49 | 06ss 076
s Rf::;f:‘:;‘;:d 16|16 | 13| 62 | 04| 6 | 7 osse| 078
Table10 At power Angle 150 Degree
§No PL (P2 P3 [QL Q2| Q3 |VI|VD V3
p | AtWibout 1\ oc ool 6 | 103 | 118|417 | 0693 0354|056t
Statcom
Statcom At : : 7|1 ) ) 0s
1 Sending End TI5 [ T15 1 677 | 972 [ 1571 -8.09 | 0721 0372]0.563
Statcom At s
k] Middle 83 [ 771 73 [ 984108 79 (07 | 04058
g | Sateomdt Goe | Ge | 03| 06| 87| 06| 0358 06
Receaving End
Table11 Atpower Angle 180 Degree
§No PL R P3| QL|Q Q| VI|V2| V3
At Without N -
1 Statcom 095 | 05 013 1212|237 8715 0.668(0.119| 0449
Statcom At 5 2 795 11| 0
2 Sending End 112 (06781 025 | 107|285 8.7 | 069 ({0.141] 046
Statcom At . .
k] \iddle 1411 05 [I1181( 31| -8.68 |0678|0.163] 043
g | Sateomdt o bl 0 s 1es| 95 |asss| 096 |04
Receaving End
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6.1 VARIATION OF ACTIVE POWER

9 E WITHOUT
§ STATCOM
6 CONDITION
0 m STATCOM AT
2 SENDING END
3
5 = STATCOM AT
1 MIDDLE
0
m STATCOM AT
5 © O
,\,%0 ,L‘b\) ,,;z? RECEAVING
«Q «Q «Q END3
¥ ¥ ¥
< & &
N & S
L L <

Fig.12 Active Power P of B1, B2, & B3
Buses at different Location of STATCOM
at 30 Degree power angle

Vol. 2 Issue 8

14
® WITHOUT
12 STATCOM
10 CONDITION
g M STATCOM AT
SENDING END
6
A # STATCOM AT
MIDDLE
2
0 M STATCOM AT
RECEAVING
POWER POWER POWER END3
AT P1 BUSAT P2 BUSAT P3 BUS

Fig.13 Active Power P of B1, B2, & B3
Buses at different Location of STATCOM
at 60 Degree power angle.
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16
14
12
10

m WITHOUT
STATCOM
CONDITION

B STATCOM
AT
SENDING
END

STATCOM

POWER POWER POWER AT
ATP1 ATP2 ATP3 MIDDLE
BUS BUS  BUS

o N b OO

Fig.14 Active Power P of B1, B2, & B3
Buses at different Location of STATCOM
at 90 Degree power angle.

13.5
13 m WITHOUT
125 STATCOM
12 CONDITION
11.5 B STATCOM AT
1 SENDING
10.5 END
10
95 m STATCOM AT
MIDDLE
N %
g\q \;\Q’» \;\Q m STATCOM AT
\g& g& g& RECEAVING
L L L END3

Fig.15 Active Power P of B1, B2, & B3
Buses at different Location of STATCOM
at 120 Degree power angle.

B WITHOUT STATCOM
CONDITION

WSTATCOM AT
SENDING END

B STATCOM AT
MIDDLE

BSTATCOM AT
RECEAVING END3

POWERAT P1BUS

POWERAT P2BUS POWERAT P3BUS

Fig.16 Active Power P of B1, B2, & B3
Buses at different Location of STATCOM
at 150 Degree power angle
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16

14

12

1 CONDITION

W STATCOM AT
0.8 SENDING END

STATCOM AT

08 MIDDLE

04 W STATCOM AT

02 —

0

POWERAT P1BUS POWERAT P2 BUS POWERAT P3 BUS

W WITHOUT STATCOM

RECEAVING END3

Fig.17 Active Power P of B1, B2, & B3
Buses at different Location of STATCOM
at180 Degree power angle

7. CONCLUSION

The vital role of shunt FACTS devices, which
are connected in long distance transmission
lines, are to improve the power transfer
capability and also to control the power flow
in the power system network. In this proposed
work STATCOM is employed as a shunt
FACTS device. STATCOM is connected at
the various locations such as sending end,
middle and receiving end of the transmission
line. The results were obtained with and
without compensation at different location of
STATCOM with different power angle. The
simulation results and Graph from Fig(3a) to
Fig(3f) shows that the reactive power
generated and voltage controlled is better at
the middle of the transmission line when
compared with the other ends of the
transmission line and also this is analyzed that
at mid point location of STATCOM power
transfer increase with power angle increase
but at steady state limit 90 degree is best for
better power transfer. So, the location of
STATCOM is optimum when connected at
the middle of the line.
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