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ABSTRACT

This paper gives insight for the improvement of
power transfer capability by analyzing and comparing
several FACTS devices such as Static Var
Compensator (SVO), Static Synchronous
Compensator (STATCOM) and Unified Power Flow
Controller (UPFC) in long transmission line. These
devices have been used in different locations such as
sending end, middle and receiving end of transmission
line. The suitable location and performance of each
model has been analyzed. Firstly, real and reactive
power profiles have been studied for uncompensated
system and subsequent results are produced. Then
these results are compared with the results obtained
after compensating the system using afore mentioned
FACTS devices. Overall analysis indicates that better
power (i.e. 87.24% power) has been transferred when
SVC is connected at the middle of the transmission
line. All simulations have been done in
MATLAB/SIMULINK.

Keywords: FACTS, power profile, real and reactive
power, STATCOM, SVC, UPFC, Voltage magnitude

I. INTRODUCTION

'Power transmission is the movement of energy from
generating end to the loading end. But now-a-days
increasing of generation cost and transmission loss are
the major problems. Development of power
electronics based devices help to improve
transmission loss and increase the power transfer
capability of power system. Parameters like voltage,
real and reactive power flow can be controlled by
using FACTS devices in transmission line. In this
paper Static Synchronous Compensator (STATCOM),
Static VAR Compensator (SVC) and Unified Power
Flow Controller (UPFC) have been used to verify the

performance and determine the power transfer quality.
UPFC model is incorporated in a single and double
transmission system (6.6/22) KV for real time control
and dynamic compensation of AC transmission
system. It improves voltage and power profiles in the
UPFC compensated system [1]. By using FACTS
devices in long transmission line power transfer
capability has been improved a lot and it has also
controlled the power flow in the power network where
power transfer capability has been calculated
and power flow is compared by using FACTS devices
in different locations of long transmission line [2].
The construction and the working principle of various
FACTS devices have been discussed with the
description of power circuit, associated controllers
and operating mode [3]. The improvements of power
flow and voltage profile with the use of fixed
capacitor, STATCOM and SVC have been
investigated. Voltage instability in power system
occurs when the system is unable to meet the reactive
power demand as per system requirements [4].
Operation of power system should be economical.
Load frequency control and reactive power control are
two major aspects for better operation of any power
systems [5]. UPFC simulation has been studied in the
UPFC connected 3-phase system. This paper showed
that the real and reactive power increased with
increment in the angle of injection [6]. Enhancement
of power system stability and improvement of power
transfer capability have been shown by using various
FACTS devices in the system. After doing all the
simulation, results have been verified and comparison
of power profiles with uncompensated and FACTS
compensated system is demonstrated [7]. FACTS
controller such as SVC and Thyristor Control Voltage
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Regulator are used at the load end to maintain the
voltage profile by using SVC in parallel with the load
where TCVR gives the series injection [8]. It is shown
by M.Kowsalya et al. that the location where the
FACTS devices are used to get higher benefits and
control of reactive power [9]. D. Murali et al.
demonstrated that active and reactive power flow
control and improvement of transient stability can be
done by using UPFC in both series and shunt
parameters. The simulation results demonstrate the
effectiveness and robustness of the proposed UPFC
on transient stability improvement of the system [10].
Improvement of power system performance with
VAR compensation have been shown here. Reactive
power control has been observed by shunt and series
capacitive arrangement [11]. Voltage dynamics and
oscillations can be controlled by using shunt
connected FACTS devices. Power transfer capability,
stability and reliability of transmission systems could
be further increased by using the inventive strategies
incorporating system-wide control logic. Controllers
would be able to maximize available transfer capacity
which maintains dynamic stability and security [12].
Improvement of power transfer capacity, quality and
reliability by using UPFC [13] and a comparative
study of the performances with other FACTS devices
have been demonstrated.

II. CIRCUIT DESCRIPTION

The power grids consist of two equivalent sources of
500KV 3000MVAR each, connected with 700 km
long transmission line. Three loads of 150MW each
are connected. 17563 MW power has been
transferred from bus Bl to B3. When the FACTS
devices were not connected, the percentage of power
flow capability was 79.72%. The circuit diagram of
uncompensated system is given below:
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Fig. 1. Circuit diagram of uncompensated system

The shunt FACTS device STATCOM has been added
to the circuit which has rating of +/- 100 MVA. Also

it has DC link nominal voltage of 40 KV with an
equivalent capacitance 375uF. The simulation results
have been collected by changing the location of
STATCOM i.e. sending end, middle and receiving
end of the transmission line. Also the simulation
results have been collected by changing the location
of SVC and UPFC.
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Fig. 2. Circuit diagram of STATCOM compensated
system

IT1. SIMULATION RESULTS AND DISCUSSION
The real and reactive power flows of uncompensated

system are tabulated bellow:

TABLE 1
P(MW) 1756.3 1728.0 1400.1
Q(MVAR) 1292.7 1259.9 | 1129.6
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Fig. 3. Real power of uncompensated system
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Fig.4. Reactive power of uncompensated system
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The above graphs (Fig 3 and Fig 4) show the real and
reactive power flow of uncompensated system. It is
seen that 79.72% power has been transferred from bus

B1 to bus B3.

The real and reactive power flows of STATCOM

compensated system are tabulated bellow:

TABLE 2

Sending | P(MW) 1723.1 | 1707.7 | 1389.0

End Q(MVAR) | 1241.5 | 1187.3 | 1064.0

Middle | P(MW) 1621.6 | 1609.0 | 1405.1
Q(MVAR) | 1351.9 | 1292.8 | 994.5

Receiving | P(MW) 1682.2 | 1651.4 | 1346.1

End Q(MVAR) | 1308.0 | 1281.1 | 1132.8
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Fig. 5. Real power flow of STATCOM compensated

system (Sending End)
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Fig. 6. Reactive power flow of STATCOM

compensated system (Sending End)
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Fig. 7. Real power flow of STATCOM compensated
system (Middle)
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Fig. 8. Reactive power flow of STATCOM
compensated system (Middle)

The above graphs (Fig 7 and Fig 8) show the real and
reactive power flow of SATCOM compensated
system. It is seen that 86.65% power has been
transferred from bus Bl to bus B3 when STATCOM
is connected at middle of transmission line.
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Fig. 9. Real power flow of STATCOM compensated

The above graphs (Fig 5 and Fig 6) show the real and
reactive power flow of STATCOM compensated
system. It is seen that 80.61% power has been
transferred from bus B1 to bus B3 when STATCOM
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Fig. 10. Reactive power flow of STATCOM

is connected at sending end of transmission line.

compensated system (Receiving End)

The above graphs (Fig 9 and Fig 10) show the real
and reactive power flow of STATCOM compensated
system. It is seen that 80.02% power has been
transferred from bus B1 to bus B3 when STATCOM
is connected at receiving end of transmission line.
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The real and reactive power flows of SVC I O I e
compensated system are tabulated bellow: gﬁ; I/ = == o— —_— 1'
TABLE 3 .2 V e e s |
Position  Power B1 B2 B3 = 5= o3 _ o o8 i
Flow e S ——___
Sending | P(MW) | 1717.6 | 1704.5 | 1387.4 I e e — —
End QMVAR) | 1233.5 | 1175.6 | 1053.2 e soeen
Middle P(MW) 1611.5 | 1599.8 | 1405.9 Fig. 14. Reactive power flow of SVC compensated
Q(MVAR) | 1355.6 | 12952 | 985.3 system (Middle)
Receiving | P(MW) 1680.4 | 1649.6 | 1344.5
End Q(MVAR) | 1308.1 | 1281.6 | 1133.1 | The above graphs (Fig 13 and Fig 14) show the real
and reactive power flow with the change of simulation
a0 Roal Power far SvC at e time at SVC compensated system. It is seen that
%E)\ """" S C— - { 87.24% power has been transferred from bus Bl to
TR e L R, e bus B3 when SVC is connected at middle of
- Rm T 1 transmission line.
- D D B I . N B T
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The above graphs (Fig 11 and Fig 12) show the real [ V B |
and reactive power flow of SVC compensated system. e "7 rmSinsecana U7 !

It is seen that 80.78% power has been transferred : -
from bus B1 to bus B3 when SVC is connected at Fig. 16. Reactive power ﬂO.W. of SYSompensated
system (Receiving End)

sending end of transmission line.
The above graphs (Fig 15 and Fig 16) show the real

E f’;\c' 7 REEF’“""E 3 EE‘ 77777 ] angl reactive power flow of SVC compensated system.
Fael s == 1 It is seen that 80.01% power has been transferred
g omil fea'E??eT o S = | from bus Bl to bus B3 when SVC is connected at
2 j? T = L | receiving end of transmission line.
5o b """"""" g 1' The real and reactive power flows of SVC
e compensated system are tabulated bellow:
Fig. 13. Real power flow of SVC compensated system
(Middle)
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TABLE 4
Dt | e Bl B2 B3
Flow
Sending P(MW) | 1723.1 | 1707.6 | 1388.8
End Q(MVAR) | 12412 | 1187.1| 1064.0
Middle  P(MW) | 1621.8 | 1609.5 | 14047

Q(MVAR) | 1352.2 1292.7 994.3

End

Receiving [P(MW) 1682.3 1651.8 | 1346.4

Q(MVAR) | 1308.2 1281.0 | 1132.7

n? Real Power for UPFC at 51

Real Power
S
You oy
NoE oD
D?:-x
i

ime in Second

Real Power

o 0.= O [N oO.8

Tirme in Second

= 1n® t
_1.az
= 1 4>\ L 4
“1.38 |
=] 2]

Fig. 17. Real power flow of UPFC compensated

system (Sending End)

3 10° Reactive Power for UPFC at B1

. I T T ,

0.2 O.a 0.6 o.s 1
Tirme in Second

1.3

Reactive Power

o
&
N0

o

. s i

o2 o.a o.s o.s 1
Tirme in Secon
w 10% Reactive Power for LIPFC at B3

L S - R— - R S E——

[==1 o.a o6 [=R=} 1
Tirme in Second

Reattve Pawer

SN W

u]

&
iy
i

Reactive Power

i
[ul
i}

u]

Fig. 18. Reactive power flow of UPFC compensated

The above graphs (Fig 17 and Fig 18) show the real
and reactive power flow of UPFC compensated
system. It is seen that 80.60% power has been
transferred from bus Bl to bus B3 when UPFC is

system (Sending End)

connected at sending end of transmission line.
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. 19. Real power flow of UPFC compensated

system (Middle)
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Fig. 20. Reactive power flow of UPFC compensated
system (Middle)

The above graphs (Fig 19 and Fig 20) show the real
and reactive power flow of UPFC compensated
system. It is seen that 86.61% power has been
transferred from bus B1 to bus B3 when UPFC is
connected at middle of transmission line.
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Fig. 21. Real power flow of UPFC compensated
system (Receiving End)
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Fig. 22. Reactive power flow of UPFC compensated
system (Receiving End)

The above graphs (Fig 21 and Fig 22) show the real
and reactive power flow of UPFC compensated
system. It is seen that 80.03% power has been
transferred from bus B1 to bus B3 when UPFC is
connected at receiving end of transmission line.
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IV. COMPARISON OF POWER TRANSFER

CAPABILITY
TABLE 2
Sending 80.61% 80.78% 80.60%
End
Sending 86.65% 87.24% 86.61%
End
Receiving 80.02% 80.01% 80.03%
End

B Uncompensated System
B Sending End

S Middle
78 I I} I _ HReceicing End
T4

STATCOM SVC UPFC

ansfer Capability (%)

Power Tr
o
=

Fig. 23. Comparison of power transfer capability
between uncompensated and FACTS compensated
system

V. CONCLUSION

The power flow and the power transfer capability are
the essential attributes which are to be controlled and
increased by using the FACTS devices for long
transmission line. In this paper FACTS devices such
as STATCOM, SVC and UPFC were connected in
various locations i.e. sending end, middle and
receiving end of the long transmission line. The
results have been obtained in both compensated and
uncompensated system. By observing all the results it
is concluded that if FACTS devices are used in the
middle of the long transmission line then the power
flow result will be better than uncompensated system.
From the above results it is also seen that 87.24%
power has been transferred when SVC is connected at
the middle of the transmission line.
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