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Abstract
Many of papers refers to study of application for FACTS. Especially for using reactive
compensators for 500KV power system in order to increase the static voltage stability margin and transient
stability enhancement have considered. However the selections of suitable VAR source (STATCOM or
SVC) also need to be considered. The purpose of this paper is to solve the above problems in order to
suggest a solution of the appropriate shunt compensator for a reality 500KV power system. All the
simulations for the above work have been carried out using MATLAB-SIMULINK environment.
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1. Introduction

Power systems components mainly consist of generators, transmission lines,
transformers, switches, active or passive compensators and loads. Power system networks are
complex systems that are nonlinear, non-stationary, prone to disturbances and faults.

In recent years, The electrical power system is continuously expanding in size and
growing complexity all over the world. The electricity industry has undergone several changes
due to privatization all over the world which has affected power system management and
energy markets [1]. The power system which are heavily loaded, faulted and having shortage of
reactive power are the main reason for voltage collapse [2]. As the voltage collapse problem is
closely related to reactive power planning including the contingency analysis, as these should
be considered for the secure operation of the power system [3]. During the outage conditions of
some critical lines, the generators are capable of supplying limited reactive power even
sometimes the supplied reactive power cannot be used to fulfill the requirement of the network
because the location is far from the generator point. Further, the real powers of the generators
are reduced to supply the reactive power demand of the system. Hence, the reactive power
compensators are used to maintain the voltage profile and there by improving the performances
of the system [4].

Voltage collapse studies are of growing importance for the design and operation of
power systems. The main function of shunt reactive power compensation is for voltage support
to avoid voltage collapse. Then, voltage stability is a very important Consideration, when the
location and size of new Var sources need to be determined during Var planning. Many
analytical methodologies have been proposed and are currently used for the study of this
problem.

Flexible Alternating Current Transmission Systems (FACTS) devices are being very
popular for improving overall performance of the power system. FACTS devices are the solid
state converters having capability of improving power transmission capacity, voltage profile,
enhancing power system stability and security [5].

FACTS based equipment, provide proven technical solutions to voltage stability
problems. Especially, due to the increasing need for fast response for power quality and voltage
stability, the shunt dynamic Var compensators such as Static Var Compensators (SVC) and
Static Synchronous Compensators (STATCOM) have become feasible alternatives to a fixed
reactive source, and therefore have received intensive interests [6], [7].
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This paper focuses on the placement and selection of suitable Var source (STATCOM
or SVC), for improving the voltage profile and reducing the real power losses for a reality 500KV
power system. SVC and STATCOM is shunt FACTS devices which is designed to maintain the
voltage profile in a power system under normal and contingency conditions. In practical power
systems, all buses have different sensitivity to the power system security and stability. If SVC
and STATCOM is allocated at more sensitive buses, it will effectively improve the voltage
profiles and stability.

2. FACTS Devices

In the late 1980s, the Electric Power Research Institute (EPRI) formulated the vision of
the FACTS in which various power-electronics based controllers regulate power flow and
transmission voltage and mitigate dynamic disturbances. Generally, the main objectives of
FACTS are to increase the useable transmission capacity of lines and control power flow over
designated transmission routes. Hingorani and Gyugyi [8] and Hingorani [9] proposed the
concept of FACTS. There are two generations for realization of power electronics-based FACTS
controllers: the first generation employs conventional thyristor-switched capacitors and reactors,
the second generation employs gate turn-off (GTO) thyristor-switched converters as voltage
source converters (VSCs). The first generation has resulted in the SVC, the Thyristor-Controlled
Series Capacitor (TCSC), and the Thyristor-Controlled Phase Shifter (TCPS) [10], [11]. The
second generation has produced the STATCOM, the Static Synchronous Series Compensator
(SSSC), the Unified Power Flow Controller (UPFC), and the Interline Power Flow Controller
(IPFC) [12], [13]. The two groups of FACTS controllers have distinctly different operating and
performance characteristics. The VSC type FACTS controller group employs self-commutated
DC to AC converters, using GTO thyristors, which can internally generate capacitive and
inductive reactive power for transmission line compensation, without the use of capacitor or
reactor banks. The converter with energy storage device can also exchange real power with the
system, in addition to the independently controllable reactive power. The VSC can be used
uniformly to control transmission line voltage, impedance, and angle by providing reactive shunt
compensation, series compensation, and phase shifting, or to control directly the real and
reactive power flow in the line [14], [15]. SVC and STATCOM are the shunt devices of the
FACTS family using power electronics to control power flow and improve transient stability on
power grids [16], [17] to regulate voltage at its terminals by controlling the amount of reactive
power injected into or absorbed from the power system. When system voltage is low, they
generate reactive power (capacitive). When system voltage is high, it absorbs reactive power
(inductive).

2.1. Static VAR Compensator (SVC)

Typically, an SVC comprises one or more banks of fixed or switched shunt capacitors or
reactors, of which at least one bank is switched by thyristors. Elements which may be used to
make an SVC typically include:Thyristor controlled reactor (TCR), where the reactor may be air-
or iron-cored.Thyristor switched capacitor (TSC). Harmonic filter(s). Mechanically switched
capacitors or reactors (switched by a circuit breaker).

One-line diagram of a typical SVC configuration; here employing a thyristor controlled
reactor, a thyristor switched capacitor, a harmonic filter, a mechanically switched capacitor and
a mechanically switched reactor.

The SVC can be operated in two different modes:

- In voltage regulation mode (the voltage is regulated within limits)
- In VAR control mode (the SVC susceptance is kept constant)

When the SVC is operated in voltage regulation mode, it implements the following V-I
characteristic. As long as the SVC susceptance B stays within the maximum and minimum
susceptance values imposed by the total reactive power of capacitor banks (Bcmax) and reactor
banks (Blmax), the voltage is regulated at the reference voltage Vref. However, a voltage droop
is normally used (usually between 1% and 4% at maximum reactive power output), and the V-I|
characteristic has the slope indicated in the figure. The V-l characteristic is described by the
following three equations:
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Figure 1. One-line diagram of a typical SVC configuration
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Figure 2. (a) Basic structure of SVC, (b) terminal characteristic of SVC.
V =Vref + Xs.I SVCisin regulation range (-Bcmax < B < Blmax)
| . ..
V=c—— SVCis fully capacitive(B = Bcmax)
Bcmax
I . . .
= SVCis fully inductive(B = Blmax)
Bl max
Where
Vv Positive sequence voltage (pu)
I Reactive current (pu/Pbase) (I > 0 indicates an inductive current)
Xs Slope or droop reactance (pu/Pbase)

Bcmax Maximum capacitive susceptance (pu/Pbase) with all TSCs in service, no TSR or TCR
Blmax Maximum inductive susceptance (pu/Pbase) with all TSRs in service or TCRs at full

conduction,

no TSC

Pbase Three-phase base power specified in the block dialog box
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2.2. Static Compensator (STATCOM)

The variation of reactive power is performed by means of a VSC connected on the
secondary side of a coupling transformer. The VSC uses forced-commutated power electronic
devices (GTOs, IGBTs or IGCTs) to synthesize a voltage V2 from a DC voltage source. The
principle of operation of the STATCOM is explained on the figure below showing the active and
reactive power transfer between a source V1 and a source V2. In this figure, V1 represents the
system voltage to be controlled and V2 is the voltage generated by the VSC.
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Figure 3. (a) Basic Structure of STATCOM, (b) terminal characteristic of STATCOM.
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Figure 4. Operating Principle of the STATCOM

P= \M where:
X V4 line to line Voltage of source V;
0- V1 (V1 _V2 cos 5) V, line to line Voltage V,
X X Reactance of interconnection transformer and filter
o) angle of V, with respect to V,

In steady state operation, the voltage V2 generated by the VSC is in phase with V1
(6=0), so that only reactive power is flowing (P=0). If V2 is lower than V1, Q is flowing (will flow)
from V1 to V2 (STATCOM is absorbing reactive power). On the reverse, if V2 is higher than V1,
Q is flowing (will flow) from V2 to V1 (STATCOM is generating reactive power). 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.

3. Results and Analysis
3.1. Circuit Description

Figure 5 shows the 3-Bus system used in the study. The power grid consists of two
voltage sources 500kV, frequency 60Hz (1200 MVA and 1500 MVA respectively ) connected by
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transmission lines: L1=90km, L2=65km, L3=75km. Load 1: Three-Phase Load P1=55 MW. Load
2: Three-Phase Load P2= 45 MW. Load 3: Three-Phase Load P3= 800 MW, Q3 = 200MVA:r.

Bus 1
L1=90Km BLs2

%"_. .__%

P1= 55 MW P2= 45 MW

@ ~©)

G1 Equiv. 500 kV,60Hz
1200 MW

G2 Equiv. 500 kV,60Hz

P 1500 MW

Bus 3

Q3=200 Mvar
P3= 800 MW

Figure 5. MODEL of Power transmission system

The load 3 the active power and the reactive power are 800MW and 200MVAR
respectively. The percentages of load 3 are 25%, 50%, 75% and 100% in the operation. load 3
in 25% mode: P325= 200 MW, Q325 = 50MVAr. load 3 in 50% mode: P350= 400 MW, Q350 =
100MVAr. load 3 in 75% mode: P375= 600 MW, Q375 = 150MVAr. load 3 in 100% mode:
P3=800 MW, Q3 = 200MVAr.

Table 1. Voltages on the bus of the power system

V1(pu) V2(pu) V3(pu)

25%  50% 75% 100% 25% 50% 75% 100% 25% 50% 75% 100%
1.065 1.021  0.9747  0.9289 1.064 1.021 0.975 0.9298  1.066 1.018 0.9692 0.9208

Vipn) Vipu)
1.09 0.56

1074 1.065 1.064 1.066 095 Vmin
< Vmax
105 0.94 1
1.03 4 09289 0.9298
0.93 4
1.01 A 0.9208

0.92 4

099 |
0.97 0.91 1
095 T . bus 0.9 . . bus
V1 k) 3 Wi v -
Voltage of the bus in 25% load mode Voltage of the bus in 100% load mode

Figure 6. Voltage of the bus in 25% and 100% load mode

When STATCOM and SVC are not in the operation, load 3 in 25% mode and 100%
mode, V of the 3 bus are outside the specified limits [95%, 105%]. Especially in bus 3 the load
voltage are 1.066pu and 0.9208pu in proportion to 25% and 100% load respectively.

To analyze and compare the efficiency of SVC and STATCOM for the enhancement of
the power system stability, we consider SVC and STATCOM on the transmission line of power
system, shown in Figure 7.

The figure 7 shown above is model of the transmission line with STATCOM installed in
bus B3, and has a rating of +/- 100MVA. This STATCOM has a DC link nominal voltage of 40
kV with an equivalent capacitance of 375 uF. On the AC side, its total equivalent impedance is

Assessment study of STATCOM's effectiveness in improving transient ... (Le Ngoc Giang)



6100 =

ISSN: 2302-4046

0.22 pu on 100 MVA. This impedance represents the transformer leakage reactance and the
phase reactor of the IGBT bridge of an actual PWM STATCOM.

L1=90Km ErE

G1 Equiv. 500 kV,60Hz
1200 MW
L2=65Km

Bus 3

Q3=200 Mvar

P3= 800 MW

2

p2= 45 MW

~@

STATCOM, SVC

1500 MW

G2 Equiv. 500 kV,60Hz

Figure 7. MODEL of Power transmission system with STATCOM, SVC

3.2. The obtained results

The obtained results with and without the compensation of the reactive power were
tabulated in Table 1, 2 and 3. When STATCOM and SVC are connected, the load Voltage has

increased.

Table 2. Comparison of voltage regulation when SVC and STATCOM are connected

Vv
Mode

V1

25% 50%  75% 100%

25%

V2

50% 75% 100%

V3

25% 50%

75% 100%

Without 1.065
SvC 1.031
Statcom 1.021

1.021
1.011
1.001

0.9887 0.957

097.47 0.9289 1.064 1.021
1.031
0.9897 0.9589 1.021

1.011

1.001 0.9898 0.9591

0.975 0.9298 1.066 1.018 0.9692 0.9208
0.9898 0.9597 1.027 1.008 0.9863 0.9536
1.022 1.003 0.9868

0.955

Table 3. Comparison of real power transfered when SVC and STATCOM are connected

P P1 P2 P3

Mode  25% 50%  75% 100% 25% 50% 75% 100%  25% 50% 75%  100%
Without 90.62 1758 2439 2965 137 2395 321 3838 227.4 4147 5637 6783
SVC 8405 1722 2525 318 1271 2346 3324 4115 211 4062 5837 7275
Statcom 84.31 1722 2526 319.3 127.5 2347 3325 4132 2116 4063 583.8  730.4

Table 4. Comparison of reactive power transfered when SVC and STATCOM are connected

Q Q1 Q2 Q3
Mode 25% 50% 75% 100%  25% 50% 75% 100%  25% 50% 75% 100%
Without -114.1  -77.87 -47.05 -18.97 -140.6 -96.68 -56.76 -21.32 56.85 103.7 140.9 169.6
SvC -64.87 -65.72 -68.66 -60.67 -80.25 -80.57 -83.21 -72.32 1456 127.6 100.9 90.93
Statcom -64.9 -65.73 -68.67 -62.73 -80.28 -80.58 -83.22 -74.83 1455 127.6 100.8 86.91

Table 2, 3, 4 and Figure 8 show that, when SVC and STATCOM devices are entered in
the operation, it has regulated the voltage in the allowed limit. Figure 9. lllustrate the Voltage
and reactive power of 100% load without the compensation.

Figure 10 and 11 show that the voltage regulation and reactive power generate or
absorb when STATCOM & SVC devices are connected in cases the percentage load are 25%
and 100% respectively. Through which we see, voltage is controlled better when without

STATCOM & SVC.
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Figure 8. Voltage regulation with and without the compensation
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Figure 9. Voltage & reactive power of 100% load without the compensation
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Figure 10. Voltage & Reactive power at load mode 25% with and without STATCOM & SVC
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Figure 11. Voltage & Reactive power at load mode 100% with and without STATCOM & SVC
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3.3. The Fault Appears
When the ground fault phase A appears, if without compensation the voltage will be
0.6371pu. In contrast, if with STATCOM exists, the reactive power is - 0.6612pu, at that time

votage reached to 0.6632pu. With SVC the reactive power is - 0.4303pu, at that time votage
reached to 0.6546pu.

Figure 12 show the change of votage & reactive power when ground fault phase A
appear with and without the compensation

1 ‘

/ 0
09 g : Without 0.6371
Y:0915 '0-2’
0 SVC -0.4303
Z_I [ 2:04’
Sl Statcom 06632 ] CE,_O Al Statcom 10.6612
SV 0.6546
06 08 ;
without 0.6152 i
05 1 1 1 1 1 1 L _1 L] L L L 1 1 1
0 005 01 015 02 025 03 035 04 0 005 01 015 02 025 03 035 04
time(sec) time(sec)

Figure 12. Voltage & Reactive power when the ground fault phase A appears,
with and without the compensation

Applying the same analysis as aboves, when ground fault two phases A&B appear. At
that time, the effects of STATCOM will be better than these of SVC.

Figure 13 show that voltage and reactive power when ground fault two phases A, B
appear with and without the compensation.
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Figure 13. Voltage & Reactive power when the ground fault phase A&B appears,
with and without the compensation

Figure 14 compare the effects between STATCOM and SVC under the condition when
the three-phase of Breaker Fault appearint=0.1stot = 0.2s.

The results of Researched model indicated that STATCOM and SVC are very useful in
improving the transient stability, Voltage profile & power flow, as well as in providing the system
a faster & steadier state achievement. Simulation results show the effectiveness of SVC and
STATCOM in controling the real and reactive power. Besides, STATCOM reacts faster and
provides good effects to stabilize electric system, especially when faults appear.
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Figure 14. Voltage & Reactive power when three-phase of Breaker Fault

4. Conclusion

In this study, the power system stability enhancement via STATCOM and SVC
stabilizers is presented and discussed. An effort is made to assess voltage stability and security
of multi-bus power system in presence of STATCOM and SVC. A comparative study on
effectiveness of STATCOM and SVC in improvement of voltage stability and security has also
been presented. STATCOM is found to be more effective than SVC to ensure voltage stability
and security, at the same time, it is also capable to considerably reduce reactive power line
loss. The results of this work are of certain practical significance and applicable value.
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