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Abstract : The increased electric power consumption causes transmission lines to be driven close to or even
beyond their transfer capacities resulting in overloaded lines and congestions. FACTS devices provide an
opportunity to resolve congestions by controlling active and reactive power flows as well as voltages. FACTS
devices can be connected to a transmission line in various ways, such as in series, shunt, or a combination of
series and shunt. Shunt FACTS devices are used for controlling transmission voltages, power flow, reducing
reactive losses, and damping of power system oscillations for high power transfer levels. The SVC and
STATCOM are two important shunt FACTS devices. In this paper the optimal location of STATCOM for
reactive power compensation in electric transmission line to control power flows is investigated. The reactive
power compensation of the STATCOM s studied with three different locations in the transmission line. The
STATCOM is located at the receiving end, middle and at 2/3 distance from the sending end of the transmission
line. The MATLAB simulation results show the relative performance.
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l. INTRODUCTION

Modern power system is a complex network comprising of numerous generators, transmission lines,
variety of loads and transformers. Electric transmission system is the intermediate stage in the transfer of
electrical energy from the central generating station to the consumers [1]. In highly complex and interconnected
power systems, the power flows in some of the transmission lines are well below their normal limits, other lines
are overloaded, which has an overall effect on deteriorating voltage profiles and decreasing system stability and
security [2]. In present scenario, it becomes more important to control the power flow along the transmission
lines to meet the needs of power transfer. The maximum power transfer of transmission system can be increased
by shunt VAR compensation [3]. VAR compensation is defined as the management of reactive power to
improve the performance of ac power systems. The concept of VAR compensation embraces a wide and diverse
field of both system and customer problems, especially related with power quality issues, since most of power
quality problems can be attenuated or solved with an adequate control of reactive power. Reactive power
compensation in transmission systems also improves the stability of the ac system by increasing the maximum
active power that can be transmitted [4].

FACTS devices are considered one of the best available technology that reduces the transmission
congestion and allows better utilization of the existing grid infrastructure, along with many other benefits [5].
The location of FACTS devices can be based on static or dynamic performance of the system. Salim et al. [6]
described the theory and simulation by MATLAB of FACTS devices used in the distributed power systems.
Shunt FACTS devices are used for controlling transmission voltage, power flow, reducing reactive losses, and
damping of power system oscillations for high power transfer levels. Anulekha et al. [7] investigates the
enhancement in voltage stability margin as well as the improvement in the power transfer capability in a power
system with the incorporation of fixed capacitors, STATCOM and SVC. The results obtained after Matlab
simulation demonstrate the performance of shunt capacitors, SVC and STATCOM when connected to a system
on the verge of unstability. In this paper, an analysis of active and reactive power flow in electric transmission
line when compensated by STATCOM, the shunt FACTS device is carried out. The reactive power
compensation of the STATCOM is studied with three different locations in the transmission line. The
STATCOM is located at the receiving end, middle and at 2/3 distance from the sending end of the transmission
line. The MATLAB simulation results show the relative performance. This paper is organized as follows:
section Il describes the Static Synchronous Compensator (STATCOM). Section 111 presents the proposed model
of transmission line for location of STATCOM under study. The simulation results and their discussion are
presented in section V.
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1l STATIC SYNCHRONOUS COMPENSATOR

The flexible AC transmission system (FACTS) has received much attention in the last two decades. It
uses high current power electronic devices to control the voltage, power flow, stability etc. of a transmission
system [8]. The pressure associated with economical and environmental constraints has forced the power
utilities to meet the future demand by fully utilizing the existing resources of transmission facilities without
building new lines. FACTS devices are very effective and capable of increasing the power transfer capability of
a line, in so far thermal limits permit, while maintaining the same degree of stability [9]. The FACTS devices
can be connected to a transmission line in various ways, such as in series, shunt, or a combination of series and
shunt. The Shunt FACTS devices are used for controlling transmission voltage, power flow, reducing reactive
losses, and damping of power system oscillations for high power transfer levels [10]. Shunt controller is a
variable impedance, variable source, or a combination of these. All shunt controllers inject current into the
system at the point of connection. As long as the injected current is in phase quadrature with the line voltage, the
shunt controller only supplies or consumes variable reactive power. Any other phase relationship will involve
handling of real power as well [11]. Static Synchronous Compensator (STATCOM) is one such controller.

The STATCOM is based on a solid state synchronous voltage source which generates a balanced set of
three sinusoidal voltages at the fundamental frequency with rapidly controllable amplitude and phase angle [12].
As per IEEE definition STATCOM is defined as “A static synchronous generator operated as a shunt connected
static VAR compensator who’s Capacitive or Inductive output current can be controlled independent of the AC
system voltage”. The STATCOM controls transmission voltage by reactive shunt compensation. It can be based
on a voltage-sourced or current-sourced converter [13]. Fig. 1 shows a one line diagram of STATCOM based on
a voltage sourced converter and a current sourced converter. Normally a voltage source converter is preferred
for most converter based FACTS controllers. STATCOM can be designed to be an active filter to absorb system
harmonics.

Detailed analysis of STATCOM relating to its configuration, control as well as installation has been
done in [14]. A comparison between shunt capacitor, SVC and STATCOM has been done to show their
performance while connected to a Multi-bus system in [15]. STATCOM has been found to provide higher
voltage stability margin as well as higher loading margin compared to other FACTS devices [16]. Devaraju et
al. [17] presented electromagnetic transient studies for the distribution static compensator (D-STATCOM).
Comprehensive results are presented to assess the performance of each device to mitigate the power quality
problems. Whei-Min Lin et al. [18] used particle swarm optimization technique for optimal location of FACTS
devices for voltage stability. A new model is proposed to improve existing power-electronics based model by
using the Norton equivalent theorem. The proposed model can be integrated with the equivalent current
injection power flow model. By using ECI algorithm and PSO, the optimal location of STATCOM can be
obtained.
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Fig. 1 (a) STATCOM based on voltage-sourced converter and (b) current-sourced converter
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1. PROPOSED POWER SYSTEM MODEL
The 150Km long 132 KV transmission line is modeled. The sending end bus is taken as swing bus and
receiving end bus is taken as load bus. The R-L load is connected to receiving end of the transmission line. Fig.
2(a) shows the transmission line without compensation. Fig. 2(b) shows the transmission line compensated by
STATCOM at load end. The STATCOM is connected at the middle point of the transmission line as shown in
Fig. 2(c). Fig. 2(d) shows the transmission line compensated at 2/3 distance from the sending end i.e. at distance
of 100km from the sending end and 50km from the receiving end.
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Fig.2 (a) Transmission Line without compensation (b) Transmission Line compensated by STATCOM at load end (c) Transmission
Line compensated by STATCOM at middle point and (d) Transmission Line compensated by STATCOM at 2/3 distance from
sending end.

V. SIMULATION RESULTS AND DISCUSSIONS
The 132 KV transmission line with length of 150km is modeled in MATLAB/Simulink environment.
The transmission line without compensation, compensated by STATCOM at load end, compensated by
STATCOM at middle, and compensated by STATCOM at 2/3 distance from sending end is considered in
study. The transmission line parameters used are shown in Table. | [19].

TABLE I
TRANSMISSION LINE PARAMETERS

S. No. Parameters of Transmission Line Value of Parameters

1 Positive sequence reactance 1.30890E-3 H/Km
2 Zero Sequence Reactance 3.27225E-3 H/Km
3 Positive sequence Resistance 0.15850 Q/Km

4 Zero Sequence Resistance 0.39625 Q/Km

5 Positive sequence Resistance 9.13424E-9 F/Km
6 Zero Sequence Resistance 3.27225E-9 F/Km
7 Transmission line length 150 Km

8 Voltage of swing bus 132 KV

9 Surge Impedance Loading 45MW

V.1

Transmission Line without Compensation

The transmission line without compensation shown in Fig. 2(a) is considered in study. The
transmission line is simulated in Matlab/Simulink environment and the corresponding graphs of active and
reactive power flow in the transmission line at sending end and receiving end are shown in Fig. 3 and Fig. 4
respectively.
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Active/Reactive Power Flow at Sending End
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Fig. 4 Active and reactive power flow at receiving end of transmission line without compensation

IV.2  Transmission Line Compensated by STATCOM at Load end

The transmission line compensated by STATCOM at receiving end as shown in Fig. 2(b) is considered
in study. The transmission line is simulated in Matlab/Simulink environment and the corresponding graphs of
active and reactive power flow in the transmission line at sending end and receiving end are shown in Fig. 5 and
Fig. 6 respectively.
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Fig. 5 Active and reactive power flow at sending end of transmission line compensated by STATCOM at load end
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Active and reactive Power at Receiving End
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Fig. 6 Active and reactive power flow at receiving end of transmission line compensated by STATCOM at load end

IV.3  Transmission Line Compensated by STATCOM at Middle

The transmission line compensated by STATCOM at middle as shown in Fig. 2(c) is considered in
study. The transmission line is simulated in Matlab/Simulink environment and the corresponding graphs of
active and reactive power flow in the transmission line at sending end and receiving end are shown in Fig. 7 and
Fig. 8 respectively.
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Fig. 8 Active and reactive power flow at receiving end of transmission line compensated by STATCOM at middle
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IV.4  Transmission Line Compensated by STATCOM at 2/3 distance from sending end

The transmission line compensated by STATCOM at 2/3 distance of line length from sending end as
shown in Fig. 2(d) is considered in study. The transmission line is simulated in Matlab/Simulink environment
and the corresponding graphs of active and reactive power flow in the transmission line at sending end and
receiving end are shown in Fig. 9 and Fig. 10 respectively.

e

Fig. 9 Active and reactive power flow at sending end of transmission line compensated by STATCOM at 2/3 distance from sending
end

Active and Reactive Power Flow at Receiving End

Fig. 10 Active and reactive power flow at receiving end of transmission line compensated by STATCOM at 2/3 distance from
sending end

Fig. 3 to Fig. 10 shows that the active power flow through the transmission line increases as well as
transmission line losses decreases with compensation by STATCOM. Fig. 5 to Fig. 10 shows that the reactive
power requirement is fully meet out by the STATCOM when it is located at distance of 2/3 from the sending
end of the transmission line and transmission lines is loaded near surge impedance loading and power flow
through the line is active power. The maximum available capacity of the transmission line is used for active
power transfer from sending end to the receiving end. In this location of the STATCOM, the active power loss
in the transmission line is also minimum.

V. CONCLUSION

This paper investigates the opportunities to install STATCOM and its optimal location in electric
transmission line for optimal reactive power compensation. The active and reactive power flow in the
transmission line studied. The study shows that the transmission capacity of the line increases with
compensation by STATCOM and reactive power flow in the line deceases in the line. The transmission line loss
also decreases with compensation by the STATCOM. The maximum benefits of compensation are obtained
when STATCOM is installed at 2/3 distance from sending end i.e. at distance of 200Km from sending end and
50Km from receiving end of the 150Km long transmission line under study..
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