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This paper investigates the effect of installing static VAR compensator (SVC) to the
utility grid connected to wind energy system. The studied system is IEEE 4 S/M, 14-
bus power system with a wind farm induction generator. The SVC is installed at bus
14, the double fed induction generator is located at different buses to determine its
optimum location. Buses 1, 5 and 13 are considered the location of DFIG. A three-
phase fault is suggested to test the feasibility of SVC in stabilizing the system.  The
obtained result indicates that, there is no such significant effect when the DFIG is
located at buses 1, and 13. Bus 5 is considered the most suitable location for the
installation of the DFIG. The SVC has a significant effect on the bus voltage stability
when the DFIG is located at bus 5.
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1. INTRODUCTION

The penetration of renewable energy into electrical grids is increased because it is
considered to be nonpolluting and economically viable and to reduce the use of fossil
sources, the most important sources of renewable energy all over the world is Wind
energy. According to the Centre for Wind Energy Technology (CWET), at the end of
the year 2011 the total Wind Energy Generation Installation all over the World was
237.669 GW. India is ranked as the fifth largest in the world with installed capacity of
16.08 GW after China (62.36 GW), USA (46.91 GW), Germany (29.06 GW) and
Spain (21.67 GW) [1].

Wind turbines (WTs) can operate under either of the two modes- fixed speed or
variable speed. In early 1990’s  the operation mode of all WTs were fixed speed WTs-
equipped with a squirrel cage induction generator (SCIG), a capacitor bank used to
provide reactive power for its operation. Fixed speed - when the wind speed is
unchanged - WTs provide maximum efficiency with the advantages being simple,
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robust, reliable, and well-proved technology. Also the cost of its electrical parts is not
very high [2].

Disadvantages are - uncontrollable reactive power consumption, mechanical
stress and limited control over the power quality. Because of its operation at fixed
speed, all fluctuations in the wind speed are transmitted as fluctuations in the
mechanical torque, and consequently fluctuations in the electrical power on the grid
are observed. In the case of weak grids, these power fluctuations can lead to large
voltage fluctuations, which, in turn, may result in significant line loss [2, 3].

Today, variable-speed WTs have a large share in the market. These are operated
at wide range of wind speeds. In variable speed operation, power converters are used
to control the speed of the rotor of the generator coupled to WT to accelerate or
decelerate according to the wind speed change.

The advantages of variable-speed WTs are – optimal power control, better power
quality and less mechanical stress on the WT .The disadvantages being - losses in
power converters and cost of associated equipments of WTs, variable-speed are based
on doubly fed induction generator (DFIG) [2, 4]. This is primarily due to the many
advantages the doubly-fed induction generators offer as compared to other types of
generators. The impact of wind power on power system influences the overall power
system behavior. Influence of wind power on the dynamics of power systems should
therefore be studied [2, 5].

Large variations in load or transient stability cause variations in bus voltages,
which badly affect the stability of the power network. Therefore, it is very important
to maintain bus voltages within the specified limits for proper operation of a power
system. Reactive power compensation is necessary for voltage regulation, stability
enhancement and for increasing power transmission capability [6, 7]. For maintaining
the bus voltages within the specified limits, the Flexible Alternating Current
Transmission Systems (FACTS) technology are used to provide variable shunt
reactive compensation, to improve voltage and reactive power conditions in AC
systems by dynamically controlling it’s reactive power output. It also increases
damping. The effectiveness of this controller depends on its optimal location,
(FACTS) has the ability to improve stability and damping. These devices can be
placed in the network more easily than the generating units without any danger of
increasing the faults [8, 9]. There are different types of FACTS controller such as the
static VAR compensator (SVC), the thyristor controlled series capacitor (TCSC),
static synchronous compensator (STATCOM), the unified power flow controller
(UPFC), etc [10, 11].  FACTS devices can be either thyristor based or voltage source
converter (VSC) based. The static VAR compensator (SVC), and the thyristor
controlled series capacitor (TCSC) are example of the former, while the static
synchronous compensator (STATCOM) and the unified power flow controller
(UPFC) belong to the later. It was reported that the VSC based FACTS controllers
possess better performance characteristics than the thyristor based ones [11].

This paper focuses on installing static var compensator (SVC) to a multimachine
power system connected to wind energy system. The double fed induction generator
(DFIG) is considered for the wind energy system. Different location is considered for
the location of DFIG. It is found that the bus 5 is the suitable location. SVC has a
significant effect on the load bus voltage stability when the DFIG located at bus 5.
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2. STATIC VAR COMPENSATOR (SVC)

SVC devices are used to improve voltage and reactive power conditions in AC
systems. It also increases damping. The effectiveness of this controller depends on its
optimal location and proper signal selection in the power system network [12, 13].
SVC has the ability to improve stability and damping by dynamically controlling its
reactive power output [14, 15].

Basically, the SVC consists of a thyristor-controlled reactor (TCR) in parallel
with a capacitor bank. The firing-angle control of thyristor enables the SVC to have
very fast response. It provides fast reactive power compensation, improves the bus
voltage profiles, increases system stability margin and damps power system
oscillations [7, 16, 17, and 18]. SVC can operate under either of the two modes: 1-
SVC Firing-Angle Model. In this model the firing angle of the thyristor-controlled
reactor (TCR) is taken as a state variable in the Newton power flow algorithm; 2-
SVC Shunt Variable Susceptance Model. In which the variable shunt susceptance is
treated as a state variable in the power flow formulation [9]. According to this model,
when the SVC is operating in voltage regulation mode, it implements the following
V-I characteristics [9], shown in Fig. 1.

Figure 1. SVC V-I characteristics

2.1 SVC Shunt Variable Susceptance Model

The linearised equations required by Newton’s method can be derived from this
circuit [9].

The current taken by the SVC is given by:

ISVC = BSVC Vk

(1)
Here the reactive power, which the SVC draws, is given by –

QSVC = Qk = -Vk
2BSVC (2)

This is also the reactive power which is injected at bus k.

The linearised equation of the SVC is given below where the equivalent
susceptance, BSVC appears as a state variable:
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Δ Qk= ΔBSVC/BSVC (3)

The variable shunt susceptance, BSVC is updated at the end of iteration ( i ) as
given below:

B(i)
SVC= B(i-1)

SVC+(ΔBSVC/BSVC)(i) B(i-1)
SVC (4)

The total SVC susceptance is represented by this varying susceptance, which is
necessary to maintain the nodal voltage at the prescribed magnitude.

When the SVC susceptance has been computed, the firing angle required for this
compensation can be determined. As the SVC susceptance and the thysistor firing
angle have nonlinear relation, so an additional iterative loop is required to solve for
the firing angle.

3. SIMULATION MODEL AND RESULT

The studied system is IEEE 14-bus system, modeled in a MATLAB Simulink.

A DFIG wind turbine of 5 MW and 0.96 kV is equipped by a transformer are
connected to the power system network in the first case to the distribution part (at bus
13) then to the transmission part (at bus 5) of IEEE network, A DFIG wind turbine of
615 MW and 69 kV The system is connected to the transmission part (at bus 1) of
IEEE network by replacing synchronous generator with it then analyzed when a line
fault is applied near to the wind turbine to show its line fault ride through in that case .
The line fault considered is during 500 ms and its resistance is 0 Ω. SVC (Shunt
Variable Susceptance Model) connected to the network at bus 14.

Fig. 2 presents the IEEE 14-Bus system, where the lines between buses 1, 2, 3, 4,
5, 6, 7, and 8 are the transmission lines and the lines between buses 9, 10, 11, 12, 13
and 14 are the distribution lines.

Figure 2. IEEE 14-Bus system
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Case 1. DFIG Wind Turbine Connected to The Distribution Part of Network.

The DFIG wind turbine is equipped now with a transformer of 0, 96/13,8 kV and
is connected to the bus 13. At time 3 s, a three phase's fault of zero resistance and 0.5
s of fault during clearance is considered in the same bus of the distribution line.

According to Fig. 3, the voltages in different buses before the line fault are in
standard, a voltage dips is appeared during the line fault, but it was disappeared with
the line fault. So, the DFIG wind turbine has a line-fault ride-through capability when
it is connect to the distribution line. System stability margin and damps power system
oscillations have been increased when SVC is connected to network as shown in Fig.
3.
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Figure 3. Voltage at bus #13 during the line fault in the case of distribution
network with and without SVC.

Fig. 4 shows the reactive power synchronization of svc before, during and after the
fault.
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Figure 4. The reactive power synchronization of SVC during the fault.

The SVC reactive power increases during the line fault to contribute in
maintaining the voltage, than it decreases to its nominal value after that the line fault

disappeared.
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Case 2. DFIG Wind Turbine Connected to The Transmission Part of Network
(connected to bus 5).

To perform simulation, a DFIG of 5 MW 0,96 kV equipped with a transformer
0,96/69 kV is connected to the bus #5. At time 3 s, a three phase's fault of zero
resistance and 0.5 s of fault during clearance is considered in the same bus.

According to the Fig. 5, the voltage in bus 5 before the line fault is standard, but
during the line fault a voltage dips appears and it remains even that the fault line
disappeared; so the DFIG wind turbine has not a line-fault ride-through capability
when it is connected to the transmission network, but after SVC is connected to
network at bus 14, voltage returned to the value before fault cleared as shown in Fig.
5. In this case the DFIG wind turbine has a line-fault ride-through capability when it
is connected to the transmission network.
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Figure 5. Voltage at bus 5 during the line fault with and without SVC.
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Figure 6. The reactive power synchronization of SVC during the fault.

Fig.6 shows the reactive power synchronization of SVC before, during, and after
the fault. So SVC reactive power increases during the line fault to compensating
decrease in bus voltage and maintaining the bus voltage, but the line fault has

defeated, it decreases to its nominal value.
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Case 3. DFIG Wind Turbine Connected to The Transmission Part of Network
(connected to bus 1)

The synchronous generator at bus 1 is replacing with the DFIG wind turbine of
615 MW and 69 kV. The system is connected directly to the transmission part (at bus
1). At time 3s, a three phase's fault of zero resistance and 0.5s of fault during
clearance is considered in the same bus of the transmission line.
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Figure 7. Voltage at bus 1, during the line fault,With and without SVC.

According to Fig. 7, the voltages at bus 1 before the line fault are in standard, a
voltage dips is appeared during the line fault, but it was disappeared with the line
fault.

So, the DFIG wind turbine has a line-fault ride-through capability when it is
connected to the transmission line by replacing it with synchronous generator. When
SVC has been used, the bus voltage profiles improves, system stability margin
increases, see Fig. 7.
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Figure 8. The reactive power synchronization of SVC during the fault.

SVC reactive power increases during the line fault to contribute in maintaining
the voltage, then it decreases to its nominal value after that the line fault disappeared

as shown in Fig. 8.
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4. CONCLUSION

This paper presents the feasibility of installing SVC to stability of multi machine
power system with double feed induction generator DFIG. The studied system is
testing the location of DFIG to be at buses 1, 5 and 13. The SVC is installed at bus 14.
The simulation result indicated that the SVC has significant effect when the DFIG is
located at bus 5. Installing the DFIG to 4 synchronous machines, 14-bus power
system can provide extra power to the utility grid without any bad effect to the total
stability of the system. The studied system is solved by a MATLAB Simulink
toolbox.
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