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ABSTRACT:

When the wind power is injected into the electric grid affects the power quality. The effects of the

power quality measurements are the active power, reactive power, variation of voltage, flicker,

harmonics, and electrical behavior of switching operations. The STATCOM (Static Synchronous

Compensator) is shunt connected VSC (Voltage Source Converter) with self commutating device and

can be effectively used for reactive power compensation. This paper presents STATCOM with wind

energy system at point of common coupling to mitigate power quality issues. The STATCOM control

scheme for grid connected wind energy system is simulated using MATLAB/SIMULINK for the

purpose of power quality improvement in power system. The simulation results reveal the performance

of STATCOM in conjunction with PI controller.

INTRODUCTION

To have sustainable growth and social progress, it is necessary to meet the energy need
by utilizing the renewable energy resources like wind, biomass, hydro, co-generation, etc. In
sustainable energy system, energy conservation and the use of renewable source are the key
paradigm. The need to integrate the renewable energy like wind energy into power system is to
make it possible to minimize the environmental impact on conventional plant. The integration of
wind energy into existing power system presents a technical challenges and that requires
consideration of voltage regulation, stability, power quality problems. The power quality is an
essential customer-focused measure and is greatly affected by the operation of a distribution and

transmission network. The issue of power quality is of great importance to the wind turbine.

There has been an extensive growth and quick development in the exploitation of wind
energy in recent years. The individual units can be of large capacity up to 2 MW, feeding into
distribution network, particularly with customers connected in close proximity. Today, more than
28,000 wind generating turbines are successfully operating all over the world. In the fixed-speed

wind turbine operation, all the fluctuation in the wind speed are transmitted as fluctuations in the
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mechanical torque, electrical power on the grid and leads to large voltage fluctuations. During
the normal operation, wind turbine produces a continuous variable output power. These power
variations are mainly caused by the effect of turbulence, wind shear, and tower-shadow and of

control system in the power system.

Thus, the network needs to manage for such fluctuations. The power quality issues can be
viewed with respect to the wind generation, transmission and distribution network, such as
voltage sag, swells, flickers, harmonics etc. However the wind generator introduces disturbances
into the distribution network. One of the simple methods of running a wind generating system is
to use the induction generator connected directly to the grid system. The induction generator has
inherent advantages of cost effectiveness and robustness. However; induction generators require
reactive power for magnetization. When the generated active power of an induction generator is
varied due to wind, absorbed reactive power and terminal voltage of an induction generator can
be significantly affected. A proper control scheme in wind energy generation system is required
under normal operating condition to allow the proper control over the active power production.
In the event of increasing grid disturbance, a battery energy storage system for wind energy
generating system is generally required to compensate the fluctuation generated by wind turbine.
A STATCOM based control technology has been proposed for improving the power quality
which can technically manages the power level associates with the commercial wind turbines.
The proposed STATCOM control scheme for grid connected wind energy generation for power

quality improvement has following objectives.

« Unity power factor at the source side.

* Reactive power support only from STATCOM to wind Generator and Load.

+ Simple bang-bang controller for STATCOM to achieve fast dynamic response.
POWER QUALITY PROBLEMS

Any power problem that results in failure or disoperation of customer equipment, manifests
itself as an economic burden to the user, or produces negative impacts on the environment.
When applied to the container crane industry, the power issues which degrade power quality include:
» Power Factor.

Harmonic Distortion.
Voltage Transients.

Voltage Sags or Dips.

YV V V V

Voltage Swells.
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Power quality can be improved through:

» Power factor correction,
Harmonic filtering,
Special line notch filtering,
Transient voltage surge suppression,
Proper earthing systems.

SVC USING A TCR AND TSC:

V V V V VYV V

This compensator overcomes two major shortcomings of the earlier compensators by reducing
losses under operating conditions and better performance under large system disturbances. In
view of the smaller rating of each capacitor bank, the rating of the reactor bank will be 1/n
times the maximum output of the SVC, thus reducing the harmonics generated by the reactor.
In those situations where harmonics have to be reduced further, a small amount of FCs tuned as

filters may be connected in parallel with the TCR.

Control/metering

Earthing g
transformer

B T T
Delta Delta Delt'\ Delta
TCR TsSC TSC TSC

STATCOM:

In 1999 the first SVC with Voltage Source Converter called STATCOM (STATic
COMpensator) went into operation. The STATCOM has a characteristic similar to the synchronous
condenser, but as an electronic device it has no inertia and is superior to the synchronous condenser in
several ways, such as better dynamics, a lower investment cost and lower operating and maintenance
costs. A STATCOM is build with Thyristors with turn-off capability like GTO or today IGCT or with
more and more IGBTs. The static line between the current limitations has a certain steepness
determining the control characteristic for the voltage.

The advantage of a STATCOM is that the reactive power provision is independent from the
actual voltage on the connection point. This can be seen in the diagram for the maximum currents
being independent of the voltage in comparison to the SVC. This means, that even during most severe

contingencies, the STATCOM keeps its full capability.
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OPERATING PRINCIPLE OF UPFC:

The basic components of the UPFC are two voltage source inverters (VSIs) sharing a common
dc storage capacitor, and connected to the power system through coupling transformers. One VSI is
connected to in shunt to the transmission system via a shunt transformer, while the other one is

connected in series through a series transformer.

UPFC
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A basic UPFC functional scheme is shown in fig.

The series inverter is controlled to inject a symmetrical three phase voltage system (Vse),
of controllable magnitude and phase angle in series with the line to control active and reactive
power flows on the transmission line. So, this inverter will exchange active and reactive power
with the line. The reactive power is electronically provided by the series inverter, and the active

power is transmitted to the dc terminals.

SYSTEM PERFORMANCE

The proposed control scheme is simulated using SIMULINK in power system block set.
The system parameter for given system is given Table I. The system performance of proposed

system under dynamic condition is also presented.
A. Voltage Source Current Control—Inverter Operation

The three phase injected current into the grid from STATCOM will cancel out the
distortion caused by the nonlinear load and wind generator. The IGBT based three-phase inverter
is connected to grid through the transformer. The generation of switching signals from reference
current is simulated within hysteresis band of 0.08. The choice of narrow hysteresis band
switching in the system improves the current quality. The control signal of switching frequency

within its operating band, as shown in Fig. 4.
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The choice of the current band depends on the operating voltage and the interfacing
transformer impedance. The compensated current for the nonlinear load and demanded reactive
power is provided by the inverter. The real power transfer from the batteries is also supported by

the controller of this inverter. The three phase inverter injected current are shown in Fig. 5.
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Fig. 4. Swilching signal within a control hysteresis band.
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Fig. 5S. Three phase injected inverter Current.
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CONCLUSION

The paper presents the STATCOM-based control scheme for power quality improvement
in grid connected wind generating system and with non linear load. The power quality issues and
its consequences on the consumer and electric utility are presented. The operation of the control
system developed for the STATCOM-BESS in MATLAB/SIMULINK for maintaining the
power quality is simulated. It has a capability to cancel out the harmonic parts of the load
current. It maintains the source voltage and current in-phase and support the reactive power
demand for the wind generator and load at PCC in the grid system, thus it gives an opportunity to
enhance the utilization factor of transmission line. The integrated wind generation and
STATCOM with BESS have shown the outstanding performance. Thus the proposed scheme in
the grid connected system fulfills the power quality norms as per the IEC standard 61400-21.
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