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Abstract:

For the past few year renewable energy resources, without challenging environmental concerns has
lead to significant increase in global power generation. Out of that wind energy is considered to be the
most mature renewable energy source. However, the exploitation of wind energy is particularly
challenging due to the stochastic nature of wind. This weak interconnection of wind generating source in
the electrical network affects the power quality and reliability. FACTS technologies have already been
used to enhance the controllability and power transfer capability of transmission system. Recently other
important functions have been added such as harmonic elimination and dynamic voltage regulation, as a
solution for power quality problems. In this paper FACTS device is used to enable smooth and proper
integration of wind energy system to the grid is taken as the main objective. Furthermore, the detailed
investigations using MATLAB/SIMULINK is explored in this paper for the enhancement of power
guality using STATCOM, integrated with battery energy storage system. The STATCOM model is tested
using a hardware setup.
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1. INTRODUCTION

New energy source has become a focus for global economic growth and sustainable development with
the depletion of resources and pollution of environment. This diverts researchers’ attention towards
renewable energy resources such as wind energy, solar energy, fuel cell, geothermal, biomass, and
industrial waste heat [1,2]. Wind power is gaining momentum not only as a means to reduce the CO2
emissions but also as an interesting economic alternative in areas with appropriate wind speeds [3]. The
challenges the wind power introduce to the power system is related to the fluctuating nature of wind
energy as well as the asynchronous generators that are introduced to the power system [4]. Asynchronous
generators are connected to grid through the power converter and thus the power fluctuations caused by
the variation in wind speed are absorbed and compensated by adjusting the generated frequency and the
voltage to the grid [5]. The FACTS devices such as Static Var compensator (SVC), a combination of the
thyristor-controlled reactors and fixed capacitors (FC-TCR) has made it possible to provide dynamic
compensation of reactive power for power systems [6,7]. However, the effective reactive power that SVC
can generate depends up on its terminal voltage. Thus due to voltage drop at the terminal bus the
maximum reactive power output from SVC is always depressed than required, leading to controller
saturation and prolonged response time. STATCOM similar to SVC is a shunt connected device but it
uses the Voltage Source Inverter (VSI) for dynamic reactive power generation and absorption rather than
using capacitors and inductors [8]. VSI output voltage and current can be varied by properly controlling
the modulation index. This means that dynamic exchange of reactive power flow control between
STATCOM and transmission line is possible independent of terminal voltage variation. Another advantage
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is that STATCOM behaves analogously to synchronous condensers, except that STATCOMSs have no
mechanical inertia and are therefore capable of responding much more rapidly to changing system
conditions and they do not contribute to short circuit currents. The integration of Battery Energy Storage
System (BESS) with STATCOM provides significant improvements in the performance over conventional
STATCOM [9],[10]. The addition of energy storage allows the STATCOM to inject and/or absorb active
and reactive power simultaneously. In this paper, STATCOM with BESS and its control are presented.
The model is implemented in MATLAB/Simulink and computer simulation results are analyzed for
transient stability.

2. POWER QUALITY STANDARDS

As stated the injection of wind power into grid will affect the power quality. As the power quality
must be within certain limits to comply with the utility requirement, the effect should be assessed prior to
installation of the turbine. The effects depend upon the electrical characteristics of wind turbine which are
manufacturer specific rather than the site specific. International Electro technical Commission (IEC)
seeing need of consistent and replicable documentation of power quality characteristics of wind turbine
developed IEC 61400-21 and most large wind turbine manufacturer provided power quality characteristic
data accordingly. Flexible AC Transmission Systems (FACTS) refers to a group of resources used to
overcome certain limitations in the static and dynamic transmission capacity of electrical networks. The
IEEE has given the definition for FACTS as “alternating current transmission systems incorporating
power-electronics based and other static controllers to enhance controllability and power transfer
capability” [7]. The main purpose of FACTS devices is to provide with necessary instantaneous inductive
or capacitive reactive power as quickly as possible in accordance with network requirement, while also
improving transmission quality and the efficiency of the power transmission system.  As the name
indicates, Static Synchronous Compensator (STATCOM) is similar to the synchronous condenser in its
operation; however it is an electronic device which has no inertia and is superior to the synchronous
condenser as it provides better dynamics, a lower investment cost and lower operating and maintenance
costs. A STATCOM can be seen as a voltage source behind a reactance. It provides reactive power
generation as well as absorption purely by means of electronic processing of voltage and current
waveforms in a Voltage Source Converter (VSC) [11]. One of the main disadvantages of a STATCOM
(with no energy storage) is that it has limited degree of freedom and sustained action in which they can
help the power grid. It has only two possible steady-state operating modes, namely inductive (lagging) and
capacitive (leading). Even though STATCOM can control both the output voltage magnitude and phase
angle, the independent adjustment in steady state is not possible due to the lack of significant active power
capability of STATCOM. Typically, the output voltage of STATCOM is maintained in phase with the
voltage at point of ommon coupling (PCC), which will ensure that only reactive power exchange takes
place in between STATCOM and power system. However, owing to some losses present in the coupling
transformer and the power electronic devices, the converter voltage will have small phase shift with
respect to the PCC voltage. Thus in order to compensate these small losses, practically small amount of
real power is drawn from the PCC to DC bus of VSI.

3. SYSTEM DESCRIPTION

The proposed new control strategy for the power quality improvement of grid connected wind energy
system is shown in Figure-1. This controller maintains the dc voltage constant under any load variations
and also ensures the unity power factor and sinusoidal supply current irrespective of the variation in the
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load demand waveform and magnitude. The STATCOM with BESS is used to mitigate the power quality
problems and enhancing the power transfer capability of the power system. It is not possible to extract all
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Fig.1.Current control

the Kinetic energy of wind that is hitting the turbine blades, only a portion of K.E is captured by the
turbine. The fundamental equation governing the mechanical power. The STATCOM based current
controlled VSI injects the current into the grid in such a way that the source current is harmonic free and
its phase-angle with respect to source voltage has a desired value. The injected current will cancel out the
reactive part and harmonic part of the load and induction generator current. Thus source current is always
maintained in phase with the source voltage, making the load appear to the source as a resistive circuit
[11]. The magnitude of the reference current is regulated through the PI controller to compensate the dc
voltage. The required source currents are controlled to be sinusoidal and in phase with the mains voltage in
spite of the load characteristics. Therefore the reference current for the comparison must be derived from
the source voltage. The instantaneous phase voltages of source (Vsa, Vsh, and Vsc) are considered close to
sinusoidal.

4. RESULT ANALYSIS

The SIMULINK model consist of VSI inverter based STATCOM, BESS, rectifier, wind energy
system, source and critical load [22]. The hysteresis current control and BESS control are embedded into
the simulation. A nonlinear load consisting of diode bridge is used for simulating the system and
performance of the system is observed for power quality improvement. The operation of the system
without and with controller.
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Fig.2.Hardware structure
The source current wave form is non sinusoidal without controller. The controller is switched on during
0.1s and the source current, inverter injected current and load waveform are observed. The source current
waveform now become sinusoidal, indicating that the source current is harmonic free and STATCOM is
able to compensate the reactive power requirement of the system.
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The load connected to the system is inductive. The performance of controller shows that the controller is
able to maintain the source current in phase with the voltage at the point of common coupling. 5 V higher
than that of the emitter for establishing the rated collector to emitter conduction. This requirement makes it
difficult to directly interface an IGBT to the dSPACE. Thus a driver circuit is to be provided for driving
the gate at required voltage level for triggering the IGBTs. The TLP 250 ICs are capable of providing both
the isolation and driver function is chosen for this project. For the high side device bootstrap circuitry is
used to provide the floating supply to drive the IGBT. Experimental setup composed of MATLAB-
dSPACE interface, isolation and gate driver circuit.

CONCLUSION

This work presents a novel controller for an integrated STATCOM-Battery energy storage system for
grid connected wind energy system. The control scheme focuses on eliminating the harmonics and
maintaining unity power factor using VSI based STATCOM. The controller uses a very simple hysteresis
current control technique to control the source current and a P1 controller has been used to control the DC
voltage along with the battery charging operation. The performance of the designed controller is evaluated
and it is observed that the STATCOM with BESS, operated with specified controller, provides reactive
power support, good harmonic mitigation as well as maintaining the source current in phase with the
voltage. The STATCOM model is also tested using a scaled down hardware setup.
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