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Abstract: Energy demand increases rapidly, utilization of renewable energy resources plays an important role in
narrowing down the supply-demand difference. Introduction of more power electronic devices and non-linear loads
pollutes the grid and create power quality problems. Both the scarcity of energy problem and power quality problem
can be solved by using the grid connected PV system based four wire STATCOM. This paper demonstrates the power
quality problem due to installation of solar panel with the grid. In this proposed scheme Static Compensator
(STATCOM) is connected at a point of common coupling (PCC) to mitigate the power quality issue of Total Harmonic
Distortion (THD). The STATCOM control scheme for the grid connected PV energy system for power quality
improvement is simulated using MATLAB/SIMULINK in power system block set. The STATCOM is controlled on
the basis of PQ based hysteresis control of STATCOM. Thus with such a control, a balanced linear load appears at the
grid with the combination of STATCOM and 3-phase 4-wire linear/non-linear unbalanced load.
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I. INTRODUCTION

Electric utilities and end users of electric power are becoming increasingly concerned about meeting the growing
energy demand. Seventy five percent of total global energy demand is supplied by the burning of fossil fuels. Since the
past decade, there has been an enormous interest in many countries on renewable energy for power generation. The
Renewable Energy Source (RES) integrated at distribution level is termed as Distributed Generation (DG). The utility
is concerned due to the high penetration level of intermittent RES in distribution systems as it may pose a threat to
network in terms of stability, voltage regulation and Power -Quality (PQ) issues [1]. Therefore, the DG systems are
required to comply with strict technical and regulatory frameworks to ensure safe, reliable and efficient operation of
overall network. Therefore, the DG systems are required to comply with strict technical and regulatory frameworks to
ensure safe, reliable and efficient operation of overall network. With the advancement in power electronics and digital
control technology, the DG systems can now be actively controlled to enhance the system operation with improved PQ
at PCC. However, the extensive use of power electronics based equipment and non-linear loads at PCC generate
harmonic currents, which may deteriorate the quality of power. Due to the rapid growth of the power electronics
technique, the photovoltaic (PV) power generation system has been developed worldwide. By changing the duty cycle,
the load impedance as seen by the source is varied and matched at the point of the peak power with the source so as to
transfer the maximum power, the term coined as Maximum Power Point Tracking (MPPT) [3]. There are many MPPT
techniques like Perturb and Observe (P&O) methods, Incremental Conductance (IC) methods, Fuzzy Logic Method,
etc. In this paper the most popular of MPPT technique (Perturb and Observe (P&O) method has been implemented in
MATLAB Simulink. The utilization efficiency can be improved (at the cost of a small increase in implementation cost)
by employing this hill- climbing MPPT technique. This is a simple algorithm that does not require previous knowledge
of the PV generator characteristics or the measurement of solar intensity and cell temperature and is easy to implement
with analogue and digital circuits. The algorithm perturbs the operating point of the PV generator by increasing or
decreasing a voltage by a small amount (step size) and measures the PV array output power before and after the
perturbation. If the power increases, the algorithm continues to perturb the system in the same direction; otherwise the
system is perturbed in the opposite direction. The number of perturbations made by the MPPT algorithm per second is
known as the perturbation frequency or the MPPT frequency. Both active and reactive power control can be achieved
with distributed generation units coupled through an Inverter [10]. The non-linear load current harmonics may result in
voltage harmonics and can create a serious PQ problem in the power system network [11]. The causes of power quality
problems are generally complex and difficult to detect when we integrate a photo voltaic system to the grid [2][8].
Here, the main idea is the maximum utilization of inverter rating which is most of the time underutilized due to
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intermittent nature of RES. It is shown in this paper that the grid-interfacing inverter can effectively be utilized to
perform following important functions: 1) transfer of active power harvested from the solar panel; 2) load reactive
power demand support; 3) current harmonics compensation at PCC; and 4) current unbalance and neutral current
compensation in case of 3-phase 4-wire system [5]. Moreover, with adequate control of grid-interfacing inverter, all the
four objectives can be accomplished either individually or simultaneously. The PQ [2] constraints at the PCC can
therefore be strictly maintained within the utility standards without additional hardware cost.

The topology of three- phase four-wire STATCOM [5] not only compensates power quality problems but also allows
interface renewable energy sources with gird. The inverter stage of the active filter is based in two-level four leg
inverter and its control is based in the theory of Instantaneous reactive power (p-q Theory)[4]. The filter is capable of
compensating power factor, unbalance, and current harmonics.

Il. GRID INTERCONNECTION OF PHOTOVOLTAIC SYSTEM

A solar cell is the most fundamental component of a photovoltaic (PV) system. The PV array is constructed by many
series or parallel connected solar cells to obtain required current, voltage and high power. Each Solar cell is similar to a
diode with a p-n junction formed by semiconductor material. When the junction absorbs light, it can produce currents
by the photovoltaic effect. The equivalent circuit of a solar cell is the current source in parallel with a diode of a
forward bias which represents dark current. The output terminals of the circuit are connected to the load. The current
equation of the solar cell is given by

I=Iph_ID_Ish

1= 1y, — o [exp (2] - 22
ph T 0 [Pt/ T Ry
Where,
I,n=Light generated current Vp=Diode voltage
Ip=Diode current k =Boltzmann constant
I, =Shunt current Ry =Shunt resistance
[,=Saturation current q =Electron charge
T=Temperature
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Fig 1. Equivalent Circuit of a Solar Cell
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Fig.2 Proposed model
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PV Panels generate DC Voltage and this dc power is has to convert into AC power before exchange power with utility
grid. There is a need of inverter to convert DC to AC before connecting to utility grid. Voltage and frequency of
inverter output should be same as that of grid voltage and frequency. So that it can easily synchronized with grid.

Many inverter topologies are available. In this scheme

Voltage Source Inverter is selected with PWM (Pulse width modulated) (p-g theory) in phase. For three phase inverter
6 switching devices are used and its switching is controlled by PWM signals.

A Static Compensator (STATCOM)

The three-phase four-leg STATCOM is based on four-leg voltage source converter. A STATCOM is built with

Thyristors with turn-off capability like GTO or today IGCT or with more and more IGBTs. A STATCOM based

control technology has been proposed for improving the power quality which can technically manages the power level

associates with the commercial photo voltaic system.

The STATCOM is a shunt-connected reactive-power compensation device that is capable of generating and/ or

absorbing reactive power and in which the output can be varied to control the specific parameters of an electric power

system. It is in general a solid-state switching converter capable of generating or absorbing independently controllable

real and reactive power at its output terminals when it is fed from an energy source or energy-storage device at its input

terminals. Specifically, the STATCOM, which is a voltage-source converter which when fed from a given input of dc

voltage, produces a set of 3-phase ac-output voltages, each in phase with and coupled to the corresponding ac system

voltage through a relatively small reactance (which is provided by either an interface reactor or the leakage inductance

of a coupling transformer). The dc voltage is provided by an energy-storage capacitor. 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. A STATCOM can improve power-system Performance like:

» The dynamic voltage control in transmission and distribution systems,

» The power-oscillation damping in power- transmission systems,

» The transient stability;

» The voltage flicker control; and

» The control of not only reactive power but also (if needed) active power in the connected line, requiring a dc energy
source.

The three-phase four-leg STATCOM is based on four-leg voltage source converter [5]. It can compensate reactive
currents, negative sequence currents and neutral currents of the power grid.

B. INSTANTANEOUS REACTIVE POWER THEORY

The P-Q theory was introduced by H.Akagi in 1983. Time domain analysis has evolved a new manner to analyse and
understand the energy flow in nonlinear circuit. The p-q theory is based on the set of instantaneous power defined in
time domain. No restrictions are imposed on the voltage or current waveform and it can be applied on the three phase
system with or without neutral. The p-q theory uses Clarks’ transformation to converter from a-b-c coordinates to a-p-0
coordinates for both three phase currents and voltages and then defines instantaneous powers on these coordinates. The
p-q theory uses Clarke transformation or a-p-0 transformation which consists of a real matrix that transforms three
phase components into a-p-0 stationary reference frames. In this method reference current is generated from the
instantaneous active and reactive power of the non-linear load. The three phase current or voltage waveforms from a-b-
¢ coordinates system transforms to a-p-0 coordinates. It corresponds to an algebraic transformation, known as Clarke
transformation, where coordinates a-p are orthogonal to each other, and coordinate corresponds to the zero-sequence
component.
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The a-p-0 coordinate system is again transformed to three phase a-b-c coordinates system. This corresponds to an
algebraic transformation, known as Inverse Clarke transformation.

L
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The conventional instantaneous power on the three phase circuit can be defined as
Where p is equal to the conventional equation
p = Vi, + Vp.ip

The Instantaneous Reactive power q is defined as
q= Vﬁ'ia _Valﬁ

The Instantaneous active power p and reactive power g are defined as
-1

P and g can resolved a mean value and an alternating value.

q=q9 +q~

p=p +p~
p~and g~ are created from positive sequence components of the load current and p~andq~  from the harmonic
components of load current.
The oscillating components of p and the entire g should be supplied by the active power filter. So the required

compensating currents can be calculated as
Compensating current i, and i.; is obtain by the Instantaneous active power p and reactive power q
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The Instantaneous reactive currents are i, i transformation into the three phase reference compensating
currents iz, , iy, ive
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The three phase reference compensating currents iz, , iy, , iz are given to hysteresis current controller

Harmonics are generated by nonlinear loads and are injected into power system. The calculated compensating three
phase currents using instantaneous reactive power theory i, , i5, , iz, are used as reference currents for hysteresis current
controller. The Hysteresis current controller will generate pulses given to the controller switches. Finally controller will
generate compensating currentsiz,, i7,, izcand injected into power system. Therefore reactive power demand in the
power system decreases. By the way, with the reduction in reactive power demand, the Harmonics in the system are
reduced. The value of THD is decreased and power factor is improved.

C. Hysteresis Band Current Controller

Hysteresis current control produces gating pulses to the switches in the inverter. The pulses are generated by passing
the current error signal to the hysteresis band. This method gives an asynchronous control of the inverter switches. The
main advantages of this method is its robustness and dynamic action. There are two limits in the hysteresis band, the
upper band and the lower band. The upper and lower band constitute the total bandwidth of the hysteresis control.
When the error current tend to exceed the upper band the upper switch is turned off and the lower switch is turned on in
the respective branch.

labc™ T

SWITTCHIMG
PULSES

Habc

Fig 3. Hysteresis band current controller

By this the current again tracks back to the hysteresis band. When the current tend to exceed the lower band limit the
upper switch is turned on and the lower switch is turned off. By this switching the current tends to lie within the
hysteresis band and compensating current follows the reference current. Switching frequency can be obtained from the
voltage waveform of the inverter. The voltage waveform in turn depends on the current error signal of hysteresis
control by which the pulses are produced. Variable frequency is obtained from the hysteresis current controller. By
changing the hysteresis band the frequency can be changed.

IV. SIMULATION RESULTS
For the simulation of real model, Matlab is very essential tool. Simulink model of without STATCOM is shown in fig

4.1.and waveforms of source side and load side without STATCOM as shown in fig 4.1(a) and fig 4.2(b). The total
harmonic distortion of source and load side without STATCOM as shown in fig 4.1(c) and fig 4.1(d).

A : ; Discets,
: pe= Tow ie055 T
P .

pavwegul To'Worispace

PN
G P

P

37 Ertige Coerter

Fig 4.1. Simulink model without STATCOM
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Fig 4.1(a) waveform of source side current without STATCOM
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Fig 4.1(c) THD of source side current without STATCOM
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Fig 4.1(d) THD of load side without STATCOM
Simulink model with STATCOM is shown in fig 4.2. and waveforms of source side and load side with STATCOM as

shown in fig 4.2(a) and fig 4.2(b). The total harmonic distortion of source and load side with STATCOM as shown in
fig 4.2(c) and fig 4.2(d).
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Fig 4.2 Simulink model with STATCOM
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Fig 4.2(a). Waveform of source side current with STATCOM
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Fig 4.2(b) waveform of load side current without STATCOM
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Fig 4.2(c) THD of source side current with STATCOM
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Fig 4.2(d) THD of load side current with STATCOM

IV. CONCLUSION

This paper presented Power Quality Improvement in grid connected PV system using three-phase four-wire
STATCOM. The PQ based hysteresis current controller is used to generate the switching signal for inverter in such a
way that it will cancel the harmonic current in the system. This scheme improves power factor and also make harmonic
free source current in the distributed network at the point of common connection. Rapid injection or absorption of
harmonic in the power system can be made possible through static compensator. This proposed model is implemented
using MATIab Simulink software and the obtained resultant waveforms were evaluated and the effectiveness of the
system and performance of power system have been established.
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