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INTRODUCTION electric fields of p-n junction and forms photo current
proportional to solar isolation. PV cells have nonlinear
characteristics which vary with radiation intensity and
temperature.

For the synchronization of utility grid and grid connected PV
system, some condition has to satisfy like voltage level,
frequency and phase sequence matching. This synchronization
is done by PV inverter which having advance power electronics PV cells produces less than 3W at 0.5 to 0.6 Volts, so cells are
technology. connected in series to produce enough power. The terminal
equation for the current and voltage of the array of PV panels

The power-voltage relationship or current-voltage relationship are given as under (figure 2)

of the cell can generally be representing the Electrical

characteristics of a PV unit. The changes of solar irradiance on I=Ip-Ip-Irp=0 (1)
the cell and the cell temperature are directly varies these V=Vp—Rsl (2)
characteristics. —
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A proper simulation model is needed to convert the changes of
temperature and radiation on generated voltage and current of
the PV arrays. So that at the different weather conditions, the
dynamic performance of PV system can be analyze. Solar cell
is basically a photovoltaic cell form of p-n junction.

It when exposed to sunlight absorbs some energy greater than PV module
band-gap. This creates some hole-electron pairs proportional to
incident radiations. These carriers are affected by internal

Figure 1 Grid connected PV system
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Ipy= Light Generated Current, V= Terminal Voltage of the Cell,
Id = Diode Current, I, = Saturation Current, Izp = Shunt
Current, q = Electron Charge, k = Boltzmann Constant, T
=Temperature, Ry = Series Resistance, Rp = Shunt Resistance
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Figure 2 Equivalent circuit Diagram of PV cell
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Boost Converter and Inverter

Boost converter increases voltage level for inverter and control
MPPT. Output voltage of boost converter is higher than input
voltage. Input current is same as inductor current and hence it
is not discontinuous as buck convertor and hence input filter
requirements are relaxed in boost converter.

If solar panels of high rating are implemented then requirement
of boost converter can also be relaxed and switching loss in
converter can be saved. PV Panels generate DC Voltage and to
connect panels to grid DC power has to be converted to AC
Power. We require inverter to convert DC to sinusoidal AC
before connecting to grid. Output voltage and frequency should
be same as that of grid voltage and frequency. Many inverter
topologies are available.

In proposed scheme PWM (pulse width modulated) Voltage
Source Inverter is selected d-q theory with phase. Output of the
Inverter is near to Sinusoidal. 6 switches are used and its
switching is controlled by discrete PWM signals. Electrical
diagram for inverter is shown in Figure 3.
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Figure 3 PWM 3 phase inverter with passive filter

Possible Effects on Distribution System Due to Grid
Connected PV System

In the renewable energy system, PV system is more reliable
sources of energy. So that it attracting considerable commercial
interest. For distribution network, the connection of distributed
PV system to utility grid may causes several operational
problems. The severity of these problems distinguishes on the
basis of the percentage of PV penetration and the geography of
the installation. So that, knowing the possible impact of
distributed grid-connected PV systems on distribution networks

can provide feasible solutions before real-time and practical
implementations.
Overvoltage

PV systems are designed in that way so it can fully utilize solar
energy. It is happened only when system is operating near unity
power factor. In this case, the reactive power flow of the
system changes due to active power from PV system injects
into utility grid. Hence, due to the lack of reactive power,
voltage of near buses can be increased. The produced over-
voltage can have negative effects on the operation of both the
utility and customer sides.

Harmonics

Harmonic distortion is a serious power quality problem that
due to use power electronics devices in PV system like power
inverter that convert DC power into AC power. Due to inverter,
the produced harmonics can cause series and parallel
resonances, overheating in transformer and capacitor bank, and
reliability of power systems may reduce due to false operation
of protection devices, inverter and PWM generator.

Power Fluctuation

The fluctuation of the output power of PV systems is one of the
main factors that may cause severe operational problems for
the utility network. The variation in solar irradiance occurs due
to the movement of clouds and may continue for minutes or
hours, depending on wind speed, the type and size of passing
clouds, the area covered by the PV system. These variations in
solar irradiation result in power fluctuation. And this Power
fluctuation may cause for unacceptable voltage fluctuation,
voltage flickers, power swings in lines, and over- and under
loadings.

Frequency Fluctuation

Frequency is most important factor in power quality.
Frequency fluctuation may causes due to imbalance between
the consumed and the produced power. The small size of PV
systems causes the frequency fluctuation to be negligible
compared with other renewable energy-based resources.
However, increasing the penetration levels and no. of
distributed PV systems becomes more severe for these issues.

Inrush Current

The difference between grid voltage and PV system voltage
may introduce an inrush current that flows between the PV
system and the utility grid at the time of connection, and an
exponentially decays to zero. Nuisance trips, thermal stress,
and other problems may causes due to the inrush current. These
problems are occurs due to changes in grid connected PV
systems. These problems can be eliminated. Harmonics, over
voltage due to excess reactive power in the grid, voltage
fluctuation by traditional methods like passive filters. But in
traditional method or passive filter have fix range to eliminate
the problems. The value for inductors and capacitors are kept
fixed. Because of that it can work for fix range of harmonics. It
doesn’t work for reactive power. It can’t inject excess voltage
in the system or draw excess voltage from the system during
Voltage fluctuation. If value of inductance and capacitor will
increased, the impedance of the grid may be changes. So it
causes other problems. So that active filter is way to improve
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power quality by eliminating these problems. It covers many
problems with the system from generating as well as load of
system.

For the last two decades renewable energy is very well known.
Renewable energy sources are forecasted to turn out to be
competitive with conventional power generation systems. The
efforts to widen the use of renewable energy resources instead
of polluting fossil fuels and other forms have been raised.
Renewable energy source such as photovoltaic (PV), hydro,
fuel and wind generation systems have obtained much attention
newly as alternative means of producing electricity. The PV
energy as an alternative energy source has been extensively
employed since it is pollution free, plentiful, and largely
accessible.

The PV power generation applications can be categorized into,
stand-alone systems and grid connected systems. A standalone
system needs the battery bank to accumulate the PV energy and
is appropriate for a low power system. Alternatively, a grid
connected system does not need the battery bank and has
turned out to be the primary method for high power
applications. Power quality is manipulated by three factors
such as generation aspects, consumer aspects and network
aspects. Effects of poor power quality like sags, swells,
distortion in waveform, harmonics, and reactive power
generation has affected both grid and utility sectors. PV cells
and power quality conditioner for voltage sags suggests to
work out power quality issue by means of a voltage controlled
converter that performs as a shunt controller enhancing the
voltage quality in case of small voltage dips and in the presence
of nonlinear loads. For stabilizing and improving voltage
profile in power systems and to balance current harmonics and
unbalanced load current shunt controllers can be employed as
static VAR generator.

PV systems can improve the operation of power systems by
enhancing the voltage profile and by decreasing the energy
losses of distribution feeders, the maintenance costs, and the
loading of transformer tap changers during peak hours. Planned
for enhancing the energy competence and power quality issues
with increasing demand, grid connected solar PV systems are
taking a superior place. The injected grid voltage and current
with the active filter facilitated and with dissimilar power
factors. The reactive power is supplied to the grid, and the total
harmonic distortion (THD) of the grid current rise. While the
low power devices with restricted current capability would be
implemented in an actual application, the power losses of the
full-bridge driving the common-mode transformer would raise.
The power switches dependability decreased the size of the
power converter increased. The power losses, THD, and errors
on dissimilar parts of the system for which the behavior of the
system varies considerably and instability may happen inside
the system. This paper proposes PI controller based power
quality analysis in grid connected Photovoltaic (PV) system.

Grid Connected PV System with PI Controller

In figure 4, described about the grid connected PV system with
PI controller. Here, PV system is the source and it generates
electricity from the solar energy. The PV connected to the grid
via inverter, LC filter and point of common coupling (PCC).
The inverter converts the DC supply into AC and fed to the LC
filter. The main aim of the grid connected PV topology is give

a constant power flow parameters for both the normal and
abnormal conditions. During the grid faulty condition develops
the PQ issues in the grid connected PV systems. By employing
the suggested control technique the reported problems can be
corrected. The proposed PI control technique is used to
generate the control pulses of the inverter by utilizing the grid
parameters.
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Figure 4 Block diagram of the grid connected

PV system with controller The LC filter is employed as the
output filter in order to limit the higher order harmonics
coming from the inverter switching behavior as it can be seen
in the figure 4.4. The grid parameters like voltage and current
are essential to decide the grid side PQ, which is used to
determine the active and reactive power of the grid. The PQ
problem is identified through the error calculation between the
actual grid side parameters and the reference power values
attained from the PV system.
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Figure 5 Controller diagram of the grid connected PV system

In the PV system, Maximum Power Point Tracking technique
(MPPT) is utilized for the power value calculation. The control
diagram under grid fault condition is described in the following
figure 5. The error calculation is defined in the following
equation (4) and (5).

AP=[P(act)-P(ref)] %)
AQ=[P(act)-P(ref)] (6)

Where, AP and AQ are the error values of the active and
reactive power; P(act) and Q(act) are the actual active and
reactive power; P(ref’) and QO(ref’) are the reference active and
reactive power. The error values are allowed to the PI
controller, which is described in the following figure 6. The
outcome of the PI controller is used for the evaluation of
reference grid current and which will be utilized for generating
the appropriate control pulses of the inverter.
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Figure 6 PI controller structure

In normal condition, the grid side power flow parameters are in
normal condition. If any fault condition occurs, the parameters
are changed from the normal condition, because of the
amplitude variation of the grid side voltage and current.
According to the variation of the grid side parameters, the
control signals are generated using the proposed PI controller.
The  proposed method is implemented in  the
MATLAB/Simulink platform.

Results Obtained with PI

The implementation of the proposed control technique is
carried out in the MATLAB/Simulink 7.10.0 (R2012a)
platform, 4GB RAM and Intel(R) core(TM) i5. Here, the grid
connected PV system is modelled and the PQ of the system is
analyzed through the PI controller technique. The proposed
control technique produces control pulses of the inverter for
both the normal and abnormal conditions of the grid. The
simulink model of the grid connected PV system and control
technique is described in the figure 7.

Figure 7 Simulink model: Grid connected PV model
x10°

1L
os
=
T
% 0
=
ask
-1 : v
i i 1
a 0.05 0.1 015 0.2
Time(sec)
(@
2000 T
1000
T
g 0
S
-1000
-2000 ! L y
0 0.05 01 IRE 0.2
Time(sec)
(b)

Figure 8 Grid at normal condition: (a) Voltage (b) Current

To analyze the PQ improvement using PI controller, grid
parameters are required like voltage, current, real power and
reactive power for both the normal and abnormal conditions.
Initially the performance of the grid connected PV system is
tested under normal condition, which ensures that the system
have no fault at the grid side. The simulation time required for
the testing process is 0 to 0.2 seconds.
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Figure 9 Grid at fault condition: (a) Voltage (b) Current

The grid side voltage, current, real power and reactive power at
normal condition are described in the Figure 8. It shows that
the grid voltage 10kV, grid current is 1000A, real power is
100MW and reactive power is 0.35MVAr. The grid side
parameters under fault condition are described in the Figure 9.
Here, three phases to ground fault was introduced in the grid
side at the time duration 0.12 to 0.15 seconds.
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Figure 10 Using PI controller: (a) Voltage; (b) Current

The grid voltage amplitude has been reduced 25% from the
original value and grid current has been increased as vice versa.
These conditions affect the real power and reactive power of
the grid and make the PQ problem at the grid side. The PI
controller based grid connected PV system and their grid side
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parameters are illustrated in the figurelO. It shows that the
grid voltage has amplitude reduction 23% from the original
value at the fault applied time 0.12 to 0.15 seconds.

Performance of Grid-Connected PV System Based on SAPF
for Power Quality Improvement

This paper presents the design of a shunt Active Power Filter
(SAPF) for grid-connected photovoltaic systems. The proposed
system injects PV power into the grid, by feeding the SAPF; to
eliminate harmonics currents and compensate reactive power
produced by nonlinear loads.

To inject the photovoltaic power to the grid we use a boost
converter controlled by a Fuzzy logic (FLC) algorithm for
maximum power point tracking (MPPT). The SAPF system is
based on a two-level voltage source inverter (VSI); P-Q theory
algorithm is used for references harmonic currents extraction.
The overall system is designed and developed using MATLAB
/Simulink  software.  Simulation results confirm the
performance of the grid-connected photovoltaic system based
on SAPF. For the MPPT controller, the results show that the
proposed FLC algorithm is fast in finding the MPPT than
conventional techniques used for MPPT like perturbed and
observed (P&O). The simulated compensation system shows its
effectiveness such as the sinusoidal form of the currents and the
reactive power compensation. The proposed solution has
achieved a low Total Harmonic Distortion (THD),
demonstrating the efficiency of the presented method. Also, the
results determine the performances of the proposed system and
offer future perspectives of renewable energy for power quality
improvement.

The increasing seriousness of energy shortage crises and
environmental concerns has made the development of an
intelligent grid, become one of the most pressing issues
researched among scholars. The integration of renewable
sources, such as small-scale winds, photovoltaic, or fuel cells,
into distribution networks brings clean and convenient power
supply. At the same time, the intermittent and fluctuation of
primary sources, the increasing application of the interfaced
power electric devices, and the multiple non-linear loads bring
about covert issues of power quality. These nonlinear loads
appear to be prime sources of harmonic distortion in a power
distribution system. Harmonic currents produced by nonlinear
loads are injected back into power distribution systems through
the point of common coupling (PCC).

These perturbations (harmonics) are the origin of many
problems and affect electrical equipment connected to the
power supply. In order to enhance the power quality by
considering current distortion limits for non-linear loads, many
systems have been proposed. This paper presents an analysis
and simulation of PV systems, connected in SAPF, for
harmonics elimination and reactive power compensation. The
SAPF injects the current in the same amplitude and reverse
phase of the load current to compensate for the source current.
Figurell shows the proposed system; the three phase SAPF
system is based on a three-phase inverter. The shunt APF is
designed to be connected in parallel with the nonlinear load. It
is connected to the distribution network in the PCC. For the
Shunt Active Filter reference current computation, we used the
P-Q Theory. Also, a DC/DC converter can be used to adjust the

value of the output voltage of PV systems. Fuzzy Logic
Control (FLC) is used as a robust controller for MPPT.
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Figure 11 Block diagram of SAPF fed by PV systems
Configuration of A SAPF fed by PV Systems
Photovoltaic Cell Equivalent circuit

A single-diode PV cell model form is illustrated in Figurel2,
including four components: a photo current source, Iph, a diode
parallel to the source, a series resistor, Rs, a shunt resistor, Rsh.
The DC current generated, Iph. The relationship between the
cell terminal current and voltage is the following.
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Figure 12 A single-diode PV cell model
MPPT control algorithms

To increase the efficiency of the PV system, it is required to
operate at the maximum power point (MPP). Several methods
have been developed for PV systems, and for all conventional
MPPT techniques, the main problem is how to obtain optimal
operating points (voltage and current) automatically at
maximum PV output power under variable atmospheric
conditions. The main aspects referred to these algorithms are
low response speed, errors in Tracking under rapidly changing
atmospheric conditions. On the other hand fuzzy logic has
received much attention from a number of researchers in the
area of power electronics. Fuzzy logic control is somewhat
easy to implement, because it does not need exact mathematical
model of the plant.

Fuzzy MPPT Controller

There are three stages in this control algorithm, namely
fuzzification, inference method and defuzzification. The
fuzzification makes it possible to transform real variables into
fuzzy variables. The actual voltage and current of PV array can
be measured continuously and the power can be calculated. The
input variables of proposed controller are an error (E) and a
change in error (CE). These inputs are chosen so that the
instant value of E (n) shows if the load power operation point is
located on the right or in the left compared to the Pmax actual
position. While AE (n) expresses the moving direction of this
operation point. The output variable is the pulse width
modulation (PWM) signal called D, which is transmitted to the
boost DC/DC converter to drive the load. Table 1. shows the
rule table of a fuzzy controller, where all the entries of the
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matrix are fuzzy sets of error (e), change of error (de) and
change of duty ratio (AD) to the converter.

Table 1 Fuzzy rules for maximum power of the PV

generator
dee E CE D
E NB NB ZE
CE NS ZE PB
D ZE PB PS

The fuzzy rules shown in Table 1 are employed for controlling
the DC-DC converter such as the maximum power of the PV
generator is reached. As an example, the rule in Table 1: If (E
is NB) and (CE is NB) then (D is ZE). It is necessary to
transform this fuzzy information into deterministic information,
this transformation is called defuzzification. The membership
functions for the variable are shown in Figure 13.

NB NS 7 ps B
1
osh
0
011 al1 ) a1l b1l
Figure 3(a) Membership functions for error
T T T T - -. T T T =
NB NS e PS PB
1
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Figure 13(b) Membership functions for change in error
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b33 233 [ a33 b33

Figure 13(c) Membership functions for AD
Proposed Inverter Control Technique

The proposed system consists of PV system, Boost chopper,
DC-link capacitor, two-level voltage source inverter (VSI)
connected at the PCC to a three-phase grid through the
interface inductances. The compensator reference current is
calculated from the sensed grid current drawn by the nonlinear
load. In the literature, many control techniques have been
proposed for the extraction of harmonics currents. The p-q
theory was proposed in 1983 by Akag,
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Figure 14 Block diagram for the p—q theory
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Figure 15 Simulink model using fuzzy based MPPT controller
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Figure 16 Responses of the two MPPT controllers (fuzzy and P&O),
irradiation G and temperature T are variables

RESULTS AND DISCUSSION

As shown in Figure 16, for this test, we have varied by steps,
both the irradiation S and temperature T at very short times.
The main aspects referred of the P&O algorithm are,
oscillations around the MPP in steady state; low tracking
speed; Simulation results confirm that the fuzzy controller
operates much better than the P&O controller. Figure 17(a)
shows the source current waveform deformed before filtering.
The active filter has imposed a sinusoidal source current
waveform instantaneously as illustrated in Figure 17(a). The
load current waveforms are in phase as illustrated in Figure
17(b).The shunt APF supplied by PV array is injected current
Iiyj as shown in Figure 17(c). The obtained current and voltage
waveforms are in phase as illustrated in Figure 18. Figure 19
shows the spectrum analysis of the source current with/without
a PV-SAPF.
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Figure 17 (a) Supply current (b) Load current (c) Harmonic current of phase
generated by the SAPF PV system
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Figure 18 Waveform form current and voltage during SAPF operation

The current THD (total harmonic distortion) is reduced from
31.35% to 3.25% on the grid network, which confirms the good
quality of filtering after using the PV-SAPF, the simulation
results show a good filtering of harmonic currents and a perfect
compensation of reactive power.

—
=)
=

I Analysis before compensation, THD - 31.34% 1
B Analysis after compensation. THD - 3.27%

Table 2 THD for grid voltage, grid currents, inverter voltage
before filtering and after filtering and DC link voltage

Signals of the grid connected Power Quality
PV system for which THD evaluation in terms of
has been calculated THD
Grid voltage 0.06%
Grid current 0.042%
Inverter voltage before filter 39.4%

Inverter voltage after filter 3%
DC bus voltage( w.r.t. DC o
fundamental value) 0.08%

Total harmonic distortion (THD) is calculated using FFT
analysis tool of MATLAB. The %THD is calculated for grid
voltage, grid currents, inverter voltage before filtering and after
filtering and DC link voltage and shown in the Table 2.
Harmonics in all the signals are satisfying the IEEE limits.
Figure 21 shows the performance of grid-connected solar
system for constant irradiation. The waveform shows the grid
voltages, grid currents, solar irradiations, and DC bus voltage,
active power respectively. In this figure, results are shown for
constant irradiations (1000W/m2). DC bus voltage is
maintained constant at S00V. Power factor is achieved unity as
grid voltages and grid currents are in phase.
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Figure 19 Spectrum analysis of the source current with/without a PV-SAPF
Evaluation of Power Quality Issues

Figure 20 shows the performance of the grid-connected solar
system with variable irradiation level. Under the variable
irradiation level VSC controller is able to control the DC bus
voltage and power factor at all solar radiations.
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Figure 20 Grid connected PV with variable irradiation level

Figure 21 Performance analysis with constant irradiation
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Figure 22 Performance analysis with variable irradiation

CONCLUSION

This paper provides a complete overview for the analysis of
power quality related issues along with the modeling and
control of grid connected photovoltaic system. Synchronous
reference frame theory based controller has been used to
control the grid side Power Factor. The results are obtained
using MATLAB software and in Simulink environment for
constant and variable irradiation and also in terms of DC link
voltage regulation, Power factor and harmonic analysis. %THD
has been calculated for grid side voltage, current, inverter
voltage and DC link voltage and presented in bar forms. The
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present article presents an analysis and simulation of a three-
phase SAPF fed by PV systems. An MPPT fuzzy logic
controller is employed to feed the grid by the maximum
allowable PV power. The proposed system has been simulated
in MATLAB/SIMULINK software. This system is used to
eliminate harmonics and to compensate reactive power
generated by nonlinear loads. Performances of the shunt APF
are related to the current references quality.

This method is very important because it allows harmonic
currents and reactive power compensation simultaneously.
Simulation results show that the current obtained after filtering
and the voltage waveforms are in phase. Also, the current THD
is reduced from 31.36% to 3.25% which confirms the good
filtering quality of harmonic currents and the perfect
compensation of reactive power which improve the power
quality.

This paper proposed a PI controller based PQ analysis in the
grid connected PV system. The mentioned results show that
with PI controller, the percentage total harmonic distortion is
reduced. The PI controller only utilizes the fixed gain
parameters such as KP=1.4 and KI=18 for all the conditions. A
hybrid technique can be used to improve the power quality.
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