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Abstract. In this paper, the active neutral point clamped inverter (ANPC) based
active power filter (APF) is presented. The APF with instantaneous reactive power
theory simultaneously eliminate harmonic current of source and neutral line cur-
rent caused by load, and feed the active power to the source from photo-voltaic
modules. The ANPC based active offer various has the number of advantages
including equal distribution of switching losses and small passive filter size than
that of neutral point clamped converter (NPC). The instantaneous reactive power
theory (IRPT) approach was used to track the APF reference current. To opti-
mise the active power supplied into the grid, the IRPT approach is combined
with the MPPT algorithm. The MPPT is realized with incremental conductance
method. The reference current is computed with adding the power generated in
photo-voltaic reference scheme to the based on IRPT method for consequent com-
putation. The APF is used to cancel out the harmonics and injection of active
power caused by photo-voltaic modules. The simulation and real time study of
ANPCMLI based grid connected APF using MATLAB/Simulink environments is
presented.
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1 Introduction

The quality of power can be affected by a various factors, including source of power,
transmission and distribution systems used to deliver the power, and the characteristics
of the loads that consume the power. Some key sources of power quality issues include
voltage sags and surges, harmonics, transients, deviation of power factor and voltage
unbalance etc. It is important to identify and address power quality issues in order to
ensure safe and reliable perofrmance of electrical systems and equipment. This can be
done through a variety of measures, including equipment design and selection, system
maintenance and monitoring, and the use of power conditioning devices such as voltage
regulators, passive harmonic filters, and APF [1-9]. Among the available method for
suppression of harmonics, an APF is a versatile device that can be used to enhance power
quality of electrical systems by providing harmonic filtering, reactive power compensa-
tion, load balancing, voltage regulation, and power factor correction. With a multilevel
voltage source inverter or a two level voltage source inverter, the APF can be imple-
mented. The MLI based APF has the advantages of small size filter requirement and
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allow the higher voltage application without requirement of complex extra circuitry.
The ANPC MLI VSI allows the equal distribution losses [10].

The ANPC MLI based APF is adopted in this paper for the cancel out the harmonics
current of source and neutral line current caused by load, and active power inject from
photo-voltaic modules to grid. The computer simulated response is carried out with
MATLAB/Simulink Simpower system block sets library. The simulation characteristics
shows that ANPC MLI based APF can compensate the harmonics current and feed the
photo-voltaic power to the grid without requirement of the independent VSI based APF.

2 Configuration of APF Topology

The power circuit of three phase four wire (3P4W) ANPC MLI based APF for grid
application is shown in Fig. 1. The ANPC MLI based grid connected APF is connected in
shunt with load at the point of common coupling (PCC) to mitigate the harmonics current
of source and neutral line current, and inject active power of the photo-voltaic modules.
The grid connected APF is connected at PCC through coupling inductor. However,
the size of the inductor depends on the switching frequency of ANPC MLI based grid
connected APF. The PV-panels are coupled on the dc side of ANPC MLI based grid
connected APF. The ANPC MLI based grid connected APF is realized with voltage and
current estimation for reference current tracking. The MPPT is realized with estimation
of the voltage and current of PV-modules. The grid connected APF is used to generate the
compensating current and inject it into the grid, while the control system is responsible
for detecting the harmonic content and generating the appropriate compensating current.
The ANPC MLI based grid-connected APF is a useful tool for improving the quality
of power in grid-connected systems, and it has become increasingly important as more
renewable energy sources are integrated into the grid (Table 1).
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Fig. 1. Topology of PV cell integrated ANPC based-APF.
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Table 1. Switching sequence of the ANPC MLI inverter

Sa1 S Sa3 Saa Sas Sa6 Output voltage
1 1 0 0 0 1 Vder2

0 1 0 0 1 0 0

0 1 0 1 1 0 0

1 0 1 0 0 1 0

0 0 1 0 0 1 0

0 0 1 1 1 0 —Vier

3 Control Scheme of APF

The control method ANPC based APF is shown in Fig. 2. The instantaneous reactive
power theory is presented by the H. Akagi et al. [11]. The instantaneous reactive power
the is time domain based approach and used to compute the real and reactive power using
transformed quantitities. Initially, the three phase quantities are transformed to bi-phase
quantities using clark transformation and consequent computation of the real and reactive
power. The ANPC based APF is used to compensate harmonics and reactive power
caused by the load. The harmonics power is obtained with low pass filter and reactive
power sign is reversed so that the ANPC based APF inject opposite the harmonics power
and reactive power to the load. In to this, active power from the PV modules is computed
and substracted from the harmonics power of the control method. The maximum power
point tracking is obtained using incremental conductance method. The MPPT is used
to decide the reference value for the ANPC based APF and inject the active powe to
the grid. The IRPT method is not suitable for the three phase four and distorted voltage
conditions. The unit voltage vector templates are used for the computation of the voltage
in for the computation of the power.
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Fig. 2. IRPT method for ANPC MLI based grid connected APF.
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4 Dynamics Model of PV Cell

The dynamic model can be expressed mathematically using a set of equations that
describe the current-voltage (IV) curve of the PV cell. These equations can be solved
numerically to predict the behavior of the PV cell under different operating conditions.
The dynamic model of photo-voltaic cell is shown in Fig. 3.

The current source represents the photo-current generated by the PV cell, which
is proportional to the incident irradiance. The diode model represents the nonlinear
behavior of the PV cell, which includes the effects of temperature and the voltage across
the cell. The resistor model represents the series and shunt resistance of the cell, which
affects the voltage and current output of the cell and equations which is used to describes
its I-V characteristics as follows

I=1Ip—1;— Iy
qVoc . ]i| _ Vour + Rs1 (1)

=1 -1
L D[eCkT Ry

where Ip = Saturation current, chargeg = 1.6 x 10719 C, C = diode emission factor
k =1.38 x 10723 J /K = Boltzmann constant and T = temperature.

The dynamic model is useful for optimizing the performance of PV systems, as it
can help to determine the optimal operating point of the PV cell and the maximum power
point (MPP) of the system. It can also be used to design and evaluate the performance of
MPPT controllers, which are used to ensure that the PV system operates at its maximum
power point under varying conditions. The MPPT is integrated with grid connected APF
control method to extract the MPP from the photovoltaic system. The MPPT, which is
used for the extraction of MPP can be described by following equations of incremental
conductance method [7].
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Fig. 3. Equivalent circuit of photovoltaic cell
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Fig. 4. MPPT for DC voltage regulation

5 DC Link Voltage Regulation

The outer loop used for voltage control with MPPTalgorithm is shown in Fig. 4. The
measured value of photo-voltaic voltage and current is used for the estimation of the
reference voltage. The estimated voltage with incremental conductance method is used
for voltage regulation across the dc link capacitors of the APF. The value of the reference
estimated voltage with MPPTis depends on the solar irradiations. Then the estimated
voltage is used to decide the active power injected into the grid. The active power injection
is carried out with the ANPC APF. In addition to this, the active power estimated with
maximum power point algorithm also substrated from the harmonics active power of
control scheme. The complete process used for the subsequent computations of the
reference currents of the APF.

6 Simulation Results and Discussion

The complete power system blocks of the ANPC MLI based grid connected APF is built
using MATLAB/Simulink block sets. The complete system of ANPC MLI based grid
connected APF consists of the source block, ANPC MLI VSI, control unit, and nonlinear
load. The three sources are realized using MATLAB/Simulink Simpower system source
block sets. The control unit of the ANPC MLI based grid connected APF is built with
commonly used Simulink library and control blocks of MATLAB/Simulink library. The
ANPC MLI based grid connected APF and nonlinear load are modelled with power
electronics and elements of library of MATLAB/Simulink. The switching pulses for the
ANPC MLI based grid connected APF generated in MATLAB/Simulink environment
is shown in Fig. 5.

The simulation study carried out for ANPC MLI based grid connected APF by the
MATLAB/Simulink is depicted in the Fig. 6. The simulated waveforms of the grid-APF
without PV-panel on its dc link are shows the harmonics elimination capability. After
grid-APF is switched-on at t = 0.05 s, the grid-APF eliminates the harmonics current
of the load. The load current total harmonics distortion from the waveform found to
be 13.8%. While grid-APF acting alone without the PV-panels on dc capacitor side is
used to eliminate the current harmonics present in the grid current. The source current
waveform is tends to sinusoidal from the triplen harmonics waveform. The grid current
THD distortion after elimination of harmonics found to be 3.34%. The source current
waveforms after mitigation harmonics current with APF found to be improved and can
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Fig. 5. Switching pulse generation
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Fig. 6. Simulated waveform of ANPC MLI based grid connected APF.
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Fig. 7. ANPC MLI based APF Simulated waveform with MPPT.

be observed from the waveforms. The neutral line current also eliminated with ANPC
MLI based APF.
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The simulated response of the ANPC MLI based grid connected APF is depicted
in Fig. 7. It can be observed from waveforms of Fig. 6, before, harmonics currents
mitigation with ANPC MLI based APF, and source current follows the load current.
After harmonics currents cancel out with APF, source current is in phase with source
voltage and waveform of source current is nearly sinusoidal as it can be seen from the
Fig. 6. As it can observed from the Fig. 7. The MPPT of the ANPC MLI based grid
connected APF is integrated with the control method so that the active power from the
PV-modules pumped to the source via coupling inductor. The source current of ANPC
MLI based grid connected APF is used flow in reverse direction and it can be seen from
Fig. 7. As the solar irradiation increases, the active power extraction from the PV-panel
is increased and subsequently increases of the source current (Fig. 8).

The APF simulated response of the APF under power variation can be seen from the
Fig. 7. The simulated waveforms obtained from the APF are identified as PV-voltage,
PV-current and corresponding active power computed from voltage and current. The
simulated PV-voltage and dc link capacitor voltages are same. The dc link voltage of the
APF is control in such way that active power from PV-panel can be injected at the point
of common coupling. In addition to this, the active power computed from the PV-panel is
substrated from the oscillating power computed from the voltage and load current. The
power variation can be observed from the waveform and its value depends on the solar
irradiations. As the active power generated from the solar panel increases that leads
to corresponding increase in the active power pumped on to the grid. This variation
in current of APF can be observed from the Fig. 6. From the waveforms, it can be
observed that the gradual increase in the source current with respect to the APF current.
The increase in source current shows that the corresponding burden caused load current
reduced. The total harmonics distortion of source current without compensation with
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Fig. 8. Simulated waveform with power variation.
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Fig. 9. Source current with APF. (a) Source current THD without APF. (b) Source current with
APF

ANPC MLI based grid connected is found to be 23.72%. After compensation with APF
source current THD is found to be 2% and can be seen from Figs. 9 and 10 respectively.

7 Real Time Validation of ANPC Based APF

Figure 10 depicts the real-time study of the grid-connected APF that is based on ANPC.
Figure 10(a) and (b) illustrate the source phase current, load side current, ANPC based
APF current, and dc side voltage, respectively. During the grid connected operation, the
ANPC APF is used to inject the current to the grid with increase solar irradiation level.
The source phase voltage, source phase current load neutral line currents and source
neutral line current after suppression with ANPC APF is shown Fig. 10(c) respectively.
Before the availability PV power source current is sinusoidal in phase with source volt-
age. After the injection of active power with grid connected APF, source phase is in
phase opposition to the grid voltage. The load neutral current remains unchaged and
source neutral line current is suppressed. The ANPC based APF without PV source is
shown in Fig. 10(d). The without PV source, the ANPC based APF is used cancel out
the harmonics current and reactive power caused by the load.
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Fig. 10. Real time study of the ANPC based DSTATCOM

8 Conclusion

In this project, photovoltaic inverter based on ANPC is used as the APF. The photo-
voltaic APF is used to eliminate harmonics of source current and suppress neutral line
current, and carryout active power injection from the photovoltaic system to the grid.
The PV-APF does not require the separate inverter power circuit to for compensation
of harmonics currents and reactive power requirement of load. The reference current
estimation PV-APF is carried out with IRPT method. The MPPT method is implemented
based on incremental conductance method. The MPPT algorithm is in combined with
IRPT method to track the active power and compensates harmonics currents of the load.
The active power computed from the PV-modules is used to regulate the dc side voltage
of the APF. The reference dc link voltage changes corresponding change in active power
injected to the grid are observed. The ANPC MLI based APF shows the promising
results for simultaneous compensation of harmonics and active power injection without
requirement of separate ANPC-APF.
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