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EXTENDED ABSTRACT

Introduction

Due to the global energy crisis, environmental concerns caused by exhaustible fossil
fuels, and more energy consumption, the attention of many researchers has been drawn
towards alternative energy sources (photovoltaic, wind energy, geothermal energy) which
are unlimited and have reduced environmental risks. PV power generation systems have
been more common in recent years due to their inexhaustibility, ease of availability, and
pollution-free operation. Grid-connected PV systems do not require batteries and are
cheaper compared to grid-independent PV systems.

This paper proposes a new strategy for a multifunctional PV system connected to a
three-phase four-wire distribution network to reduce load imbalance, reduce current
harmonics, and compensate for reactive power while considering the inverter's capacity to
perform its functions simultaneously. The system's priority is injecting active power into the
network and compensating for the unbalanced load. The second priority is to inject reactive
power to compensate for the reactive power of the load. In addition to power injection, when
the PV inverter works at less than its rated power in terms of power injection, compensation
of current harmonics is performed in PCC.

Methodology

A new control method for multifunctional PV grid interface converter is proposed to
increase the power quality at the point of connection to the grid by considering the capacity
of the inverter. This method considers the rated capacity of the inverter with the maximum
current factor and limits the current of the inverter to prevent the overrating of the inverter.
It also manages the functions of the converter, which include: active power injection, load
imbalance compensation, reactive power compensation, and current harmonic
compensation. Paying attention to the maximum current of the inverter is very important
to maintain the life of semiconductors and to ensure the main role of the inverter in injecting
active power into the network. In this strategy, injecting active power into the network along
with load imbalance compensation is preferable to improving power quality. The control
strategy is based on extracting the active and reactive components of current per phase with
avariable reference frame. The proposed control strategy for a two-stage PV grid-connected
interface converter is implemented in a three-phase, four-wire power distribution system.
The simulation was carried out using MATLAB/Simulink software. The proposed strategy
of the reference currents generation per phase a, b, and c is shown in Figure 1.
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Figure 1. Proposed control strategy for power injection and load compensation.

Results and discussion
Using MATLAB/Simulink software, simulation was carried out at different levels of solar

radiation. The results of simulation and comparison with the conventional control strategy
of single-phase instantaneous power show the optimal performance and efficiency of the
proposed strategy in terms of PV power injection, load imbalance compensation, reactive
power compensation, and load current harmonics compensation, without overcurrent in
the inverter. The summary of the simulation results by the proposed and conventional
strategy is presented in Table 1. According to the simulation results for the conventional
method, although the compensation of reactive power and harmonics was carried out in the
maximum solar radiation, the maximum injected currents of the inverter exceeded its
capacity. With the reduction of solar radiation, the performance of the proposed control
method in reactive power compensation is similar to the single-phase instantaneous power
strategy. The THD of the network current in the proposed control strategy is approximately
0.5% higher than the single-phase instantaneous power strategy. The performance of the
proposed strategy is better in neutral current compensation, which makes the grid neutral
current approximately 0.1 amps lower than the neutral current in the single-phase
instantaneous power strategy.
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Table 1. Summary of simulation results.

The strategy of single-
phase instantaneous
power with functions

The proposed strategy with
functions

PV grid interface

No functions
converter control

Solar radiation

100 500 700 1000 100 500 700 1000 100 500 700 1000
[W/m2]

Maximum active YES YES YES
power injection

Reactive power
compensation 100 100 100 100 100 100 100 237 0
percentage

Inverter overcurrent NO YES NO NO

Average improvement

of grid current thd % 88  83.7 - 831 8727 8335 - 5.6 - - - -

Neutral current
compensation 96.6 97 97.6 973 98 984 986 373 - - - -
percentage

Conclusion

In this paper, a new control strategy was proposed for the multifunctional grid interface
converter to improve the power quality in PCC. A two-stage PV system connected to a power
distribution network including a buck converter and an inverter with a three-single-phase
bridge structure was used to evaluate the control technique. In the proposed strategy, the
main priority is to inject PV power into the power grid as the main task of a PV system. The
control strategy allows the PV inverter to manage and perform its functions simultaneously
(active power injection, unbalanced compensation, reactive power compensation, and
current harmonic filter) without overcurrent, by limiting the output current. Different
scenarios including different levels of solar radiation and lower or higher nonlinear load
power demand compared to PV power generation were investigated to evaluate the
proposed strategy. In addition, to validate the performance of the proposed approach, a
comparison was made with another strategy. The simulation results showed the optimal
performance of the proposed strategy in terms of PV power injection, neutral current
compensation, reactive power compensation, and load current harmonics filtering, without
inverter overcurrent.
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