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ABSTRACT

This paper presents a grid-connected solar photovoltaic (PV) system focused on improving
power quality using an LCL filter and advanced control techniques. The system employs a
DC-DC boost converter and a voltage source inverter (VSI) for efficient power conversion.
Simulation results demonstrate that the integration of the LCL filter significantly reduces
total harmonic distortion (THD) in both voltage and current compared to the system
without a filter. Furthermore, the implementation of a fuzzy logic—based controller
enhances dynamic performance and achieves additional reduction in THD, leading to
improved stability and power quality. The results confirm that the proposed approach
provides a reliable and efficient solution for harmonic mitigation in grid-connected PV

systems.
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1. INTRODUCTION

Grid-connected solar photovoltaic (PV) systems are widely used for clean and sustainable
power generation due to increasing energy demand and environmental concerns [1]. In these
systems, the DC power generated by the PV array is converted into AC power using a
Voltage Source Inverter (VSI) before being supplied to the utility grid [2]. However, power
electronic converters and nonlinear loads generate harmonics, voltage fluctuations, and
stability issues that degrade the overall power quality of the system [3]. To improve the
performance of grid-connected PV systems, control techniques are required for maintaining
stable voltage, current regulation, and proper synchronization with the utility grid. Among
various controllers, the Proportional-Integral (PI) controller is one of the most commonly
used control methods because of its simple structure, easy implementation, and good steady-
state performance [4]. The Pl controller helps in regulating inverter output current,
maintaining the DC-link voltage, and reducing steady-state error in the system [5]. In
addition, an LCL filter is connected between the inverter and the utility grid to suppress
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harmonics generated by the inverter switching operation. The combination of Pl controller
and LCL filter significantly improves the power quality and reduces Total Harmonic
Distortion (THD) in the grid-connected PV system [6].

This work focuses on the power quality enhancement of a grid-connected solar photovoltaic
system using an LCL filter with a PI controller. The proposed system aims to achieve stable
inverter operation, improved voltage regulation, reduced harmonic distortion, and efficient
power transfer to the utility grid.

2. RESEARCH METHODOLOGY

The proposed methodology is developed to improve the power quality of a grid-connected
solar photovoltaic (GCPV) system using an LCL filter and PI controller. In this system, the
photovoltaic (PV) array converts solar energy into DC power. A DC-DC boost converter with
Maximum Power Point Tracking (MPPT) is used to maintain a stable DC-link voltage and
extract maximum power from the PV array. The DC power is converted into AC power using
a three-phase Voltage Source Inverter (VSI). A Pl controller is employed to control the
inverter operation, regulate DC-link voltage, and maintain synchronization with the utility
grid. To reduce harmonics generated by the inverter, an LCL filter is connected between the

inverter and the grid.
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Fig. 1 Grid Connected Photovoltaic (GCPV) System

The Proportional-Integral (P1) controller plays an important role in the grid-connected solar
photovoltaic (PV) system by regulating voltage and current, maintaining system stability, and
improving power quality. The Pl controller continuously compares the reference value with
the actual output and generates an error signal to control the inverter operation effectively. In
the proposed system, the PI controller performs the following functions:

e Maintains stable DC-link voltage.

o Controls inverter output current.

e Reduces steady-state error in the system.

e Improves dynamic response and system stability.

e Maintains synchronization between inverter and utility grid.
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e Helpsinachieving unity power factor operation.
e Reduces voltage and current fluctuations.
o Enhances overall power quality of the grid-connected PV system.

The PI controller generates appropriate switching signals for the Voltage Source Inverter
(VSI), which ensures smooth power transfer from the solar PV system to the utility grid with
reduced harmonic distortion.

3. RESULT AND DISCUSSION

Figure 2 shows the MATLAB/Simulink model of a grid-connected solar photovoltaic (PV)
system without an LCL filter. The PV array generates DC power, which is boosted using a
DC-DC boost converter. The regulated DC voltage is converted into AC power through a
three-phase Voltage Source Inverter (VSI) and supplied to the utility grid. The VSI control
block generates switching pulses for inverter operation, while measurement blocks are used
to observe voltage, current, and power parameters. Since no LCL filter is used, inverter
switching harmonics appear in the output waveform, resulting in higher Total Harmonic
Distortion (THD) and reduced power quality. This system is considered the base model for
comparison with the proposed filtered system.
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Figure 2 Simulation Model of Grid-Connected Solar PV System without Filter

The PVA unit is linked to the grid without an LCL filter, as shown in Figure 2. The LCL
filter coupled to the grid and PVA unit is seen in Figure 3.
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Figure 3 Simulation Model of Grid-Connected Solar PV System with LCL

4.1 HARMONICS ANALYSIS

Without a PI controller, the grid-connected PV system produces higher harmonics due to
inverter switching and nonlinear loads, which increases Total Harmonic Distortion (THD)
and reduces power quality. With the PI controller, inverter current and DC-link voltage are
properly controlled, resulting in smoother voltage and current waveforms. The Pl controller
reduces THD, improves system stability, and enhances the overall power quality of the grid-
connected PV system.
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Figure 0 THD of inverter voltage without LCL filter
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Figure 5 THD of inverter voltage with LCL filter

5. CONCLUSION

In this work, a PI controller—based grid-connected solar photovoltaic (PV) system has been
presented for power quality improvement and stable grid integration. The proposed system
utilizes a DC-DC boost converter, VVoltage Source Inverter (VSI), and Pl controller for
effective control of DC-link voltage and inverter current. The PI controller successfully
maintains system stability, improves dynamic response, and reduces steady-state error during
grid-connected operation. Harmonic analysis shows that the use of the PI controller improves
the quality of inverter voltage and current waveforms by reducing Total Harmonic Distortion
(THD). Simulation results verify that the proposed PI controller—based system provides better
voltage regulation, stable power transfer, and enhanced power quality performance.
Therefore, the PI controller is an effective and simple control technique for grid-connected
solar PV applications.
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