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1. INTRODUCTION

The swift global growth of photovoltaic (PV) systems has led to an increasing demand for high-
efficiency, reliable, and inexpensive grid-connected power converter systems. Due to environmental issues,
falling PV module prices, and favorable energy policies, solar has become one of the most widely deployed
forms of renewable energy technology in the world [1]-[4]. However, the output from PV systems is
fundamentally variable direct current (DC) in nature and is dependent on solar irradiance, the operating
temperature, and partial shading. Therefore, it is critical to implement durable power conversion devices
capable of regulating DC output voltages, achieving the maximum available power output, and providing AC
output that meets current international power quality standards when connected to an electric grid [2], [5]-[8].

Traditional grid-tied inverters making use of either line-frequency or high-frequency transformers
are generally employed to provide galvanic isolation and to provide appropriate voltage transformation ratios
for integration into the grid. While these transformers have benefits, they significantly contribute to the
weight, cost, footprint, and conduction losses of the system, ultimately decreasing overall efficiency [3], [9]-
[12]. To combat these issues, transformerless topology-based inverters have arisen as a viable choice for
integration to the grid, providing high output conversion efficiency, compact size, and competitive bill of
materials costs. These features have established transformerless inverters as a standard solution for modern
residential and commercial PV systems [4]. However, the absence of galvanic isolation creates its own
challenges, one being the phenomenon of leakage current between the PV array.
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2. BUCK BOOST TRANSFORMERLESS INVERTER FOR SOLAR PV GRID INTEGRATION
This block diagram represents the overall working of the buck-boost transformer less inverter
system for solar PV grid integration. The PV array acts as the primary energy source, converting sunlight into
DC power. This DC voltage is fed to the DC-DC buck-boost converter, which adjusts the voltage level —
stepping it up (boost) or stepping it down (buck) — depending on the solar input. The converter uses
switches (S1, S2), an inductor (L), and a diode (D) to perform this regulation. The output from this stage is
stored and stabilized by the DC link capacitor, which ensures a constant DC voltage for the next stage. The
inverter section (S3, S4, S5) then converts the regulated DC voltage into AC using pulse width modulation
(PWM) signals provided by the control unit. The control block, which combines maximum power point
tracking (MPPT) and PWM control, ensures optimal power extraction from the PV array and proper
switching operation. Finally, the AC output is passed through a grid filter (Lg) to remove harmonics before
being supplied to the utility grid, ensuring smooth, high-quality power delivery. Also illustrates the operation
of a solar PV-based buck-boost transformer less inverter connected to the utility grid. The PV array generates
DC power, which is processed by the DC-DC buck-boost converter to regulate voltage levels under varying
sunlight conditions. The DC link capacitor smoothes this voltage and supplies it to the inverter, which
converts DC into grid-compatible AC power. The control unit, consisting of MPPT and PWM, optimizes
power extraction and controls switching operations. The grid filter (Lg) removes unwanted harmonics,
ensuring a clean sinusoidal waveform before feeding the power efficiently into the utility grid [13]-[18].
Figure 1 presents the modulation strategy and switching operation of the proposed buck-boost
transformer-less inverter (BBTI). The figure illustrates the gate signal generation circuit together with the
switching states and operating modes during positive and negative half cycles used for inverter operation.
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Figure 1. The proposed modulation strategy of the BBTI topology

PV array (PV+CPV) — this is the solar panel setup that captures sunlight and turns it into DC
electricity. DC-DC buck-boost converter (S1, S2, L, D) — this section adjusts the voltage from the PV array,
either stepping it up or down, to keep it at an optimal level. DC link capacitor — think of this as a storage
buffer. It smoothes out voltage fluctuations so that the power is stable before moving forward. Control
(MPPT+PWM): MPPT ensures the panels always work at their most efficient point, regardless of sunlight
conditions. PWM controls the switching of converters and inverters to regulate the flow of energy. Inverter
(S3, S4, S5) — converts the DC electricity into AC, since our homes and grids run on AC power. Grid filter
(Lg) — cleans up the AC electricity (removes noise or harmonics) before sending it to the grid. Utility grid —
the final destination where the clean, regulated solar power is supplied for use in homes, and industries.

3.  RESULTS AND DISCUSSION

In this section, the MATLAB/Simulation results are presented, the simulation results waveforms and
hardware circuit diagram and output waveform presented. The objective of this paper is to provide good quality
of power by using buck boost transformerless inverter for solar PV grid integration.
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3.1. Simulation results

Figure 2 shows the MATLAB/Simulink model developed for validating the proposed BBTI
architecture. The simulation model is used to evaluate the PV system performance and grid integration
capability. Figure 3 presents the simulation output waveforms of the proposed BBTI. Figure 3 shows the grid
voltage, grid current, and auxiliary capacitor voltage waveforms obtained from the simulation results to
verify the performance of the proposed system.
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Figure 2. MATLAB/Simulink model of the proposed BBTI system
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Figure 3. Simulation output waveforms of the proposed BBTI system
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4. CONCLUSION

This paper presents a comprehensive analysis and simulation of a BBTI architecture for single-
phase solar PV grid integration. The proposed topology effectively addresses the core challenges of
transformer-less inverters, specifically leakage current and limited voltage operation range. By employing a
single-stage design with a common ground connection between the PV source and the grid neutral, the
system effectively suppresses leakage currents, enhancing safety and reliability. A key advantage of this
BBTI is its buck-boost capability, which enables it to handle a wide range of PV input voltages while
maintaining MPPT. The use of a single energy storage inductor simplifies the design and ensures
symmetrical operation during both positive and negative grid half-cycles. The control scheme, which uses a
simple sine-triangle PWM, ensures precise control and allows for the injection of a low-total harmonic
distortion (THD) sinusoidal current into the grid. Simulation results confirm the inverter's robust
performance, demonstrating high efficiency and a THD below the 3—5% range, which complies with IEEE-
519 grid standards. The architecture's design with only five switches, with two operating at line frequency,
significantly minimizes switching losses and enhances overall system efficiency. This makes the BBTI a
viable and improved alternative to conventional full-bridge and two-stage inverter topologies. In conclusion,
the proposed BBTI topology is a compact, cost-effective, and highly efficient solution for modern solar PV
applications. Its ability to operate over a wide voltage range, suppress leakage currents, and maintain high
power quality makes it well-suited for a variety of residential and small-scale grid-connected PV systems.
Future work could explore the integration of advanced control algorithms to further optimize its performance
under various grid conditions.
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