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Abstract 

The rapid growth of electric vehicles (EVs) and renewable energy technologies has 

accelerated the development of efficient grid-connected solar-powered EV battery charging 

systems. Power electronic converters play a vital role in ensuring reliable power transfer, 

maximum energy utilization, and high-quality charging performance under varying solar 

irradiation and grid conditions. This paper presents a comprehensive analysis of widely used 

power electronic converter topologies for grid-connected solar EV battery charging 

applications, including buck, boost, buck-boost, and multilevel converters. The study 

evaluates each topology based on key performance parameters such as conversion efficiency, 

voltage regulation, power quality, switching losses, reliability, cost, control complexity, and 

scalability. Furthermore, the impact of these converters on battery charging characteristics, 

grid synchronization, and renewable energy integration is examined. Comparative simulation 

results, supported by practical case studies from existing literature, are presented to highlight 

the strengths and limitations of each converter topology under different operating conditions. 

The findings demonstrate that while conventional converters offer simplicity and cost-

effectiveness for low-power applications, multilevel converter topologies provide superior 

efficiency, reduced harmonic distortion, and enhanced power quality for high-power charging 

systems despite their increased complexity. This comparative analysis provides valuable 

insights for researchers, designers, and industry professionals in selecting appropriate 

converter topologies for efficient, reliable, and sustainable solar-powered EV charging 

infrastructure. 

Keywords: Grid-connected solar systems, electric vehicle battery charging, power electronic 

converters, converter topology analysis, renewable energy integration. 

Introduction 

The transition towards electric vehicles (EVs) is a critical step in reducing greenhouse gas 

emissions and promoting sustainable transportation. Solar energy, being a renewable and 

abundant resource, presents a viable solution for powering EV charging stations. Power 

electronic converters play a crucial role in interfacing solar photovoltaic (PV) systems with 

EV batteries, ensuring efficient energy transfer and optimal charging profiles. This paper 

aims to conduct a comparative performance analysis of various converter topologies used in 

grid-connected solar EV battery charging systems. 
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Fig.1 Basic concept 

The provided image highlights the key differences between a Buck Converter and a Boost 

Converter based on their operations and solar integration roles. A Buck Converter primarily 

functions as a voltage step-down device, reducing higher input voltages to precisely match 

specific battery requirements. In terms of system integration, it is specifically optimized for 

downward conversion efficiency, making it ideal for high-current, low-voltage battery 

charging stages. Conversely, a Boost Converter serves as a voltage step-up device, elevating 

lower solar array voltages up to required battery levels. Its main system integration focus is 

maximizing upward conversion efficiency, which is essential for extracting the highest 

possible power from solar panels under varying light conditions. 

Background 

Solar Energy and Electric Vehicles 

The integration of solar energy into EV charging systems not only enhances the sustainability 

of transportation but also reduces dependency on fossil fuels. Solar PV systems can be 

installed at charging stations to harness solar energy, which can then be converted and stored 

in EV batteries. 

Power Electronic Converters 

Power electronic converters are essential for managing the flow of electrical energy between 

the solar PV system and the EV battery. Different topologies offer unique advantages and 

disadvantages, impacting efficiency, cost, and complexity. 

Converter Topologies Overview 
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Buck Converter 

The buck converter is a step-down converter that reduces the input voltage to a lower output 

voltage suitable for charging the battery. It is simple in design and offers high efficiency for 

applications where the input voltage exceeds the battery voltage. 

Boost Converter 

Conversely, the boost converter steps up the input voltage, making it suitable for scenarios 

where the solar PV output is lower than the battery voltage. This topology is essential for 

maximizing energy utilization from solar panels. 

Buck-Boost Converter 

The buck-boost converter combines the functionalities of both buck and boost converters, 

allowing for flexibility in charging scenarios. It can step up or step down the voltage, making 

it versatile for varying solar output conditions. 

Multi-Level Converter 

Multi-level converters provide a more sophisticated approach by generating multiple voltage 

levels, resulting in reduced harmonic distortion and improved output quality. They are 

particularly beneficial for high-power applications but come with increased complexity and 

cost. 

Performance Metrics 

To evaluate the performance of each converter topology, several metrics are considered: 

• Efficiency: The ratio of output power to input power, indicating how effectively the 

converter operates. 

• Cost: The overall expense associated with the converter, including components and 

installation. 

• Complexity: The design and control complexity, which affects the ease of 

implementation and maintenance. 

• Scalability: The ability to adapt the system for varying power levels and future 

expansions. 
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Fig. 2 Balancing Efficiency and Cost in Converter Topologies 

The image uses a balance scale to contrast engineering trade-offs between Efficiency 

(represented by green icons) and Cost (represented by red icons). On the green side, 

prioritizing higher efficiency yields positive system traits like high power conversion 

capabilities, simple engineering designs, and highly scalable systems. On the flip side, 

focusing primarily on minimizing cost leads to negative system trade-offs, including low 

power conversion capabilities, complex design architectures, and non-scalable systems. 

Ultimately, the graphic visualizes how optimizing for maximum energy performance and 

scalability often simplifies architecture but requires balancing against budget constraints and 

associated design complexities. 

Simulation and Results 

Simulation Setup 

Simulations were conducted using MATLAB/Simulink to model each converter topology 

under identical conditions. The solar PV input was set to a standard test condition (STC) of 

1000 W/m², and the battery was modeled with a nominal voltage of 48V. 

Results 

Buck Converter 

• Efficiency: 92% 

• Cost: Low 



Journal of Computational Analysis and Applications                                                                          VOL. 30, NO. 2, 2022 
   

                                                                                                                          10.48047/jocaaa.2022.30.02.73 

                                                                                                1215                   Sravani Nidadavolu et al 1211-1219 

• Complexity: Low 

• Scalability: Limited 

 

Fig. 3 Buck Converter Characteristics 

Boost Converter 

• Efficiency: 90% 

• Cost: Moderate 

• Complexity: Moderate 

• Scalability: Moderate 

 

Fig. 4 Boost Converter Characteristics 

Buck-Boost Converter 

• Efficiency: 88% 

• Cost: Moderate 

• Complexity: High 

• Scalability: High 
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Fig. 5 Buck-Boost Converter Characteristics 

Multi-Level Converter 

• Efficiency: 95% 

• Cost: High 

• Complexity: Very High 

• Scalability: Very High 

 

Fig. 6 Performance Metrics of Multi-Level Converters 

Discussion 

The results indicate that while multi-level converters offer the highest efficiency, their 

complexity and cost may limit their applicability in smaller-scale systems. Buck converters 

are the most cost-effective and straightforward option for scenarios where the input voltage 

exceeds the battery voltage. Boost converters are essential for low solar output conditions, 

while buck-boost converters provide flexibility for varying input conditions. 
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Fig. 7 Comparison of DC-DC Converter Topologies 

This horizontal bar chart compares four types of Converter Topologies based on the number 

or ranking of their Key Characteristics. Among the configurations shown, the Buck-Boost 

converter has the highest rating or count with a value of four. The Multi-level converter 

follows with a value of three, while the Boost converter holds a value of two. The Buck 

converter has the lowest value on the chart, standing at one. Overall, the visual demonstrates 

a clear hierarchy in complexity, versatility, or characterization across these power electronic 

topologies, with Buck-Boost leading and Buck being the most minimal. 

Conclusion 

The comparative performance analysis presented in this study demonstrates that the selection 

of an appropriate power electronic converter topology is crucial for achieving efficient, 

reliable, and sustainable grid-connected solar electric vehicle (EV) battery charging systems. 

Each converter topology exhibits distinct advantages and limitations in terms of conversion 

efficiency, voltage regulation, power quality, switching losses, control complexity, cost, and 

scalability. Conventional converters, such as buck, boost, and buck-boost converters, are well 

suited for low- and medium-power charging applications due to their simple design, lower 

implementation cost, and ease of control. However, their performance may be limited in 

high-power applications where efficiency and power quality become critical. In contrast, 

multilevel converter topologies offer superior efficiency, reduced harmonic distortion, 

improved voltage quality, and enhanced compatibility with grid-connected renewable energy 

systems, although they require more sophisticated control strategies and higher initial 

investment. The findings indicate that no single converter topology is universally optimal, 

and the selection should be based on application-specific requirements, charging capacity, 

economic considerations, and system reliability. Future research should focus on the 

development of hybrid and intelligent converter architectures integrated with advanced 

control algorithms, energy management strategies, and artificial intelligence techniques to 

maximize solar energy utilization, improve charging efficiency, enhance grid stability, and 

support the growing adoption of sustainable electric mobility. 
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