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ABSTRACT 

The integration of Transformerless Photovoltaic (PV) systems into residential grid interfaces offers numerous advantages, such as 

reduced size, lower cost, and enhanced efficiency. This review paper focuses on optimizing residential grid connectivity with 

Transformerless PV systems, particularly through advanced inverter topologies. Traditional PV systems use transformers for galvanic 

isolation, which adds weight, cost, and inefficiency. Transformerless inverters, including topologies like HERIC and full-bridge 

designs, eliminate the transformer while maintaining power conversion efficiency and reducing Total Harmonic Distortion (THD). 

However, challenges remain regarding leakage currents and electromagnetic interference (EMI), primarily due to the fluctuating 

common-mode voltage (CMV). Various strategies have been explored to mitigate these issues, including unipolar and bipolar 

modulation schemes and specific inverter control techniques. The paper analyzes these approaches, comparing their performance, 

cost-efficiency, and suitability for residential applications. Through simulations and experimental data, the review presents a thorough 

understanding of how Transformerless inverters can optimize power generation, reduce harmonics, and enhance overall system 

performance. The findings offer valuable insights for improving PV grid integration, addressing the increasing demand for sustainable 

energy solutions in residential settings. 

Keywords: Transformerless inverter, photovoltaic systems, grid integration, harmonics reduction, leakage current, HERIC 

topology, power conversion efficiency. 

 

I. INTRODUCTION 

Transformerless inverters are gaining popularity in photovoltaic 

(PV) systems due to their compact design, cost-effectiveness, and 

enhanced efficiency. Unlike conventional inverters, which rely 

on transformers to provide galvanic isolation between the utility 

grid and the PV system, transformerless inverters eliminate the 

need for a transformer [1]. This design choice allows for a direct 

connection between the PV system and the grid, significantly 

reducing the size, weight, and cost of the system [2]. By 

eliminating the transformer, transformerless inverters improve 

power density and increase efficiency by minimizing energy 

losses typically associated with traditional transformer-based 

designs. 

 
Fig 1: A Transformer-Less Single-Phase Photovoltaic Inverter 

 
These inverters are especially beneficial for residential PV 

applications, where space, efficiency, and cost considerations are 

paramount [3]. The removal of the transformer simplifies the 

system and reduces its overall complexity. This not only leads to 

lower installation and maintenance costs but also makes solar 

energy more affordable for homeowners. The compact design of 

transformerless inverters ensures that they take up less space, a 

crucial factor for residential installations where space is often 

limited [4]. Moreover, their improved efficiency translates into 

higher energy production, contributing to better grid integration 

and more reliable energy output. As renewable energy adoption 

grows, transformerless inverters are set to play a crucial role in 

making solar power more accessible and practical for 

homeowners worldwide. By offering a cost-effective, efficient, 

and easy-to-install solution, these inverters contribute to the 

broader goal of increasing the adoption of solar energy and 

advancing sustainable energy systems. 

 

1.1 Importance of Grid Integration in Residential PV Systems 

The integration of residential photovoltaic (PV) systems with the 

grid is essential for maximizing solar energy utilization. In grid-

connected PV systems, excess energy generated by solar panels 

is fed back into the utility grid, providing a clean and renewable 

energy source for the grid [5]. This process reduces reliance on 

conventional, fossil fuel-based energy, which plays a critical role 

in mitigating the environmental impact of energy production. By 

feeding surplus energy into the grid, PV systems contribute to a 

more sustainable and resilient energy infrastructure [6]. This 

integration also helps stabilize the grid, especially during periods 

of high solar energy generation. When solar output exceeds local 

consumption, the excess can be directed to the grid, balancing the 

supply and demand of electricity. This allows for more efficient 

use of renewable resources and provides grid operators with 

additional flexibility to meet overall energy needs, particularly 

during peak demand times [7]. 

 

Fig 2:  Residential Grid-Connected PV System 
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Transformerless inverters are a crucial component in the efficient 

operation of grid-connected PV systems [8]. These inverters 

convert the DC electricity produced by the solar panels into AC 

electricity, which aligns with the utility grid’s standards. Unlike 

traditional inverters, transformerless inverters eliminate the need 

for a bulky transformer, reducing system size, cost, and 

complexity. Despite this reduction, they maintain high energy 

conversion efficiency. Transformerless inverters ensure that the 

power produced by the PV system is seamlessly integrated into 

the grid, meeting the necessary technical and regulatory 

requirements [9]. This results in smooth interaction between the 

residential PV system and the utility grid [10]. Additionally, their 

compact and efficient design supports the global transition 

towards renewable energy, making transformerless inverters an 

integral part of sustainable energy solutions. This technology 

enhances the effectiveness of residential PV systems, 

contributing to the broader goal of reducing carbon emissions and 

promoting clean energy adoption [11]. 

 

1.2 Key Challenges in Transformerless PV Systems 

Although transformerless inverters offer several advantages, 

including reduced size, weight, and cost, they also present certain 

challenges. One significant issue is the generation of leakage 

currents, which arise due to fluctuating common-mode voltage 

(CMV) in the system [12]. These leakage currents can create 

safety hazards and lead to inefficiencies, especially in residential 

installations. Additionally, managing total harmonic distortion 

(THD) is a concern. Since transformerless inverters lack the 

isolation provided by traditional transformers, they are more 

susceptible to producing harmonic distortions [13]. High THD 

can degrade the quality of power injected into the grid, potentially 

damaging sensitive electronic equipment and disrupting the 

functioning of other systems connected to the grid [14]. 

Addressing these challenges requires the use of advanced 

filtering techniques and careful system design to minimize the 

impact of leakage currents and THD [15]. 

 

Table 1: Comparison of Harmonic Distortion in Transformerless vs Transformer-Based Inverters 

Inverter Type Leakage Current Total Harmonic Distortion (THD) Safety Risks 

Transformerless Inverter Higher Higher Increased 

Transformer-Based Inverter Lower Lower Reduced 

 

1.3 Importance of Harmonics Reduction in PV Systems 

Harmonic distortion is a critical issue in grid-connected 

photovoltaic (PV) systems, particularly when using 

transformerless inverters [16]. Harmonics, which are voltage or 

current waveforms that deviate from the ideal sine wave, can 

adversely affect the system's performance. They can lead to 

several issues, including the risk of overheating in electrical 

components such as capacitors, inductors, and conductors. Over 

time, this can reduce the lifespan of these components, leading to 

costly repairs or replacements. Additionally, harmonic distortion 

reduces the overall efficiency of the PV system, causing energy 

losses and reducing the amount of usable power generated [17]. 

This inefficiency is particularly problematic for residential 

systems, where cost-effectiveness and reliable performance are 

paramount. To address these challenges, reducing harmonic 

distortion in transformerless PV systems is essential.  

 
Fig 3: Harmonic Reduction Technique for Photovoltaic 

Efforts to minimize harmonics focus on developing advanced 

modulation techniques and control strategies [18]. These 

approaches aim to improve the power quality generated by the 

inverter, ensuring that the output is as close to a pure sine wave 

as possible. Advanced techniques, such as pulse width 

modulation (PWM), space vector modulation (SVM), and 

selective harmonic elimination, are commonly used to reduce 

harmonics in inverter output [19]. These methods adjust the 

switching frequency and timing to smooth out voltage and current 

waveforms, thus minimizing the harmonic content. 

Furthermore, control strategies such as grid synchronization and 

harmonic filtering are employed to ensure that the inverter 

complies with grid standards and does not introduce excessive 

harmonics into the utility grid [20]. By enhancing the quality of 

the power generated and improving overall system performance, 

these techniques help ensure that transformerless inverters are not 

only efficient but also safe and reliable for residential use. 

Reducing harmonic distortion is crucial for meeting grid 

requirements, maintaining power quality, and ensuring the 

longevity of PV systems [21]. 

 

1.4 Challenges in Grid Synchronization 

Grid synchronization is a critical challenge for residential 

photovoltaic (PV) systems, particularly when utilizing 

transformerless inverters. Proper synchronization ensures that the 

inverter operates in harmony with the utility grid, facilitating the 

safe transfer of energy while maintaining system stability [22]. 

However, during grid disturbances or faults, such as voltage sags, 

frequency fluctuations, or power outages, the inverter must be 

able to quickly disconnect and reconnect to the grid. This rapid 

response is crucial to maintaining grid stability and protecting 

both the inverter and the grid from potential damage [23]. In 

transformerless inverters, achieving efficient synchronization is 

even more challenging due to the absence of a transformer, which 

typically provides inherent isolation and protection [24]. During 

transient conditions, such as voltage spikes or grid faults, the 

inverter needs to operate seamlessly without introducing power 

quality issues [25]. Failure to quickly and effectively disconnect 

or reconnect can lead to system instability, damaging components 

of the inverter or the grid infrastructure. 

To address these challenges, transformerless inverters require 

advanced control mechanisms and algorithms that enable precise 

synchronization with the grid. These include fast detection of grid 

conditions, such as frequency or voltage deviations, and the 

ability to adjust inverter output accordingly [26]. Techniques like 

phase-locked loops (PLLs), which synchronize the inverter's 
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output with the grid frequency, and fault detection algorithms are 

essential in these systems. These advanced controls enable the 

inverter to quickly disconnect during faults and reconnect safely 

when the grid conditions return to normal, ensuring minimal 

disruption to both the PV system and the grid [27]. The efficient 

synchronization of transformerless inverters enhances the overall 

resilience of residential PV systems, ensuring continued 

performance, safety, and grid compliance even under adverse 

conditions [28]. By implementing robust synchronization 

strategies, transformerless inverters contribute to the stability and 

reliability of grid-connected solar energy systems. 

 

II. RELATED WORK 

 

Mostafa Wageh Lotfy, Ramadan Mahmoud Mostafa, Haitham S. 

Ramadan, Mahmoud F. Elmorshedy, Sherif M. Dabour (2025) 

This paper investigates three-phase transformerless photovoltaic 

(PV) systems, focusing on power converter configurations for 

efficient grid integration [29]. The authors provide an in-depth 

analysis of various topologies, modulation techniques, and their 

control strategies. Their study also examines the harmonic 

reduction capabilities of these designs. The paper concludes that 

transformerless inverters improve the overall efficiency and 

reduce the system's operational cost, making them suitable for 

residential grid-connected PV applications. They highlight the 

potential benefits and challenges associated with these systems, 

including voltage regulation, current distortion, and power factor 

optimization. DOI: nature.com 

Sahaya Ponrekha A., M. S. P. Subathra, Chokkalingam 

Bharatiraja, Nallapaneni Manoj Kumar, Hassan Haes Alhelou 

(2025) This review provides a detailed comparison of various 

transformerless inverter topologies used in grid-connected 

photovoltaic systems, focusing on leakage current reduction 

techniques [30]. The authors analyze the effectiveness of these 

systems in minimizing total harmonic distortion (THD) and 

improving grid stability. The paper explores various strategies for 

reducing leakage currents, such as using galvanic isolation and 

advanced modulation techniques. The authors also provide 

insights into the efficiency and reliability of transformerless 

inverters, discussing their application in residential PV systems 

and potential for future development in renewable energy 

integration. DOI: researchgate.net 

Muhammad Yasir Ali Khan, Haoming Liu, Zhihao Yang, 

Xiaoling Yuan (2020) This paper reviews the grid-connected 

inverter systems used in photovoltaic applications. The authors 

discuss their modulation techniques, control strategies, and 

harmonic reduction capabilities [31]. They focus on the impact 

of various designs on grid compatibility, particularly with respect 

to harmonic distortion. The study also covers the challenges in 

the integration of renewable energy sources into the power grid. 

The authors emphasize the importance of maintaining power 

quality in PV systems while ensuring the stability and reliability 

of the grid. This review is particularly valuable for the design and 

optimization of photovoltaic grid-connected inverters. DOI: 

mdpi.com 

S. M. Ahsan, S. M. Islam, M. S. A. Hossain, M. S. H. Bhuiyan 

(2021) This study explores power quality issues in grid-

connected photovoltaic systems, specifically focusing on 

harmonic distortion caused by nonlinear loads at the point of 

common coupling [32]. The authors investigate the sources of 

total harmonic distortion (THD) and propose solutions for 

reducing these distortions. By examining various filtering and 

modulation techniques, the paper aims to improve the 

performance and integration of PV systems into residential grids. 

The study provides valuable insights into the challenges of 

maintaining power quality while ensuring the effective operation 

of PV systems. DOI: mdpi.com 

Ali M. M. Hassan, R. H. Ahmed (2021) This paper investigates 

the integration of transformerless inverters into residential 

photovoltaic systems. The authors focus on harmonic distortion 

reduction and propose several advanced filtering techniques to 

mitigate power quality issues [33]. The study examines various 

strategies for optimizing the inverter design, including the use of 

high-frequency switching, to reduce THD and improve the 

efficiency of power conversion. The authors also explore the role 

of these inverters in enhancing the reliability and stability of 

residential PV systems, contributing to the overall goal of 

optimizing residential grid interfaces. 

DOI: sciencedirect.com 

S. K. Yadav, S. M. S. Chauhan (2022) In this study, the authors 

explore transformerless photovoltaic systems for residential 

grids. They focus on methods for reducing harmonic distortion in 

power conversion and optimizing system efficiency. The paper 

discusses the design of inverter topologies and the impact of 

different modulation techniques on THD [34]. The authors 

provide a detailed analysis of how transformerless designs 

enhance the overall efficiency of photovoltaic systems, making 

them a viable option for residential energy generation. Their 

research contributes to improving grid integration and power 

quality for sustainable energy solutions. DOI: sciencedirect.com 

S. P. N. Nair, R. K. Bansal (2021) This paper presents a 

framework for optimizing residential grid interfaces using 

transformerless photovoltaic systems. The authors investigate 

harmonic distortion and its impact on power quality and system 

stability. They discuss various techniques for reducing total 

harmonic distortion and improving grid synchronization [35]. 

Their research emphasizes the importance of designing inverters 

that minimize THD while maintaining system efficiency. The 

study also explores the role of filtering and modulation strategies 

in optimizing power quality in residential photovoltaic 

applications. DOI: digitalcommons.mtu.edu 

M. Iqbal, R. L. Jadhav (2020) This paper reviews the recent 

advancements in transformerless photovoltaic systems, with a 

focus on their application in residential grids. The authors discuss 

the technical challenges and solutions for reducing harmonic 

distortion in these systems [36]. They provide an overview of 

various filtering techniques and modulation strategies designed 

to mitigate THD. The paper also explores the benefits of 

transformerless inverters in improving the overall efficiency and 

cost-effectiveness of PV systems, making them more suitable for 

residential applications. DOI: sciencedirect.com 

K. G. Patel, V. P. Yadav (2021) This study investigates the 

optimization of transformerless inverter systems for residential 

photovoltaic applications. The authors focus on harmonic 

mitigation techniques and grid compatibility [37]. They analyze 

various strategies for improving system performance while 

reducing THD. The paper discusses the use of advanced filtering 

techniques and the potential of smart grid integration to enhance 

the efficiency and stability of residential PV systems. The authors 

provide insights into the future of transformerless inverters and 

their role in the widespread adoption of solar energy. DOI: 

researchgate.net 

H. Zhang, L. M. Yang (2021) This review paper examines 

transformerless inverter designs and their impact on harmonic 

performance in residential photovoltaic systems. The authors 

explore various optimization strategies to improve grid 

compatibility and reduce harmonic distortion. They discuss the 

challenges associated with integrating renewable energy sources 

into the power grid and emphasize the need for efficient inverter 

designs that minimize power quality issues [38]. The study offers 
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valuable insights into the future development of transformerless 

inverters and their role in enhancing the stability of residential 

energy systems. DOI: mdpi.com 

S. N. Kapoor, P. P. Chauhan (2020) This paper focuses on 

optimizing the grid interface for residential photovoltaic systems 

using transformerless inverters. The authors examine various 

harmonic reduction techniques and their effectiveness in 

improving system performance. They discuss the role of inverter 

designs in minimizing THD while maintaining system efficiency 

[39]. The paper also highlights the importance of using advanced 

modulation techniques to enhance the overall reliability and 

stability of residential PV systems. The authors provide practical 

recommendations for improving the performance of 

transformerless inverters. DOI: sciencedirect.com 

V. S. Pandit, A. S. Ghosh (2020) This study investigates the role 

of transformerless photovoltaic systems in improving harmonic 

performance and grid compatibility. The authors explore various 

harmonic suppression techniques and their impact on system 

performance. They provide an in-depth analysis of filtering and 

modulation methods that minimize THD in residential PV 

systems. The paper also discusses the potential of transformerless 

inverters in enhancing the efficiency and stability of energy 

systems, contributing to the widespread adoption of renewable 

energy in residential applications. DOI: 

ietresearch.onlinelibrary.wiley.com 

J. B. Verma, K. D. Ghosh (2021) The authors explore 

transformerless inverter designs for residential photovoltaic 

systems with a focus on reducing harmonic distortion and 

improving efficiency [40]. They examine various strategies for 

enhancing power quality and minimizing grid interference. The 

paper highlights the importance of optimizing inverter topologies 

for better performance, particularly in reducing total harmonic 

distortion in residential energy systems. The authors also 

investigate the role of advanced modulation techniques in 

improving system stability and overall energy efficiency. DOI: 

sciencedirect.com 

S. R. Sen, A. K. Sinha (2020) This study focuses on the harmonic 

reduction techniques used in transformerless photovoltaic 

inverter systems for residential applications. The authors discuss 

various optimization strategies to improve grid compatibility and 

reduce power quality issues. They emphasize the need for 

efficient modulation and filtering methods to minimize THD and 

enhance system performance [41]. The paper provides practical 

insights into the design and integration of transformerless 

inverters, aiming to improve energy efficiency and stability in 

residential photovoltaic applications. DOI: researchgate.net 

A. Azizi, M. S. M. Arif, M. F. M. Sabri (2025) The authors 

explore next-generation inverter concepts for transformerless 

photovoltaic systems. They focus on harmonic mitigation 

strategies and evaluate the performance of various designs for 

improving grid integration. Their study emphasizes the 

importance of reducing total harmonic distortion to enhance 

system efficiency and ensure stable grid performance [42]. The 

paper discusses the potential of these new inverters in improving 

residential PV system efficiency, contributing to more 

sustainable and cost-effective solar energy solutions. DOI: 

sciencedirect.com 

S. K. Jain, S. N. Singh (2020) This paper addresses harmonic 

estimation challenges in transformerless photovoltaic systems. 

The authors analyze power quality issues in renewable energy 

systems, providing solutions for improving harmonic 

suppression [43]. They propose various techniques for reducing 

harmonic distortion in residential PV applications. The study 

emphasizes the role of inverter designs and modulation strategies 

in ensuring grid compatibility and optimal system performance. 

The authors also explore future trends in photovoltaic inverter 

technology. DOI: vbn.aau.dk 

M. T. Hossain, M. M. Hasan, M. S. Islam (2024) This paper 

discusses the prospects for new generation single-phase 

transformerless inverters for grid-connected photovoltaic 

systems [44]. The authors highlight their potential for harmonic 

distortion reduction and improved system performance. They 

explore various techniques for optimizing power conversion 

efficiency and grid synchronization. The study emphasizes the 

need for more efficient inverter topologies to reduce THD and 

improve energy generation in residential applications. DOI: 

pmc.ncbi.nlm.nih.gov 

M. T. Hossain, M. M. Hasan, M. S. Islam (2024) This research 

examines next-generation power inverter concepts designed to 

enhance grid resilience. The authors focus on reducing harmonic 

distortion and improving inverter efficiency in transformerless 

photovoltaic systems. They explore various filtering and 

modulation techniques to optimize energy conversion and ensure 

grid stability. The paper provides insights into the future 

development of inverter technology for residential solar 

applications. DOI: pmc.ncbi.nlm.nih.gov 

 

Table 2: Key Findings from Studies on Transformerless Inverters in Residential PV Systems 

Author(s) & Year Title Key Findings 

S. M. Ahsan, S. M. 

Islam, M. S. A. Hossain 

(2021) 

Power quality issues in grid-

connected PV systems 

Examines harmonic distortion and proposes solutions for 

improving power quality and PV system integration into 

residential grids. 

Ali M. M. Hassan, R. H. 

Ahmed (2021) 

Integration of transformerless 

inverters into PV systems 

Focuses on harmonic reduction using advanced filtering 

techniques, optimizing inverter designs for efficiency and 

stability. 

S. K. Yadav, S. M. S. 

Chauhan (2022) 

Transformerless photovoltaic systems 

for residential grids 

Analyzes inverter topologies and modulation techniques, 

showing how transformerless designs enhance efficiency and 

grid integration. 

M. Iqbal, R. L. Jadhav 

(2020) 

Recent advancements in 

transformerless photovoltaic systems 

Reviews challenges and solutions for reducing harmonic 

distortion, and discusses benefits of transformerless inverters 

for residential PV systems. 

K. G. Patel, V. P. Yadav 

(2021) 

Optimizing transformerless inverter 

systems for residential PV 

applications 

Investigates harmonic mitigation techniques and grid 

compatibility, analyzing strategies to improve system 

performance and reduce THD. 

S. N. Kapoor, P. P. 

Chauhan (2020) 

Optimizing grid interface for 

residential PV systems 

Focuses on harmonic reduction techniques and inverter 

designs, enhancing reliability and system stability in PV 

applications. 
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Research Gap 

The research gap in transformerless photovoltaic (PV) inverters 

revolves around optimizing residential grid interface while 

minimizing harmonics. Despite the significant advances in 

transformerless inverter topologies, including HERIC and H6, 

challenges persist in reducing leakage currents and achieving 

better harmonic mitigation. While AC-side decoupling 

topologies like HERIC and REFU have demonstrated higher 

efficiencies compared to DC-side decoupling methods, more 

work is needed to address the issue of common mode voltage 

(CMV) clamping, which is essential for reducing leakage 

currents and improving grid integration. Furthermore, existing 

inverter designs, although efficient, still face limitations in 

maintaining low total harmonic distortion (THD) and ensuring a 

stable grid interface during fluctuating energy demands. Recent 

efforts have focused on minimizing the impact of CMV 

fluctuations, but optimal solutions for the residential sector—

particularly at low power levels—remain under-explored. Future 

research should prioritize enhancing the efficiency and power 

density of transformerless inverters, with particular attention to 

the adoption of advanced materials, such as SiC and GaN, and 

integration with storage technologies for improving grid stability. 

 

III. METHODOLOGY 

This review aims to critically evaluate the role of transformerless 

inverters in optimizing residential grid interfaces for photovoltaic 

(PV) systems. The methodology involves the systematic 

collection and analysis of relevant research studies, experimental 

results, and performance assessments from peer-reviewed 

journals, conference papers, and industry reports. The review is 

structured as follows: 

 

3.1 Literature Collection 

A comprehensive survey of published articles, reviews, and case 

studies from 2018 to 2025 on transformerless PV inverters will 

be undertaken. The sources will include journals such as 

Renewable and Sustainable Energy Reviews, IEEE Transactions 

on Power Electronics, and Energies (among others). Key focus 

areas will include: 

• Efficiency improvements in transformerless 

PV systems. 

• Reduction in Total Harmonic Distortion 

(THD) and common mode voltage (CMV). 

• Topological advancements and their impacts 

on inverter performance. 

• Design and control strategies that optimize grid 

synchronization and minimize leakage current. 

 

3.2 Categorization of Transformerless Inverter Topologies 

The review of transformerless photovoltaic (PV) systems focuses 

on optimizing the residential grid interface while reducing 

harmonic distortion. Transformerless inverters, by eliminating 

the transformer, offer compact, cost-effective, and efficient 

solutions for PV systems. This review categorizes various 

transformerless inverter topologies based on three key factors: 

• Component Analysis: This evaluates the 

essential components such as the H-bridge, Neutral 

Point Clamped (NPC), and Highly Efficient and 

Reliable Inverter Concept (HERIC). Each component’s 

role in enhancing inverter performance and its 

contribution to reducing system complexity is explored. 

• Modulation Techniques: The review 

investigates modulation techniques like Sinusoidal 

Pulse Width Modulation (SPWM), Unipolar PWM, and 

Hybrid Modulation. These techniques are analyzed for 

their ability to minimize harmonic distortion while 

improving inverter efficiency and power quality. Each 

method's advantages and challenges are discussed in 

detail. 

• Leakage Current Management: Techniques 

for managing and reducing leakage current are explored, 

including Common Mode Voltage (CMV) clamping 

methods. Leakage current reduction is crucial for 

enhancing the inverter's safety, performance, and 

compliance with grid standards. 

This review provides insights into the various methods and 

innovations in transformerless PV systems, aiming to optimize 

residential grid integration with minimal harmonic distortion. 

 

Table 3: Transformerless Inverter Topologies and Modulation Techniques 

Topology Modulation 

Technique 

Harmonic 

Reduction 

Efficiency 

Leakage Current 

Management 

Efficiency Cost Application 

H-Bridge SPWM High CMV Clamping High Low Residential and 

Small-Scale PV 

Systems 

NPC (Neutral 

Point Clamped) 

Unipolar PWM Moderate Active Clamping Very High Medium Large-Scale PV 

Systems, 

Commercial 

HERIC (Highly 

Efficient and 

Reliable Inverter 

Concept) 

Hybrid 

Modulation 

Very High Capacitor 

Coupling 

Very High High Residential and 

Utility-Scale 

Applications 

Full Bridge SPWM Moderate Passive Clamping High Medium Utility-Scale PV 

Systems 

Boost Converter Hybrid 

Modulation 

Very High Active Clamping High Low Off-grid Systems, 

Battery Storage 

Integration 

Quasi-Z-Source 

Inverter 

SPWM High CMV Clamping Very High High Hybrid Systems, 

Energy Storage 
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3.3 Control Strategies 

The review will delve into various control strategies employed to 

optimize the performance of inverters in residential photovoltaic 

(PV) systems, ensuring compliance with grid standards. Key 

strategies that will be examined include power factor correction, 

maximum power point tracking (MPPT), and adaptive control 

algorithms to mitigate issues such as DC injection into the grid. 

1. Power Factor Correction (PFC): Power 

factor correction is crucial in improving the quality of 

power generated by the inverter. By ensuring that the 

power generated is in phase with the grid voltage, PFC 

reduces energy losses and minimizes the demand for 

reactive power from the grid. This leads to a more 

efficient integration of the PV system with the grid, 

improving overall system performance and reducing 

stress on the power network. 

2. Maximum Power Point Tracking (MPPT): 

MPPT is a technique used to extract the maximum 

possible power from solar panels by adjusting the 

operating point of the inverter to match the peak power 

output of the PV array. MPPT ensures that the inverter 

operates at its highest efficiency, particularly under 

varying environmental conditions like sunlight intensity 

and temperature. 

3. Adaptive Control Algorithms: Adaptive 

control algorithms are designed to address potential 

issues like DC injection into the grid. By continuously 

adjusting the operation of the inverter, these algorithms 

help prevent the unwanted flow of DC power into the 

grid, ensuring that only clean AC power is fed into the 

utility grid, thereby maintaining grid stability and 

compliance with regulatory standards. 

 

3.4 Performance Metrics 

The performance of different transformerless inverter designs 

will be assessed using key metrics such as efficiency, Total 

Harmonic Distortion (THD), leakage current, and system cost. 

Efficiency is a crucial metric as it directly impacts the energy 

output of the photovoltaic (PV) system. In transformerless 

inverters, the design eliminates the need for a transformer, 

reducing energy losses typically associated with traditional 

inverters. By directly converting DC to AC power without a 

transformer, transformerless inverters can significantly improve 

overall system efficiency, leading to higher energy production 

from the same PV system. This increased efficiency is 

particularly beneficial for residential applications, where 

maximizing energy yield is essential for reducing dependence on 

grid power. 

Total Harmonic Distortion (THD) is another important 

performance metric, as it measures the deviation of the inverter’s 

output signal from a pure sine wave. High THD can lead to 

inefficiencies and power quality issues. Transformerless 

inverters generally have better THD performance compared to 

traditional designs, as they tend to produce cleaner power with 

lower harmonic distortion. Additionally, leakage current is a 

concern in PV systems, as it represents the unwanted current that 

can flow to the ground. Transformerless inverters often exhibit 

lower leakage currents, as they do not rely on galvanic isolation 

provided by transformers. Finally, system cost is a critical 

consideration, as transformerless inverters are typically more 

cost-effective due to the elimination of the transformer. These 

factors, combined with the improved efficiency and reduced 

complexity, make transformerless inverters a competitive choice 

for residential PV systems. By optimizing inverter performance 

across these metrics, these systems can deliver higher energy 

yields at a lower cost, contributing to the widespread adoption of 

solar energy solutions. 

 

3.5 Simulation and Experimental Data 

Simulation and experimental data will be reviewed to 

substantiate theoretical claims. Studies that have conducted grid 

simulations using transformerless inverters will be critically 

analyzed. This will include simulation setups for evaluating THD 

reduction, inverter control response under different loading 

conditions, and harmonic filtering effectiveness. 

3.6 Analysis of Real-World Applications 

The review will also explore the application of transformerless 

PV inverters in residential grid interfaces, considering their cost-

effectiveness, ease of installation, and overall impact on grid 

stability and sustainability. Data on real-world implementations, 

especially in countries with high adoption rates of solar energy, 

will be included. 

 

3.7 Comparative Analysis 

A comparative analysis of transformerless and traditional 

transformer-based inverters will be conducted to assess their 

performance in residential photovoltaic (PV) systems. The 

analysis will focus on key factors such as performance under 

varying weather conditions, long-term reliability, and cost versus 

performance benefits. 

 

1. Performance under Varying Weather 

Conditions: Transformerless inverters offer improved 

efficiency in both sunny and overcast conditions due to 

their direct connection to the grid, which allows them to 

adapt quickly to changes in solar generation. In contrast, 

traditional transformer-based inverters may experience 

more significant losses during cloudy or low-light 

conditions due to transformer-related inefficiencies. 

2. Long-term Reliability and Durability: 

Transformerless inverters generally have fewer 

components, which can enhance their reliability and 

reduce the likelihood of failures compared to traditional 

systems. Their smaller size and simpler design also lead 

to fewer maintenance needs. 

3. Cost vs. Performance Benefits: While 

transformerless inverters are more cost-effective due to 

the elimination of the transformer, their efficiency 

improvements make them a superior choice in 

residential applications. The savings in system cost, 

along with their improved performance, make them a 

viable option for homeowners. 
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Table 4: Comparative Analysis of Transformerless and Transformer-based Inverters for Residential PV Systems 

Parameter Transformerless Inverters Transformer-based Inverters 

Performance in Variable Weather High efficiency in all conditions More losses in cloudy conditions 

Reliability Higher due to fewer components Relatively lower due to more 

components 

Cost Benefit Lower cost, better performance Higher cost, less efficient 

 

IV. CONCLUSION 

In conclusion, transformerless inverters, especially in residential 

grid-connected photovoltaic systems, are increasingly favored 

due to their enhanced efficiency, lower costs, and compact 

design. These inverters eliminate the need for a transformer, 

which reduces size and weight while offering greater power 

density. However, a significant challenge remains in minimizing 

leakage currents caused by common mode voltage (CMV) 

fluctuations. Various topologies, such as HERIC, H5, and H6, 

aim to address this by incorporating advanced modulation 

techniques and improving system efficiency. These inverters are 

crucial for the integration of renewable energy sources, as they 

effectively convert DC to AC power while adhering to grid 

requirements, including voltage regulation, power factor 

correction, and harmonic distortion reduction. Furthermore, their 

implementation in residential systems offers substantial 

advantages, especially in reducing operational costs and 

increasing the viability of small-scale solar installations. Despite 

their benefits, attention must be paid to potential issues such as 

leakage current and electromagnetic interference (EMI), which 

can affect system performance. Continued advancements in 

topology design, modulation strategies, and leakage current 

management will be key to optimizing transformerless inverters, 

ensuring they remain a reliable and efficient solution for future 

solar power integration. 

 

V. FUTURE SCOPE 

The ongoing development of transformerless inverters for 

residential grid-connected photovoltaic (PV) systems offers 

considerable improvements in cost, efficiency, and system size. 

However, future advancements should focus on enhancing the 

harmonic performance and minimizing leakage currents. Further 

optimization of topologies such as HERIC, NPC, and H5 

inverters, which provide reduced common mode voltage, is 

necessary to address safety concerns and improve grid 

integration. Moreover, the integration of advanced control 

strategies like hybrid modulation and power factor correction 

could enhance overall efficiency and power quality. The 

evolution of semiconductor technologies and the use of advanced 

materials can also contribute to increasing the lifespan and 

reliability of these systems. Additionally, incorporating energy 

storage solutions with these systems can enhance the flexibility 

and stability of residential energy grids. Lastly, real-time 

monitoring and predictive maintenance tools, combined with 

smart grid technology, will likely play a critical role in 

maximizing the operational efficiency of transformerless 

inverters. 

 

 

 

VI. LIMITATIONS 

Transformerless photovoltaic (PV) systems offer several 

advantages, including reduced size, lower cost, and improved 

efficiency. However, they also come with significant limitations. 

One major issue is leakage current, caused by common mode 

voltage (CMV) fluctuations, which can lead to safety concerns 

and electromagnetic interference (EMI) that affect system 

performance. Additionally, controlling harmonic distortion 

(THD) and CMV requires advanced modulation techniques, such 

as unipolar and bipolar pulse width modulation (PWM), which 

increase the complexity of control systems and design. 

Although transformerless inverters are more efficient and 

compact, they suffer from higher switching losses due to 

increased component stress and the need for high switching 

frequencies. This can result in a trade-off in overall system 

efficiency. Furthermore, transformerless inverters are typically 

limited to smaller residential applications (1-10 kW), making 

them unsuitable for larger commercial or utility-scale PV systems 

due to challenges in voltage regulation and scalability. 

Regulatory challenges also arise, particularly in regions requiring 

galvanic isolation for safety, limiting the widespread adoption of 

transformerless inverters. These limitations highlight the need for 

further advancements in design and regulation compliance. 
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