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Abstract- An ever-increasing interest on integrating solar power to utility grid exists due to wide use of renewable energy 

sources and distributed generation. The grid-connected solar inverters that are the key devices interfacing solar power 

plant with utility play crucial role in this situation. Although three-phase inverters were industry standard in 

large photovoltaic (PV) power plant applications, the microgrid regulations increased the use of single-phase inverters in 

residential power plants and grid interconnection. This paper presents a detailed review on single-phase grid-connected solar 

inverters in terms of their improvements in circuit topologies and control methods. Even though there are many reviews have 

been proposed in the current literature, this study provides a differentiating approach by focusing on novel circuit 

topologies and control methods of string and micro inverters. The single and multi-stage solar inverters are reviewed in terms 

of emerging DC-DC converter and unfolding inverter topologies while the novel control methods of both stages have been 

surveyed in a comprehensive manner. The isolated and transformerless circuit topologies have been investigated by reviewing 

experimental and commercial devices. The soft computing, evolutionary and swarm intelligence based algorithms have been 

summarized in MPPT methods section while current injection and grid-connection control methods of unfolding inverters 

stage have been presented with and without PLL architecture. There are many papers have been compared and listed in each 

section to provide further outcomes which is followed by a summarizing discussion section and conclusion.. 
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I. INTRODUCTION 
 

The use of renewable energy sources (RESs) is increasing 

day by day in electricity generation due to their variety 
and support to utility grids. Besides the opportunities, the 

wide integrations of RESs to utility grid have brought 

several challenges in terms of planning, operating, 

maintenance and management issues.  

 

The distributed generation (DG) policies set by 

governments and demand side management (DSM) 

requirements of distribution system operators (DSOs) have 

leveraged the interoperability plans for generation plants 

including solar photovoltaics (PVs), wind turbines, fuel 

cells, and micro sources.  

 
A DG system comprised by various types of energy 

sources requires appropriate power electronic devices for 

power conversion for coupling at a single bus bar. The 

grid-connected inverters which are required for RES and 

DG integration to utility play crucial role in resource 

management.  

 

Moreover, the DC-DC converters are also required for 

regulating the DC power generated by PV or fuel cell 

sources while inverters are interfacing the entire power 

plant with grid (Kabalci, 2015, Kabalci and Kabalci, 2018, 

Kabalci and Kabalci, 2017). 

 

II. RESEARCH MOTIVATION 
 

The economic progress of any country majorly relies on 

the energy that can be regarded as the key input for the 

development. The rapid growth of industries, vehicles and 

domestic users led to the consumption of the energy on a 

large scale. The fossil fuels are depleting day by day and 

the pollution caused to the atmosphere, an increase of the 

global temperature are considered to be the dominant 

challenges to protect the environment.  

 

Hence there is a need to rely on renewable energy sources 

to produce electrical energy. Among all Renewable 
Energy Sources (RES) the Photovoltaic (PV) power 

generation has become significant because of its unique 

merits such as longer lifespan, eco-friendly, mobile and 

portability of various parts, the capability of the output 

power to meet the peak loads [1]. 

 

Solar power tracking has become a great issue because of 

the nonlinear behavior in the PV panel’s current-voltage 

(I–V) characteristics that are operated employing a 

maximum power point (MPP) [2].  
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Since the power delivered by the PV panel depends on the 

atmospheric conditions generally referred to as the solar 
irradiance and accessible temperature of the cell. These 

parameters are not consistent and vary according to the 

atmospheric conditions. Hence it is necessary to employ 

maximum power point trackers [MPPT] [3].  

 

MPPT is a critical component in the solar PV system to 

draw the maximum power. Furthermore, the converter 

employed with an MPPT achieves the load matching and 

delivers the maximum power [4]. 

 

 

The main factor affecting solar PV systems is the 
abnormal availability of solar irradiances. To overcome 

this problem and to supply a constant output voltage, 

various power electronic DC–DC converters are used.  

 

Since the 1920s, the DC–DC converter was established to 

be employed with solar PV units. The main purpose of the 

power electronic converters was to replace the use of the 

conventional circuits such as rheostat and potential 

dividers often referred to as simple voltage divider 

circuits. The drawback of this technique is that the output 

voltage obtained is less in comparison with the input 
voltage resulting in reduced efficiency [5]. 

 

III. LITERATURE SURVEY 

 

This work discusses the technical and economical benefits 

of different active and reactive power control strategies for 

grid-connected photovoltaic systems in Germany. The aim 
of these control strategies is to limit the voltage rise, 

caused by a high local photovoltaic power feed-in and 

hence allow additional photovoltaic capacity to be 

connected to the mains.  

 

Autonomous inverter control strategies, which do not 

require any kind of data communication between the 

inverter and its environment, as well as an on-load tap 

changer for distribution transformers, is investigated. The 

technical and economical assessment of these strategies is 

derived from 12- month root mean square simulations, 
which are based on a real low voltage grid and measured 

dc power generation values. [1]  

 

This work demonstrates a fast maximum power point 

tracking (MPPT) control algorithm for the photovoltaic 

(PV) in a hybrid wind–PV system, in which the PV 

generator may also need to work in a reduced power mode 

(RPM) to avoid dynamic overloading.  

 

The two control modes, MPPT and RPM, are inherently 

compatible and can be readily implemented, without the 

need of a dumping load for the RPM. Following the 
establishment of a dynamic system model, the study 

develops the guidelines to determine the variables of a 

direct hill-climbing method for MPPT: the perturbation 

time intervals and the magnitudes of the applied 

perturbations. [2]  
 

This work investigates a hybrid power control concept for 

grid-connected photovoltaic (PV) inverters. The control 

strategy is based on either a maximum power point 

tracking control or a constant power generation (CPG) 

control depending on the instantaneous available power 

from the PV panels. The essence of the proposed concept 

lies in the selection of an appropriate power limit for the 

CPG control to achieve an improved thermal performance 

and an increased utilization factor of PV inverters, and 

thus, to cater for a higher penetration level of PV systems 

with intermittent nature. [3]  
 

This work discusses an imperative demand of clean and 

reliable electricity generation in some countries; the 

increasing adoption of new photovoltaic (PV) systems 

pushes the Distribution System Operators (DSOs) to 

expand the transmission/distributed lines. 

 

However, the potential cost and increased maintenances 

introduce new obstacles. The DSOs starts to reduce PV 

installations in order to avoid an extension of the power 

infrastructure and limit the maximum feed-in power of the 
existing PV systems to a certain level. It can contribute to 

a weakened requirement of grid expansion and an 

increased penetration level.  

 

Therefore, to meet the need by future PV systems, a 

Constant Power Generation (CPG) control concept of PV 

inverters can be done. It investigates two main issues: a) 

analyzing the reduction of the energy yield due to CPG 

control to study its feasibility from an economic point of 

view and b) developing robust CPG control methods, 

otherwise, it may introduce instabilities. [4]  

 
This work discusses significant expansion of PV-grid 

installations that escalated new problems of PV 

penetration because of intermittent nature of the PV source 

and inertia-less interface. A novel active and reactive 

power control scheme for a single stage PV-grid system is 

used with large distributed generation system (DGS) 

contributions. The proposed work incorporates a PV 

power control algorithm, which not only facilitates 

maximum power point tracking (MPPT) but also provides 

precise PV power control, unlike conventional MPPT 

schemes. These features significantly overcome power and 
voltage fluctuations, reverse power flow problems and 

overvoltage issues, which are considered as major 

potential PV penetration problems and the main reason for 

limiting large PV installations. In addition, the reactive 

power control ability improves feeder voltage profile and 

utilization of the interfacing power converter.  

 

A 3-Ph, single stage PV-grid system is considered with the 

PV source directly integrated with the DC link of the 

inverter which controls DC link voltage. [5]  

https://www.mdpi.com/2079-9292/9/1/31/htm#B3-electronics-09-00031
https://www.mdpi.com/2079-9292/9/1/31/htm#B4-electronics-09-00031
https://www.mdpi.com/2079-9292/9/1/31/htm#B5-electronics-09-00031


 

 

© 2022 IJSRET 
1299 

International Journal of Scientific Research & Engineering Trends                                                                                                         
Volume 8, Issue 3, May-Jun-2022, ISSN (Online): 2395-566X 

 

 

This work proposes a method of modelling and emulation 

of a two-stage photovoltaic (PV) inverter system by using 
a single power converter. The PV emulator is used in a 

converter-based power grid emulation system – Hardware 

Test-bed (HTB), to investigate the influence of solar 

energy sources on the power grid. Both physical 

components and control strategies of the two-stage PV 

inverter system are modelled in the converter controller, 

which enables the emulator to represent the behaviours of 

the two-stage PV inverter system accurately. The 

performance of the two-stage PV inverter system emulator 

in both the MPPT mode and the reserved power control 

mode under variable solar irradiance circumstances can be 

illustrated. [6]  
 

Although photovoltaic (PV) systems are generally based 

on Maximum Power Point Tracking (MPPT), many 

situations such as stand-alone systems or micro-grids 

increasingly require the PV system to operate below 

maximum power. The problem is that the power regulation 

becomes unstable when the MPP power is lower than the 

reference power as a result of a decrease in irradiance. A 

control strategy for a DC/DC boost converter that makes it 

possible to operate in both modes: at either maximum or 

limited power point tracking can be investigated. [7]  
 

To the utility network, new and stricter standards in 

respect to power quality, safe running, and islanding 

protection are issued. As a consequence, the control of 

distributed generation systems should be improved to meet 

the requirements for grid interconnection. The structure of 

DPGS is based on fuel cell, photovoltaic, and wind 

turbines. In addition, control structures of the grid-side 

converter, the possibility of compensation for loworder 

harmonics and control strategies when running on grid 

faults can be investigated. [9]  

 
This work demonstrates a grid-connected photovoltaic 

(PV) power system with high voltage gain, the steadystate 

model analysis and the control strategy of the system. For 

a typical PV array, the output voltage is relatively low, and 

a high voltage gain is obligatory to realize the grid-

connected function. The PV system employs a ZVT-

interleaved boost converter with winding-coupled 

inductors and active-clamp circuits as the first power-

processing stage, which can boost a low voltage of the PV 

array up to a high dc-bus voltage.  

 
Accordingly, an accurate steady-state model is obtained 

and a full-bridge inverter with bidirectional power flow is 

used as the second power-processing stage, which can 

stabilize the dc-bus voltage and shape the output current. 

Two compensation units are added to perform in the 

system control loops to achieve the low total harmonic 

distortion and fast dynamic response of the output current. 

A simple maximum-power-point-tracking method based 

on power balance is applied in the PV system to reduce the 

system complexity and cost with a high performance. [10]  

The work discusses different techniques for maximum 

power point tracking of photovoltaic (PV) arrays. The 
techniques are taken from the literature dating back to the 

earliest methods. It is shown that at least 19 distinct 

methods have been introduced in the literature, with many 

variations on implementation. [11] 

 

IV. CONCLUSION 
 

This paper presents a literature review of the recent 

developments and trends bearing on Grid Connected 

photovoltaic Systems (GCPVS). In countries with high 

penetration of Distributed Generation (DG) resources, 

GCPVS are shown to cause accidental stress on the 

electrical grid. A review of the prevailing and future 

standards that addresses the technical challenges related to 

the growing variety of GCPVS is bestowed.  

 

Maximum power point tracking (MPPT), solar following 

(ST) and also the use of rework less inverters will all result 
in high potency gains of electrical phenomenon (PV) 

systems whereas guaranteeing least interference with the 

grid. Inverters that support appurtenant services like 

reactive power management, frequency regulation and 

energy storage area unit important for mitigating the 

challenges caused by the growing adoption of GCPVS. 
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