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Abstract: Solar energy in directly converted electrical form 

such as solar PV energy system has gained momentum in 

the recent years worldwide. With the rapid development of 

solar cell fabrication technology, the reliability and cost 

has come down so as to be competitive with the other 

renewable energy source counterparts.  India is blessed 

with rich solar energy and if exploited efficiently, the 

country has the potential of producing trillion-kilowatts of 

electricity. Sunlight is converted to electricity directly when 

made to fall on solar photovoltaic (SPV) modules.Systems 

/devices are made for various applications based on SPV 

modules connected with suitably designed power 

conditioning units for meeting electricity requirements. 

These systems/devices are designed to work in off. 

Traditional electric power systems are designed in large 

part to utilize large base load power plants, with limited 

ability to rapidly ramp output or reduce output below a 

certain level. The increase in demand variability created 

by intermittent sources such as photovoltaic (PV) presents 

new challenges to increase system flexibility. This work 

aims to investigate and emphasize the importance of the 

grid-connected PV system regarding the intermittent 

nature of renewable generation, and the characterization 

of PV generation with regard to grid code compliance. The 

investigation was conducted to critically review the 

literature on expected potential problems associated with 

high penetration levels and islanding prevention methods 

of grid tied PV. According to the survey, PV grid 

connection inverters have fairly good performance.  

Key Words: Grid Connected PV System, PV Solar Power, 

Renewable Energy, Harmonic, Inverter topology, 
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1. Introduction: Grid interconnection of PV 

power generation system has the advantage of 

more effective utilization of generated power. 

However, the technical requirements from both 

the utility powersystem grid side and the PV 

system side need to be satisfied to ensure the 

safety of the PV installer and the reliability of the 

utilitygrid. Clarifying the technical requirements 

for grid interconnection and solving the problems 

such as islanding detection, harmonic distortion 

requirements and electromagnetic interference 

aretherefore very important issues for widespread 

application of PVsystems [1]. Grid 

interconnection of PV systems is 

accomplishedthrough the inverter, which convert 

dc power generated from PV modules to ac power 

used for ordinary power supply to electric 

equipments. Inverter system is therefore very 

important for grid connected PV systems. 
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Grid connection and extension costs are 

significant factors for integrating renewable 

energy sources-electricity (RES-E) generation 

technologies into an existing electricity network. 

Prices of both PV and BOS are decreasing 

following a trend of increased production and 

improved technology. This explains the high 

amount of subsidies for R&D and application of 

PVs in industrialized countries. 

 

In grid connected mode maximum power need to 

be delivered into the grid by adopting various 

MPPT algorithm such as Perturb and Observe 

method, Incremental Conductance method, 

Controlled Voltage Technique etc. For this there 

is necessity of a set-up transformer which reduces 

efficiency of the system and increases cost of PV 

array with high DC voltage. High voltage system 

represent hot spot during partial shadowing as 

well as leakage current between the panel and 

system ground through parasitic capacitance.  

 

VSI is most commonly used for grid connected 

PV system for its simplicity [3].But it needs a 

bulky transformer and high level of DC link 

voltage. To overcome these problems such as 

improved ac side wave form quality, reduce 

electrical stress on power switches and reduce 

power loss due to high switching frequency, 

several multilevel inverter topologies have been 

proposed.[4-7] CSI produces high dc current as 

well as even harmonic on DC side and odd 

harmonic on AC side [8] .Therefore an inductor 

with large value and bulky in size are used which 

is practically not acceptably. For that two 

salutations are proposed in different literature  

(i) Feedback current control (ii) Hardware 

technique. 

 

Feedback current control eliminates odd harmonic 

without bulky inductor [9] and in [11] Hardware 

salutation is used to mitigate even harmonic from 

the DC link by using parallel resonant circuit 

which affect cost, losses and size of the system 

.By modification of carrier signal on PAM, which 

is varied with second order harmonic component 

from dc link current mitigated power oscillation 

[11]. In [10] it also emphasizes the use of NPWM 

for elimination of second order harmonic. The 

drawback of this technique is that the oscillation 

of dc current is very large which results in high 

loss and reduce the life span of the system. 

 

2.EVOLUTION OF GRID-CONNECTED 

PHOTOVOLTAIC SYSTEM 

Evolution of grid connected PV system has past 

and the present technologies. The past system was 

based once neutralized inverters and these 

inverters are connected to the number of modules. 
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These modules may be connected in series or in 

parallel pattern. These past system contains some 

limitations such as the necessity of high voltage 

DCcables between the modules and the inverter, 

power losses due to a centralized MPP Tracking 

(MPPT), mismatch between the modules and at 

last the string diodes. In the present system the 

grid integration of RES applications isused in the 

photovoltaic systems provides many benefits of 

using RES in distributed (aka dispersed, 

embedded ordecentralized) generation (DG) 

power systems. These present provides many 

advantages such as no losses generatedby the 

string diodes and an individual MPPT can be 

applied for each string [2]. 

 

A. Existing Technology: The past technology of 

grid connected photovoltaic system was based on 

centralized inverters, which was interfaced to a 

number of modules. The modules were normally 

connected in both series, called a string, and 

parallel in order to reach a high voltage and power 

level.This results in some limitation; such as the 

necessity of high voltage DC cables between the 

modules and the inverter, power losses due to a 

centralized MPP Tracking(MPPT), mismatch 

between the modules and at last thestring diodes. 

If one of the modules in a string becomes 

shadowed, then it will operate as a load with 

lower power generation as a consequence. On the 

other hand, if the modules are connected in 

parallel, the shadowed module is still generating 

power, but the input voltage to the inverter is 

inevitable lower due to the parallel connection 

[13]. A third scheme is given in [7] – [11], where 

each module is interfaced by a Generation Control 

Circuit (GCC). Hence, an individual MPPT is 

assured for every single module, which also lower 

the possibilities of hot spots.According to [12], 

full shadowing of one PV-cell (in astring of 160 

cells) causes a temperature raise, inside thecell, of 

more than 70 ºC above the ambient temperature, 

whereas the non-shadowed cells only reach 22 ºC 

above theambient temperature (for an ambient 

temperature equal to12 ºC). This is of great 

importance, because an overheated cell rapidly 

decreases the modules lifetime. 

 

B. Present Technology: The grid integration of 

RES applicationsbased on photovoltaic systems is 

becoming today the mostimportant application of 

PV systems, gaining interest overtraditional stand-

alone systems. This trend is being increased 

because of the many benefits of using RES 

indistributed (aka dispersed, embedded or 

decentralized) generation (DG) power systems. 

These advantages include the favorable incentives 

in many countries that impact straight forwardly 

on the commercial acceptance of grid connected 

PV systems [14], [15]. This condition imposes the 
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necessity of having good quality designing tools 

and away to accurately predict the dynamic 

performance of three-phase grid-connected PV 

systems under different operating conditions in 

order to make a sound decision onwhether or not 

to incorporate this technology into the electric 

utility grid [16]. 

 

The present technology, which is a hot research 

topic in Germany, is the string-inverter‟ [17], 

[18]. String-inverters use a single string of 

modules, to obtain a high input voltage to the 

inverter. However, the high DC voltage requires 

an examined electrician to perform the 

interconnections between the modules and the 

inverter. 

 

The AC-Module, where the inverter is an 

integrated partof the PV-module, is also an 

interesting solution. It removes the losses due to 

mismatch between modules and inverter, as well 

as it supports optimal adjustment betweenthe 

module and the inverter. Moreover, the hot-spot 

risk is 

removed. All this together; a better efficiency may 

be achieved. It also includes the possibility of an 

easy enlarging of the system, due to the modular 

structure. The opportunity to become a ”plug and 

play‟ device, which canbe used by persons 

without any education in electrical installations, is 

also an inherent feature [13]. 

3. CONTROL OF GRID-CONNECTED PV 

SYSTEM 

The control structure of the grid-connected PV 

system iscomposed of two structures Control: 

1. The MPPT Control, which the main property is 

to extract the maximum power from the PV 

generator. 

2. The inverter control, which have the main 

goal:-  

 Control the active and regulate the reactive 

power injected into the grid; 

 Control the DC bus voltage; 

 Ensure high quality of the injected power. 

A. MPPT Control: The maximum power that can 

be delivered by a PV panel depends greatly on the 

insulation level and the operating temperature. 

Therefore, it is necessary to track the maximum 

power point all the time.Many researchers have 

been focused on various MPP 

Control algorithm to lead the operating point of 

the PVpanel to optimum point [9]. 

F.Bouchafaa et al. [5] propose an intelligent 

control method for the maximum power point 

tracking (MPPT) ofa photovoltaic system under 

variable temperature and insulation conditions. 

This method uses a fuzzy logic controller. It can 

be deduced that the fuzzy controller is fast 

controller in the transitional state and presents 

also a much smoother signal with less fluctuations 

in steady state. It was able to find the point of 

maximum power in a shorter time runs. 
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[1] proposed a The proposed multi-level control 

scheme for the three phase grid-connected 

photovoltaic system consisting of external, middle 

and internal level, is based on concepts of 

instantaneous power on the synchronous-rotating 

dq reference frame. They used“perturb and 

observe”, for MPP 

F. Huang et al. [10] a microcontroller based 

automaticsun Tracker was designed and 

implemented. The automaticsun tracker is 

implemented with a dc motor and a dc 

motorcontroller. 

The novelty of this unit is that the switching 

device ofthe chopper is not only used for power 

conversion but alsofor Maximum Power Point 

(MPP) detection. MPP is determined by simple 

embedded software with a current sweep 

approach. 

Amrouche, et al. [11] proposed artificial neural 

network,(ANN) based modified P&O method to 

predict the power value during the next 

perturbation cycle so that the value of perturbation 

step can be adjusted for next perturbationcycle. 

Zhang. L, et al. [12] built a Genetic Algorithm 

trained Radial Basis Function Neural Network 

(GA-RBFNN) model to predict the reference DC 

bus voltage of the control system to maximize the 

output power. 

Veerachary. M, et al. [13] implemented a feed-

forward MPPT scheme for coupled inductor 

interleaved boostconverter fed PV system by 

using fuzzy logic controller,while ANN is trained 

offline to estimate the voltage reference. 

Joe-Air Jiang, et al. [14] designed a three-point 

weight comparison method to avoid rapidly 

moving of the operating points of PV when it is 

under varying atmosphere conditions which could 

overcome the drawback of P&Omethod. 

4. REVIEW OF PV BASED SINGLE – 

PHASE MODIFIED H – BRIDGE MULTI – 

LEVEL INVERTER  

A common topology of this inverter is full-bridge 

three-level. The three-level inverter can satisfy 

specifications through its very high switching, but 

it could also unfortunately increase switching 

losses, acoustic noise, and level of interference to 

other equipment. Improving its output waveform 

reduces its harmonic content and, hence, also the 

size of the filter used and the level of 

electromagnetic interference (EMI) generated by 

the inverter‘s switching operation.  

 

In recent years, multilevel inverters have become 

more attractive for researchers and manufacturers 

due to their advantages over conventional three-

level pulse width-modulated (PWM) inverters. 

They offer improved output waveforms, smaller 

filter size, and lower EMI, lower total harmonic 

distortion (THD). In a single-phase five-level 

photovoltaic (PV) inverter topology for grid-

connected PV systems with a novel pulse width-
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modulated (PWM) control scheme. Two reference 

signals identical to each other with an offset 

equivalent to the amplitude of the triangular 

carrier signal were used to generate PWM signals 

for the switches.  

 

A digital proportional–integral current control 

algorithm is implemented to keep the current 

injected into the grid sinusoidal and to have high 

dynamic performance with rapidly changing 

atmospheric conditions. The inverter offers much 

less total harmonic distortion and can operate at 

near-unity power factor. The proposed system is 

verified through simulation and the results are 

compared with the conventional single-phase 

three-level grid-connected PWM inverter. The 

three common topologies for multilevel inverters 

are as follows: (1) diode clamped (neutral 

clamped) (2) capacitor clamped (flying 

capacitors) and (3) cascaded H-bridge inverter. In 

addition, several modulation and control strategies 

have been developed or adopted for multilevel 

inverters, including the following: multilevel 

sinusoidal (PWM), multilevel selective harmonic 

elimination, and space vector modulation. To 

overcome this limitation, this paper presents a 

five-level PWM inverter whose output voltage 

can be represented in the following five levels: 

zero, +1/2Vdc, Vdc, −1/2Vdc and −Vdc. As the 

number of output levels increases, the harmonic 

content can be reduced. This inverter topology 

uses two reference signals, instead of one 

reference signal, to generate PWM signals for the 

switches. Both the reference signals Vref1 and 

Vref2 are identical to each other, except for an 

offset value equivalent to the amplitude of the 

carrier signal V carrier because the inverter is used 

in a PV system, A proportional– integral (PI) 

current control scheme is employed to keep the 

output current sinusoidal and to have high 

dynamic performance under rapidly changing 

atmospheric conditions and to maintain the power 

factor at near unity. Simulation and experimental 

results are presented to validate the proposed 

inverter configuration.  

 

The traditional two or three levels inverter does 

not completely eliminate the unwanted harmonics 

in the output waveform. Therefore, using the 

multilevel inverter as an alternative to traditional 

PWM inverters is investigated .In this topology 

the number of phase voltage levels at the 

converter terminals is 2N+1, where N is the 

number of cells or dc link voltages. In this 

topology, each cell is separate by individual dc 

link capacitor and the cells across the capacitor 

might have different voltage drops. Therefore it 

requires one dc voltage source for each power 

circuit. The number of dc link capacitors is 

proportional to the number of phase voltage 
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levels. Each H-bridge cell might have positive, 

negative or zero voltage. Final output voltage is 

the sum of all H-bridge cell voltages and is 

symmetric with respect to neutral point, so the 

number of voltage levels is odd. Cascaded H-

bridge multilevel inverters typically use IGBT 

switches. These switches have low block voltage 

and high switching frequency.  

 

Consider the seven-level inverter. It requires 12 

IGBT switches and three dc sources. The 

cascaded H-bridges multilevel inverter is simply a 

series connection of multiple H-bridge inverters. 

Every H-bridge inverter has the same 

configuration as a typical single-phase full-bridge 

inverter. The new topology has reduced number 

of switches for an increased number of levels 

when compared to conventional seven-level 

multilevel inverter. 

 

5.Conclusions: In view of the popularity and 

technological development of solar energy system 

extensive research and review has been intensified 

over the last two decades. Still many advanced 

deliberations and thoughts need to be put in this 

emerging area to give better and sustained option 

in the area ofrenewable energy generation system. 

Hence there is a need for the thorough review and 

exploration of the research outcome in the area of 

solar energy system. Still more important is the 

review study on the solar PV generating system 

operating in the grid connected mode as more and 

more power are being injected to the existing 

power grid. Grid code compliance is a mandatory 

requirement to be fulfilled by the generating 

companies to ensure a more vibrant and enhanced 

power quality in view of greater penetration of 

solar energy. A detail study on various topology 

and control aspects of solar PV generating system 

in the grid connected mode has been discussed in 

this work. 
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