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Abstract— Amongst the renewable source of energy, the 

photovoltaic power systems are gaining popularity, with 

heavy demand in energy sector and to reduce environmental 

pollution around caused due to excess use non-renewable 

source of energy. Transformerless inverter topologies are 

introduced for small scale grid connected PV system due to 

their high efficiency, lower cost, and high power density. 

However, leakage current is the main concern in these 

inverters which needs to be addressed carefully. The leakage 

current increases the total harmonic distortion (THD) of the 

grid current, electromagnetic interference, and system 

losses, and it causes personal safety problems. 
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I. INTRODUCTION 

A photovoltaic system, also PV system or solar power 

system, is a power system designed to supply usable solar 

power by means of photovoltaics. It consists of an 

arrangement of several components, including solar 

panels to absorb and convert sunlight into electricity, a solar 

inverter to convert the output from direct to alternating 

current, as well as mounting, cabling, and other electrical 

accessories to set up a working system. It may also use 

a solar tracking system to improve the system's overall 

performance and include an integrated battery solution, as 

prices for storage devices are expected to decline. 

Photovoltaic systems are generally categorized into three 

distinct market segments: residential rooftop, commercial 

rooftop, and ground-mount utility-scale systems. Their 

capacities range from a few kilowatts to hundreds of 

megawatts. A typical residential system is around 10 

kilowatts and mounted on a sloped roof, while commercial 

systems may reach a megawatt-scale and are generally 

installed on low-slope or even flat roofs. Although rooftop 

mounted systems are small and have a higher cost per 

watt than large utility-scale installations, they account for 

the largest share in the market. There is, however, a growing 

trend towards bigger utility-scale power plants, especially in 

the "sunbelt" region of the planet. 

Grid-connected Photovoltaic (PV) systems have 

increased dramatically in the last few years due to the 

increased global interest in renewable energy sources and 

the growth in energy demand. As a consequence, new and 

modern control strategies should be applied to improve the 

efficiency, reliability, and stability of grid-connected PV 

systems. To achieve that, the whole PV system should be 

tested under various weather and grid conditions. However, 

the wide variety of the PV system devices and control 

algorithms, in addition to the destructive nature of many 

types of scenarios and faults, make the practical testing of 

the PV system very difficult, very expensive, and impossible 

in many cases. Therefore, this thesis made use of the 

modelling and simulation tools of MATLAB/SIMULINK to 

develop a model for a grid-connected PV system. The 

developed model implements all components of the grid-

connected PV system; these components are a PV array, 

boost converter, Maximum Power Point Tracking (MPPT) 

controller, three-phase Voltage Source Inverter (VSI), grid 

filter, grid synchronization method and VSI controller. Each 

component of the system was modelled, tested and 

validated. Then the whole PV system was used to simulate 

many scenarios under various grid and weather conditions. 

The simulation results show that the model is reliable, stable 

and suitable for studying the grid connected PV system.   

 
Fig. 1.1 Block diagram of PV grid connected inverter 

II. PROPOSED METHODOLOGY 

 
Fig. 2.1: Maximum power point tracking of the solar PV 

array 

When a load is directly connected to the solar 

panel, the operating point of the panel will rarely be at peak 

power. The impedance seen by the panel determines the 

operating point of the solar panel. Thus by varying the 

impedance seen by the panel, the operating point can be 

moved towards peak power point. Since panels are DC 

devices, DC-DC converters must be utilized to transform the 

impedance of one circuit (source) to the other circuit (load). 

Changing the duty ratio of the DC-DC converter results in 

an impedance change as seen by the panel. At a particular 

impedance (i.e. duty ratio) the operating point will be at the 

peak power transfer point. The I-V curve of the panel can 

vary considerably with variation in atmospheric conditions 

such as radiance and temperature. Therefore, it is not 

feasible to fix the duty ratio with such dynamically changing 

operating conditions. 

MPPT implementations utilize algorithms that 

frequently sample panel voltages and currents, then adjust 
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the duty ratio as needed. Microcontrollers are employed to 

implement the algorithms. Modern implementations often 

utilize larger computers for analytics and load forecasting. 

A. DC-DC Boost Converter: 

The Boost, or step-up converter, topology used by MPPT is 

shown in figure 2.2. The Boost converter is a power 

converter that generates output voltage greater than the input 

voltage. It consists of four main components: an inductor, a 

power electronic switch (e.g. an IGBT), a diode and a 

capacitor. The Boost converter is controlled using Pulse 

Width Modulation (PWM) control strategy. PWM controls 

the Boost converter by turning the switch ON or OFF at a 

high frequency (called the switching frequency). For a 

continuous current conduction, the relationship between the 

output voltage and the input voltage is described as: 

Vo = Vpv/1-D…………..………...........................(2.1) 

where Vo is the output voltage from boost,  

Vpv is the output voltage from the PV array,  

D is the Duty cycle, that is equal to the fraction of 

time during which the switch is ON, and it has values 

between 0 and 1; i.e. 

D= Ton/Ton+Toff…..……………………...........(2.2) 

 
Fig. 2.2: Boost converter topology 

B. Inverter: 

A power inverter, or inverter, is a power electronic device or 

circuitry that changes direct current (DC) to alternating 

current (AC). The input voltage, output voltage and 

frequency, and overall power handling depend on the design 

of the specific device or circuitry. The inverter does not 

produce any power; the power is provided by the DC 

source.A power inverter can be entirely electronic or may be 

a combination of mechanical effects (such as a rotary 

apparatus) and electronic circuitry. Static inverters do not 

use moving parts in the conversion process.Power inverters 

are primarily used in electrical power applications where 

high currents and voltages are present; circuits that perform 

the same function for electronic signals, which usually have 

very low currents and voltages, are called oscillators. 

Circuits that perform the opposite function, converting AC 

to DC, are called rectifiers. 

C. Transformerless Inverters for Solar Photo Voltaic:   

The differences between standard or conventional inverters 

and transformerless inverters are:  

1) Conventional inverters are built with an internal 

transformer that synchronizes the DC voltage with the 

AC output.  

2) Transformerless (TL) inverters use a computerized 

multi-step process and electronic components to convert 

DC to high frequency AC, back to DC, and ultimately 

to standard frequency AC.  

Transformerless inverters are light, compact, and 

relatively inexpensive. Since transformerless inverters use 

electronic switching rather than mechanical switching the 

amount of heat and humidity produced by standard inverters 

is greatly reduced. TL inverters maintain the unique ability 

to utilize two power point trackers that allow installations to 

be treated as separate Solar PV Systems. In other words with 

TL inverters, Solar PV Panels can be installed in two 

different directions (i.e. north and west) on the same rooftop 

and generate DC output at separate peak hours with optimal 

effects. Traditional inverters work through only one power 

point, which means panels that are performing at lower 

frequencies will lower DC output for the entire system.  

 
Fig. 2.3: Simulink block diagram of the solar monitoring 

system with transformerless grid connectivity 

Figure 4.11 illustrates a simulink layout for a the 

photovoltaic monitoring system with transformerless grid 

connectivity. Without a galvanic isolation, a direct ground-

current path may form between the PV panel and the grid. 

Due to the presence of large stray capacitance (CPV) 

between the PV and grid grounds, the varying voltage (also 

known as common-mode (CM) voltage) can excite the 

resonant circuit formed by the parasitic capacitor and 

inverter filter inductor and this produces a high CM ground 

current. This capacitive ground comprises line low-

frequency and switching high-frequency components which 

inject harmonics into the grid current, increase the system 

losses, impair the electromagnetic compatibility, and can 

cause safety problems such as electric shock. 

III. RESULT: 

 
Fig. 3.1: Grid voltage and current 
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Fig. 3.2: Photovoltaic output 

 
Fig. 3.3: MPPT voltage 

 
Fig. 3.4: Gate pulse 

IV. CONCLUSION: 

The  intention of  this  research  work  is  to improve the 

efficiency and  enhance  the performance of  single stage 

transformer less  PV  grid  connected  system. Three major 

sections are identified for performance improvement where 

the detailed research work and contributions have been 

highlighted within this thesis. The objectives presented in 

this   research work have been effectively recognized 

through analysis, simulation, and experimental exploration.  

As  part  of  this  research activity  a  prototype  of  a  three 

phase T-source  grid connected inverter has  been developed 

and investigated. During the investigation the following 

conclusions have been made.  The research work presented 

in the thesis deals with analysis and modelling of PV 

inverter and its control algorithm. A literature study of three 

different grid connected inverter topologies such as 

transformerless inverter topology, low frequency 

transformer topology, and high frequency transformer 

inverter topology was conducted. This comparison shows 

that transformerless inverter topology is the best choice for 

SPV plant. In order to select a suitable inverter, several 

transformerless inverter topology has been analysed, in 

terms of their ratings, cost and efficiency.  
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