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Abstract: The pressing need to lower greenhouse gas 

emissions, encourage the use of renewable energy, and 

assist in the electrification of transportation is causing a 

rapid change in the global energy environment. In this 

regard, microgrids powered by renewable energy have 

become a crucial component of decentralized, robust, 

and sustainable energy production. Due to the dynamic 

and expanding demands for charging, the increasing 

use of electric vehicles (EVs) simultaneously poses a 

challenge and an opportunity for power systems. 

Combining electric vehicle charging infrastructure with 

renewable microgrids presents a viable solution to 

maximize energy use, lessen reliance on fossil fuels, and 

maintain environmental sustainability. Significant 

technological difficulties are brought about by this 

integration, though, mainly in the areas of load control, 

energy fluctuation, and grid synchronization. These 

microgrids offer energy flexibility and dependability in 

both grid-connected and islanded modes. 
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I. INTRODUCTION 

The demand for electricity is steadily increasing due to the 

increase in inhabitants and   industrial   development. 

Energy generated from natural sources such as coal or gas 

is not consistent with today's energy demand. Since coal 

(fossil fuel) is cheaply available, an enormous quantity of 

electrical energy is generated from fossil fuels. Fossil 

fuels cause significant damage to the environment by 

liberating carbon dioxide and mercury during energy 

conversion, which leads to global warming . Sustainable 

energy sources can be used in power generation to 

overcome the challenges faced by generating electrical 

power from fossil fuels. 

Dealt with the net generation of electricity from renewable 

sources which is expected to be equal to coal production 

by 2040. Nearly half of renewable energy is obtained from 

wind and solar power. Recent advances lead to renewable 

energy systems which are low cost. The average cost 

reduction for Solar Photovoltaic (PV) and shore winds 

forecast at 40–70% and 10-20 % by 2040. The growing 

global energy crisis is affected by the depletion of 

conventional energy sources , and also has the following 

drawbacks: 

• Emission of harmful pollutants 

• Carbon dioxide and mercury emissions are 

anticipated to increase by 35% and 8% by 2020 as the 

electricity generation is projected to increase. 

1.1 PV SYSTEMS IN ENERGY 

CONVERSION 

PV systems can be divided into two basic categories: (1) 

standalone and (2) grid-connected. Extra batteries are 

needed in a stand-alone PV system in order to store the 

extra electricity generated. However, with a GCPVS, the 

grid serves as an endlessly storing battery. It handles 

variations in the seasonal load. Without being thrown 

away, the PV system's excess electrical energy can be kept 

in the grid. As a result, a GCPVS will be more efficient 
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than a standalone PV system. As a result, grid PV systems 

are preferred over standalone PV systems 

The five distinct inverter designs for GCPVS are 

displayed in Figure 1.1. [6] These include the modular 

inverter system, the string inverter system, the multi-

string inverter system, the centralized inverter system, 

and the multi-central inverter system. The centralized 

inverter system's structure is depicted in Figure 1.1a. It 

is made up of multiple strings of PV panels connected in 

series with a single inverter. The DC power from the PV 

panels is converted by the central inverter, which then 

pumps AC power to the grid. The primary disadvantage 

of a centralized inverter system is that each solar module 

does not operate at its maximum power point when there 

is shade. The structure of the multi-centralized inverter 

system, which uses DC-DC converters to address the 

shortcomings of the central inverter system, is depicted 

in Figure 1.1b.The structure of a string inverter is 

depicted in Figure 1.1c. PV string is connected to the 

inverter to construct the structure. PV modules placed in 

sequence make up a PV string. The string inverter's 

output typically ranges from 340V to 510V.The structure 

of a multi-string inverter system is depicted in Figure 

1.1d. Some of the PV panels can be taken off the string 

if DC-DC boost converters are attached to it. This 

structure is more dependable and saves money. 

 

 

                                  Figure 1.1 Grid Connected PV Topologies 

 

Figure 1.1e shows the structure of a modular inverter. 

This is also known as micro inverter or module 

integrated inverter. Because of the compact design of the 

inverter it can be easily fixed behind the PV module. 

 

II. MODELLING OF PV ARRAY 

A photovoltaic system uses one or more solar modules or 

panels to convert solar energy to electrical energy. 
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Basically, its components include solar panels, 

mechanical and electrical connections and means of 

modifying the electrical output we get. 

       2.1 Photovoltaic Cell 

Any solar PV cell transforms light energy into electricity; 

wherein a single solar cell produces mW of power. Hence, 

large number of PV cells is connected in series and 

parallel fashion to create a module. Further to meet higher 

power demand, these PV modules are linked in both series 

and parallel manner to form an array.  

       2.2 Photovoltaic Module 

The voltage generated by a single solar cell is very low, 

around 0.5V. So, a number of solar cells are connected in 

both series and parallel connections to achieve the desired 

output. In case of partial shading, diodes may be needed 

to avoid reverse current in the array. Good ventilation 

behind the solar panels are provided to avoid the 

possibility of less efficiency at high temperatures. 

2.3 Photovoltaic Array 

Again the power produced by a single module is not 

sufficient to meet the power demands for most of the 

practical purposes. PV arrays can use inverters to convert 

the dc output into ac and use it for motors, lighting and 

other loads. The modules are connected in series for more 

voltage rating and then in parallel to meet the current 

specifications. 

 

 
 

 

 

 

 

 

 

 

Figure 2.1: Structure of a PV cell 

 

                       

Figure 2.2: Simplified circuit diagram of a solar PV cell 

III. MPPT ALGORITHM 
 

3.1 Perturb and Observe 

In this method the controller adjusts the voltage from the 

array and measures power. If the power increases, further 

adjustments in that direction are tried until power no 

longer increases. This is called the perturb and observe 

method and is most common. It is also referred as a hill 

climbing method, because it depends on the rise of the 

power against voltage below the maximum power point. 

Perturb and observe is the most commonly used MPPT 

method due to its ease of implementation. Perturb and 

observe method may result in high efficiency

. 
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Figure 3.1: Algorithm of perturbation and observation 

Figure 3.1 displays the Perturbation & Observation 

method algorithm. According to the Perturb & Observe 

algorithm, if a modest increase in the PV panel's operating 

voltage causes a positive change in power ΔP, the 

perturbation is in the direction of MPP. It is necessary to 

adjust the sign of the perturbation supplied if ΔP is 

negative, as this indicates that the movement is not in the 

direction of MPP. Figure 3.5 illustrates this. If the power 

increases, the perturbation should continue in the same 

direction; if the power falls, the next perturbation should 

go in the other way. Until the MPP is attained, the 

procedure is repeated. 

Thus, a maximum power point tracker achieves maximum 

power from the solar PV module. A non-isolated DC-DC 

converter (step up/ step down) is implemented for 

conversion of this maximum power to the grid. This 

converter acts as an interface between the SAPF and the 

module. The MPPT controller controls the output voltage 

of the DC-DC converter by regulating the PWM signals 

applied to the switch of the converter unit 

IV. EVOLUTION OF PWM STRATEGIES 

The trapezoidal PWM strategy offers several advantages 

compared to SPWM in terms of easy and fast real-time 

waveform generation and higher fundamental output 

voltage. The trapezoidal wave can be obtained from a 

triangular wave by limiting its magnitude as shown in 

Figure 4.1. The angle of the flat portion of the trapezoidal 

wave is given by 

 

Where σ is called the triangular factor, the waveform 

becomes a triangular wave when σ =1.     
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                                              Figure 4.1: Reference waveform of trapezoidal PWM     

V. FILTERS 

With the advent of renewable energy generation 

through solar, wind, etc., grid-tied voltage source 

inverters (VSI) are becoming popular as the power 

electronic interface. However, due to pulse width 

modulations (PWM) of the VSI, high frequency switched 

voltages are generated resulting in distortion of the grid 

currents. Hence, an inductive (L) filter is generally used 

to couple it with the grid. However, to reduce cost of 

copper and magnetic material of L, an LCL filter is more 

often used. The LCL filter results in relaxing the size of 

the boost inductor (inverter side) and provides better 

attenuation of the ripple current. Hence, an LCL filter is 

commonly used at the inverter output. The ability to use 

an LCL filter at low switching frequencies, its 

advantages in filter dimensions compared to traditional 

"L" and "LC" filters, and its lower voltage drop and 

improved damping compared to conventional "L" and 

"LC" filters are the most significant reasons for choosing 

it. 

                      

 

Figure 5.1: An LCL filter 

 

 

VI. SIMULATION RESULTS 

The proposed Microgrid operates in grid-tied or 

isolated mode. AC sources and loads are connected to AC 

network, whereas DC sources and loads are connected to 

DC network. Figure 5.1 shows the three-phase grid 

voltage and grid current. Which used to connect to AC bus 

by using LCL filter. This three-phase voltage and current 

stabilised unity power factor at the grid side and also its 

have lower harmonics.   
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Figure 6.1: Three phase grid voltage and current 

 

 By creating some disturbance through grid at 

time of 0.2 sec it reduces a voltage by 10%. So, it created 

a sudden disturbance at this time renewable energy 

sources perform a role so it maintains this voltage to the 

same condition. In figure 5.1 voltage reduces by 10% but 

current maintain same peak to peak amplitude. 

By the sudden change the grid voltage peak reduces 

simultaneously for the AC load. By the design of the filter 

which is perform a specific role in connected with AC and 

DC bus, load voltage and current are ripple free which is 

shown in figure 5.2 and also, figure 5.3 shows the inverter 

current and load current. 
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Figure 6.2: Three phase AC load voltage and current 
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Figure 6.3: Three phase AC inverter current and load 

current 

VII. CONCLUSION 

Two significant technological trends have come together 

as a result of the growing emphasis on clean energy and 

sustainable mobility around the world: the installation of 

microgrids powered by renewable energy sources and the 

quick uptake of electric cars (EVs). Although each area on 

its own promises to significantly reduce carbon emissions 

and reliance on fossil fuels, when combined, they provide 

a potent chance to transform the transportation and energy 

distribution industries. But there are certain difficulties 

with this integration. 

In order to supply dependable and eco-friendly electricity 

to nearby towns or facilities, renewable energy-based 
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microgrids use a decentralized approach to power 

generation, integrating sources such as solar photovoltaics 

(PV), wind turbines, and energy storage systems. These 

microgrids need strong grid synchronization when 

connected to the conventional grid in order to guarantee 

steady voltage, frequency, and phase alignment with the 

utility supply. In order to prevent instability, harmonics, 

or disconnections that could jeopardize the safety and 

dependability of the entire power system, effective 

synchronization is essential. 
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