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Abstract: Solar cells are all machines that directly transform light energy into electricity through a photovoltaic 

effect, often referred to as photovoltaic cells. Most solar cells are built from silicone-effective and cost-efficient 

materials as their structures vary from amorphous (amorphous) to polycrystalline (single crystalline) shapes. 

Contrary to batteries and pumps, solar cells do not use or need fuel to generate electricity, and they have no 

moving parts as opposed to generators.This research discusses the economic analysis of integrating a photovoltaic 

array into electric power systems for achieving the renewable energy. MATLAB Simulink is used to match the 

load with the demand and apportion the electrical production through the PV and PV Module based plants. 

Keywords: Photovoltaic system, Photovoltaic, Renewable energy. 

 

I. Introduction 

The light can be mirrored or absorbed or passed through when it strikes a photovoltaic (PV) cell.  

Semiconductor materials consist of PV cells combining other metal structures with specific insulators. 

This enables light to be converted into electricity. An optical phone can transfer energy to electrons 

when light is absorbed by a semiconductor and enable electrons to move out of the matter as 

electromagnetic energy. The current now passes from the semiconductor through metal contacts and 

releases the energy to fuel the house and the rest of the system.For solar cells, there are several common 

semiconductor materials as presented in figure below.  

 

Fig 1. Semiconductor materials 

Solar Cell Performance And Efficiency 

The cell’s output is the energy that emerges from a plant, separated by its energy towards the light. A 

PV cell produces electricity according to the nature of the light and other functions of the battery 

properties (size and wavelength). Know more regarding the success of conversion. 

 

Photovoltaic or Solar Cell 

Semiconductor devices that convert light into electric power are photovoltaic cells. Photovoltaic cells 

absorb energy by the incident light size. Photovoltaic are named because they can generate 

power.Electronic semiconductor equipment is distinguished by bonds. Small energy particles called 

photons are composed of electromagnetic radiation. The electronic computer is turned on, and begins to 

shed light, as the frame emerges on the semiconductor content.Photoelectron is the charge of electrons. 

Photoelectric effect is the electron emission factor. Photovoltaic cell output depends on the influence of 

photographic results. 
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Construction of Photovoltaic Cell 

For the development of photovoltaic cells semi-conductive materials like arsenide, indium, cadmium, 

silicone, selenium and gallium. In battery production, silicon and selenium are often used. The 

formation of photovoltaic silicone cells. A thin film of p-type material is used to shape the surface of 

the electrode, making it easier for light to penetrate the mould. The metal ring is mounted on the 

positive and negative channels of the p-type and n-type. 

 

Fig 2: Formation of photovoltaic silicone cells 

A number of semiconductor materials are a component of PV cells, including crystals or single crystals. 

The volume of the semiconductor material shall determine the single crystal battery. Using multi-

dimensional materials, multi-cells are obtained.The single cell unit's output and output power is very 

small. The output gas size is 0.6v, with the current being 0.8v. For increasing efficiency, different 

battery combinations are used. Photovoltaic cells can be integrated in three different ways.The solar 

module is built through a solar cell connection. Solar cell modules are referred to as a solar panel 

integration. 

 

Fig 3: Impalements of solar cell  

The process of electric or current energy generation in the photovoltaic cell when exposed to sunlight 

has a role in the photovoltaic process. These solar cells have two different types of p-type and n-type 

semiconductors, which together form a p-n interconnection. When two types of semiconductors are 

combined, an electrical field in the central region is made when the electrons move along the P-side and 

the holes move along the negative N-side. That field causes particles with negative charges to move in 

the opposite direction and particles with positive charges to move in the opposite direction. [5] Light 

consists of cameras that are a small portion of the radiation or energy of an electron alone. If the 

corresponding target light occurs on these cells, the photon energy is transferred to the material's 

electrons and is therefore transferred to a higher energy level called the band conduction as presented in 

figure. These electrons moved freely through the material in the excited state within the conduction 

range, and a battery current is created by the moving of the electron. 
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Fig 4: General working of solar  

 

2. Solar Cell Efficiency 

Photovoltaic cell design is an issue of efficiency, since its efficiency is measured in a number of factors. 

The key factor is that 1/4 of the solar power cannot be transformed to energy in silicon semiconductors 

on Earth. Semiconductor physics requires low photon energy for the removal of electrons. This is 

known as the energy band gap. The photon is stored in heat energy while the intensity of the photon 

becomes less than the band difference. The band difference is 1.12 volts for silicone. [6] Due to the 

wide range of energy in the energy in the sun picture, some sun-incident energy does not have sufficient 

power to dissolve the PV silicone cell electron. There are still difficulties, even with regard to the light 

source that can be installed. Any excess energy from the band gap is transformed into electricity. As 

heat capacity is not used for useful work, efficiency is also reduced. Not all electrons will contact metal 

and produce electricity from the electrons provided. That is because any of the energy within the 

semiconductor does not quickly accelerate. For the reasons mentioned, silicon photovoltaic cell 

statistical efficiency is approximately 33%. 

The efficiency of photovoltaic cells can be increased and all of these costs can be increased. Some of 

the techniques include the use of very efficient semiconductor materials (for example, gallium 

arsenide), increasing the semiconductor purity by adding other p-n-strips or photovoltaic aggregates to 

the battery or concentrating solar energy. On the other hand, PV cells will also decline and produce less 

energy over time due to different factors (including UV and weather cycles). A comprehensive report 

from the NREL states that the median rate of degradation is 0.5 percent per year. 

3. Components and model of PV Cells 

In many ways and in many ways, photovoltaic cells can be produced. Silicium (Si) are the most 

frequent materials used for the construction of solar cells but some include GaAs and CDTe and CIGS 

(Gallium Arsenide). Gallium is also a component of the solar cell construction. Solar cells can be 

constructed from brittle crystalline (Si, GaA) or soft film (Si, CdTe, and CIGS) fragments. As seen in 

Figure 4, crystal solar cells can additionally be classified into two groups – single crystal and 

polycrystalline. As the name implies, PV monocrystalline cells consist of a standardized or single 

crystal, whereas PV cells have multiple or separate characteristics. The amount of layers or "p-n 

passing" of solar cells may be classified. Some photovoltaic cells are marketed separately, but other 

photovoltaic cells are also marketed for a high cost efficiency. 

3. Standalone Photovoltaic System Components 

 

Photovoltaic cell  

Photovoltaic or photovoltaic cells are semiconductor devices which photovoltaic performance converts 

light into electrical energy. When the photon intensity of light reaches the strength of the energy unit, 

the electrons will be released and the electrons must pass.Photovoltaic cells, however, are different. At 
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this moment, the photodiode light falls on the n channel of the semiconductor crossing and then 

becomes a power signal or voltage, but the photovoltaic cell front remains positive. 

 

PV module  

In order to fairly fulfill power requirements, the bulk of photovoltaic modules are mounted. PV 

modules of various sizes are available (usually between 60W and 170W) on the market. Standard 

plants, for example, require thousands of energy for small-scale decomposition. 

 

PV modeling  

There are many solar photovoltaic cells with associated connections in the PV portion. The series 

connection increases the module capacity, while the similar connection expands the existing 

components. 

Solar cells can generally be measured from a current source and internal diodes are connected together. 

It is similarly resistive and has its own sequence. The resistance of the series is blocked because of 

electric flow from the top junction of n and leakage is caused by the corresponding resistance. 

 
Fig 5. Single diode model of a PV cell 

 

The current source (I) and the sequence diode and resistor (Rs) are included in this model. InThe 

response to shunting (RSH) is still very high and adverse, and it is ignored. The output current from the 

photovoltaic array is 

 

I = Isc – Id  (1)  

Id= Io (e 

qVd/k

T 

- 1) (2) 

 

  

Q is the electron charge and VD is the volume if the diode is the current diode satellite. The Boltzmann 

(1, 38 * 10-19 J / K) and the T-Temperature in addition to the diode are in accordance with Kelvin (K) 

 

I = Isc – Io (e 

qVd/k

T 

- 1)                                                  (3) 

 

  

Using suitable approximations, 

 

I = Isc – Io (e
q((V+IRs)/nkT)

 - 1) 

                              (4) 
Im= the current photovoltaic cell here, V is the photovoltaic cell voltage, T is the temperature (in 

Kelvin), and we can use a two-diode model to properly measure solar panels, but our learning scale 

is restricted to just one diode model within this paper. The shunt resistance is still very strong and in 

this work it can be overlooked. 
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Figure 6. I-V characteristics of a solar panel 

 

Figure illustrates the I-V features of a traditional solar cell. The P-V properties are seen in figure 6, 

where the voltage and current signals are combined.The point indicated as MPP is the point at which 

the panel power output is maximum. 

 

 
 

Fig 7.  P-V characteristics curve of photovoltaic cell 

 

4. Simulation and Result 

Through MATLAB Simulink , the equivalent circuitry has been reconstructed. For a PV cell a simple 

equivalent circuit model consists of a real diode parallel to an ideal current source. The ideal current 

source delivers current proportionally to the solar flux it is exposed to. The real PV and its 

corresponding circuit are subject to two factors of concern.  

 

Fig 8: The equivalent circuitry reconstructed PV 

The above figure present the constructed equivalent circuit designed in MATALB. Above figure has 

three visible module as first left side present the input parameters of the demographical data like 

intensity of sun light , time and availability of light. In middle the PV Module and MPPT has 
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integrated. On the right hand side scope has been presented which work as an oscilloscope. Which is 

the outcome of the model in time domain basis.  

 

Fig 9: I-V curve of the above simulation 

This is the I-V curve which has been clearly resented as the wave form has been achieve the stagnancy 

at 25. It has been observed that the through MPPT-PO (Perturb and observe ) apply on the model it 

has been peak obtained at current in the range of below 20 to 5 the power has been maximized and 

provide the 200v approximated supply as outcome.  

 

Fig 10: PVcurve of the above simulation 

This is the P-V curve which has been clearly resented as the wave form has been achieve the peak 

values at 20. It has been observed that the through MPPT apply on the model it has been peak obtained 

at voltage of 20 the power has been maximized and provide the 200v approximated supply as outcome.  

Table 1:Comparison 

 YoucefSoufi [1] Proposed  

Model pv pv 

Technique  pso mppt-po 

Software  Matlab/Simulink Matlab/Simulink 

Power Regulated Regulated (<200) Regulated=200 

 

As the above table present on the basis of the outcome of earlier and proposed work. The earlier 

technique is based on the PSO which is particle swarm optimization which is also a optimization 

technique for the time series. Whereas this paper has implemented the PO-MPPT algorithm which is the 

deferential optimization of the Power and voltage level.  
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5. Conclusion and Future Scope 

The PV generation method is a secure and efficient solution to traditional power supplies to produce 

electricity. It's more willing. This will have segregated places where authorities can't function. So 

electricity would be utilized where transmitting losses so costs is minimized. Price reduction may be 

accomplished by increasing capability of appliances. Non-conventional energy options can empower 

people. This is strongly eco-conscious, because it requires few pollution and hazardous waste products 

such as conventional forms of fuel. Generation is expensive. It has to save first. This has a good life too. 

Overall, it provides a fine, effective and inexpensive power solution. Multi-agent structures that advise 

this model should be built in the future. Multi-agent frameworks are used to monitor distributed systems 

under different fault conditions in a simulated environment. 
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