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In recent years, solar photovoltaic has already proven to be one of the most efficient, environment friendly, and resource-saving 

technologies for meeting energy demand. Solar Photovoltaic (PV) modules are usually one of the mostcost-effective, energy 

sustainable, and eco-friendly technologies. Silicon solar cells are widely used in PV applications. This paper states about the 

change in structural arrangement layout of solar panel, so to check the improvement in efficiency of solar panel. To evaluate the 

performance, several parameters are calculated and their results are being compared at natural and shading conditions results 

accordingly. There are different techniques to improve the efficiency of solar panel but the cost of installation of these techniques 

is much costly, so to make it economical the proposed layout will reduce the cost as well as improve the efficiency. The structural 

arrangement of PV modules inclined to each other at an angle of 23.5degree shows better performance than the conventional one. 

The performance of basic structural layout and the inclined structural layout is compared to analyze the changes and 

improvement in voltage, current, power & efficiency parameters. 
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1. INTRODUCTION 

Now days, there is a massive need of renewable energy 

that is more efficient and easily available. Solar energy 

is one of the best sources. Natural resources are 

decreasing day by day just like coal, petrol, etc. and just 

because of this renewable energy sources are 

developing and giving new thinking to develop 

resources from these sources, that is, generation of new 

form of energy such as solar energy, wind energy, 

geothermal energy, etc. Solar panels or PV panels are 

now days mostly used due to their cheap cost and easy 

availability. Recently different types of solar cells and 

modules are designed and research is going on to 

improve the efficiency of solar cells and modules. An 

ideal solar cell or PV cell can be modelled by a current 

source in parallel with a diode, practically no solar cell 

or PV cell is ideal in nature, so a shunt resistance and a 

series resistance component are added to the circuit 

[1-4]. Silicon is used for manufacturing of PV cell, these 

PV cells grouped together in series or parallel 

combination to form a module and these modules 

together combined in series and parallel combination to 

form an array and these arrays give formation of solar 

panel [5-7]. In this paper small PV modules are used to 

form a Panel as shown in figure 1. 
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Fig.1. PV cell and Module 

 

The Specification of this module are- Dimensions – 

length 8cm and breadth 5.5 cm, Voc – 6.25Volt, Current 

= 0.09amp, Max Power—0.5625 Watt. 

The working principle of cell is to convert the sunlight 

into electrical energy or elec-tricity, that is, 

“Photovoltaic Effect”. This photovoltaic effect was first 

observed by AE Becquerel in 1839. These PV cells are 

made of semiconductor material like siliconcrystal. 

These silicon crystals are laminated into two different 

layers that is n-type andp-type layers, arranged in 

stacks on top of each other[8-10]. When light strikes 

thesiliconcrystalinduces the “photovoltaiceffect”, which 

generateselectricity. Thisproduced electricity is called 

direct current (DC) and can be converted in 

alternatingcurrent (AC)for different purposes or uses, 

the conversion of direct current (DC) toalternating 

cur-rent(AC) is donebyusinginverters. 

Table 1PeakEfficiency of differentPVModules 

There are different techniques used to improve the 

efficiency of solar panel. Some of them are using 

reflectors, Solar trackers, Automatic cleaning of Panel, 

Cooling of Panel by water tubes or by some different 

way. There are different types of reflectors used to 

improve the efficiency of solar panel, some of them are 

polished glass, aluminum foil, thin film, etc. [11-13]. 

Placing these reflectors in such a way that they will 

incident sunlight directly into the panel. Solar trackers 

are used to reduce the angle of incidence of sun and 

solar panel automatically by moving the panel from east 

to west direction with thehelp of motor. Cleaning of 

panel helps in increasing the efficiency of solar panel as 

it removes the dust and other things form the panel. 

Cooling of panel is done with the help of tubes that is 

water tubes which carry water below the panel and 

helps in maintaining the temperature of the panel hence 

improving the efficiency of solar panel [15]. In all these 

cases extra cost is involved, capital cost involved in 

solar is already high. So,for same cost increment in 

efficiency is done by changing the design. 

2. DESIGNING OF PANEL 

In this paper similar small PV modules are arranged in a 

manner to improve the effi- ciency. Small modules of 

dimension (8 cm length and 5.5 cm breadth) are 

connected in series and parallel combination. Two 

different panels are designed of same PV mod- ules, but 

there is difference in their architectural design named 

Panel 1 and Panel 2. 

Panel 1 Existing structure with plane architecture 

In this panel there is an arrangement of 12 PV modules 

placed in series and parallel combination as shown in 

figure 2. There are 6 pair of series connected PV 

modules and these 6 pairs are connected to each other in 

parallel combination making a panel of (Length 45cm 

and breadth 25 cm) in size and area. 

Panel 2 Proposed Panel structure with Inclined 

architecture. In this panel there is an arrangement of 12 

PV modules placed in such a manner that they are 23.5 

degree tilted and placed inclined to each other. 12 

modules, 6 pair of series combination and each pair is 

connected in parallel to each other. Size and area of this 

panel is (Length 45 cm and breadth 25 cm). Both these 

panels are placed at 23.5degree angle to get the best 

results. 

 

Fig.2. Panel1:Existing panel structure & 

Panel2: Proposed architecture design 

2. ANALYSIS & CALCULATION 

To get the perfect and accurate results for both the 

panels different readings and values are measured and 

calculated. All readings are taken at natural condition. 

PV modules Peak efficiency (%) 

Carbon Nan tubes 4 
Amorphous Silicon 7 

Die-Synthesised 11.1 
Poly Crystalline Silicon 12 
Other thin films-CdTe, 

CIGS 
20 

Mono Crystalline Silicon 21 

Hot Carrier Solar Cell 66(theoretical value) 
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For comparison three cases such as Normal condition, 

Effect of shading and Effect of sand or dustCase One: 

Normal condition in this case both panels are compared 

on the basis of their voltage, current, power, 

temperature, etc. and all these values are at natural sun- 

light. Both the panels are placed at 23.5 degree to get the 

best results as shown in figure 3 The experimental 

readings of both the panels are shown in table 1and 

table 2 and the comparison of power generated for these 

two panels (proposed panel and existing panel) I-V and 

P-V characteristics and the load taken to measurethe 

voltage and current at load is 3ohm. 

 
Fig.3 Existing panel structure with plane architecture 

&Proposed architecture design 

 

 
Table2.ListofmeasuredvaluesofPanel1fornormalconditi

ons 

 

Table3.Listof measuredvaluesof panel2 

fornormalconditions 

The graph is plotted between the voltage and current & 

voltage and power with the obtained parametrical 

readings of voltage, current and power in both the 

conditions plane as well as at inclined condition. It is 

seen from the figure 4 that the panel 2 with inclined 

modules give better current and power at same values 

of voltage. 

 

Fig. 4. I-V & P-V characteristics of both existing and 

proposed structure the case one 

Case 2:Shading is most common factor in case of PV 

cells where the effect of shading influ- ences the 

efficiency of module or cell. This shading can be due to 

buildings, clouds, tree, etc. In this case shading is 

applied to both the panels and readings are calculated 

in natural sunlight and condition. The readings are 

taken from morning 9:00 am to 4:00pm. The 

experimental readings of both the panels are being 

recorded and the com- parison of power generated 

these two panels (proposed & existing panel) I-V and 

P-V characteristics are shown in figure 5 and the load 

taken to measure the voltage and current at load is 

3ohm. 

 

Fig.5.I-V&P-Vcharacteristicsofbothexistingandpropose

d structurethecasetwo 

Case Three: Effect of sand or dust in natural condition 

sand and dust get stuck on the cell and reduces the 

efficiency of the cell by reducing the voltage of PV 

module or cell. In this case 2.5gram of sand is taken and 

is evenly distributed to all modules of both panels. The 

readings of both panels are taken at natural sunlight 

from 9:00 am to 4:00 pm. The measured values of both 
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the PV panels are recorded. The comparison of power 

generated for these two panels (proposed panel and 

existing panel) I-V and P-V char- acteristics are shown 

and the load taken to measure the voltage and current at 

load is 3ohm. The P-V and I-V characteristics of both 

these PV panel are shown in figure 6. 

 

Fig.6I-V&P-Vcharacteristicsofbothexistingandproposed 

structurethecasethree 

4. CONCLUSION 

As the plotted graph shown of both the panels that is 

existing plane structure and the proposed inclined 

structure are compared on the basis of current-voltage 

relationship and the power-voltage relationship. From 

this observation it is clear that panel 2 char- acteristics 

performance is much better than panel 1 characteristics 

performance. There is an improvement in efficiency of 

2.24% in normal case, 0.1414 % in case 2 that is effect of 

shading, 2.73% in case 3 that is effect of dust. This 

increment is measure for the peak hours and is 

calculated with the average of these values. Though the 

structural arrangements of cells in inclined format as in 

panel 2 is little complex but the results are coming in 

favor of panel 2, that is, all results shows that P-V, I-V 

characteristics of panel 2 is better than panel 1. 
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