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Abstract

This paper discussed the stimulation of diffused and global sun rays on the site of Pakistan, striking the PV cell,
is done for varying environmental conditions. This is done with the help of model used for spectral
transmittance. Different effects are examined including efficiency of various types of PV cells, variation in
whole intensity and the distribution of spectrum on short circuit current. The outcome shows an inverse
relationship between turbidity and short circuit current. In the case of global sun rays the reduction of short
circuit current due to turbidity is 4.4% for monocrystalline PV cell, 4.8% for multicrystalline PV cell and 7.33%
for amorphous PV cell but in case of diffuse sun rays it increases. The relationship between short circuit current
and water vapors is also inverse but this effect shows only in case of global sun rays. The decrement in the short
circuit current due to water vapor is 4.6% for moncrystalline, 4.39% for multicrystalline, and 0.19% in case of
amorphous. The increment in the air mass causes decrement in the short circuit current for various kinds of PV
cells. But in case of monocrystalline and multicrystalline there is an increment in efficiency due to air mass
effect while the efficiency of amorphous decreases.
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1. Introduction

The utmost significant factors that explain the working of PV cell are: The Temperature, how the solar

irradiance is distributed spectrally, and the total solar irradiance.

These three factors describe the working condition of a solar cell [1-10]. Generally those who design PV cells
estimate the quality of their PV cells by assessing their efficiency according to SRC which is “Standard
Reporting Conditions” and these conditions include temperature at 25° C, solar irradiance at 1000 W/m?, AM
with the spectral reference of 1.5. Practically the occurrence of these conditions is not possible [1] as these
conditions do not take metrological and real land or geographical conditions, of the place where the PV cells are
installed, into account. At ground level both the spectral changes and intensity changes occur to irradiance due
to factor like covering of clouds, water vapors and turbidity etc [7-9]. As it is difficult to get measurements of
spectrum on vast scale the impact of changing spectrum of sun on the working of various PV gadgets is still not
evaluated. So strategies should be developed and explained to evaluate the impact of changing environmental
conditions on the working of PV cells. The primary reason for the accompanying segments is to know that how
PV cells work under changing diffuse and global solar irradiance, under changing air mass and turbidity. This is

done by using the model of spectral irradiance (for clear skies) [10].
The density of photocurrent Jsc can be measured with the help of following equation:

Jsc =

[EQ)SR()a(2) 1)
Where E()) is the irradiance and SR()) is the spectral response.
1.1. Effect of Turbidity

As the turbidity increases the short circuit current decreases but this decrement is different for different PV cells
depending upon its spectral response. The percentage of this decrement is as follows 4.4% for monocrystalline
PV cell, 4.8% for multicrystalline PV cell and 7.33% for amorphous PV cell. This decrement in the current is
more in case of monocrystalline PV cell as the area covered by its spectral response is bigger in size as compare
to that of multicrystalline cells. The case of amorphous cell is a bit different as its spectral response covers area
narrow in size and lesser than both of monocrystalline and multicrystalline PV cell but most of its spectral
response consists of the wavelengths that’s been reduced or lessened by turbidity due to which the decrement
percentage of amorphous is greater than the other two. The impact of turbidity is shown in Figure 1 and Table

1 shows the summarized results.

1.2. Effect of Water Vapors

Increasing water vapors only affect monocrystalline and multicrystalline PV cells as it would decrease solar
irradiance at large wavelengths but its effect on amorphous PC cells is negligible. The relationship between

water vapors and efficiency is shown in Figure 2. Spectral intervals of only narrow size is affected by water
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vapors and at these wavelengths spectral response is very weak as compared to the ones that are affected by

turbidity. So the decrement in the output current is less in case of water vapors as compared to that of turbidity.

The summary of results is shown in Table 2.

Table 1: Impact of Tur

bidity on different Si PV cells in case of global and diffuse solar irradiance

Jsc (mA cm-2) Jsc (mA cm-2) Jsc (MA cm-2)

mono-Si multi-Si a-Si
Turbidity

Dif Glb Dif Glb Dif Glb
0.1 2.97 32.63 3.68 37.76 1.48 9.6
0.2 4.65 32.25 5.65 37.29 2.08 941
0.3 6.19 31.89 7.45 36.84 2.61 9.24
04 7.61 31.55 9.1 36.42 3.09 9.07
0.5 8.92 31.22 10.61 36.01 351 8.93
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Figure 1: Turbidity v/s Efficiency of (a) monocrystalline, (b) multicrystalline, (c) Amorphous PV cell
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Table 2: Impact of Water Vapors on different Si PV cells in case of global and diffuse solar irradiance

Water Jsc (MA cm-2) Jsc (MA cm-2) Jsc (MA cm-2)
Vapor mono-Si multi-Si a-Si
Dif Glb Dif Glb Dif Glb
0.5 2.97 32.63 3.68 37.76 1.48 9.6
1 2.95 32.26 3.66 37.36 1.48 9.59
2 2.92 31.78 3.63 36.82 1.48 9.59
3 291 31.44 3.61 36.45 1.48 9.59
4 2.89 31.17 3.6 36.15 1.48 9.58
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Figure 2: Water Vapors v/s Efficiency of (a) monocrystalline, (b) multicrystalline, (¢c) Amorphous PV cell
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1.3. Effect of Air Mass

The impact of air mass on short circuit current is shown in the Table 3. In different types of PV cells the output
current would reduce with increase in the air mass but the efficiency of PV cells is in direct relation with air
mass which means increasing air mass would cause the efficiency of mono and multicrystalline PV cell to
increase. However amorphous PV cell shows deviation in this manner as its efficiency also decreases with the

increasing air mass. The relation between air mass and efficiency is shown in Figure 3.

Table 3: Impact of Air Mass on different Si PV cells in case of global and diffuse solar irradiance

Air Mass Jsc (mA cm-2) Jsc (mA cm-2) Jsc (mA cm-2)
mono-Si multi-Si a-Si
Dif Glb Dif Glb Dif Glb
1.031 2.97 32.63 3.68 37.76 1.48 9.6
1.058 2.94 3171 3.65 36.69 1.47 9.31
1.148 2.87 29.02 3.55 33.56 1.43 8.48
1.327 2.73 24.74 3.38 28.59 1.35 7.17
1.666 251 19.18 3.1 22.13 1.24 5.47
2.370 2.16 12.75 2.66 14.68 1.05 3.52
4.341 1.59 6.05 1.94 6.93 0.73 1.56
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Figure 3: Air mass v/s Efficiency of monocrystalline PV cell
2. Conclusion

The stimulation of diffused and global sun rays on the site of Pakistan, striking the PV cell, is done for varying
environmental conditions by using spectral irradiance model (Spectral2). The experimental study illustrates that

there is an increment in the efficiency of monocrystalline and mlticrystalline PV cells with the increment in the
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air mass and turbidity on the other hand there is decrement in efficiency of amorphous PV cell. This effect is
more visible in case of diffuse irradiance. The relationship between efficiency of PV cell and atmospheric water
vapors but only in case of global sun irradiance while in case of diffuse solar irradiance there is no impact of

water vapors on the efficiency of PV cells.

References

[1] L.Zhu, Y.P. Wang, Z.L. Fang, Y. Sun, Q.W. Huang, An effective heat dissipation method for densely
packed solar cells under high concentrations, Solar Energy Materials and Solar Cells, 94, 133-140,
2010.

[2] W.J. Mook J.R, Solar panels with liquid super concentrators exhibiting wide fields of view, Patent US
2006/0185713 A1, 2006.

[3] Virtuani, D. Pavanello, and G. Friesen: Overview of Temperature Coefficients of Different Thin Film

Photovoltaic Technologies. 5th World Conference on Photovoltaic Energy Conversion, 6-10, 2010.

[4] Sayran A. Abdulgafar, Omar S. Omar, Kamil M. Yousif, Improving The Efficiency Of Polycrystalline
Solar Panel Via Water Immersion Method, International Journal of Innovative Research in Science,
Engineering and Technology (An ISO 3297: 2007 Certified Organization) Vol. 3, Issue 1, January
2014.

[5] Hussain, Z.Anuar, S. Khairuddin, M.Y.H. Othman, B. Yatim, H. Ruslan, and K. Sopian. Comparison
study of air-based photovoltaic/thermal (PV/T) collector with different designs of heat
exchanger.Proceedings of World Renewable Energy Forum (WREF2012), Denver, Colorado, USA,
2012.

[6] Yiping Wang a, Zhenlei Fang a,*, Li Zhu b, Qunwu Huang a, Yan Zhang a, ZhiyingZhang: The

performance of silicon solar cells operated in liquids, 2008.

[7] Li Zhu a,n, Robert F Boehm b, Yiping Wang b,c, Christopher Halford b, Yong Sun ¢, Water immersion

cooling of PV cells in a high concentration system, 2010.

[8] Xinyue Han a, Yiping Wang a,b, Li Zhu b,_, Haijun Xiang a, Hui Zhang a ,Mechanism study of the

electrical performance change of silicon concentrator solar cells immersed in deionized water,2011.

[9] T. Chinamhora, G. Cheng, Y. Tham and W. Irshad: PV Panel Cooling System for Malaysian Climate
Conditions, International Conference on Energy and Sustainability, Karachi, Pakistan, 2013

[10] G.M. Tinaa, M. Rosa-Clotb, P. Rosa-Clotb and P.F. Scandurac: Optical and thermal behavior of
submerged photovoltaic solar panel: SP2, Energy 39, 17-26, 2012,

31



