
Abstract
The rapid development of PV modules has created promising 
business environment in the foreseeable future. However the 
electricity cost from PV is still several times higher than from the 
conventional power generation, for solar energy, PV is identified 
to be of good potential for wide –scale application.
Performance of solar PV system depends upon individual solar 
cell V,I characteristic w.r.t. input conditions i.e. temperature and 
humidity. The efficiency of solar cell drops with increase in 
temperature. However a methodology is created to test the cell 
performance in changing input conditions and its effect on output 
& field in terms of generation.
This paper summarizes test procedures, results, and implications 
of in-depth investigations of the performance and efficiencies 
characteristics of commercial solar cells, the present study relate 
to do a detailed study of the effect of temperature and humidity 
on the performance of solar cell and evaluate solar cell efficiency 
for the different weather conditions 
The analysis shows that the characteristic of silicon solar cell with 
the different temperature and humidity levels varies efficiency of 
solar cell. Efficiency of solar cell increases from 310 C 9.702 % 
to 12.04% at 360 C.After that it is decreases till 530 C &further it 
becomes 2.37 % at 580C 
The efficiency of solar cell increases from 60 % humidity 9.702 
% to 48 % humidity 12.04 % after further it becomes 2.37 % at 
29 % humidity.

Keywords
Environmental chamber; Temperature/humidity control, cell 
efficiency IV characteristic.

I. Introduction
The sun is immersing power source emitting light energy over a 
range of wavelengths. The amount of solar radiation reaching the 
earth surface varies greatly due to changing atmosphere which 
reflect, absorb and scatter the solar radiation and part of it only 
reaches the earth surface directly.
The local geographical feature, such as mountains, large water 
bodies, coastlines and plains influences the atmospheric conditions 
which affect the solar radiation reaching earth surface. The amount 
of solar radiation received at noon is maximum because the sun 
is directly overhead. The solar energy available at earth surface 
under this condition is @1000 watts /sq.meter for a clearly sky. 
India has large availability of solar radiation, theoretical solar 
potential is about 5000 T kWh per year (i.e. ~ 600 TW), far more 
than its current total consumption.& has planned to go for solar 
PV power plants under the policy “Solar Mission” for 2010 to 
2022. It has planned to generate 20,000 MW, in phases by 2022, 
using solar PV.
The various types of solar PV technologies available 

Homo-junction solar cell•	
Hetro-junction solar cell•	
p-i-n solar cell•	
Cascade/Tandem solar cell•	

       The performance of solar cell depend on the following   
       parameters 

Spectral response •	
Effect of temperature •	
Effects of electronic defects •	
Effect of metallization and cell resistance •	
Effect of whether condition •	

The effect of these parameters at field varies, than standard test 
conditions & need to be evaluated [1].

A. Solar cell performance Vs climate
Industrial solar cell is mainly mono and polycrystalline silicon 
materials. The silicon material has change in properties w.r.t. 
temperature and the same has been noted and proved while testing 
silicon solar cells.
The efficiency of silicon solar cell get reduced with increase of 
temperature ,it is noted that the efficiency drops by  about 0.4 % 
for increase of 10C i.e. a silicon solar cell of 20%  efficiency at 
200C will reduce efficiency to 16 % only at 300Ci.e.at rise of 100C. 
This notable property of poly crystalline solar cell will affect the 
performance of application of these cells at various locations.
The India is having different climatic zones which are dominated 
by its temperature and relative humidity these zones hot and dry 
(T >30, RH <55), warm and humid (T>30, RH>55), Moderate 
(T 25-30, RH<75), Cold and cloudy (T <25, RH>55), Cold and 
sunny (T<25, RH<55). This means that a industrial solar cell when 
located at different climatic regions it will behave different as far 
as its output is concern .The studies also reviews that the increase 
in relative humidity will also reduce the efficiency & performance 
of solar installation [1].

B. Summary
The photo voltaic characteristic of industrial poly crystalline 
solar cell changes with temperature at large and with humidity a 
little. This has impact on silicon solar cell output. India has wide 
geographical variations and also the solar radiations depending 
on the climatic zones. A particular silicon solar cell will behave 
accordingly having different output. It is necessary to estimate 
the total output in terms of generated unit while its characteristic 
varies accordingly to climatic conditions. A sola cell is generally 
tested at 1000 W/m2 & at 250 c For Indian conditions at different 
geographical places temperature varies from 50C To 500C which 
means a solar photovoltaic installation will give out put in terms 
of generation of units, which will vary affecting the economics of 
solar photovoltaic installation which will give maximum output 
optimizing generation cost i.e. Rs /KWh.
Therefore it is very necessary to study effect of temperature 
and relative humidity on performance of solar photovoltaic 
installation

II. Research issues

A. Introduction
V. B. Omubo-Pepple, C. Israel-Cookey, G. I. Alaminokuma  have  
suggested that, the effect of temperature ,solar flux &  relative 
humidity on both efficient conversion of solar energy to electricity 
using solar PV module at tropical climate region is studied .The 
results shows that there is direct proportionality between solar flux, 
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output current and efficiency of solar PV module. The increase 
in solar flux combined with low RH leads to increase in output 
current & efficiency [2].
Hsin-Hung Chang, Jin-Lung Guan, and Ming-Ta Yang worked 
for an inexpensive and effective temperature-controlled chamber 
for temperature environment tests of Organic Light Emitting 
Diode (OLED) panels. The proposed Chamber is a compact 
warmer and cooler with an exact temperature control system. In 
the temperature-controlled space of the chamber, thermoelectric 
modules (TEMs) are utilized to cool or to heat OLED panels, 
novel fixtures are designed to flexibly clamp the OLED panels 
of different size, and special connectors for wiring between the 
OLED panels and the test instrument are supplied [3].
Journal, Solar Energy Materials and Solar Cells (SOLMAT), 
In order to improve the accuracy, validity, reliability and 
reproducibility of reported power conversion efficiencies for 
solar cells, the journal, Solar Energy Materials and Solar Cells 
(SOLMAT), wishes to define how power conversion efficiencies 
should be reported. This expands upon what is specified in our 
Guide for Authors. This editorial also serves as a guide on how 
efficiency data should be checked within the reporting laboratory 
before sending cells or materials for testing at an independent 
laboratory. The threshold where the accuracy of efficiency 
values is important to the journal is whenever power conversion 
efficiencies require external quantum efficiencies (EQE) values 
above 50% over a large range of wavelengths or when reported 
power conversion efficiencies exceed 2.5%. Extra care should be 
taken in submitted manuscripts to document the measurement’s 
quality, relevance and independent verification [4].
Furkan Dinçer, Mehmet Emin Meral worked on a solar cell or 
photovoltaic cell is a device which generates electricity directly 
from visible light. However, their efficiency is fairly low. So, the 
solar cell costs expensive according to other energy resources 
products. Several factors affect solar cell efficiency. This paper 
presents the most important factors that affecting efficiency of 
solar cells. These effects are cell temperature, MPPT (maximum 
power point tracking) and energy conversion efficiency. The 
changing of these factors improves solar cell efficiency for more 
reliable applications [5].
Geoffrey A. Landis reported that, while reducing the amount of 
solar energy incident onto the array is one approach, it would be 
most desirable to manufacture cells which have high performance 
even at elevated temperature. Solar cells decrease in efficiency 
with temperature. Loss of open circuit voltage (Voc) with 
increasing temperature, due to increase in dark current contributes 
the majority of the change in efficiency [6].
T. Danowicz, T. Rodziewicz, And M. Z¥Bkowska-Wac£Awek, 
presents the results of the outdoor performance tests made on 
several types of commercial PV modules. These were both single 
crystal and multicrystalline Si modules as well as thin-film CIS 
and two amorphous Si devices – single junction, marked as SJ, 
and triple junction, marked as TJ, respectively. Special emphasis 
has been put on the effects related to actual solar spectrum 
and meteorological parameters like air humidity and ambient 
temperature that may influence it. Besides short term changes that 
could be observed during a single day, also the results collected 
for more than one year of monitoring are presented. Additionally, 
the results of some theoretical calculations supplementing the 
experimental data are given. Performance of thin-film CIS module 
and both a-Si modules after well visible period of degradation 
seems to be more affected by weather and climatic conditions 
than the modules made of crystalline Si cells [7].

B. Effect of temperature 
The changes in ambient temperature influence the performance 
of the solar cell. The efficiency of the cell gets reduced with 
the increase of cell temperature. Voc is sensitive to temperature 
whereas Isc is not. Simple calculation may show that the cell 
voltage and temperature are inversely related For silicon cell, 
(dVoc/dT) is approximately equal to -2 mV/°C, which means, 
that the efficiency of the cell drops by about 0.4 % for increase 
of every one degree Celsius. A silicon solar cell of 20% efficiency 
at 20°C will reduce to 16% at 30°C [1].

III. Solar PV System performance evaluation & test set 
up design considerations

As the weather conditions in India are changes with the climatic 
regions, to find out exact the effect of temperature and humidity 
on the performance of silicon Solar cell is the aim of this project 
work.

Fig. 1 :  Test circuit

A. Test set up and design considerations: 
While testing silicon solar cell at different temperature and 
humidity following parameters needs to be studied 
1. equivalent circuit of solar cell 
2. solar radiation incident on solar cell 
3. Voc & Isc 
4. Imax & V max
5. Ambient temperature & solar cell temperature 
6. Relative humidity  
To test the solar cell in the above conditions an environmental 
chamber requires to be created having consideration which can 
measure above parameters 
1. A solar cell of size 156 x 156 mm (as specified by IEC 6125) 

should be able to be tested.
2. The chamber should measure chamber temperature ,solar 

cell surface temperature & ambient temperature 
3. Incident solar radiation on solar cell at given location 
4. Humidity inside & outside chamber should be measure and 

can be varied.
5. Output of solar cell should be measure at light and at dark 
6. A chamber design with above considerations 
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Fig. 2 : Test set up drawing

B. Manufacturing of test set up
Chamber was manufactured as per drawings 

The test set up includes following features

1. Supporting table design
Supporting table is manufactured from mild steel pipes by 
fabricating pipes in decided dimensions with the help of welding 
machine. A simple attachment is used to change the tilt angle as 
per requirement this table must support the chamber and other 
equipments used.

2. Design and construction of environmental chamber
Environmental chamber is constructed from transparent glass, 
for the surroundings walls and for base glass having 6 mm width 
and for top cover glass of 4 mm width is used. The all pieces of 
surrounding walls are fabricated or paste with each other and also 
with base plate in well manner with help of silicon gel.
At the center of chamber two supporting plates are attached to 
allow a location for the solar cell which is going under test. One 
hole having diameter 12 mm and another 6 mm is produced on 
one wall, opposite to this wall another 12mm hole is produced.
For top cover 4 mm glass is used and two holes of 6 mm are 
developed to allowed hygrometer sensor from one hole and carried 
out connections from solar cell to outside chamber, gasket is used 
to create a base for top cover and also to reduce leakage from 
chamber.

3. Air blower
Air blower is used to produce hot air, this hot air is then forced in to 
chamber as per requirement to increase or decrease the temperature 
of chamber .Simple air blower is taken and air from surrounding 
is heated in to it and further passed through the air circuit in to 
chamber by using by- pass valve and main valve.

4. Steam injector
Steam injector is used to provide steam inside the chamber which 
resulted to increase or decrease the humidity of chamber which is 
important part of our study .In steam injector water is heated and 
steam is produced by using electric energy, and passed through 
copper tubing in to chamber. Perfect insulation is applied on this 
copper tube to avoid any loss and to avoid condensation of steam 
while passing through copper tube and then supplied into chamber 
with help of bypass valve and main valve

5. Humidity and temperature sensor
To measure the temperature and humidity of chamber accurately 
an instrument is attached to chamber which preciously shows 
exact values of humidity and temperature inside the chamber. 

This instrument known as thermo-hygrometer made by Mextech 
company having wide temperature range from -500C to 700C     
and for humidity starts from 20 % RH to 90 5 RH with accuracy 
+/- 20Cc and +/- 8 %.

6. Thermocouples
A non-contact type thermocouple is used, for measure temperature 
of solar panel.

7. Air Circuit
Air circuit is made from PVC pipe which is capable to work 
under high temperature conditions and successfully carried the 
air which is heated in blower. This pipe is connected to blower 
through a special arrangement which interconnect the blower and 
the PVC pipe easily.
Humidity circuit is made of 6 mm copper tube ,as copper is 
capable to work under high temperature as we are passing the 
steam through this circuit it is essential to material to sustain high 
temperature condition . All joints are soldered carefully to avoid 
the sharp changes in pipe 

8. Variable Resistance
The variable resistance is used in the circuit of solar cell to 
controlling the voltage and current as per requirement by using 
this we can vary the current and voltage. The value of variable 
resistance used is 47K.

9. Data Collection
The data collected from field test and the variable such as 
temperature, humidity, solar flux, Voc, Isc, Imax, Vmax are 
measured and is collected in the following format table  
Temperature: - o C, Humidity: -  %, Solar Flux: - mw /Cm2 ,
Solar Panel Temperature: -  0c, Date 

Table 1: Data collection sheet

Sr 
No.

1 2 3 4 5 6 7 8 9

Voc

Isc

IV. Analysis and performance evaluation 
The solar cell was tested for the field conditions for 15 days in the 
month of June and July .The reading table is given as below 

A. Data representation
The analysis is carried out based on performance evaluation of 
solar cell by measuring solar flux ,Voc, Isc ,Imax ,Vmax Power 
input etc
Place: Department of Physics, Shivaji University, Kolhapur 
(Terrace)

B. Analysis of current and voltage characteristic for the 
different weather conditions 
By using the data plotted for cases from 1 to 26 we can find out 
the values of Imax, Vmax   and Isc Voc 
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C. I-V curve for temperature region 300C 1 to 390C       
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Fig. 3 : I-V curve for temperature region 300C to 390C      

D. I-V curve for temperature region 400C to 480C       
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Fig. 4: I-V curve for temperature region 400C to 480C      

E. I-V curve for temperature region 490C to 580C     
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Fig. 5 : I-V curve for temperature region 490C to540C      

F. Variation of current mA /cm2 w.r.t. temperature 
The variation of current intensity w.r.t. temperature is shown in 
following table’s range of temperature 310C to 540C 

Table 2 : Range 310C to 390C”
Voltage Temperature  

310C Imin
Temperature 
390C Imax

Imax-
Imin

Imax-
Imin/
Imin

% 
variation

100 16.7 19.51 2.81 0.17 16.82
200 14.35 17.41 3.06 0.21 21.32
300 11.64 12.25 0.61 0.05 5.24
400 9.52 6.41 3.11 0.49 48.51

Table 3: Range 400C to 480C”

Voltage

Tempe-
rature
400C
Imax

Tempe-
rature 
480C
Imin

Imax-
Imin

Imax-
Imin/
Imin

%

100 14.11 10.21 3.9 0.38 38.20

200 13.41 9.66 3.75 0.39 38.82

300 11.24 7.44 3.8 0.51 51.08

400 7.31 4.15 3.16 0.77 76.14

 Table 4 : Range 490C to 540C
Voltage Tempe-

rature 
490C

Tempe-
rature
540C

Imax-
Imin

Imax-
Imin/
Imin

%

100 9.91 8.79 1.12 0.13 12.74
200 9.52 8.65 0.87 0.11 10.06
300 8.25 5.55 2.7 0.49 48.65

After studying all above data it is found that total variation of 
current intensity w.r.t. temperature is 33.41 % for the range of 
temperature 310 C to 540C 

G. Performance evaluation
The performance of solar cell w.r.t. temperature, humidity and 
power input are calculated and the fill factor and the efficiency 
for the respected temperature humidity and solar power input are 
compared as following 

H. Plot of Isc (mA/cm2) Vs Voc (volt)
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Fig. 6 : Isc Vs  Voc

Fig. 6 shows the current intensity of solar cell increases from 
310C(11.55 A/cm2)   to 370 C (18 mA/cm2) after that it is decreases 
till 530 C (6mA/cm2) further it becomes (8mA/cm2) & the open 
circuit voltage at310 C (504 mV) to 400 C (527mV) after that it 
is decreases till 560C (225mV) further it becomes (253mV) at 
580C
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Fig. 7 : Efficiency Vs Temperature

Fig. 7 the efficiency of solar cell increases from 310C 9.702 % 
to 12.04% at 360C after that it is decreases till 530C &further it 
becomes 2.37 % at 580C & shows the efficiency of solar cell 
increases from 60 % humidity 9.702 % to 48 % humidity 12.04 
%  after further it becomes 2.37 % at 29 % humidity
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Fig. 8 : Efficiency Vs Temperature, Humidity

V.  Recommendations and Conclusion
This chapter gives the effective conclusion beneficial for industry 
to find out relation between weather conditions i.e. temperature 
and humidity and variation in efficiency of solar cell.

A. Conclusion
Analysis of performance of industrial solar cell depending 
on the temperature and humidity carried out with the help of 
environmental chamber, by changing the conditions inside the 
environmental chamber shows the variation in energy conversion 
efficiency of solar cell.
Inside conditions are obtained by using air blower and steam 
injector. Which varies inside conditions i.e. temperature and 
humidity from ambient to 580C and 60% respectively. Variable 
resistance, voltmeter and ammeter are used to measure the concern 
output parameters like Isc, Voc and Imax, Vmax for various input 
conditions.
From the analysis, it is confirmed that as temperature increases 
in the range of 310c to 580c efficiency of single crystalline solar 
cell is also varies. The light conversion efficiency of single 
crystalline solar cell shows 9.702 % efficiency at 310c as  increase 
in temperature the conversion efficiency increases and it reaches 
up to 12.0459 % at 360 C temperature however, further temperature 
increases from 36 0C the conversion efficiency decreases slowly  
& it goes up to 6.60 at 450C

Further increase in temperature from 450C there is continuously 
decrement in conversion efficiency & we found that at 580C the 
single crystalline silicon solar cell shows 2.37061 % conversion 
efficiency.
From all above study we can conclude that the used single 
crystalline silicon solar cell vapour shows maximum conversion 
efficiency at 360C i.e. 12.0459 %.
The outcome of the studies can be applied to solar cell field with 
respect to temperature and humidity at specific locations.
For a given location at Kolhapur at University lab the % variation 
in efficiency is observed up to 33.42% ,which shows that the 
efficiency of given  solar cell dropped 32.42% with rise in solar 
cell surface temperature selected humidity 

B. Applications
Avery important conclusion in quantifying the field of solar PV 
power plant can be drawn based on the application of theory and 
experimentation proposed & carried out as above   

C. Future Scope
Performance can be checked for elevated temperatures also.
1.  More study will be done on the different humidity levels and 

lower temperatures  
2.  For different types of solar cells, performance of solar cell 

can be studied
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