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Abstract: Around the world electricity is mainly generated by using fossil, however these resources are limited. Now 

solar energy is becoming an important source of energy all over the world and especially in India. Located in the 

equatorial region, India has huge potential for high solar power generation. But, at present very few solar plants has been 

installed in India so far. India is having different climate zones which are dominated by its temperature and relative 

humidity. This means that a solar system at different climatic regions it will behave different as far as its output is 

concerned. After a system has been established, it will be very difficult to upgrade the system or change the operation 

method. A proper understanding of the mechanisms of solar cells and their quantitative knowledge is an essential 

requirement for possible application of solar cell in power generation. In this paper real time experiment has been 

conducted to analyze the effect of irradiance and temperature in Ajmer region. The characterization of a 20 W poly-

crystalline silicon module was investigated under different values of solar irradiance and module surface temperature. 

Temperature is a pessimistic aspect which minimizes the efficiency of the module and can be lower by various cooling 

techniques. Short circuit current of the solar PV module rise notably with increasing irradiance while open circuit voltage 

was slightest affected. 
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Introduction Ever since the industrial revolution, humans have sought to generate power from a variety of energy 

sources. In India, renewable energy sources include hydro, wind, solar, biomass and geothermal. Currently, India heavily 

relies on hydro as the predominant source of electrical energy production. However, the unusual pattern of weather and 

certain other causes have affected power generation.  There is an urgency to find alternative solutions for energy other 

than use of fossil fuels, water and wind. Solar energy is one such alternative option. Earth receives solar radiations at the 

rate of approximately 1,20,000 TW, which is sufficient for both the current annual global energy consumption rate of 

about 15 TW and for future requirement [1]. One of the broad utilization of solar energy is photovoltaic. Photovoltaic is 

the field of technology and research related to the application of solar cells for energy by converting sunlight directly into 

electricity by the photovoltaic effect [2]. Efficiency of solar photovoltaic panel depends on solar insolations and ambient 

temperature. Photovoltaic panels are able to collect both direct and diffuse irradiations [3]. Desert states are naturally 

supreme befit to photovoltaic power generation due to abundant availability of sunlight throughout the year. Due to 

India’s geographical locations near tropic of cancer, it is blessed with adequate solar radiation. Nearly 58% areas are 

receiving annual average global insolation more than 5 KWh/m2/day [4] Polo et al. estimated daily global horizontal and 

direct normal irradiations for six locations in India from the year 2000-2007 [5]. Here western Rajasthan receives the 

highest annual radiation of 6-7 KWh/ m2. It has about 2,08,110 km2 desert land which is 60% of total state land, low 

rainfall and 325 days with good sunshine in a year. Ajmer is situated at 26.45° N latitude and 74.64° E longitude in 

Rajasthan.  Averaged insolation on horizontal surface is 1.88 MWh/ m2 /Year and averaged insolation on equator pointed 

surface is 5.46 MWh/ m2 /day. Annual averaged air temperature is 24.6°C [6]. Most PV sizing and installations at the 

region have been done based on the Standard Test Conditions which are very different from the ambient conditions in the 

region. Performance of a solar photovoltaic system not depends on its basic electrical characteristic, but also it negatively 

depends on several obstacles such as ambient temperature, relative humidity, dust storms, suspension in air, shading , 

spectrum and angle of irradiance[7-8]. Acquaintance with facts about solar irradiance and power output of a solar module at 

particular site would give accurate information which is indispensible in stiffening and planning for a photovoltaic system 

to utilize solar energy [9]. The aim of this study is to find out the variation of efficiency of solar photovoltaic module with 

ambient temperature.  
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Theory:-A solar cell is basically a P-N semi conductor junction, when exposed to light, a dc current is generated. 

Photovoltaic system offer several advantages such as: high reliability, low intensity S (W/m2) and cell temperature t (◦C), 

that is I=f(V,S,t).  

 
                    Figure 1.The equivalent circuit of a PV cell. [11] 

The capability characteristics of a solar module are decided by the cell key parameters such as the VOC {Open circuit 

voltage}, ISC {short circuit current}, FF {Fill Factor} and Ƞ {efficiency} etc. Short circuit current is because of  the 

production  and collection of light generated bearer. The maximum current produced by the solar cell, corresponding to 

zero voltage, is called short circuit current. When the load not connected to the cell, there is no current flowing and the 

voltage across the PV cell is extreme. The maximum voltage produced from a solar cell, corresponding to zero current 

flow, is called open circuit voltage. The ratio of maximum power from actual solar cell and the maximum power from 

ideal solar cell is called fill factor. It determines the quality of the cell.          FF = P max/Voc=V m I m/ VocI0 

The ability of a panel to convert sunlight into usable energy for human consumption is measured by efficiency of a 

photovoltaic solar panel. It determines the power output of a panel per unit of area. 

Ƞ = P max/ (S * Ac) ,          S= Incident radiation flux,            Ac= area of collector.  

The efficiency is frequently used parameter to compare the capability of one solar module to second. It depends on solar 

spectrum, intensity of sunlight and the temperature of solar cell [12]. 

Effect of Irradiance and Temperature Solar irradiance is the measure of radiant flux received by the                          

earth's surface per unit area. As irradiance increases photon generation rate rises, hence more radiant flux is gained at the 

panel surface. I-V and P-V characteristics vary with changing irradiance. With the enlarged solar flux density Voc as well 

as Isc grows and so the Pmax changes. Solar module temperature is a chief parameter that has major impact on the output 

power of a solar system. The speed of photon generation increases when the temperature increases resulting rapid rise in 

reverse saturation current. 

 Materials and methods since the energy in terms of photon, received by solar cell and converting it into electricity is a 

multitasking phenomenon so it depends on numerous environmental factors like dust accumulation, heat, humidity, 

shadow and material –technique used. Studies show that with these reasons, radiation extent and ambient temperature has 

to give importance which affects the capability  of PV module. For finer performance of a PV system these factors should 

be given more importance. The study was carried out in real time basis on the month of March in the lab of campus, 

S.P.C.Govt. College, Ajmer  (India). A 20 Watt Photovoltaic module of make Topsun Solar, digital multimeter, digital 

thermometer and 50  variable resistors were used. A solar meter was used to measure the irradiance level. Resistance 

temperature detector was used to measure the temperature of the PV module. Voltage-current (I-V) feature and output 

variables of solar cell were measured. A rheostat was connected for changing the resistance which works like a load. The 

output characteristics of solar cells are expressed in the form of I-V curve and P-V curve. A reflective lamp was used to 

illuminate the sample to achieve the solar cell I-V characteristics, sample was enlightened. The measurements were 

performed at 25, 40, and 55 0 C temperatures. 

 

table 1.specification of the Photovoltaic Module 

Specification of the Photovoltaic Module 

 
Parameter Specification 

Maximum power ( W) 20 watt 

Opencircuitvoltage (VOC) 21.8 V 

Short circuit current  ( ISC) 1.15 A 

Maximum Voltage   (Vmp) 17.5 V 

Maximum Current  ( Imp) 1.1 A 

Area 0.120 m2 

   Observation: The voltage, current and power at various irradiance levels:- 

 

 

 

 

 

http://www.jetir.org/


© 2021 JETIR January 2021, Volume 8, Issue 1                                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2101207 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 38 
 

table 2. The voltage, current and power at various irradiance levels 

Set 1                      Irradiance: 45 watt/m2 Set 2                     Irradiance:68 watt/m2 

S.no Voltage 

(V) 

Current 

(mA) 

Power 

(W) 

S.no Voltage 

(V) 

Current 

(mA) 

Power 

(W) 

1 16 VOC 0 0 1 16.3 VOC 0 0 

2 14.6 22 0.321 2 15.2 28 0.425 

3 13.5 27 0.364 

PMAX 

3 13.9 40 0.556 

4 10.1 30 0.303 4 11.7 60 0.702 

PMAX 

5 3.1 35 0.108 5 4.2 64 0.268 

6 1.1 35 0.038 6 2.9 65 0.188 

7 0.4 35 0.014 7 0.9 65 0.058 

8 0 35 ISC 0 8 0 65 ISC 0 

  Set 3                       Irradiance:120  watt/m2 Set 4                           Irradiance:180 watt/m2 

S.no Voltage 

(V) 

Current 

(mA) 

Power 

(W) 

S.no Voltage 

(V) 

Current 

(mA) 

Power 

(W) 

1 17.7 VOC 0 0 1 18.2 VOC 0 0 

2 16.6 30 0.498 2 17.6 43 0.756 

3 14.5 70 1.015 3 14.7 110 1.167 

PMAX 

4 12.5 85 1.062 

PMAX 

4 12.7 120 1.13 

5 4.2 89 0.373 5 5.8 127 0.707 

6 3.2 89 0.284 6 4.3 130 0.58 

7 1.1 95 0.104 7 2.1 130 0.283 

8 0 95 ISC 0 8 0 130 ISC 0 

            

          

 

 
figure 2.The current against voltage trajectory at various irradiance values 
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figure 3.The power versus voltage characteristics with the corresponding four different irradiance levels 

           
Table 3.  The voltage and current at various temperatures 

       

 

 

 

 

 

  

 

Table 4. Variation of Fill factor with respect to irradiance 

 

 

 

            

 

 

 

 

 
        

figure 4. The current versus voltage curve at various temperature 
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Set 1  temperature 250C Set 2  temperature 400C Set 3  temperature 550C 

S. 

no. 

voltage current S. no. voltage current S. no. voltage current 

1 0.8 0            1 0.75 0 1 0.7 0 

2 0.63 1.9 2 0.6 2 2 0.51 2.1          

3 0.5 2.5             3 0.5 2.4                3 0.25 2.6 

4 0.3 2.6 4 0.3 2.6 4 0.19 2.6 

5 0 2.6 5 0 2.6 5 0 2.6 

S. no. Irradiance  

( Watt/m2 ) 

Intensity 

 ( lux ) 

Fill Factor 

1 45 550 0.65 

2 68 900 0.662 

3 120 1800 0.67 

4 180 3250 0.683 
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figure 5.Variation of Fill factor with changing irradiance 

 

 
figure 6 .Variation of maximum power with irradiance 

 

 
 

                         figure 7. Temperature effect on short circuit current and open circuit voltage 

 

 

 
figure 8. Power variation with temperature 

 

Discussion of results I-V curves of the module obtained at different values of irradiance is shown in fig.2. It is 

observed that as irradiance increases ISC increases, while there is little change in VOC. As the intensity of the radiation 

increases the photocurrent increases hence resulting increased short circuit current. This result is confirmatory to the 

work done by Yuki et al. (13). Fig 3 represents the P-V curve where the peak of the curve stands for the maximum 

power point of the module at each irradiance level. As the variation in irradiance the I-V curve is noticed to change 

and so the maximum power point. When the solar irradiance increases the maximum power produced by the module 

increases. For 45 Watt/m2 it is 0.364, for 68 Watt/m2 it is 0.702, for 120 Watt/m2 it is 1.062, for 180 Watt/m2 it is 
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1.167. This modification of Power with increasing irradiance is similar as the study done by Salim et al. (14). Fig. 4 

illustrates the behavior of I-V curve with increasing temperature. On average there is little change in short circuit 

current but open circuit voltage increases with increasing temperature. In Fig 5 fill factor was observed to increase 

with irradiance at low intensities below 900 lux, from 0.65 to 0.665 and then it dropped for irradiance above 0.665 at 

intensities above 900 to 3250 lux. As irradiance increased fill factor is increased due to increased light generated 

current but at high intensities fill factor is decreased due to rise in temperature which lowers the efficiency of the 

module. Power output of the module was shown in fig.6 which increases with increasing irradiance. Maximum power 

was therefore seen to be produced at 0.18 /m2 in this experimental study. Fig. 7 represents the change in open circuit 

voltage and short circuit current with temperature. With increasing module surface temperature, the band gap of the 

semiconductor decreases then more charge carriers are excited from the valence band to the conduction band resulting 

in a slight increase in Isc. Fig. 8 explains the output power variance with temperature produced by the module during 

the experiment. 

Conclusion This study investigated the effect of solar irradiance and temperature on the performance of 

polycrystalline module at S.P.C.Govt. College, Ajmer (India). The efficiency of this module was assessed in terms 

of its apparent variables (Voc, Isc, FF, Vmp, Imp, and Pmax) as a function of solar irradiance and module surface 

temperature. Voc, Isc, and Pmax were found to decrease with increasing module surface temperature while isc 

increased slightly with the rising temperature. 

References: 

1. Shreemat Pandey, Vijai Shanker Singh, Naresh Pal Gangwar, M.M. Vijayvergia, Chandra Prakash, Deep 

Narayan Pandey.Determinants of success for promoting Solar Energy in Rajasthan, India. Renewable and 

sustainable Energy Reviews 16(2012), 3593-3598.  

2. Ike, C.U.The Effect of Temperature on the performance of A Photovoltaic Solar System in Eastern Nigeria. 

International Journal of Engineering and Science, vol.3, Issue 12 (December 2013), PP 10-14.  

3. Yinghao chu.Review and comparison of different solar energy technologies. Global energy network 

institute, August, 2011.  

4. Ramchandra T.V., Jain R. and Krishnadas G.hotspots of solar potential in India. Renewable and sustainable 

energy reviews. (2011) 15; 3178-86.  

5. Polo J. Zarzalejo, L. F. Cony M., Navarro A. A., Marchante R., Martin L. and Romero M. solar radiation 

estimations over India using Meteosat satellite images, solar energy 85(2001).:2395-406.  

6. S. Chakraborty, P.K. Sadhu, N.Pal.New Location Selection Criterions for Solar PV Power Plant. 

International Journal of Renewable Energy Research, vol.4, No.4, 2014.  

7. Joshi AS,Tiwari A, Tiwari GN,Dincer I, Reddy BV.performance evaluation of a hybrid photovoltaic thermal 

(PV/T) (glass-to-glass) system. Intj Thermal Sci(2009) 48:154.  

8. Dubey S, Sandhu GS, Tiwari GN. Analytical expression for electrical efficiency of PV/T hybrid air 

collector, Appl Energy (2009) 8:697-705.  

9. Ganesh Hegde and Ramachandra T V, “Scope for Solar Energy in Kerala and Karnataka”,National 

Conference on Conservation and Management of Wetland Ecosystems, 06th - 09th November, 2012.  

10. Hiren Patel and Vivek Agarwal “Maximum Power Point Tracking Scheme for PV System Operating Under 

Partially shaded Conditions”, IEEE Transactions on Industrial Electronics, Vol.55, No.4, PP.- 1689-

1698,2008.  

11. X-J. Ma, J.-Y. Wu, Y.-D Sun and S.-Q. Liu.The Research on the Algorithm of Maximum Power Point 

Tracking in Photovoltaic Array of Solar Car.Vehicle Power and Propulsion Conference, IEEE, 2009, pp. 

1379-1382.  

12. Kalogir ou S.solar energy engineering: processes and systems: chapter 9.Academic press; 2009. pp 469-517.  

13. Yuki Tsuno,Yoshiro Hishikawa and Dosuke Kurokawa.Temperature and Irradiance Dependence of the I-V 

curves of various kinds of solar cells.,15th International Photovoltaic science and Engineering 

conference,2005  

14. 15. Salim A, Huraib F, Eugenio N. PV powerstudy of system options and optimization. In Proceedings of 

the 8 th European PV solar energy conference; 1981, Report No. 440. 

 

 

http://www.jetir.org/

