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Abstract 

Experimental results shows that all electrical parameters of solar cell such as maximum output power, open circuit 

voltage, short circuit current, and fill factor beside efficiency have been changed with temperature. According to 

results, the most significant is the temperature dependence of the voltage which decreases with increasing 

temperature while the current of cells slightly increases by temperature. The fill factor and the efficiency decrease 

upon increasing temperature. This confirms the fact that the voltage decrease is more significant than the current 

increase. 
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1. Introduction 

Solar energy is inexhaustible renewable energy for humans. It's also clean energy; do not generate any 

environmental pollution (Li, B., Wang, L., Kang, B., & Qiu, Y., 2006). Solar photovoltaic was the most watched 

item in the researching of solar energy utilize. The PV solar power represents one of the most promising renewable 

energy in the world (Würfel, P., 2005; Kamat, P. V., et al., 2010). There are different types of PV cells which 

make solar modules: crystalline silicon, multi-crystalline, mono-crystalline, amorphous silicon etc. (Sattlerm, D., 

2011; Markoff, 2007). PV technology is well-proven for producing electricity (Vidal, J., 2007). PV systems can be 

either grid connected (with electricity fed directly into the grid system) or PV systems used in off-grid applications 

in small power systems in combination with diesel power gen-sets (Green, M. A., 2006; Fang, J., Su, L., Wu, J., 

Shen, Y., &. Lu, Z., 2007). Solar PV technology is especially suitable for electricity generation in off-grid power 

plants in rural desert areas and the use of solar energy in such hybrid systems can reduce diesel fuel use (Shockley, 

W., & Queisser, H. J., 1961). The output of PV is rated by manufacturers under Standard Test Conditions (STC), 

temperature = 25C
O
; solar irradiance (intensity) = 1000 W/m

2
, and solar spectrum as filtered by passing through 

1.5 thickness of atmosphere. These conditions are easily recreated in a factory, but the situation is different for 

outdoor (Brown, S., & Green, M. A., 2002; Green, M. A., 2011). With the increasing use of PV systems, it is vital 

to know what effect active meteorological parameters such as humidity, dust, temperature, wind speed; etc. has on 

its efficiency (Schmidt, W., Woesten, B., & Kalejs, J. P., 2002). In hot countries the performance of solar cells will 

be affected by temperature. This may include open circuit voltage, short circuit current, fill factor and efficiency 

(Sze, S. M., 1985; Braun, A., Katz, E. A., & Gordon, J. M., 2012). This effect was verified and recorded in section 

(3). Sections 2, 3, 4 and 5 are devoted for materials beside methods, results, discussion and conclusion. 

2. Experimental Methods 

Solar cell properties can be altered by changes in environmental conditions such as temperature. Typically, solar 

cells are used at the temperature range between 5 to 50 °c. In this paper, temperature dependence of solar cells 

electric on parameters such as open circuit voltage, fill factor, short circuit current and efficiency is investigated. 

Experiments were conducted on solar panels with a constant-power light source, to determine the resulting 

electrical power generated and efficiency, beside performance. 
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2.1 Equipment’s 

The following equipment was used in this experiment: poly-crystalline - Si solar cell was illuminated by lamp with 

light intensity equal to 100 watt/ m
2
. The electrical parameters of the PV cell were evaluated using digital 

multimeter measuring DC current and for DC voltage. A series of reading of V and was found by changing source 

resistant. Thermometer was used in order to measure the cell temperature.  

 

Table 1. The specification of solar cell in which measurement was made under stander test condition (STC) 

  (watt) V(V)   (A)    (volt)    (A) Size(mm) Weight(kg) Area(m
2
) 

3 9 0.33 11.2 0.37 20*180*17 0.5 0.022 

 

3. Results 

The measurements were performed at (25, 30, 35, 40, 45, 50 and 55) C
O
 by highly accurate measuring equipment’s. 

To changed temperature one used control room with air condition to carry out experiment under constant ambient 

temperature and heat, one used electric heater. The distance between the lamp and the solar cell 0.35 m. A series of 

reading V and I need to be found by changing source resistant. Form V-I curve,    ,     ,   ,     were founded. 

The efficiency η, fill factor FF and      beside energy gap    should be found using the equations.  

                                                                (1) 

           
                                                     (2) 

  

  
 
     

     
                                                      (3) 

         
  

   

                                                    (4) 

   
      

    
                                                   (5) 

 

Table 2. I-V characteristic of solar cell at 25C
O 

temperature
 

R      0 1 2 3 4 5 6 7 8 9 10 

    (volt) 0.023 7 7.6 8.08 8.24 8.32 8.36 8.4 8.47 8.5 8.5 

    (m A) 10.49 9.2 7.2 3.9 2.6 2 1.6 1.3 0.88 0.7 0.61 

 

 

Figure 1. I-V characteristics of solar cell for at 25C
O 

temperature 
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Table 3. I-V characteristics of solar cell at 30 C
O
 temperature 

R      0 1 2 3 4 5 6 7 8 9 10 

    (volt) 0.02 6.8 7.38 7.97 8.02 8.19 8.24 8.27 8.28 8.29 8.32 

    (m A) 10.6 9.3 7.38 4.04 2.75 2.08 1.68 1.42 1.03 0.85 0.76 

 

 

Figure 2. I-V characteristics of solar cell for temperature at 30 C
O
 

 

Table 4. I-V characteristics of solar cell at 35 C
O
 temperature 

R      O 1 2 3 4 5 6 7 8 9 10 

    (volt) 0.016 6.7 7.21 7.75 7.9 8.01 8.15 8.2 8.27 8.28 8.3 

    (m A) 10.75 9.4 7.39 4.19 2.9 2.25 1.69 1.5 1.18 1.03 0.82 

  

 

Figure 3. I-V characteristics of solar cell at 35 C
O
 temperature 

 

Table 5. I-V characteristics of solar cell at 40 C
O
 temperature 

R      O 1 2 3 4 5 6 7 8 9 10 

    (volt) 0.015 6.5 7.19 7.6 7.7 7.8 8.05 8.12 8.15 8.15 8.15 

    (m A) 10.9 9.5 7.4 4.34 3.04 2.5 1.84 1.63 1.4 1.25 0.97 
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Figure 4. I-V characteristics of solar cell at 40 C
O
 temperature 

 

Table 6. I-V characteristics of solar cell at 45 C
O
 temperature 

R      O 1 2 3 4 5 6 7 8 9 10 

    (volt) 0.0149 6.3 7 7.5 7.69 7.72 7.95 8 8.07 8.07 8.07 

    (m A) 10.95 9.65 7.42 4.4 3.19 2.66 1.87 1.77 1.55 1.5 1.2 

 

 

Figure 5. I-V characteristics of solar cell at 45 C
O
 temperature 

 

Table 7. I-V characteristics of solar cell at 50 C
O
 temperature 

R      O 1 2 3 4 5 6 7 8 9 10 

    (volt) 0.0148 6.1 6.9 7.39 7.5 7.6 7.8 7.95 8.02 8.02 8.02 

    (m A) 11.12 9.73 7.45 4.62 3.25 2.8 1.99 1.8 1.69 1.62 1.25 
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Figure 6. I-V characteristics of solar cell at 50 C
O
 temperature 

 

Table 8. I-V characteristics of solar cell at 55 C
O
 temperature 

R      O 1 2 3 4 5 6 7 8 9 10 

    (volt) 0.0139 5.9 6.7 7.23 7.46 7.69 7.89 7.89 7.89 7.89 7.89 

    (m A) 11.2 10 7.47 4.78 3.5 2.9 2.03 1.97 1.72 1.66 1.3 

 

 

Figure 7. I-V characteristics of solar cell at 55C
O
 temperature 
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Figure 8. Output I-V characteristics of the PV module with different temperatures (25-30- 35-40) C
O 

 

 

Figure 9. Output I-V characteristics of the PV module with different temperatures (45-50-55)C
O
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Figure 10. Output I-V characteristics of the PV module with different temperatures (25-30-35-40-45-50-55) C
O 

 

Table 9. Out put parameter of solar cell for different temperature 

T (C
O
)     (V) Is(m A) Vm (V) Im (mA) Pm(watt) FF Efficiency 

25 8.5 0.01049 6.3 0.01 0.063 0.633 0.0285 

30 8.32 0.0106 6.1 0.0101 0.0616 0.631 0.0279 

35 8.31 0.01075 6 0.0102 0.0612 0.616 0.0276 

40 8.15 0.0109 5.8 0.0103 0.0597 0.616 0.027 

45 8.07 0.01095 5.5 0.0104 0.0572 0.614 0.0259 

50 8.o2 0.01112 5.3 0.0106 0.0562 0.604 0.0254 

55 7.89 0.01125 5.2 0.0107 0.0556 0.598 0.0252 

 

4. Discussion 

Table 9 shows that the open circuit voltage     decreases considerably upon increasing temperature. This may be 

related to the increase of ions migration upon increasing temperature. These ions which are in the depletion layer 

are responsible for the open circuit voltage. The decrease of their number in the depletion layer deceases the open 

circuit voltage. This may explain the decrease of maximum voltage    as well. However, increasing temperature 

increases the short circuit and maximum current. This may be attributed to the fact that increasing temperature 

increases the rate of atomic collisions which increases the rate of liberated electrons. The fill factor FF and the 

efficiency η decreases upon increasing temperature. This indicates that the effect of voltage decrease is more 

significant than the effect of current increase.  

5. Conclusions 

Increasing temperature of the solar cell decreases the open circuit and the maximum voltage as well as the fill 

factor and efficiency. However the temperature increase decreases the short circuit and maximum current. 
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