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Abstract: This paper presents the modeling and simulation of 

photovoltaic model using MATLAB/Simulink software 

package. Modeling and simulation is done for monocrystalline 

panel and polycrystalline panel of 40 Watt having total 37 cells 

in which 36 cells were connected in series and 1 cell in 

parallel. For both type of panels electrical characteristics is 

plotted and temperature effect is analyzed. Performance 

analysis of mono-crystalline and poly-crystalline solar 

photovoltaic panels was done considering certain parameters 

i.e. analysis of V-I curve, effect of variation in tilt angle on PV 

module power, effect of shading on PV module power, effect of 

increase of temperature on PV module power, efficiency, space 

efficiency and cost. Both the panels were compared on the 

basis of above parameters. The proposed model is very useful 

for engineers who are dealing with PV system designing. 

 

INTRODUCTION  
 

Photovoltaic (PV) is a method of generating electrical power by 

converting solar radiation into direct current electricity using 

semiconductor by photovoltaic effect. The modeling and 

simulation of photovoltaic (PV) have made a great transition and 

form an important part of power generation in this present era 

[1]. The cost and the performance of PV plants strongly depend 

on the modules. The ideal photovoltaic module consists of a 

single diode connected in parallel with a light generated current 

source (ISC) as shown in Figure 1 [1-2]: 

 

 
Fig 1: Solar cell model using single diode with RS 

 

1. MATHEMATICAL MODELLING 

Following equations were written in MATLAB for the figure 

shown above Fig 1: 

The ideal photovoltaic module consists of a single diode 

connected in parallel with a light generated current source (ISC) 

as shown in Fig 1: 

 

I = ISC -I RS  

 

Where ISC is photocurrent which is the light-generated current at 

the STP condition (25°C and 1000W/m
2
). 

The equations of Reverse Saturation Current and   photocurrent 

are given by [3 -4]: 

 

I RS=Iscref[e ( ] 

ISC =[ Iscref+ K (T  Tref)]  

 

The equation that describes the I-V characteristic of the circuit in 

Fig1 is given by  

 

ISC – ID –VD / RP  - IPV  = 0 

 

Output of PV Module: It represents the output current generated 

which depends on the PV module voltage, solar irradiance on 

PV module, wind speed, and ambient temperature. [4 -5] 

 

IPV  = NPISC - NSIO{ exp (q(VPV  + IPV RS)/ NSAKT) - 1} - VPV  + 

(IPV RS / RP) 

 

Where k is the Boltzmann constant (1.38 x 10 ^ -23 J K-1), q is 

the electronic charge (1.602 x 10 ^ -19 C), T is the cell 

temperature (K), A is the diode ideality factor, the series 

resistance RS (Ω) and is the shunt resistance RP (Ω). NS is the 

number of cells connected in series = 36. Np is the number of 

cells connected in parallel   and VOC = V PV. 

Theoretically observations were recorded using MATLAB and 

practically characteristics were plotted using “Solar PV Training 

and Research Kit” shown in fig 2. Circuit diagram to analyze V-

I Characteristics is shown in figure3. 

 

 
 

Fig 2: Circuit diagram to analyze V-I characteristics 
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2. RESULTS AND DISCUSSION  

3.1 V-I CHARACTERISTICS 

V-I and P-I characteristics at 25˚C for both types of panel were 

observed so that power can be observed at any radiation using 

MATLAB as shown in below figure 3 and 4. 

                            
Fig 3: MATLAB V-I characteristic for varying irradiance at  

25° C ( polycrystalline panel) 

 
 

Fig 3: MATLAB V-I characteristic forfor varying irradiance at 

25° C  ( Monocrystalline panel) 

  
       

Fig 6:MATLAB P-I characteristics for Varying Irradiance at 25° 

C (Mono Panels)  

 
 

Fig 7:MATLAB P-I characteristics for varying  Irradiance at 

25° C (Mono Panels) 

Irradiance at 25 ° C (Poly Panels) 

 As it can be seen from graphs, at constant module temperature, 

it can be observed that with increase of solar irradiance, the 

short-circuit current and open circuit voltage increases. 

Therefore, higher the irradiation, greater is the current. Contrary 

to the influence of the solar irradiance, the increase in the 

temperature around the solar module has a negative impact on 

the power generation capability. Table 1 shows that as 

temperature increases power decreases but the decrement of 

power is more for monocrystalline panel as compared to 

polycrystalline panel. Another parameter that gets affected is 

open circuit voltage. As temperature increases open circuit 

voltage decreases while short circuit current does not very much. 

 

Table 1: Effect of variation of temperature on power 

(MATLAB results) 

 

Temperat

ure 

Open Circuit voltage 

(Volt) 

Power(watt) 

Polycrysta

lline  Panel 

Monocrysta

lline  Panel 

Polycrysta

lline  Panel 

Monocrysta

lline  Panel 

25° C 22 22 37 

 

39 

 

50° C 21 17 35 

 

28 

 

75° C 19 15 31 24 

 

3.2 EXPERIMENTAL ANALYSIS  

(using “Solar PV Training and Research Kit”) 

3.2.1 Effect of increase of temperature on PV module power 
Fig 7 is showing effect of increase of temperature on PV module 

power for monocrystalline and polycrystalline PV panel. Here 

temperature is operating temperature of solar panel which is 

always 25˚C greater than ambient temperature. As temperature 

increases power decreases but the decrement of power is slightly 

lower for polycrystalline panel as compared to   monocrystalline 

panel. 

 
Fig 8: Curve showing effect of increase showing effect of 

shading for both panels 
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Fig 9: Comparison Curve of temperature on PV panels 

   

3.2.2 Effect of shading on PV Module power 

Readings were taken for 0 cell shading, 2 cell shading, 4 cell 

shading, 9 cell shading and power was observed at different 

shading. In case of shading power decrement of 23.9% was 

observed in polycrystalline while only 19.37% of power was 

reduced in monocrystalline panel. Monocrystalline panel is less 

affected by shading and works well in shady condition as 

compared to polycrystalline panel as power drop was more in 

case of polycrystalline panel during shading as shown fig 8. 

Efficiency: 
Power was observed for full day ( i.e. 7 a.m. to 5 p.m.) hence 

efficiency was calculated . Efficiency of monocrystalline varies 

between 3% to 14% whereas from polycrystalline panel it is 

2.5% to 9.5%. 

 

3.2.3 Space Efficiency: 

As two panels were considered while taking observations for 

different parameters and the area of monocrystalline panel was 

0.18 m
2 

  while for that of polycrystalline panel was 0.20 m
2
 for 

40 watts. Monocrystalline panel occupies small space as 

compared to polycrystalline panel for the same amount of 

power.   Monocrystalline panels supply power about 222 

Watt/m
2
 while polycrystalline supplies power about 200 watt/m

2
. 

 

3.2.4 Cost: 

 Now a days cost of both panels is decreasing. Monocrystalline 

solar panels are expensive because of its purity.  

Polycrystalline cells are made up of multiple crystals and are 

generally less expensive to manufacture than mono cells. 

 

3.  CONCLUSIONS 
Power output from monocrystalline panel is more than 

polycrystalline so Monocrystalline panel tends to perform better 

than similarly rated polycrystalline at low light conditions. 

 

 

 

Theoretically and Practically “Effect of increase of 

temperature on PV module power was observed and it was 

concluded as temperature increases power decreases but the 

decrement of power is slightly lower for polycrystalline panel as 

compared to Monocrystalline panel. When temperature was 

increased from 25°C to 50°C power decreases by 5.40 % in case 

of polycrystalline while in case of monocrystalline power 

decrement of 28.20 % was observed.  

  

Effect of shading on PV Module power was done and it 

was observed that monocrystalline panel is less affected by 

shading and works better in shady condition as compared to 

polycrystalline panel. In case of shading power decrement of 

23.9% was observed in polycrystalline while only 19.37% of 

power was reduced in monocrystalline panel 

  Both monocrystalline and polycrystalline panels are 

good choices but polycrystalline panel tends to be less space 

efficient as Monocrystalline panel occupies small space as 

compared to polycrystalline panel for the same amount of 

power.   
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