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Abstract-In this paper, a single and a double/bypass diode based photovoltaic (PV) systems are designed in 

MATLAB/Simulink GUI environment based on mathematical modeling of above PV systems. A detailed comparative study of 

transient analysis for single and double/bypass PV systems has been done with a RL load. The effect of realistic conditions i.e. 

variable wind speed and irradiation level on single and double/bypass diode PV system is investigated, the obtained results 

show the satisfactory performance for realistic model of PV system. 
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1.  Introduction 

The utilization of electrical energy has increased all over 

the world due to its various advantageous features. The 

alternative energy sources are generally wind energy, solar 

energy, geothermal, biomass and hydro power, biodiesel 

made from vegetable crop etc. These are also called non-

conventional energy sources [1]. 

A photovoltaic (PV) system directly converts solar energy 

into electricity. A PV array consists of a group of inter 

connected photovoltaic modules connected in series and 

parallel. An equivalent circuit model is commonly used to 

simulate the solar cell behavior under different operating 

conditions [2]. In this paper, the main parameters which 

explain solar cell model behavior such as photocurrent, 

saturation currents, series resistance, shunt resistance and 

curve fitting factor are accurately estimated. 

PV array simulation models are developed using basic 

circuit equations of solar PV system. In [3] simulation and 

modeling of solar cells and PV modules with double/bypass 

diodes configuration, working under partially shadowed 

condition in Pspice environment, is presented. In [4] a single 

diode PV system is discussed. The effect of change in 

irradiation and module temperature is shown in [5] and a 

comparative study of single and two diode PV system is 

presented. The authors have compared the simulation results 

with manufacturer’s data sheet to investigate model validity 

and accuracy. In [6] two models of PV system are 

implemented. Experimental and technical data of commercial 

panel is validated with the models. In [7-8] the main problems 

and existing solution concerning photovoltaic cells modeling 

are presented and it is concluded that the dynamic model of 

the PV cell is required in order to get a realistic picture of its 

working condition.  

Authors [1-11] have discussed the model of various kinds 

of PV systems. Different kinds of solar PV systems i.e. single 

and double/bypass diode PV system have been simulated 

under variable solar irradiation level. But a comparative 

analysis of single and double/bypass diode PV system is not 

discussed. Also, no study is made to assess the performance 

of various PV systems under realistic conditions such as 

variable wind speed and temperature. 

With the motivation of above literature review, novelty of 

this paper is to present comparative analysis of single and 

double/bypass diode PV system under standard and realistic 

environmental condition in detail. Several realistic conditions 

on wind and irradiation level are considered for the analysis. 

2. System Description 

The complete system can be divided into three main parts 

(a) Renewable energy generating sources (i) Single diode PV 

system (ii) Double/bypass diode PV system (b) 

Environmental conditions (i) Standard conditions (ii) 
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Realistic conditions (c) Load application. The schematic 

diagram of the complete system is shown in Fig. 1 as, 

Single Diode 

PV system

Double Diode 

PV model

Standard 

Conditions

Realistic 

conditions

L

O

A

D
 

Fig. 1. Schematic diagram of proposed system. 

2.1. Renewable Energy Generating Sources 

2.1.1 Single diode PV system 

The PV cell characteristics are strongly non-linear in 

nature. Its most referred equivalent circuit model is shown in 

Fig. 2. The related expression is given in Eq. 1. As shown in 

Fig. 2, Iph stands for photovoltaic generated current, Id is 

diode saturation current and RS is series resistance of PV cell. 

PV array is a series and parallel combination of PV cells [4]. 

 

Fig. 2. Equivalent circuit of single diode PV cell. 

    The PV cell voltage (VC) is function of photo current that is 

mainly determined by the load current and the solar 

temperature as, 

 

-
ln -

ph o cC
C s c

o

I I IAkT
V R I

e I

 
   

 
                                    (1) 

The solar cell operating temperature TC varies as a 

function of solar irradiation level SC and ambient temperature 

Tamb affects the cell voltage VC and cell output current IC [4]. 

These effects are also implemented in the model by the 

temperature coefficients CTV and CTI for cell voltage and cell 

photo current respectively using Eq. 2 & 3 as, 

 

 1 -TV a xC T T                           (2)
                          

 1 -TI x a
TC T T

Sc


                                        (3)

 

The effect of change in irradiation level (SX) on the 

voltage and photo current can be expressed with the help of 

constants, CSV and CSI, which are the correction factors for 

changes in cell voltage VC and photo current IPh. These are 

expressed in Eq. 4 & 5 as, 

 1 -SV T S x cC S S                            (4)
                        

 
1
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C S S
S

                           (5) 

    Where, SC is the reference solar irradiation and SX is new 

irradiation level at operating condition [4]. Using correction 

factors CTV, CTI, CSV and CSI, the new values of the cell 

voltage VCX and photo current Iphx are given by Eq. 6 & 7 as, 

cx TV SV CV C C V                         (6)
 

phx TI SI phI C C I                                                                  (7) 

2.1.1 Double diode PV system 

The two-diode model has one extra diode. It is also called 

seven parameter PV model. This model is more accurate than 

the single diode model especially in low level of irradiance. 

Here ID1 and ID2 are diode reverse saturation currents. 

Unfortunately, reverse saturation current, resistance and 

ideality factors are not available in PV panel data sheet, so 

some recursive and incremental methods are required to 

calculate these parameters. 

The output voltage of PV is given in Eq. (8) as, 

1 2

1 2

-
ln -

ph D D C s pC

cell C

D D s p

I I I I R RAkT
V I

e I I R R

  


 

  
  

   
         (8) 

As the shunt resistance is very small, it can be neglected 

and other parameters can be calculated. A two diode electrical 

equivalent circuit used to estimate these parameters, is shown 

in Fig. 3 as, 

 

Fig. 3. Equivalent circuit of double diode PV cell. 

The curve fitting factor A is used to adjust the I-V 

characteristic of the cell [6]. 

2.2. Environmental Conditions 

In this paper two types of environmental conditions are 

taken into consideration which are discussed as follows. 

2.2.1. Standard Conditions 

The conditions used by the manufacturing companies to 

test a PV panel are called Standard Test Conditions (STC). 

The parameter values of the STC are summarized in Table 1. 

as, 
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Table 1. Standard test condition parameters 

Standard Test Conditions (STC) 

Solar Irradiation, (SC) 1000 watt/m2 

Cell Temperature, (Tamb) 25°C 

Wind Speed, (W) 1 m/sec 

Air Mass, (AM) 1.5 

Air mass is the optical path length through the earth’s 

atmosphere for light from the celestial source. As it passes 

through the atmosphere, light is attenuated by scattering and 

absorption; the more atmosphere through which it passes, the 

greater the attenuation. An air mass of 1 is looking straight up 

from sea level at the sun when it is directly overhead. 
 

2.2.2. Realistic Conditions 

In this paper, single and double/bypass diode PV model 

are simulated for realistic environmental conditions. In order 

to achieve these conditions the thermal analysis of PV system 

is performed [7]. 

In above PV system models the temperature of module 

was linked only to solar irradiance level and the model was 

static [10-12]. In order to overcome these limitations a new 

relation in which the PV source temperature depends on solar 

irradiance, wind speed and ambient temperature of the 

module has been implemented. Moreover a dynamical model 

is obtained by evaluating the electrical constant. The 

temperature of PV module is given in Eq. (9) - (10) as, 

mod 1 2 3 4C. .S .
amb

T a T a a W a              (9) 

2 2

mod 1 2 3 4 5 6
( . . ) ( . . )

amb
T T b b W b W G b b W b W             (10) 

Where, a1, a2, a3, a4, b1, b2, b3, b4, b5 and b6 are the 

constant values. The solar irradiation and wind speed varies in 

the range of 400-1000 watt/m2 and 4-18 m/sec. 

3. MATLAB/Simulink Model of PV Systems 

3.1 PV system with Standard Test Conditions 

3.1.1 Single diode PV system 

The MATLAB/Simulink model of Single diode PV 

system under standard test conditions is shown in Fig. 4 as, 

 

 

Fig. 4. MATLAB/Simulink model of single diode PV system under STC.

3.1.2 Double diode PV system 

      The MATLAB/Simulink model of Double diode PV system under standard test conditions is shown in Fig. 5 as, 

Fig. 5. MATLAB/Simulink model of double diode PV system under STC.
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The modelled single diode and double/bypass diode PV 

panel have an operating voltage of 208 V and 212 V 

respectively. The solar irradiation (SC) and temperature (Tamb) 

are taken constant according the STC. Here, a R-L load 

having value of 50 Ω and 0.02 H is considered. 

 

3.2 PV System with Realistic Conditions 

3.2.1 Single diode PV system 

MATLAB/Simulink model of single diode PV system 

simulated under realistic environment are shown in Fig. 6 as, 

 

Fig. 6. MATLAB/Simulink model of single diode PV system under Realistic Conditions. 

3.2.2 Double diode PV system 

      The MATLAB/Simulink model of Double diode PV 

system under realistic conditions is shown in Fig. 7 as, 

 

 

Fig. 7. MATLAB/Simulink model of double diode of PV system with Realistic Conditions.

The modeled single and double/bypass diode PV panel 

have an operating voltage in the range 130-210 V. The 

solar irradiation (SC) and temperature (Tamb) are taken 

variable in a considered range to show real time conditions. 

System is connected with a RL load of 50 Ω and 0.02 H. 

 

4. Results and Discussion 

The typical P-V and I-V characteristic curves of the 

single diode PV system obtained from the simulation of 

above designed PV model (double/bypass have same 
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characteristics) at different solar irradiation (SC) and 

temperature (T) are shown in Fig. 8 (a) - (d) as, 
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Fig. 8. (a)- (d) I-V and P-V Characteristics of single diode 

PV system at different temperature and irradiation level. 

     The comparative analysis of output voltage, current and 

power of single and double/bypass diode PV System under 

standard test conditions (STC) are shown in Fig. 9 (a) - (c) 

as, 

0 0.05 0.1 0.15 0.2 0.25 0.3

160

180

200

220

240

260

Time (Sec)

V
o

lta
g

e
 (

V
o

lt)

 

 

Single Diode

Double Diode

 

(a) 

0 0.05 0.1 0.15 0.2 0.25 0.3

3.5

4

4.5

5

Time (Sec)

C
u

rr
e

n
t 
(A

)

 

 

Single Diode

Double Diode

 

(b)
 

0 0.05 0.1 0.15 0.2 0.25 0.3

600

800

1000

1200

Time (Sec)

P
o

w
e

r 
(W

a
tt
)

 

 

Single Diode

Double Diode

 

(c) 

Fig. 9. (a)-(c) Comparison of output voltage, current and 

power of single and double diode PV system under STC. 
 

From the above results it can be observed that there is a 

small voltage and current drop mainly due to the second 

diode in the double/bypass diode PV system but the 

transient stability and response time for voltage 

stabilization of the double/bypass diode PV system under 

standard test conditions (STC) is better than the single 

diode PV system. These transients are developed due to the 

inductive load connected to the system. The inductive loads 

are very common type of load. The same load is considered 

for both the PV models. The comparison of single diode 

and double/bypass diode PV system is shown in Table 2 as, 
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Table 2. Comparison of single and double/bypass diode 

PV system under various parameters. 

Parameters 
Single diode 

PV system 

Double diode 

PV system 

Voltage variation during 

transient state 

140-280 V 155-266 V 

Current variation during 

transient state  

2.5-6.2 A 2.9-5.4 A 

Power variation during 

transient state 

400-1350 W 490-1270 W 

Steady state Voltage 212 V 208 V 

Steady state Current  4.35 A 4.23 A 

Steady state Power  922.2 W 879.8 W 

Steady state time 0.11 Sec 0.03 Sec 

 

The single and double/bypass diode PV systems were 

simulated under realistic (variable) environment conditions. 

The comparative analysis of output voltage, current and 

power of single and double/bypass diode PV systems under 

variable solar irradiation (SC) and variable wind speed (W) 

are shown in Fig. 10 (a) - (e) as, 
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The irradiation level is varied in the range of (400-

1000) watt/m2 and wind speed is varies in the range of (6-

18) m/sec. As shown in Fig. 10 (a) and 10 (b) respectively. 

Corresponding variation in voltage, current and power are 

depicted in Fig. 10 (c)-10(e) respectively.  
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Fig. 10 (a)-(e). Variable irradiance and wind speed, output 

voltage, current and power of single and double/bypass 

diode PV system. 
 

For the single and double diode PV system, the 

variation of voltage, current and power for the considered 

range of irradiation and wind speed is shown in Table 3 as, 
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Table 3. Variation of parameters of single and 

double/bypass diode PV system. 

Parameters 

(Range) 

Single diode PV 

system 

Double diode PV 

system 

Irradiation 400-1000 watt/m2 400-1000 watt/m2 

Wind speed 6-18 m/sec 6-18 m/sec 

Voltage 142-212 V 145-208 V 

Current 2.8-4.3 A 2.85-4.2 A 

Power 397.6-911.6 W 413.25-873.6 W 

 

The comparative analysis of output voltage, current and 

power of single and double/bypass diode PV systems under 

variable solar irradiation (SC) and constant wind speed (W) 

are shown in Fig. 11 (a) - (e) as, 
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In this case, the irradiation level is varied in the range of 

(400-1000) watt/m2 and wind speed is taken constant as 8 

m/sec. as shown in Fig. 11 (a) and 11 (b) respectively. 

Corresponding variation in voltage, current and power are 

depicted in Fig. 11 (c)-11(e) respectively.  
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Fig. 11 (a)-(e). Variable irradiation, constant wind speed, 

output voltage, current and power for single and 

double/bypass diode PV system. 

 

The variation of voltage, current and power can be 

observed for the single and double diode PV system for the 

considered variation of irradiation (SC) and constant wind 

speed (W) is shown in Table 4 as, 

 

Table 4. Variation of parameters of single and 

double/bypass diode PV system. 

Parameters 

(Range) 

Single diode PV 

system 

Double diode PV 

system 

Irradiation 400-1000 watt/m2 400-1000 watt/m2 
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Wind speed 8 m/sec 8 m/sec 

Voltage 140-240 V 142-235 V 

Current 2.5-4.15 A 2.65-4.10 A 

Power 350-996 W 376.3-963.5 W 

 

The comparative analysis of output voltage, current and 

power of single and double/bypass diode PV systems under 

constant solar irradiation and variable wind speed are 

shown in Fig. 12 (a) - (e) as, 
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As it can be observed in Fig. 12 (a) and 12 (b) the 

irradiation level is taken constant as 1000 watt/m2 and wind 

speed is varied in the range of (6-18) m/sec. respectively. 

Corresponding variation in voltage, current and power are 

depicted in Fig. 12 (c)-12(e) respectively.  
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Fig.12. (a)-(e) Constant irradiation and variable wind 

speed, output voltage, current and power of single and 

double/bypass diode PV system. 

For constant irradiation and considered range of wind 

speed, the single and double diode PV system outputs in 

terms of voltage, current and power is shown in Table 5 as, 

 

Table 5. Variation of parameters of single and 

double/bypass diode PV system. 

Parameters 

(Range) 

Single diode PV 

system 

Double diode PV 

system 

Irradiation 1000 watt/m2 1000 watt/m2 

Wind speed 6-18 m/sec 6-18 m/sec 

Voltage 206-208 V 201-203 V 

Current 4.2-4.25 A 4-4.05 A 

Power 865.2-884 W 804-822.15 W 

 

From Table 3 - Table 5, it can be concluded that the 

dynamic response of double/bypass diode PV system under 

realistic conditions is better than the single diode PV 

system as the output of double/bypass diode PV system has 

less range of variation with respect to the variation in 

environmental conditions. 
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5. Conclusion 

In this paper, the dynamic modeling of single diode, 

double/bypass diode and realistic PV systems has been 

carried out. A detailed comparative study and analysis of 

single and double/bypass diode PV system has been 

presented in terms of output voltage, current and power 

with transient analysis under standard and realistic 

environment conditions. The performance investigation on 

designed system has been compared and it can be 

concluded that the double diode PV system has less 

transients in the output voltage current and power for same 

condition of load. The effect of solar irradiation and wind 

speed on single and double diode PV system are shown on 

the PV outputs and it is observed that the effect of solar 

irradiation on output voltage, current and power is greater 

the wind speed. In the context of comparative study for 

both the PV systems, following objectives are achieved 

with satisfactory investigation as follows, 

 MATLAB/Simulink modeling of a single and a 

double/bypass diode PV systems has been done.  

 The comparative study of single and double diode PV 

system has been done in terms of transient analysis of 

the output voltage, current and power.  

 The effect of variable wind speed and irradiation 

level on both the PV system is analyzed in terms of 

voltage, current and output power.  

 The variation of irradiation level is much effective on 

the realistic PV system in comparison of the wind 

speed variation.  

 The effect of series and parallel connection of PV 

cells on performance of single diode and double 

diode model based system may be considered as 

further work in this direction. 

Appendix 

Single diode PV system 

Series resistance, Rs 10-3 Ω 

Output voltage, Vc 212 V 

Output current, Ic 4.3 A 

Reverse saturation current of diode, Io 0.002 A 

Series resistance, RS 0.0001Ω 

Shunt resistance, RP 1000Ω 

Double diode PV system 

Output voltage, Vc 208 V 

Output current, Ic 4.2 A 

Reverse saturation current of diode, Io1 0.002 A 

Reverse saturation current of diode, Io2 0.002 A 

Environmental temperature, Tamb 25°C 

Temperature of the module, Tmod 10-55°C 

Wind speed, W  6-12 m/s 

Solar irradiation, G    0.4-1 KWatt/m2 

Constants 

Curve fitting factor, A 1.6 

Electron charge, e 1.602 × 10-19 C 

Boltzman constant, k 1.38 × 10-23 J/°K 

αS 0.2 

Β 0.004 

γT 0.06 

a1 0.0624 

a2 0.7027 

a3 1.0078 

a4 0.5221 

b1 0.0223 

b2 0.4690 

b3 1.0184 

b4 0.0400 

b5 0.5532 

b6 1.1552 
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