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Abstract: This paper proposes a novel simplified model of a photovoltaic module and also the modeling of hourly cloudless solar radiation 

of a particular site to achieve optimal operation. This model uses standard specifications along with actual solar radiation and temperature. 

This proposed work develops a matlab/simulink model to generate simulation of solar radiation of any location to provide the insolation on 

a photovoltaic module of any orientation and for any time of the year. A single diode model for current voltage characteristics and 

maximum power operation of a photovoltaic module is also presented which models the effect on VI characteristics of varying climate 

conditions. The combined model of solar radiation and PV module provide a tool to investigate the effect of meteorological conditions on 

the performance of a PV module generator. The predicted solar radiation and the experimental data are in good compliance.   
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1. Introduction 

Solar energy is the source of all energy on the earth. It is a 

renewable source of energy alternative to the conventional 

fossil fuel electricity generation. A simple and elegant method 

of harnessing the sun’s energy is photovoltaic. Solar cells 

directly convert solar radiation in to electricity. The electricity 

generation by the solar cells is based on the principle of 

photovoltaic effect. The process of conversion of sunlight in to 

electricity using solar cells is called photovoltaic. 

Manufacturers define specifications of the solar module only at 

standard conditions. Solar radiation in a particular area is not 

available instantly. The simulation model of PV module is very 

essential to analyze the performance of the solar cell. The solar 

radiation prediction models are given in [1]. The single diode 

model using the Shockley diode equation is given in [2]. This 

model investigates the variation of maximum power point with 

temperature and insolation levels. The model based on a 

behavioral cell model is given in [3]. This model is based on 

the electro-physics of the PV cell. The electro-physics of the 

PV model is too difficult to determine. Among the various 

mathematical models the simplest one is the single diode model 

without resistances. The VI characteristics at MPPT are not 

very accurate. The PV module performance is improved by 

adding series and shunt resistance [4]. The values of series and 

shunt resistance are determined by an incremental conductance 

algorithm. The carrier recombination losses in the depletion 

region are not considered. In this paper a simplified single 

diode model with negligible shunt resistance is proposed. It  

 

 

also develops a matlab/simulink model to generate solar 

radiation. The generated solar radiation is given as input to the 

single diode model along with the operating temperature of the 

area. The VI and PV characteristics of the model are 

calculated.   

2. Methodology 

The block diagram of proposed system is given in figure 1. It 

has solar radiation block and the PV module block. The model 

is designed using the matlab/simulink software. The solar 

radiation block generates the solar radiation for the given 

inputs at any location and for any time of the year. The inputs 

to the solar radiation block are day number, with January 1 as 1 

to December 31 as 365, azimuth angle of the panel, latitude of 

the location for which the solar radiation is to be calculated, 

and the hour of the day. The generated solar radiation is given 

to the single diode photovoltaic module. The single diode 

photovoltaic module calculates the PV and IV characteristics 

for the given solar radiation and temperature. 

 

2.1 Cloudless solar radiation  

 

The total solar radiation on a flat panel is, 

 

GTR =GBR + GDR + GRR           (1) 

 

Where GTR is the total radiation on a flat panel, GBR is the 

direct radiation on the panel, GDR is the diffuse solar beam 

radiation on the panel, GRR is the reflected radiation from the 

surface of the earth. 

 

http://www.ijecs.in/


T.Pearson
1
 IJECS Volume 4 Issue 1 January, 2015 Page No.9888-9891   Page 9889 

 
 

Figure 1: Block diagram 

 

2.1.1 Direct solar beam radiation  

 

The direct solar beam radiation is the radiation travelling on 

a straight line from the sun down to the surface of the earth, is 

given as follows, 

 

GBR = Gbcosθi                                 (2) 

 

Where θi is the incidence angle, Gb is the beam radiation. 

The beam radiation on the given surface is maximum when 

the sun’s rays hitting the panel at a 90° angle and is given by 

the expression, 

 

Gb = Go exp(-k/sinβz)                           (3) 

 

Where G is the extraterrestrial radiation, k is the optical depth 

The optical depth is given as, 

 

k = 0.174+0.035sin [360*(n−100)/365]              (4) 

 

The extraterrestrial radiation is given as, 

 

Go=1160+75sin[360*(n−275)/365]                    (5) 

 

Where n is the day number. 

The incident angle and the altitude angle are calculated as, 

 

Sinβz=cos L*cos d*cos H+sin L*sin d              (6) 

 

Where φA is the azimuth angle of the sun, φp is the azimuth 

angle of the panel, φs is the slope of the panel. L is the latitude 

of the location, d is the declination angle, H is the hour angle.  

The azimuth angle of the sun is given as, 

 

Sin φA = cos d*sin H/cos βz  (7) 

 

The declination angle is, 

 

d = 23.45sin [360*(284 − n)/365.25]      (8) 

 

The hour angle is given by the expression, 

 

H = 15(12 − h)                                      (9) 

 

Where n is the day number, h is the hour of the day. 

2.1.2 Diffuse and reflected radiation 

 

    Diffuse radiation is sunlight that has been scattered by 

molecules and particles in atmosphere but it again reaches the 

surface of the earth 

The model for the diffuse radiation is expressed as,  

 

GDR = C*Gb (1 + cos φs)/2                             (10) 

 

Where C is the sky diffuse factor which is given as, 

 

C=0.095+0.04sin(360*(n−100)/365)             (11) 

 

Reflected radiation is the amount of radiation reflected by the 

earth’s surface. 

The model for the reflected radiation is given as, 

 

GRR = ρ*GB*(sinβZ +C)(1−cosφ)/2               (12) 

 

Where, ρ is the ground reflectance called albedo. 

The total radiation are obtained by adding up the equations 

(2), (10), (12) and implemented in matlab/simulink to generate 

the hourly solar radiation at any location and for any time of 

the year.  

 

2.2 Single Diode PV module 

 

The single diode PV module is developed in this paper using 

the matlab/simulink. The equivalent circuit of the model is 

given in figure 2. PV cells are grouped together to form PV 

modules. The cells are arranged in series and parallel. The 

number of cells in series is denoted by Ns and the number of 

cells in parallel is denoted as Np. Manufacturers provide 

electrical specifications of the solar panel only at standard 

conditions, namely solar radiation of 1000 W/m
2
 and cell 

temperature of 25 °C. The circuit consists of a current source 

Iph, a parallel connected diode D and a series resistor Rs. 

The photocurrent of the module is, 

 

Iph = (Isc + K(T − 298))λ/100                 (13) 

 

Where Iph is the photo current, Isc is the short circuit current. 

The reverse saturation current of the module is, 

 

Irs = Isc / (exp(q*Voc /NskAT)−1)              (14) 

 

Where A is the diode ideality constant, q is the electron charge. 

 
Figure 2: Equivalent circuit of single diode model 

The saturation current of the module varies with the cell 

temperature and is given as, 

 

Io = Irs(T/Tr)
3
exp(qEg/Bk(1/Tr−1/T))                 (15) 

 

Where Tr is the reference temperature i.e. 25°C, T is the 

operational temperature. 

The output current of the PV module is, 
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Ipv=Iph−Io[exp(q(Vpv+Rs)/NsAkT)−1]              (16) 

 

Where Iph is the photo current, Ipv is the photovoltaic current, 

Vpv is the photovoltaic voltage, Rs is the series resistance.   

 
Table 1: Electrical specifications of Solkar 36W solar panel 

 

Electrical characteristics Data  

Voltage at maximum power 16.56 V 

Current at maximum power 2.25 A 

Open circuit voltage 21.24 V 

Short circuit current 2.55 A 

Number of cells in series 36 

Number of cells in parallel 1 

 

The single diode model with solar radiation is implemented 

using matlab/simulink. The model is designed for Solkar 36W 

module. The electrical specifications of the solar panel are 

given in the   table 1. 

 

3. Result and Discussion 
 

The prediction of solar radiation and the model of single diode 

PV module are designed by matlab/simulink software. The 

matlab/simulink model of the solar module is designed for the 

inputs given in table 2.  

The module calculates the declination, zenith, azimuth and 

hour angle for the given inputs and using these values the 

direct, diffuse and reflected radiation is calculated. These 

values are summed up to obtain the total radiation, which is the 

solar radiation of the particular area. 

 

 
 

Figure 3: Matlab/Simulink diagram of the solar module. 

The matlab/simulink model of the single diode PV module 

given in figure 4 is designed for the solar radiation calculated 

by the solar module and the operating temperature of the area. 

The PV module generates the voltage-current (V-I) and power-

voltage (P-V) characteristics of the single diode PV module. 

The output current of the PV module is calculated using the 

diode saturation current and the photo current. The output 

power is obtained from current and voltage.  

 

 
 

Figure 4: Matlab/Simulink diagram of single diode model 

 

Table 2: Inputs to the model 

 

Input  Value  

Day of the year 77 

Time 9.30 AM 

Slope 36.86 

Latitude 9.52 N 

Temperature  31 
°
C 

 

The VI characteristics of the single diode model given in figure 

5 are calculated for the voltage and current generated by the 

PV module. 

 

 
 

Figure 5: VI characteristics of single diode model 

 

 

The PV characteristics of the single diode model are given in 

figure 6 are calculated using the power and voltage generated 

by the PV module. 
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Figure 6: PV characteristics of single diode model 

 

From the above graphs we observe that, When the radiation 

increases, 

      1.The current output increases 

      2.The voltage output also increases. 

      3.This results in net increase in power output with increase 

in radiation at constant temperature.  

When the operating temperature increases, 

      1.The current output increases 

       2.The voltage output decreases. 

       3.This results in net reduction in power output with rise in 

temperature. 

 

4. Conclusion 
 

This paper provides an innovative model to predict the 

performance of a PV module of any orientation and for any 

time of the year for a particular area. The model uses empirical 

equations to predict the solar radiation. The solar radiation is 

used by the PV module to develop the VI and PV 

characteristics of the Solkar 36W PV module. The developed 

single diode model has slight variations with the increase in 

temperature. This error can be improved by the two diode 

model. 
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