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Abstract 

Solar energy is one of multi solutions to solve the problem of 
high electricity demand growth. This paper focuses on modeling 
and simulation of solar radiation and photovoltaic system using 
MATLAB software. Simulation results were compared with 
experimental work using photovoltaic panel. A good degree of 
agreement between the experimental and simulation results is 
achieved. The PV used has 36 monocrystalline silicon cells 
connected together in series and tested at Cranfield University-
UK (52o North) on 17th July 2014. The simulation results show 
that power of the proposed model at nominal conditions is 
50.5W while the actual PV panel produces 50 W under the same 
conditions experimentally. Collector tilt angle was taken in 
account as well. The simulation code can select the optimum tilt 
angle that gives the maximum solar radiation and extract the 
maximum power point from P-V characteristics of the PV 
module. 
Keywords: photovoltaic, simulation, solar radiation, PV 
module 
 1. Introduction 
Solar energy considered as a very important condition of 
life on the earth. It can be used for heating, cooling and 
power generation. In addition, it may be used with wind 
energy, biomass, hydropower and other sources [1,2]. 
Solar radiation can be transformed to electric power using 
photovoltaic effect of semiconductor. The performance of 
PV panel is highly affected by collector tilt angle which 
defined as the angle of panel with respect to horizontal. 
The optimal tilt angle of fixed PV panel is related to the 
local climatic conditions such as geographic location and 
period of its use [3].  Solar radiation influenced by 
sunshine hours duration and average monthly values of 
cloudiness [4]. Angstrom [5] gave a relation between 
mean daily sunshine duration ‘n’ and the mean daily global 
solar radiation ‘h’ Angstrom’s formula is quite convenient 
to use but it does not consider the effect of latitude and 
altitude of the station. C. Jena et.al. [6] developed a PV 
simulink module with Buck – Boost converter in order to 
investigate I-V and P-V characteristics of typical 36 W 
solar module. Mboumboue E. et.al, [7] proposed a simple 
method of modeling and simulation of photovoltaic panels 
using MATLAB software package.  This paper proposed a 
simulation program using MATLAB that represents a 
complete solar photovoltaic system. Firstly, the program 
was to execute the sun earth main angles then it estimates 
the sun radiation (extraterrestrial, global, diffuse and beam 

radiation). In addition, the collector tilt angle effect was 
taken in account in order to get monthly average daily total 
radiation. The next step was to estimate I-V and PV 
characteristics of PV panel. Calculated results from the 
computational software were compared with the actual 
results using 50 W PV panel installed in the ePAD 
Laboratory of Cranfield University under different 
conditions. The practical work includes using maximum 
power point tracking and dc-dc boost converter that 
delivers the power to dc brushless motor as a load. 

2. Methodology  

The most effective parameter on photovoltaic power is 
solar radiation. Estimation of the sun earth main angles 
such as latitude angle, declination angle, hour angle, 
incidence angle etc. were calculated according to the 
methodology found in [Soteris K 8]. 
In order to get the power from PV panel, it is important to 
know the amount of solar radiation that fall on the panel. 
The monthly average daily global extraterrestrial solar 
radiation for a given month was calculated on the plane 
normal to the radiation on the nth day of the year outside 
the atmosphere presented as follows [9]. 

 
                  (1) 

 
The monthly Average daily global radiation the following 
formula can be calculated as follows [9]. 

                                                                (2) 
a = 0.25 and b = 0.5 are recommended and applicable 
anywhere in the world [10]. 
Basing on estimation of monthly average daily global 
radiation and clearance index, the monthly average daily 
diffused radiation may be given as follows: 
 

                                            (3)                                      
In addition it is possible to calculate the monthly average 
beam radiation as following: 

                                                                  (4)                                                                  
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For tilted collector, the ratio of the monthly total radiation 
on tilted surface HT to the monthly global radiation on 
horizontal surface may be obtained by [9]: 
 

                                      (5) 

 
The mathematical model that employed to define the PV 
cell I-V characteristics was proposed by Bishop (1988). 
Based on the equivalent circuit shown in figure (1). The 
mathematical formulation of PV cell current is described 
as follow [11]: 

 
                                                                           (6) 

 

 
                Figure (1): Equivalent circuit of PV cell 
 
Shunt and series resistances can be neglected because the 
hunt resistance magnitude is usually much higher than the 
load resistance, while the series resistance is much less 
than load resistance. So, less power is dissipated within the 
cell. In addition, in case of short circuit the voltage will be 
zero and photon current equal to short circuit current. 
Therefore, equation (6) will be reduced as follows: 
 

                     (7) 
 
In case of open circuit, cell current will be equal to zero 
and the voltage is then equal to open circuit voltage. 
 

                                                   (8) 
                                                                  
PV cell power can be estimated at each operating point 
using following expression: 
 

                                  (9) 
  
Figure (2) shows I-V and PV characteristics of PV cell 
which have 2.94A of short circuit current under nominal 
irradiation ( 1000 W/m2), cell temperature ( 25 oC ) and ( 
554 mm * 636 mm) collector dimensions. When the 

current equal to zero, the voltage is be equal to the open 
circuit voltage while, when the voltage equal to zero the 
current is equal to short circuit current. Between open and 
short circuit, the cell output power is greater than zero. The 
maximum cell power can be estimated by multiplication of 
maximum voltage and maximum current to achieve MPP. 
 

 
Figure (2): I-V and P-V characteristics of photovoltaic 

cell. 
PV modules are constructed from certain number of cells 
connected in parallel or in series or combined of series and 
parallel according to required design. The series 
connection is used in to get higher voltage (if two cells 
connected in series the voltage will be doubled) and the 
parallel connection is used to get higher current (if two 
cells connected in parallel the current will be doubled). 
Depending on the number of cells connected in series and 
number of branches connected in parallel module current 
can be expressed in the following formula [12]. 
 

                               (10) 

 
 In this work, 36 cells connected together in series in order 
to fix the cell current which can be calculated as below and 
increase the module voltage as shown in figure (3). 
 
 

 
Figure (3): I-V and P-V characteristics of photovoltaic 

cell. 
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3. Simulation: 
The photovoltaic system was modeled and then simulated 
in suitable software built using MATLAB (m-file) in order 
to get a theoretical representation of this methodology. 
Figure (4) shows the signal flow chart of computational 
software.Input parameters such as nominal operation 
conditions, number of cells, bright sunshine hours, diode 
ideality factor of PV cell and latitude angle were set. Main 
angles are the first computed. Their values depend on the 
latitude angle, number of days (date) and solar time. Solar 
irradiance changes according to south directivity, season, 
month and even hours within day as well. The previous 
computation was applied to all months of the year by 
iterative conditional loop. Tilt angle effect was employed 
in simulation programming in order to identify the 
optimum tilt angle. For each month, the tilt angle varies 
from 0o to 90o with respect to horizontal level. The 
optimum solar irradiance could be specified by the 
simulation code which meets with the optimum tilt angle 
and this optimum irradiance used as input parameter to 
photovoltaic model in order to estimate I-V and P-V 
characteristics of PV module. 

Figure (4): Signal Flow Chart of Simulation Program. 
 
4. Experiments: 
Experimental work was conducted in the ePDA laboratory 
at Cranfield University-UK using photovoltaic panel which 
described in section 2. PV panel output power was 
controlled by Texas instrument Solar Explorer Kit 
(TMDSSOLAR (P/C) EXPKIT). It provides a flexible and 
safe low voltage platform to evaluate the C2000 
microcontroller family of devices for power applications. 
The kit is available with two part numbers depending on 
which C2000 MCU control card the kit is shipped with, 
namely TMDSSOLARPEXPKIT ( F28035 Control Card ) 

and TMDSSOLARCEXPKIT ( F28M35H52C1 Control 
Card as shown in figure (5). 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (5): TMDSSOLAREXPLKIT     Macros. 
 
The Solar Explorer Kit consists of stages for DC-DC 
conversion and DC-AC conversion along with the required 
sensing signal to perform MPP Tracking. A panel emulator 
is built onto the board using a DC-DC power stage with 
light sensor, for quick demonstration of MPPT and PV 
Inverter control algorithms running MCUs. 

 
Figure (6): Solar Explorer Kit Block diagram. 

 
Figure (6) depicts the power stages present on solar 
explorer board. All three power conversion stages after the 
panel DC output i.e. DC-DC Boost, DC-DC Sepic, DC-AC 
inverter are using C2000 family microcontroller, which is 
installed in the DIMM100 slot on the Solar Explorer base 
board. The control of the PV emulator stage ( DC-DC 
Buck Boost ) is kept separated and is implemented using 
the TMS320F28027 microcontroller, which is pre-installed 
on the base board. As PV panels are a light dependent 
source, a light sensor is present which can be used to 
change the V vs I curves of the PV emulator. 
The kit is shipped with a pre-flashed image on MCU to 
implement an off grid, DC-AC system. A bulb is used to as 
the AC load to show visible power output. Figure (7) 
represents this system. 
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Figure (7): Typical DC-AC off grid PV system driving a 

local AC load 
 
The simulation program gives the relation between tilt 
angle and monthly average daily total radiation solar 
radiation. The approximate optimum tilt angle for each 
month can be known from the results shown in figure (8) 
below. In summer season, the useful tilt angle fall between 
0o and 20o. While the useful tilt angle for the remaining 
seasons is between 20o and 85o according to the season and 
month. 

 
Figure (8): the effect of tilt angle against monthly average 

daily total radiation 
 
The solar PV panel were modeled and simulated. Figure 
(9a &9b). 
 

 
 
 
 
 
 
 
 
 
 
 

                                     (a) 
 
 
 

 
                                             (b) 
 

Figure (9): a: P-V characteristics of PV module, b: I-V 
characteristics of PV module 

 
 
The PV panel is then tested and installed outside the ePAD 
laboratory. 
This practical case includes two conditions, sunny and 
cloudy conditions. In case of sunny condition the sky was 
clear and the light was not obstructed by clouds. Figure 
(10) shows the readings taken around 1:00 pm on 
Thursday 17th of July 2014 using different collector tilt 
angles. It can be seen that the optimum tilt angle is 21.16 
deg. where the maximum power obtained. As the angle 
increase the power decreases. The current also drops as a 
result of solar radiation intensity reduction while the 
voltage was approximately constant. In case of cloudy 
condition, the readings were taken when the sky was 
cloudy. Similarly, the tilt angles were adjusted and the 
current, voltage and power were recorded. 
 
 
                                            (a) 
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                                            (b) 
 

Figure (10): (a): The effect of tilt angle on the output 
power of panel. (b): the effect of tilt angle on the current of 

PV panel. 
 
As compared with simulation results, From figure (11) 
where the level of irradiance was changed in the simulation 
to obtain variable results, it is quite clear that at 250W/m2 
of solar radiation, the level of current falls to 0.7A and the 
power is around 11W. This is similar to the cloudy case as 
when the current is around 0.7A the output power is close 
to 11W. It can be assumed that in cloudy situations, the 
solar radiation falls close to 250W/m2.  
 

 
                                        (a) 
 

 
                                       (b) 
Figure (11): (a) I-V characteristics of panel under different 

solar irradiance. (b): P-V characteristics of panel under 
different solar irradiance. 

From simulation, the maximum annual monthly average 
daily total radiation was provided in figure (12) that shows 
the maximum solar radiation at optimum tilt angle for each 
month within the year. It is clear that summer season has 
the maximum levels of radiation as compared with the 
others. 
Figure (13) shows the maximum power point of PV panel 
at each month depending on the results provided in figure 
(12). Therefore, the maximum efficiency for each month 
can be estimated depending on power, solar radiation and 
collector dimensions as presented in figure (14). 

 
 

  Figure (12): Monthly average maximum daily total 
radiation with optimum tilt angle 

 

 
Figure (13): monthly average maximum power produced 

by PV module. 

 
 
Figure (14): monthly average maximum module efficiency. 
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4. Conclusions 

The most important factor affecting solar PV efficiency is 
the level of irradiance. With low level of irradiance, the 
PV panel efficiency will be low as well. Therefore, the 
efficiency will be increased with increment of solar 
irradiance. The PV panel power productivity and 
efficiency depends on the time within the year, location, 
position of the sun and its availability. With the results 
proving to be accurate, it is noted that getting the right 
angle is particularly important for solar PV modules. Thus, 
a tracking system needs to be installed for automatic 
tracking of the sun’s location. Using a tracking system, the 
solar panel will always be directed towards the sun thereby 
generating the most output at all times. A detailed cost 
analysis also needs to be carried out to see if the tracking 
system is feasible. 
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