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Abstract: Photovoltaic (PV) systems are becoming nowadays an
attractive solution to overcome energy demands and pollution
reduction. Several issues under research such as PV MPPT, PV
Distributed generation, PV On-Grid systems, and PV off Grid
systems need a modeling of PV module as an important initial
step in these researches. This paper presents a mathematical
model of a PV module using Matlab which this model was
checked in response step by step to be guidance for researchers
understanding in these areas. In the mean time, the modeling
final results are compared by two different commercial
reference models for verification purpose which results had Fig. 1 PV Cell Model
been well matched.
The solar cell is a PN junction where there are diffusion currents
Keywords: PVMathematical Modeling, Matlab /Simulink, and drift currents for the direct and reverse polarization,
Step-by-Step Modeling.
respectively. When the PN junction is exposed to light, photons
with energy greater than the gap of energy are absorbed, causing
I. I ntro d uct io n
the emergence of electron-hole pairs. These carriers are separated
under the influence of electric fields within the junction, creating
It becomes necessary to study well, investigate and a current that is proportional to the incidence of solar irradiance
enhance performances of all Renewable energy resources [x]. The equivalent circuit of a PV cell is as shown in Figure 1.
applications regarding technicality, cost, and integration with
conventional fossil fuel energy sources. From this point of view The cell photocurrent can be represented by a current source Iph.
and especially for photovoltaic systems, researchers provide their Rsh and Rs are the intrinsic shunt and series resistances of the
ideas and solutions for several applications such as MPPT [i], cell. Rsh is very large and Rs is very small, hence Rsh can be
Stand Alone PV systems [ii-iv], On-grid PV systems [v], and neglected for the analysis simplicity. PV cells are grouped to
smart grid systems [vi]. In fact, the first initial step to investigate construct PV modules. The PV module can be modeled
and analyze all optimization techniques for these different mathematically as the following equations [viii]:applications is to be assured from the PV module modeling which
𝐼 = 𝐼𝑠𝑐𝑟 + 𝐾𝑖 𝑇 − 298 ∗ 𝜆 1000
(1)
considered the start of line. Indeed, a lot of researchers introduce 𝑝ℎ
the mathematical modeling of the PV modules in details [vii-x],
(𝑞𝑉𝑜𝑐 𝑁𝑠 𝐾𝐴𝑇)
− 1]
(2)
but they didn’t expose to check the response in steps. Hence the 𝐼𝑟𝑠 = 𝐼𝑠𝑐𝑟 [ 𝑒
main aim of this paper is to provide a researcher/reader with the
𝑞 ∗𝐸 𝑔𝑜 1
1
knowledge on the building blocks check response gradually based 𝐼 = 𝐼 [ 𝑇 ]3 𝑒 [ 𝐵 𝐾 𝑇 𝑟 − 𝑇 ]
(3)
𝜊
𝑟𝑠 𝑇
𝑟
on mathematical equations to be satisfied with his final results.
𝑞 ∗ 𝑉 𝑃𝑉 +𝐼 𝑃𝑉 𝑅 𝑠
Two particular reference PV modules are selected for the analysis
𝑁 𝑆 𝐴𝐾𝑇
𝐼 = 𝑁𝑃 ∗ 𝐼𝑝ℎ − 𝑁𝑃 ∗ 𝐼𝜊 [ 𝑒
−1
(4)
of developed model. Characteristics curves obtained from 𝑃𝑉
simulation for the selected modules with the output power of 250
W and 320 W are compared with the curves provided by the data Equation (1) represents a module photo current Iph while the
sheet which are well matched. The principle, operation, and module reverse saturation current Irs can be expressed by
mathematical model of PV cell are described in section II. Section equation (2). Equation (3) represents module saturation current Iο
III provides a selected two reference module parameters. The while the current output of a PV module IPV is given by equation
simulation model, step-by-step check response and final results (4).
are presented and discussed in section IV. Finally, conclusions are
III. Selected Two Reference Module Parameters
drawn in section V.
II. Photo Voltaic Module Modeling
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First selected particular reference PV modules SW 250 mono
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Maximum power Pmax
250 Wp
Open circuit voltage Voc
37.8 V
Maximum power point voltage Vmpp
31.1 V
Short circuit current Isc
8.28 A
Maximum power point current Impp
8.05 A
Second selected particular reference PV modules SW 320 mono
from solar world USA has the following specifications:Maximum power Pmax
320 Wp
Open circuit voltage Voc
45.9 V
Maximum power point voltage Vmpp
36.7 V
Short circuit current Isc
9.41 A
Maximum power point current Impp
8.78 A
Which all above specifications are under standard test conditions
(STC) of irradiance of 1kw/m2, spectrum of 1.5 air mass and cell
temperature of 25℃.
IV. Analysis, Simulation Results and Discussion
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particular reference PV modules 250 W Which the simulation
output for this step is shown in figure 5.
Figure 5 shows the simulation output response for module reverse
saturation current Matlab/Simulink blocks at specific parameters
for the first selected reference module at standard test conditions
which the current value Irs is very low.

A. Step by Step Modeling and check response at each
step
Fig. 4 Module reverse saturation current Matlab/Simulink blocks

Fig. 2 Module photo current simulink blocks
Figure 2 shows the matlab modeling for module photo current
based on equation(1) and the parameters are taken for the first
selected particular reference PV modules 250 W Which the Fig. 5 Output of module reverse saturation current
simulation output for this step is shown in figure 3.
Matlab/Simulink blocks
Figure 6 shows the matlab modeling for module saturation
current Iο based on equation(3) and the parameters are taken for
the first selected particular reference PV modules 250 W Which
the simulation output for this step is shown in figure 7.
Figure 7 shows the simulation output response for module
saturation current Matlab/Simulink blocks. The figure shows the
changes on the module saturation current when the operating
temperature is changed from 25℃ to 40℃ and all other
parameters at STC. It is noted that the values of Iο are very low.

Fig. 3 Output of module photo current Matlab/Simulink blocks
Figure 3 shows the simulation output response for module
photocurrent simulink block when insolation changed from 0.5
kW/m2 to 1 kW/m2 and reflect of these changes on the
photocurrent. The aim here is to stand at values for the reader as
guidance for him to be checked for his research building as well
as in all next steps. Figure 4 shows the Matlab/Simulink modeling
for the module reverse saturation current Irs current based on Fig. 6 Module saturation current Matlab/Simulink blocks
equation(2) and the parameters are taken for the first selected
doi : 10.17950/ijer/v4s12/1203
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Figure 8 shows the matlab modeling for module current output
IPV based on equation(4) and the parameters are taken for the
first selected particular reference PV modules 250 W Which the
simulation output for this step is shown in figure 9.
Figure 9 shows the simulation output response for module current
output Matlab/Simulink blocks. The figure shows the changes on
the module current output when the required PV voltage changed
from 25 to 30 volts and all other parameters at STC. It is noted
that the output current is decreased significantly.

Fig. 7 Output of module saturation current Matlab/Simulink
blocks

B. Obtained Characteristics for the Two Selected
Reference Module
All the following figures (10-13) show the obtained results from
the simulation which indicates the characteristics of PV module
based on mathematical modeling and these obtained curves were
compared with the data sheet of the two references selected
modules which well matched with them

Fig. 8 Module current output Matlab/Simulink blocks

Fig. 10 I-V curves for the two reference modules at temperature
=25 ℃

Fig. 9 Output of module current Matlab/Simulink blocks
doi : 10.17950/ijer/v4s12/1203
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Fig. 11 P-V curves for the two reference modules at temperature
=25 ℃
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Fig. 13 P-V curves for the two reference modules at Insol. =0.7
kw/m2
V. Conclusion
In This paper, check response for Matlab/Simulink PV module
model building step-by step is presented and results appear well
matching with data sheet of the two selected references modules.
The obtained responses give the researcher /reader knowledge,
confirmation and satisfaction to proceed in with his system
application building up. In the mean time, the aim here was to
stand at reference values for the reader as guidance for him to be
checked for his research building.
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