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Abstract—Solar energy has a major role in renewable energy 

resources. Solar Cell as a basement of solar system has attracted lots 
of research. To conduct a study about solar energy system, an 
authenticated model is required. Diode base PV models are widely 
used by researchers. These models are classified based on the number 
of diodes used in them. Single and two-diode models are well 
studied. Single-diode models may have two, three or four elements. 
In this study, these solar cell models are examined and the simulation 
results are compared to each other. All PV models are re-designed in 
the Matlab/Simulink software and they examined by certain test 
conditions and parameters. This paper provides comparative studies 
of these models and it tries to compare the simulation results with 
manufacturer’s data sheet to investigate model validity and accuracy. 
The results show a four- element single-diode model is accurate and 
has moderate complexity in contrast to the two-diode model with 
higher complexity and accuracy. 

 
Keywords—Fill Factor (FF), Matlab/Simulink, Maximum Power 

Point (MPP), Maximum Power Point Tracker (MPPT), Photo Voltaic 
(PV), Solar cell, Standard Test Condition (STC). 

I. INTRODUCTION 
OLAR system energy is the most important renewable and 
sustainable energy system. Solar-electric-energy system 

has grown consistently and become a popular resource of 
energy. The main reasons for this huge attention are; 1) 
increase in efficiency of solar cells; 2) recent technological 
improvements; 3) green and environmental friendship. Typical 
applications of solar energy are supply the residential loads 
and far off electrical installations. It also has a major role in 
distributed generation network. Right now solar cell efficiency 
is relatively low around 12 to 20 %, it means that PV panel 
can harvest a little amount of sunlight energy (a prototype 
solar panel with 33.9% efficiency is announced recently by 
Siemens and North Carolina’s Semprius Inc). Therefore, to 
preserve this little harvested energy, the whole system such as 
energy conversion stage has to be designed carefully and 
efficiently. It enforces system integrator to design very high 
efficient DC/DC and DC/AC converters.  
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The most common type of solar cells is made of silicon 
materials such as silicon, polycrystalline thin films and single- 
crystalline thin film. Solar cell converts photons energy 
(photovoltaic effect) to electrical DC energy [1]. A solar cell 
alone can produce only 1 to 2 Watt [2]. To get more power, 
more solar cells are necessary. PV module is made by 
connecting some cells to form larger units. Several modules 
are concatenated serially and parallel to make PV array 
(panel). A solar cell is a p-n junction semiconductor diode [3]. 
In the dark (without photon), the I-V curve characteristic of a 
solar cell has an exponential characteristic. Solar cell V-I, V-P 
curves are highly non-linear. These curves have the main role 
in solar energy system. 

A PV panel acts as stationary (non-moving part) power 
generator. The amount of energy harvested by PV panel is 
mostly a function of sun irradiation and ambient temperature. 
However, the solar generators are affected by air pollutants, 
dust, the number of cloudy days, rain and snow. Solar system 
energy generally contains PV panel as generator, Maximum 
Power Point Tracker (MPPT) and DC/DC converter to work in 
Maximum Power Point (MPP), storage block to increase 
stability, Inverter to produce AC current, sun tracking 
mechanism and controller. MPPT controller will relocate 
operating point to desired MPP by controlling the power 
electronic gates in DC/DC converter in DC side. An inverter 
controller maintains the AC bus voltage and frequency by 
modifying signals on the inverter’s gate. A solar system may 
work as a stand-alone or grid-connected generator. PV system 
configurations highly depend on system size, investment, 
mode of operation and system availability. 

Modeling and simulation of physical system in computer 
become more attractive than ever due to advanced software 
like Matlab/Simulink. An electric circuit model of a solar cell 
can represent thoroughly the Mathematical relations (Lumped 
circuit). The simplest model has only one diode and one photo 
current source as function of sun irradiation (Iph). The simple 
one has one extra series resistance Rs [4-6]. The four-element 
model has shunt resistance (Rp) and finally two-diode model 
has five-element with one extra diode. Another PV 
classification is based on the number of parameters that are 
used in the model. Therefore, there is three-, four-, five- and 
seven-parameter models. There are plenty of PV models 
represented by researchers, and each model has its own 
advantages. However, to the researcher’s knowledge no study 
has yet been dealing with the comparison of these models. In 
some studies, the effect of temperature has intentionally been 
neglected, but this model may be suitable for very stable 
climates. Some others simply neglect the shunt resistance to 
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decrease complexity and lessen computations and some even 
ignore series resistance (lossless model). It is obvious that 
only in the equator that the ambient temperature is relatively 
stable. On the other hand, in some areas like Sahara desert or 
areas with four seasons, high ambient temperature will 
decrease total energy harvesting significantly. 

This paper tries to evaluate how this kind of assumptions 
will affect the solar energy system efficiency. This study also 
compares the most common PV models and simulation results. 
To validate findings, simulation results are compared by 
industrial PV panel datasheet. The results show each model’s 
accuracy. All models are implemented in Matlab/Simulink 
family software. 

II.  PV MODEL 
Similar to two-port networks, open circuit voltage (Voc) and 

short circuit current (Isc) are used to establish circuit model of 
solar cell. Voltage at maximum power point (Vmpp), Current at 
maximum power point (Impp) and maximum power peak of PV 
module (Pmm) are important to shape the models. These data 
are given by manufacturer in STC (temperature is Tn=25oC 
and sun irradiation is Gn=1000W/m2) and can be found in PV 
manufacturer’s datasheet. The first step to modeling is finding 
the mathematical relationships. An ordinary engineering 
model of PV cell will be studied in this paper without getting 
involved into details that need semiconductor physics and 
light phenomena. A lumped circuit model will be used in this 
study. 

A. Single-diode PV Model 
Single-diode models, presented by Townsend in1989, are 

depicted in Fig.1.In this model, one diode is used to modeling. 
Fig. 1(a) is PV lossless model (Ideal model without 
resistance), Fig. 1(b) has three elements with thermal loss 
(series resistance Rs) and Fig. 1(c) has four-elements circuit 
model with leakage current to ground (shunt resistance Rp). So 
the single-diode model is classified as: 

1. Two-element (Rs=0 & Rp=∞) or three-parameter 
2. Three-element (Rp=∞) or four-parameter 
3. Four-element or five-parameter 

 

 
Fig. 1 Single-diode lumped circuit model a) two-element model,      

b) three-element model c) four-element model 
 

Equation (1) shows the mathematical function of this model 
[7]. 

 

I ൌ I୮୴ െ I୭ ቂexp ቀ
୯ሺVାR౩Iሻ

α୩T
ቁ െ 1ቃ െ VାIR౩

R౦
                 (1) 

where, Io is diode reverse saturation current, k is Boltzmann 
constant, q is elementary charge on an electron constant, α is 
ideality factor, V is terminal voltage, I is terminal current and 
T is Kelvin ambient temperature. The quality factor (Ideality 
factor) α depend on solar cell technology, and it is typically 
between 1 and 2 for polycrystalline cell (see appendix A). Ipv 
is light generated current and it is depend on short circuit 
current. Parameters are Io, Rs, Rp, Ipv and α. Short circuit 
current (Isc) and Io are functions of ambient temperature. There 
are several methods to show the ambient temperature 
dependency [8]. Equations (2) and (3) show the temperature 
effects on Isc and Io. 
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where Kv is open voltage temperature coefficient, Ki is short 
circuit current temperature coefficient and Iscn and Tn are short 
circuit current and ambient temperature at STC, respectively. 
Iୱୡ@T౮Aand I୭@T౮is short circuit and reverse saturation current 
at ambient temperature Tx respectively. Iୱୡ@T౤and I୭@T౤is 
short circuit and reverse current at STC respectively [9]. 
Iୱୡ@G౮ is a function of sun irradiation (G). Equation (4) shows 
this relation. 
 

Iୱୡ@G౮ ൌ Iୱୡ@G౤ כ ሺ
G
G౤
ሻ              (4) 

  

where Gn is 1000W/m2 and Iୱୡ@G౤is short circuit current at 
STC. By assuming series resistance, low and parallel 
resistance enough high, the Isc=Ipv.  Equation (5) shows the Ipv. 

 

I୮୴ ൌ ൫Iୱୡ ൅ K୧ሺT୶ െ T୬ሻ൯G/G୬      (5) 

 

B. Two-diode PV Model 
The two-diode model (Fig.2) has one extra diode. It is also 

called seven-parameter model. This model is more accurate 
than the single diode model especially in low irradiance level 
[10-11]. The voltage –current relation is depicted in (6). Here 
Io1 and Io2 are diodes reverse saturation current. Unfortunately, 
reverse saturation current, resistances and ideality factors are 
unavailable in PV panel data sheet, so some recursive and 
incremental methods are needed to calculate these parameters. 
Some papers suppose α1 and α2, 1 and 2, respectively. Here 
KCL shows  I=Ipv-Id1-Id2-IRp ,therfore terminal current is: 
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(6) 
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In low sun irradiation level, two-diode model is more 
accurate. The sun irradiation pattern usually starts in low 
irradiation in the morning and in the evening; therefore, two-
diode model will be the best choice and is very close to real 
situation. In fact, all practical PV modules will finally be 
installed outside; therefore neglecting ambient effect is not a 
good assumption. The model’s error will be considerable for 
large-scale grid-connected solar farms around megawatt. In 
equator area with stable temperature, these assumptions may 
be considerable. Simpowersystems based models have its 
intrinsic advantages that researcher has verity of built in tools 
for further study. It means PV model is able to integrate by 
abundant built-in power system components available in the 
software library. In this survey, we have only used the most 
popular models represented in Matlab/Simulink.  

 

 

 
Fig. 11 Simulation results by changing temperature 

 
In this study, the effect of air pollutants, dust and many 

other factors are not addressed. It will be interesting to show 
how much these factors will decrease the total energy 
harvested from the Sun. It also will be valuable to examine 
triple-diode model. 

VII. APPENDIX A 
TABLE IV 

IDEALITY FACTOR CONSTANT FOR DIFFERENT TECHNOLOGY 
Technology  Ideality Factor  
Si-mono crystalline 1.2 
Si-polycrystalline  1.3 
a-Si:H (amorphous silicon) 1.8 
a-Si:H tandem  3.3 
a-Si:H triple  5 
CdTe ( Cadmium Telluride) 1.5 
CIS (Copper indium Selenide) 1.5 
AsGa ( gallium arsenide) 1.3 
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