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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 I I exp V R I
α T

1 V IR
R

                 (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. 
 

I @T I @T 1 K T T           (2) 

I @T I @T
T
T

e
V
T T            (3) 

 
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. 
I @T Aand I @T is short circuit and reverse saturation current 
at ambient temperature Tx respectively. I @T and I @T is 
short circuit and reverse current at STC respectively [9]. 
I @G  is a function of sun irradiation (G). Equation (4) shows 
this relation. 
 

I @G I @G
G
G

              (4) 

  

where Gn is 1000W/m2 and I @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. 

 

I I K T T G/G       (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: 

 

I I I exp V IR
α T

1 I exp V IR
α T

1 V IR
R

 
(6) 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:7, No:2, 2013

132

sh
lis
as
ac
sh
m
re
di
pa
id
fo
th
pa

sh
m
th
ex
m
po

to
tw
ex
w
so
V
Th
th
(V

 

Fig.

In PV mode
heet. The amo
sted in the sol
s Rs, Rp, α an
ccording to the
how how to

manufacturer’s 
esistance, they
iode model. 
arameters lik
dentification o
or more assum
he two-diode 
arameters. 

The same s
hunt resistance

method. In the
he series resis
xperimental m

more points in
oints to (1)to(6

IV. DEVEL

To validate t
o compare fin
wo different 
xamined. In o

will be shown h
olar panel data

V-I and V-P c
hree curves th

he rest are cur
Vmpp, Impp), (V

 

ELEC
Nominal outp

Max. power t

Max. Voltage

Nominal Vol

Nominal curr

Open circuit 

Short circuit 

Temperature 

 2 Two-diode o

III. ME

els, some para
ount of Voc, I
lar panel data 
nd Io are unk
e given data. I
o calculate 

data sheet.
y calculate un

These para
ke Isc and 
of the second 
mption and cal

electrical equ

trategies are 
es. Iterative an
e simplified s
stance is easy

methods unde
n V-I and V-
6), the unknow

LOPMENT OF P
the model and
ndings by sola
PV modules 
rder to shorte
here. Table I s
a sheet from S
curves that w

hat pass throug
rrent curves. T

Voc, 0) and (0, I

T
CTRICAL DATA FO
put power (Pmp)   

tolerance 

e system              

ltage (Vmpp)          

rent (Impp)            

voltage (Voc)       

current (Isc)         

coefficient of op

or five-element 

ETHODOLOGY 
ameters are n
Isc, Ki, Kv, Pm
sheet. The res

known, so the
In [12] D. Ser
these param

. In [13] b
navailable pa
ameters have
Voc. In sev
diode parame
culation. Ada
uivalent circu

adopted to 
nd recursive m
single-diode th
y to find. So

er certain test
-P curves, so
wn parameters

PV MODELS A

d simulation r
ar panel data
from differe

en paper lengt
shows a 270-W

Suntech Comp
were publishe
gh the origin a
The given poi
Isc). 

TABLE I 
OR SUNTECH STP
        [Watt] 

        [Volt] 

        [Volt] 

        [Ampere] 

        [Volt] 

      [Ampere] 

pen circuit Voltag

 
PV model 

not addressed 
mp, Vmpp and I
st of paramete
ey will be cal
ra and R. Teod
meters from 
y neglecting

arameters for 
e effect on

ven-parameter-
eters Io2 and α

amo, F., et al [
uit to estimat

calculate seri
methods are ac
hree-element 
ome research
t conditions a
o by replacing
s could be fou

AND VALIDATI

results, it is co
asheet. In this
ent companie
th only one da
Watt poly-cry

pany. Fig.3 sho
ed by manuf
are power curv
ints in data sh

 270-24/VB 
270 [wa

+/- 3 [%

1000 [V

35 [V]

7,71 [A

44,8 [V

8,14 [A

ge  -0,34 [%

 

in data 
Impp are 
ers such 
lculated 
dorescu 

given 
g shunt 

single-
n other 
-model, 
α2 calls 
[14] use 
te these 

ies and 
ccepted 
model, 

ers use 
and get 
g these 
und. 

ION 
ommon 
s study, 
es were 
atasheet 
ystalline 
ows the 

facturer.  
ves and 
heet are 

att]

%]

V]

]

]

]

% / °C]

eff
of 
irr

int
to 

mo

ab
inv
str
the
po
(6)
sid
an
sim
exp
mo
α1=
go
res
are

Temperature c

Temperature c

Module conve

 

Fill Factor (F
ficiency. FF is

f Voc and Isc. F
radiation decre

 

Fig. 3 M

Solar cell eff
tensity to elec
PV panel surf
 

 
In the follow

odels in the M

A. Simulink M
If the purpo
stractly or e
vestigation i
raightforward 
e PV model,

ossible by add
) as well to pr
des of the equ
nd (6) is one 
mply adding 
panded to tw
odel in Simuli
=1 and α2=2

ood estimation
search is Io1=
e: α1=1, α2=1.

coefficient of sho

coefficient Outpu

ersion efficiency

FF) is another 
s the ratio of 

FF will decrea
eases. FF is ty

Manufacturer’s

ficiency is rat
ctrical power (
face. 

η

wing pages, 
Matlab/Simulin

Model 
se of study 

examining M
in power st
and fast enou
 the model 

ding a delay to
revent algebra
uations. The 
extra diode i
Id2=f(v), th

wo-diode mod
ink. In two-di
[15], but the

n for resistan
=Io2. Calculati
2 and Io1=Io2=

ort circuit current 

ut 

index to eval
the maximum

ase when temp
ypically betwe

 published V-I,
 

tio of power 
(7). Pin is sun

V I FF
P

   

the single-di
nk software w

is investigati
MPPT algorith

tage, the S
ugh. To preve
has to be in
o feedback sig
aic loop, becau
only differen
in (6), so in 

he single-diod
del. Fig.4 sh
iode model, s
eir approach d
nce. Another 
ion results fo

=1.5249e-7.  

0,055 [%

-0,48 [%

14,4 [%]

luate the solar
m power and p
perature incre
een 0.7 and 0.8

, V-P curves 

harvested fro
light power in

    

iode and two
will present. 

ing the PV m
hm without 
imulink mod

ent algebraic l
nitialized. It i
gnals I in (1) 
use I appears 

nce between tw
Simulink mo
de model w

hows the two
ome researche
don’t converg
assumption i

or two-diode 

% / °C]

% / °C]

]

r panel 
product 
ases or 
85.  

 

om sun 
ncident 

    (7) 

o-diode 

module 
further 
del is 
loop in 
is also 
and in 
in two 
wo (1) 

odel by 
will be 
o-diode 
ers use 
ge to a 
in that 
model 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:7, No:2, 2013

133

to
as
bu
U
se
sim

in
co
so
co
ca
Fi
pa
ex
Ir,
R
pa

 

Fig

B. Simpowers
Simpowersys

o study the wh
s steady state
uilt-in power 

User Interface
eparately. Fig
mpowersystem
 

C. Simscape M
Matlab/Simu

n solar cell 
onsidered as a
olar cell, 72 
onvenient to 
ascaded block
ig.7). There i
arameter mod
xist for five pa
, α and Rs for 
s. However, 
arameters are 

 

Fig. 6 Six

. 4 Simulink tw

systems Mode
stems in Mat

hole solar syst
e and transien

system com
. In this mo
g. 5 shows 
ms. Temperatu

Fig. 5 Simpow

Model 
ulink has two-
model. In th

a parameter. T
cells have t
make a bloc

ks to model 
is an option t

del for solar ce
arameters. Par
the next optio
in eight-para
Io, α2 and Rp. 

x Simscape solar

wo-diode solar c

el 
tlab/Simulink 
tem behavior 
nt study [16].

mponents and 
odel, Ipv and 

an impleme
ure effect is a

wersystems PV m

-diode five/eig
he Simscape,
To make Sunt
to be connec
ck with 6 ce

Suntech PV 
to select five
ell in Simscap
rameters in op
on, parameters
ameter mode
 

r cells in series 

cell model 

is popular so
in power stag
.There are pl
powerful Gr
diode are m

nted PV mo
also considered

model 

ght- paramete
, sun irradia
tech PV modu
cted in series
lls, so there 
module (Fig

-parameter or
pe. Two optio
ption one are: 
s are: Io, Ipv , I
l, three more

to build a bloc

 

 

oftware 
ge, such 
enty of 
raphical 
modeled 
odel in 
d.  

 

er built-
ation is 
ule by a 
s. It is 
are 12 

g.6 and 
r eight-
ons also 
Isc, Voc, 

Ir, α and 
e extra 

 
k 

tem
ch
sho
ST
the
ho
on
sim
res
sim
cu
as 
Th
da
Sim
an
cal
Rs=

Fig. 7 Sims

All models 
mperature, va

hanges in qual
ows poor resu

TC) as it was 
e resistances.

owever, neglec
n MPPT algori
mple models a
sults. Fig.8 sh
mulation resu
urves at STC. 

1000,750 and
his model acc
ata sheet. Fig
mpowersystem

nd is 270.6W
lculated para
=0.320Ω, Rp=

 

Fig. 8 Simpow
 

Fig. 9 Simp

scape model to b

V.  SIMULA

are simulate
arious temper
ity factor. Ide
ults (i.e. Pmp=2
expected. It w
 Three-eleme
cting shunt re
ithm [12]. The
are omitted int
hows the Simp
ults (V-P curv
The sun irrad
d 500 W/m2 t
curately follow
g. 9 shows 
ms. Pmm is 271

W (0.22% er
ameters for 

=3360Ω and α

wersystems sing

powersystems tw

build a Suntech

ATION RESULT

ed in consta
rature and irr
eal solar cell m
287.68 Watt i
was due to ne
ent model sh
esistance (Rp) 
erefore, simul
tentionally du
powersystems
ves). It show

diation is simu
to show the su
ws the manuf
two-diode si

1.1 (0.407% e
rror) in two-

all single-d
α =1.5 [15].  

gle-diode model

wo-diode mode

h STP270-24 v/

TS 
ant irradiatio
radiation and
model (two-el
nstead of 270
eglecting the 
hows better r
 has great inf
lation results f
ue to poor simu
s single-diode 

ws the V-I an
ulated in three
unlight depen
facturer’s curv
imulation res

error) in single
-diode mode
diode model

l, variant irradia

el, variant irradi

 
/b 

on and 
d -10% 
ement) 

0Wattat 
loss in 
results; 
fluence 
for two 
ulation 
model 

nd V-P 
e levels 
ndency. 
ve and 
sult in 
e-diode 
l. The 
ls are 

 

ation 

 

iation 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:7, No:2, 2013

134

de
co
el
se
H
m
pa
po

M

pa

Op
vo

Sh
cu

M
Po

Fil
(F

tw
th
m
th
ca
sin
ca
yo
de
so
sim

qu
fo
Ta
qu
sq
re
pa

Te

fac

fac

By
pa
V

 

Table II sh
etail. The fir
ompare resul
lement and tw
eems very clo

However, it w
megawatt solar
arameters are 
oints are addre

 

THE SIMULAT
odel Su

datarameter 

pen circuit 
oltage(Voc) 

4

hort circuit 
urrent(Isc) 

aximum 
ower (Pmp) 

2

ll Factor 
F)  % 7

 
As mentione

wo-diode mod
here are a few

manufacturer, s
hese paramete
alculation for 
ngle-diode m
alculations ma
ou used. As
epend on these
olar cell wit
mulation will 
To show the

uality factor i
or different so
able III show
uality factor. 
quare sign (▪)
esults show 
arameters are 

 

SIMULATIO
Parameter 

est condition 

Quality 
ctor α=1.5 

Quality 
ctor α=1.35 

 
Changing -1

y using rela
arameter in ta

Vmpp ,-11.63% 

hows simulatio
rst column is
ts. In the r

wo-diode mod
ose to each o
will vary whe
r farms instead
extracted from
essed in releva

T
TION RESULTS FO

untech 
tasheet 

Simpo
syste

single‐

4.499 44

8.19 8.

69.84 271

73.995 74.

ed earlier and
del is more ac
w parameter 
so to establis

ers have to be
two-diode mo

model. Anoth
ay never conv
 mentioned 
e parameters. 
th MPPT a
be slow and w

e effect of pa
s examined. I

olar cell techno
w the simulat

Important p
)) in these cu
that PV mo
highly affecte

TA
ON RESULT FOR -1

Voc 

Volt 

Vmp

Vol

44.8 35 

40.05 31.3

0% in α, will
ative error fo
able III are -9
change in Pm

on results for
s Suntech m
rest columns,
del results are 
other’s for the
en we implem
d of one singl
m simulation r
ant curves. 

ABLE II 
OR PV MODELS IN
ower-
ems 
‐diode 

Simpowe
systems

two-diod

4.5 44.8 

2 8.14 

1.1 270.6 

29 74.20 

d some resear
ccurate than o
that were no

sh a model fo
e estimated c
odel is more c
her problem 
erge and it de
later, simula
In some appl
lgorithm and
will affect the

arameters in th
In appendix A
ologies are lis
tion results fo
points are hig
urves with th
odule is con
ed by quality f

ABLE III 
10% CHANGE OF 
pp 

lt 

Isc 

Ampere 

8.14 

3 8.293 

l change all t
formula (8), 
9.60% in Voc 

mp, +1.88% in

r different mo
manufacturer d
, single-diode
depicted. Th

e selected PV
ment it in re
le module. Th
results and im

N MATLAB/SIMUL
er-
s 
de 

Simulink  
single-diode t

44.4 

8.183 

274.5 

75.552 

rchers reporte
others are. Ho
ot addressed 
or conducting
carefully. Para
complicated t

is that par
epends on the 
ation results 
ication in larg
d sun tracke
e other sub-sys
he simulation

A, the quality 
sted [17]. Fig

for -10% chan
ghlighted (by

heir dimension
stant and el
factor changes

QUALITY FACTO
Impp 

Ampere 

7.71 

7.622 

the other para
the error fo
,-10.57% cha

n Isc, +5.58% 

 

odels in 
data to 
e four- 
e result 

V panel. 
eal few 
he main 

mportant 

LINK 

Simscape 
two-diode

44.49 

8.199 

270.2 

74.073 

ed [11], 
owever, 
by the 

g study, 
ameters 
than for 
rameter 
method 
highly 

ge-scale 
er, the 
stems. 
n result, 

factors 
.10 and 
nges in 
y small 
ns. The 
lectrical 
s. 

OR 
Pmp 

Watt 

270 

238.6 

ameters. 
or each 
ange in 
in Impp. 

Th
im
ina
po
de

ma
de
ex
sta
sim
at 
Pm
tem
ass

Th
da
Pa
un
pa
sim
est
ele
po
rea
res
int
app
ne

herefore, eval
mpact on PV 
accurate data,

oint in non-M
crease. 
 

 

Fig. 10 Simu

It is obvious t
aximum powe
viation is no
amine the tem

andard tempe
mulation resul
T=0oC Pmp is

mp is 240.2 W
mperature eff
sumption, esp

Two models 
he simulation 
ata sheet. Mo
arameters ca
navailable pa
arameters play
mulation show
timated param
ectric quantiti
oor results. Th
al PV model. 
sults, but it st
terested to con
ply series re
eded, the shun

luating unkno
module and 
, the MPPT c
MPP point, 

  

ulation result by

that by increa
er will decreas
t too high du

mperature dep
erature simul
lt for single-di
s 284.4 Watt 

Watt (decrease
fects in the 

pecially in vari

VI. CO

show relativ
results also 

del accuracy 
alculation. S
arameters th
y the main ro
ws, with sligh
meter), all o
ies are change

he V-I and V-P
A three-elem

till inapplicab
nsider thermal
esistance. If t
nt resistance m

own paramete
the simulatio
controller wil
so the syste

y -10% changes
 

asing the ambi
se. In some ca
uring daytime
pendency, +-2
lated (STC). 
iode model. T
(increase 5.4

e 11%). There
modeling sta

iable climate. 

ONCLUSION 
ely good resp
are validated
highly depen

Single-diode 
han two-diod
le in the mod

ht change in th
other paramet
ed. The Ideal
P curve also d

ment model sh
le in most ca
l loss in their 
the leakage c
must be added

ers may have
on results. By
ll transfer op
em efficiency

                  

s in quality fact

ient temperatu
ases, the temp
e with sunlig
25oC deviation

Fig.11 show
The results tha
4%) and at T=
efore neglecti
age is not a

ponse in this 
d by manufac
nds on accur

model has
de model. 
deling stage. 
he quality fac
ters as well 
l model show
did not coincid
hows relatively
ses. If design
model, they h

current loss i
d.  

e great 
y these 
erating 
y will 

      (8) 

 
tor 

ure, the 
erature 

ght. To 
n from 
ws the 
at show 
=50oC, 
ing the 
a good 

study. 
cturer’s 
racy of 
s less 

These 
As the 

ctor (as 
as all 

ws very 
de with 
y good 

ners are 
have to 
is also 



International Journal of Electrical, Electronic and Communication Sciences

ISSN: 2517-9438

Vol:7, No:2, 2013

135

 

 

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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