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Abstract—this paper presents the modelling verification of
photovoltaic modules using five-parameter models of PV
module. Based on mono-cristallin photovoltaic panel, the
effects of external parameters, mainly temperature and solar
irradiance have been considered in the modelling. The five
parameters Iy, Iy, 7, Ry and R, of a PV system are calculated.
The performance of the model to calculate the current voltage
characteristics was tested by comparing the results with data
measured at outdoor climate in this work.
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I. INTRODUCTION

Solar energy which is free and abundant in most parts@

the world has proven to be an economical source of energ
in many applications. Photovoltaic (PV) cells a
energy to be transported by electromagnetic w.
photons) to be directly converted into elefﬁ‘( 4
mechanisms that allow this energy conver {

are based on photon-electron interacti§s cur in p—n

junctions formed by appropriately d semiconductor
materials.

Several models for solar ¢ @e non-linear lumped
parameter equivalent circuj their parameters are
determined by experimenta@‘entvoltage characteristics
using analytical or nu traction techniques [1-2].

The performanc, V module largely depends on the
availability of s radiation and on the conversion
efficiency; thege ortant features are affected by many
physical par@t like the site latitude, the typical weather
conditj panel tilt and azimuth angles, the air
tempe the wind speed, the temperature of the
surroun surfaces, the obstruction and shadow effects,
the electrical load, etc. [3].

There exist several mathematical models in the literature
to describe photovoltaic cells [4-6].

The model with two diodes may represent more closely
the observable effects on the device under consideration in
various lighting condition. To simplify parameter
adjustment, the two-diode model can be reduced to a one-
diode model. In general, double diode models are more
accurate for polycrystalline silicon cells, while single-diode
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ones are used for amorpho n cells [7]. An electrical
circuit with a one dio nsidered as the equivalent
photovoltaic cell in %present article. Modeling of
photovoltaic cell i egsential topic of research.

ne diode model assumes the shunt
tte and it is neglected. Some of the used
paramete ot available on the corresponding module
data she@lditional work is often necessary to compute
therg, §mpirical [8] or semi empirical [9] models are used. In
S er cases, analytical resolution with no needs of any
ulacturer data [10].

The sim
resistance a

In general, short-circuit current, open-circuit voltage,
maximum power voltage, current and power, are determined
by the manufacturers under STC, i.e., irradiance of 1000
W/m?, cell temperature of 25°C and AM 1.5 spectrum, and
under Nominal Operating Cell Temperature (NOCT)
conditions, i.e., irradiance of 800 W/m?, temperature of 45
or 47°C (depending on the manufacturer), ambient
temperature of 20°C, wind speed of 1 m/s and AM 1.5
spectrum.

In some cases, they also provide temperature coefficients
for the short-circuit current, the open-circuit voltage and the
overall PV panel efficiency. The cells number in series and
the array size are also given by the manufacturers.

In this paper, a simplified PV equivalent circuit with a one
diode equivalent as model is proposed.

1I. THE EQUIVALENT CIRCUIT OF A SOLAR CELL

The most common model for a PV module is the five-
parameters and a PV performance model that is derived
from an equivalent circuit of a solar cell, which consists of a
current source, a diode, and a series and parallel resistors, as
it is shown in Fig. 1.

1
Rs

Iph C+> p \|/ Rsh

Figure 1. One-diode equivalent circuit for a PV panel.
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The model characteristic equation, given by (1).

I=lpnlo [exp (1) = 1] (M)

Where I, is the photocurrent (A), I, is the saturation
current (A), q is the absolute value of electron’s charge
(1.602 1077 °C), y represents the quality factor of the diode,
k = 1.38 10 J/K is Boltzmann’s constant and T is the
temperature of the p—n junction (K).

The five parameters appearing in Eq. (1) corresponding
to the conditions standards are: vy, I, I;n, Ry, and R,

The value of ideality factor y is indicative of the
recombination mechanism, they have observed for the c-Si
cells, his value decreases from about 1.6 to 1.1 with
increasing irradiance within the same range [11].

The ideal factor y depends on photovoltaic technology,
which is selected as 1.3 in this paper.

Generally, available manufacturer’s information are set
at three points at the reference conditions: the current of I,
short circuit, the tension of open circuit V. and the current

and the points of maximum power (I,p, Vimp and Pmp).
Fourth information results:
a) Current of short-circuit: 1=1sc, V=0
— _ ARslsc) _ (Rslsc
foe = Ton = o [exp (T3) = 1] = (5%) @
b) Tension of open circuit: 1 =0,V =Voc
qVoc Voc
O—Iph—lo[exp( T)—1]—(R—Sh) 3)

¢) Maximum power point:1=1,, V=V,

In [12], the Newton-Raphson method was ch to
calculate the series resistance value and the converge or
various initial values.

In this paper we used the same meth%gr ;Btain the

values of the four unknown I, Ip, Ry, and R 1.

Where:

A = exp (q(v‘;:::s ) t@ (5)
RSISC

B =exp (qykT ) - (6)

C=exp (qv"c) -1 \ 7

Ipn = det™*(V, = VoclpB — V,15.C) 8)

_1 oclp = Vplsc) ©)
Rgp Q‘l[ISCA —1,B— (e = 1,)C] (10)
The calculation of det is shown in (11):
det = (Voo — RsIs)A + (—Voe + V,, + RgI,)B + -
(=V, + Ry[lsc — I,])C (11)
d) The derivative of the maximum power point
%p:r,—vpﬁlo:o (12)

With dI/dV[, is given by the following relation:
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&

ﬂ| — { alo q(Vp+IpRs) L/
avly YKT YKT Ren ! ™"
aloRs a(Vp+IpRs) &}
1+ T exp KT + R (13)

The derivative of (1) compared to the tension can be
expressed by:

di alo q(V+RsD 1 \71 -t

av _{RS + (vk_T P T R_sh) } (14
We introduce (12) in (14), then we define a function fy

given by:

fr, = Ip — (V, — R¢I,) (q“’

As Iyand Ry, depend on Ry, the function frs 1
Newton—Raphson method was used in the
procedure due to the resolution of fr=0

(VP+R5 P) (15)

also. The
&d iterative

[II. DEPENDENCE OF THE PA S ON OUTDOOR

CONDI *

The diode reverses sa current To depends on

temperature, as well as aterlal band gap energy (E,)
and the cells number in %

T Egre E
Ih = Io,ref ( CQQ[W{ T‘?,:eff _T_f>] (1o

2 eV for silicon cells the band gap
nce temperature T, . Egis the band gap
temperature. Ref. [13], defines the value for E,

0$)ncan be described as.
ar? a7

Eg(0), its value at T=0 K and a and b are constants [14].

The photon-generated current I, parameter depends on
the effective solar irradiance Gr, the cell temperature (Tc)
and the short circuit current temperature coefficient (o)

Crrer [Iph ref T ﬂlsc(T c,ref)] (18)

The short circuit current of the panel at a temperature T
and irradiance Gr other than the reference values, the
following expressions were used:

G
Lyn =

G
e = é Isc,ref (19)

IV. CELL TEMPERATURE T,

In order to predict the energy production of photovoltaic
(PV) modules, it is necessary to predict the module
temperature. The cell temperature is influenced by the
optical properties (glazing, encapsulant, back-sheets), the
incoming solar irradiance, wind speed and the ambient
climatic conditions [15-17].

Previous work in modelling the temperature of PV
modules has focused on obtaining correlations that predict
the module temperature based on the incoming solar
irradiance, ambient temperature and wind speed

The PV-module temperature can also be determined
using Eq. (20) given as [18]:

NOCT-20
TC = Ta + GT T (20)

NOCT is the Nominal Operating Cell Temperature
which is defined as the cell temperature when the ambient
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temperature is 20°C, irradiance is 0.8 kW-m2and wind
speed isl m's™. T, ambient temperature.

Finally, one of the most common models of maximum
power point methods to correct from STC to any operating
conditions is:

Gr

Pmp = mpmp,ref[l + Hmp(Tc - Tref)] 2D

V. RESULTS AND DISCUSSION

The SM-XXXMHI1 Series, 250 Watts, mono-crystalline
silicon panels are experimentally chosen to perform the
characterization and modelling procedure.

The experimental data are extracted within the Research
Unit in Renewable Energies in the Saharan Medium, Adrar,
Algeria, in specific desert climate environment. The IV
photovoltaic characteristics were measured with a MP-160
I-V curve traceras seen in Fig. 2.

Figure 2. MP-160 -V Curve Tracer

Table.1 shows the manufacture parameters of the a;
obtained from the datasheet at STC. Table. 2 shoym the
electric parameters of the model proposed and the chat

Ref. [9]. Q
NEES AT STC

TABLE I. RESULTS AND MANUFACTURE DATA OF

SM-XXXMHT1 Series,

250 Watts”
ISC (A)
Vee (V) 6 .
1, (A) 834

Vy (V) Qa 30.0
Ns Q\ 60

NOCT

i C et IKW/m®

Fig 3) and (4) show respectively the I-V and P-V
characteriStics. Solid line corresponds to the reference model
results and squares are experimental points. Some points are
not exactly matched because the model is not perfect.

Differences between the experimental data and the
calculated values occur as a result of limitations in the cell
model itself, as well as in the methods used to calculate
absorbed radiation. In addition, there are uncertainties
inherent in the experimental data [9].
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Figure 3. Current—Voltage characteristics sca@nts are experimental

results and solid line is mod%lt 21/03/2013.
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Figure 4. Power—Voltage characteristics. scattered points are experimental
results and solid line is model results, 21/03/2013

TABLE II. ELECTRIC PARAMETERS OF THE MODEL PROPOSES

SM-XXXMHI1 Series, 250 Watts
mono-crystalline

Parameters Our model Ref. [9]
% 1.3 1.3

Ln (A) 9.1514 9.1550
Ih(A) 3.721e-8 3.7475¢-8
R, (Q) 0.4001 0.39
R () 170.17 156.48

*STC : 25 C et IKW/m®

Figure (5) shows a comparison between the power
calculated and the experimental power recorded.

Figure (6) shows another representation of the agreement
between modeled and experimental values of the power
produced by a module. The correlation coefficient R*=0.960,
It can be seen that the predicted PV array maximum output
power shows good correlation with the measured data.
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Figure 5. Temporal variation of the measured and modeled maximum
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Figure 6. Calculated maximum power vs. measured maximur
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Figure (7) show successively the abs Qr of the
. . . . [8].
current according to the tension. This cal n considers
the time of 08:00, 14:00, 17:00 and 180 P.M, for the PV
Site during Mars 23, 2013. [9].
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Figure 7. Absolute error for proposed model, 23/03/2013.

The model in this paper gives incorrect results in the
vicinity of the open circuit tension, and at the maximum

power point.
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VI. CONCLUSION

In this paper, a general approach on modeling photovoltaic
1 modules using single diode five parameters model is
DA prymrer) & SR poyeyrrrs SIS DR poyrrers BN pr.esented. .This .approach is baseq on datashec?t parametérs
r - : with the aid of independent equation of material properties
of the solar cell. The accuracy of the proposed model is
evaluated using mono-crystalline PV-panel. Simulation
| results were verified by comparing on the experiment results
of three days at outdoor tested.

g The agreement between the theoretical estimates of the
maximum power and the experimental data is very good
1 even in days at low solar irradiance.
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