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Abstract

In this paper, we have presented the results othlaeacterization and the fine modeling of the
electric characteristics current-voltage and povwatage of the photovoltaic (PV) panels. We
have analyzed the electric parameters of PV callistlae optimal electric quantities of PV panels
(voltage and power) as a function of the meteololdgvariations (Temperature, solar
irradiation). The obtained results show that thediparameters of the PV cells depend on solar
irradiation. This induces a decrease of the optwoétage with solar irradiation: when the solar
irradiation varies from 300 W/hto 900 W/ni, the optimal voltage decreases by 11 %. These
results are confirmed by the measures of the mamgallation of the maximum power point
(MPP) during one day. By taking into account ak tmodeling results, we have analyzed the
electric behavior of the association of the panelgarallels and in series, as well as the ageing
of a PV panel. We have shown that the connectidhePV panels in series (parallels) improves
(degrade) the optimal performances of the panel,aapanel undergoes an ageing from 4 to 5 W
by year.

Keywords. Cells and Photovoltaic panels, electric charaaéon, fine modeling of the electric
characteristics, Pspice simulator, maximum poweantgd®PM), ageing of the panel.

| ntroduction

In the field of photovoltaic (PV) energies the fim®deling of the electric operation of the PV
panels is essential [1-4]. This will enable on draad to qualify the technological process of
realization of PV cells, and on the other handrtalyze optimal operation as well as the ageing
of PV panels. This last study is necessary in otdeconceive and to realize adequate PV
systems allowing the continuation of the MaximunwBoPoint (MPP) [4-11].

In the literature few results relate to the charazation and fine modelling of the optimal
electric quantities (voltage, current and powerpP¥dfpanels as a function of the meteorological
conditions (solar radiation, temperature,...) . Galgrone finds a disagreement between the
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authors who use different cells and photovoltaingks D. Shmilovitz [12] considered, for a
given temperature that the optimal voltage increagiéh solar radiation. In an another work, B.
J Huang et al [13], showed on modules PV of thee tif5X60, for a given temperature, a
behaviour of the optimal voltage which dependsaarsadiation: when solar radiation is lower
(superior) than 150 W/fithe optimal voltage increases (decreases) witr satliation.

In order to clear up the behaviour of the optimat&ic quantities of modules PV as a function
of the solar radiation, we propose in this workct@racterize modules PV of the type SP75
(monocrystalline silicon) and to model in a fineywa the Ppsice simulator the behaviour of the
optimal electric quantities as a function of théasgadiation. More particularly we study the

electric model, the MPP and the ageing of PV panels

Results and Discussion

[1.1. Symbolization of PV cell

We have symbolized in Pspice the electric diagrérthe PV generator formed of 36 cells in
series (Figure 1). As shown in the figure 1, ad®¥l is formed by the current generatasdjl
the diode (D), the shunt resistancesfRand series resistancesfRThe current of the diode
depends on the technological parameters (dimensibtiee PN junction, doping, mobilities of
the carriers...) and of the (T) temperature accortbnipe expression:

_ covnc 3" Vo 4.
Iy =15(T) * exp( KT 1
Where:

Is(T): Saturation current,

Vp: voltage at diode terminals,

g: charge of the free electron,

Kg: Boltzmann constant.

From the comparison of the results of simulatiomghiose provided by the manufacturer, we
have deduced the various parameters of the diodid®ncell (R and Ry,), and dependence of
the short-circuit current &) with solar radiation (Le (W/R)).

RS IceI

ICC D

Figure 1: Electric diagram of a Photovoltaic cell.
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I1.2. Electric characterizations and modeling of PV panels

I1.2.1. Experimental procedures

The PV panels (or modules) which were the subjéaiup experimental study are shown in
figure 2. A panel consists of 36 cells monocrystall and can provide under the standard
conditions of test (solar radiation of 1000 W/iemperature of 25°C, spectrum AM1.5) a power
of 75 W and a current of 4.41 under voltage of M.Zhese panels and conceived PV systems
are characterized from the measuring equipmentspsat the laboratory (Figure 3).

Figure 2: Photovoltaic panels SP75 installed at thégure 3: Measuring equipments set up to
Faculty of Science of Oujda characterize the photovoltaic panels and systems.

I1.2.2. Characterizations and electric modeling of the modules

We have characterized the module during one dayhwhe intensity of solar radiation varies
from 300 W/nf to 900 W/nf and the temperature is around of 22°C - 25°C.iGuré 4 we have
represented the typical characteristics voltagesenotiand power-voltage obtained. On the same
figures we have represented the characteristicalaied in Pspice by fixing the parameters of
the diode (saturations current ...) who allows havangpod agreement between the experiment
and simulation. From the characteristics of figdinee have represented on figures 5, the typical
variations of the optimal (Vopt) voltage of the phas a function of solar radiation. It appears
that for this temperature 20-25°C the optimal (\Jopbltage decreases linearly with solar
radiation. When solar radiation varies from 30006® W/nf, the optimal voltage varies from
14.8 V to 13.2 V (a decreasing of 11 %). The conspar between these results with those
already published in the literature, show on onedhthe values of the cell parameters are
different to those fixed by modeling of the chaeaistics voltage provided by the manufacturer,
and on the other hand the strong dependence f tf@ameters (Vopt...) with solar radiation.
The most of works of the literature one supposasttie saturation current of the diode and the
Vopt voltage depend very little on solar radiati@y. taking account of these assumptions, we
have shown in Pspice that when the solar radiataies from 1.000 W/fmto 500 W/ni the
Vopt voltage undergoes a light decreasing (< to.28)en the solar radiation is around of 300
W/m?, this decreasing can reach 5%. In our work anthftiee modelling of the characteristics
voltage-current we have deduced a different bemawben the solar radiation decreases the
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Vopt voltage increases in a considerable way. Gyuresgtly, when of the regulation of the power

provided by PV panels from MPPT command [2,4-13] necessary to take into account of this
strong dependence with solar radiation. In ordesalalate the whole of these results obtained in
this paragraph, We have analyzed in the next paphgrthe manual regulation of the power
provided by the panel as well as the modellinghefelectric performances obtained (Vopt, lopt,

Popt,...) as a function of solar radiation.
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Figure 4: Characteristics current-voltage and power-voltagaerimental,A,[ 1) and simulated in
Pspice (—. T: 22-25°C.
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Figure5: Variation of t the optimal voltage (Vopt) as a ftino of solar radiation.
T: 22-25°C.

11.2.3. Modeling of the regulation of the power provided by PV panels

In order to validate the results obtained in thecpding paragraph, we manually controlled the
power provided by PV panel from the system of fegér This system is formed by:

» a PV panel,
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» A Boost converter dimensioned for that operatesfetquency of 10 Hz [2, 4, 5, 9-11],

* Resistive load of 5Q,

» Command formed by an oscillator which generates tmith signal of frequency 10 kHz, a
comparator and generator of a continuous and Jaratitage. The comparison between saw
tooth signal and the continuous voltage generasegiare signal of variable duty cycte.(

By varying the duty cyclea, we have analyzed the regulation of the optimwwer provided

by the panel during one day when the temperatuoé #°C-25°C and solar radiation varying
from 250 W/nf to 900 W/ni. The optimal electric characteristics obtainedfydopt and Pot)
are shown in figure 7. On the same characteristiedhave deferred the characteristics simulated
in Pspice as a function of solar radiation ancheftemperature (paragraph 11.2.2).

The whole of the results obtained in this paragrstpdws that when the temperature varies from
20 to 25 °C the experimental results are very closthose simulated. We notice clearly, the
dependence of the Vopt voltage with solar radiatwwhen solar radiation increases, the Vopt
voltage decreases. These results validate thosel flouthe preceding paragraph. Consequently,
when the regulation of the operation of PV panglsM®PT command it is necessary to take
account of the variation of the optimal voltage Yejith solar radiation.

To make sure of the good performance of DC/DC cadevewe have represented on figure 8, the
values of the optimal duty cycled,) of the signal which control the converter swita$ a
function of solar radiation. On the same curves&mesented the values obtained in the Pspice
simulator. It appears a good agreement betweeexperiment and simulation; this shows the
good operation of the system of figure 6.

lopt DC/DC —
Converter oal
Iﬁ. *
A
Vopt
Photovoltaic
Panel //
Oscillator M
<>
oopt
Continues
variable
voltage Comparator

Figure 6: Manual regulation of the power provided by PV panel
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Figure 7: Optimal electric quantities (Vop, lopt and PopRperimental L ) and simulated in Pspice
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Figure 8: Optimal Duty cycle: experimentak) and simulated in Pspice (—). T: 22-25°.
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11.2.4. Analyzes the operation of the panelsin parallel and in series

In a PV installation the panels are associatedanalfel and in series. In such an installation in
parallel or in series, it is essential to know tiptimal behavior of a panel. In our case, we have
analyzed the characteristics current-voltage anvdepaoltage of two or three panels associated
either in parallel or in series. The results oladiare represented on figures 9 and 10. It appears
that the optimum power is clearly important whea #ssociation of the panels in series. When
of the associations of two panels in series theawvgment can reach 8%.

In order to deduce the behaviour of a panel whethefassociation of panels in parallel or in
series, we have deduced from characteristics 91@nthe characteristics current-voltage and
power-voltage of one panel (Figures 11 and 12apftears that short-circuit currengd) of a
panel is not affected by the association of thee[sa\s, we have checked as the optimal voltage
Vopt of one panel follows the variations analyzegaragraph 11.2.3. From the characteristics of
figures 11 and 12, we have deduced and representédure 13, the evolution of the relative
losses (improvements) of the optimum power of aeparhen the association of the panels in
parallel (series). It appears that the puttinggaeels in series, improves the optimal power of a
panel, on the other hand the putting in parallgirades this optimal power in particular when
the association of a great number of panels toslolar radiation (< 550 W/fh

Since the short-circuit current is not affectedty association of the panels, we have attributed
the various behaviors obtained to the leakage cuotthe diode of PV cells: association in
series (parallel) of the PV panels decreases @se® the leakage current of the diode,
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Figure 9: Experimental characteristics current-voltages anagr-voltage of a panel, two and
three panels assembled in parallel. T: 22-25°CarSphdiation = 917 W/
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Figure 10: Experimental characteristics current-voltages graver-voltage of a panel, two and
three panels assembled in series. T: 22-25°C. Sokdiation = 917 W/n.
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in parallel (series) as a function of solar irréidia. T : 22-25°C.

11.3. Ageing of PV modules

The PV panels undergo ageing during their operati®ie have analyzed qualitatively the

ageing of the panels which were the subject of studies. We have modelled in Pspice the
electric characteristics current- voltage and pevadtage provided by the manufacturer (in

2005) and in particular those of figure 4 (in 2009Pn figure 14 we have represented the
characteristics simulated and those experimenta. dAh thus deduce that the experimental
characteristics are modelled by different paransdteat those obtained when of the modelling of
the characteristics provided by the manufacturbrs @isagreement could be interpreted in term
of the ageing of the panels during their operatiodn figure 15, we have represented the
degradation of the Vopt voltage, the lopt currentl ahe Popt power optimal. We can thus
conclude that the Popt power is degraded of 25% &fte years of function (either 5% or 4 W

by year).

Since of the short-circuit current is not degradéiér several years of operation of the panels,
then as in the case of associations of the panelsariallel or in series, we have attributed
gualitatively the ageing of the panels to degraatetiof the diode of PV cell. The current of

these last has the tendency to increase and caraggdegrade the electric performances of PV
cells.

5,0 80
70 _- Le =900.72 W/mZ T=22<T. -~
60— Smuaion  paametars00s o g \
=  Experience : 13/03/2009 7 \
50 4 .
s _ \
< 40
| a | \
2,01 Le = 900.72 Wim’, T=22C. o .
] 30 \
1.5 —_— S!mulat!on (Parameters of the manufacturer: 2005) \ 4
] —— Simulation : parameters 2009 . 20 i
1,0 1 "  Experience : 13/03/2009 J \
0,51 \ 101 ‘
010 LA DL L | L L L L O LA LA L B T T T T 7 L T T
0 2 4 6 8 10 12 14 16 18 20 22 24 0O 2 4 6 8 10 12 14 16 18 20 22 24

. Vpy (V) : Vpy (V :
Figure 14: Characterls(tlcs current-voltages and power-vol@ageerimental anpd g{)mulated by taking
into account of the experimental characteristia$ thiwse provided by the manufacturer.
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Figure 15: Degradation of the optimal Vopt voltage, loptremt and Popt power as a function of
the years.

Conclusion

In this work we have analyzed in Pspice and charaetd the electric operation of the PV panel.
The results obtained show that:

- The symbolization of PV panel in Pspice simulatoatdes to determine the optimal electric
operation of PV panel as a function of the metewichl conditions (solar irradiation,
temperature.),

« The model of the panels depends on solar irradiatidhen the solar radiation varies from 300
W/m? to 1000 W/, the optimal Vopt voltage of PV panels varies frath8 V to 13 V. These
results show well that the decreasing in the odtiraage with the solar radiation.

- The putting the panels in parallel (series) induaddthe losses (improvement) of the
performances of the panels. In the case of two Ipane parallel (series) the losses
(improvement) of the power is around of 3% (5%) dosolar irradiation of 950 W/mThese
losses and increase are important for weak sokadiation (300 W/r).

« By taking into account of the electric parametexviged by the manufacturer of PV panels,
we have deduced ageing the panels of 25% afteals y¢ operation (either 4 to 5 W/year).

We have attributed qualitatively the losses anditmerovements of the electric power of the
panels to the leakages of the diodes of PV cditsiricrease (decreasing) in the leakages favours
the losses (improvements) electric performances.
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