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Algeria, like any other country, has drawn up its roadmap for the use and promotion of
renewable energy sources. Motivated by its commitment to the international community in the
fight against global warming and its possession of one of the largest solar fields in the world, a
series of laws and institutions have consolidated this ambitious schedule. As known, both the
climate and the geological area of Algeria take place among the foremost favoured countries in
the field of solar energy. The present paper aims at proposing a simple model of photovoltaic
module.

The authors used Matlab/Simulink software to predict the current-voltage and power-
voltage characteristics according to the influence of several factors, such as solar irradiance,
cell temperature and series resistance, on the efficiency of photovoltaic module. The proposed
experimental investigation can easily predict the curves (current-voltage and power-voltage)
of a PV module, where both of simulation and practical results are identical. A single-crystal-
line photovoltaic module was introduced close to Badji-Mokhtar Annaba University, Annaba
(Algeria) to show the impact of climatic conditions in this coastal region and partial shading
on characteristics.

Keywords: Algeria, photovoltaic module, series resistance effects, shading effects, simula-
tion model, solar energy.

1. INTRODUCTION

Nowadays, the development of renew- etc., to produce electric energy has become
able energy sources of all kinds, such as more necessary than ever. The reason for this
solar energy, wind energy, biomass energy orientation is significant depletion of fossil
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fuel stocks caused by increasing demand
of manufacturers in developed countries.
Furthermore, the emergence of natural
disasters, due to global warming effect (the
increased levels of carbon dioxide, chloro-
fluorocarbons, and other pollutants in the
atmosphere), will affect the lives of future
generations [1], [2]. All these factors have
led scientists and researchers to study how
to make good use of these renewable and
environmentally friendly energy sources so
that they can become alternative energy in
the future.

Solar energy is one of the most impor-
tant renewable energy sources due to its
availability throughout the year and its
presence almost everywhere. Solar energy
represents a significant potential in Algeria
because of its strategic geographic location.

According to the Centre for the Devel-
opment of Renewable Energies in Algeria,
average solar energy is estimated at 2,650
hours of sunshine per year in the north, and
3,000 hours in the highlands, 3,500 hours in
the south of the desert. This allows Algeria
to produce around 168.971 TWh of electric-
ity per year, twice the capacity of Egypt and
more than 100 times of Spain, which gives
Algeria the preference to exploit this green
energy [3].

There are two technologies for harness-
ing solar energy, the first being solar photo-
voltaic technology, which directly converts
the sunlight into electricity through the use
of semiconductor materials, such as sili-
con, that exhibit the photovoltaic effect [4].
The second is the solar thermal technology
[5], which directly converts solar radiation
into thermal energy used to heat domestic
water and generate electricity indirectly as
in Concentrating Solar Power [4], [6].

A PV module is a set of PV cells con-
nected together in series or series / parallel

66

in order to increase the power delivered by
the PV cell. To increase the power produced
up to a few MW, it is sufficient to connect
the PV modules to each other in series / par-
allel and form what is called a PV field.

A photovoltaic system is subject to sev-
eral factors that affect its performance, such
as sunlight, temperature, shading [7]-[9],
degradation [10], [11], [7], dust and dirt etc.

Studying the characteristics of PV mod-
ules is the most practical method for evalu-
ating the performance of PV systems. Sev-
eral researchers work in this field and have
developed simulation models that simulate
a PV module—PV field and give equations
to calculate the parameters of these models
[12]-[15]. However, an experimental study
is needed to confirm the effectiveness of the
simulation model especially for the east of
Algeria like Annaba’s region, which was
never taken into consideration for such an
exploratory study.

An experimental study has been car-
ried out using a PV module Solo Line 80
model, which presented the effects of cli-
mate conditions in ‘SIDI AMAR’, Annaba
city (Algeria), on its characteristics (I-V
and P-V).

We propose a simple model of this PV
module, using Matlab/Simulink Software,
to calculate the PV module parameters
of single-diode model and to predict its
current-voltage and power-voltage curves
according to the influence of several factors.
We used in this model the input parameters
provided by manufacturer’s datasheet under
Standard Test Conditions (STC) (G =1000
W/m? and T= 25 °C) such as Isc, Voc, ki,
Ns, Imp, Vmp, kv. The curves of current-
voltage and power-voltage of the PV mod-
ule obtained experimentally illustrate the
impact of partial shading on the PV module
performance.



2. THEORETICAL STUDY

A. Photovoltaic Module Modelling

Ip

Fig. 1. Equivalent electrical circuit of photovoltaic module.

The electrical circuit of photovoltaic
module based on the single-diode model
[12, 15] is shown in Fig. 1, and described
in Eq. (1).

= oo () - ) ()

where

I is the output current of PV module (A);
I, is the photovoltaic current (A);

1, is the saturation current of diode;

V' is the output voltage of PV module;

V't is the thermal voltage;

a s the diode ideality factor;

R, and R, are series resistance and shunt
resistance, respectively.

(M

The photovoltaic current mainly depends
on the radiation intensity and cell operating
temperature as follows [13], [16]:

Ton = lse + ey (T = Tre)] # 5, )
where

I, is the short-circuit current (4);

k, is the short-circuit current coefficient
(47°C);

T is the temperature of the p-n junction
solar cell in K

S is the solar radiation (W /m?);

S _ 1is solar radiation at standard test condi-

ref

tions STC (25 °C, 1000 W/m?);
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T, is the temperature at standard test condi-
tions STC (25 °C, 1000 W/m?).

The saturation current of PV module is
expressed in the following equation [7]:

g o1 1
G =)l

T
Ig = Lo * [(Tef)3 * exp( ark

3)
where
1 is the reverse saturation current (4);

r0
k is the Boltzmann constant (1.38%10-23

J/K);
q is the electron charge (1.6 *10-19 °C);
Eg=1.12, is the Silicon Gap Energy (e}).

Temperature is one of the metrologi-
cal parameters that affects the performance
and degradation of PV modules (especially
those installed in desert areas) [9], [10].
Equation (4) describes the mathematical
calculation of the temperature of PV cells
under the effect of ambient temperature:

T =T,
Tm - Tamb + ( NOCT ref) % S,
Sref

“

where 7 is the ambient temperature, and
TNOCT is the nominal operating cell tem-
perature (NOCT) for operating at open cir-
cuit with the following conditions: ambient
temperature of 20°C, irradiance S = 0,8 kW/
m?, air mass (AM 1.5) and wind speed less
than 1 m/s [13].



3. EXPERIMENTAL SETUP

The experimental results of PV mod-
ule characteristics are obtained through
the experimental setup as shown in Fig. 2.
The PV module is mounted at Sidi Amar,
in Annaba (latitude: 36 © 49°3.58 “North,
longitude: 7 © 43°4.55” East and altitude 34
m). The tools and measuring devices are a
PV module Luxor Solo Line 80, solarimeter
Voltcrraft PL-110SM, Fluke 59 MAX infra-
red thermometer, multimeters, rheostat, and
connection wires.

Furthermore, the proposed simulation
model of PV module is presented in Fig. 3,
where the solar irradiance, module temper-
ature, open-circuit voltage at STC, short-

circuit current at STC, and the number of
cells per module are the inputs of model,
while its outputs are the current and power.

Fig. 2. Experimental setup and measurement
devices.
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Fig. 3. Simulation model of a PV module.

Table 1 presents specific electrical para-
meters of PV module used in this study.

Table 1. Specification of the PV Module (Luxor Solo Line 80)

Parameters Value
Maximum power (Pmp) 80W (+/-3%)
Maximum power voltage (Vmp) 17.86 V
Maximum power current (Imp) 450 A
Open circuit voltage (Voc) 21.96 V
Short-circuit current (Isc) 5.06 A
Max system voltage 1000V
Number of cells per module (Ns) 36
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4. RESULTS AND DISCUSSION
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Fig. 4. (I-V& P-V) curves of PV module at different solar illumination values and constant temperature.
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Fig. 5. (I-V& P-V) curves of PV module at different temperature values and constant solar illumination.
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Fig. 6. Characteristic curves of PV module for different Rs values.
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Figure 4 illustrates the current and
power curves of PV module under different
solar irradiance values (400 W/m? to 1000
W/m?) obtained by simulation.

We observe from Fig. 4 that the increase
in the solar irradiance value is accompanied
by an increase in a short-circuit current
value of PV module, which also leads to an
increase in the maximum power value, and
the opposite is true. While the increase in
the solar irradiance value leads to a smaller
increase in the open-circuit voltage value.

MATLAB simulation result of the pur-
posed PV module in Fig. 5 shows I-V and
P-V characteristics curves of PV module
obtained under different values of PV mod-
ule temperature (10 °C to 60 °C), and with
constant solar irradiance value (1 KW/m?).

We notice from both curves in Fig. 5
that the increase in the module temperature
value leads to the decrease in the open-
circuit voltage value, which results in a
decrease in the maximum power point of
PV module, while the short-circuit current
value stays almost constant.

Figure 6 explains the effect of series
resistance Rs on the -V and P-V curves of
PV module.

We notice that the increase in the series
resistance values due to bad contacts, cell
defect or other problems (degradation) [11]
leads to a change in the form of curves from
knee-shape to a straight-shape curve (Fig. 6)
because of the decrease in the terminal volt-
age values of PV module. Thus, it leads to
the decrease in the maximum power point.

(5]
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Fig. 7. Experimental and simulation, (a) [-V and (b) P-V characteristics of PV module.



Figure 7 (a, b) illustrates the current-
voltage and power-voltage curves, respec-
tively, of PV module taken under outside
conditions (blue curves), while the simula-
tion results are shown in the red curves.

We notice that the maximum power pro-
duced by the PV module was about 58.9 W
on 14 April 2017 at 10.22 H (S= 820 W/m?
and T =44 °C) (see Fig. 10), corresponding
to the maximum current and voltage (3.8 A,
15.5 V). Moreover, the results of simula-

tion model and experimental measurements
are identical, as shown by the red and blue
curves in Fig. 7.

Figures 8 and 9 show the influence of
shading on the characteristics of PV mod-
ule. Figure 8 demonstrates the current-volt-
age and power-voltage curves of shading
of PV module (PV half-cell), while Fig. 9
illustrates the influence of shading of a PV
cell on the performance of PV module.

Half cell shaded at the end of PV module
—Half cell shaded near junction of PV module
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Fig. 8. Experimental (a) I-V and (b) P-V characteristics of PV module shaded half-cell at end, near junction.

In Fig. 8, we note that the shape of the
current curve becomes a shape of two knees
(Fig. 8 (a)) and two peaks in the power
curve (Fig. 8 (b)) due to the inadequacy of
the sunlight that reaches the shaded PV cell
of the PV module (half PV cell). This leads
to a reduction in the current and power of
the PV module.
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In Fig. 9, one observes an important
division in the curve of the current and
power due to the operation of the by-pass
diode, which occupies the series of cells
connected with the shaded PV cell, in order
to protect them from hot-spot phenomenon.
This leads to a significant decrease in power
and PV module current.



We conclude from the experimental
results (Figs. 8 and 9) that shading has a
significant impact on the performance of
the PV module.

Figure 10 presents the variation of solar
illumination and the cell temperature values
taken in the clear day, on 14 April 2017 in
Sidi Amar, ANNABA. We can see that irra-
diance reaches the maximum value of 960

W/m? at 11:44 and decreases until sunset.
Furthermore, the value of solar irradiance in
this region can reach around 1100 W/m? in
the middle of the day in April, indicated by
solarimeter instrument (see Fig. 2). These
values of solar irradiance and cell tempera-
ture according to daylight hours are shown
in Fig. 10.
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Fig. 9. Experimental (a) I-V and (b) P-V characteristics of PV module shaded one cell at end, near junction.
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10. Solar irradiance and cell temperature taken on a clear day.



CONCLUSION

From the research carried out, an exper-
imental study has been presented. Its aim
has been to show the influence of the cli-
mate of Sidi Amar, Annaba (Algeria), on
the characteristics (I-V) and (P-V) of the
PV module, Luxor Solo Line 80.

A simple simulation model has been
presented to determine the parameters of
any PV module, as well as to forecast its
characteristics. From the outcome of our
investigation, it is possible to conclude that
the comparison seems to demonstrate that
the experimental results and the simulation
results are almost identical, which proves
the credibility of this model.

Summing up the results, it can be
concluded that the proposed strategy and
involvement should therefore have wide
application, and researchers can rely on
this demonstration to explore PV module
degradation for these particular regions of
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