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Résumeé - Cet article traite du comportement de trois types de panneaux photovoltaiques
opérant dans des conditions d'ombrage partiel dans les trois zones climatiques du
Cameroun. Le phénomene d'ombrage partiel constitue l'un des facteurs qui perturbent
radicalement l'énergie électrique produite par les générateurs photovoltaiques. C'est pour
contribuer a résoudre ce probléeme que nous avons modélisé les panneaux PV
fonctionnant dans des conditions d'ombrage partiel sous les parametres climatiques du
Cameroun. La méthode analytique combinée a la méthode itérative est utilisée pour la
détermination des parameétres du module PV dans des conditions d'ombrage partiel. Des
études ont été menées sur une période d'un an dans trois villes, respectivement: Yagoua
pour la région soudano-sahélienne, Tchollire dans la région soudanaise et Tibati dans la
région équatoriale. Trois types de panneaux PV ont été utilisés {polycristallin (MSX-60),
monocristallin (Shell SP70) et couche mince CIS (Shell ST40)}. Les pertes de puissance
électrique de chaque type de panneau ont été évaluées.

Abstract - This paper studies the behavior of three types of photovoltaic panels operating
under partial shading conditions in the three climatic regions of Cameroon. The
phenomenon of partial shading constitutes one of the factors which drastically disrupt the
electric power produced by the photovoltaic generators. It is to contribute to solve this
problem that we modelled the PV panels operating in partial shading conditions under
the climatic parameters of the study area. The analytical method combined with the
iterative method are used for the determination of PV module parameters under partial
shading conditions. Studies were carried out over a period of one year in three cities,
respectively: Yagoua for the sudano-sahelian region, Tchollire in the sudanese region
and Tibati in the southern equatorial region. Three types of PV panels were used
{polycrystalline (MSX-60), monocrystalline (Shell SP70) and CIS thin film (Shell ST40),.
The electrical power losses of each type of panel were evaluated.

Key Words: Electrical powerlosses - Partial shading conditions - Analytic and iterative
methods - Comparative analysis.

1. INTRODUCTION

Greenhouse gas emissions are the main causes of climate change, and among the
measures taken to reduce this emissions and slow down the process of global
warming, the use of renewable energy appears as the fitting solution. Cameroon
which is an emerging country needs a sufficient electrical power both in quality
and quantity to achieve its development objective. The hydroelectric source generates
more than 75% of energy for national electricity generation. The interconnected North
network of Cameroon which has only one dam and the populations are
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undernourished with electricity [1]. Cameroon is a country rich in renewable energy
resources. The irradiation is high throughout the country. Its exploitation sometimes
requires numerous studies and technical predispositions for optimal performance.

Photovoltaic solar energy is seen as the saving solution for these populations
for several reasons: the abundance of solar radiation in this part of the country
allows for optimal production, distribution to households and to remote areas where
the population are not connected to the hydraulic power network and their Energy
problem could be solved by photovoltaic installations. However, the output density
of the PV system is low and strongly depends on the state of sunshine and the
surface of the photovoltaic array of temperature [2, 3].

PV cells are very sensitive to partial shading. If a cell or part of a module in a serial
chain is shaded, then instead of giving the power output, the absorbent shaded cell(s) [4,
5]. The basic photovoltaic cell is modelled by its electrical circuit equivalent to a diode
[5, 6]. These methods for estimating energy efficiency based on experimental results
and empirical formulations are presented in [5, 7]. The analytical and iterative methods,
namely Newton Raphson, are used to obtain optimal parameter determination of
photovoltaic panels [8]. This technique is commonly used to estimate the maximum
power of photovoltaic generators operating under non-uniform conditions of rapidly
varying irradiation [9-11].

To validate the model, we made simulations with the standard values given by the
constructors. This test was carried out on the three types of panels that we chose namely
the polycrystalline silicon photovoltaic panel, the monocrystalline type and the CIS thin
film. The absolute error of 1.51 % obtained between the constructor value and our result
leads us to say that the model is good. We then subject the model to partial shading.
Subsequently, we introduce the meteorological data of the cities of the area of our study
area. From the electric powers obtained, we calculate and see the variation the losses of
electric powers for four degrees of shading: 0%, 25%, 50%, and 100%.

Although we are currently experiencing a major phenomenon of climate change; the
results obtained during the year 2016 in the three regions are satisfactory. The analysis
of these results makes it possible to make predictions in the management of energy in
this part of the country throughout the year.

2. LOCATION AND METEOROLOGICAL
DATA OF THE STUDY AREA

Cameroon is situated between latitude of 2°N to 13°N, longitude of 9°E to 17°E and
covers a land area of about 475 442 km?. An equatorial climate with four seasons (two
dry and two rainy) is found in the southern part and Atlantic Ocean coasts with
approximately 3890 mm of precipitation per year. Abundant rainfall occurs from April
to November, and practically throughout the year in the south-west mountains
(approximately 10 000 mm per year). The climate tends to be of the sahelian type as one
leaves the southern to the northern part of the country with two seasons (one dry and
one rainy). The dry season lasts from October to April (700 mm of precipitation per
year in the central plateau) and the north-west is semi-arid (380 mm of precipitation per
year).

Three main climatic regions are found: the southern equatorial region, which
extends from 2°N to nearly as far as latitude 6°N; the sudanese region, wet and tropical,
extending from 7°N to a little beyond 10°N; the sudano—sahelian region (10—13)°N, dry
and tropical. The mean outdoor temperatures vary between 25 °C in the south, 21.1 °C
in the central plateau and 32.2 °C in the north [12] . Three cities has been considered for
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this study {Yagoua (sudano-sahelian region), Tchollire (sudanese region) and Tibati
(Southern equatorial region)}.

2.1 Location of study area

Figure 1 and Table 1 show respectively the study areas and their geographical
coordinates
2.2 Meteorological data of the study site

In this section, we present in Table 2 the meteorological data of the three study
areas taken over a two-year period measured monthly from January to December of the
year 2015 and 2016. But the rest of our study, will over the period of 2016.

Fig. 1: Locations of study areas: Yagoua, Tchollire, Tibati [13]

Table 1: Geographical coordinates of the study area [14]

City Yagoua Tchollire Tibari
Latitude 10°2027"N 8°24'0"N 6°28'0"N
Longitude 15°13'58"E 14°10'0"E 12°37'59"N
Elévation 335m 393 m 859 m

Table 2: Meteorological data (irradiance and temperature) of the three cities
sudano-sahelian region (@); sudanese region (b) and southern equatorial region (C)
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3. MODELING OF PHOTOVOLTAIC MODULE

The model used is that proposed in the literature by [10, 11] is the model with one

diode.
The Kirchhoff''s law allow us to establish the following current-tension equation [4,

10, 11],

=1, 1| exp AVHRD )|V ERI M
nlech Rsh

For some reason of simplification R, is considered too much great. So that,

(V+R,.I) / R, will not be considered, and then we obtain,

) @

The configuration of the PV module is shown in figure 2. The module is a group of
36 cells that is broken down into two subgroups of 18 cells each. The first subgroup is
illuminated normally, while the second is shaded with a variable percentage (figure 3).

The bypass diode connected in parallel PV cells subgroups limit the harmful effects
of partial shading and improves power output [5, 9, 15].
The total voltage of the circuit V; is obtained by the {eq. (3)} from V,, V, and

Vp as follows:

V=V, +V, if V,<Vp 3)
V=V, +V, if V,>V,
I, —-1+1
Vl _ (HNS kTCJ Xll’l( ph 0 J (4)
q Iy

A, —T+1
V2 _ [HNSkT‘:j % ll’l( B ph 0 J (5)
q Iy
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Fig. 2: Circuit equivalent to single-diode for a photovoltaic cell

Fig. 3: Configuration of the module into two subgroups of 18 cells each

The photovoltaic current is given by the following relation [4, 16]

Iph = (Isc +ATXKi)(G / Gr) (6)
1 1
3 qu(T‘TJ
IO = I()ref X(TC /Tr) ><exp # (7)
S
*For 1=0, V=V,
q Vo
0=1,—-Iy.. —0C -1 8
ph ~ lorer {eXp(nNschj J 3
I
oh ©)

IOref = iy
exp| —Yoe |
nN kT,

After combining equation (8) and (9), we obtain equation (10),

I SlT. T
I = - x(T, [ T,) xexp| ————== (10)
quc l’lNSk
exp| —— |1
nN kT,

oFor I=1,, V=V,
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Then we solve the equation (V+R,I) / Ry, =0 by the iterative method
(Newton-Raphson) as shown in figure 4.

Fig. 4: Flowchart of resolution by the analytical method and the iterative

4. RESULTS AND DISCUSSIONS

Three types of photovoltaic panels are selected with respect to their configuration of
36 cells connected in series: CIS thin film, monocrystalline, polycrystalline. The data
used for the simulations are taken from the data sheets of the various manufacturers.

The Table 3 presents the electrical parameters of the different photovoltaic
technologies. [17-19].

Table 3: Electrical characteristics data of the MSX-60, Silicon Shell SP70
and CIS ST40 solar at STC (25 °C, 1.5AM, 1000W/m?)

4.1 Test with standard values of manufacturer
We present in figure 5 the results of standard test values of our study.

The result obtained with the standard test values is satisfactory. The maximum
power obtained by our model is 59.0921 W as indicated in figure 5(a), for the
polycrystalline PV panel MSX-60, that is to say a power loss of the order of 1.51 %.
Figure 5(b) gives curves I1-V and P—V of the PV panel under partial shading
conditions with shading of 25 %.

This is in accordance with the results obtained by Efstratios et al. [6]
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@)

(b)
Fig. 5: Curves for standard test (a) and 25% shaded PV panel (b)

4.2 Percentage of electrical power losses of the three types of PV panels under
shade conditions in the city of Yagoua in 2016

The figure 6 shows the percentage change in the power lost during the year 2016 in
the city of Yagoua for the three types of photovoltaic technologies.

In the city of Yagoua, when the photovoltaic panels are fully illuminated, the
polycrystalline type presents less power loss compared to the CIS and monocrystalline.
At 25% shading, the power losses of the three types of photovoltaic panel are almost
identical and are around 20% compared to the standard power expected by the
manufacturers. At 50% shade, the losses of the monocrystalline and the CIS are equal to
and less than the losses of the polycrystalline panel. At 100% shading, the losses are the
same for the three photovoltaic panels and presents the maximum loss.

These power losses are between 48.22% in January and 46.36% in March.

The Table 4 shows the power loss ratio of the three types of photovoltaic panels.
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Fig. 6: (a), (b), () and (d) Yagoua city power losses for the year 2016
at 0%, 25%, 50% and 100% at partial shading

Table 4: Percentage of electrical power losses of the three types of photovoltaic panels
(Monocrystalline, CIS Thin Film and Polycrystalline) in Yagoua city for 2016
compared to partial shading rate

4.3 Percentage of electrical power loss of the three types of PV panels under shade
conditions in the city of Tchollire in 2016

The figure 7 shows the percentage change in the power lost during the year 2016 in
the city of Tchollire for the three types of photovoltaic panels.

The climate of Tchollire city shows that at 0% shading the polycrystalline has less
loss of power than the CIS and the monocrystalline.

At 25% of the shadow, the results show a slight shift of the polycrystalline on the
other two. The polycrystalline type presents more power loss than the other two types of
PV panels at a shading percentage equal to 50%.

At 100% shading, the losses are the same for the three photovoltaic panels and
presents the maximum loss. These power losses are between 46.76 % in January and
48.63 % in March.

The Table 5 shows the power loss ratio of the three types of photovoltaic panels.
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Fig. 7: (a), (b), (c) and (d) Tchollire city power losses for the year 2016
at 0%, 25%, 50% and 100% at partial shading

Table 5: Percentage of electrical power losses of the three types of photovoltaic panels
(Monocrystalline, CIS Thin Film and Polycrystalline) in Tchollire city for 2016
compared to partial shading rate

4.4 Percentage of electrical power loss of the three types of PV panels under shade
conditions in the city of Tibati in 2016.
The figure 8 shows the percentage change in the power lost during the year 2016 in
the city of Tibati for the three types of photovoltaic technologies.

In the city of Tibati, the monocrystalline type has less power losses than other types
at 0% shading.
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At 25% it is the CIS which has fewer power losses. At 50% the power losses of the
polycrystalline and monocrystalline are identical and lower than those of the CIS.

From 100% shading, the power losses of the three types are identical. We do not
recommend the choice of PV panel of polycrystalline types in this area.

The Table 6 shows the power loss ratio of the three types of photovoltaic panels.

Fig. 8: (a), (b), (c) and (d) Tibati city power losses for the year 2016
at 0%, 25%, 50% and 100% at partial shading

Table 6: Percentage of electrical power losses of the three types of photovoltaic panels
(Monocrystalline, CIS Thin Film and Polycrystalline) in Tibati city for 2016 compared
to partial shading rate
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4.5 Synthesis of the lost power of the three types of photovoltaic panels during the
hottest periods of the year in the three cities

The Table 7 shows the percentage of loss of electric power during the hottest
periods of the year.

This synthesis in Table 7 represents the hottest periods during one year in the three
cities of the northern Cameroon. It emerges that the production of photovoltaic
electricity in the month of April is favorable.

We find that during the hottest months of the year, the three region show similar
results. However, the technology that has the most losses in percentage of electrical
power is polycrystalline.

On the other hand, Monocrystalline is the technology of panels with a low
percentage of loss of electrical power. This technology of photovoltaic panels is the
most advisable for the northern region of Cameroon as well as for the Sahel region in
general.

Table 7: Percentage ratio of the loss of electrical power
in the three cities during the hottest periods

5. CONCLUSION

This study consisted of evaluating the electrical power losses for photovoltaic panels
operating under partial shading conditions in the three climatic regions of Cameroon.

To achieve this objective, a new simplified model has been developed to optimize
photovoltaic cells. This proposed analytical and numerical model uses the data provided
by the manufacturer as the basic data. Three types of solar modules (multi crystalline
silicon, mono crystalline silicon and the CIS Thin Film) were modelled and evaluated.
The accuracy of the model is also analysed by comparing the manufacturer's data with
the results of the simulation.

The results obtained demonstrate the effectiveness of the proposed modelling
approach. From the analysis of the curves, it appears that the month of April is very
favourable for the production of photovoltaic electrical energy throughout the northern
part of Cameroon.
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Losses of electrical power are the lowest in the year regardless of the degree of
shading. We note that the production of electricity by the photovoltaic panels is very
influenced by the climate and the percentage of shade.

But the evolution of the power losses stabilizes at a maximum of 49% regardless of
the percentage change in shading. The result of this work allows knowledge of power
losses which will result in good management of electrical energy in Cameroon.
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NOMENCLATURE
G , Irradiance of the module G, , Reference irradiance, 1000W/m?
V,.V,, Voltage of unshaded sub-module I,.I,, Current of unshaded sub-module
and voltage of shaded sub-module, A and current of shaded sub-module, A
I , Diode current, A L,y » Current at the MPP, A
I ax » Maximum cell current, A I, , Reverse saturation current, A
Tt » Refrreverse saturation current, A I, » Light current, A
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