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Abstract

Photovoltaic cells are generally manufactured under standard test conditions.
The operating conditions, very often induce performance losses different from
those initially given by the manufacturer. This article presents an experimen-
tal acquisition and analysis system that integrates the synthetic efficiency ratio
(SER) as a hybrid analysis tool to evaluate the performance of a monocrystalline
photovoltaic solar panel, in this case the LW-MS90 panel in the city of Douala.
The meteorological data obtained experimentally was used to evaluate these
performances according to the manufacturer’s model in MATLAB/Simulink.
By comparison with the experimental performances, the results quantify through
a certain number of indices, a minimal power drop according to the acquired
irradiance estimated at 3.45%. The interest of this approach is to contribute to
the prediction of the operating performance of PV panels in the installation
phase in non-standard areas.
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1. Introduction

Energy is an essential factor for any society that sees itself emerging in the so-
cio-economic and socio-industrial field. It brings considerable satisfaction to the
economic rendering and contributes strongly to sustainable development. How-
ever, some energy sources are becoming more and more problematic with the
soaring oil prices on the one hand and the environmental consequences induced

using fossil resources on the other [1]. Today, different forms of renewable
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energy (solar, wind, hydro, biomass...) offer a high degree of flexibility and relia-
bility to mitigate the energy deficit. Sub-Saharan Africa has a great potential for
renewable energy. Solar energy, has been estimated 3500 hours of sunshine per
year and an energy potential of 2650 kWh/m?/year [2] [3]. The use of this poten-
tial has improved significantly in recent years with the development of conver-
sion and conditioning technologies. However, manufacturers do not sufficiently
consider the environmental conditions in which photovoltaic modules are re-
quired to operate (temperature, humidity, UV irradiation, dust, etc.). The tech-
nical characteristics are given in the standard test conditions (STC) correspond-
ing to a temperature of 25°C and a sunshine of 1000 W/m? for manufacturer’s
guarantees of around 25 years. The operating conditions of photovoltaic systems
in Sahelian Africa, characterized by an arid climatology, have an impact on their
lifespan and performance [4] [5]. There is a scientific barrier to the actual esti-
mation of lifetime as a function of the degradation of module performance. In
addition, there is lack of information on the different degradation modes of PV
modules and their impact on module reliability [6]. Research on photovoltaic
modules is focused on the development of new technologies without sufficient
feedback on those that are already operational [2] [7]. In Cameroon and in the
sub-Saharan African region, we have not identified any research structure that is
interested in this issue. Thus, a good understanding of the behaviour and per-
formance evolution of photovoltaic modules during their life cycle would be a
great asset for the development of the sector in Cameroon. Our study is mainly
focused on the evaluation of the performance of monocrystalline photovoltaic
modules, which constitute the dominant technology with 93% in the Cameroo-
nian market [1] [8]. The tools and methods used during the calculation proce-
dures of the performance indicators are compared based on three values of the
Synthetic Efficiency Ratio (SER). This indicator (called “Overall Equipment Ef-
fective Ness OEE”) has become, through the NFE 60-182 standard, one of the
performance indicators of production systems [9] [10]. It is currently recognized
as a fundamental tool for evaluating the performance of production systems and
gives an account of the effective use of a means of production and makes it
possible to identify losses. It allows a better understanding and optimization of
production flows and provides tools to help organize an appropriate mainten-
ance policy. The benefits of this article are structured as follows:
¢ Implementation of a system to evaluate PV performance indicators in the
city of Douala, Cameroon;

e Prediction of performance under standard manufacturing and use conditions

in the city of Douala;
e Comparison of the performance of the MATLAB/Simulink model of the

LW-MS90 panel with that obtained experimentally.

This work is organized according to the following sections: Section 2 provides
the methodology that will enable us to evaluate the performance indicators; Sec-
tion 3 presents the results obtained experimentally and in simulation on

MATLAB/Simulink. A comparative analysis is invested between the simulation
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and experimental study. In Section 4, we have the conclusion.

2. Method of Evaluating Performance Indices

In order to solve a problem, information must be collected, and scientific tools are
used to reach a conclusion based on the data collected. In order to evaluate the
performance of our photovoltaic system, standards and mathematical tools are
needed. The SER is used to identify losses and it is an excellent tool for investiga-
tion. In order to allow a better evaluation of the performance of the production
systems, two main procedures are used to determine the SRT: on the one hand, the
productivity aspect which is defined as a ratio of the number of good products to
the number of theoretically achievable products. On the other hand, the aspect of
operational reliability is considered and allows the OEE to be defined as a ratio of
the useful time (time during which good products are produced) to the required
time (time during which a certain number of products would theoretically be
produced). This second approach uses rates (Performance rate (Pr), Quality rate
(Qr) and Operational Availability (OA)), which will be used as data for the model-

ling of the efficiency of production systems by state machines.

2.1. Methodology for Assessing the Efficiency
of the Photovoltaic System

The efficiency of a generation entity is a global-local performance indicator,
which can be calculated for any level of decomposition (system or subsystem).
The link between all the efficiencies of a production facility is created directly
from the intrinsic links between the tasks and/or physical components of the
production facility. Efficiency is therefore a function of availability, quality and
productivity. It can be extended to safety or any other peripheral element affect-
ing the performance of the tool such as a photovoltaic system in the case of this
paper. However, the efficiency of a production system is the calculation of the
performance ratio (PR) which allows to account for the quality of operation of
an installation independently of the irradiation or the power. It is expressed in
kilowatt/hours [1].

Real production (kWh)
PR =

= (1)
theoretical production (kWh)

2.2. Current Efficiency

This is the rate of electrical power quality obtained from experimental tests.

Current efficiency is the ratio of the measured current to the rated current [6].

__ practical current

. 2
q’ Rated current @

2.3. Voltage Efficiency

This is the quality rate in electrical voltage obtained from our tests, here called

practical voltage, in relation to the nominal voltage of the monocrystalline
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photovoltaic panel given by the manufacturer. The voltage efficiency is the ratio
of the electrical voltage obtained from our tests to the electrical voltage given by
the manufacturer of the solar photovoltaic panel. It is given by the following

formula: monocrystalline type operating at a temperature of 25°C [9].

_ Practical voltage
qu - 5 . 1 1.

(3)
Rated voltage

2.4. Power Efficiency

This is the product of the quality rate in electric current by the quality rate in
electric voltage obtained from our tests carried out on the acquisition system of
the monocrystalline photovoltaic solar panel operating at a temperature of 25°C

(1] [6].

T =T 1, )

2.5. Synthetic Efficiency Ratio

The SER is an effective indicator of productivity that reflects the effective use of
a production facility. It quantifies the performance of a production system over a
well-defined period. The TRS is an excellent investigation tool; a means of ana-
lysing the efficiency of processes. It allows practical data obtained from tests to
be compared with those given by the manufacturer in order to evaluate per-

formance indicators. Mathematically, it is defined by Equation (5) [1].

SER =T, *T, %D, (5)

The factors that define the SER are:

e 7, Quality Rate: This is equal to the ratio of the yield obtained from the tests
to the ratio of the nominal yield of the monocrystalline solar panel.

e 7, The Performance Rate: It is equal to the ratio of the power obtained from
the tests by the nominal power given by the manufacturer of the monocrys-
talline photovoltaic panel.

e OA Operational Availability: This is the ratio of the operating time (OT) to
the required time (RT). It is given by the following formula [11].

_or

OA =
RT

(6)

1) Synoptic of the performance evaluation system

The analysis and evaluation of performance is based on the principle de-
scribed in Figure 1. This principle is established through the work carried out by
[12] very recently.

2) Equation of the performance prediction algorithm

Figure 2 describes the experimental chopper proposed in [13].

Consider Equation (7) [13] [14] [15] which describe the mean state model in
Figure 2, a predictive equation which is given by (8) [5].
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where o is the cyclic ratio, i

pv> 7 py

1

v, respectively the current and the voltage of

the photovoltaic solar panel, i, ,v, respectively the current and voltage of

charge, C,,C, filter capacitors, L the inductance et i, the current through

the inductance.

o (1) :(n%}m (-1}, (6
v, (k+1) :Cil(ipv(k)—il’pv(k))+vpv(k)
v (k+1) :Clz((l—a)il,pv () =i (K)) + v, (£)
RAG)

v, (k)

)

With 7 the sampling time. Figure 3 describes the principle of performance

evaluation according to the levels prescribed by NFE 60-182 standard. It will be

used as a reference in the analysis of the results obtained. Where T, represents

the voltage efficiency, current efficiency or power efficiency ;= {u,i, p}.
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Figure 3. Performance analysis flowchart.
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Figure 4. Performance test. (a) Irradiance evaluation, (b) panel power output, (c) daytime
temperature, (d) panel performance.

3. Results and Discussion

In order to evaluate the performance of the LW-MS90 photovoltaic panel in the
coastal region of Cameroon (Douala), we subjected the panel to daily clima-
tological tests. The test conditions depend on the irradiation profiles presented
in Figure 4(a), Figure 5(b) and temperatures in Figure 4(c) and Figure 5(d).
These figures show an almost constant evolution of temperature during the pe-
riod of operation of the system. The solar irradiation reaches peaks ranging from
about to. The performance tests over the two days of the trial shows the city of
Douala as a suitable area for the use of the solar panels. The available power
during the usage time depending on the solar irradiation ranges from 40% to
about 80% without compensation batteries (Figure 4(b) and Figure 5(f)). The
performance indicators in Figure 4(d) and Figure 5(h) show that the energy
production rate of the LW-MS90 panel in the city of Douala is excellent according
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Figure 5. Comparative performance test. (a) simulated solar irradiance implemented in
MATLAB/Simulink, (b) measured solar irradiance, (c) simulated temperature, (d) meas-
ured temperature, (e) predicted power, (f) measured power, (g) predicted performance,
(h) performance obtained with measurements.

to the NFE 60-182 standard. In order to analyse the performance under test
conditions, an acquisition and processing system composed of two blocks is im-
plemented: An algorithm developed on MATLAB that allows to retrieve the pa-
rameters of the ambient environment to predict the irradiance and an electronic
module composed of temperature sensors, a wind speed sensor also called ane-

mometer, and a current sensor to calculate the performance level of the PV
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panel. The comparative results in Figure 5 show that PV installations are an
important source of energy production that should be considered for any devel-
oping country. The system performance indices give a wide range of normal op-
eration that can show excellent performance under favourable climate condi-
tions. However, it is recognised that the system cannot operate for long periods

of time.

4. Conclusions

In this paper, we have studied the performance of PV panels in the littoral zone.
The aim is to help engineers with the problems of characterising the perform-
ance in this zone. This problem causes many effects after installation of photo-
voltaic systems in the Cameroonian coastal area. The study was conducted to
evaluate the performance indices of a specified panel type. The analysis system is
based on the synthetic rate of return (SRR) used to establish the performance
level. This approach allowed us to use supervised learning (human capacity) in
an Expert System to predict the irradiance in the city of Douala through tem-
perature and wind speed to illustrate the performance of the PV panel. The si-
mulation and experimental results presented allowed us to validate the ap-
proach. The comparative performance of the indices of current, power, voltage
and SER validates the experimental test. For a better prediction of the perform-
ances, we will first consider the annual meteorological parameters of the city of
Douala and then all the data of the national triangle so that the system can be
exploitable in all the cities of the country.

As a perspective of this work, we intend to study and give a descriptive model

of the degradation and aging of the photovoltaic panel in the city of Douala.
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