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In this thesis, two efficient control strategies are proposed to optimize the performances of a single-phase double stage standalone Photovoltaic (PV) system.

The first controller allows tracking instantly the maximum power point (MPP) of the PV module regarding any sudden change of atmospheric conditions. Furthermore, the second control strategy consists of forcing the output current of the inverter to follow a generated reference. Thanks to its advantages, Both control strategies are based on the sliding mode approach due to its accuracy and robustness under external perturbations. Accordingly, the developed controllers require the availability of a highquality database that describes the standalone PV system behavior under the different variations of climate condition. To deal with this concern, a MATLAB simulation is developed to elaborate a trusted standalone PV system. This latter requires the use of a PV module to supply two converters in order to feed a resistive load with an alternative current. The PV panel modelling necessitates the use of the electrical parameters of the equivalent-circuit model. For this, an efficient and simple strategy based on the shunt resistance measure and the datasheet manufacturer is developed to extract the single-diode model (SDM) parameters. Finally, the SDM identified parameters are implemented in the PV module to build the standalone PV system. The efficiency of the developed controllers is assessed by simulation under different climate variations.
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Résumé

Dans cette thèse, deux stratégies de contrôle efficaces sont proposées pour optimiser les performances d'un système photovoltaïque (PV) monophasé à double étage. Le premier contrôleur permet de suivre instantanément le point de puissance maximale (PPM) du module PV indépendamment de tout changement brusque des conditions atmosphériques. De plus, la deuxième stratégie de contrôle consiste à forcer le courant de sortie de l'onduleur à suivre une référence générée. Grâce à ses avantages, les deux stratégies de contrôle sont basées sur l'approche des modes glissants en raison de sa précision et de sa robustesse face aux perturbations externes. En conséquence, les contrôleurs développés nécessitent la disponibilité 
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General introduction

Due to the increasing fuel prices and related environmental concerns, renewable energies become an important source to supply electricity to the buildings and industrial sectors. Power generation from these sources possesses many outcomes such as clean and limitless behavior.

Wind, hydro, geothermal and solar energies have been available since the birth of our planet and have been used by the first human generation in different ways. Nowadays, the exploitation of these energies knows a remarkable improvement taking profit from the accelerated technological advances. Solar energy is considered among the fast-developing technologies and experiences a considerable drop in equipment costs. More specifically, photovoltaic-based power source has already proved its merit when used in grid-connected and stand-alone systems. In addition, it is considered as one of the promising solutions for solving greenhouse gas emissions problems. Thus, its eco-friendly nature, abundance and the continuous cost decreasing have given additional advantages that motivated its worldwide deployment. Despite the inherent advantages of the photovoltaic power generation, the information provided by several specialized agencies on deployed PV plants indicates that several factors can affect the overall performance of the installed photovoltaic systems.

Due to the nonlinearity of the current-voltage (I-V) characteristic of the photovoltaic (PV) module, accurate modeling and optimization of the PV panel are substantial in order to improve the conversion chain efficiency. For this reason, maximum power point tracking (MPPT )

algorithms have been developed using different approaches. These techniques allow the tracking of the maximum power point (MPP) regarding the variation of solar irradiance and temperature. In the literature, we found many published works about MPPT techniques, each one differs based on many aspects such as the complexity degree, the number of sensors required, the cost and the tracking efficiency. For these reasons, the choice of adequate MPPT is related to the field of applications and must represent a good balance between the efficiency and the cost.

In the last decades, the use of MPPT controllers has known an important growth in gridconnected and standalone PV systems. However, most of the PV installations are dedicated to grid-connected, which makes the application of standalone PV systems neglected despite its important role in feeding isolated areas where the grid utility is unavailable. Accordingly, the main objective of this thesis is to model and optimize a standalone PV system that could be very useful for different utilizations such us underground car parks, the cellar of a hospital and of course the isolated sites. Thus, a control unit of the proposed standalone PV system is mainly composed of two controllers:

The first controller consists in achieving the maximum power point of the PV module with a high level of accuracy regarding the weather conditions variations ( solar irradiance and temperature) that affects the nonlinearly the I-V output characteristic, resulting a permanent change in the locus of the MPP, which makes its tracking very hard. For these reasons, the proposed MPPT technique must respect the conditions of robustness and accuracy.

The second controller ensures feeding a sinusoidal output current of high quality to supply the AC load. This current must respect the requirements imposed by standards. Because it is necessary to have low levels of Total Harmonic Distortion (THD) at the inverter output.

To achieve the objectives of this thesis, good modeling and simulation of the standalone PV system are required. For this, an accurate process of PV panel modeling is adopted. accordingly, parameters extraction of the PV cell equivalent circuit model has been established in order to have a simulated PV generator that reflects the same results as the real one. Then, the developed PV module is used with a boost DC to DC converter and an inverter to build the conversion chain of the proposed standalone PV system.

This thesis is organized as follows:

Chapter 1: This chapter deals with the different topologies used in PV systems applications. In addition, the Objectives, the contributions and the organizations of this thesis are presented in this chapter.

Chapter 2: In this chapter, a modelling of the PV panel is discussed. Thus, section 2.2 is dedicated to a parameters extraction process. Section 2.3 gives a performances analysis of the different PV cell equivalent circuit models according to the climate variation.

Chapter 3: This chapter focuses on an evaluation of various MPPT technique. A review of diverse MPPT methods is presented in section 3.2, followed by the modelling and the examined MPPT techniques in section 3.3 and 3.4 respectively. Finally, section 3.5 gives the results and discussion.

Chapter 4: This chapter presents the modelling and control of a standalone PV system. The mathematical modeling of the proposed PV system is discussed in section 4.3. then, the used controllers are presented in section 4.4 and 4.5. Finlay, the results and discussion.

Appendix A: This appendix contains the manufacturer datasheets of the different PV modules used in this thesis.

Introduction

In the last decades, according to statistic (BP, 2017), the world energy need exhibits a rapid growth, which caused a huge production of electricity with different polluting sources as natural gas, oil and coal [START_REF] Kousksou | Renewable energy potential and national policy directions for sustainable development in Morocco[END_REF]. Nowadays, the excessive use of these fossil sources has a negative effect on both economic and environmental point of views. In fact, the economic consequence is presented by the high increase in petroleum's price which leads directly to a rise of the electricity tariff. For the environmental impact, the emission of CO2 accentuating the damaging effects of climate change remains the major issue [START_REF] Kumar | Solar drying and CO2 emissions mitigation: Potential for selected cash crops in India[END_REF][START_REF] Sadorsky | Renewable energy consumption, CO2 emissions and oil prices in the G7 countries[END_REF]. In order to overcome these complications, leader countries in energy production have imposed a new policy that encourages the use of renewable energies due to its clean behavior and limitless quantity [START_REF] Ellabban | Renewable energy resources: Current status, future prospects and their enabling technology[END_REF].

Today, diverse renewable energy sources are developed, such as solar, wind, hydro and geothermal. Due to their huge potential, these sources of energy are being used increasingly in industrial and buildings sectors. Solar energy at the top of renewable energy sources is believed to cover a significant part of energy needs in several countries. More specifically, photovoltaic systems due to their simple implementation and low maintenance cost [START_REF] Kumar | Solar drying and CO2 emissions mitigation: Potential for selected cash crops in India[END_REF], can provide clean and sustainable electricity. Power generated from photovoltaic modules can be used in grid-connected and stand-alone systems [START_REF] Kaundinya | Grid-connected versus standalone energy systems for decentralized power-A review of literature[END_REF]. Gridconnected PV systems are developed to operate with the electric utility grid and offer the possibility of covering energy requirements of the structure with the capability of selling the rest of produced energy to electricity supplier [START_REF] Del Fabbro | An adequate required rate of return for grid-connected PV systems[END_REF][START_REF] Kumar | Solar drying and CO2 emissions mitigation: Potential for selected cash crops in India[END_REF]. Stand-alone PV systems, in turn, are used to supply the electricity needed in isolated sites and as well for agricultural pumping (Yahyaoui, n.d.), these systems require a battery bank to provide electricity overnight [START_REF] Iaquaniello | Standalone CSP-DG system for electrification of remote areas and desalinated water supply[END_REF][START_REF] Muhsen | Sizing of a standalone photovoltaic water pumping system using hybrid multi-criteria decision making methods[END_REF]. Both PV systems are employed widely in the literature by using various topologies. In this chapter, these topologies are classified according to the number of power converter stages.

Single-Phase PV Systems

Single-phase PV systems become an important solution to supply electricity to low energy consumer (until 5 kW) [START_REF] Hassaine | Overview of power inverter topologies and control structures for grid connected photovoltaic systems[END_REF][START_REF] Zeb | A comprehensive review on inverter topologies and control strategies for grid connected photovoltaic system[END_REF]. these systems are used in various applications such as in residential and agricultural area. The main advantages of these systems are the implementation simplicity and low maintenance cost which makes it preferable compared to other systems of renewable energy (Wind energy, thermal energy etc.…). Thus, according to the type of the supplied load, the single-phase PV systems topologies are categorized into two types:

(i) Single-stage PV systems, (ii) Double-stage PV systems.

Single-Stage: DC to AC converters

Because most of the utilities are alternative, the use of a DC to AC converters (Inverters) becomes substantial to ensure transferring energy from the PV array to the AC utility. Thus, these inverters could be useful to make a direct link between the PV panels and the AC utility in order to supply an AC load or to inject an alternative current into the grid as shown in with a voltage boosting capability [START_REF] Cáceres | A boost DC-AC converter: Analysis, design, and experimentation[END_REF][START_REF] Jain | A Single-Stage Grid Connected Inverter Topology for Solar PV Systems With Maximum Power Point Tracking[END_REF]. The proposed solution exhibits good performances in terms of conversion quality and feeding the current into the grid. Moreover, Kim et al. have used the conventional topology of the inverter to inject a current with a low THD into the grid [START_REF] Kim | Sliding mode controller for the single-phase grid-connected photovoltaic system Il-Song[END_REF]. Most of the reported works on the singlephase inverter claim that this topology exhibits simplicity and a good control of the current [START_REF] Zeb | A comprehensive review on inverter topologies and control strategies for grid connected photovoltaic system[END_REF]. However, this configuration suffers from a low range DC voltage which reduced the power quality [START_REF] Zeb | A comprehensive review on inverter topologies and control strategies for grid connected photovoltaic system[END_REF]. For this reason, the use of a double stage is recommended.

Double Stages

To achieve high level of accuracy in photovoltaic utilizations, conditions of high efficiency and good conversion quality are required. As reported in the previous sections, the single stage
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of conversion cannot satisfy both conditions in all ranges of power. Accordingly, the double stage topology in Figure 1.2 is adopted. This latter consists of two stages of conversion, generally a DC-DC converter followed by an inverter. The structure of this topology differs according to the power rating [START_REF] Ankit | Review and comparative study of singlestage inverters for a PV system[END_REF][START_REF] Zeb | A comprehensive review on inverter topologies and control strategies for grid connected photovoltaic system[END_REF]. The reason behind transferring a regulated voltage to the input of the inverter requires the use of DC to DC converters, this topology as presented in Figure 1.2 is used widely in various applications such as pumping systems and energy storage [START_REF] El-Jouni | Commande d ' un Système de Pompage Photovoltaïque pour un Fonctionnement Optimal[END_REF][START_REF] Muhsen | Sizing of a standalone photovoltaic water pumping system using hybrid multi-criteria decision making methods[END_REF][START_REF] Yatimi | Assessment and control of a photovoltaic energy storage system based on the robust sliding mode MPPT controller[END_REF]. To ensure these functions, diverse type of DC-DC converters are performed between the PV module and the load. The main advantages of these converters are the cost-effectiveness, the energy flow and the ability to maintain the output at a fixed value regarding the input variations [START_REF] Reshma Gopi | Converter topologies in photovoltaic applications -A review[END_REF]. In the literature, various types of DC-DC converters have been proposed for diverse applications.

DC to DC Converters a) Boost Converter

The boost converter is a type of DC-DC converters which allows providing an output voltage greater than the input one, and due to the conservation law of energy, the input power of the boost converter must be equal to the output, which means that the current at the output of the boost is less the input one. In PV applications, this type of converters is used widely because of its advantages of high efficiency and simplicity of implementation. (Eljouni, 2009), the increased voltage at the boost output supplied a motor-pump group, the obtained results demonstrate high performance. As another function of the boost converter, is to supply a DC load such as a battery, Yatimi et al. and Guisser et al. used the DC boost converter to upgrade the output voltage to the level of the battery voltage [START_REF] Par | HABILITATION UNIVERSITAIRE M ' hammed GUISSER Stratégies de Commande pour l ' Optimisation des Systèmes Photovoltaïques Autonomes et Connectés au Réseau[END_REF][START_REF] Yatimi | Assessment and control of a photovoltaic energy storage system based on the robust sliding mode MPPT controller[END_REF]. Furthermore, other authors performed modifications on the conventional topology in Figure 1.3 in order to improve the boost performances. as reported in [START_REF] Veerachary | Neural-Network-Based Maximum-Power-Point Tracking of Coupled-Inductor[END_REF], Veerachary et al. proposed an improved version of the conventional boost. This modification is ensured by using a coupled-inductor interleaved to the boost converter, this latter has reduced the switching losses and minimizes the current ripples at the input and the output of the boost converter [START_REF] Veerachary | Neural-Network-Based Maximum-Power-Point Tracking of Coupled-Inductor[END_REF].

b) Buck Converter

Contrary to the boost converter, the buck provides an output voltage lower than the input one, and according to the conservation law of energy, the buck output current is greater than the input current. The reason behind using the buck converter is the same as all DC to DC converters, but with a lower output voltage compared to the input. For this, various authors have used the buck topology in Figure 1.4 as a solution to regulate this voltage according to the load needs. As reported in [START_REF] Chew | Single inductor quad-input-dual-output buck converter for photovoltaic systems[END_REF], Chew et al. proposed a quad input buck converter to provide a regulated voltage to the battery and the DC load. This developed configuration demonstrates a cost-effective solution by reducing the component count. On the other hand, Mazouz et al. used the buck converter to provide maximum DC power to the group motor-pump, the performance shows that the experimental results were very satisfactory compared to the simulated ones [START_REF] Mazouz | Control of a DC/DC converter by fuzzy controller for a solar pumping system[END_REF]. In order to improve the Buck converter performances, diverse modifications have been conducted on the conventional topology (see Figure 1.4). Hence, Zhang et al. proposed to variate the input inductance to adopt the optimal operating of the system according to solar irradiance variations. As a result, this topology reduces the inductance size to 25% and allows the output current continuous regarding the solar irradiance variations [START_REF] Zhang | A new approach to achieve maximum power 502[END_REF].

c) Buck-Boost Converter

To ensure both functions of increasing and decreasing the output voltage of DC-DC converters, the buck-boost in Figure 1.5 is adopted. This main idea of this later is to operate with two modes of control by cascading both the boost and the buck converter. In the literature, the evolution of this type of converters has known a remarkable growth in the last decades. Thus, divers improved topologies have been developed in order to increase the performances of the buck-boost converters. In [START_REF] Orellana | Four Switch Buck-Boost converter for Photovoltaic DC-DC power applications[END_REF], Orellana et al. developed a four switch buck-boost converter. This solution is based on the fact of using four switches instead of the usual two switches. The results have been verified experimentally and shown that the proposed topology exhibits high performances and could be suitable for some PV applications [START_REF] Orellana | Four Switch Buck-Boost converter for Photovoltaic DC-DC power applications[END_REF]. Moreover, Sahu et al. proposed a noninverting buck-boost converter dedicated to low voltage uses. The proposed configuration was adopted to supply a battery characterized by its low voltage. The performances of this topology have been verified experimentally and demonstrate the accuracy of this solution.

d) Other DC-DC Converters

In the literature, other DC-DC converters topologies have been adopted in PV systems according to the area of application. As the most used one, we found Cuk, SEPIC and Zeta converters. Cuk converter has the same function as the buck-boost converter but its implementation is more complicated. However, the advantage of this type of converter is to
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provide a continuous current at the input and the output [START_REF] Reshma Gopi | Converter topologies in photovoltaic applications -A review[END_REF].

Also, SEPIC and Zeta converters allow providing an output voltage greater or less than the input voltage. The difference between these converters and the buck-boost is that the output voltage is non-inverted [START_REF] Singh | Selection of non-isolated DC-DC converters for solar photovoltaic system[END_REF]. In addition, the complexity of these converters is high compared to the boost and the buck converters, which makes these latter widely used in PV applications.

Three-phase PV Systems

Three-phase PV systems are described by the number of phases at the output of the inverter.

As reported in the previous section, the single-phase PV systems are used only in low ranges of power [START_REF] Lin | Advanced DC / AC Inverters[END_REF][START_REF] Hassaine | Overview of power inverter topologies and control structures for grid connected photovoltaic systems[END_REF]. Thus, for high scale of power and especially in the grid-connected uses, the three-phase inverters are required.

Objectives and Contributions of this Thesis

Presentation and Objective of the proposed PV system

This thesis deals with the modeling of a simple and robust maximum power point tracking (MPPT) technique for standalone photovoltaic systems in order to supply an alternative load.

The standalone PV system in Figure 1.6 could be very useful to cover the need for electricity in different applications such as underground parking and in isolated sites. For this reason, the proposed configuration in Figure 1.6 ensures a transfer of energy from the DC side to the alternative load. This topology consists of a PV panel followed by a boost DC to DC converter in order to increase the PV voltage to the desired value and finally an inverter to convert the DC input to an alternative one. 

MPPT Current Controller

In order to achieve the objectives of this thesis, we have proposed prototype of standalone PV system following the topology in Figure 1.6. Accordingly, A Monocrystalline PV panel (SM55) with the characteristics in the Appendix A is used. This PV module exhibits an output voltage smaller than the required one which necessitates the use of a boost converter to increase this voltage the needed value. Then, the use of a DC to AC inverter to convert DC source energy for the AC load.

As a first thing to do, the modelling and the validation of the PV panel is substantial in order to estimate the generated PV power. For this reason, we have proposed and validated an accurate parameter extraction method to determine the unknown parameters of the PV cell equivalent circuit model. This method is used to build simulated PV array that could provide the output voltage, current and power of the PV panel according to atmospheric variations (solar irradiance and temperature).

The second task is to elaborate a maximum power point tracking technique in order to pursue the maximum power point regardless any sudden change of climatic conditions. This technique must verify the conditions of simplicity and robustness to ensure an MPP tracking of high efficiency.

Finally, both tasks are used to form and control the proposed standalone PV system with properties of good performances, robustness and simplicity of implementation in isolated sites.

Contributions of this Thesis

This thesis presents different contributions about PV panel modelling, maximum power point tracking techniques and the control of standalone PV system, these contributions are presented as follows:

(i) A new method to extract the equivalent circuit parameters is adopted. Then, a hybrid approach that combine different equivalent circuit models according to atmospheric changes is proposed. Both propositions are verified using datasheet manufacturer and real onsite data (This method is presented in Chapter 2).

(ii) An annual evaluation of three MPPT techniques in terms of performances is proposed. This evaluation is performed using a period of one year real climatic data and with a step of one second. The aim of this analysis is to choose the appropriate MPPT technique in terms of the produced energy.

(iii) A modelling and a control approach of a standalone PV system is proposed. For this, an accurate approach of control is used to track the maximum power point in addition of providing an alternative output current of high quality. These controllers are based on the sliding mode approach.

Conclusion

The different used topologies in PV applications have been presented. The single and the double stages are discussed to show the performances and utility of these topologies for each PV application. Based on the need of feeding isolated sites with AC energy, we have decided to use the standalone topology with two stages of converters. Thus, to analyze the performances of this topology, the photovoltaic panel and each stage of converters must be discussed, which will be described in the following chapters.

CHAPTER2 : Electrical Performances of the Photovoltaic Module 2.1 Introduction

Following the discussion in previous chapter, the photovoltaic array represents a major component of the PV systems architectures. For this reason, an accurate modeling of the PV panel constitutes an important topic that attracts a lot of researchers. This modeling task is divided into two parts; First, the choice of the equivalent-circuit model and then the parameters extraction of the chosen model. In this chapter, a new method to extract to PV cell equivalent circuit parameters is presented in section 2.2. Afterwards, the influence of climate conditions on the choice of the appropriate equivalent-circuit model is adopted in sections 2.3.

Parameters Extraction of the PV cell Equivalent-Circuit Model

A PV array consists of several PV modules, each one is composed of many PV cells in series or parallel connections. The photovoltaic cell is a p-n junction fabricated in a thin wafer or layer of semiconductor. In the dark, the current-voltage output curve of the PV module has an exponential behavior similar to the diode's one [START_REF] Walker | Evaluating Mppt Converter Topologies Using a Matlab Pv Model[END_REF].

When exposed to the light, photon with energy greater than the band gap of the semiconductor can create an electron-hole pair if it knocks an electron in the valence band. These carriers are swept away under the influence of the internal electric fields of the p-n junction and create a current which is proportional to the incident radiation. When the cell is short circuited, this current circulates in the external circuit. When the external circuit is opened, this current is zero because of the intrinsic p-n junction diode. If the shunt resistance is neglected the characteristics of this diode therefore set to the open circuit voltage [START_REF] Walker | Evaluating Mppt Converter Topologies Using a Matlab Pv Model[END_REF].

In order to use the PV module at its maximum power point (MPP), which increases the ration of the photovoltaic system [START_REF] Park | A novel datasheet-based parameter extraction method for a singlediode photovoltaic array model[END_REF], the parameters of the cell equivalent-circuit model must be determined. In fact, both the single diode models and the two-diode models of the cell equivalent-circuit take into account the series and the shunt resistances (Ishaque et al., 2011b;[START_REF] Laudani | Identification of the one-diode model for photovoltaic modules from datasheet values[END_REF][START_REF] Lo Brano | An improved five-parameter model for photovoltaic modules[END_REF]Ma et al., 2014a;[START_REF] Muhsen | Parameters extraction of double diode photovoltaic module's model based on hybrid evolutionary algorithm[END_REF][START_REF] Sandrolini | Numerical method for the extraction of photovoltaic module double-diode model parameters through cluster analysis[END_REF][START_REF] Yildiran | Identification of photovoltaic cell single diode discrete model parameters based on datasheet valuesYildiran[END_REF]. The number of the parameters depends on the used extraction method.

Because of its good performance the four-parameter model is one of the most used [START_REF] Celik | Modelling and experimental verification of the operating current of mono-crystalline photovoltaic modules using four-and five-parameter models[END_REF][START_REF] Khan | Intensity dependency of photovoltaic cell parameters under high illumination conditions: An analysis[END_REF][START_REF] Khezzar | Modeling improvement of the four parameter model for photovoltaic modules[END_REF][START_REF] Tivanov | Determination of solar cell parameters from its current-voltage and spectral characteristics[END_REF]. This model neglects the shunt resistance 𝑅 01 and represents the unknown parameters as the series resistance 𝑅 0 , the ideality factor γ, the saturation current 𝐼 30 and the light generated current 𝐼 034 [START_REF] Celik | Modelling and experimental verification of the operating current of mono-crystalline photovoltaic modules using four-and five-parameter models[END_REF]. But when photovoltaic cells are exposed to important temperature variation, it is preferable to use the five-parameter model by adding the shunt resistance 𝑅 01 in order to have better balance between efficiency and accuracy [START_REF] Chin | Cell modelling and model parameters estimation techniques for photovoltaic simulator application: A review[END_REF][START_REF] Jordehi | Parameter estimation of solar photovoltaic (PV) cells: A review[END_REF][START_REF] Mares | A simple but accurate procedure for solving the five-parameter model[END_REF]. The determination of the unknown elements of the fiveparameter model remains a challenge for researchers [START_REF] Khezzar | Modeling improvement of the four parameter model for photovoltaic modules[END_REF]. In literature, various methods have been proposed to determine these parameters using implicit equations [START_REF] De Soto | Improvement and validation of a model for photovoltaic array performance[END_REF], iterative and analytics methods [START_REF] Villalva | Modeling and simulation of photovoltaic arrays MODELING AND SIMULATION OF PHOTOVOLTAIC ARRAYS[END_REF]M. G. M. G. G. Villalva et al., 2009;[START_REF] Wang | An iterative approach for modeling photovoltaic modules without implicit equations[END_REF]; and intelligent algorithmes [START_REF] Askarzadeh | Artificial bee swarm optimization algorithm for parameters identification of solar cell models[END_REF][START_REF] Graditi | Energy yield estimation of thin-film photovoltaic plants by using physical approach and artificial neural networks[END_REF][START_REF] Jervase | Solar cell parameter extraction using genetic algorithms[END_REF][START_REF] Rajasekar | Bacterial Foraging Algorithm based solar PV parameter estimation[END_REF]. Some of these methods include the shunt resistance extraction due to its influence on the other parameters [START_REF] Forniés | Method for module Rsh determination and its comparison with standard methods[END_REF].

Consequently, a precise determination of 𝑅 01 attracts the attention of many researchers, and the majority of precedent works used numerical fitting and other analytical methods to determine 𝑅 01 [START_REF] Chen | Parameters extraction from commercial solar cells I-V characteristics and shunt analysis[END_REF][START_REF] Priyanka | A new method of determination of series and shunt resistances of silicon solar cells[END_REF][START_REF] Radziemska | Dark I-U-T measurements of single crystalline silicon solar cells[END_REF].

Ikegami et al. [START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF]) calculated the parameters using a least-squares fitting of the equivalent model current-voltage characteristic taking into account measured ones. This method requires a fast calculation of the merit function 𝜒 6 , which is defined as:

𝝌 𝟐 (d) = ∑ < 𝑰 𝒊 (𝑽 𝒊 )@𝑰(𝑽 𝒊 ,d) 𝝈 𝒊 B 𝟐 𝑵 𝒊D𝟏 (2.1)
where, vector δ stands for the determination of the five-parameter model, N is the number of data points used, 𝐼 E and 𝑉 E are i-th measured current and voltage values, respectively, 𝜎 E is a standard deviation at that data point, and 𝐼(𝑉 E , d) denotes the calculated current at 𝑉 E [START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF]. The irradiation and the temperature of the cell are given.

Photovoltaic Array Model

Equivalent Circuit Model of the PV cell

The PV cell is a sandwich of two dissimilar materials usually one as elemental metal and the other a solid compound of two elements (a semiconductor) one is doped p-type and the other is doped n-type. It has consequently the same behavior as a diode. Incident light with photons energy, creates electron-hole pairs and induces a voltage at terminals of the cell. This effect can be assimilated to a photo-current source. This later depends on the received irradiation and on the temperature, also it is proportional to exposed area. A shunt resistance represents one part of internal losses while the series one constitutes the second part of internal losses and the metallic contacts losses. The equivalent circuit of a PV module is illustrated in Figure 2.1, this model is characterized by the presence of the series and the shunt resistance, which are influenced by environmental conditions [START_REF] Gow | Development of a photovoltaic array model for use in powerelectronics simulation studies[END_REF][START_REF] Radziemska | Dark I-U-T measurements of single crystalline silicon solar cells[END_REF]. [START_REF] Shockley | Detailed balance limit of efficiency of p-n junction solar cells[END_REF], its expression is as follows:
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where the reverse cell saturation current 𝐼 30 depends totally on temperature, this current is represented by Equation (2.3) [START_REF] Lineykin | An improved approach to extract the singlediode equivalent circuit parameters of a photovoltaic cell/panel[END_REF]:
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In order to improve the model sensitivity against temperature variation in the case of high temperature, it is recommended to use the five-parameter model by incorporating the shunt resistance [START_REF] Chin | Cell modelling and model parameters estimation techniques for photovoltaic simulator application: A review[END_REF].

According to Walker et al. [START_REF] Walker | Evaluating Mppt Converter Topologies Using a Matlab Pv Model[END_REF], the light generated current 𝐼 034 depends on irradiance and temperature variation and can be written as:

𝑰 𝒔𝒐𝒍 = [𝑰 𝒔𝒄 + 𝑲 𝒊 (𝑻 -𝟐𝟗𝟖. 𝟏𝟓)] 𝝀 𝟏𝟎𝟎𝟎 (2.4)
where In the interest of extracting the maximum available power from the PV modules, it is necessary to operate the PV modules at their maximum power point (MPP). The output power of the PV panel is 𝑃 = 𝐼𝑉. A derivative of the output power 𝑃 with respect to the output voltage 𝑉 is equal to zero at MPP [30]. If the equivalent circuit parameters λ and 𝑇 are given, MPP is obtained by solving Equation (2.5) together with Equations (2.2)- (2.4).

Isc: short-circuit current [A] Ki : temperature coefficient of Isc [A/K] λ : solar irradiance level [W/m 2 ] T : cell temperature [K]
We have:

𝝏𝑷 𝝏𝑽 = 𝑰 + 𝑽 𝝏𝑰 𝝏𝑽 = 𝟎 ⇒ 𝝏𝑰 𝝏𝑽 = - 𝑰 𝑽 (2.5) Hence: 𝑰 = (𝑽 -𝑹 𝒔 𝑰) L𝑰 𝒐𝒔 𝑨𝒆𝒙𝒑[𝑨(𝑽 + 𝑹 𝒔 𝑰)] + 𝟏 𝑹 𝒔𝒉 V (2.

6)

where: 𝐴 = q rstu vwxx .

Ideally, a PV array would operate at his MPP, such process is achievable by using a maximum power point tracking (MPPT) controller [START_REF] De Soto | Improvement and validation of a model for photovoltaic array performance[END_REF][START_REF] Gupta | A comparative investigation of maximum power point tracking methods for solar PV system[END_REF]. When the model parameters and the irradiance λ are obtained in a real time, a correct MPP can be calculated without knowing the cell temperature or the dependence of the cell parameters with respect to the temperature [START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF].

New Method to Extract the PV Cell Equivalent Circuit Parameters a) Proposed Method

The main objective of this research is to determine the unknown parameters 𝐼 30 , 𝑅 0 , 𝑅 01 and γ of the single diode model. To find these parameters we need at least four equations (Ma et al., 2014b) . In fact, our method is based on two steps, the first one is the measurement of the shunt resistance in a specific conditions, and the second one consists on the use of the manufacturer characteristic equations under Standard Test Conditions (STC: λ=1 kW/m², A.M=1.5, T=25°C) for the three point (0, 𝐼 0z ), (𝑉 3z , 0) and (𝑉 { , 𝐼 { ). The methodology adopted for the proposed method is presented in Figure 2.3. (i) Measurement of Rsh

The shunt resistance 𝑅 01 of the PV module is measured in laboratory conditions. This measure (Figure 2.4) is obtained on obscurity ( 𝐼 034 = 0) and no wind, using voltmeter and ammeter. We have applied an external negative voltage to the PV panel (diode current 𝐼 | = 0).

The measurements of 𝑉 {}0 and 𝐼 {}0 must be done quickly to avoid the overheating of photocell. The mean value of 𝑉 {}0 / 𝐼 {}0 corresponds to the sum of the 𝑅 01 and 𝑅 0 values, it is assumed that the series resistance is negligible because 𝑅 01 >> 𝑅 0 . 

𝟎 = 𝑰 𝒔𝒐𝒍 -𝑰 𝒐𝒔 [𝒆𝒙𝒑(𝑨𝑽 𝒐𝒄 ) -𝟏] - 𝑽 𝒐𝒄 𝑹 𝒔𝒉 (2.7)
where 𝑉 3z is the output voltage of the PV panel in open circuit.

• Short circuit condition: When the PV panel is short circuited and illuminated, a negligible current flows through the diode. The current 𝐼 is equal to the rated short circuit current 𝐼 0z , if we consider that the rated irradiation equals to 1000 W/m². Hence, Equation (2.2) can be written:

𝑰 𝒔𝒄 = 𝑰 𝒔𝒐𝒍 -𝑰 𝒐𝒔 [𝒆𝒙𝒑(𝑨𝑰 𝒔𝒄 𝑹 𝒔 ) -𝟏] - 𝑹 𝒔 𝑰 𝒔𝒄 𝑹 𝒔𝒉 (2.8)
• Optimum condition: At optimal operating point determined by 𝐼 { and 𝑉 { values, the following expressions could be found by using Equations (2.2) and (2.6):

𝑰 𝒎 = 𝑰 𝒔𝒐𝒍 -𝑰 𝒐𝒔 {𝒆𝒙𝒑[𝑨(𝑽 𝒎 + 𝑰 𝒎 𝑹 𝒔 ) -𝟏]} - 𝑽 𝒎 W𝑹 𝒔 𝑰 𝒎 𝑹 𝒔𝒉
(2.9)

𝑰 𝒎 = (𝑽 𝒎 + 𝑰 𝒎 𝑹 𝒔 ) L𝑰 𝒐𝒔 𝑨𝒆𝒙𝒑[𝑨(𝑽 𝒎 + 𝑰 𝒎 𝑹 𝒔 )] + 𝟏 𝑹 𝒔𝒉 V (2.

10)

The set of nonlinear equations to solve is illustrated in the following system:

⎩ ⎪ ⎨ ⎪ ⎧ 𝟎 = 𝑰 𝒔𝒐𝒍 -𝑰 𝒐𝒔 [𝒆𝒙𝒑(𝑨𝑽 𝒐𝒄 ) -𝟏] - 𝑽 𝒐𝒄 𝑹 𝒔𝒉 𝑰 𝒔𝒄 = 𝑰 𝒔𝒐𝒍 -𝑰 𝒐𝒔 [𝒆𝒙𝒑(𝑨𝑰 𝒔𝒄 𝑹 𝒔 ) -𝟏] - 𝑹 𝒔 𝑰 𝒔𝒄 𝑹 𝒔𝒉 𝑰 𝒎 = 𝑰 𝒔𝒐𝒍 -𝑰 𝒐𝒔 {𝒆𝒙𝒑[𝑨(𝑽 𝒎 + 𝑰 𝒎 𝑹 𝒔 ) -𝟏]} - 𝑽 𝒎 W𝑹 𝒔 𝑰 𝒎 𝑹 𝒔𝒉
The saturation current value 𝐼 30 (=𝐼 3 † ) at temperature of 298.15K is calculated using the open circuit voltage 𝑉 3z and short circuit current 𝐼 0z at this temperature Equation (2.11):

𝑰 𝒐𝒓 = 𝑰 𝒔𝒄 @ 𝑽 𝒐𝒄 ‡𝑹 𝒔 𝑰 𝒔𝒄 𝑹 𝒔𝒉 𝒆𝒙𝒑(𝑨𝑽 𝒐𝒄 )@𝒆𝒙𝒑(𝑨𝑰 𝒔𝒄 𝑹 𝒔 ) (2.

11)

The following equations could be obtained by using Equations (2.7)-( 2.10):

𝑰 𝒔𝒄 𝒆𝒙𝒑(𝑨𝑽 𝒐𝒄 )@𝒆𝒙𝒑(𝑨𝑰 𝒔𝒄 𝑹 𝒔 ) = 𝑰 𝒎 𝒆𝒙𝒑(𝑨𝑽 𝒐𝒄 )@𝒆𝒙𝒑[𝑨(𝑽 𝒎 W𝑹 𝒔 𝑰 𝒎 )
(2.12)

𝑰 𝒎 𝒆𝒙𝒑(𝑨𝑽 𝒐𝒄 )@𝒆𝒙𝒑[𝑨(𝑽 𝒎 W𝑹 𝒔 𝑰 𝒎 ) = 𝑰 𝒎 𝑽 𝒎 ‡𝑹 𝒔 𝑰 𝒎 𝑨𝒆𝒙𝒑[𝑨(𝑽 𝒎 W𝑹 𝒔 𝑰 𝒎 )]
(2.13) Equations ( 2.12) and ( 2.13) are used to determine the 𝑅 0 resistance and the inverse voltage 𝐴.

So, the ideality factors γ and the cell saturation reverse current 𝐼 3 † at 𝑇 † can be obtained.

Results and Discussion

To assess the performance of this method, two types of solar panels are used, the monocrystalline SM55 and the polycrystalline SW255 using manufacturer data at STC which are reported in Table 2.1. The measured values of 𝑅 01 for the monocrystalline SM55 and for the polycrystalline SW255 are respectively, 6500 Ω and 7000 Ω. From the values provided in the datasheet and the measurement of the shunt resistance 𝑅 01 , the parameters of the selected PV modules are determined using an implementation of the proposed method at MATLAB m-script. After the extraction process, the obtained results are presented in Table 2.2, these parameters are employed to plot the power-voltage (P-V) and current-voltage (I-V) characteristics. Before comparing the proposed method with software and literature, the present method is used to plot the I-V curves of the SM55 and the SW255 panels for various values of temperature and irradiance. These curves are compared to datasheet ones [START_REF] Ag | Protect SW[END_REF]Shell SM55, 2002).

Parameters SM 55 SW 255 Pm [W] Vm [V] Im [A] Voc [V] Isc [A] Ki [A/K] Kv [A/K]
Unfortunately, the I-V curves of the SW255 for different temperature are not issued at the datasheet.

As seen in Figure 2.5 and Figure 2.6, the SM55 I-V characteristics fit perfectly with the datasheet ones with a very small difference for low irradiance. For the SW255 I-V curves, Figure 2.7 shows good agreement between the proposed method and datasheet, except for irradiance lower than 400 W/m², this disturbance is caused by the error of the extracted data from datasheet. In order to study the accuracy of the proposed method, we have divided the discussion into two parts. In the first part we compare the plotted curves of the SM55 in MATLAB with PVsyst software data (Universidade De Genebra, 2012). And the second part provide a comparison between the plotted curves obtained by the proposed method and Villalva's ones [START_REF] Villalva | Modeling and simulation of photovoltaic arrays MODELING AND SIMULATION OF PHOTOVOLTAIC ARRAYS[END_REF]; M. G. M. G. G. Villalva et al., 2009). Note that all these comparisons are done for different values of temperature and irradiance and the average error of each graph is calculated using the following equation: From the comparison of the proposed method with the PVsyst, and as observed in Figure 2.10 it is clear that the present method represents a good performance with negligible errors. The database of the PVsyst does not contain the SW255 panel, that's why we didn't compare the polycrystalline technology with the PVsyst software. Villalva et al., 2009). For this reason, we choose to compare our results with their method cited in [START_REF] Villalva | Modeling and simulation of photovoltaic arrays MODELING AND SIMULATION OF PHOTOVOLTAIC ARRAYS[END_REF]; M. G. M. G. G. Villalva et al., 2009). While our method is based on the measurement of the shunt resistance and on the extraction of the other parameters using the proposed equations, we compared the I-V and P-V characteristics obtained by using the extracted parameters (Table 2.2) with Villalva's power-voltage and current-voltage curves for the shunt resistance and without it. These tests are done under various weather conditions. for different values of temperature and λ=1000 W/m², it is clearly observed that the model performs accurately with a very good agreement with results of Villalva, and as reported in Figure 2.18 the error between the two comparisons does not exceed 1%. From the precedent comparisons, it could be deduced that the proposed method has a very high performance independently of the PV technology, notice that the used panel technologies represent 80% of the PV all market [START_REF] Sudhakar Babu | Parameter extraction of two diode solar PV model using Fireworks algorithm[END_REF], which validate the performance of our method.

The influence of the measurement errors on the extracted parameters

Even if the measure of the 𝑅 01 is affected by error, its influence on the calculated parameters is negligible for high values of 𝑅 01 . Thereby, the expression 1/𝑅 01 in Equations ( 2.12) and

(2.13) becomes small. In order to highlight this idea, we proposed to vary the value of 𝑅 01 (we have varied the measurement error between -10% and +10% of the measured values) and to calculated the other parameters. For each value of 𝑅 01 the calculated parameters are summarized in Table 2.3 for the monocrystalline SM55 and in Table 2.4 for the polycrystalline SW255. 

Influence of Climatic Conditions on the Choice of the PV Cell Equivalent-Circuit

Model

As it has been mentioned in the previous section, an accurate modelling of the PV module is required. Hence the choice of an adequate equivalent-circuit model is recommended. In this section, the influence of atmospheric conditions on the choice of the appropriate equivalent-circuit model is discussed. Moreover, a new hybrid approach is proposed and tested under the climate fluctuations of two climatic zones.

A Review on Various PV Cell Equivalent-Circuit Models

The PV cell equivalent-circuit model is an electrical scheme which allows analyzing the electrical performance of the PV module. This model gives the corresponding current-voltage (I-V) and power-voltage (P-V) characteristics for different external changes such as irradiance and temperature (Chaibi et al., 2018). The history of the PV cell equivalent-circuit models knows a rapid progress. The first introduced formulation is the ideal single-diode model which is composed of a diode in parallel with a current source. This model requires the determination of three parameters, namely, the light-generated current 𝐼 ™ , the ideality factor g and the saturation current of the diode 𝐼 30 . The ideal model is characterized by uncomplicated structure and simplified parameters extraction. However, the use of this model does not reflect the real behavior of the PV cell [START_REF] Siddiqui | Parameter estimation for five-and seven-parameter photovoltaic electrical models using evolutionary algorithms[END_REF][START_REF] Suthar | Comparison of mathematical models of photovoltaic (PV) module and effect of various parameters on its performance[END_REF]M. G. G. Villalva et al., 2009). Thereby, for more realistic PV cell design, the assessment of the losses should be taken into account by adding a block of resistances in series and in parallel with the ideal model (Ishaque and Salam, 2011). To design the contact between the silicon and electrodes surface, a resistance is added in series [START_REF] Jordehi | Parameter estimation of solar photovoltaic (PV) cells: A review[END_REF]; this model is named as the simplified single-diode model (SSDM) and the number of the unknown parameters is increased to four by adding the series resistance 𝑅 0 . The SSDM model has been used widely to study the performance of the PV cell [START_REF] Chenni | A detailed modeling method for photovoltaic cells[END_REF][START_REF] Ding | A MATLAB-simulink-based PV module model and its application under conditions of nonuniform irradiance[END_REF][START_REF] Ismail | Characterization of PV panel and global optimization of its model parameters using genetic algorithm[END_REF][START_REF] Ulapane | Extraction of parameters for simulating photovoltaic panels[END_REF][START_REF] Walker | Evaluating Mppt Converter Topologies Using a Matlab Pv Model[END_REF]. Because of the parameters number, the mathematical solution requires four equations to find the unknown parameters. , 2002;[START_REF] Hadj Arab | Loss-of-load probability of photovoltaic water pumping systems[END_REF]. Therefore, these techniques ensure a set of five equations whose accuracy depends totally on the choice of the initial conditions. Another method has employed experimental measurement to reduce the number of parameters, as reported by Chaibi et al. (Chaibi et al., 2018). The parameters are extracted by using a measurement under a special condition with initial equations from the manufacturer datasheet. Applying this method to silicon PV cell technologies indicates higher performance for Monocrystalline and low relative errors for Polycrystalline (Chaibi et al., 2018). On the other hand, Villalva et al. estimated an arbitrary value of the ideality factor and used an iteration of the series and the shunt resistances until the datasheet peak power (𝑃 {¡¢,} )

coincides with the mathematical peak power (𝑃 {¡¢,{ ). At this condition (𝑃 {¡¢,{ = 𝑃 {¡¢,} ), the corresponding resistances are displayed and the other parameters are calculated using explicit equations (M. G. G. Villalva et al., 2009).

Recently, an improved version of the SDM has been proposed. Namely, the double-diode model (DDM); this latter has the same structure as the SDM but using two diodes instead of one diode.

Thanks to its high performance, this model has been adopted lately by several authors [START_REF] Alam | Flower Pollination Algorithm based solar PV parameter estimation[END_REF][START_REF] Attivissimo | On the performance of the double-diode model in estimating the maximum power point for different photovoltaic technologies[END_REF][START_REF] Et-Torabi | Parameters estimation of the single and double diode photovoltaic models using a Gauss-Seidel algorithm and analytical method: A comparative study[END_REF]Ishaque et al., 2011a;[START_REF] Muhsen | Parameters extraction of double diode photovoltaic module's model based on hybrid evolutionary algorithm[END_REF][START_REF] Nassar-Eddine | Parameter estimation of photovoltaic modules using iterative method and the Lambert W function: A comparative study[END_REF]. However, the seven unknown parameters {𝐼 ™ , 𝐼 30£ , 𝐼 306 , 𝑅 0 , 𝑅 01 , g £ , g 6 } makes the extraction process more complicated since it needs a set of seven equations to be solved. Therefore, researchers used different approximations to simplify the calculation. As one of the most cited work, Ishaque et al. estimated that the saturation currents are equal and gave an arbitrary value to both ideality factors, hence the number of unknown parameters have been reduced. It was reported that this technique presents a good performance at low irradiance changes (Ishaque et al., 2011a).

In the literature, some works reported the influence of the atmospheric conditions on the performance of the equivalent-circuit models during predicting the PV plant yields. In [START_REF] Dehghanzadeh | A novel approximate explicit doublediode model of solar cells for use in simulation studies[END_REF] [START_REF] Bana | A mathematical modeling framework to evaluate the performance of single diode and double diode based SPV systems[END_REF][START_REF] Chin | Cell modelling and model parameters estimation techniques for photovoltaic simulator application: A review[END_REF].

PV Cell Equivalent Circuit Models

In order to evaluate the electrical performance of the PV cell, diverse equivalent-circuit models are simulated with the main objective to plot the corresponding I-V and P-V While the detailed single-diode model adds the shunt resistance (see Figure 2.1) and the output current of the PV cell is given by Equation (2.2).

For the double-diode model, shown in Figure 2.22, both the circulated currents in the diodes are expressed separately; hence the output current is given by the following equation:

𝑰 = 𝑰 𝒔𝒐𝒍 -𝑰 𝒐𝒔𝟏 {𝒆𝒙𝒑[𝑨 𝟏 (𝑽 + 𝑰𝑹 𝒔 ) -𝟏]} -𝑰 𝒐𝒔𝟐 {𝒆𝒙𝒑[𝑨 𝟐 (𝑽 + 𝑰𝑹 𝒔 ) -𝟏]} - 𝑽W𝑹 𝒔 𝑰 𝑹 𝒔𝒉
(2.17)

with 𝐴 E = q r ¤ stu vwxx
Where 𝑖 is associated to the number of each diode, 𝑁 z}44 is the number of series cell that constitutes the PV module. For the various levels of irradiance and temperature, the plot the I-V and P-V curves requires the knowledge of the PV cell equivalent-circuit parameters. variation of the irradiance and the temperature. This current is calculated by using equation (2.4) [START_REF] Motahhir | Modeling of Photovoltaic System with modified Incremental Conductance Algorithm for fast changes of irradiance[END_REF][START_REF] Walker | Evaluating Mppt Converter Topologies Using a Matlab Pv Model[END_REF]. Ishaque et al. (Ishaque et al., 2011a) The double-diode configuration depicted in Figure 2.22 is another equivalent-circuit model used to evaluate the electrical performance of the PV panel. For this reason, several researchers have adapted some approximations to simplify the calculation process. As reported in (Ishaque et al., 2011a), Ishaque et al. estimated that the saturation currents are equal and used a modification on the equation given by (M. G. M. G. G. Villalva et al., 2009). the modified equation of the saturation current is represented as follows:

Method of

𝑰 𝒐𝒔𝟏 = 𝑰 𝒐𝒔𝟐 = 𝑰 𝒔𝒄 W𝑲 𝒊 (𝑻@𝟐𝟗𝟖.𝟏𝟓) 𝒆𝒙𝒑[¥𝑽 𝒐𝒄 W𝑲 𝒗 (𝑻@𝟐𝟗𝟖.𝟏𝟓)¦/{ g 𝟏 Wg 𝟐 𝒑 › } 𝒌𝑻𝑵 𝒄𝒆𝒍𝒍 𝒒 ] (2.18)
Where the values of the ideality factors g £ and g 6 are taken respectively 1 and 1.2, for 𝑝 the value is about (£ 2.2). For 𝑅 0 and 𝑅 01 estimation, the resistances are evaluated using an iteration process of the series resistance until achieving the peak power of the datasheet, and this shunt resistance is represented by Equation. (2.19).

𝑹 𝒔𝒉 =

𝑽 𝒎 W𝑰 𝒎 𝑹 𝑺 𝑰@𝑰 𝒐𝒔 ¬𝒆𝒙𝒑- 

Methodology and data

The present work aims to analyze the performances of the SDM and the DDM under nonstandard conditions in order to classify which model is more appropriate to use for different levels of solar irradiance and temperature.

For achieving the aim, it is first essential to analyze each electrical circuit separately. Hence, the selected methods to extract the parameters, Chaibi et al. (Chaibi et al., 2018); and Ishaque et al. (Ishaque et al., 2011a) are implemented in MATLAB environment and applied to two silicon PV modules of different technology. These PV modules are the monocrystalline SM55 and the polycrystalline MSX60, respectively. The technical specifications of both models as

given by the manufacturer are presented in Table 2.5 (BP MSX60, 2002;Shell, 2002). It is interesting to note that the choice of the PV panels is based on their widely availability in the market as they account for a share of 80% [START_REF] Sudhakar Babu | Parameter extraction of two diode solar PV model using Fireworks algorithm[END_REF]. The obtained I-V curves are compared to the data delivered by manufacturers for different levels of irradiance and temperature by using the relative error 𝐸 †}4 . It is defined as the difference in percentage between an exact value from PV module manufacturer datasheet and the estimated one by using the equivalent-circuit models. This error is expressed by the following equation for each sample i-th.

𝐄 𝐫𝐞𝐥 (%) = -𝐁𝐚𝐬𝐞 𝐜𝐚𝐬𝐞(𝐢)@𝐂𝐚𝐥𝐜𝐮𝐥𝐚𝐭𝐞𝐝(𝐢) 𝐂𝐚𝐥𝐜𝐮𝐥𝐚𝐭𝐞𝐝(𝐢)

- * 𝟏𝟎𝟎 (2.20) We introduce a classification in order to identify which model to adopt for a given climate condition to get the best fit between two models SDM and DDM. So, a hybrid approach that combines the single and the double-diode models is suggested. It performs according to the climate variation and selects instantly which model with the lowest error to use between the single and the double diode model. This approach is explained in Figure 2.23. The performances of the hybrid approach are assessed by the normalized mean absolute error (NMAE), defined as the average of error between the exact value for the base case and the calculated values. This error can be represented as follows:

Pm [W] Vm [V] Im [A] Voc [V] Isc [A] Ki [%/K] Kv [%/K
𝐍𝐌𝐀𝐄(%) = 𝟏 𝐍 ∑ ¿ 𝐁𝐚𝐬𝐞 𝐜𝐚𝐬𝐞(𝐢)@𝐂𝐚𝐥𝐜𝐮𝐥𝐚𝐭𝐞𝐝(𝐢) 𝐌𝐚𝐱 𝟏 𝐍 ¥𝐁𝐚𝐬𝐞 𝐜𝐚𝐬𝐞(𝐢)¦ ¿ 𝐍 𝟏 * 𝟏𝟎𝟎 (2.20)
where N is the total number of samples. It measures the performance improvements achievable by using the hybrid approach with respect to the equivalent-circuit models SDM and DDM.

Results and discussion

The results discussion is divided into two parts: -Implementation of the hybrid approach and its validation against real recorded data from two PV plants experiencing differences in hourly climatic variations, where a best combination of SDM and DDM is used.

Jan

Comparison of I-V curves

The parameters of the single-diode models are determined using the method proposed by Chaibi et al. (Chaibi et al., 2018) as given in (2.17)} so as to plot the corresponding I-V and P-V characteristics of the tested PV models. The I-V curves obtained by the previous methods should agree well with those given by the manufacturer datasheets. As can be shown in these figures, the shape of the I-V curves agrees well with manufacturer for temperature levels less than 50 °C, but when the temperature exceeds 50 °C, the I-V form starts to present a significant difference.

Rsh[W] Rs[W] Io[µA]

g differences between the obtained I-V curves and the manufacturer graphs, especially in Figure 2.29 for which the temperature is supposed to vary considering a constant value of solar irradiation (l=1000 W/m 2 ). However, the application of the double-diode model in the case of Poly-Si PV technology (see Figure 2.30) exhibits a quite similar trend in the I-V curves for all temperatures less than 50 °C. Based on this, it seems that the single-diode model is more preferable to model the Mono-Si PV panels while the double-diode model is more appropriate for Poly-Si PV panels. Note that the I-V curves of the Poly-Si module for different irradiance levels are not provided due to the lack of information on the irradiance variation from manufacturer. opposite side, the double-diode model presents a key solution to model the Poly-Si PV panel especially for medium and high levels of temperature. Moreover, the SDM present good predicted results for low irradiances while the DDM is more pertinent for medium and high ranges of irradiance. For the short-circuit current, the chosen equivalent-circuit models are compared under the same variation of climate conditions and this is for both PV panel technologies. As can be seen in Figure 2.31(c), the relative errors demonstrate that the singlediode model is more appropriate to model the PV panel under the variation of irradiance. Also, this model is more appropriate for temperature variation except for the Poly-Si technology in high temperature changes. Briefly, these curves show that the low irradiance levels engender high errors in the PV output power with a value of 8.40 %. Hence, the lowest value of error is presented at the short circuit currents with a value close to 0 %. 2.8), proposes guidelines in selecting the model to be used in the simulation process with respect to the actual climate condition to achieve the lowest error. 

Mono

Implementations of the hybrid approach and validation

A comparison of predicted DC outputs and real experimental data, on an hourly basis is carried out. In order to investigate the impact of the climatic condition on the performance of both SDM and DDM, the experimental titled irradiance and modules temperature of both PV plants are utilized to compute the corresponding SDM and DDM powers. Thereafter, the obtained output data series are used to calculate the error between the real generated powers (base case) and the computed ones (SDM and DDM power) using the error formula in Equation (2.20). These errors are presented in Figure 2.32. As can be observed in this figure, the mean error results supports the findings of the previous subsection about the relationship between climate conditions and accuracy of single and double diode model which was summarized in Table 2.8. between the experimental DC powers and the calculated ones using the hybrid approach for each one of the PV plants. These errors are displayed in Figure 2.33. As can be seen in Figure 2.33(a), the NMAE between hybrid approach and SDM and DDM is significantly high because of the fluctuated cloudy weather of the Mediterranean climate. Furthermore, this approach decreases the error for to up 53.93% for irradiance variations and 49.52% for temperature variations. For the Semi-Continental PV plant in Figure 2.33(b), the NMAE seem to lower compared to Mediterranean PV plant due to the sunny behavior of Meknes city.

The previously introduced classification in

Moreover, the proposed approach can respectively reduce the error due to irradiance and temperature variations by 21.04% and 14.66%. 

Conclusion

This chapter described the modelling of the PV module. For this reason, a new method for the extraction of the equivalent circuit parameters of the PV cell single diode model is presented. The proposed method consists in measuring the shunt resistance Rsh and using the manufacturers rated data to calculate the other unknown parameters. The advantage of the proposed method is the use of an experimental measure which does not influence on the other parameters in the case of measurement error. In fact, this measure reduces the number of the unknowns, which simplifies the calculation and the resolution of the equations. The accuracy is proved by comparing the proposed method with manufacturer data, PVsyst software and relevant reference from literature under different weather conditions, these comparisons shown that the proposed method has a fast extraction time and can be applied for different types of solar panels. Thereafter, section 2.2 evaluates the exact electrical performance of the most utilized PV cell equivalent-circuit models. The single-diode and the double-diode models are applied to the commercialized silicon PV module technologies (Monocrystalline SM55,

Polycrystalline MSX60

). The study outlines the comparison of these models considering the manufacturer's variation of irradiance and temperature. The comparison results demonstrate that the single-diode model seems to be more suitable for high fluctuations of irradiance. In turn, the double-diode model is more reliable for prediction the performance under the medium and low irradiance variations. Furthermore, for the temperature variations, the SDM performs well with low fluctuations and the DDM is more appropriate for medium and high variations.

Therefore, the main research question of this chapter is to assess to which extent an hybrid approach based on both models can enhance the accuracy of PV output prediction.. This approach has the idea to switch to the appropriate model according to the instantaneous variation of solar irradiance and temperature. The performance of the hybrid approach was assessed by computing real atmospheric data of two PV systems implemented in two sites of different climatic zones. An error analysis was performed between the proposed hybrid approach and the conventional SDM and DDM models. The results show that the proposed approach decreases the computing error compared to the SDM and the DDM by up to 53.93% in the case of the cloudy weather conditions and by about 21.04% for sunny climatic conditions.

Motivation

As it has been reported in the previous chapter, the electrical behavior of the PV module depends totally on the variation of the atmospheric conditions (namely the irradiance and the temperature). Moreover, the power-voltage curve of the PV panel is known by its nonlinearity.

For these reasons, the need to extract the maximum available power of the panel requires the tracking of the maximum power point instantly.

In this chapter, the effect of MPPT algorithm on the net energy output of solar PV modules is investigated. For this end, three different MPPT algorithms are tested. The innovative aspect met in this chapter is the utilization of real climatic conditions evaluated for duration of one complete year (8760 running hours). A strong calculation effort has been made, as it was essential to fit hourly data to comply well with the time step used in the simulation process. To the best of knowledge of authors, although there are many published papers comparing various MPPT control techniques, a realistic approach to quantify the differences induced in the associated energy yields is missed.

The current chapter establishes an annual comparative simulation of three MPPT techniques in order to study the generated energy of each technique. Section 3.2 reviews some MPPT used in literature. Thereafter, Section 3.3 shows a modelling of the used PV system. Then, the chosen MPPT techniques are presented in Section 3.4. the simulations and results are given in Section 3.5. Finally, we give some concluding remarks.

Review of Maximum Power Point Tracking Techniques

The weakness of PV systems lies in the low conversion efficiency because of the nonlinearity behavior of the PV cell. This requires the use of maximum power point tracking (MPPT) controllers with the aim of forcing the PV panel to operate at its maximum power point (MPP) despite the changes in outdoor climatic conditions [START_REF] Allouhi | Gridconnected PV systems installed on institutional buildings: Technology comparison, energy analysis and economic performance[END_REF].

Mathematically, to ensure the function of maximizing the PV power, a derivative of the PV power 𝑃 '• with respect to the PV voltage 𝑉 '• must converge to zero [START_REF] Gao | Maximum power point tracking control strategies with variable weather parameters for photovoltaic generation systems[END_REF][START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF]. For this reason, several algorithms have been developed and improved [START_REF] Dileep | Application of soft computing techniques for maximum power point tracking of SPV system[END_REF][START_REF] Gupta | A comparative investigation of maximum power point tracking methods for solar PV system[END_REF][START_REF] Salas | Review of the maximum power point tracking algorithms for stand-alone photovoltaic systems[END_REF]. The most popular one is the classical perturb and observe (P&O) method (Alik andJusoh, 2018, 2017); this technique is based on perturbing the PV voltage and observing the MPP variation, the history of this method is known by its several improved versions. Starting with the variable step P&O, where the perturbation is adapted to the operating point area. As reported in [START_REF] Kollimalla | Variable Perturbation Size Adaptive P & O MPPT Algorithm for Sudden Changes in Irradiance[END_REF] [START_REF] Hong | Efficient Maximum Power Point Tracking for a Distributed PV System under Rapidly Changing Environmental Conditions[END_REF], this solution presented a high tracking performance with low power losses compared to other P&O algorithms. Although, these improved versions of the P&O have arrived to ameliorate the tracking performance but the oscillating around MPP stills the principal cause of energy losses, especially in fast irradiance change. To overcome this issue, other techniques such as the incremental conductance (IC) are required [START_REF] Motahhir | MIL and SIL and PIL tests for MPPT algorithm[END_REF][START_REF] Tey | Modified incremental conductance MPPT algorithm to mitigate inaccurate responses under fast-changing solar irradiation level[END_REF].
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The IC tracks the MPP by comparing instantly the conductance Z-Ç Å [ with the incremental conductance Z △Ç △Å [ of the PV module [START_REF] Motahhir | MIL and SIL and PIL tests for MPPT algorithm[END_REF]. To perform at the MPP, both quantities must be equal. For this reason, the IC method presented the conventional version with a fixed step adapted to the △Â △Å operating zone [START_REF] Loukriz | Simulation and experimental design of a new advanced variable step size Incremental Conductance MPPT algorithm for PV systems[END_REF]. Unfortunately, the fixed step IC shown a low response under fast irradiance change. Then, Incremental Conductance with variable step corrected partially this problem and becomes widely used. Lui et al. (Liu et al., 2008), Emad et al. [START_REF] Ahmed | Stability study of variable step size incremental conductance/impedance MPPT for PV systems[END_REF] used the variable step, where the slope of the P-V characteristic is multiplied with the fixed step, which enhanced the tracking speed and shown a superiority compared to the conventional fixed step algorithms. As a result, most of improved version of this technique corrected partially the problem of oscillation and shown a remarkable performance under fast change of atmospheric conditions.

In order to improve the sensitivity of the PV module at the optimal point, artificial intelligence as fuzzy logic [START_REF] Chen | A fuzzy-logic based auto-scaling variable stepsize MPPT method for PV systems[END_REF][START_REF] Radjai | Implementation of a modified incremental conductance MPPT algorithm with direct control based on a fuzzy duty cycle change estimator using dSPACE[END_REF]; and neuron network algorithms are used [START_REF] Kulaksiz | A genetic algorithm optimized ANN-based MPPT algorithm for a stand-alone PV system with induction motor drive[END_REF]. However, the complexity of these methods makes them hard to implement in real life since they need high-performance calculator to ensure the maximum power tracking operation. Accordingly, to have a good compromise between efficiency and cost, numerical theories such as Backstepping and Sliding mode are employed to build an improved MPPT that satisfy the conditions of both good performance and low-cost [START_REF] Salas | Review of the maximum power point tracking algorithms for stand-alone photovoltaic systems[END_REF].

The sliding mode MPPT (SM-MPPT) is a nonlinear control technique based on the design of a control law that forces the system trajectory to reach the sliding surface. Thanks to its advantages such as a robust behavior in the presence of external variation and the simplicity of implementation. In literature, various controllers have been proposed [START_REF] Bianconi | A fast current-based MPPT technique employing sliding mode control[END_REF][START_REF] Kim | Sliding mode controller for the single-phase grid-connected photovoltaic system Il-Song[END_REF][START_REF] Mamarelis | Design of a sliding-mode-controlled SEPIC for PV MPPT applications[END_REF]. Dahech et al. proposed a robust controller using both the Backstepping and the sliding mode and this hybrid method offered a MPPT controller with high efficiency and low error of tracking [START_REF] Dahech | Backstepping sliding mode control for maximum power point tracking of a photovoltaic system[END_REF]. Moreover, an adaptive SM-MPPT has been proposed by Koofigar et al. with the aim objective to overcome all the problem caused by external uncertainties, this improved method shown a very high performance of tracking even with fast climate variations [START_REF] Koofigar | Adaptive robust maximum power point tracking control for perturbed photovoltaic systems with output voltage estimation[END_REF]. Hence, most of MPPT based on sliding mode show a very high performance and stability with fast atmospheric changes.

PV System Modeling

The reason behind testing the MPPT techniques requires the use of a simple PV system. For this, the proposed topology in Figure 3.1 is used. This topology is composed of a photovoltaic array composed of many modules in series and in parallel. The output current of this PV array is given by the following equation:

𝑰 𝒑𝒗𝒈 = 𝑵 𝒑 𝑰 𝒔𝒐𝒍 -𝑵 𝒑 𝑰 𝒐𝒔 È𝒆𝒙𝒑 OE 𝑨 𝑵 𝒔 É𝑽 𝒑𝒗 + 𝑰 𝒑𝒗 𝑹 𝒔 𝑵 𝒔 𝑵 𝒑 Ê -𝟏ŽË - 𝑽 𝒑𝒗 W𝑰 𝒑𝒗 𝑹 𝒔 𝑵 𝒔 𝑵 𝒑 𝑹 𝒔𝒉 𝑵 𝒔 𝑵 𝒑 (3.1)
where 𝑁 ' and 𝑁 0 are respectively the number of module in series and in parallel. 

DC-DC Converter

DC-DC boost converter is an adaptation stage mostly used after the PV array in order to adjust the supplied voltage to the load, another function of this converter is allowing the PV system to perform at its MPP by acting on the cyclic duty 𝐷, this task is executed by the boost capability of delivering an output voltage 𝑉 | larger than the input one 𝑉 '• [START_REF] Kchaou | Second order sliding mode-based MPPT control for photovoltaic applications[END_REF]. This voltage is defined as: 

MPPT Techniques

Perturb and Observe (P&O)

The P&O algorithm is an iterative technique performed by perturbing the measured voltage 𝑉 '• with 𝛥𝑉 until reaching the PV power 𝑃 '• to its MPP. The P-V characteristic is divided into three operating regions as follows [START_REF] Alik | An enhanced P&O checking algorithm MPPT for high tracking efficiency of partially shaded PV module[END_REF]:
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The flowchart of the P&O algorithm is presented in Figure 3.3. As can be seen, the process of extracting still working even after reaching the MPP which causes oscillation around this point infinitely [START_REF] Alik | Modified Perturb and Observe (P&O) with checking algorithm under various solar irradiation[END_REF]. Ê instantly [START_REF] Barth | PV panel single and double diode models: Optimization of the parameters and temperature dependence[END_REF].

The operating zones are given as follows [START_REF] Tey | Modified incremental conductance MPPT algorithm to mitigate inaccurate responses under fast-changing solar irradiation level[END_REF]:

-If conditions. As reported in precedent works [START_REF] Ahmed | Stability study of variable step size incremental conductance/impedance MPPT for PV systems[END_REF]Liu et al., 2008;[START_REF] Loukriz | Simulation and experimental design of a new advanced variable step size Incremental Conductance MPPT algorithm for PV systems[END_REF], the main advantage of this technique is the good performance under fastchanging climate conditions and a lower oscillation around the MPP comparing to the P&O START Sense V(k), I(k)
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No technique. However, the weakness of this method is the inability to achieve the zero-point condition which causes some power losses [START_REF] Loukriz | Simulation and experimental design of a new advanced variable step size Incremental Conductance MPPT algorithm for PV systems[END_REF]. 

Sliding Mode MPPT

The sliding mode theory allows to design MPPT controller with a robust behavior in presence of external disturbances such as temperature and irradiance variations. This method consists in varying the state trajectory of the system to a predefined sliding surface [START_REF] Kim | Sliding mode controller for the single-phase grid-connected photovoltaic system Il-Song[END_REF][START_REF] Tey | Modified incremental conductance MPPT algorithm to mitigate inaccurate responses under fast-changing solar irradiation level[END_REF]. This function is achieved by developing a control law which forces the output 𝑦 = ÁÂ ÃÄ ÁÅ ÃÄ to converge to zero [START_REF] Kim | Sliding mode controller for the single-phase grid-connected photovoltaic system Il-Song[END_REF]. The methodology of the sliding mode is presented as follows:

First, choosing a sliding surface, also called the switching surface which depends on the relative degree 𝑟 of the system and the output 𝑦. For the used PV system in Figure 3 
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where 𝑦̇ and 𝑦̈ are respectively the first and the second time derivative of the output 𝑦 and 𝛽 is a positive constant. The time derivative of the sliding surface can be rewritten as under the following form:

𝝈̇= 𝒇 + 𝒈𝒖 (3.6) with 𝑢 = £ £@|
Then, designing of the control law in order to ensure the stability of the system, the Lyapunov function defined by 𝑉 = £ 6 𝜎 6 is adopted, only the 𝑉 ̇< 0 allows the stability. By choosing the dynamic function as : 𝜎̇= -𝑚 𝑠𝑖𝑔𝑛(𝜎).

𝑽 ̇= -𝒎|𝝈| (3.7)

From precedent equations, the control law is given by:

ë 𝒖 = - 𝒇W𝒎.𝒔𝒊𝒈𝒏(𝝈) 𝒈 𝑫 = 𝟏 + 𝒈 𝒇W𝒎.𝒔𝒊𝒈𝒏(𝝈)
with 𝒎 > 𝟎 (3.8)

Simulation Results

The performance of any PV system depends on its behavior under atmospheric variations such as the change of irradiance, temperature and wind velocity. For this reason, a PV array composed of 100 PV modules with the datasheet parameters in Table 3.1 has been simulated

under real climatic data of Fez, Morocco. net energy output generated from PV modules operating with the MPPT techniques presented in Section 3.4.

Daily Analysis

In Figure 3. 5, climatic variations of the first day of each season are presented. Because the PV system is tested under the change of the irradiance and cell temperature, the cell temperature calculations are based on the model given by Duffie et al. [START_REF] Duffie | Solar Engineering of Thermal Processes[END_REF]:

𝑻 𝒄𝒆𝒍𝒍 = 𝑻 𝒂 + l 𝟖𝟎𝟎 (𝑻 𝑵𝑶𝑪𝑻 -𝟐𝟎) Z𝟏 - h 𝒓𝒆𝒇 𝜶t [ 𝟗.𝟓 𝟓.𝟕W𝟑.𝟖𝒗 𝒘 (3.9)
where, 𝑇 ¡ is the ambient temperature, 𝑇 uñ t is the nominal operating cell temperature defined at (l = 800 𝑊/𝑚 6 , 𝑇 ¡ = 20°𝐶, 𝑣 ö = 1 𝑚/𝑠), h †}÷ is the reference module efficiency, 𝛼t is the transmittance-absorbance product and 𝑣 ö is the wind velocity [START_REF] Duffie | Solar Engineering of Thermal Processes[END_REF]. 36°C for ambient temperature, 62.27°C for cell temperature and 9.8 m/s for the wind speed. In addition, the coldest scenario, presented by December 21 shows minimum values of ambient and cell temperatures as well as incident solar radiations. In order to evaluate the proposed MPPT controllers, the generated power from the Monocrystalline SM55 PV array is provided in Figure 3.6. This output corresponds to the climatic data previously presented. As can be observed, the SM-MPPT presents a remarkable superiority in terms of level of power tracking and this is true independently of the examined day. However, the P&O MPPT and the IC-MPPT exhibit approximately the same profiles for all the seasons except for the first day of the winter because of the rapid fluctuations of cell temperature and irradiance. As seen in the Another performance index to be assessed is the real electric efficiency which can be computed using the following Equation:

𝜼 = 𝑷 𝒑𝒗 𝑨 𝒎 𝝀 (3.10)
where 𝐴 { represents the surface of the module. According to SAM software [START_REF] Gilman | SAM Photovoltaic Model Technical Reference SAM Photovoltaic Model Technical Reference[END_REF], the nominal efficiency module of the Mono-Si SM55 is about 12.89%. In Figure 3.7, it is noticed that the SM-MPPT reaches rapidly the steady-state of the efficiency and remains around the nominal value. For the P&O and the IC MPPT, the efficiencies are similar except for the winter day because of the fast changes of temperature and irradiance. Also, the P&O shows slightly better efficiency compared to IC method. With the same methodology used in the precedent paragraphs, the Poly-Si MSX60 PV array with the datasheet in Table 3.1 is simulated under the same conditions displayed in Figure 3.5.

Figure 3.8 presents the daily generated power using the examined MPPT techniques. As can be seen in this illustration, the generated power using the SM-MPPT confirms the high tracking performance and stability of this technique even with the Poly-Si technology. In fact, the SM-MPPT is known as a robust controller even with an external disturbance. On the other hand, and especially for the Poly-Si technology, the P&O and the IC methods fit perfectly because of its similar approach followed to pursuit the MPP. The module efficiency of the MSX 60 is plotted in Figure 3.9. According to SAM software [START_REF] Gilman | SAM Photovoltaic Model Technical Reference SAM Photovoltaic Model Technical Reference[END_REF], the nominal module efficiency of the MSX60 is given by a value of 10.80%.

As seen in Figure 3.9, both the P&O and the IC method are identical in all cases of atmospheric variations, but the drawbacks of these methods is the low response to attain the steady-state around the nominal efficiency, which causes a lot of losses comparing to the sliding mode technique. From this analysis, it was concluded that the sliding mode MPPT presents a very good solution to track the MPP comparing to the P&O and the IC methods. This superiority is proved from the high efficiency and the good stability achieved by the SM-MPPT. Furthermore, this MPPT technique has a high tracking speed capability which allows transferring the PV energy with minimum losses.

Annual Analysis

Because the daily analysis evaluates the performance of the PV system in a limited period, it is essential to quantify the net energy output of PV arrays generated in single Typical Meteorological Year. Similarly, meteorological data of Fez are used in the calculations. This location is known with high potential of solar energy and a hot weather in the summer and a cold one in the winter. Figures. (3.10) -(3.13) give respectively the annual values of ambient temperature, cell temperature, global incident irradiance and wind velocity. The presented data were generated on an hourly basis and fitted using the MATLAB toolbox to comply with the time step of 1 s used in the simulation processes.

As observed in Figure 3.10, the annual ambient temperature varies between a maximum value of 44.5 °C and a minimal one of -1.5 °C, this database is characterized by the different profiles of daily weathers (sunny, cloudy and mixed days). Figure 3.11 gives the annual cell temperature using the NOCT model [START_REF] Gilman | SAM Photovoltaic Model Technical Reference SAM Photovoltaic Model Technical Reference[END_REF]; the daily peak of this temperature varies between 17.26 °C and 71.96 °C. Figure 3.12 shows the annual irradiance in the same region. The daily peak irradiance changes between a value of 281.1 W/m 2 and 1156 W/m 2 . In Figure 3.13, the annual wind velocity is presented; the wind speed interval varies between 0 m/s and 16.5 m/s. By using the output results of the annual generated power, the annual produced energy is calculated using the following equation:

𝑬 𝒑𝒗 = 𝟏 𝟑𝟔𝟎𝟎 ∫ 𝑷 𝒑𝒗 𝒅𝒕 𝑻 𝟎 (3.11)
where T is the final second of the year and the step of integration is chosen as 1 second.

In Figure 3.16, the calculated power is plotted for each technology using the selected MPPT technique; as shown in this figure, the annual produced energy using the SM-MPPT shows a considerable superiority for both technologies comparing to other MPPT techniques, to prove that, the relative gain given by Equation .(3.12) is calculated. These relative gains are presented in Table 3.3.

𝑬𝑹𝑮% =
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where 𝐸 ÿ is the reference energy chosen as the produced energy using the SM-MPPT, 𝐸 is the compared energy. As can be observed, the sliding mode MPPT offers more energy outputs than the other techniques. For the Mono-Si technology, the relative gains generated by using the SM-MPPT compared to of the P&O and the IC are respectively 7% and 3.88%. Moreover, the use of sliding mode controller in the Polycrystalline technology gives engenders more energy compared with the PO and the IC methods, this superiority is estimated to be 8.18% and 7.20%, respectively. 

Conclusion

This chapter examines to what extent the MPPT technique could affect the yearly energy output of a solar photovoltaic field. To draw useful conclusions about this effect, running simulations based on real meteorological and operating conditions is essential. Considering one Typical Meteorological Year for the Moroccan city (Fez), a comparison between three MPPT techniques has been made in terms of daily, annual energy outputs and conversion efficiencies of a solar field comprising 100 PV modules. Poly-crystalline and Mono-crystalline silicon PV technologies have been tested. The total installed capacity is 6 kWp and 5.5 kWp, respectively.

The main findings of this work is that the SM-MPPT yields the highest energy outputs annually compared to the P&O and IC techniques. More specifically, in terms of yearly energy output, SM-MPPT could achieve up to 8.18% higher energy productions if P&O and the IC methods.

Moreover, the technology of PV modules seems to have a significant impact on the net relative energy gain induced. Higher rates are observed for the Poly-Si modules. At this point, it is interesting to note that further investigations should be undertaken to compare such techniques for other climate conditions and for other PV technologies to gather more information about the choice of a MPPT control technique. In addition, The SM-MPPT seems to be the recommended solution due to its effectiveness and robustness and this technique is chosen and discussed in the next chapter.

Motivation

As it has been concluded in the previous section, the sliding mode control presents good results in terms of tracking the maximum power point compared to P&O and Incremental conductance methods. For this reason, this chapter presents a single-phase standalone photovoltaic (PV) system with two stages of converters. The aim of this study is to track the maximum power point (MPP) so as to transfer the maximum available power to the load and to control the output current in order to feed the AC load by a sinusoidal current. These goals are attained by using the sliding mode to design a control laws in order to command the boost DC-DC and the inverter switches. Thus, a maximum power point tracking (MPPT) and an output current controller based on the sliding mode are proposed. The innovative aspect of this work is to propose a standalone PV system with the controllers based only on the sliding mode control approach. This chapter is structured as follows: in section 4.3, a description of the PV cell and a modeling of the proposed PV system are given. Section 4.4 and 4.5 are dedicated respectively to the MPPT and the current controller based on sliding mode. The effectiveness of these controllers is simulated and discussed in section 4.6. Finally, some brief concluding remarks are given in section 4.7.

Problem Formulation

In the literature, nonlinear controllers such as back-stepping and sliding mode (SM) have shown various advantages [START_REF] Farhat | A new maximum power point method based on a sliding mode approach for solar energy harvesting[END_REF][START_REF] Levron | Maximum Power Point Tracking Employing Sliding Mode Control[END_REF]. The implementation simplicity and the robust behavior against the external disturbances encourage the researchers to use these controllers in various PV system applications.

Thanks to its advantages, the sliding mode has been used widely to control variable structure systems (VSS) [START_REF] Farhat | A new maximum power point method based on a sliding mode approach for solar energy harvesting[END_REF][START_REF] Gonzalez Montoya | Maximum power point tracking of photovoltaic systems based on the sliding mode control of the module admittance[END_REF][START_REF] Sarvi | A New Sliding Mode Controller for DC/DC Converters in Photovoltaic Systems[END_REF][START_REF] Yau | Sliding mode extremum seeking control scheme based on PSO for maximum power point tracking in photovoltaic systems[END_REF]. Accordingly, the switched mode converters used in PV system applications are the ideal target of this kind of controller [START_REF] Levron | Maximum Power Point Tracking Employing Sliding Mode Control[END_REF][START_REF] Martinez-Salamero | Why is sliding mode control methodology needed for power converters?[END_REF].

Either it is a DC-DC converter or an inverter, the sliding mode control (SMC) has been used widely in the literature. Kim et al. applied the SM to control the inverter switches in order to force the followed current in the grid to pursue a generated reference current, the simulation and experimental results of this single stage grid-connected PV system shown that the proposed controller can reduce current overshot and contribute to the optimal design of power devices [START_REF] Kim | Sliding mode controller for the single-phase grid-connected photovoltaic system Il-Song[END_REF][START_REF] Kim | New maximum power point tracker using slidingmode observer for estimation of solar array current in the grid-connected photovoltaic system[END_REF]. Furthermore, Chen et al. proposed to control a DC-DC boost converter feeding a resistive load using sliding mode in finite time, the obtained results showed good performances in terms of stability and fast response. However, the exploitation of this PV system is focalized only for DC loads. For this reason, Laura et al. used an adaptive SM to manage the control of two stages of converters for a grid-connected PV system. Thus, the controlled converters exhibit robustness properties with a fast response to any sudden irradiance change.

Due to the reported benefits of the sliding mode controllers in terms of robustness and fast response, most of researchers used these controllers in grid-connected PV systems [START_REF] Dhar | A Finite Time Fast Terminal Sliding Mode I-V Control of Grid-Connected PV Array[END_REF][START_REF] Kim | Sliding mode controller for the single-phase grid-connected photovoltaic system Il-Song[END_REF]. However, the number of works about standalone PV systems still neglected. For this reason, the purpose of this work is to contribute to the modeling and the simulation of the standalone PV system in Figure 4.1 and to control both converters using sliding mode approach. These controllers are described in two parts as follows:

-A sliding mode maximum power point tracking (SM-MPPT) of the PV panel with the objective to command the duty cycle of the boost DC-DC in order to extract the MPP rapidly.

-Design of control law by acting on the PWM of the inverter, this control law has a function to force the output current, which circulates in the load to pursue the calculated reference current.

To design the proposed controllers, climates changes are considered as perturbations, which affect the overall efficiency of the PV system. Therefore, the proposed system is simulated under a fast variation of solar irradiation and temperature to verify the performance and the stability. Then, in order to validate the simulation results, a comparison with one of the most used method in the literature (Incremental Conductance) and an estimation of a daily energy is achieved. The proposed system in Figure 4.1 presents a single-phase standalone PV system with an alternative output load. The constitution of this system consists of two stages of static converters with the main objective to ensure the conversion of the DC energy coming from the PV panel into an AC utility. To begin this study, we must first perform the mathematical modeling by applying the Kirchhoff laws on the detailed system in Figure 4.2, we found that the system can be written in a set of equations depending on the state of the switches. Where 𝛼 £ and 𝛼 6 represent respectively the control inputs of the boost converter and the inverter switches.

The precedent equations can be rewritten in the form 𝑥̇= 𝑓(𝑥) + 𝛼 £ 𝑔 £ (𝑥) + 𝛼 6 𝑔 6 (𝑥) where the vectors 𝑥̇, 𝑓, 𝑔 £ and 𝑔 6 are given as follows:

𝑥̇= # 𝑣̇' • 𝚤T 𝑣̇| 𝚤3 %, 𝑓(𝑥) = ⎣ ⎢ ⎢ ⎢ ⎢ ⎢ ⎡ 𝒊 𝒑𝒗 @𝒊 𝒍 𝒗 𝒑𝒗 @𝒗 𝑫𝑪 ™ 𝒊 𝑳 W𝒊 𝒐 )* @𝒊 𝒐 (𝑹 𝒐 W𝑹 𝒄 )@𝒗 𝑫𝑪 ™ + ⎦ ⎥ ⎥ ⎥ ⎥ ⎥ ⎤ , 𝑔 £ (𝑥) = ⎣ ⎢ ⎢ ⎢ ⎡ 0 𝒗 𝑫𝑪 ™ @𝒊 𝑳 )* 0 ⎦ ⎥ ⎥ ⎥ ⎤ , 𝑔 6 (𝑥) = ⎣ ⎢ ⎢ ⎢ ⎡ 0 0 @6𝒊 𝑶 )* 6𝒗 𝑫𝑪 ™ + ⎦ ⎥ ⎥ ⎥ ⎤ PV Panel i pv v pv T λ i L i o v o R o L o S 11 S 14 S 13 S 12 C DC G D L R c v DC C
The parametric variations and non-linearity of PV systems caused by external perturbations as the variation of climate conditions push us to use a robust method with a low sensibility to modeling errors. The sliding mode is a new technique which is characterized by its robustness and admits a convergence in a finite time [START_REF] Taherkhorsandi | Optimal Sliding and Decoupled Sliding Mode Tracking Control by Multi-objective Particle Swarm Optimization and Genetic Algorithms[END_REF].

The main objective of the sliding mode approach consists to move the trajectory of the variable state of the system to the sliding surface, and force this variable to stay in the proximity of this surface. To ensure these conditions, we must design a control law which is adaptive to the variable structure [START_REF] Taherkhorsandi | Optimal Sliding and Decoupled Sliding Mode Tracking Control by Multi-objective Particle Swarm Optimization and Genetic Algorithms[END_REF].

The main purpose of this chapter is to use the sliding mode theory to elaborate a control law which allows us to command both the DC-DC and the DC-AC converter.

Theoretical Background

A Sliding Mode MPPT

The tacking of the maximum power point is the most important operation in photovoltaic systems. In order to perform the P-V characteristic of the PV panel at its MPP, the derivative of the power with respect to the voltage i.e., ÁÂ ÃÄ ÁÅ ÃÄ must converge to zero [START_REF] Dahech | Backstepping sliding mode control for maximum power point tracking of a photovoltaic system[END_REF].

For this reason, the sliding mode theory is used to design a control law that acts directly on the duty cycle 𝛼 £ of the DC-DC converter as shown in As the first step of this control law design, the choice of the sliding surface. In the case of the PV power maximizing, this surface is selected as follows: where 𝑒 £ is the dynamic error between the regulated output and its reference value which is

𝝈 𝟏 = 𝒆̇𝟏 + 𝜸 𝟏 𝒆 𝟏
zero 𝑒 £ = 𝑦 £ = 𝜕𝑃 𝑝𝑣 𝜕𝑉 𝑝𝑣
, 𝛾 £ is a positive parameter calculated from the Hurwitz polynomial.

The time derivative of this surface is given by the following equation:

𝝈̇𝟏 = 𝒆̈𝟏 + 𝜸 𝟏 𝒆̇𝟏 (4.6)
The robust and the stable behavior present the main advantages of this method [START_REF] Shtessel | Sliding mode control and observation, Sliding Mode Control and Observation[END_REF], this stability is relative to the attractiveness of this surface and proved by the Lyapunov function presented as follow:

𝑽 𝟏 = 𝟏 𝟐 𝝈 𝟏 𝟐 (4.7)
In order to provide the asymptotic stability around the equilibrium point. The time derivative of Equation ( 4.7) must be strictly less than zero (𝑉 ̇£ < 0), this later can be presented as:

𝑽 𝟏 ̇= 𝝈̇𝟏𝝈 𝟏 (4.8)
Assuming that the dynamic of the function can be written as 𝜎̇£ = -𝜆 £ 𝑠𝑖𝑔𝑛(𝜎 £ ), Equation ( 39) can be rewritten as:

𝑽 ̇𝟏 = -𝝀 𝟏 |𝝈 𝟏 | (4.9) 
From Equation (4.9) and in order to respect the Lyapunov stability condition, 𝜆 £ must be a positive quantity.

The control law depends totally on the variation of the measured 𝐼 '• and 𝑉 '• , and these later varies according to the temperature and the irradiance changes, the strong aspect of the sliding mode MPPT is the stable behavior even with external and parametric variations. In literature, most MPPT based on sliding mode used the reduced equation of 𝐼 '• in order to simplify the calculations, the strong aspect of this study is the use of the detailed calculation to accurate the results. As seen in the Appendix C, all detailed derivatives are demonstrated to design the exact control law.

By replacing (C.7) and (C.8) in Equation ( 4.9) and using 𝜎£ = -𝜆 £ 𝑠𝑖𝑔𝑛(𝜎 £ ), the control law is expressed by the following equation:

𝜶 𝟏 = @𝝀 𝟏 𝒔𝒊𝒈𝒏(𝝈 𝟏 )@𝜸 𝟏 𝒆 𝟏 @𝑬 𝑲 (4.10)

where E and K are represented in the appendix C by equations (C.9) and (C.10) respectively.

Output Current Controller

Because most of utilities are alternative, the reason to convert DC energy to AC one becomes an important task. To perform the standalone PV system in AC energy, DC-AC converters are the key solution. Moreover, the reason behind transferring the maximum energy from the DC bus to the load, the sliding mode approach is used. The modeling of the output current controller begins with the design of the sliding surface.

Generally, the sliding surface is defined by the differences between the state variable and its reference [START_REF] Chiu | Terminal sliding mode control for maximum power point tracking of photovoltaic power generation systems[END_REF]. In addition, the reason to feed the AC load by an alternative sinusoidal current, the proposed strategy in Figure 4.4 allows us to calculate the peak current 𝐼 †}÷ using a PI loop between the DC bus voltage 𝑣 | and its calculated reference value 𝑣 | †}÷ .

Furthermore, to form a sinusoidal reference current 𝑖 †}÷ , the peak current 𝐼 †}÷ is multiplied to a generated 𝑠𝑖𝑛 (𝑤𝑡), it should be mentioned that AD9833 analog circuit may be used to generate the 𝑠𝑖𝑛 (𝑤𝑡) once we start the hardware implementation. The use of this circuit is due to its very low frequency sensibility (Devices, 2003). this current is used to construct the sliding surface given by:

𝝈 𝟐 = 𝒊 𝒐 -𝑰 𝒓𝒆𝒇 𝐬𝐢𝐧(𝒘𝒕) (4.11)
To make the switching surface stable and attractive, the Lyapunov function given by 6 ) is used, and the substituting of the dynamic function 𝜎̇6 = -𝜆 6 𝑠𝑖𝑔𝑛(𝜎 6 ) in the derivative of Lyapunov function gives the law of control as follows:

(𝑉 6 = £ 6 𝜎 6 
𝜶 𝟐 = According to the stability condition of the Lyapunov function which is 𝑉 ̇6 = -𝜆 6 |𝜎 6 |, the coefficient 𝜆 6 must be strictly superior to zero.

Theoretical Results

Before starting the simulation, a theoretical value of current, voltage and power at the MPP are computed using the fsolve function of MATLAB to find the unknow values of current and voltage using the PV current equation (Equation 2.1) and the derivative of the power with respect to the voltage (Appendix C.4). Thereafter, the calculated values of the current, the voltage and power are summarized in Table 4.1 for different levels of solar irradiance and temperature. 

Simulation Results

This section is divided into two parts, the first concerns the performances evaluation of the proposed controllers. For this reason, both the SM-MPPT and the output current controller have been implemented in MATLAB Sumlink and tested under severe variations of the atmospheric conditions. Thereafter, the second subsection presents a daily analysis of the net produced energy using the SM-MPPT and the modified incremental conductance proposed by Motahhir et al. [START_REF] Motahhir | MIL and SIL and PIL tests for MPPT algorithm[END_REF]; under the fluctuation of two whether profiles (Sunny and Cloudy).

Performance Validation

Before beginning the test performance, the used PV panel must be modeled. For this reason, the Monocrystalline SM55 PV module with the datasheet parameters displayed in Table 2.1 (Chapter 2) has been modeled using an accurate method from the literature (Chaibi et al., 2018). Thereafter, the extracted parameters using In order to evaluate the proposed sliding model controllers, the system must be tested under a severe variation of the atmospheric conditions. Hence, As observed, the power reaches instantly the reference despite any rapid change of irradiance.

For the temperature, the high increase of temperature from 25 °C to 50 °C causes a negligible time of response to achieve the optimal value. In addition, Figure 4.7 compares the controlled power with the corresponding one to the incremental conductance method and to the theoretical power. As noticed in this comparison (Figure 4.7(a)-7(b)), the SM-MPPT reaches rapidly the theoretical values calculated in Table 4.1, but the IC method takes time to attain the theoretical value. Moreover, the IC-MPPT oscillates around the optimal value and loses the tracking because of the rapid increase of the temperature (see Figure 4.7(b)). Therefore, it can be deduced that the SM-MPPT presents high performances in terms of stability and fast response even with severe atmospheric changes. Besides, to accurate the power results, the MPPT efficiency is computed using Equation (4.13): where the 𝑃 {}¡0@ †}A is the calculated power using the SM-MPPT or the IC-MPPT.

Accordingly, these calculated efficiencies are plotted in Figure 4.8 for each change of irradiance and temperature. As seen in this figure, the SM-MPPT efficiency values are close to 99% for all the variations of irradiance and temperature. However, the IC efficiency changes dramatically with atmospheric variation, especially for the temperature's one. These performances are summarized Table 4.3 to show the comparison between the SM-MPPT and the IC-MPPT in terms of the mean tracking efficiency, the oscillation level and the time of response. As shown, the SM-MPPT presents high performances and exceeds the IC-MPPT for any sudden change of irradiance and temperature. The second part of this subsection consists in evaluating the performance of the sliding mode output current controller. The objective of this later is to force the output current 𝑖 3 to pursue the reference value of current generated from the PI regulator. To verify this purpose, the developed input control and the sliding surface are plotted in Figure 4.9. As shown, the control input performs as a sinusoidal waveform with a significant fluctuation of the amplitude due to the reference current variation. Furthermore, the sliding surface oscillates around zero which means that the state variable converges to its reference value. Therefore, the controlled output current is plotted with its reference value in Figure 4.10. As can be seen in this curve, the output current fits perfectly with the reference current and changes its value according to the change of this reference current. The quality of this controlled current is examined using the FTT analysis. The obtained results in Figure 4.11 indicates that the harmonics distortion has a value of 3.47% which is less than the international standard (5%). The previous results demonstrate the robustness and the high performance of the sliding mode controllers. In order to accurate these results, the proposed PV system and controllers must be evaluated under real climatic fluctuations.

The output current and voltage are displayed in figure 4.12 demonstrate the robustness and the high quality of the proposed controllers. Considering the profiles illustrated in Figure 4.13, the daily generated power using both whether profiles (Sunny and Cloudy) is displayed in Figure 4.14. As observed in 

Conclusion

In this chapter, robust controllers based on sliding mode theory are applied on two converters for single phase standalone PV system. The suggested controllers consist of SM-MPPT and an output current controller. Besides, the generation of the reference current is performed directly from the PI controller. In presence of any sudden change of irradiance and temperature, the controllers react rapidly in order to reach the reference values without oscillation around the MPP, this proves that our method, the sliding mode with a constant reference is better than classical one which is based on variable steps. In addition, the system stays stable because of Lyapunov function.

The performance of the controllers is verified through numerical simulations, the PV system results show very good tracking performances and high stability compared to the IC-MPPT.

In addition, the output current has a sinusoidal form with a THD of 3.47%. Moreover, the daily performance shows that the SM-MPPT yields the highest energy compared to the IC techniques. More specifically, the suggested SM-MPPT could achieve until to 13.02% for the sunny whether profile and up 27.57% for the cloudy one. Due to its high performances, the suggested controllers could be a key solution for different use of the standalone PV system such as in isolated sites and pumping PV systems. 

General conclusion and perspectives

The main objectives of this thesis were to contribute to the design and the optimization of a standalone photovoltaic system to feed an alternative load through an inverter. Thus, two controllers have been developed in order to enhance the efficiency of the proposed standalone photovoltaic system.

To achieve the assigned objectives, we have first developed an efficient method to extract the unknown parameters of the PV cell equivalent circuit model. This method allows the modelling PV module in addition to simulate the output of the PV panel for different levels of solar irradiance and temperature. The proposed method has been validated using manufacturer data and one of the most cited works in the literature, and the results have proved high levels of accuracy and simplicity. Then, a comparative study of the most used equivalent-circuit models is investigated in order to demonstrate the influence of the atmospheric conditions on the choice of the appropriate equivalent-circuit model. Accordingly, a hybrid approach that combines two of the most accurate models is proposed. The main idea of this approach is to switch to the appropriate equivalent-circuit model according to the climatic variation. This approach is validated experimentally using atmospheric data of two different climatic zones and shown good results in predicting power compared to the classical used models.

After developing a validated PV module, the tracking of its MPP is substantial to improve the overall efficiency. For this reason, three MPPT techniques have been evaluated in order to choose the most appropriate technique. In fact, the examined MPPT have been assessed under a one year of real climatic conditions with a step of one second. The reason behind using this kind of evaluation is to demonstrate the most accurate MPPT techniques in terms of yearly energy output. The simulation results indicate that the sliding mode MPPT yields the highest energy outputs annually compared to the other techniques. Afterwards, based on the annual evaluation, the sliding mode approach is used to control the DC to DC converter and the inverter. The main objectives of these controllers id to track the MPPT and to feed the alternative load with a current of high quality. Both controllers have been developed and simulated under MATLAB environment and have shown effectiveness in terms of tracking the MPP with an MPPT efficiency of 99%, in addition of feeding the AC load with a very low THD current.

Due to its several advantages of the good tracking and high efficiency, the proposed controllers could be a key solution to control the standalone PV systems and this solution could be applicable for different use in PV applications such as underground car parks, the cellar of a hospital.

As perspectives, the proposed PV system operates only with the presence of solar irradiance.

For this, the solution to add batteries could be very useful to make this standalone PV system working even at night. In addition, the tested loads were resistive which gives the possibility to use other types of loads such as AC motors due to its pertinence in agricultural applications.

Finally, the implementation of the proposed controllers to accurate the results and make them more realistic.

point tracking for PV system with a variable inductor. IEEE Trans. Power Electron. 26, 1031-1037. https://doi.org/10.1109/TPEL.2010.2089644

A.2 SolarWorld SW255

Mechanical Specifications Module

A torsion and corrosion-resistant anodized aluminium frame ensures dependable performance, even under harsh weather conditions. Pre-drilled mounting holes are provided for ease of installation.

Outside dimensions (in) 50.9 x 13 Thickness (inc. junction box) (in) 

Typical I/V Characteristics

The I/V graph below shows the typical performance of the solar module at various levels of irradiance.

The I/V graph below shows the typical performance of the solar module at various cell temperatures. References in this Product Information Sheet to 'Shell Solar' are to companies and other organizational entities within the Royal Dutch/Shell Group of Companies that are engaged in the photovoltaic solar energy business. Shell Solar was set up in 1999 and has its principal office in Amsterdam, the Netherlands. The TUV Rheinland Power controlled inspection mark guarantees that the nominal power indicated for solar modules is inspected at regular intervals and thus ensured. The deviation to TUV is maximum 2 percent.

Shell SM55 Photovoltaic Solar Module

The positive power tolerance guarantees utmost system efficiency. Only modules achieving or exceeding the designated nominal power in performance tests are dispatched. The power tolerance ranges between -0 Wp and +5 Wp.

With its linear performance warranty covering a period of 25 years, SolarWorld guarantees a maximum performance degression of 0.7% p.a., a significant added value compared to the two-phase warranties common in the industry. Therefore, the service certificate offers comprehensive protection for your investment in the long term.

A.3 BP Solar MSX60

Proven M aterials and Construction BP Solar's quarter-century of field experience show s in every aspect of these modules' construction and materials:

• Frame strength exceeds requirements of certifying agencies; • 36 multicrystalline silicon solar cells configured as tw o 18-cell series strings; • Cells are laminated between sheets of ethylene vinyl acetate (EVA) and high-transmissivity low -iron 3 mm tempered glass.

High-Capacity Versatile Junction Box

The junction box is raintight (IP54 rated) and accepts PG13.5 or 1/2" nominal conduit or cable fittings. Its volume (411cc, 25 cubic inches) and 6-terminal connection block enable most system array connections (putting modules in series or parallel) to be made right in the junction box.

Options include:

• blocking and bypass diodes;

• an oversize terminal block which accepts conductors up to 25mm 2 (AWG #4); standard terminals accept up to 6mm 2 (AWG #10); • a Solarstate TM charge regulator. Shipped in 12V configuration, modules may easily be sw itched to 6V configuration by moving leads in the junction box. Six-volt modules are intended to support 6V loads, and are not recommended as series elements in higher voltage arrays. 

Quality and Safety

Lim ited Warranties

• Power output for 25 years;

• Freedom from defects in materials and w orkmanship for 5 years. See our w ebsite or your local representative for full terms of 0these w arranties.

Individually Tested and Labeled

Each module tested and labeled w ith its actual output-voltage, current, and pow er at maximum pow er point In this appendix we will demonstrate the adopted calculation of the output alternative resistance Rc. The output power of the panel (Ppv) is the product of the current (Ip) and the voltage (Vp):

𝑃 '• = 𝑉 '• 𝐼 '• (D.1)
The power (Po) transferred to the AC load (Rc) is presented by the follow equation: 
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 11 Figure 1. 1 Single-phase PV system with DC-AC inverter.Due to Statistics in[START_REF] Hassaine | Overview of power inverter topologies and control structures for grid connected photovoltaic systems[END_REF][START_REF] Zeb | A comprehensive review on inverter topologies and control strategies for grid connected photovoltaic system[END_REF], The grid-connected PV systems are the most used solution in PV application. Accordingly, the conversion of the DC component coming from the PV panels to an AC one becomes an obligation. Thus, many authors have used the topology in Figure1.1. Jain et al. and Caceres et al. have proposed a single stage inverter

Figure 1 . 2

 12 Figure 1. 2 Single-phase double stage PV system.
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 1 Figure 1. 3 DC-DC boost converter.

Figure 1 . 4

 14 Figure 1. 4 Buck DC-DC converter.

Figure 1 . 5

 15 Figure 1. 5 Buck-Boost DC-DC converter.

Figure 1 . 6

 16 Figure 1. 6 Adopted topology for standalone PV system.

  In a PV module, several cells are connected in parallel and series to have important voltage and current levels. Connecting current sources of identical current values in series gives an equivalent current source with the same current value. Connecting diodes in series give an equivalent diode with stretched characteristic on voltage axis. Connecting current sources in parallel gives an equivalent current source taking a current value equals to the sum of components current values. Connecting diodes in parallel give an equivalent diode with stretched characteristic on the current axis.
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 21 Figure 2. 1 Single-diode PV cell equivalent-circuit model.
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 22 Figure 2. 2 Typical PV cell Current-voltage and Power-Voltage characteristics.

Figure 2 . 3

 23 Figure 2. 3 Diagram of the proposed method.

Figure 2 . 4

 24 Figure 2. 4 Measurement on obscurity of the shunt resistance of the photovoltaic panel. (ii) Parameters Extraction of the Single-Diode Model All constants in the equations above can be determined by examining the electrical specifications cited by the manufacturer of the PV panel in the datasheet (Appendix A). From the datasheet, following equations could be deduced for each condition: • Open circuit condition: When the PV panel is illuminated and in open circuit, the photocurrent flows through the diode and the 𝑅 01 resistance. So, the relation between 𝐼 and 𝑉 becomes:
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 25 Figure 2. 5 Comparison between the proposed method and the manufacturer Data of the SM55 PV panel for different irradiances, T= 25°C.

Figure 2 . 6 Figure 2 . 7

 2627 Figure 2. 6 Comparison between the proposed method and the manufacturer Data of the SM55 panel for different temperatures, λ=1000 W/m².

Figure 2 . 8

 28 Figure2.8 shows the current-voltage and power-voltage curves of the monocrystalline panel SM55 for various values of irradiance and at fixed temperature T=25°C, it can be seen that the P-V and the I-V graphs of the proposed method agree well with the one provided by PVsyst ones for high irradiance, while for low radiance levels, only a little discrepancy can be observed, but it is not very important.
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 229 Figure 2.9 presents the P-V and the I-V characteristics of the monocrystalline panel SM55 for different values of temperature and at an irradiance of λ =1000W/m². As shown in these figures, the proposed method and the PVsyst have identic curves except for T=55°C. At this temperature, there is a little discordance around the MPP, which is negligible because of the low value of the average error presented in Figure 2.10.
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 2 Figure 2. 10 The average errors of the current and the voltage. Different irradiance, T=25 °C (a), and various temperatures, λ=1000W/m² (b).
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 222 Figure 2.11 describes I-V and P-V characteristics of the monocrystalline panel SM55 for aranging of radiance from 200 W/m² to 1000 W/m² and at T=25°C. As can be seen in these graphs, the proposed method shows an accurate performance and agrees well with the results reported by Villalva especially at high irradiance. As seen in Figure2.12 for irradiance lower than 400 W/m² and especially the model without Rsh the average error of the current and the voltage exceed 5% which explains the influence of the shunt resistance on the value of 𝑉 3z because of the term 𝑉 3z /𝑅 01 .
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 2 Figure 2.13 gives the I-V and P-V curves of the monocrystalline panel SM55 for T ≠ Tr and at fixed irradiance λ=1000W/m². As observed, the plotted characteristics obtained through the proposed method significantly match with those from Villalva. Moreover it is noticed in Figure2.14 that the curves of the model without Rsh represents a little degradation in term of voltage and current, this difference is around 2%. The latter shows good performance of the proposed method in the temperature changes.
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 22 13 Comparison between the proposed method and Villalva I-V (a) and P-V (b) curves of the SM55 for different temperatures, λ=1000 W/m². 14 average errors of the current (a) and the voltage (b) of the SW255 panel at different temperatures, λ=1000 W/m².
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 222 Figure 2.15 reports the I-V and P-V characteristics of the polycrystalline SW255 for various value of irradiance and at T=25 °C, as shown in this figure, there is a remarkable agreement between the curves obtained by the proposed method and Villalva's ones, with a negligible discrepancy for low irradiance levels. According to Figure2.16, in the case of Villalva's curves without Rsh, this difference can reach up to 5%, but for the model that takes in account Rsh the error does not exceed 3%.
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 2 Figure 2.17 represents the current-voltage and the power-voltage of the polycrystalline SW255

Figure 2 .

 2 Figure 2. 17 Comparison between the proposed method and Villalva I-V (a) and P-V (b) curves of the SW255 for different temperatures, λ=1000 W/m². 18 average errors at each instant of the current (a) and the voltage (b) of the SW255 panel for different temperatures, λ=1000 W/m².
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 22 Figure 2. 19 Relative errors of the calculated parameters of the monocrystalline panel SM55 at each varied value of Rsh
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 2 Figure 2. 21 Single-diode equivalent circuit model without the shunt resistance.
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 2 Figure 2. 22 Double-diode equivalent-circuit modelAs can be seen in Equations (2.2),(2.16) and (2.17), the output current equations are composed of the electrical parameters and the outputs voltage of the PV module. These parameters are unknown which implies the use of an extraction technique with an accurate performance. For this reason, the method proposed in section 2.1 is used to extract the parameters of the SDM while the method suggested by Ishaque et al.(Ishaque et al., 2011a) technique is employed to determine the DDM parameters. In both methods, the current-generated value depends on the
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 2 Figure 2. 23 Diagram of the proposed hybrid approach.
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 2 Figure 2. 24 Monthly average values of the horizontal plane irradiance and the ambient temperature for the Mediterranean and the semi-continental climate zone.

  Feb Mar Apr May Jun Jul Aug Sep Oct Nov -V curves, where the I-V characteristics for both Mono-Si and Poly-Si PV panel given by the manufacturer datasheets and by both SDM and DDM are analyzed by a performance evaluation under different conditions of solar irradiance and temperature;
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 2 25 and Figure 2.26 display the I-V characteristics of the Mono-Si PV panel for various values of irradiance and temperature. It is clear that both curves match perfectly with each other, especially in Figure 2.26 where the temperature varies from 20 °C to 60 °C with a step of 10 °C and the irradiance is fixed at 1000 W/m 2 . However, a small difference is observed in Figure 2.25 especially at the irradiance value of 200 W/m 2 . Moreover, the application of Chaibi et al. method on the Poly-Si PV panel is given in Figure 2.27, the plotted I-V curves are compared to the datasheet values for a variation of temperature from 0 °C to 75 °C with a step of 25 °C and at fixed irradiance (l=1000 W/m 2 ).
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 2 Figure 2. Comparison of the plotted I-V characteristics using Chaibi et al. method and manufacturer data of the Mono-Si SM55 PV panel for different irradiances, T = 25 °C.

Figure 2 .

 2 Figure 2. Comparison of the plotted I-V characteristics using Chaibi et al. method and manufacturer data of the Mono-Si SM55 PV panel for different temperatures, l = 1000 W/m2.

Figure 2 .Figure 2 .

 22 Figure 2. Comparison of the plotted I-V characteristics using Chaibi et al. method and manufacturer data of the Poly-Si MSX60 PV panel for different temperatures, l = 1000 W/m2.In the same way, the plotted I-V curves of the double-diode model using Ishaque et al.(Ishaque et al., 2011a) method are evaluated for both PV technologies. As displayed in Figure2.28 and

Figure 2 .

 2 Figure 2. 28 Comparison of the plotted I-V characteristics using Ishaque et al. method and manufacturer data of the Mono-Si SM55 PV panel for different irradiances, T = 25 °C.
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 22 Figure 2. 29 Comparison of the plotted I-V characteristics using Ishaque et al. method and manufacturer data of the Mono-Si SM55 PV panel for different temperatures, l = 1000 W/m2.
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 22 Figure 2. 31 Relative error of (a) the PV output power, (b) the open-circuit voltage, (c) the short circuit current using the SDM and the DDM for different levels of atmospheric conditions. Base case: extracted values from Datasheet.Such analysis enables the clustering of the performance for both single-diode and double-diode model in different level range of irradiance and temperature according to the flowchart in

Figure 2 .

 2 Figure 2. 32 Normalized mean error values of the SDM and the DDM under the variation of the atmospheric condition of The Mediterranean climate (MC) and the Semi-Continental Climate (SCC).

Figure 2 .

 2 33 Relative error between the hybrid approach and the SDM and DDM of (a) the Mediterranean and (b) the Semi-continental PV plant for different level of climate conditions. Base case: Hybrid approach.

Figure 3 . 1

 31 Figure 3. 1 Used configuration of the PV system.

Figure 3 .

 3 Figure 3.2 shows the used configuration of the boost converter. The system in state average values can be written as:

Figure 3 . 2

 32 Figure 3. 2 Schematic of the DC-DC boost converter.

  the operating point is at the MPP PV Panel

Figure 3 . 3

 33 Figure 3. 3 Flowchart of the Perturb and Observe algorithm.

3. 4 . 2

 42 Incremental Inductance (IC)The incremental conductance technique is developed to correct partially the oscillation problem caused by different iterative techniques. The idea behinds the IC method is to compare the

Figure 3 . 4

 34 Figure 3.4 gives the flowchart of the incremental conductance which respects previous

Figure 3 . 4

 34 Figure 3. 4 Flowchart of the Incremental Conductance algorithm.

Figure 3 . 5

 35 Different daily atmospheric conditions for (a) March 21, (b) June 21, (c) September 21, (d) December 21.

Figure 3 .

 3 6(d), the P&O technique shows high tracking performance compared the IC one.

Figure 3 . 6

 36 Daily generated power using different MPPT techniques on the Mono-Si PV array SM55 for (a) March 21, (b) June 21, (c) September 21, (d) December 21.

Figure 3 . 7

 37 Figure 3. 7 Module Efficiencies using different MPPT techniques on the Mono-Si PV array SM55 for (a) March 21, (b) June 21, (c) September 21, (d) December 21.

  generated power using different MPPT techniques on the Poly-Si PV array MSX60 for (a) March 21, (b) June 21, (c) September 21, (d) December 21.

  Efficiencies using different MPPT techniques on the Poly-Si PV array MSX60 for (a) March 21, (b) June 21, (c) September 21, (d) December 21.

Figure 3 .

 3 Figure 3. 10 Annual database of the ambient temperature [°C].

Figure 3 .

 3 Figure 3. 11 Annual database of the cell temperature [°C].
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 32333 Figure 3. 12 Annual database of the irradiance [W/m2].

Figure 3 .

 3 Figure 3. 16 Annual produced PV energy using different MPPT techniques for the Mono-Si SM55 and the Poly-Si MSX60 PV arrays.

Figure 4 . 1 1

 411 Figure 4. 1 Proposed standalone PV system.

Figure 4 . 2

 42 Figure 4. 2 Detailed standalone PV system.The mathematical modeling of the proposed system in a state space leads us to a set of nonlinear equations expressed by the average model as follows:

Figure 4

 4 

Figure 4 .

 4 Figure 4. 3 SM-MPPT bloc diagram.

Figure 4 . 4

 44 Figure 4. 4 Control strategy followed to elaborate the sliding mode output current controller.

Figure 4 .Figure 4 . 5

 445 5 displays the used fluctuations of irradiance and temperature. Consequently, Figure 4.6 gives the response of the SM-MPPT. As noticed in these curves, the duty cycle in Figure 4.6(a) changes instantly to its optimal value with each climate variation. Furthermore, in Figure 4.6(b) the sliding surface converges immediately its reference state regardless of the sudden variation of irradiance. Otherwise, when the temperature varies suddenly from 25 °C to 50 °C, the sliding surface spikes and comebacks rapidly to the equilibrium state. To show the effect of these spikes on the output PV power, Figure 4.7 presents the response of the PV power for each change of irradiance and temperature. Irradiance (a) and temperature (b) fluctuations used in the simulation.

Figure 4 . 6

 46 Figure 4. 6 Duty cycle and the sliding surface used to design the control law of the boost converter.

Figure 4 . 7

 47 Figure 4. 7 Output power of the SM55 PV panel using the SM-MPPT and IC-MPPT.

Figure 4 . 8

 48 Figure 4. 8 Tracking efficiencies of the SM-MPPT and the incremental conductance technique.

Figure 4 . 9

 49 Figure 4. 9 Control input and the sliding surface used to design the control law of the inverter.

Figure 4 .

 4 Figure 4. 10 Reference and the controlled output current.

Figure 4 . 11

 411 Figure 4. 11 Harmonics distortion analysis of the controlled output current.

Figure 4 . 4 . 6 . 2 Figure 4 .

 44624 Figure 4. 12 Output current and voltage at the level of the resistive load.4.6.2 Daily Performance

Figure 4 .

 4 Figure 4.14(a), the generated power using the climate series data of the sunny profile are presented for the SM-MPPT and the IC-MPPT. As observed in this figure, it is clear that, as expected that the SM-MPPT shows a superiority for low atmospheric variations. However, at the high climate levels, the corresponding powers to the IC-MPPT are close to SM-MPPT ones. Thus, The IC technique presents good performances for high atmospheric variations, but the SM-MPPT stills more accurate. Consequently, the SM-MPPT and the IC-MPPT controllers generate respectively 423.49 Wh and 374.69 Wh of energy which explains the superiority of the SM-MPPT. Furthermore, the SM-MPPT controller generates a surplus estimated to 13.02% of energy more than the IC-MPPT. In the cloudy climate conditions, Figure 4.14(b) shows accurate higher performance of the SM-MPPT compared to the incremental conductance technique; this superiority is demonstrated by the fact that the SM based MPPT generates 332.48 Wh which significantly exceeds energy generation by the IC-MPPT (estimated at

Figure 4 .

 4 Figure 4. 14 Daily generated power using the SM-MPPT and the IC method for a sunny and a cloudy whether profiles.

  performance warranty and 10 year product warrantyPlus SW 250 -255 polySolarWorld AG relies on Germany as its technology location, thereby ensuring sustainable product quality.

©BP

  Solar 2001 01-4001-1 3/01 BP Solar's M SX series is a prem ium line of PV m odules w ith an industryleading 25-year perform ance w arranty, tightly controlled electrical param eters, and labeling show ing each m odule's tested electrical characteristics. The BP M SX 60 and BP M SX 64 provide 60 and 64 w atts of peak pow er respectively, and are w ell-suited to traditional applications of photovoltaics such as telecom m unications, rem ote villages and clinics, pum ping, and land-based aids to navigation. Their attractive bronzeanodized fram e and their availability as fram eless lam inates also suit them w ell for architectural applications. data represent the perform ance of typical BP M SX 60 and BP M SX 64 m odules as m easured at their output term inals, and do not include the effect of such additional equipm ent as diodes or cables. The data are based on m easurem ents m ade in accordance w ith ASTM E1036-85 corrected to SRC (Standard Reporting Conditions, also know n as STC or Standard Test Conditions), w hich are: • illum ination of 1 kW/m 2 (1 sun) at spectral distribution of AM 1.5 (ASTM E892-87 global spectral irradiance); • cell tem perature of 25°C. 2. During the stabilization process w hich occurs during the first few m onths of deploym ent, m odule pow er m ay decrease approxim ately 3% from typical Pm ax. 3. The cells in an illum inated m odule operate hotter than the am bient tem perature. NOCT (Nom inal Operating Cell Tem perature) is an indicator of this tem perature differential, and is the cell tem perature under Standard Operating Conditions: am bient tem perature of 20°C, solar irradiation of 0.8 kW/m 2 , and w ind speed of 1 m /s. 4. U.S. NEC rating.

  transmission and the internal losses from PV panel to the load (Rc) are zero, then the hypothesis of the equality of input and output power always holds and can be expressed by: , the Ppv becomes a reference power Pmpp and the output current Io corresponds to Iref. assuming that the voltage at the output load is already known, we can calculate the output current and then the value of the output AC resistance at the MPP is expressed as follows:
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 2 1 Datasheet parameters of the SM55 and the SW255 PV panels at STC.

Table 2 .

 2 2Extracted parameters using the proposed method.

		55	255
		17.4	30.9
		3.15	8.32
		21.7	38.0
		3.45	8.88
		0.04	0.051
		-0.34	-0.31
	Ncell	36	60

  2.2.2.2 Comparison with the results of Villalva et al. (Villalva, 2015; M. G. M. G. G. Villalva

et al., 2009) Villalva et al. assumed that the ideality factor is constant and they calculated the other parameters using implicit equations (M. G. M. G. G.

Table 2 .

 2 3 Calculated parameters of Mono-Si SM55 PV panel for different values of Rsh.

	Rsh [Ω]	5900	6000	6100	6200	6300	6400	6600	6700	6800	6900	7000	7100
	Rs [Ω]	0.1132 0.1131	0.1130 0.1128 0.1127 0.1126 0.1123 0.1122 0.1121	0.1120 0.1119 0.1118
	γ	1.7394 1.7397	1.7400 1.7403 1.7406 1.7408 1.7414 1.7416 1.7418	1.7421 1.7423 1.7425
	Ior [μA]	4.7758 4.7900	4.8011 4.8119 4.8224 4.8326 4.8520 4.8614 4.8702	4.8792 4.8878 4.4962

Table 2 .

 2 4 Calculated parameters of the Poly-Si SW255 PV panel for different values of Rsh.Where 𝑿 𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒅 represents the calculated parameters at the measured values of 𝑅 01 , and 𝑿 𝒗𝒂𝒓𝒊𝒆𝒅 gives the calculated parameters for each varied value of 𝑅 01 . As observed in Figure2.19 and Figure2.20, the obtained %rerr of 𝑅 0 , 𝐼 3 † and γ is very low and do not exceed 2%, which demonstrate that the measure employed in our method have a negligible effect on the calculated parameters.

	Rsh [Ω]	6300	6500	6600	6700	6800	6900	7100	7200	7300	7400	7500	7700
	Rs [Ω]	0.2039 0.2038 0.2037 0.2036	0.2036 0.2035 0.2034 0.2034 0.2033 0.2033	0.2032 0.2031
	γ	1.2647 1.2651 1.2653 1.2655	1.2656 1.2658 1.2661 1.2662 1.2664 1.2665	1.2667 1.2669
	Ior [nA]	0.3041 0.3058 0.3067 0.3075	0.3083 0.3097 0.3105 0.3112 0.3119 0.3126	0.3132 0.3145

These results illustrate that the parameters 𝑅 0 , 𝐼 3 † and γ variations sill negligible when 𝑅 01 varies, to prove that the relative percentage error (%rerr) is calculated using the following equation:

  Starting with graphic fitting methods, Hadj et al. and De blas et al. used the initial equations given by the manufacturer and confirmed that the initial values of 𝑅 0ž and 𝑅 01ž are respectively the slope of the open-circuit point

			𝜕𝑉 3z › 𝜕𝐼	and the
	slope of the short circuit point	𝜕𝐼 Ÿ	𝜕𝑉 › (De Blas et al.

Therefore, several authors employed the datasheet characteristic equations by considering the point {(0, 𝑉 3z ), (𝐼 0z , 0), (𝑉 { , 𝐼 { )} and another initial equation to extract the SSDM parameters. Weidong et al.,

Ulapane et al. and Kun et al. used 

the derivative of power with respect to voltage ( 𝜕𝑃 𝜕𝑉 › = 0) as a fourth equation

[START_REF] Ding | A MATLAB-simulink-based PV module model and its application under conditions of nonuniform irradiance[END_REF][START_REF] Ulapane | Extraction of parameters for simulating photovoltaic panels[END_REF][START_REF] Xiao | A novel modeling method for photovoltaic cells[END_REF]

. Furthermore, other researchers such as

Kou et al. and Chenni et 

al. used the relative expressions of the temperature coefficients 𝐾 E and/or 𝐾 • to solve the set of equation

[START_REF] Chenni | A detailed modeling method for photovoltaic cells[END_REF][START_REF] Kou | A method for estimating the long-term performance of direct-coupled PV pumping systems[END_REF]

. The way to figure out the unknown parameters differs from a technique to another; whether it is an iterative, analytical or a mathematical method, the extracted parameters show a modest performance, which implied improving this model by adding another parameter which is the shunt resistance. Consequently, the number of parameters increases to five and the extraction process becomes more complicated. This model is named as the detailed single-diode model (SDM) and considered as the most used one due to its good compromise between efficiency and simplicity. Additionally, this model represents the main model of most PV systems modelling software such as PVsyst, SAM and HOMER

[START_REF] Blair | System advisor model, sam 2014.1. 14: General description[END_REF][START_REF] Suite | Homer User Manual[END_REF] Universidade De Genebra, 2012)

. Moreover, to overcome the complexity of the parameters determination, various techniques have been used in literature

[START_REF] Humada | Solar cell parameters extraction based on single and double-diode models: A review[END_REF][START_REF] Jordehi | Parameter estimation of solar photovoltaic (PV) cells: A review[END_REF]

.

Table 2 .

 2 5 Datasheet parameters of SM55 and MSX60 PV panels at STC (Standard Test Conditions).

  Thereafter, an experimental validation is carried out by using real hourly values of titled irradiance l, cell temperature 𝑇 and DC output powers (𝑃 | ), recorded from 01/12/2017 to 23/12/2017 for a total of 529 samples, of two PV plants located in different climatic zones (Mediterranean (Brindisi, Italy) and Semi-continental (Meknes, Morocco).The installed PV systems are composed of 8 Poly-Si modules and can provide until 2 kWp for the PV plant located in Meknes and 2.2 kWp for the plant in Brindisi. The reason behind using these two PV plants is to investigate the performances of the outlined models under various climate fluctuations. Figure2.24 shows the monthly average values of the horizontal plane irradiance and the ambient temperature over 1 year for each climate zone by using PVGIS website ("PVGIS," n.d.). As observed in this figure, the Semi-continental climate (SCC) has always a superiority in terms of irradiance and temperature values which makes this climate zone cold in winters and hot in summers. Otherwise, the Mediterranean climate is known by its rainy weather in winters and warm, dry in summers.

		55	60
		17.4	17.1
		3.15	3.5
		21.7	21.1
		3.45	3.8
		0.04	0.06
	]	-0.35	-0.37
	Ncell	36	36

Table 2

 2 .6. The double-diode model parameters according to the method suggested by Ishaque et al.(Ishaque et al., 2011a) are displayed in Table2.7. The photo-generated current is calculated using Equation(2.4). Afterwards, the extracted parameters are inserted in the PV output current equations {Equations (2.2) and

Table 2 .

 2 6 Extracted parameters using Chaibi et al. method for the single-diode model.

Table 2 .

 2 7 Extracted parameters using Ishaque et al. method for the double-diode model.

Table 2 .

 2 8 Performance classification of equivalent-circuit models for different levels of irradiance and temperature.
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					Medium Temperature
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.8 is used to build a hybrid approach which selects the most suitable model for computing of DC powers based on the actual atmospheric

,

  Kullimalla et al. adjusted the step size to raise the tracking speed and to reduce the oscillating, this adaptive method shown an operating point closer to the MPP and presented a fast response compared to conventional algorithms, furthermore, other researchers such as Hong et al. has developed an adaptive step size according to the error

△Â △Å

Table 3 .

 3 1 Datasheet parameters of the SM55 and the SW255 PV panels at STC.

	Parameters Mono-Si SM55	Poly-Si MSX60
	Pm [W]	55	60
	Vm [V]	17.4	17.1
	Im [A]	3.15	3.5
	Voc [V]	21.7	21.1
	Isc [A]	3.45	3.8
	KI [%/K]	0.04	0.06
	Kv [%/K]	-0.35	-0.37
	Ncell	36	36
	Ns	20	20
	Np	5	5
	Am [m 2 ]	0.42	0.55
	h 𝒓𝒆𝒇 [%]	12.89	10.80

Hourly meteorological data were exported from METENORM software. The first set of results pertains power outputs of PV array on a daily basis. Later, an overall comparison in terms of

Table 3 .

 3 2 gives the maximum values of the used climate conditions for each day. As shown

from this table, for September 21, the maximum incident irradiance is about 1043.4 W/m 2 . For the other atmospheric conditions, June 21 recorded the maximum values of the ambient temperature, cell temperature and the wind speed. The corresponding values are respectively,

Table 3 .

 3 2 Maximum values of atmospheric condition for the used days.

Table 3 .

 3 3 Relative energy gains in terms of the annual produced energy. Base case: SM-MPPT.

Table 4 .

 4 1 PV system parameters used in the simulation.

Table 4 .

 4 Chaibi et al. method and the simulation parameters are presented in Table 4.2. 2 PV system parameters used in the simulation.

	𝐈 𝐏𝐕 [A]	𝐕 𝐏𝐕 [V]	𝐏 𝐏𝐕 [W]

Table 4 .

 4 3 Performance comparison between the SM-MPPT and the IC-MPPT.

Table B .7

 B Short-circuit current of the Mono-Si SM55 PV panel using various equivalent circuit models and extracted values from datasheet curves for different irradiances, T = 25°C. Short-circuit current of the Mono-Si SM55 PV panel using various equivalent circuit models and extracted values from datasheet curves for different temperatures, l = 1000 W/m 2 . Short-circuit current of the Poly-Si MSX60 PV panel using various equivalent circuit models and extracted values from datasheet curves for different temperatures, l = 1000 W/m 2 .The derivative of the output current of a PV cell can be written as follows:+C }¢'ÑB¥Å Ãv Wÿ C Ç ÃÄ ¦Ò@ Wÿ C BÇ +C }¢'ÑB¥Å Ãv Wÿ C Ç ÃÄ ¦Ò B H Ç +C }¢'ÑB¥Å Ãv Wÿ C Ç ÃÄ ¦ÒÉÿ CSo, the third time derivative is presented in the following equation:M Ç +C }¢'ÑB¥Å Ãv Wÿ C Ç ÃÄ ¦ÒÉÿ C Èÿ C B H Ç +C }¢'ÑB¥Å Ãv Wÿ C Ç ÃÄ ¦ÒW6B M Ç +C H ÿ C H }¢' H ÑB¥Å Ãv Wÿ C Ç ÃÄ ¦ÒÉÿ CFor the time derivative of PV power and by using previous derivative of current, we can find the following equations:

	ÁÇ ÃÄ ÁÅ ÃÄ	=	Datasheet [A] 0.683 1.377 @BÇ D 200 W/m 2 400 W/m 2 E CF E CF £W E C	SSD[A] 0.69 1.38	DSD[A] 0.689 1.379	DD[A] 0.6878 1.375	(C.1)
							600 W/m 2	2.067	2.07	2.069	2.063
	800 W/m 2 1000 W/m 2 We suppose that: 𝐻 = 1 +	2.753 3.443 ÿ C ÿ CF + 𝑅 0 𝐴𝐼 30 𝑒𝑥𝑝Ñ𝐴¥𝑉 'z + 𝑅 0 𝐼 '• ¦Ò 2.76 3.45	2.759 3.45	2.751 3.439
	Table B.8 Á H Ç ÃÄ ÁÅ ÃÄ H =					L H	IJ ÃÄ IK ÃÄ	W£Ê	(C.2)
											Datasheet [A]	SSD[A]	DSD[A]	DD[A]
									°C		3.453	3.442	3.443	3.432
									°C		3.459	3.458	3.457	3.446
	Á M Ç ÃÄ ÁÅ ÃÄ M =					°C °C °C		3.472 3.484 3.497	3.473 3.489 3.504	3.471 3.484 3.498	3.46 3.474 3.488
	Table B.9					IJ ÃÄ IK ÃÄ	W£Ê	H	@	I H J ÃÄ IK ÃÄ H IJ ÃÄ IK ÃÄ	W£ÊË
											L H
	(C.3)								Datasheet [A]	SSD[A]	DSD[A]	DD[A]
									0 °C		3.80	3.8071	3.8072	3.782
									°C		3.859	3.87	3.8699	3.862
									°C		3.918	3.9328	3.9327	3.942
									°C		3.997	3.9957	3.9956	4.022
	ÁÂ ÃÄ ÁÅ ÃÄ	= 𝐼 '• + 𝑉 '•	ÁÇ ÃÄ ÁÅ ÃÄ	(C.4)
	Á H Â ÃÄ ÁÅ ÃÄ H = 2 ÁÅ ÃÄ ÁÇ ÃÄ	+ 𝑉 '•	Á H Ç ÃÄ ÁÅ ÃÄ H	(C.5)
	Á M Â ÃÄ ÁÅ ÃÄ M = 3	Á H Ç ÃÄ ÁÅ ÃÄ H + 𝑉 '•	Á M Ç ÃÄ ÁÅ ÃÄ M	(C.6)
	𝑦£ =	ÁO D Á9 =	Á H Â ÃÄ ÁÅ ÃÄ H	ÁÅ ÃÄ Á9	(C.7)
	𝑦£=É	Á M  ÃÄ ÁÅ ÃÄ M Ê Z ÁÅ ÃÄ Á9 [ 6	+ É	Á H  ÃÄ ÁÅ ÃÄ H Ê OE	£ ÁÇ ÃÄ ÁÅ ÃÄ	ÁÅ ÃÄ Á9 -	£ ™ ¥𝑣 '• -𝑣 | ¦Ž -𝜶 𝟏	Å )* ™	Á H  ÃÄ ÁÅ ÃÄ H	(C.8)
	Equation (C.8) can be rewritten as 𝐸 + 𝛼 £ 𝐾, where:
	𝐸 = É	Á M  ÃÄ ÁÅ ÃÄ M Ê Z ÁÅ ÃÄ Á9 [ 6	+ É	Á H  ÃÄ ÁÅ ÃÄ H Ê OE	£ ÁÇ ÃÄ ÁÅ ÃÄ	ÁÅ ÃÄ Á9 -	£ ™ ¥𝑣 '• -𝑣 | ¦Ž	(C.9)
	𝐾 =		Å )* ™	Á H Â ÃÄ ÁÅ ÃÄ H		(C.10)
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Qualifications and Certificates

The Shell SM55 solar module meets the following requirements: 

Limited Warranties

• Peak Power for 25 years

Shell SM55 Module Junction Box

The junction box provides a high quality, dust protected and splash proof IP44-rated housing. The housing contains a rigid connection block with screw terminals and by-pass diodes providing "hot spot" protection for the solar cells.

Benefits

• PowerMax ® mono-crystalline solar cells deliver maximum power output even under reduced light conditions providing more power where space is a limitation.

• The surface of the PowerMax ® cell has a pyramidal textured surface to enable more light absorption and deliver exceptional efficiency.

• Highly transparent tempered glass delivers more power and ensures high impact resistance and protection against hail, snow, ice, and storms.

• Nearly 300MW of cumulative installed experience has been applied to the evolution of our mono-crystalline range to ensure that our products have a long and reliable service life backed by a 25 year warranty.

+ -

ProCharger ™ -S Junction-Box

Maximum conductor cross-section: 4 mm Output power of the Mono-Si SM55 PV panel using various equivalent circuit models and extracted values from datasheet curves for different irradiances, T = 25 °C.

Table B.2

Output power of the Mono-Si SM55 PV panel using various equivalent circuit models and extracted values from datasheet curves for different temperatures, l = 1000 W/m 2 .

Table B.3

Output power of the Poly-Si MSX60 PV panel using various equivalent circuit models and extracted values from datasheet curves for different temperatures, l = 1000 W/m 2 .

Table B.4

Open-circuit voltage of the Mono-Si SM55 PV panel using various equivalent circuit models and extracted values from datasheet curves for different irradiances, T = 25°C.

Table B.5

Open-circuit voltage of the Mono-Si SM55 PV panel using various equivalent circuit models and extracted values from datasheet curves for different temperatures, l = 1000 W/m 2 .

Table B.6

Open-circuit voltage of the Poly-Si MSX60 PV panel using various equivalent circuit models and extracted values from datasheet curves for different temperatures, l = 1000 W/m 2 . 

Datasheet [W] SSD[W] DSD[W] DD[W]