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Simulations Based on Experimental Data of the Behaviour of a Monocrystalline Silicon Photovoltaic Module

The performance of monocrystalline silicon cells depends widely on the parameters like the series and shunt resistances, the diode reverse saturation current, and the ideality factor. Many authors consider these parameters as constant while others determine their values based on the 𝐼-𝑉 characteristic when the module is under illumination or in the dark. This paper presents a new method for extracting the series resistance, the diode reverse saturation current, and the ideality factor. The proposed extraction method using the least square method is based on the fitting of experimental data recorded in 2014 in Ngaoundere, Cameroon. The results show that the ideality factor can be considered as constant and equal to 1.2 for the monocrystalline silicon module. The diode reverse saturation current depends only on the temperature. And the series resistance decreases when the irradiance increases. The extracted values of these parameters contribute to the best modeling of a photovoltaic module which can help in the accurate extraction of the maximum power.

Introduction

The world energetic consumption is still dominated by the use of nonconventional sources like fossil sources, natural gases, and nuclear sources. The main drawback of the use of these sources is that they are exhaustible and they contribute to the pollution of the environment. Hence, it is useful to use renewable energy sources such as biomass, wind energy, hydroelectricity, and solar energy. Solar energy occupies an important place because it is available everywhere. Photovoltaic energy which is based on the conversion of direct sunlight into electricity is the most promising one. There are different technologies of photovoltaic (PV) cells which are found on the market: monocrystalline silicon (efficiency of 25 ± 0.5%), polycrystalline silicon (efficiency of 20.4 ± 0.5%), amorphous silicon (efficiency of 10.1 ± 0.3%), and organic solar cells (laboratory efficiency of 8.3 ± 0.3%) [START_REF] Séra | Real-time modelling, diagnostics and optimised MPPT for residential PV systems[END_REF][START_REF] Green | Solar cell efficiency tables (version 37)[END_REF].

However, the performance of a photovoltaic cell is influenced by the climatic and meteorological conditions such as the irradiance and the temperature. It is known in the literature that when the irradiance decreases, the current also decreases and consequently, the output power decreases. When the temperature increases, the voltage decreases and the output power also decreases [START_REF] Cubas | Explicit expressions for solar panel equivalent circuit parameters based on analytical formulation and the lambert w-function[END_REF][START_REF] Ghani | Investigation into the effects of flow distribution on the photovoltaic performance of a building integrated photovoltaic/thermal solar collector[END_REF]. Some authors [START_REF] Ghani | Investigation into the effects of flow distribution on the photovoltaic performance of a building integrated photovoltaic/thermal solar collector[END_REF][START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF] stated that the photovoltaic parameters like the series resistance, the diode ideality factor, and the diode reverse saturation current influence the performance of the PV cell. The diode reverse saturation current has been modeled by an equation showing its dependence on the temperature [START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF]. But the other parameters have not been in the center of a particular study for a mathematical model. Nevertheless, these parameters and the diode reverse saturation current have been determined by some authors [START_REF] Cubas | Explicit expressions for solar panel equivalent circuit parameters based on analytical formulation and the lambert w-function[END_REF][START_REF] Ghani | Investigation into the effects of flow distribution on the photovoltaic performance of a building integrated photovoltaic/thermal solar collector[END_REF][START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF][START_REF] Mohamed | Modélisation des systèmes énergétiques photovoltaïques et éoliens: intégration dans un système hybride basse tension[END_REF][START_REF] Gong | Parameter Extraction of Solar Cell Models Using Repaired Adaptative Differential Evolution[END_REF][START_REF] Saravana | A comprehensive analysis for extraction single-diode PV model parameters by hybrid GA-PSO algorithm[END_REF]. These authors measured the 𝐼-𝑉 characteristic of a PV module using a solar simulator instead of the normal operating conditions. Under the real weather conditions, it is difficult to have a constant irradiance and a constant temperature, particularly in the tropical climate. So, it is not evident to get the 𝐼-𝑉 characteristic of the PV module under the normal weather conditions. That is why this paper proposes a new method of the determination of photovoltaic parameters under the normal operating conditions. The irradiance, the temperature, the load current, and the load voltage have been recorded during a whole day. Then, the PV parameters have been calculated from these experimental data using a least square method in the PV parameters extraction algorithm. The results confirm that the diode reverse saturation current 𝐼 𝑆 effectively depends on the temperature and the mathematical expression obtained in the literature has been validated [START_REF] Mohamed | Modélisation des systèmes énergétiques photovoltaïques et éoliens: intégration dans un système hybride basse tension[END_REF][START_REF] Gong | Parameter Extraction of Solar Cell Models Using Repaired Adaptative Differential Evolution[END_REF][START_REF] Saravana | A comprehensive analysis for extraction single-diode PV model parameters by hybrid GA-PSO algorithm[END_REF][START_REF] Bastidas | Modeling and parameter calculation of photovoltaic fields in irregular weather conditions[END_REF]. The diode ideality factor, 𝑛, changes less with the weather conditions. The series resistance 𝑅 𝑠 depends essentially on the irradiance. The mathematical expression of the series resistance has been obtained.

In order to verify the effectiveness of these results, the PV module has been modeled with MATLAB/SIMULINK. The input parameters for the simulations are the recorded irradiance and surface temperature, the determined PV parameters (𝑅 𝑠 , 𝐼 𝑆 , and 𝑛). The recorded load current has been also loaded in the SIMULINK model for comparison. For the comparison with the literature results, the same PV module model has been simulated as inputs: the recorded irradiance and temperature, a constant diode ideality factor (𝑛 = 1.2), a constant series resistor (𝑅 𝑠 = 2.1 Ω), and the diode reverse saturation current expression. The results show that the PV module modeled with the variable PV parameters is more accurate than the one modeled with the constant series resistance and the constant diode ideality factor. These simulation results show the real behaviour of the PV module under the normal operating conditions. Consequently, the obtained model can be used for the extraction of the maximum power of the PV module, under the normal weather conditions.

This paper is divided into the following sections: the first section presents research method including the modeling of a photovoltaic cell, the experiment, and the extraction algorithm of PV module parameters and the second section presents the results and analysis. (i) A two-diode model (TDM) with the second diode which represents the recombination phenomenon in the bulk cell. However, this model is generally used for a polycrystalline silicon cell [START_REF] Alrashidi | Parameters rstimation of double diode solar cell model[END_REF][START_REF] Ishaque | Modeling and simulation of photovoltaic (PV) system during partial shading based on a two-diode model[END_REF][START_REF] Yordanov | Two-diode model revisited: parameters extraction from semi-log plots of I-V data[END_REF].

Research Method

(ii) A one diode model (ODM) which is simple and represents precisely the operation of a monocrystalline solar cell [START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF][START_REF] Mohamed | Modélisation des systèmes énergétiques photovoltaïques et éoliens: intégration dans un système hybride basse tension[END_REF][START_REF] Gong | Parameter Extraction of Solar Cell Models Using Repaired Adaptative Differential Evolution[END_REF][START_REF] Saravana | A comprehensive analysis for extraction single-diode PV model parameters by hybrid GA-PSO algorithm[END_REF][START_REF] Bastidas | Modeling and parameter calculation of photovoltaic fields in irregular weather conditions[END_REF][START_REF] Alrashidi | Parameters rstimation of double diode solar cell model[END_REF][START_REF] Ishaque | Modeling and simulation of photovoltaic (PV) system during partial shading based on a two-diode model[END_REF][START_REF] Yordanov | Two-diode model revisited: parameters extraction from semi-log plots of I-V data[END_REF][START_REF] Wang | Parameter extraction for photovoltaic module based on Lambert W function[END_REF]. This model which is used in this work is presented in Figure 1 with 𝐷, a diode which represents the 𝑃-𝑁 junction; 𝑅 𝑠 and 𝑅 𝑝 are the series and shunt resistances. By applying Kirchhoff 's laws, the following equation is obtained:
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𝐼 pv = 𝐼 ph -𝐼 𝑆 (exp ( 𝑞 (𝑉 pv + 𝑅 𝑠 𝐼 pv ) 𝑛𝑘𝑇 𝐶 ) -1) - 𝑉 pv + 𝑅 𝑠 𝐼 pv 𝑅 𝑝 . (1) 
Due to the fact that 𝑅 𝑝 is higher than 𝑅 𝑠 (𝑅 𝑝 ≫ 𝑅 𝑠 ) and its influence on the performance of the PV cell is insignificant [START_REF] Ikegami | Estimation of equivalent circuit parameters of PV module and its application to optimal operation of PV system[END_REF][START_REF] Mohamed | Modélisation des systèmes énergétiques photovoltaïques et éoliens: intégration dans un système hybride basse tension[END_REF][START_REF] Gong | Parameter Extraction of Solar Cell Models Using Repaired Adaptative Differential Evolution[END_REF][START_REF] Saravana | A comprehensive analysis for extraction single-diode PV model parameters by hybrid GA-PSO algorithm[END_REF][START_REF] Bastidas | Modeling and parameter calculation of photovoltaic fields in irregular weather conditions[END_REF][START_REF] Alrashidi | Parameters rstimation of double diode solar cell model[END_REF][START_REF] Ishaque | Modeling and simulation of photovoltaic (PV) system during partial shading based on a two-diode model[END_REF][START_REF] Yordanov | Two-diode model revisited: parameters extraction from semi-log plots of I-V data[END_REF][START_REF] Wang | Parameter extraction for photovoltaic module based on Lambert W function[END_REF], [START_REF] Séra | Real-time modelling, diagnostics and optimised MPPT for residential PV systems[END_REF] becomes

𝐼 pv = 𝐼 ph -𝐼 𝑆 (exp ( (𝑉 pv + 𝑅 𝑠 𝐼 pv ) 𝑛𝑉 𝑡 ) -1) , (2) 
where (i) 𝑛 is the diode ideality factor;

(ii) 𝑉 𝑡 = 𝑘𝑇 𝐶 /𝑞 is the thermal voltage;

(iii) 𝑞 = 1.60 × 10 -19 C is the electrical charge;

(iv) 𝑘 = 1.38 × 10 -23 J/K is the Boltzmann constant; (v) 𝑇 𝐶 is the surface PV cell temperature (K); (vi) 𝐼 𝑆 is the diode reverse saturation current (A).

Equation ( 2) is a nonlinear expression of 𝐼 pv because it expresses 𝐼 pv in function of 𝐼 pv and 𝑉 pv . In order to obtain a linear expression of 𝐼 pv , the Lambert 𝑊 function can be used.

In fact, the Lambert 𝑊 function is used to solve nonlinear equation as 𝑤(𝑥)𝑒 𝑤(𝑥) = 𝑥. By applying this function to (2), the linear form of 𝐼 pv is given by (3). Consider

𝐼 pv = 𝐼 𝑆 + 𝐼 ph - 𝑛𝑉 𝑡 𝑅 𝑠 ⋅ Lambert 𝑊 [ 𝑅 𝑠 𝐼 𝑆 𝑛𝑉 𝑡 exp ( 𝑉 pv + 𝑅 𝑠 𝐼 ph + 𝑅 𝑠 𝐼 𝑆 𝑛𝑉 𝑡 )] (3) 
𝐼 ph = 𝐺 𝐺 ref (𝐼 𝑠𝑐ref + 𝐾 𝐼 (𝑇 𝐶 -𝑇 𝐶ref )) , (4) 
where Equation ( 3) is function of the different photovoltaic parameters: the ideality factor 𝑛, the series resistance 𝑅 𝑠 , and the inverse saturation current of the diode 𝐼 𝑆 . For a photovoltaic array constituted of 𝑁 𝑠 photovoltaic modules in series and 𝑁 𝑝 branches, with 𝑁 𝑠𝑐 cells in series in one photovoltaic module, the current is defined as follows: 

(i) 𝐺 is the irradiance (W/m 2 ); (ii) 𝐺 ref = 1000 W/m 2 is the reference irradiance.
𝐼 pv = 𝑁 𝑃 𝐼 𝑆 + 𝑁 𝑃 𝐼 ph - 𝑛𝑁 𝑠𝑐 𝑁 𝑆 𝑉 𝑡 𝑅 𝑠 ⋅ Lambert 𝑊 [ 𝑁 𝑃 𝑅 𝑠 𝐼 𝑆 𝑛𝑁 𝑠𝑐 𝑁 𝑆 𝑉 𝑡 ⋅ exp ( 𝑉 pv + 𝑁 𝑃 𝑅 𝑠 𝐼 ph + 𝑁 𝑃 𝑅 𝑠 𝐼 𝑆 𝑛𝑁 𝑠𝑐 𝑁 𝑆 𝑉 𝑡 )] . (5 
𝜀 = 󵄨 󵄨 󵄨 󵄨 󵄨 𝐼 maes -𝐼 pvth 󵄨 󵄨 󵄨 󵄨 󵄨 2 . ( 6 
)
The initial values of the parameters are chosen as small as possible for accurate results: 𝑛 0 = 1.0, 𝑅 𝑠0 = 0.01 Ω, and 𝐼 𝑆0 = 1 × 10 -10 A. And steps are Δ𝑛 = 0.001, Δ𝑅 𝑠 = 0.001 Ω, and Δ𝐼 𝑆 = 1 × 10 -9 A. Meanwhile, the highest values of the parameters are 𝑛 max = 2.0, 𝑅 𝑠max = 5 Ω, and 𝐼 𝑠max = 1 × 10 -6 A.

The maximum number of iterations is 𝑁 it = 200. This extraction algorithm is implemented by MATLAB software. The accuracy and the good level of the fitting are evaluated from the obtained residuals.

Results and Analysis

This section presents the recorded meteorological conditions (irradiance and temperature) and the load current. Then, extracted parameters of the PV module are presented with the subsequent discussion. And finally, the extracted parameters were used for the validation of the PV module's modeling using MATLAB/SIMULINK.

Experimental Results.

The measured parameters are the irradiance, the module's surface temperature, the current through the load, and the voltage at its input. The values were recorded on 23 January 2014 from 9:30 AM to 4 PM, with a time cycle of 30 s. The irradiance and the temperature are shown in Figure 4. The temperature fluctuates during the whole day even if the irradiance does not fluctuate. It means that the module's surface temperature does not depend on the irradiance. And these results confirm the fact that generally in the tropical zone the climatic condition fluctuates permanently.

Figures 5 and6 show the recorded current through the resistive load. In Figure 5, the current's behaviour is exactly like that of the irradiance. Meanwhile, in Figure 6, even if the temperature fluctuates, the current does not fluctuate like it. This confirms the fact that the photovoltaic current depends only on the irradiance.
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Extracted Parameters of the PV Module

3.2.1. The Ideality Factor. Figures 7 and8 show the variation of the ideality factor 𝑛 during the day. This parameter does not depend either on the irradiance or on the temperature, confirming the fact that it can be considered constant and equal to 1.2 for the monocrystalline photovoltaic cells [START_REF] Green | Solar cell efficiency tables (version 37)[END_REF][START_REF] Cubas | Explicit expressions for solar panel equivalent circuit parameters based on analytical formulation and the lambert w-function[END_REF][START_REF] Ghani | Numerical calculation of series and shunt resistance of a photovoltaic cell using the Lambert W-function: experimental evaluation[END_REF][START_REF] Chegaar | Determination of solar cells parameters under illuminated conditions[END_REF]. However, Figure 9 shows the case when the ideality factor changes and how it can influence the performance of the module. When it increases, the output power decreases.

The standard test conditions (1000 W/m 2 and 25 ∘ C) were used to see the variation with the manufacturer's values. in accordance with the temperature which has the same behaviour. And in the afternoon (from 12:30 PM to 2:30 PM), even if the irradiance fluctuates, it is only the fluctuation of the temperature which influences 𝐼 𝑆 .

The Diode

Figure 12 shows the variation of the diode reverse saturation current 𝐼 𝑆 with the temperature. When the temperature increases, 𝐼 𝑆 also increases. For fitting the extracted values of the reverse saturation current 𝐼 𝑆 in function of the temperature, the fitting function is shown by

𝑦 (𝑥) = 𝑎 (𝑥 + 273) 3 exp (𝑏 (𝑐 - 1 𝑥 + 273 )) , (7) 
where 𝑎 = 2.7941 × 10 -15 A/K 3 , 𝑏 = 10991 K, and 𝑐 = 0.003355 K -1 . The parameter 𝑐 (K -1 ) is the reverse of the reference temperature, 𝑇 𝐶ref = 298 K. This equation is the same as the mathematical model given by [START_REF] Saravana | A comprehensive analysis for extraction single-diode PV model parameters by hybrid GA-PSO algorithm[END_REF] in the literature [START_REF] Yordanov | Two-diode model revisited: parameters extraction from semi-log plots of I-V data[END_REF][START_REF] Bencherif | New method to assess the losses parameters of the photovoltaic modules[END_REF]:

𝐼 𝑆 = 𝐼 𝑆ref ( 𝑇 𝐶 𝑇 𝐶ref ) 3 exp [ 𝑞𝐸 𝑔 𝑛𝑘 ( 1 𝑇 𝐶ref - 1 𝑇 𝐶 )] , (8) 
where 𝐼 𝑆ref = 7.39 × 10 -8 A, the diode reverse saturation current at the standard conditions (𝑇 𝐶 = 𝑇 𝐶ref = 298 K), and 𝑞𝐸 𝑔 /𝑛𝑘 = 𝑏 = 10991.

Figure 13 shows the influence of the diode reverse saturation current on the output power of the photovoltaic module. When 𝐼 𝑆 increases, the voltage decreases and consequently, the output power decreases. The output current of the photovoltaic module is not influenced by the inverse saturation current. The standard test conditions (1000 W/m 2 and 25 ∘ C) were used to see the variation with the manufacturer's values. Figure 16 shows the variation of the series resistance with the irradiance. It is clear that when the irradiance increases, the series resistance decreases in accordance with the result obtained by [START_REF] Séra | Real-time modelling, diagnostics and optimised MPPT for residential PV systems[END_REF][START_REF] Green | Solar cell efficiency tables (version 37)[END_REF][START_REF] Cubas | Explicit expressions for solar panel equivalent circuit parameters based on analytical formulation and the lambert w-function[END_REF][START_REF] Ghani | Numerical calculation of series and shunt resistance of a photovoltaic cell using the Lambert W-function: experimental evaluation[END_REF][START_REF] Chegaar | Determination of solar cells parameters under illuminated conditions[END_REF][START_REF] Bencherif | New method to assess the losses parameters of the photovoltaic modules[END_REF][START_REF] Khanna | Matlab/simelectronics models based study of solar cells[END_REF][START_REF] Ghani | Numerical calculation of series and shunt resistances and diode quality factor of a photovoltaic cell using the Lambert W-function[END_REF][START_REF] Kamta | An experiment-based approach for improving the photovoltaic power supply system performance by matching impedance[END_REF][START_REF] Khan | Effect of illumination intensity on cell parameters of a silicon solar cell[END_REF]. Its value becomes higher at the very low level of irradiance (less than 200 W/m 2 ). The mathematical model can be expressed in function of the irradiance 𝐺 by Figure 17 shows the effect of the series resistance on the output power of the photovoltaic module. The output power decreases when the series resistance increases. So, it is clear that the performance of the photovoltaic module is best at the higher level of irradiance due to the fact that the series resistance is low. The standard test conditions (1000 W/m 2 and 25 ∘ C) were used to see the variation with the manufacturer's values.

𝑅 𝑆 = 𝐴 exp (𝐵 𝐺 𝐺 ref ) + 𝐶, (9) 

Validation of the PV Module's Modeling.

Figure 18 shows the simulation model of the photovoltaic system. The input parameters are the measured photovoltaic module's surface temperature (in degree Celsius), the measured irradiance (in W/m 2 ), the extracted series resistance (in Ω), the extracted ideality factor, and the extracted diode reverse saturation current (in A). The output is the current through the resistive load. For the simulation with the literature parameters, the measured irradiance and temperature are used, but the series resistance is 𝑅 𝑠 = 2.1 Ω, the ideality factor is 𝑛 = 1.2, and the diode reverse saturation current is defined by [START_REF] Saravana | A comprehensive analysis for extraction single-diode PV model parameters by hybrid GA-PSO algorithm[END_REF] with 𝐼 𝑆ref = 7.39.10 -8 A [START_REF] Mohamed | Modélisation des systèmes énergétiques photovoltaïques et éoliens: intégration dans un système hybride basse tension[END_REF][START_REF] Ishaque | Modeling and simulation of photovoltaic (PV) system during partial shading based on a two-diode model[END_REF][START_REF] Khanna | Matlab/simelectronics models based study of solar cells[END_REF].

Figure 19 shows the output current of the photovoltaic generator. The first one is the measured current 𝐼 meas during day 23 January 2014 at Ngaoundere, Cameroon. The second one is the simulated current 𝐼 sim with MATLAB/SIMULINK, using the extracted parameters (𝑛, 𝑅 𝑠 , and 𝐼 𝑆 ). And the last one is the simulated current 𝐼 lit with MATLAB/SIMULINK, using the consideration of the literature. The results confirm the fact that the parameters such as series resistance and inverse saturation current cannot be considered as constant. If so, the simulated result will be too far from the real system as it is the case in Figure 19. With the extracted parameters, the module's electrical model used for the simulation with MATLAB/SIMULINK is really similar to the real one functioning under the same climatic conditions. So the results of the simulations will accurately be the behaviour of the real system under the normal climatic conditions.

Conclusion

This paper presents a new method for extracting the different parameters of a monocrystalline silicon solar cell. Modeled by a one diode model with three parameters to be determined (the diode reverse saturation current, the series resistance, and the ideality factor of the 𝑃-𝑁 junction), a fitting based on the least square method is used to extract these parameters from experimental data. The results confirm that the diode reverse saturation current 𝐼 𝑆 effectively depends on the temperature and the mathematical expression obtained in the literature has been validated. The diode ideality factor, 𝑛, changes less with the weather conditions. The series resistance, 𝑅 𝑠 , depends essentially on the irradiance. The mathematical expression of the series resistance has been obtained. For the verification of the effectiveness of these results, the PV module has been modeled with MATLAB/SIMULINK. The input parameters for the simulations are the recorded irradiance and surface temperature, the determined PV parameters (𝑅 𝑠 , 𝐼 𝑆 , and 𝑛).
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 1 Modeling of a Photovoltaic Cell. Two electrical models are used for modeling a photovoltaic cell:

Figure 1 :

 1 Figure 1: One diode (ODM) of a photovoltaic cell.
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 2 Figure 2: Schematic of the experimental installation.

Figure 3 :

 3 Figure 3: Flow chart for the determination of the parameters of a photovoltaic module.
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 4567891011 Figure 4: The irradiance and the module's surface temperature recorded on 23 January 2014.
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 1213 Figure 12: Variation of the diode reverse saturation current with temperature.
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 1415 Figure 14: Variation of the series resistance with irradiance during a day.
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 16 Figure 16: Variation of the series resistance with irradiance.

Figure 17 :

 17 Figure 17: Influence of the series resistance on the 𝑃-𝑉 characteristic of the photovoltaic module.

Figure 18 :

 18 Figure 18: SIMULINK model of the photovoltaic system.

Table 1 :

 1 Manufacture's specifications of Solar H750 Helios Module.

	Band gap energy of silicon at 300 K	1.12 eV
	Ideality factor of the P-N junction	1.2
	Short circuit current at STC		4.01 A
	Open circuit voltage at STC		21.6 V
	Current at MPP		3.47 A
	Voltage at MPP		17.3 V
	Maximum power at STC		60 Wp
	Number of series-connected cells	36
	PVG	Current sensor	Load
			7.5 Ω
	Temperature		
	sensor		
	Voltage sensor	
	Pyranometer		
	ALMEMO		

  The theoretical current 𝐼 pvth expressed by the Lambert 𝑊 function in (5) is used to fit the measured one 𝐼 meas , by the method of least mean square (LSM), with parameters 𝑛, 𝑅 𝑠 , and 𝐼 𝑆 . The flow chart for the fitting is shown in Figure3. The first loop with the control variable 𝑗 is used for reading all the elements of the measured current 𝐼 meas . The second loop with the control variable 𝑖 is used for fitting. The convergence criterion is the quadratic difference 𝜀, expressed by the following equation:

	(v) a temperature sensor (CTN FNA611, -10 to +90 ∘ C,
	20 s) for measuring the PV module's surface temper-
	ature,
	(vi) a data acquisition unit ALMEMO with five inputs.
	It is important to note that the temperature sensor is fixed on
	the surface of the photovoltaic module.
	2.3. Extraction Algorithm of PV Module Parameters.
	(i) a photovoltaic module with characteristics shown in
	Table 1,
	(ii) a constant resistive load with a resistance equal to
	7.5 Ω,

) 2.2. Experiment. Figure 2 shows the schematic of the installation for the experimental data. The different components are (iii) one current and one voltage sensors (ALMEMO module for DC voltage and current measurement: ZA 9900 AB and ZA 9901 AB, 1 kHz, 12 bits, 0.1 s, and maximum cycle: 14 hrs), (iv) a pyranometer (first class, 285-2800 nm, 5-20 𝜇V/ W/m 2 , 20-200 Ω, 0-30 mV, and max 2000 W/m 2 ) for measuring the irradiance,

  3.2.3. The Series Resistance.Figures 14 and 15 show the behaviour of 𝑅 𝑠 during a day. From 9:30 AM to 12:30 PM, 𝑅 𝑠 does not fluctuate like the irradiance, even if the temperature fluctuates. It is in the afternoon (from 12:30 PM to 2:30 PM) when 𝑅 𝑠 begins to fluctuate with the irradiance proving widely that it depends closely on the irradiance.

The recorded load current has been also loaded in the SIMULINK model for comparison. For the comparison with the literature results, the same PV module model has been simulated as inputs: the recorded irradiance and temperature, a constant diode ideality factor (𝑛 = 1.2), a constant series resistor (𝑅 𝑠 = 2.1 Ω), and the diode reverse saturation current expression. The results show that the PV module modeled with the variable PV parameters is more accurate than the one modeled with the constant series resistance and the constant diode ideality factor. These simulation results show the real behaviour of the PV module under the normal operating conditions. Consequently, the obtained model can be used for the extraction of the maximum power of the PV module, under the normal weather conditions.
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