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			Abstract

			Photovoltaic (PV) cells are modeled using numerical models that illustrate the performance of the voltage and the current generated by the PV cell. Those two physical quantities depend on some manufacturing and environmental parameters such as the temperature and the incident irradiance. Accordingly, this paper shows the impact of such parameters on the electric behavior PV cells. An electronic circuit; made up of a photocurrent source, a junction diode of two semiconductor materials, N-type and P-type, a series and shunt resistances; represents the PV cell considered within this paper. Within this paper, real data of the AEGAS-P605-250 PV module has been used through PV syst. 6.6.3 Software Tool to highlight to impact of manufacturing and climate parameters on the cell’s electric behavior.
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			Introduction

			The functioning of a PV cell is depends primarily on the ability of the photons to free electrons from the semiconductor generating electricity. In the external circuitry, the electrons are channeled toward the load at the output terminal of the PV cell resulting in a DC current from the positive terminal to the negative one [1-5]. The average generation capacity is reported be one volt in each cell. In order to achieve the desired production capacity, the PV cells have to be interconnected in series and/or in parallel to produce an acceptable output voltage level to be used by end users. In order to maximize the efficiency, continuous research investigations are conducted by manufactures attempt to optimize the environmental parameters of PV cells [6-9]. The common characterization studies of PV cells involve plotting the curves I(V) or P(V) of a PV cell. These two characteristics are used to determine the current and the voltage at the maximum power point (IMPP and VMPP), the open-circuit voltage (VOC), the short-circuit current (ISC), the fill factor (FF) and the efficiency (η) of the PV cell [10].

			The two most commonly equivalent circuit models used to model solar cells are single-diode model (SDM) and double-diode model (DDM) [11,12] which are illustrated in Figure 1. They are both made up of a photocurrent source (Iph), one diode (for the SDM) and 2 diodes for the (DDM), a shunt and series resistances (RSH) and (RS), respectively.

			SDM
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			Where IS,IS1 and IS2 are the saturation current of the diodes, q is the electrostatic charge (1.6x10-19C), n, n1 and n2 are the ideality factors, K is Boltzmann’s constant (1.38e-23 J.K -1) and T is the temperature.

			Experimental Methods

			At the cells’ terminals, the measured voltage and current are Vpv and Ipv respectively. When the circuit is open, the open-circuit voltage (VOC) is given by Equation 3:

			s[image: ]           (3)

			The short-circuit current (ISC) can be expressed as Equation 4:

			[image: ]             (4)

			The impact of the electrical and surrounding parameters alterations on the behavior of the PV cell could be clearly seen by plotting the waveforms of the current versus the voltage or the power versus the voltage as function of such parameters. Furthermore, the efficiency of the PV cell, which is the ratio of the actual output power to the theoretical output power and expressed as percentage, could be as well plot as function of the incident irradiation and the cell’s temperature.
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							Figure 1: PV Cell electric models. 

							a) single-diode model.

							b) two-diode model.

						
					

				
			

			Results and Discussion

			Influence of the incident irradiation on the PV module performance

			The incident irradiation is the most significant parameter that affects the output power of the PV module. In fact, as shown in Figures 2a & 2b, both the voltage and the current are proportional to the incident irradiation. It was observed that the output power of the PV module increased with increase incident radiation. It is clear that under STC, the maximum output power achieved from the PV module is around 229W. Regardless of the negative influences of dust accumulation on PV modules, humidity and high temperature, Oman has very high incident irradiation level providing a significant potential for PV systems utilization. Studies on PV system performance under different environmental conditions reported similar observations [13-16].
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							Figure 2: Influence of the incident irradiation on the performance of the PV module at T=45 °C (a) I(V), (b) P(V).

						
					

				
			

			Influence of temperature on PV module performance

			In this set of experiments, the effect of ambient temperature on the PV system was studied at fixed incident radiation. The temperatures were varied in the range of 10 to 70 °C and its effect on the power output was measured. The temperature of the PV cell is inversely proportional to the PV module output power, as shown in Figure 3. Many PV cells/module parameters are temperature-dependent, but the most significant effect is due to the intrinsic carrier concentration of the semiconductor. In fact, the concentration depends on the band gap energy. When the band gap is lower, the higher the intrinsic carrier concentration and it influenced the output capacity of the PV system.
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							Figure 3: Temperature dependence of the PV module for an incident irradiation of 1000W/m2 (a) I(V), (b) P(V)..

						
					

				
			

			Influence of Rs on the PV module performance

			Within this research work, the resistance has been varied from 0.200 to 1.000Ω. Figure 4 (a) and (b) show an inverse proportionality between series resistance and output power. When the series resistance was increased, output power of the PV module was decreased. In fact, the series resistance is on the path of the current towards the external circuitry where always a drop of both the output voltage and current of the PV cell exist. This leads to a reduction on the output power of the PV module.
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							Figure 4: Influence of the series resistance on the performance of the PV module. (a) I(V), (b) P(V), for different series resistance values. 

						
					

				
			

			Influence of RSH on the PV module performance

			Based on Figure 1, the shunt resistance will resist to a portion of the current that is subtracted from the photocurrent Iph. Accordingly, when the shunt resistance increases, the efficiency of the PV cell increases leading to power improvement as shown in Figures 5a & 5b. 

			Efficiency of PV module versus electrical and environmental parameters

			Obviously, since the output power of the PV module is dependent on the temperature, the incident irradiation, the series resistance and the shunt resistance, its efficiency will be affected by such parameters. Figure 6-9 are in full agreement with what has been described in previous sections. The efficiency of the PV module was observed to be proportional to the incident irradiation and the shunt resistance. But, an inversely proportional relation to the temperature and the series resistance was observed with respect to the efficiency. However, these cell parameters are dependent on the manufacturing process and material configuration used. Evidently, the consumer is not, in anyway, able to adjust the shunt resistance of the PV module. However, tilt angle can be adjusted, and the PV system can be cleaned from dust deposit to receive higher incident irradiation level [17-22].

			Conclussion

			This paper has demonstrated and validated the effect of different manufacturing and environmental parameters on the design and performances of the PV cells. It has been shown clearly that the temperature and the efficiency of the PV cell are inversely proportional to the system efficiency while the efficiency of the cell is proportional to the incident irradiance. It was concluded that higher the temperature, the lower the cell’s efficiency and the more the incident irradiance the higher the efficiency of the PV cell. The successful operation of any PV system was proved to be environmental factors dependent and relied on the manufacturer’s production methods and material of construction.
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							Figure 5: Influence of the shunt resistance on the performance of the PV module. (a) I(V), (b) P(V), for different shunt resistance values. .
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							Figure 6: Efficiency versus temperature for different incident irradiation levels.
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							Figure 7: Efficiency versus incident irradiation levels for different temperature levels..
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							Figure 8: Efficiency versus incident irradiation for different series resistances.
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							Figure 9: Efficiency versus incident irradiation for different series resistances.
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