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Summary: This paper presents a comparative analysis of the temperature characteristics of photovoltaic modules using the software packages PSpice and PVsyst. Considered are the influence of radiation intensity on the temperature of solar cells and thus on its output characteristics. Described are the changes that occur on open circuit voltage and short circuit current of photovoltaic modules under the influence of different radiation intensities and consequently change the temperature of module.
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1. INTRODUCTION 
Photovoltaic module is an element that the principle of photovoltaic conversion is converting incident sunlight into electricity. Solar cells absorb photons from sunlight and use their energy to create electron-hole pairs. When the solar cell or photovoltaic module is exposed to sun rays is a change of temperature solar cells and thus its output characteristics. Part of the power committed by the photon is converted into electrical energy and part into heat. Temperature influence on the features of the photovoltaic modules can be analyzed using models of photovoltaic modules that take into consideration the effects of ambient temperature and module temperature changes under the influence of sunlight [1].  
2.     TEMPERATURE CHARACTERISTICS OF SOLAR CELLS
Effect of temperature on the characteristics of solar cells can be analyzed by the impact of each size that characterizes the solar cell. Effect of temperature on the short circuit current of solar cells can be approximated by the expression [1]:
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where: kB is Boltzmann's constant, temperature independent, EG width of the energy gap, T is temperature, q the electron charge, I0 inverse current saturation diffusion diode solar cells.
Besides the temperature effect on the short circuit current of solar cells, it can be shown that there is a specific effect of temperature on the open circuit voltage, which can be calculated from the expression [1]:
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where: EG is width of the energy gap, B constant, kB Boltzmann's constant, constant, ξ is covered by the influence of temperature on the current value I0.
2. SIMULATION OF THE EFFECTS OF TEMPERATURE ON CURRENT-VOLTAGE CHARACTERISTICS OF SOLAR CELLS
Using the basic model of the solar cell shown in Figure 1. and using the software package PSpice to simulate the effect of temperature on IV characteristics of solar cells [2].
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Fig. 1 The basic model of the solar cell

When the solar cell exposed to sunlight leads to changes in temperature of solar cells. Voltage current characteristic Ic = f (Vc) for silicon solar cell can be represented by the expression:
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where: Ic is output current from solar cells, light-generated current Iph, I0(T) the inverse temperature-dependent saturation current, q is electric charge, k Boltzmann constant, n the correction factor, Vc voltage solar cells, T is temperature.
Photocurrent Iph is proportional to the intensity of solar radiation G, where the constants of proportionality. Current solar cell can be expressed through form [3]:
                                                    
[image: image7.wmf]0

1

c

qV

nkT

cE

IKGIe

×

æö

ç÷

=×--

ç÷

èø

                                             (4)


From here, the voltage solar cell can be calculated from:
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The optimal working point is very important for solar cells. Power from a solar cell is the maximum for the condition that d(VcIc)/dIc = 0 Value of factor n is obtained from the condition that the dPC / dVC = 0 and short-circuit solar cell is equal Isc = Iph, when the voltage Vc = Vc,Opt. Taking the Isc>> I0 is obtained:
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Figure 2. presents the simulation results of temperature effect on IV characteristics of the radiation intensity of 1000W/m2, done in PSPICE software package for the value of temperature (T = 5, 10, 27,45, 55 and 800C). An example is given for the solar cell used in photovoltaic module type H250 produced by "Solaris" Novi Grad, Croatia that was used for experimental measurements. Dimensions of solar cells 6.8cm x 6.8cm, area 46.24 cm2, the current density Jsc = 34.3 mA/cm2, and Jo = 10-11A/cm2, the value of parallel resistance RSH = 1000Ω.
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Fig. 2 The effect of temperature on the characteristics of solar cells
With graphic shows that the value of circuit voltage Voc of solar cells at a temperature of 270C is equal to 570mV. At a temperature of 800C circuit voltage is equal to the 450mV. Taking the difference of temperature and voltage can be calculated that the temperature coefficient of solar cells equal to -2.3 mV/0C.
4.       TEMPERATURE CHARACTERISTICS OF PHOTOVOLTAIC MODULES
The model is based on information provided by manufacturers under standard test conditions (STC Standard Test Condition) [4], which usually differ from the fluctuating conditions in which the photovoltaic module is [4]. The lack of such a model can be solved using the model of photovoltaic module that takes into account the effect of radiation intensity on the temperature of the module and thus the voltage and current of photovoltaic modules. The current PV module depends on the intensity of incident radiation and the temperature of photovoltaic modules [1].
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where: ISCM  is short circuit photovoltaic modules, the G intensity of incident radiation on the surface of photovoltaic modules, IscMr short circuit at the reference temperature, Tr reference temperature, Tc temperature of solar cells and modules.

The temperature dependence of circuit voltage can be approximated as over the form [1]:
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where: VocM is circuit voltage photovoltaic modules, VocMr circuit voltage of photovoltaic modules at the reference temperature, Tr reference temperature (270C), Tc temperature of photovoltaic modules, VT  temperature potentials.
Figure 3. presents the simulation results using PSPICE software package, the effects of different intensities of radiation on the output characteristics of photovoltaic module H250 produced by "Solaris" Novi Grad, Croatia.

The basic technical data for the photovoltaic module H250 [5]: Number of series-connected solar photovoltaic cells that make up the module Ns = 42, Pmax = 25W, ISCM = 1.56 A and VocM = 21.5 V (standard test conditions STC, T = 250C, AM1 , 5G, 1000W/m2). Simulation of the influence of radiation intensity with change in temperature of the module due to the effects the sun has been done in PSPICE package for various intensities of incident radiation 200, 400, 600, 800 and 1000W/m2.
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Fig. 3 The influence of radiation intensity on the characteristics of photovoltaic modules
Table I shows the values ​​of temperature of solar cells for different intensities of radiation:
TABLE I. TEMPERATURE SOLAR CELLS WITH DIFFERENT INTENSITY OF  

                                               RADIATION
	H250
	Intensity of radiation

	
	200W/m2
	400W/m2
	600W/m2
	800W/m2
	1000W/m2

	Tc
	320C
	390C
	450C
	530C
	600C


The comparative analysis used the software package PVSYST 5.0. for analysis and synthesis of photovoltaic systems.

Figure 4. presents the simulation of the influence of radiation intensity taking into account the effect of radiation intensity on the temperature module. For each IV curve shown in Figure 4. seen the value of incident radiation and module temperature calculated at the same intensity of radiation. The simulation was done for the ambient temperature of T = 250C.
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Fig. 4 The influence of radiation intensity with temperature changes

Table II presents the results obtained in the simulation software package PSPICE Figure 3. and the results obtained by simulation in a package PVSYST 5.0. Figure 4.
TABLE II. COMPARATIVE SIMULATION RESULTS PSPICE-PVSYST
	H250-module
	Parameters

	
	IscM
	VocM
	Intensity of radiation 

	PSpice
	1,568A
	17,792V
	1000W/m2

	PVsyst
	1,62A
	18,8V
	

	PSpice
	0,312A
	20,544V
	200W/m2

	PVsyst
	0,320A
	18,60V
	


Previous analysis of simulation results using two package PSPICE and PVSYST, shows that there are differences obtained values ​​of circuit voltage and short circuit current of photovoltaic modules. Comparing the results of simulation with data obtained from the manufacturer, the value of radiation 1000W/m2, shows that the software package PSpice obtained value of short circuit in an amount of 1.568 A, which corresponds to the manufacturer. The simulation results PVSYST package for the short circuit current is 1.62 A, which deviates by 0.6 A value of data obtained from the manufacturer module. On the other hand the value of circuit voltage for simulation in PSPICE is 17.792 V, while the simulation PVSYST package is 18.8 V. The vendor says the fact that the circuit voltage value for the intensity of radiation from 1000W/m2 equal to 21.5 V.
3. CONCLUSION
The paper is demonstration that there are deviations of the results obtained from simulation data obtained from the manufacturer. Data on photovoltaic modules, provided by module manufacturers give a partial picture of the behavior of modules under real operating conditions. These data are usually given for standard conditions of testing are required for this type of device.

In order to get results for real conditions in which the photovoltaic module is necessary to take into account the real conditions in which the photovoltaic modules in order. Under that means the effect of different intensities of radiation on the photovoltaic module, variable temperature, and changes in temperature of photovoltaic modules due to effects of radiation on the module.
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