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In this paper we analyzed in Pspice the influences of the solar radiation and the temperature on the 
optimal operation of the photovoltaic (PV) panels and the PV systems provided with an MPPT command 
(CFV) which fixes a voltage (Vopt) at output of PV panel. We have shown that the Vopt voltage depends 
on the seasons and function of the temperature. Between winter and summer the variation can reach 
1V. This variation can induce losses of powers higher than 30%. From the measurements taken during 
days when the solar radiation can reach 900 W/m2 in midday and of the results of optimization of the 
panels functioning in Pspice simulator, we have showed that MPPT command carries out its role 
correctly if the value of the fixed Vopt voltage is the optimal value of the panel in the middday. By taking 
account of this condition we have showed, lasting all the day, that MPPT command optimizes power 
provided by the panels and that the losses of powers are lower than 2%. 
 
Key words: Photovoltaic panels, photovoltaic systems, maximum power point tracking (MPPT)- MPPT 
command, influence of the solar radiation and the temperature optimal voltage of the panels.  

 
 
INTRODUCTION 
 
Currently, the sources of energy and the harmful increase 
in the greenhouse effect are topical urged. They pushed 
the scientists to have recourse to new renewable ener-
gies, non polluting. Among these energies one finds the 
energy photovoltaic (PV) (Woyte et al. 2006; Mohamed, 
2002) whose electrical energy is produced by PV panels 
(Mrabti et al., 2009; Kassmi et al., 2007; Mrabti et al., 
2008; Salameh et al., 1991; Kottas et al., 2006; Gruber et 
al., 2005; Salameh and Taylor 1990). PV energy has also 
found its utility in small scale applications and for isolated 
systems of transformations (Woyte et al., 2006). Photo-
voltaic energy is a source of inexhaustible and non 
polluting renewable energy source (Mrabti et al., 2009). 
The main issue of the production of electrical energy by 
this technique is the optimal operation of the panels 
(modules) photovoltaic (Mohamed, 2002; Mrabti et al., 
2009; Kassmi et al., 2007; Mrabti et al., 2008; Salameh et 
al., 1991; Kottas et al., 2006; Gruber et al., 2005; 
Salameh and Taylor 1990). This can reduce in a 
considerable way, the cost of PV installation and increase 
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the output of PV generators. 
Currently, many researches are carried out on the 

design of the MPPT command which optimize the electric 
output provided by the PV panels (Jain and Agarwal, 
2004; Gules et al., 2008; Esram et al., 2006; Al-Atrash et 
al., 2005). One found numerical MPPT commands 
(Bahgat et al., 2005; Femia et al., 2004; Taftcht et al., 
2008; Yu et al., 2004), which require the use of the 
microcontrollers and the algorithms of data processing 
(Jain and Agarwal, 2004) and of the analogical command 
(Mohamed, 2002; Mrabti et al., 2009; Kassmi et al., 2007; 
Mrabti et al., 2008; Salameh et al., 1991; Kottas et al., 
2006; Gruber et al., 2005; Salameh and Taylor 1990), 
which use electronic and digital components. The analo-
gical commands are characterized by the simplicity of 
realizations, lower low cost and can function at high 
frequencies. In the case of that last command and since 
the optimal voltage of PV panels varies very little with 
solar irradiation and the temperature, in the literature 
(Salameh et al., 1991; Kottas et al., 2006; Gruber et al., 
2005; Salameh and Taylor, 1990; Jain and Agarwal, 
2004; Gules et al., 2008; Esram et al., 2006), one finds 
simple commands which fix the voltage of PV panels at a 
fixed    value   (command  CFV).   This    command   is   less  
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Figure 1. Electric diagram of a PV cell. 
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Figure 2. Simulation of the characteristics current-voltage of module SP75 as a function of solar 
radiation at the temperature 25°C. 

 
 
 
expensive and the time of convergence of PV panels at 
the maximum power point (PPM) is fixed by the response 
time of the analogical and digital components of the 
command (of the order of milliseconds). Actually, during 
one day the temperature variations are enormous and 
can affect the optimal voltage of PV panels. Moreover, on 
the level of the PV panel, the temperature can reach a 
very important value: higher than 40°C. Therefore, the 
use of MPPT command CFV can induce losses of elec-
trical power. Consequently, the analysis of the electric 
operation of PV panel as well as the PV systems provi-
ded MPPT command CFV as a function of the temp-
erature is essential. 

In this Work, we have analyzed in Pspice the optimal 
electric operation of PV modules SP 75 as a function of 
solar radiation and of the temperature. Based on the 
obtained results, we characterized and modeled the elec-
tric properties of PV panels SP75 installed at the labo-
ratory. By taking account of the obtained results we have 

analyzed experimentally the operation of the PV system 
provided with CFV command. A particular intention will 
be attached to the analysis of the regulation of the comm-
and as a function of the voltage fixed by MPPT command 
during one day. 
 
 
Analysis photovoltaic panels in Pspice 
 
Electric characteristic of the module SP 75 
 
We have symbolized in Pspice simulator the electric diagram of the 
PV panel SP 75 which is made of 36 cells in series (Figure 1) 
(Mrabti et al., 2009;  Kassmi  et al., 2007;  Mrabti  et al., 2008;  Sze,  
1981). As shown in the Figure 1, a PV cell is formed by the short- 
circuit current (ISC), the diode (D), the shunt resistance (RSh) and 
series resistance (RS). From the comparison of the results of 
simulations and those provided by the manufacturer we deduced 
the various parameters from the diode and those of PV cell: 
 
i) Series resistance: RS = 12.5 mΩ, 
ii) Shunt resistance: RSh =1 MΩ, 



296          Int. J. Phys. Sci. 
 
 
 

           V_Vp

0V 2V 4V 6V 8V 10V 12V 14V 16V 18V 20V 22V 24V
W(Vp)

0W

10W

20W

30W

40W

50W

60W

70W

80W

90W

100W

1200 W/m2

1000 W/m2

700 W/m2

500 W/m2

300 W/m2

100 W/m2

 
 
Figure 3. Simulation of the characteristics power-voltage of module SP75 as a function 
of solar radiation at the temperature 25°C. 
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Figure 4. Simulation of the influence of solar radiation on the Vopt 
voltage of module SP75 at the temperature 25°C. 
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Figure 5. Simulation of the influence of solar radiation on the Iopt 
current of module SP75 at the temperature 25°C 
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Figure 6. Simulation of the influence of solar radiation on 
the Pmax power of module SP75 at the temperature 
25°C. 
 
 

iii) Dependence of the short-circuit current (ISC) with solar radiation 
[Le (W/m2)]: 
 
Isc = 0.00481* Le – 0.0125   (1)                        
 
On Figures 2 and 3 we have represented the typical characteristics 
current-voltage and power-voltage as a function of solar radiation 
for a temperature of 25°C. It appears that the power provided by 
PV panel is maximum (Pmax) for an optimal current Iopt and 
voltage Vopt. From the characteristics of Figure 2, we have 
deduced the optimal characteristics (Vopt, Iopt and Pmax) from 
module SP75 as a function of solar radiation. The results obtained 
are represented on Figures 4 to 6. It appears that for strong solar 
radiation, the  optimal  voltage  Vopt  depends  very  little  on  solar 
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Figure 7. Evolution of the Iopt current as a function of 
current ISC at the temperature 25°C.  
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Figure 8. Simulation of the influence of the temperature and 
solar radiation on the optimal Vopt voltage 

 
 
 
radiation and it is in the order of 15 V. 

Also, we have traced on Figure 7 the evolution of the optimal 
current (Iopt) as a function of the short-circuit current (ISC). It 
appears a linear behavior following the relation: 
 

SCopt I*87862.006214.0I +=
                                           (2) 

  
The equation 1 and 2 show that the measurement of the short- 
circuit current makes it possible to deduce the value of the solar 
radiation (Le) and the optimal current (Iopt) of PV panel. 
 
 
Influence of the temperature on the optimal electrical 
characteristics of module SP 75 
 
From the Pspice simulator, we have traced the various  characteris- 
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Figure 9. Simulation of the influence of the temperature and 
solar radiation on the optimal Iopt current.  
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Figure 10. Simulation of the influence of the temperature and 
solar radiation on the optimum Pmax power in Pspice.  

 
 
tics power-voltage as a function of solar radiation and temperature, 
then we have deduced the optimal voltage (Vopt), the optimal 
current (Iopt) and the optimum power (Pmax) as a function of solar 
radiation (Figures 8 to 10). It appears that: 
 
i) The optimal current decreases with temperature. For a solar 
radiation of 1000 W/m2, when the temperature increases 
(decreases) by 20°C around the ambient temperature (25°C) the 
current decreases (increases) by 2.5% (2%). 
ii) The optimal voltage (Vopt) decreases with temperature. For a 
solar radiation of 1000 W/m2, when the temperature increases 
(decreases) by 20°C around the ambient temperature (25°C) the 
Vopt voltage decreases (increases) by 8% (8.3%). 
iii) The maximum power (Pmax) decreases with the temperature in 
particular for a strong solar radiation (higher than 600 W/m2). For a 
solar radiation of 1000 W/m2, when the temperature increases 
(decreases) by 20°C around the ambient temperature (25°C) the 
Pmax power decreases by 10% (10.4%). 

The whole of the results obtained show that the temperature 
degrades the electric quantities of PV panels. The optimal voltage 
of   the   panel  depends  very  little  on  solar  radiation  for  a  given 
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Table 1. Optimal Vopt voltage as a function of the temperature for solar 
radiation of 1000 W/m2.   
 

T (°C) 0 5 15 25 35 45 
Vopt (V) 16.680 16.360 15.76 15.120 14.531 13.958 
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Figure 11. Relative variation of the power provided from the PV panel, compared to the optimum one, by setting the voltage of table 1 as a 
function of the solar radiation and the temperature.  
 
 
 
temperature. Since during one day the temperature undergoes 
important variations, in particular around PV panels, then the 
optimal voltage varies in a considerable way. If the MPPT command 
used, for the regulation of the power provided by PV panels, which 
is that which sets a voltage 'CFV', the variations of the temperature 
can limit in a considerable way the electric performances of these 
PV panels. 

On Table 1, we have represented the values of the optimal 
voltage Vopt for several temperatures with a solar radiation of 1.000 
W/m2. These values show that during the operation of PV system, it 
is expect necessary to envisage during the day a variation of the 
optimal voltage of 1 V for the cold seasons (winter) and hot 
(summer). Therefore, the voltage fixed by the command must be 
readjusted according of the seasons. 

On Figure 11 we have represented the influence of solar 
radiation on the relative variation of the power provided by PV 
panel, compared to the optimal conditions, as a function of the Vpvo 
voltage of the panel for 3 temperatures. It appears that the relative 
variation strongly depends on the temperature and the Vpvo voltage 
must be chosen as a function of the temperature. Also, we can 
deduce: 
 
i) During the cold season, when the temperature is around of 5°C, 
by setting the Vpvo voltage (15 V), corresponding to the 
temperature 25°C, the powers losses are lower than 2.5% 
independently of the solar radiation intensity. 
ii) During the hot seasons, when the temperature is around in order 
of 50°C, by setting the Vpvo voltage (15 V) corresponding to the 
temperature 25°C, the powers losses are lower than 4.8% 
independently of the solar radiation intensity. 
iii) During the seasons when the temperature is around of the order 
25°C, by setting the Vpvo voltage (16 V) corresponding to that of 

the cold season (5°C), the power losses are lower than 2% 
independently of solar radiation intensity. 
 

The whole of the results obtained enable us to conclude that the 
power losses of PV panels can be due to the increase in the 
temperature and the choices of the Vpvo voltage set by MPPT 
command CFV. Also, the power losses due to the increase of the 
temperature are very important compared to those due to the Vpvo 
voltage if the latter undergoes variations of 1 V. 

We have analyzed the influence of the Vpvo voltage of MPPT 
command CFV on the total operation of the system designed in 
Pspice and realized at the laboratory. 
 
 
Electric characterization of the PV panels 
 

The PV panels SP75 which were the subject of our 
experimental study are represented on Figure 12. A 
panel consists of 36 single-crystal cells and can provide 
under the standard conditions of test (solar radiation of 
1000 W/m2, temperature of 25°C, spectrum AM1.5) a 
peak power of 75 W and a current of 4.41 A under a 
voltage 17 V. These panels and conceived PV systems 
are characterized from the measuring equipments 
developed at the laboratory (Figure 13). We have 
characterized the module SP 75 during one day when the 
intensity of solar radiation is around of 701 W/m2 and the 
temperature of 25°C. On Figures 14 and 15 we have 
represented the typical characteristics current-voltage 
and power-voltage  obtained.  On  the  same  Figures  we 



 
 
 
 

 
 
Figure 12. Photovoltaic panels SP75 
installed in laboratory.  

 
 
 
 

 
 
Figure 13. The measuring equipments allowing 
the characterisation of the panels and 
photovoltaic systems. 
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Figure 14. Characteristics current-voltage 
experimental (�) and simulated in Pspice (——). 20 
January 2007. T : 25°C, Le = 701 W/m2.  
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Figure 15. Characteristics power-voltage experimental 
(�) and simulated in Pspice (——).  20 January 2007. T : 
25°C, Le = 701 W/m2. 
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Figure 16. Characteristics power-resistance experimental 
(�) and simulated in Pspice (——).  20 January 2007. T : 
25°C, Le = 701 W/m2. 

 
 
 
 
have represented the characteristics simulated in Pspice 
by taking account of the parameters set during the 
symbolization of the module SP75. The comparison 
between the 2 characteristics enables us to deduce a 
very good agreement between the experiment and 
simulation. The same Figures 14 and 15 show that the 
maximum power provided by the generator is around of 
48 W. 

On Figure 16 we have represented the theoretical 
influence (Pspice) and experimental of resistance, con-
nected to the output of the panel on the PV panel power. 
It appears on the one hand a good agreement  between 
between the experiment and simulation and on the other 
hand that the optimal resistance of PV panel is around of 
the order of 5 Ω. In PV applications, the value of the load 
is never set by the user and consequently PV panels 
never function under the optimal conditions. Therefore, 
the use of MPPT command is essential in order to 
optimize the operation of PV panels. 
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Figure 17. Synoptic diagram of PV system adapted by a 
DC-DC converter and an MPPT command.  
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Figure 18. Photovoltaic system provided with an MPPT command CFV. 

 
 
 
Photovoltaic system provided with MPPT command 
CFV 
 
Structure of PV system 
 
The synoptic diagram of a PV system is represented on 
Figure 17. This system is formed by: 
 
i) A PV panel (SP75). 
Ii) DC-DC converter (Boost), dimensioned to function at 
the frequency of 10 kHz. 
iii) The MPPT command CFV, which has as a role to set 
a voltage Vpvo at the output of the panel. 
iv) A load (resistor of 50 Ω). 

 

In order to reduce the PV cost of the installations of the 
photovoltaic systems, we chose to analyze thoroughly the 
MPPT command CFV since it is characterized by the 
simplicity of its realization, convergence towards the 
almost instantaneous maximum power point (MPP) (a 
few ms) and the relatively low cost. The various blocks of 
this command (Figure 18) are: 
 
i) The amplifier of difference (Block 1), which calculates 
and amplifies the difference between a PV panel voltage 
and a reference one (Vr). 
ii) Non-reverser amplifier (Block 2), which has as a role to 
amplify the difference. 
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Figure 19. Simulation in Pspice of the electric quantities at the input and the output of the C-DC 
converter. Le=1000 W/m2.τo: 4.7 kΩ * 10 µF= 47.0 ms. 
A: voltage, B: current, C: power. 

 
 
iii) Reverser amplifier (Block 3), which has as a role to 
change the sign of the difference. 
iv) The integrator (circuit RC) (Block 4), of time-constant 
τo, which has as a role to generate the reference voltage 
(Vref). 
v) The comparator (Block 5), which compares the Vref 
voltage with that provided by the oscillator (Block 6). This 
block generates a signal, modulated in width of impulse 
of period T, frequency of 10 kHz and duty cycle α. This 

signal is injected to MOSFET transistor of the DC-DC 
converter through the driver. If this Vref voltage increases 
the point of operation of PV generator (decreases) moves 
towards the conditions of the short-circuit (open circuit). 
 
 
Operation of PV system in Pspice 
 

On Figure 19, we have represented the various electric 
quantities (voltage, currents and powers) at the input  and 
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Figure 20. Simulation in Pspice of the signal on the output of comparator.  
 
 
 

 
 
Figure 21. Photograph of the DC-DC Boost converter and MPPT 
command (CFV).   
 
 
the output of the DC-DC converter (Figure 17), by taking 
account of the MPPT command CFV. The various 
parameters of this command are calculated to control the 
voltage on the output of PV generator to the value 15 V. 
The results obtained show that: 
 

1. The system converges towards the optimal conditions 
about 40 ms. 
2. The various electric quantities oscillate around their 
optimal values: 
i) The input voltage (output) of the converter oscillates 
around 15 V (55 V), 
ii) The input current (output) of the DC-DC converter 
oscillates around 4.13 A (1.1 A), 
iii) The input power (output) of the converter oscillates 
around 64 W (62 W). 
 

To make sure of the convergence of the system around 
the optimal conditions, we traced on Figure 20 the 
simulation of the signal generated by the comparator 
(Block 5). It appears that the frequency of this signal is of 
10 kHz and his duty cycle is around of 0.72. This last 
value is in very good agreement with that obtained during 

the analysis of the optimal operation of the boost 
converter. This shows well the optimal operation of PV 
system. Therefore, MPPT command used, control well 
the electric operation of PV generator around the optimal 
conditions. The oscillations obtained, strongly depend of 
the time constant τo: when τo increases (decreases), the 
system becomes slow (fast) and the amplitude of the 
oscillations decreases (increases). 
 
 

Realization and characterization of PV system 
 

Experimental procedure: 
 

PV panels SP75 and the measuring equipments 
developed are those represented on Figures 12 and 13. 
The various blocks of the system (DC-DC Boost 
converter, MPPT Command) were realised on test circuit 
boards of Figure 21. 
 
 
Electrical characterisation of complete PV system: 
 
In order to validate the operation of PV system of Figure 
18, we have followed the operation of this system, 
functioning during a day, as a function of the time-
constant �o of the integrator (Block 4) and of the Vpvo 
voltage. From the obtained results, we have checked that 
the time-constant �o does not have a significant influence 
on the optimal electric quantities of PV panel. 

Concerning the influence of the Vpvo voltage, we have 
represented on Figures 22 to 29 the variation of solar 
radiation and for 4 Vpvo voltage (16.5 V, 16 V, 15.54 V 
and 15 V) the variations of the duty cycle of the signal 
which control the switch of the DC-DC converter and the 
electric quantities at the input and the output of the DC-
DC converter (currents, voltage and powers). It should be 
noted that during the measurements, the temperature 
with amber was, on one hand in order of 25°C at the 
beginning and the end of the day and on the other hand 
increases by 6 to 10°C in the middle of the day. 



 
 
 
 

 
 
Figure 22. Variation of the solar radiation during the day 
February 26, 2008. 

 
 

 
 
Figure 23. Variation of the duty cycle of PV system during 
the day February 26, 2008.  

 
 
 

 
 
Figure 24. Variation of the Vpv voltage of the PV panel during 
the day February 26, 2008.  
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Figure 25. Variation of the Vs voltage on the output of the DC-
DC converter during the day February 26, 2008. 

 
 
 

 
 
Figure 26. Variation of the Ipv current of PV panel during 
the day February 26, 2008. 

 
 

 
 
Figure 27. Variation of the Is current on the output of the DC-DC 
converter during the day February 26, 2008. 
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Figure 28. Variation of the power of PV panel during the day 
February 26, 2008.  
 
 
 

 
 
Figure 29. Variation of the power PS on the output of the DC-DC 
converter during the day February 26, 2008.  
 
 
 

On the same Figures 23 to 29, we have represented 
the various optimal quantities, determined from the solar 
radiation of the Figure 22, by setting the temperature of to 
25°C. The various results show that: 
i) At the beginning and the end of the day, the Vpvo 
voltage influence very little on the various electric 
quantities. These later are very close to optimal one. 
ii) In the middle of the day, the various electric quantities 
depend on the Vpvo voltage and are lower than those 
optimal quantities (given at 25°C). As shown in the Figure 
30, the losses of powers can reach 25%. On the same 
Figure 30 we have represented the losses of power 
provided by PV panel when this one is directly connected 
to the load. It appears that MPPT command improves 
operation  of  PV  panels.  Under  the  conditions   of   our 

 
 
 
 

 
 
Figure 30. Losses of the power of PV panel of the PV system 
during the day February 26, 2008. 
 
 
 

 
 
Figure 31. Efficiency of the DC-DC converter during the day 
February 26, 2008.  

 
 
experimentation the improvements can reach 80%. 

To make sure of the good performance of the DC-DC 
converter, we have represented on Figure 31 the 
experimental efficiency of the DC-DC converter. On the 
same Figure, we have traced the efficiency simulated in 
Pspice. It appears that the efficiencies is very satisfactory 
(around 89%) and close to the simulated one. These 
results show well, the good performance of the DC-DC 
converter dimensioned and realized during this work. 
In order to better interpret the results obtained, we have 
followed the operation of the system as a function of the 
Vpvo voltage when those are lower than 15 V. The 
results obtained are similar to those obtained when the 
Vpvo voltage is higher than 15 V, in particular in the 
middle of the day when the electric power provided by the 
PV panel is lower than the optimal. We have shown in 
Pspice that the voltage and the optimum power of PV 
panel are degraded with the temperature. Therefore, the 
increase of the temperature observed in the middle of the 
day can degrade the power provided by the PV  panel.  In 



 
 
 
 

 
 
Figure 32. Variation of the solar radiation during the day March 1, 
2008.  
 
 
 

 
 
Figure 33. Variation of the duty cycle of PV system during the day 
March 1, 2008. 
 
 
order to analyze thoroughly this last behavior, we model 
in the following paragraph, the behavior of the power 
provided by the PV panel as a function of the 
temperature, during sunny day. 
 
 
Fine modeling of electrical quantities of PV system in 
Pspice: 
 
In order to explain the losses of power provided by PV 
panels in the middle of the day, we have modelled from 
Ppsice simulator, the PV system electric characteristics 
(voltage, current, power,…) during one day of function. 
On Figures 32 to 34 are represented the experimental 
results concerning solar radiation, the duty cycle � and 
power provided by the PV panel when the Vpvo voltage 
of MPPT command is around 15 V. On the same Figures 
33 and 34 we have reported the simulated results in 
Pspice at ambient temperature (25°C). The obtained 
results show: 
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Figure 34. Power experimental and simulated in Pspice of PV 
panel during the day March 1, 2008.  
 
 
 

 
 
Figure 35. Variation in the temperature during the day 
March 1, 2008.  

 
 
 
i) MPPT command controls well the operation of PV 
panel. 
ii) At the beginning and the end of the day the power 
provided by the panel is practically that optimal with 
25°C. 
iii) In the middle of the day, practically 5 to 8 W were lost 
(either 10%). 
 
To interpret the behavior obtained in the middle of the 
day, we have measured the temperature close to the 
panel during all the day of PV system experiment (Figure 
35). It appears that at the beginning and at the end of the 
day the temperature is around 25°C and it can reach 
39°C in the middle of the day. Therefore, in the middle of 
the day the temperature can increase by 10 to 15°C 
compared to the beginning and the end of the day. In the 
theoretical part, we have shown that the increase in the 
temperature of 20°C can degrade the optimum voltage 
and power from 8 to 10%. Within the framework of our 
experimentation, the MPPT command controls the 
voltage of the PV panel to a fixed value which is of 15 V.  
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Figure 36. Variation of the solar radiation during the day April 1, 
2008.  
 
 
 

 
 
Figure 37. Voltage and simulated (optimal) in Pspice of PV panel 
during the day April 1, 2008 
 
 
 
To take account of the increase of the temperature, it 
would be necessary that the Vpvo voltage decreases to 
13.5 V. Therefore, the losses of powers are due to the 
fact that the Vpvo voltage is maintained at a fixed value. 
The simulation results show well that this can induce 8% 
of losses of powers. 
In our case (Vpvo = 15 V), we have traced on Figure 34, 
the powers simulated in Ppsice taking account of the 
increase in the temperature in the middle of the day. It 
appears that the temperature 42°C allows a very good 
agreement between the experiment and simulation. Also, 
the temperature value is in agreement with that 
measured close to the panel. Therefore, the degradation 
of the electric power provided by PV panel in the middle 
of the day is due to the increase in the temperature which 

 
 
 
 

 
 
Figure 38. Variation of the duty cycle of PV system during the 
day April 1, 2008.  

 
 
degrades the optimal electric quantities of the PV panel 
(voltage and power). 

Also, the powers lost in the middle of the day can be 
due to the Vpvo voltage which is maintained constant 
with this high temperature. Within the framework of our 
experiment and according to the simulation results, when 
the temperature is around 42°C and the Vpvo voltage 
around of the 15V, the losses of powers by fixing this 
Vpvo voltage are lower than 2%. Therefore, the losses of 
powers are mainly due to the increase in the 
temperature. 
 
 
Optimization of MPPT command (CFV): 
 
In the preceding paragraphs we have shown that the 
optimal voltage of the PV panel decreases with the 
temperature. Since in the middle of the day the 
temperature of the PV panel increases considerably, the 
voltage undergoes an important decrease temperature, 
when the temperature varies 25 to 42°C, the optimal 
voltage varies from 15 to 14 V. From the measurements 
temperature, which are taken around the PV panel in 
April, we have deduced that the temperature is 25°C at 
the beginning and the end of the day and 42°C in the 
middle of the day. Since at the beginning and the end of 
the day the temperature does not have an influence on 
the choice of the Vpvo voltage, then we can fix this 
voltage at the value which corresponds to the 
temperature 42°C of the middle of the day (Vpvo = 14 V). 

On Figures 36 to 39 are represented the experimental 
results concerning solar radiation, the Vpv voltage of the 
PV panel, the duty cycle � and power provided by the PV 
panel. On the same Figures we have traced the optimal 
electrical characteristics at the ambient temperature 
(42°C). On Figure 40 we have deduced and represented  
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Figure 39. Power experimental and simulated in Pspice of PV panel during the 
day April 1, 2008.  

 
 
 

 
 
Figure 40. Power losses of the PV panel during the day April 1, 
2008.   
 
 
the losses of powers compared to the optimal situations. 
The whole of the results obtained show: 
 
i) MPPT command controls well the operation of PV 
panel. 
ii) A good agreement between the experiment and 
simulation during all the day of the operation of the PV 
system. 
iii) The electrical energy provided by the panel is in the 
order of 300 Wh. 
iv) The losses of instantaneous power are weak (lower  
than 2%). 

 
 
Figure 41. Efficiency of the DC-DC converter during the day April 1, 
2008.  
 
 
To make sure of the good performance of the DC-DC 
converter, we have represented on Figure 41 the expe-
rimental efficiencies and those simulated in Pspice. It 
appears on one hand very satisfactory efficiencies (order 
of 90%) and on the other hand a good agreement 
between the experiment and simulation. The whole of the 
results show that MPPT command CFV controls well the 
operation of the PV panels. The Vpvo voltage set by the 
command must be selected with precaution by taking 
account into the increase in the temperature. In the PV 
installations, it would be necessary to set the voltage 
which corresponds to the temperature of the middle of 
the day. 
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Conclusion 
 
In this article, we have analyzed in the Pspice simulator 
the influence of the temperature on the optimal operation 
of the photovoltaic (PV) panels (SP 75) and on the 
operation of the photovoltaic PV system. The electric 
power provided by the PV panel is controlled by an 
MPPT command which controls the Vpvo voltage of PV 
panel to a fixed value (CFV). 

We have shown that the optimum voltage and the 
power of the PV panels depend on the temperature. 
When the temperature increases (decreases) by 20°C 
compared to the ambient temperature (25°C), the 
optimum voltage or the power decreases (increases) by 
8%. These results show that when the operation of the 
PV panel is controlled by an MPPT command CFV, the 
Vpvo voltage must be set with precaution as a function of 
the temperature of the seasons. 

In order to validate the whole of the results obtained, 
we have realized and analyzed the operation of a PV 
system. We have analyzed the operation of the system 
during several sunny days as a function of the Vpvo 
voltage. We showed that during days when the 
temperature can exceed 40°C, in the middle of the day, 
the PV panels can undergo losses of powers around of 
the order from 20 to 25% when that one fixes the Vpvo 
voltage which corresponds to that of the ambient 
temperature. Also, at the beginning and the end of the 
day when the temperature is around in the order of 25°C, 
the losses of PV panels is very weak (lower than 2%) if 
one fixes the Vpvo voltage which corresponds to that of a 
high temperature. 

During one day when the temperature in the middle of 
the day is around in the order of 42°C, we have set the 
Vpvo voltage which corresponds to this temperature and 
followed the operation of this system during this day. We 
have shown that the losses of instantaneous power 
provided by PV panel are very weak (lower than 2%) 
during all the day.  These results on one hand confirm 
those obtained in the Ppsice simulator and on the other 
hand enabled us to propose an optimal functioning of the 
PV systems which uses MPPT command CFV. For this 
type of MPPT command, it is recommended to fix the 
Vpvo voltage which corresponds to that of the 
temperature of the middle of the day. 

The whole of the results obtained in this work shows 
that designed (PV) system, simulated and realized in this 
work can be used in a PV installation in order to optimize 
the functioning of PV generators. 
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