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ABSTRACT

This paper will discuss the study, analysis and simulation of a
photovoltaic (PV) electrical system performance adapted to a
Maximum Power Point Tracking (MPPT) command for
ensuring the pursuit of the maximum power supplied by the
generator.

To attain this purpose, the focus was on obtaining a system
which presents a better adaptation between its various
components: Photovoltaic generator (GPV) and load.

The proposed approach is a (MPPT) command based on the
algorithm perturb and observe, the role of which is to fix the
optimal tension to the (GPV) output.

The control carried out allows searching for the Maximum
Power Point (MPP). The results obtained show that the
controller used manages to force the system to operate at a
maximum output power of (GPV) independently of the
weather conditions and of the variation of the load.

In this analysis, the conceived system is a (GPV) of the type
SP75 producing, under standard test conditions (STC), a peak
power of 75 W, an optimal current of 4.41A and an optimal
tension of 17.2 V.

Keywords
MPPT, MPP, Photovoltaic System, Photovoltaic Generator,
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1. INTRODUCTION

Following the example of the diverse existing renewable
energy, the photovoltaic energy is extremely interesting on the
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one hand by its abundance and on the other, by absence of
climatic and noise pollution. To be used for various
applications and to satisfy the economic constraints, the
conception and implementation of (PV) systems are necessary
and raise at present numerous problems. The realized PV
system must be robust, reliable and presenting a high
efficiency [1].

For a photovoltaic system, the variation of illumination or the
load induces a degradation of the power supplied by the
(GPV) of the order of 50%; in addition, the (GPV) no longer
works in the optimum conditions [2]. For this, it is necessary
to extract the maximum power from the (GPV) power
available at the (GPV), and generally not drawn by the load.
A good profitability of the (GPV) can be realized if it works at
maximum power all the time. Now, the maximum power
point varies according to several parameters as solar
irradiation G, the temperature T and the nature of the load.
Regardless of weather conditions (temperature and
irradiation), and the load, the control system of the converter
sets the system up to the maximum operating point
(Iopt» Vope) The generator may at any time have the power
curve modified, as well as the optimal power. The (MPPT)
controller must meet the requirement to seek the (MPP) and
maintain a functioning around this point [3].

2. EQUIVALENT CIRCUIT OF A
PHOTOVOLTAIC CELL

Regarding the behaviour of an actual solar cell, two parasitic
resistances are taken into account for a more accurate
description [4].
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Fig 1 : Equivalent circuit of a solar cell [5]

Where :

Ry, : Shunt resistance characterizing the leakage current on
the surface of the cell due to the non-ideality of the PN
junction and impurities near the junction.

R, : Series resistance representing the various contact
resistances and the resistance of the semi-conductor. In
practice, the parallel resistance Ry, is very important (on the
order of the mega ohm) and series resistance R is very low
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(of the order of a few milli-ohms). With such an equivalent
electric circuit:

Vp
leey = Iph —Ip——%—
sh

Vb
ID = IS (evth - 1>

Vp = Veeu + Rs Icen

So the current delivered by the cell can be described as :

Vcell + Rs Icell

ICEll = Iph — [S(e(Vcell+Rs Ieet)/Ven — 1) — R
sh

Where :

I.o; : Current delivered by the cell (A)
I, - Diode current (A)

I1paa : Current through the load (A)

L, © Photo-current (A)

I, :  Saturation current (A)

Rjoaq : The load resistance (Q2)

R : Resistance series (Q)

Rgp © Parallel resistance (Q2)

Veenn : Voltage at the cell terminals (V)

Vioaa - Terminal voltage at the load (V)

V,c : Open circuit voltage (V)

Vin o Thermal voltage (V)

Vp: Diode voltage (V)

Prax: Maximum power of photovoltaic panel (W)
Iypp : The current maximum power point (A)
Vupp © The maximum power point voltage (V)

Ppy : The power of photovoltaic panel (W)

R} ,aa : The resistance of the load ()

Vpy - Voltage generator (V)
Ipy : Current generator (A)

3. PHOTOVOLTAIC SYSTEM

A solar cell is a sensor consisting of a semi-conductor
material which absorbs light energy and converts it into
electrical current. The principle of functioning of this sensor
involves the absorption properties of light radiation by the
semi-conductor materials. So, the choice of materials used to
design (PV) cells is made according to the physical properties
of some of their electrons which can be released from their
atoms when excited by photons in the solar spectrum and
having certain amount energy according to their wave lengths.
Once released, these loads move in the material forming
overall a continuous electric current type (DC). The
circulation of this current then gives rise to an electromotive
force (emf) across the corresponding semi-conductor and the
physical phenomenon called photovoltaic effect.

Photovoltaic panel

T | Boost chopper
DC/DC

A 4

Load (Ry)

SP 75 (75W)

A 4

MPPT Command

A

P&O

Fig 2 : PV System with MPPT [6]

The (MPPT) control is a functional organ of the (PV) system
and allows searching for the optimum operating point of the
(GPV) in the weather conditions and stable load.

Whatever type of command used [7][8][9], the principle of
regulation is based on the automatic variation of the duty
cycle a relating to the appropriate value to maximize the
power output of the (PV) panel.
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Fig 3 : The MPPT control of a photovoltaic panel using a boost converter in Matlab/Simulink [10]

The performance of this type of lift can reach 98%, which
allows losses of less than 0. 5% on each active component,
i.e., the self, the switch (here the MOS transistor), and diode.
The remaining few (MPPT) are reserved for the control and
command circuit. In general, the conduction operation
continuous in the inductor is preferable from the view point of
the effective intensity. This is all easier to achieve when the
current is high. For low intensities (lower power
consumption), the problem inevitably arises, but in this case,

the losses are minimal because the latter are proportional to
the current square. The corresponding effective intensity will
estimate the losses in the various system components. For
this, it is necessary to have a correct shape of the current [11].

4. PERTURB & OBSERVE (P&O) MPPT
ALGORITHM

Measure of V(k) & I(k)

P(k)=P(k—1)

Decrease V,f

Increase Vs

Decrease V,..p Increase V,qp

) v

v )

Update history
Vk—1)=V(k) & I{(k—-1) = I(k)
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Flow chart of (P&O) MPPT [4]

Fig4:
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The ‘P&0O’ method is generally the most used because of its
simplicity and ease of implementation. As the name implies,
this method works by disrupting the system and observing the

impact on the power output of the (GPV) (Z—f: > O). So, it is
clear that the disturbance has moved the operating point to the

(MPPT). The (P&O) algorithm will continue to trouble the
tension in the same direction. However, if the power

decreases (Z—z < 0), the algorithm will reverse the direction of

the next disturbance. The process is repeated periodically until
the (MPP) is reached. The system oscillates around the
(MPP), causing power loss. The oscillation can be minimized
by reducing the size of the perturbation. It is important to note
that with the (P&O) algorithm, the variable to be controlled
can be either the current or tension of the (GPV) [12][13].
However, the ideal variable that characterizes the (MPP) is
one that varies little during climatic change. This algorithm
change is summarized in the flow chart of Figure 4 [14][15].

5. SIMULATION RESULTS

5.1 Variations in the characteristics (P/V)
and (1/V)

It is to be used the MATLAB software to simulate the
behavior of (GPV). The model used to simulate the behavior
of the (PV) generator can be used to simulate the behavior of
(GPV) on a different climatic condition. The function used
MATLAB for simulation, has allowed us to build a graphical
interface for viewing changes in characteristics (I/V) and
(P/V ) according to climate changes.

e  The power according to the voltage

P (W)

0 5 10 15 20 25
vv)

Fig 5 : Characteristic P/V

The characteristic (P/V) of the module shows the importance
of using the (MPPT) system to extract the maximum power
that is equal in our model Py, = 75 W.

The current according to the voltage

Fig 6 : Characteristic I/V

The characteristic (1/V) of this module allows finding the
maximum B, power that is the intersection of voltage Vypp
and current I,pp, from the curve:

VMPP = 17V and IMPP = 441A It iS fOUnd that Pmax =
Vmpp - Impp = 75W, coinciding with the maximum power of
our photovoltaic panel. These results justify the coincidence
of our simulation case with the practice since the power rating
of the panel photovoltaic SP75 is75W.

5.2 Variations in the characteristics
(P/V) and (I/V) based on climate change

e  Power as a function of the voltage : radiation variation

—— G=200W/m*
70

G=600W/m*

— G=1000W/m?

P (W)
[

0 5 10 v 15 20 2

Fig 7 : The irradiation impact’s on the characteristic P/V

The (GPV) is strongly influenced by the change in brightness
and temperature. Indeed, in Figure 7, (GPV) is subject to
changes in brightness when there is clear evidence of
reduction in the power and the change of the maximum power
point of MPPT. The decrease in power is proportional to the
decrease of the illumination. (MPPT) for illumination of
1000W/m2 has a power that is equal to 75W. For an
irradiation 800W/m2 the power is equal to 59W. For an
illumination of 600W/m2, the power is equal to 45W. For
illumination of 400W/m2, the power is equal to 28W. For an
illumination of 200W/m? the power is equal to 14W, therefore
the power of the photovoltaic panel increases with the
increased radiation. The voltage also increases with the
radiation but the voltage remains constant (MPPT) for all
values of the radiation was Vypp = 17V.

e Power as a function of the voltage: the temperature
variation

—T=25°C
701-| —T=35°C
T=45°C
gol-| —T=55°C

—T=65°C /

P (W)

0 5 10 15 20 25

Fig 8 : The temperature impact’s on the characteristic
P/V

In this figure, the (GPV) is subjected to temperature variations
at a constant brightness, but the (MPPT) voltage changes;
there, also the point of maximum power (MPPT) changes.
(MPPT) for a temperature of 25°C the power is equal to 75W.
For a temperature of 35°C the power is 70W. For a
temperature of 45 °C the power is 66W. For a temperature of
55 °C the power is 63W. For a temperature of 65 °C the power
is 60W. So if the temperature increases the value of the power
of the photovoltaic panel decreases.

59



International Journal of Applied Information Systems (IJAIS) — ISSN : 2249-0868
Foundation of Computer Science FCS, New York, USA

Volume 9 — No.4, July 2015 — www.ijais.org

e  The current according to the voltage: The illumination
change

—— G=800W/m?

G=600W/m?
——G=400W/m?
— G=200Wim?
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Fig 9 : The irradiation impact’s on the characteristic I/V

The current/voltage characteristic of a solar panel has an
extremum which varies with the illumination and the aging of
the panel. When the illumination increases, the current of the
photovoltaic panel increases. For an illumination of
1000W/m? the current is 4,8A. For an irradiation 800W/m?
the current is 3,94. For an illumination of 600W /m? the
current is 2,9A. For an illumination of 400W/m? the current
is 1,9A and an illumination of 200W/m? the current is 0,94,
while the voltage of the photovoltaic panel increases with
illumination until it reaches stable values.

e The current according to the voltage: Variation of
temperature

5
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Fig 10 : The temperature impact’s on the characteristic
v

Since the energy of the band gap decreases with increasing
temperature, there are more photons which have enough
energy to create electron-hole pairs. Therefore, the current
increases slightly, about 0,07% /° K. The voltage of V circuit
drop with the rise in the temperature .This decline is around
0,4% /° K. The power drops by 0,5%/°K. While tracking the
(MPP) for a temperature of 25°C, the current is 4,3A is a
voltage of 17V. For a temperature of 35°C, the current is 4,2A
and a voltage of 17V. For a temperature of 45°C, the current
is 4,1A and 15,5V voltage. For a temperature of 55°C, the
current is 4,3A and a voltage of 14,5V. For a temperature of
65°C the current is 4A and a voltage of 14V.

5.3 Simulation results by applying the
MPPT control type Perturb & Observe

This section, is about presenting the simulation of different
components of the chain (PV) conversion carried out under
the Matlab/Simulink environment. The conversion chain
consists of the following functional blocks :

— A photovoltaic module SP75 Type;
— A boost converter;

>
L.

— A MPPT control (P&O) Type;
— A load 0of 100Q;
— A step disruption 0,01.

Simulation Results

For a constant illumination of 1000W/m? and a
temperature of 25°C, the simulation results, under
Matlab/Simulink environment, electric characteristics at
the output of the panel and out of the controlled lift type
chopper by (P&0O) MPPT control, it appears that:
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Current (A)
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0 0005 001 0015 002 0025
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Figlle

Fig 11 : Voltages, currents and powers simulated as a
function of time in the case of a boost converter controlled
by the (P&O) MPPT control with R; = 104,

C, = 58,12uF, C, = 11,9uF,L = 2mH, f = 10kHz

In Figure 11, are shown to the standard conditions
(G =1000W/m? and T = 25°C), all the results of
simulation in Matlab/Simulink.

It is to be noted from the set of results after a transient period
of 1ms, that the controller rapidly oscillates the operating
point around the point of the (MPP).

All electrical characteristics of the output of the panel
respectively (Vpy, Ly, Ppy) and the output of the step-type
chopper (V;, ) controlled by MPPT (P&O) control oscillate
around the values set out in our tender specifications :

-The output voltage of the photovoltaic generator oscillates
around the value 17,5V;

-The current output of the (GPV) oscillates around the value
4,5A;

- The power output of the panel is stabilized at the value
74W,

- The voltage and current supplied to the load are respectively
27V and 2,7A.

2. For this part, we compare simulations are compared by,
convergence to the (MPP) on the power output of the
(PV) system, using the (P&QO) MPPT control.

- First, the temperature is maintained at a constant value equal
to 25°C, whereas the illumination L is rapidly variable in the
form of stairs with falling edges of relatively short durations;

- Then, irradiation G set to 1000W/m?, the command will be
tested for a sudden change of temperature T as staircase with
falling edges.
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Fig 12 : Comparison of convergence to the PPM simulated
power versus time using (P&0O) command under different
conditions

From Figure 12, it is to be noted that after a transitional period
of 1 ms duration (MPPT) control the operating point rises and
stabilizes around the (MPP).

After the first change of illumination falling edge, it can be
noted that the system rapidly converges to a new (MPP).

From the curve obtained (Figure (12.a)) by varying the
lighting, it is to be noted that the time of transient increases
with decreasing illumination before reaching a stabilization
point of maximum power.

From Figure (12.b) it can be seen that the system controlled
by the (P&O) control immediately responds to the rapid
variation of the temperature T, with a response time which
decreases with the increase of temperature before reaching the
steady state and the new (MPP) for each variation of
Temperature.

It disrupts the a control signal with no small disturbance that
is equal to 0,01, but from the simulation results it can be seen
from the various curves that the system keep up with the rapid
changes of climatic conditions T and G.

3. For this last part, working under standard conditions
(T = 25°C and G = 1000W/m? will be about
simulating the system by varying the load R.

a
Ll

=]

Power Ps (W)
=3

/ —Re100m
/ ——Re50OMm
REI00 Ohm

0 0.005 00l Time(s) 0055 002 0025

Fig 13 : Output power curve for different value of load

The Figure 13 shows three outputs power curves with
changing load R. Following the analysis of the curves, it is
shown that with increasing load (R = 10Q, R =504,
R = 100Q) the time of the transitional regime increases
respectively (t = 1ms, t = 9ms, t = 14ms) and (P&O)
controller comes in all three cases to find the permanent state
and converge towards a new (MPP).
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Ps 75W for R = 10Q, Ps = 68.1W for R = 50Q and
Ps = 65.7W forR = 100Q.

All the results obtained (Figure 11, 12, 13) confirmed that the
boost convertor and (P&O) MPPT control correctly perform
their roles. The (MPPT) controller is adapted to the different
conditions from the generator to the load, and converges to
the point of maximum power.

The time of the transitory regime state indicates the speed
controller (P&O). This time depends on the width of the step
of the disturbance and the reference voltage V...

6. CONCLUSION

This paper presented the improvement of (P&O) MPPT
method. The model is implanted using boost converter,
simulated with MATLAB/SIMULNK. Through the results of
the simulation using SP75 PV module, it is observed that the
system completes the maximum power point tracking
successfully for different temperature and irradiation.

The (P&O) gives the optimum duty cycle as compared to
Constant duty cycle control, to extract the maximum power
from PV system.

The results show that for a period less than a 1 ms and varying
in an automatic manner the cyclic ratio of the signal which
controls the power converter switch the system converges to
the conditions optimal regardless of weather conditions and
load variation. These results, high cost, show that the use of
the (MPPT) control improves a much higher vyield of
photovoltaic installations. The performance of a (GPV) is
strongly influenced by the conditions weather, particularly
solar radiation and the temperature of the (PV) module. In this
study, it’s to be noted the use of the empirical model to
simulate a diode operation of (PV) modules for different solar
conditions and temperature [16]. The tool presented here has
the advantage of being modular, which allows it to analyze
and optimize the overall performance of the system for
different electrical charges based on site meteorological data
and thus a better understanding of (PV) systems. In general, to
have the best connection between the (GPV) and the charge
and produce an optimal power, the Maximum Power Point
Tracking (MPPT) was designed and built. It forces the (GPV)
to work at his Maximum Power Point (MPP), leading to an
overall improvement of the electric conversion system
performance. In the end, the study shows that the (MPPT)
controller designed in this job properly performs its role. It
regulates the power supplied by the (GPV) to its optimum
value. The measurements of various electrical quantities show
that the voltage at the output of the panel is 17.2 V and the
power is optimal and it is equal to 75 W.
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