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Abstract : The efficiency of solar cells depends on many factors such as temperature, insolation, spectral characteristics of sunlight, dirt, shadow,
and so on. PV systems use different algorithms to track the maximum power point at any environmental conditions .This article presents the
comparative analysis of Constant voltage, perturbation observe and incremental conductance (IncCond) maximum power point tracking (MPPT)
methods performance used in solar array power systems using Boost converter .The IncCond ,Perturb and observe algorithm are used to track
MPPs because are perform precise control under rapidly changing atmospheric conditions. The Constant voltage is used because is the simplest
MPPT control method. ,The controller tracks and feeds maximum power to the load. The linguistic variables have been selected appropriately to
modulate the firing angle of the converter for tracking the maximum power. The Simulink model of the proposed scheme employing constant voltage,
incremental Conductance and perturbation and observe MPPT controller has been built using MATLAB — SIMULINK. In this work we compare
three MPPT techniques performance on the basis of their advantage, disadvantages, control variables involved, types of circuit and complexity
of algorithm implementation on MATLAB-SIMULINK.
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l. Introduction

Converting solar energy into electrical energy by PV
installations is the most recognized way to use solar energy.
Since solar photovoltaic cells are semiconductor devices,
they have a lot in common with processing and production
techniques of other semiconductor devices such as
computers and memory chips. As it is well known, the
requirements for purity and quality control of semiconductor
devices are quite large. With today's production, which
reached a large scale, the whole industry production of solar
cells has been developed and, due to low production cost, it
is mostly located in the Far East. Photovoltaic
cells produced by the majority of today’s most large
producers are mainly made of crystalline silicon as
semiconductor material.

Solar photovoltaic modules, which are a result of
combination of photovoltaic cells to increase their power, are
highly reliable, durable and low noise devices to produce
electricity. The fuel for the photovoltaic cell is free. The sun
is the only resource that is required for the operation of PV
systems, and its energy is almost inexhaustible.

Recently, energy generated from clean, efficient, and
environmentally friendly sources has become one of the
major challenges for engineers and scientists. Among all
renewable energy sources, solar power systems attract more
attention because they provide excellent opportunity to
generate electricity while greenhouse emissions are reduced.

Regarding the endless aspect of solar energy, it is worth
saying that solar energy is a unique prospective solution for
energy crisis. However, despite all the aforementioned

advantages of solar power systems, they do not present
desirable efficiency. [4,5]

The efficiency of solar cells depends on many factors such
as temperature, insolation, spectral characteristics of
sunlight, dirt, shadow, and so on. Photovoltaic array (PV)
find various applications such as those for the household
appliances, for the solar cars, and for the electric aircrafts or
space crafts. Changes in insolation on panels due to fast
climatic changes such as cloudy weather and increase in
ambient temperature can reduce the photovoltaic (PV) array
output power. In addressing the poor efficiency of PV
systems, some methods are proposed, among which is a new
concept called “maximum power point tracking” (MPPT).
All MPPT methods follow the same goal which is
maximizing the PV array output power by tracking the
maximum power on every operating condition.

In the use of solar panels, maximum power point tracking is
the automatic adjustment of electrical load to achieve the
greatest possible power harvest, during moment to moment
variations of light level, shading, temperature, and
photovoltaic module characteristics. Solar cells have a
complex relationship between solar irradiation, temperature
and total resistance that produces a non-linear output
efficiency known as the "I-V curve"; it is the purpose of the
MPPT system to sample the output of the cells and apply a
new MPPT system has been developed using single ended
resistance (load) to obtain maximum power for any given
environmental conditions.

The converter acts as an interface between the PV module
and the load. The controllers are used to track the maximum
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power of PV array and control action is taken in such a way
that the maximum power is tracked in the PV systems
thereby improving the efficiency of the systems.

The are many new MPPT techniques such as distributed
MPPT: Perturb and observe, Fractional open circuit voltage,
Fractional open short circuit current, incremental
conductance, Constant Voltage ...etc. [6,7]

In this work we compare three MPPT techniques on the
basis of their advantages, disadvantages, control variables
involved, types of circuit and complexity of algorithm
implementation on MATLAB-SIMULINK.

In this article the methodology is described in section II.
Electric characteristics of photovoltaic cells and Module is
presented in section Il , Boost Converter in section 1V
.Maximum Power Point tracking Algorithms, in section V.
Design, Modeling and simulation results in section VI and
Conclusion in section VII.

Il. PROPOSED METHODLOGY

The block diagram of the proposed scheme is shown in
Fig.2.1.This scheme of power generation consists of PV
system , Boost converter, Constant Voltage/Perturb and
observe /incremental conductance. The PV system converts
the solar radiation into electrical power. The proposed
scheme has been built on a PV system (SUNGEN INT SGM
— 200 P) of P=200W;Ppm=199.88W;Vpm=27.8V;
Ipm=7.19A; Voc=34.2V;lcc=7.7A. The power is fed to the
Boost Converter. Converter and the triggering pulse to the
converter is given by the constant voltage, perturb and
observe or incremental conductance algorithm. Hence the
load is maintained to operate at maximum power.

BOOST
PV SYSTEM CONVERTER LOAD

MPPT
ALGORITHM

Fig. 2 Block diagram of the proposed methodology

I11. Electric characteristics of photovoltaic cells and
Module

I11.1 Electric characteristics of photovoltaic cells

A PV cell is in fact a well-known electronic component
called “LED” (Light Emitting Diode), a component that lets
pass the electric current in one direction (with a voltage drop
of about 0.6 volt) and that blocks its passage in the other
direction. In the case of a PV cell, we try to keep the surface
of the junction as wide as possible to collect the maximum
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of solar energy. The simplified electric diagram of such a PV
cell is shown in the following figure 2.

Fig. 3.1 Electrical scheme of a PV cell

One recognizes the symbol of the diode (crossed by the
current Iy), in parallel with the generator of current I¢c,
which corresponds to the flow of electrons generated by the
flow of photons from the light (solar or otherwise) within the
junction of the diode. Also in parallel to the diode there is
the resistance Rsh (shunt resistance), which corresponds to
the direct losses through the junction. In series towards the
Vp and Ip usage, is the resistance Rg (series resistance) that
corresponds, amongst other things, to the Joule losses in the
wires. At the two poles of photovoltaic cell, electrical energy
is recovered under the form of a voltage V, and of a current
Ip. The equation between Ip and Vp is the following:

Vp+IpRs
KT Vp+Ip.Rs

Ip=lcc-Is(e @ —1)- P

(1n.1)
Where:

I¢ = variable generated current according to light radiance
T = temperature in K

K =1.38 10 “J/K (Boltzmann constant)

q=1.6 10" C (electron charge)

Is = some nA (own characteristic of each charge diode)

Rsh = shunt resistance

Rs = series resistance

The layout of the equation IP = f(\Vp) looks like on this
curve, one can recognize the curve of the diode (to the
bottom because of the sign - in the equation) and shifted to
the top of the value I from the current generated by
luminous radiance.

Characteristic Points on this curve for a crystalline silicon
cell:

No-load Voltage (I, =0 A) Voc = 0.6 V (power P = 0W)
Short-circuit current (Vp=0V) = I (variable according to
radiance, power P=0W)

Charging Voltage Vpm = 0.5 V at the point of operation
where the power is maximum Current Ipm (variable
according to radiance) at the point of operation where the
power is maximum power: Pmax = Ipm x Vpm

Note that, while varying Vpm from 0 to Voc (or I, from 0 to
I¢¢), the power starts from OW to go up to reach Pmax , then
to go down again to OW.
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Maximal power point

Influence of Rsh

Ipm

Current (A

| Influence
i ofRs

Fig.3.2 Equation Ip =f(Vp)

The output of luminous energy conversion in electrical
energy of a photovoltaic cell of surface S, of a Pmax power
under a luminous radiance Ir is the following:

_ Pmax(W)/S(m2)

Reen = 1.2
Cell IT(%) ( )

One define also a factor of form (or fill factor), noted FF,
representing the quality of a photovoltaic cell:
_VpmXIpm

FF—*VOC)”CC (n.3)

111.2 Electric characteristics of photovoltaic module

The voltage of 0.5 V delivered by a photovoltaic cell is much
too weak for most implementations. To Increase the voltage,
the photovoltaic modules are composed of photovoltaic cells
assembled in series to increase the voltage.

%

| -

Fig. 3.3 Electric symbol of photovoltaic module

On fig. 3.3 electric symbol of photovoltaic module,
historically, the first photovoltaic modules included 36 PV
cells in series (0.5 V). They were used in isolated sites to
charge the 12 volts lead-acid batteries and, because of that,
these modules are known as the 12V type. The voltage of 18
volts makes it possible to charge 12V batteries until fully
charged (typically 14.8 volts), even with a weak irradiation
(where the voltage slightly drops).

Currently, there is no market for battery chargers since most
of the photovoltaic installations in the world are connected
to grid, so the number of the cells in series can be higher, in
general of 48, 54, 60, 72, 96 cells (standard of 60 cells).

In short, the photovoltaic cells are assembled in series to
create photovoltaic modules, then the Modules are
assembled in series and in parallel to form photovoltaic field

The characteristic curve of a photovoltaic module (for
various radiances) for the output current and power (i.e.
product Voltage-Intensity) according to the output voltage
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are represented in the following figures for photovoltaic
module :

Maximum Power

) Amps Paint (MPP) Power
Short Circuit Imme |-V Curve o Ap
Current (Isc)
,,,,,,,,,,, = (P = VxI)
Tmp
= P-V Curve : £
] .y
2 @
@ | g
3 | i
<L Area = Vmp X Imp |
|
] Vmax
o
Voltage (V) Vmp Volts
Open Circuit
Woltage (Voc)

Fig.3.4 Solar I-V characteristic curve [18]

From fig.3.4, the electric characteristics of PV modules are
given into one point of operation described under the term of
STC (Standard Test Conditions), which are:

- Solar irradiation of 1000 W/m 2

- Solar spectrum AM 1.5

- Temperature of 25°C

-VOC, No-load Voltage (Intensity = 0A) in figure 1.11 (Voc
on the curve)

- Short-circuit Intensity ICC (tension = 0V) in figure 1.11
(Icc on the curve)

- Maximum voltage of use at the point of maximum output
Vmax in figure 1.11(Vmax on the curve)

- Maximum Intensity of use at the point of maximum output
Imax in figure 2.11 (Imax on the curve)

- The point of maximum output, Pmax in figure 1.11 (Pmax
on the curve) at the point of function described as STC
conditions (1 000 W/m 2, spectrum AML1.5 and 25°C), the
maximum capacity is the peak power Pc of the photovoltaic
module, this peak power is expressed in Watts Peak.

According to the curves plotted above for various radiances
(1000, 750 and 400W/m?, and a surface cell temperature of
25°C), one notes that the optimum point of operation in
power is variable in current and voltage. That means, for the
load connected to a module (or a photovoltaic field) to
function at this optimum power, the installation will have to
include an electronic device that will search for this point of
maximum power. This system is called MPPT (for
Maximum Power Point Tracking). Typically, inverters
include this function.

Relation between surface S (in m?), the output of luminous
energy conversion into electrical energy (Rmod) and the
peak power of a photovoltaic module (in Wp).

. On the basis of the formula for the output of a cell:

_ Pmax(W)/S(m2)
Rcell = —IT(%) , (11.4)

Already considered, before and by remembering that the
power peak Pc is defined under conditions STC, we can
write:

Pc(in Wp) =S (en m2) X Rmodule X 1000 W/m2  (111.5)
Pc (in kWp) =S (en m2) X Rmodule X 1IKW /m2  (I11.6)
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Note: the output of a photovoltaic module is generally
slightly lower than the output of the cells it is made of,
because surface is lost between the cells and it is also
necessary to count the surface of the framework. [10,11]

1V. Boost Converter

If the three elements S, L, and d of the buck converter are
rearranged as shown in Figure 2.1a, a boost converter is
created. Its equivalent circuits during switch-on and switch-
off are shown in Figure 2.1b and 2.1c.

IV.1 Voltage Relations

When the switch S is on, the inductor current increases:
fL-a (IV.1)

Since the diode is inversely biased, the capacitor supplies
current to the load, and the capacitor current Ic is negative.
Upon opening the switch, the inductor current must
decrease so that the current at the end of the cycle can be
the same as that at the start of the cycle in the steady state.

For the inductor current to decrease, the value VC = V2

must be >V1. For this interval with the switch open, the
inductor current derivative is given by
% _ VlZVc - Vivz (IV.2)
A graph of the inductor current versus time is shown in Fig.

4.2

> L 2 1

—
4

CTH 4

(@) ®

©
Fig.4.1 Boost converter: (a) circuit, (b) switch-on, and (c)
switch-off

Imax — Imin = %DT (Iv.3) And
. v,V
Imin — I'max = T(l —D)T; (IV.4)

Vz:Vc=1‘f—1D , (IV.5)
Fact, as D approaches unity, the output voltage decreases
rather than increasing because of the effect of circuit
parasitic elements. The value of D must be limited within a
certain upper limit (say 0.9) to prevent such a problem.
Practical limits to this also become important for

an increase in the voltage transfer gain, for example, The
switch may be open for only a very short time (0.1 T since D
=0.9). [29]

1V.3 Circuit Currents
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The Imax and Imin values can be found via the input average
power and the load average power, if there are no power

losses:
Pin = WVI (input power) (IV.6)
V2
Po= - (output power). (IV.7)
DT I (Ve =1V |
Fig. 4.2 Some current and voltage waveforms.
Considering Equation V.5, we have
L \4!
Imax — Imin = Z—R(l—D)z (Iv.8)
From Equations IV.4 and IV.8
V1 w1
Imin = RG_D) ” DT, (IvV.9)
Imax = —>— + 2 pT. (IV.10)
R(1-D) 2L
The load current value I, is given by I, :% , and the

average current flowing through the capacitor is zero. The
instantaneous capacitor current is likely a triangular
waveform, which is approximately ( I~ I,) during switch-
off and —I, during switch-on. From Figure 2.1, the input
source current I; = I, =Ig continuous. Hence, the buck
converter operates in CICM.

1V.4 Continuous Current Condition

When the Imin is equal to zero, the minimum inductance can
be determined to ensure a continuous inductor current. Using
Equation 1V.9 and solving it, we obtain

Lmin = 202" TR (IV.12)

The change of the charge across the capacitor C is

DTV,

— — Va2 -
AQ = DT1, = DT = TR = DR

(IV.12)

Therefore, the ripple voltage AV across the capacitor C is

_4Q _ DTV, _ DTV,
We=7F =27 = opt (IV.13) [29]
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Figure 4.3 Waveforms of I and V.

V .PROPOSED ALGORITHMS

There are many new MPPT techniques algorithm but as part
of our work, we approach some, such as:

V.1 Fractional open circuit voltage
The open-circuit technique is based on the fact that the ratio
of PV array output voltage VMPP at the maximum power
point to its open circuit voltage Voc is approximately
constant under varying irradiation and temperature levels as
shown in the Equation (V.1) [19, 20, 21].

VMPP ~Kv Voc (V.1)

Kv is the proportional constant which depends on the
characteristic of the photovoltaic array being used. Therefore
it has to be estimated by empirically determining Voc and
VMPP for the particular PV array at different levels of
temperature and irradiation. However the value of Kv has
been reported to range between 71% and 80%. Fig. 3.1
shows the fractional open circuit voltage algorithm
flowchart. The open circuit voltage Voc is measured by
momentarily interrupting the normal operation of the

system.

This is done by introducing a static switch in series with the
PV array. Once Kv is known and Voc is measured, the
VMPP value can be calculated from Equation (V.1) as a
reference and a feed forward voltage control scheme is
implemented to bring the PV array voltage to the point of
peak power.
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PV open-circuit
condition

Measurement of
Voc

PV work
condition

| Inccrease D | | Deccrease D |

| Veer= Ky - Voc

Fig. 5.1 Fractional short circuit voltage

This method has an advantage that it is very simple, cheap
to implement and it uses only one feedback loop. However,
its drawback is that the interrupted system operation at the
time of measuring Voc results in some generated power
loss.

To prevent this, the authors in [24, 25] used pilot cells to
obtain Voc. The pilot cells are solar cells that represent the
PV array’s cells, which are not used to produce electricity
but to obtain the characteristic parameters such as VOC
without interrupting the main PV system. The pilot cells
must be carefully chosen to represent the characteristics of
photovoltaic array. Hence, each pair of pilot cell/solar array
must be calibrated, consequently, increasing the energy cost
of the system.

V.2 Fractional Short Circuit Current method (FSCC)

The basis for short-circuit current method is that, the
maximum operating current IMPP is approximately linearly
related to the short-circuit current Isc under varying
atmospheric conditions; in other words:

IMPP =~ Ksc .loc (V.2)

Where Ksc is a proportional constant and it depends mainly
on the metrological conditions and fill factor. The
proportional constant Ksc is usually found to be between
(75% - 92%) . The algorithm flowchart of the fractional
short-circuit current is shown in Fig. 5.2. To measure Isc an
additional switch has to be introduced in parallel with the PV
array to satisfy the short circuit condition. However the
author in [26] provided another option by using a boost
converter and the switch of the converter is used for short
circuiting the PV array. Once Ksc is known and Isc is
measured the IMPP can be calculated from Equation (V.2).

| Inccrease D | | Decrease D |

| Trey =Ksc - Isc |
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Fig. 5.2 FSCC algorithm

The advantages of this method are its simplicity and low cost
of implementation. On the other hand, the momentary
interruption required for measuring ISC leads to some loss
of generated power, and the value of Ksc changes slightly
[27, 28].

V.3 PERTURB AND OBSERVE (P&O)

P&O is one of the most discussed and used algorithms for
MPPT. The algorithm involves introducing a Perturbation
in the panel operating voltage. Modifying the panel voltage
is done by modifying the converter duty cycle. The way this
is done becomes important for some converter topologies.
Looking at Figure 5.3 makes it easy to understand that
decreasing voltage on the right side of the MPP increases
power. Also, increasing voltage on the left side of the MPP
increases power. This is the main idea behind P&O. Let’s
say that, after performing an increase in the panel operating
voltage, the algorithm compares the current power reading
with the previous one. If the power has increased, it keeps
the same direction (increase voltage), otherwise it changes
direction (decrease voltage). This process is repeated at each
MPP tracking step until the MPP is reached. After reaching
the MPP, the algorithm naturally oscillates around the
correct value.

The basic algorithm uses a fixed step to increase or decrease
voltage. The size of the step determines the size of the
deviation while oscillating about the MPP. Having a smaller
step will help reduce the oscillation, but will slow down
tracking, while having a bigger step will help reach MPP
faster, but will increase power loss when it oscillates.

To be able to implement P&O MPPT, the application needs
to measure the panel voltage and current. While
implementations that use only one sensor exist, they take
advantage of certain hardware specifics, so a general purpose
implementation will still need two sensors.

Decrease Vi I

I

increase ver | [Decrease v |

| [

Fig. 5.3 PO algorithm

Increase Viu |

]

V.4 INCREMENTAL CONDUCTANCE

The incremental conductance algorithm uses the fact that the
panel power curve derivative (or slope) versus voltage is 0 at

MPP, positive on the left side and negative on the right side

of the MPP.

22— 0,at MPP (V.3)
av

>0, Left at MPP (V.4)
dpP .
- < 0,Right at MPP  (V.5)

The power derivative can be also written as:

ap _avn _ ,4v a _ ar AL
av ~ av _IdV+VdV I+VdV_ I+VAV (V-6)

AL ampr (V.7
AV 14

Al I
v > - 7 at Left MPP  (V.8)
L <.~ atRight MPP  (V.9)
AV v’ g ’

The main idea is to compare the incremental conductance
(i—lv) to the instantaneous conductance (iV). Depending on

the result, the panel operating voltage is either increased, or
decreased until the MPP is reached. Unlike the P&O
algorithm, which naturally oscillates around the MPP,
incremental conductance stops modifying the operating
voltage when the correct value is reached. A change in the
panel current will restart the MPP tracking. Depending on
the ambient conditions, the same functionality may be
achieved by using the initial equation (% ).

The basic incremental conductance algorithm uses a fixed
step size for the panel operating voltage updates. Using a
bigger step size will speed up tracking, but may also cause
the algorithm to oscillate around the MPP instead of locking
on. Implementing the incremental conductance algorithm
requires the voltage and the current output values from the
panel (two sensors). Because it needs to keep track of
previous voltage and current values, this algorithm is usually
implemented using a PIC® device or a DSP.

Sense Vi(k). i(k)
AV = Vi(k)-V(k-1)|
Af = IK)-H(k-1)

~No
Vi | [1ncrease Voises |

Fig. 5.4 Incremental conductance algorithm
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V.5 Constant Voltage method (CV)

The constant voltage tracking algorithm is the simplest
MPPT control method. The feedback of the PV voltage is
compared with a fixed reference voltage (Vref) and the
resultant signal adjusts the duty ratio of the DC-DC
converter to keep the operating point of the PV array near
the MPP. The reference voltage value is set to be equal to the
maximum voltage of the characteristic PV module or to
another calculated best fixed voltage. In this method, the
maximum power point occurs between 72% and 78% of the
open circuit voltage, for the standard atmospheric condition
[22]. The duty ratio (D) of the DC-DC converter ensures that
the PV voltage is equal to:

Vref=KcVoc (V.10)

Where Kc = 0.72-0.78 and Vref which is calculated and kept
constant during one sampling period by hold circuit in order
to make duty ratio adjusting Vpv= Vref. For next sample

again Voc is sampled and the same procedure is repeated for
each sample.

Fig. 5.5 CV algorithm

Decrease D

This method is simple, economical and only one feedback-
loop control is required. However this technique has the
drawback that it assumes that individual insulation and
temperature variations on the array are insignificant and the
constant reference voltage is an adequate approximation of
the true MPP [23].

VI .Design, Modeling and simulation results

International Journal of Scientific & Engineering Research Volume 9, Issue 5, May-2018
ISSN 2229-5518

Maximum Power Current (Ipm)
Open-Circuit Voltage (Voc)
Short-Circuit Current (lsc)
Temperature Coefficient (Voc)
Temperature Coefficient (Isc)

Electric characteristics of cells
Light-generated IL(A)

Diode saturation 10(A)

Diode ideality factor

Shunt resistance Rsh (Ohms)

Series resistance (Ohms)

Number of cells (N)

Table 6.1: electric Characteristic

7.19A
342V
777 A
-0.36044 VV / °C
0.052819 A/ °C

7.8256 A

2.6241e-10 A

0.92138

111.3843 Ohms

0.30346 Ohms

60

of PV module SUNGEN

INT SGM - 200 P

Array type: SUNGEN International SGM-200P;
1 series modules; 1 parallel strings
T

rrent (A)

Vaiege|

V)

Power (W)

Fig.6.1 1-V characteristics of SUNGEN INTERNATIONAL

V1.1 Design of Boost converter SGM-200P
VI.1.1 Electrical characteristics of PV photovoltaic

Electrical characteristics data of PV module values

and cells of SUNGEN INT SGM - 200 P

Electric characteristic of module

Rated Power Pc 200 W

Maximum power( Ppm) 199.882 W

Maximum Power Voltage (Vpm) 278V
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rre

<

2t ()

Module fype: SUNGEN Iernafiondl SGH-200P

Ui’

T

i

Votage V)

750/25 150.3 27.24
: 750/35 150.297  26.26
750/45 150.294 = 25.31
750/55 150.291  24.40
650/25 130.4 26.96
650/35 130.397 | 25.98
_ 650/45 130.394  25.04
_ 650/55 130.391 = 25.13

Volege V)

J of SUNGEN
photovoltaic

VI1.1.2 Design of Boost converter

Table 6.2 The available maximal Power and voltage values
INTERNATIONAL SGM-200P Module

Boost Converter Parameters

Fig.6.2 1-V characteristics of SUNGEN
INTERNATIONAL SGM-200P

Test P PVmax VPVmax
conditions

W o

— /°C

1000/25 199.9 27.8
1000/35 190.8 27.76
1000/45 182.1 27.73
1000/55 1733 27.69
850/25 170.1 27.49
850/35 170.09 26.5
850/45 170.086  25.54
850/55 170.085 @ 24.62

Vin=V1(V) 27.8
Vout =V2(V) 48
lin =11(A) 7.19
lout=12(A) 4.164
AV AV =1%Vout
Al Al =1%lout
fsh(KHZz) 20

Table 6.3 Boost Converter Parameters

The input capacitor is used to reduce the converter input
voltage ripple and determines the amount of peak current
drawn from the source. The input capacitor can be
calculated Equation (IV.5) with maximum voltage ripple of
1% V2. From the equation (IV.5)

Vy=—1V, =>1-D=2=282-057916 => D=
1-D V2 48

0.42083 ,From Table 6.3 AV = 1% V2 ,From the equation
(IV.7)

2 2 2
P, =% => R=2 > R= 811 5268 Ohms
R P, 199.882
p= U2 _p- D' __ U8 _ 445968 ohms.
R P 199.882

From equation (1VV.11) and table 6.3
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(D)’ pR= (20420837 4 1r084  (11.5268) =
2f 2.20000

0.0000407 H , or Lmin=40.7 uH ,From equation (IV.11)

Lmin =

_AQ_ Dv2__ pVi _ -
av=28= B2 DM_ and AV =19 V2 =001V2
- - _bvz _ -~ p= Y=
=>AV =1% V2 = Rer 0.01V2 =>D= RCF

_ DV2 )
= Cou= 0.01V2RE T T0.01+Rf
- =0.000182184

T 0.01%11.5268+20000

= H
=  or Cout=182.184 pH
=  Anotherwise
i (1-D) Ipy D
> U=y D
= Cin ~  0.01xIpvm*Rpvm#Rf and Ipvm *
Rpvm = Vmp
1 —D)IpvD .
2 Cin >0 gnotheryise
0.01*Ipvm=Rpvm=*Rf
_ Ppy _199.882 _
T Vmp T 278 =T.19A
>  => Cin LTI

0.01%27.8+x20000

0.000315015 F or Cin > 315 pF

VI.2 Modeling , Simulation results

V1.2.1 PV photovoltaic system  connected to Boost

Converter

i [T
[
L

i
LK

Fig. 6.3 sheme of PV photovoltaic system connected to
Boost converter .
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) ™
i
i
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-~
n ]
e =il Y]

Fig. 6.4 Result of Simulation of the PV Photovoltaic system
connected to Boost converter (1000 % ,25°C)

VI1.2.2 PV photovoltaic system connected to Boost
controlled by MPPT Perturbation and Observe algorithm

Fig. 6.5: scheme of PV photovoltaic system connected to
Boost controlled by MPPT  perturbation and observe
algorithm

Coding of Perturbation and Observe

Function D=PO ( V, I,V old, lold ,Dold)
P=V*;
Pold = Vold*lold;
dVv=V-Vold;
dP=P-Pold;
deltaD=0.00001;
Di=0.42083;
if dP/dV<0
D=Di+deltaD;

IJSER © 2018
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else
D=Di-deltaD;
if dP/dV>0
D=Di-deltaD;
else
D=Di+deltaD;
end
if dP/dV==0
D=Dold;
end
end

Fudon [N

Louwow L
1 1 !

Won G or ouou
1 1 |

Fig.6.6 Result of simulation of photovoltaic system
connected to Boost controlled by MPPT Observe and
perturbation algorithm for different values irradiance and

temperatu re
PEREREN
=] T S |
i .

Fig. 6.7 result of simulation of PV photovoltaic system
connected to Boost controlled by MPPT  perturbation and

Observe algorithm
temperature

for different values

irradiance and

Test

Conditions

W/m?/°C

1000/25

1000/35

1000/45

1000/55

850/25

850/35

850/45

850/55

750/25

750/35

750/45

750/55

650/25

650/35

650/45

650/55

P PVout(W)

AD

0.001

199.4
189.8
178.9
167.1
159.5

157.9

150.6
147.8
126.6
127.4
127.5
125.9
96.13

94.6
97.91

98.44

PPVout(W)

AD

0.0001

199.4
189.9
179.1
167.5
159.5

158

154.2
147.9
126.7
127.4
127.5
126
96.13
97.07
97.91

98.44

P Pvout(l Ppymax

AD

0.000
01

199.4

189.9

179.1

167.6

159.9

158.3

154.2

147.9

126.9

127.7

127.8

126.9

96.38

97.4

98.16

98.68

199.9

190.8

182.1

173.3

170.1

170.09

170.086

170.085

150.3

150.297

150.294

150.291

130.4

130.397

130.394

130.391

Table 6.4 the power and voltage values of simulation
photovoltaic system connected to Boost controlled by
MPPT perturbation and Observe algorithm
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99.7%

99.5%

98.3%

96.7%

94 %

93%

90.6

86.9%

84.4%

84.9%

85%

84.4%

73.9%

74.7%

75.3%

75.7%
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V1.2.3 Photovoltaic connected to Boost controlled by
MPPT Constant Voltage (CV) Algorithm

-
—_—
=
- !
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il e rh
)
Patloull
v
!
SSTINERER

Fig.6.8 scheme of PV photovoltaic system connected to
Boost controlled by MPPT CV algorithm

Fig.6.9 Result of simulation of photovoltaic system
connected to Boost controlled by MPPT CV algorithm for
different values of irradiance and temperature

Test

Conditions

W/m?/°C

1000/25

1000/35

1000/45

1000/55

850/25

850/35

850/45

850/55

750/25

750/35

750/45

750/55

650/25

650/35

650/45

650/55

Ppyoutaw)

AD

0.2

197.5

189.1

170.2

140.4

165

161.9

146.4

120.7

144.8

142.7

129.9

107.1

124.2

123.8

112.4

93.09

Ppyoutaw)

AD

0.4

199.2

190.6

180.1

161.7

169.4

162.6

154.7

140.7

149.6

143.8

137.1

125.8

129.5

1247

118.8

108.7

Ppyoutaw)

AD

0.6

198.9

190.1

173.6

147.7

168.6

162.1

149.7

127.8

148.6

143.3

133

113.9

128.4

124.2

115

97.72

P PVmax

199.9

190.8

182.1

173.3

170.1

170.09

170.086

170.085

150.3

150.297

150.294

150.291

130.4

130.397

130.394

130.391

Table 6.4 the power and voltage values of simulation
photovoltaic system connected to Boost controlled by

MPPT CV algorithm for different values of irradiance,

IJSER © 2018
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99.6 %

99.9 %

98.9 %

93.3%

99.6 %

95.6 %

90.9 %

82.7%

99.5 %

95.7 %

91.2%

83.7%

99.3%

95.6%

91.1%

83.4%
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di=I - lold;

dD=0.001;

Di=0.42083,;

dv=V-Vold

di=I-lold;

: if dv==

if dl==

D=Dold;

else

if dl >0
Fig.6.10 Result of simulation of photovoltaic system gS:eDHdD;
connected to Boost controlled by MPPT CV algorithm for D=Di-dD;

different values irradiance and temperature. end
end
VI.2.4. Photovoltaic connected to Boost controlled by else

MPPT Incremental Conductance (Inc) if dl/dv==-I/V
— D=Dold;
[ else
i if di/dV > - IV
D=Di-dD;
= else

D=Di+dD;

end

end
end

BOOSTOUMERTER

Fig.6.11 sheme of PV photovoltaic system connected to
Boost controlled by MPPT Incremental conductance
algorithm

Coding of Incremental Conductance

Function D = Inc. (V, |, Vold, lold, Dold)

dv=V-Vold;

IJSER © 2018
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382
Fig.6.12 : the power and voltage values of simulation
. Test Ppyoutaw) Ppvourwy  Ppvoutaw) Ppymax n
photovoltaic system connected to Boost controlled by it
. i conditions
MPPT Incremental conductance algorithm for different
values of irradiance and temperature W
m2
T T T T
"
AD AD AD
i d Pl
5 ( 0.001 0.0001 0.00001
‘ 1000/25 199.6 199.6 199.6 199.9 99.8%
Il Il Il Il 1 1 1 1 Il Il Il Il
T T T T T T T T T T T T
1000/35 190 190.1 190.1 190.8 99.8%
il
i 1000/45 179.1 179.3 179.3 182.1 98.4
U "
[l
i 1000/55 167.6 167.8 167.9 1733 96.8
! | | | | 1 1 1 | Il Il Il Il
T T T T ] | | | [ [ [ [l
F 850/25 159.3 159.4 159.7 170.1 93%
i =t
. i 850/35 158 158 158.3 170.09 93%
}
I
i 850/45 154.1 154.2 154.3 170.086 90.7%
! § P [} H i i
Il 1 1 1 I I I
850/55 147.9 147.9 148 170.085 87%
Fig.6.13 the power and voltage values  of simulation
photovoltaic system connected to Boost controlled by 750/25 126.5 126.5 126.6 150.3 84.2%
MPPT Incremental conductance algorithm for different
values of irradiance and temperature 750/35 125.3 125.4 125.7 150.297 83.6%
750/45 124.1 124.4 1247 150.294 82.9%
750/55 123 123 1232 150.291 81.9%
650/25 96.05 96.07 96.31 130.4 73.8%
650/35 95 95.02 95.26 130.397 73%
650/45 93.84 93.86 94.1 130.394 72.1%
650/55 91.39 91.4 92.64 130.391 71%
Table 6.5 the power and voltage values of simulation
photovoltaic system  connected to Boost controlled by
MPPT incremental conductance algorithm for different
values of irradiance, temperature.
IJSER © 2018
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VII1. Conclusion

In this article, it was a question of a comparative analysis
of the performance of technical MPPTs for different climatic
conditions (temperature, irradiance) by varying the different
control parameters (perturbation rate, gain, etc.).

For the Incremental conductance algorithm, three
perturbation rate values (0.001, 0.0001, 0.00001) were taken.
And it was found that the power was reached when the
perturbation rate was equal to 0.00001. For Perturbation
and Observe algorithm, it was also taken three perturbation
rate values (0.001, 0.0001, and 0.00001). And it was found
that maximum power was reached when the perturbation rate
was equal to 0.00001. For the constant Voltage algorithm,
three gain values (0.2, 0.4, 0.6) were taken and it was found
that the maximum power was reached when the gain was
equal to 0.4.

In comparison, it has been found that perturb and Observe is
more efficient than constant voltage and incremental
conductance , it performs precise control in rapidly changing
atmospheric conditions ; unfortunately it does not adapt for
low irradiance values . Constant voltage and incremental
conductance are almost identical; unfortunately are less
efficient for low irradiance values.
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