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Abstract: Photovoltaic (PV) is a technical name in which
radiant (photon) energy from the sun is converted to direct
current (dc) Electrical Energy. PV power output is still low,
continuous efforts are taken to develop the PV converter and
controller for maximum power extracting efficiency and
reduced cost factor. Maximum power point trackers
(MPPTs) play an important role in photovoltaic (PV) power
systems because they maximize the power output from a PV
system for a given set of conditions, and therefore maximize
the array efficiency. Thus, an MPPT can minimize the
overall system cost. MPPTs find and maintain operation at
the maximum power point, using an MPPT algorithm. Many
such algorithms have been proposed. The mostly used
MPPT are P&O and Incremental Conductance Method and
Constant voltage and current, Pilot cell etc, Fuzzy. In this
paper the designing and Modelling of different algorithms
have been implemented using Matlab and comparison of two
algorithms is done.
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ILINTRODUCTION

Solar Energy is the ultimate source of energy,
which is naturally replenished in a short time
period of time, for this reason it is called
“Renewable Energy” or “Sustainable Energy”. Due
to the severity of the global energy crisis and
environmental pollution, the photovoltaic (PV)
system has become one kind of important
renewable energy source. Solar energy has the
advantages of maximum reserve, inexhaustibleness,
and is free from geographical restrictions, thus
making PV technology a popular research topic. In
this world 80 % of the green houses gases are
released due to the usage of fossil fuel based. The
world primary energy demand will have increased
almost 60% between 2002 and 2030, averaging
1.7% increase annually, increasing still further the
Green House Gases [1]. Oil reserves would have
been exhausted by 2040, natural gas by 2060, and
coal by 2300 [2]. This causes issues of high per
KW installation cost but low efficiency in PV
generators. [3-5]. currently more research works
has been focussed on how to extract more power

effectively from the PV cells. Typically, a PV cell
generates a voltage around 0.5 to 0.8 volts
depending on the semiconductor and the built-up
technology. This voltage is low enough as it cannot
be of use. Therefore, to get benefit from this
technology, tens of PV cells (involving 36 to 72
cells) are connected in series to form a PV module.
These modules can be interconnected in series
and/or parallel to form a PV panel. In case these
modules are connected in series, their voltages are
added with the same current. Nevertheless, when
they are connected in parallel, their currents are
added while the voltage is the same. Three major
families of PV cells are monocrystalline
technology, polycrystalline technology and thin
film technologies. The monocrystalline and
polycrystalline  technologies are based on
microelectronic manufacturing technology and
their efficiency is in general between 10% and 15%
for monocrystalline and between 9% and 12% for
polycrystalline. For thin film cells, the efficiency is
10% for a-Si, 12% for CulnSe2 and 9% for Cd Te.
The efficiency of a PV plant is affected mainly by
three factors: the efficiency of the PV panel (in
commercial PV panels it is between 8-15% [3]), the
efficiency of the inverter (95-98 % [5]) and the
efficiency of the maximum power point tracking
(MPPT) algorithm (which is over 98% [6]).
Improving the efficiency of the PV panel and the
inverter is not easy as it depends on the technology
available, it may require better components, which
can increase drastically the cost of the installation.
Instead, improving the tracking of the maximum
power point (MPP) with new control algorithms is
easier, not expensive and can be done even in
plants which are already in use by updating their
control algorithms, which would lead to an
immediate increase in PV power generation and
consequently a reduction in its price. In paper is
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focused on the design of PV and MPPT algorithm
in Matlab.

11 PV MODELLING OF PV CELL:

The solar cell is the basic unit of a PV system. An
individual solar cell produces direct current and
power typically between 1 and 2 W, hardly enough
to power most applications. Solar Cell or
Photovoltaic (PV) cell is a device that is made up
of semiconductor materials such as silicon, gallium
arsenide and cadmium telluride, etc. that converts
sunlight directly into electricity. The voltage of a
solar cell does not depend strongly on the solar
irradiance but depends primarily on the cell
temperature. PV modules can be designed to
operate at different voltages by connecting solar
cells in series. When solar cells absorb sunlight,
free electrons and holes are created at
positive/negative junctions. If the positive and
negative junctions of solar cell are connected to DC
electrical equipment, current is delivered to operate
the electrical equipment.

Rs

Fig 1 PV cell equivalent circuit.

For simplicity, the single-diode model of
Figure 1 is used in this paper [14]. This model
offers a good compromise between simplicity
and accuracy with the basic structure
consisting of a current source and a parallel
diode. In Figure 1, Iph represents the cell
photocurrent while Rsh and Rs are,
respectively, the intrinsic shunt and series
resistances of the cell. where Iph [A] is the
light-generated current at the nominal
condition (25°C and 1000W/m2), Ki is the
short-circuit current/temperature coefficient
(0.0017A/K), Tk and Tref are, respectively, the
actual and reference temperatures in K, A is the
irradiation on the device surface (W/m2), and
the nominal irradiation is 1000W/m2. The
value of module short-circuit current is 1SC
taken from the datasheet of the reference

model. in Figure 2.

Fig 2 : Modelling of Pv cell in Simulink

In view of that, the current to the load can be
given as:

V4+Rs]
=l = 1 (et ) D (g

In this equation, Iph is the photocurrent, Is is
the reverse saturation current of the diode, q is
the electron charge, V is the voltage across the
diode, K is the Boltzmann's constant, T is the
junction temperature, N is the ideality factor of
the diode, and Rs and Rsh are the series and
shunt resistors of the cell, respectively.

As a result, the complete physical behaviour of
the PV cell is in relation with Iph, Is, Rs and
Rsh from one hand and with two
environmental parameters as the temperature
and the solar radiation from the other hand.

o

Fig 3: SIMULINK subsystem for varying cell temperature
and solar radiation.
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3 T be operating at point A in Figure 5, which is
exp [( far from the MPP. In the P&O algorithm, the
operating voltage of the PV array is perturbed

E
— l) ﬁ 3 by a small increment, and the resulting change
t

1,(T) = I, (TL)

nom Tnom

in power, Delta P, is measured. If Delta P is
positive, then the perturbation of the operating
voltage moved the PV array’s operating point
closer to the MPP. Thus, further voltage
perturbations in the same direction (that is,
with the same algebraic sign) should move the
operating point toward the MPP. If Delta P is
negative, the system operating point has
moved away from the MPP, and the algebraic
sign of the perturbation should be reversed to
move back toward the MPP.

Power (Watts)
\
5 >
/

Figure 4: Matlab/SIMULINK temperature effect G =600
subsystem on diode reverse saturation current
’ W\

11l MPPT CONTROL ALGHORITHM 0 20 40 60 80 100
Voltage (Volts)

A. Perturb and Observe (P&0O):

Fig 5: Photovoltaic array power—voltage relationship
In this algorithm a slight perturbation is

introduce system [7]. This perturbation causes 7 Inputs: 10, I, Vit —AD, Iit— A5\
the power of the solar module changes. If the ':\””'&”” A"m;ﬂullcsulmcd from tlw/}
power increases due to the perturbation then }
the perturbation is continued in that direction AV=Vit) - Vit — A

AP = P(1) = P(t— A1)

[7]. After the peak power is reached the power
at the next instant decreases and hence after
that the perturbation reverses. When the steady
state is reached the algorithm oscillates around NO

the peak point. In order to keep the power NOYES

variation small the perturbation size is kept
very small. A PI controller then acts moving @ @ YES
the operating point of the module to that \TS NO NO YES

particular voltage level. It is observed that Decrease .nc,lc“sc Dcc}c;.sc lncrlcusc
there some power loss due to this perturbation Vref Vref Vref Vref
also the fails to track the power under fast p N
varying atmospheric conditions. But still this | Retum )

algorithm is very popular and simple Figure 5,

which shows an family of PV array power Fig 6: Flow chart Of P& O MPPT algorithm

curves as a function of voltage (P-V curves), The advantages of this algorithm, as stated before, are simplicity
at different irradiance (G) levels, for uniform and ease of implementation. However, P&O has limitations that
irradiance and constant temperature.  As reduce its MPPT efficiency. One such limitation is that as the

reviouslv described. these curves have alobal amount of sunlight decreases, the P-V curve flattens out, as seen
p y ! 9 in Figure 5. This makes it difficult for the MPPT to discern the

maxima at the MPP. Assume the PV array to location of the MPP, owing to the small change in power with
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respect to the perturbation of the voltage. The drawback of P&O
is that it cannot determine when it has actually reached the MPP.
Instead, it oscillates around the MPP, changing the sign of the
perturbation after each P measurement

B. Pilot cell:

In the pilot cell MPPT algorithm, the constant
voltage or current method is used, but the open-
circuit  voltage or  short-circuit  current
measurements are made on a small solar cell, called
a pilot cell, that has the same characteristics as the
cells in the larger solar array.13 The pilot cell
measurements can be used by the MPPT to operate
the main solar array at its MPP, eliminating the loss
of PV power during the VOC or ISC measurement.
However, the problem of a lack of a constant K
value is still present. Also, this method has a
logistical drawback in that the solar cell parameters
of the pilot cell must be carefully matched to those
of the PVarray it represents. Thus, each pilot
cell/solar array pair must be calibrated, increasing
the energy cost of the system.

C.Incremental conductance:

The incremental conductance algorithm is based on
the fact that the slope of the curve power vs.
voltage (current) of the PV module is zero at the
MPP, positive (negative) on the left of it and
negative (positive) on the right, as can be seen in
Figure 7:
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Fig7: PV panel characteristic curves

e AVIAP=0 (AIlAP = 0) at the MPP
e AV/IAP = 0 (AI/AP < 0) on the left
e AV/AP < O (AI/AP = 0) on the right

By comparing the increment of the power vs. the increment of
the voltage (current) between two consecutives samples, the
change in the MPP voltage can be determined.
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Fig 8: Incremental Conductance algorithm

In both P&O and In Cond schemes, how fast the
MPP is reached depends on the size of the
increment of the reference voltage the drawbacks of
these techniques are mainly two. The first and main
one is that they can easily lose track of the MPP if
the irradiation changes rapidly [7], [15]-[18]. In
case of step changes they track the MPP very well,
because the change is instantaneous and the curve
does not keep on changing. However, when the
irradiation changes following a slope, the curve in
which the algorithms are based changes
continuously with the irradiation, so the changes in
the voltage and current are not only due to the
perturbation of the voltage. As a consequence it is
not possible for the algorithms to determine
whether the change in the power is due to its own
voltage increment or due to the change in the
irradiation.

D: Fuzzy logic control:

The use of fuzzy logic control has become popular
over the last decade because it can deal with
imprecise inputs, does not need an accurate
mathematical model and can handle nonlinearity.
Microcontrollers have also helped in the
popularization of fuzzy logic control [8]. The fuzzy
logic consists of three stages: Fuzzification,
inference system and Defuzzification. Fuzzification
comprises the process of transforming numerical
crisp inputs into linguistic variables based on the
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degree of membership to certain sets. Membership
functions, like the ones in Figure 15, are used to
associate a grade to each linguistic term. The
number of membership functions used depends on
the accuracy of the controller, but it usually varies
between 5 and 7 [8], [23]-[25]. In Figure 15 seven
fuzzy levels are used: NB (Negative Big), NM
(Negative Medium), NS (Negative Small), ZE
(Zero), PS (Positive Small), PM (Positive Medium)
and PB (Positive Big). The values a, b and ¢ are
based on the range values of the numerical
variable. In some cases the membership functions
are chosen less symmetric or even optimized for
the application for better accuracy [8], [25].

NB NM NS ZE PSS PM PB

Fig 9Membership functions.

The inputs of the fuzzy controller are usually an
error, E, and the change in the error, Delta E. The
error can be chosen by the designer, but usually it
is chosen as Delta P/Delta V because it is zero at
the MPP. Then E and Delta E are defined as
follows

_P(k)—-P(k—1)
V(k)-v(k-1)

AE =E(k) —E(k —1) (34)

The output of the fuzzy logic converter is usually a
change in the duty ratio of the power converter,
AD, or a change in the reference voltage of the DC-
link, AV. The rule base, also known as rule base
lookup table or fuzzy rule algorithm, associates the
fuzzy output to the fuzzy inputs based on the power
converter used and on the knowledge of the user.
Table | shows the rules for a three phase inverter,
where the inputs are E and AE, as defined in (3,4)
and the output is a change in the DC-link voltage,
AV. For example, if the operating point is far to the
right of the MPP, E is NB, and AE is zero. Then to
reach the MPP the reference voltage should
decrease, so AV should be NB (Negative) to move
the operating point towards the MPP. The

advantages of these controllers, besides dealing
with imprecise inputs, not needing an accurate
mathematical model and handling nonlinearity, are
fast convergence and minimal oscillations around
the MPP. Furthermore, they have been shown to
perform well under step changes in the irradiation.
However, no evidence was found that they perform
well under irradiation ramps. Therefore, their
performance under the conditions specified in [9]
for testing the dynamic MPPT efficiency is
unknown. Another disadvantage is that their
effectiveness depends a lot on the skills of the
designer; not only on choosing the right error
computation, but also in coming up with an
appropriate rule base [8].

E.Fractional short circuit current:

Just like in the fractional open circuit voltage
method, there is a relationship, under varying
atmospheric conditions, between the short circuit
current ISC and the MPP current, IMPP, as is
shown by:

Impp ~ Kyl (5)

The coefficient of proportionality k2 has to be
determined according to each PV array, as in the
previous method happened with k1. According to
[8] the constant k2 has been reported to be between
0.78 and 0.92. Measuring the short circuit current
while the system is operating is a problem. It
usually requires adding an additional switch to the
power converter to periodically short the PV array
and measure ISC. In [26] ISC is measured by
shorting the PV array with an additional field-effect
transistor added between the PV array and the DC
link capacitor. One other option is shown in [27]: a
boost converter is used and the switch of the
converter is used to short the PV array. Short
circuiting the PV array also leads to a loss of
power. One last handicap is that the real MPP is not
reached because the proportional relationship is an
approximation. Furthermore, k2 changes if the PV
array is partially shaded, which happens due to
shades or surface contamination. To overcome this
problem, [26] proposes an online tuning of k2 and
[28] a periodical sweep of the PV voltage from
open circuit to short circuit to update k2 and
guarantee that the real MPP is reached in the
presence of multiple maxima which obviously
increases the complexity of the system. Most of the
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literature using this MPPT technique uses a DSP as and the gating signals generated from the PWM are
controller given to the IGBT Gating signals.

IV MODEL STRUCTURE AND SIMULATION

-'urL.--.Ef__;‘fj
= 0 A: Incremental Conductance Method:

Scoped

Fig 10 simulation of MPPT

In the process of simulation environment

temperature is settled at the level of 300 and the

light 1kw/m2. To facilitate the observation of trace
results light intensity changes from the original
1kw/m2 to 0.6kW/m2 after 0.4 seconds. Taking

simulating accuracy and speed into consideration,

we chose ode23th. Simulation time take 0.1s. The

pv system is designed using subsystem in Matlab

2 Embedded MATLAB Edior -Block:princ/Subsystem/Embedded MATLAB Function BE)
e £t Tot. Debw. s W b =
al=] | 90 A00 ¢ SE > ERARRAA =2

and the o/p of the pv cell is connected to diode and

is connected to the filter capacitor and resistor and

is given to the boost converter and the ripples form

the boost converter can be eliminated using the

capacitor filter and the Load of resistive load is o

connected which acts as a dc load, the o/p terminals
of the PV system are connected to the MPPT

algorithm either the P&O or Incremental
conductance Method. And the of/p signal of MPPT
is Compared with The carrier wave this in terms
can be known as PWM (Pulse Width Modulation),

Fig 12Incremental conduction method algorithm
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Fig 15: PV o/p power
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Fig 16: Over all o/p Voltage

B: P&O method:
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Fig 17P& O simulation Circuit

Fig 18 P&0O MPPT Algorithm
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Fig 21: PV o/p power

Fig 22: Over all o/p Voltage

CONCLUSION

This paper has presented a Modelling and
designing of PV and different algorithms and
comparison of two most popular MPPT controllers,
Perturb and Observe Controller with Incremental
Conductance Controller. This paper focus on
comparison of two different converters which will
connect with the controller. One simple solar panel
that has standard value of insulation and
temperature has been included in the simulation
circuit. The scope of the study was limited to those
algorithms thought to be applicable to low-cost
implementations with currently available hardware.
The results suggest that, on the basis of maximum
power point tracking efficiency, the perturb-and-
observe method, already by far the most commonly
used algorithm in commercial converters, has the
potential to be very competitive with other methods
if it is properly optimized for the given hardware.
Incremental conductance performed as well as
P&O, but in general its higher implementation cost
would not be justified by any improvement in
performance. Finally, as expected, the MPPT
efficiency increases gained by using the perturb-
and-observe  and  incremental  conductance
algorithms make them favourable over the others.
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