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Abstract

This paper focuses on the comparative study of maximum power point
tracking (MPPT) algorithm. It has been analysed with different combination of
DC-DC converters. Due to poor efficiency of Photo voltaic (PV) systems
some MPPT methods are proposed. All MPPT methods follow the same goal
that is maximizing the PV system output power by tracking the maximum
power on every operating condition.

In this paper maximum power point tracking techniques (Incremental
conductance, and perturb and observe) for photovoltaic systems were
introduced to maximize the produced energy. These techniques vary in many
aspects as: simplicity, convergence speed, digital or analogical
implementation, sensors required, cost, range of effectiveness, and in other
aspects. Incremental conductance algorithm is used to track the MPP because
it performs precise control under rapidly changing atmospheric conditions.

Keywords: PV system; Maximum power point tracking (MPPT); DC-DC
Converter.

Introduction

Unfortunately, PV generation systems have two major problems: the conversion
efficiency of electric power generation is very low (9-16%), especially under low
irradiation conditions and the amount of electric power generated by solar arrays
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changes continuously with weather conditions. Moreover, the solar cell V-I
characteristic is nonlinear and changes with irradiation and temperature. In general,
there is a point on the V-1 or V-P curve only, called the Maximum Power Point
(MPP), at which the entire PV system operates with maximum efficiency and
produces its maximum output power [4].The location of the MPP is not known, but
can be located, either through calculation models or by search algorithms. Maximum
Power Point Tracking (MPPT) techniques [16] are used to maintain the PV array's
operating point at its MPP.

As the MPP is always requested, and this point can be found in any position on I-
V curve, depending on temperature and radiation levels, the natural DC-DC
converters [13] to be applied as MPP Trackers are Buck, Boost, Buck-Boost and Cuk.
The operating region of DC-DC converters are discussed in this paper.

PV Cell

A photovoltaic system converts sunlight into electricity.The basic device of a
photovoltaic system is the photovoltaic cell. Cells may be grouped to form panels or
modules. Panels can be grouped to form large photovoltaic arrays.Fig.1 shows the
equivalent circuit of the ideal photovoltaic cell. The basic equation for output current
of module[2] is

Practical PV device

Ideal PV cell Wa/s 41

Figure 1: Single-diode model of the theoretical photovoltaic cell and equivalent
circuit of a practical photovoltaic device including the series and parallel resistances.
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Where 1 is the PV array output current, V is the PV output voltage, I, .y is the
cell photocurrent that is proportional to solar irradiation, I, .y is the cell reverse
saturation current that mainly depends on the temperature, K is a constant. These
techniques vary in many aspects as: simplicity, convergence speed, digital or
analogical implementation, sensors required, cost, range of effectiveness, and in other
aspects [3][4]. Fig.2, 3 shows basic idea of PV system with different increase in solar
radiation [14] causes the output current to increase and the horizontal part of the curve
moves upward. An increase in cell temperature causes the
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Figure 2: Voltage Vs Current characteristics of PVA with Variation of Insolation.
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Figure 3: Characteristics of PVA incorporating effect of Temperature.

Voltage to move leftward, while decreasing temperature produces the opposite
effect. Thus, the I-V curves display how a photovoltaic module responds to all
possible loads under different solar radiation and cell temperature conditions.

MPPT Algorithms

Maximum power point trackers (MPPTs) play a main 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[18] can
minimize the overall system cost. There are many MPPT methods available the most
widely-used techniques are Perturb and Observe method and incremental conductance
method described in the following sections. They also vary in complexity, sensor
requirement, speed of convergence, cost, range of operation, popularity, ability to
detect multiple local maxima and their applications [3][4]. Specifically the Power
Point Tracker is a high frequency DC to DC converter. They take the DC input from
the solar panels, change it to high frequency AC, and convert it back down to a
different DC voltage and current to exactly match the panels to the loads. MPPT's
operate at very high audio frequencies, usually in the 20-80 kHz range. The advantage
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of high frequency circuits is that they can be designed with very high efficiency
transformers and small components.

Perturb and Observe Algorithm

The Perturb and Observe algorithm[6-8] operate by periodically perturbing(i.e.
incrementing or decrem enting)the array terminal voltage or current and comparing
the PV output power with that of the previous perturbation cycle. If the PV array
operating voltage changes and power increases, the control system moves the PV
array operating point in that direction; otherwise the operating point is moved in the
opposite direction. In the next perturbation cycle the algorithm continues in the same
way.The flow chart of the Perurb and Observe algorithm shown in Fig.4.

Read V(k)
and I(k) from
panel

P(k)=V(K)"I(k)

Delay P(k) &V(K) by k
-1 instant
P(k-1).V(k-1)

AP=P(K)-P(k-1)
AV=V(K)-V(k-1)

D=D+dD D=D-dD D=D-dD D=D+dD

L v v
< To switch )

Figure 4: Flowchart of Perturb and Observe (P&O) methods.

Incremental Conductance Algorithm

The Incremental Conductance method[6-10] offers good performance under rapidly
changing atmospheric conditions. Fig.5 shows that the slope of the PV array power
curve is zero at the MPP, increasing on the left of the MPP and decreasing on the right
hand side of MPP.The basic equations of this method are as follows[1]

&~ _LAtMPP @)
av 14
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Figure 5: Basic idea of incremental conductance method on a P-V curve of a solar
module.

Where | and V are PV array output current and voltage respectively. The left hand
side of equations represents Incremental conductance of PV module and the right
hand side represents the instantaneous conductance. From (2), (3) and (4) it is obvious
that when the ratio of change in the output conductance is equal to the negative output
conductance, solar array will operate at the maximum power point. In other words, by
comparing the conductance at each sampling time, the MPPT will track the maximum
power of the PV module. The flow chart of Incremental Conductance method shown
in Fig.6.It makes use of instantaneous and incremental conductance to generate an
error signal which is zero at MPP; however it is not zero at most of the operating
points, but it make the error from the MPPs near to zero [3].

Measure
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Figure 6: Flowchart of Incremental conductance method.
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Comparision

A common problem in Pertub and Observe algorithm[19] is that the array terminal
voltage is perturbed every MPPT cycle; therefore when the MPP is reached, the
output power oscillates around the maximum, resulting in power loss in the PV
system. This is especially true in constant or slowly-varying atmospheric conditions.
Furthermore, Perturb and Observe method can fail under rapidly changing
atmospheric conditions. Incremental conductance method [5-8] is more efficient than
Perturb Observe method [5-7] because panel terminal voltage is changed according to
its value relative to the maximum power point voltage. Therefore, this method is
independent on solar panel characteristics.

Table I: Overall MPP Tracking Efficiencies.

Sky conditions  |Perturb and Observe Incremental conductance
Days of data|MPPT efficiency|Days of data) MPPT efficiency

Clear 20 98.7 17 98.7

Partly cloudy 14 96.5 11 97.0

Cloudy 9 98.1 11 96.7

Overall 43 97.8 39 97.4

Simulator overall| 99.3 99.4

Incremental conductance method eliminates the problem that is seen in Perturb
and Observe method. Therefore, oscillations that cause power loss are not occurred in
Incremental conductance method. A summary of the MPPT efficiencies of two
algorithms are shown in Table I.

Choice of Converter for MPPT

When proposing a maximum power point tracker, the major job is to choose and
design a high efficient converter which is supposed to operate as the main part of the
MPPT. The cuk converters provide the opportunity to have either higher or lower
output voltage compare with input voltage.

Is — .

+ +

V V RESISTIVE
POWER SORCE s DC/DC L LOAD

Figure 7: Converter acting as a Maximum Power Point Tracker.

Although buck and boost configuration is cheaper than cuk, some disadvantages
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such as discontinuous input current, high peak currents in power components and
poor transient response makes it less efficient. On the other hand, cuk converter has
low switching losses and highest efficiency among non-isolated DC-DC converters
[17]. It also can provide a better input and output current characteristic due to the
inductor on the both input and output stage. The load voltage of converter can be
obtained in terms of load current by the relation

Vicad = lioaaRioaa (5)

Where V44 1S the load voltage, I,,44 is the load current and R;,,4 is the load
resistance. We shall assume the operation of a cuk converter

D
Vicaa = -0 Vinodute (6)

The average input power to the DC-DC converter equals the average output power
thereby, we get a relation

1-D
lipaa = Tlmodule (7)

Combining the above two equations, we write

Vmodule _ (1_D)2
I - D Rload (8)
module

D here represents the voltage conversion ratio of the cuk converter. So, when seen

_P\2
from the source side, the effective resistance will be(%) Rioaq- This is a function

of D, which we can control to fix the operating point near the MPP. We have to note
that the range of D is zero to one. The MPP can be found in any position on I-V
curve, depending on temperature and radiation levels, the natural DC-DC converters
to be applied as MPP Trackers are Buck-Boost, Cuk, because they have no non-
operational region. TABLE-II summarizes the equations for DC-DC Buck, Boost,
Cuk, converters. Comparative study on different schemes of switching converters is
presented in the literature [11][13].The basic circuit diagram buck boost cuk
converters are as shown in Fig.8, 9, and 10

L I L IO
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V Vi cC = \/0 R L
d

Figure 8: Step down (buck) converter.
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Figure 9: Step up (boost) converter.
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Figure 10: Cuk converter.

Table I1: Conversion Factor and Range of Operation of Converters.

DC-DC converter| R.(D,R;,,4) |Range

Cuk converter 1 — D\?2 0° <9 <90°
<T) Rload
Buck converter R 1
logd 0°<0< tan‘l( )
D 5 load
Boost converter | (1 — D)*R;pq4 tan‘l( ) <0 <90°
Rload

Conclusion

This paper has presented a comparison of two Maximum Power Point Tracking
techniques[9][12][15] and their efficiency performance at different weather
conditions. The Incremental Conductance method is more efficient than Perturb and
Observe method because panel terminal voltage is changed according to its value
relative to the MPP voltage. Perturb and Observe method can fail under rapidly
changing atmospheric conditions. Incremental conductance method eliminates the
problem in Perturb and Observe method. The Incremental Conductance method offers
good performance under rapidly changing atmospheric conditions.On the other hand;
cuk converter has low switching losses and highest efficiency among non-isolated
DC-DC converters. It also provides a better input and output current characteristic due
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to the inductor on both input and output stage. Thus cuk converter configuration is a
proper choice to be employed in designing the MPPT.
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