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Abstract

The photovoltaic (PV) generator exhibits non- linear characteristics and its maximum
power point varies with solar insolation and temperature, thus this work deals with the design
and implementation of a real time maximum power point tracker(MPPT)for photovoltaic
system aiming to improve energy conversion efficiency. A MPPT algorithm is developed
using PV array voltage and current information's and the incremental conductance of the PV
array, it's implemented by single chip 80C51 microcontroller to control the duty cycle of a
boost converter with pulse width modulation (PWM). The practical and Simulation results
shows the validity of the designed circuit to improve the tracking efficiencies to get the
maximum power point.
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Introduction

The rapid trend of industrialization of nations and increased interest in environmental
issues recently led us to explore the use of renewable forms such as solar energy. Photovoltaic
(PV) generation is gaining increased importance as a renewable source due to [1] [2]
advantages such as the absence of fuel cost, little maintenance and no noise and wear due to
the absence of moving parts, etc. In particular, energy conversion from solar cell arrays
(SCASs) received considerable attention in the last two decades. The PV generator exhibits a
nonlinear i-v characteristic, and its maximum power (MP) point varies with the solar
insolation and temperature. At a particular solar insolation, there is a unique operating point
of the PV generator at which its power output is maximum. Therefore, for maximum
utilization efficiency, it is necessary to match the PV generator to the load such that the
equilibrium operating point coincides with the MPP of the PV source. However, since the MP
point varies with insolation and seasons, it is difficult to maintain MP operation at all solar
insolations. In this work a maximum power point tracking circuit is designed, the research can
be classified into two parts: the first one is the tracking circuit, which is simulated using
(MATLAB-Simulink) software. The solar panel is also simulated to be connected to the total
system because it is not offer in the basic block of matlab. The Boost converter is simulated
using (MATLAB-Simulink\P.S.B) software, two algorithms are used to realize control and
tracking process, the first one is the Perturbation and Observation algorithm and the second is
the Incremental Conductance algorithm. The total simulated models are connected together to
simulate the total photovoltaic system model.

In the second part, the tracking circuit is designed and implemented practically, the boost
converter is designed following the procedure used in the simulated model, Where the control
circuit is designed using a microcontroller chip, the microcontroller is programmed with the
same algorithms used in the first part. Then the converter circuit is connected to the control
circuit to implement the total system with the solar panel and the charging battery.

Characteristics of solar arrays:

Solar array characteristics profounding influence the overall system, which includes the
converter and control scheme; therefore it will be briefly reviewed here. A solar cell is anon
linear device and can be represented as a current source model as shown in figure (1)[3]:
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Figure (1): Simplified equivalent circuit of a solar cell.

The various parameters of the solar cell are modeled as follows: the current source
generates photo current ( |ph), which is directly proportional to the solar irradiance. The two
resistors (Rp) and (Rs) represent the losses incurred in the cell. The series resistor symbolies
the voltage loss in the path due to the cell’s external contacts primarily caused by the ohmic
losses in the surface of the solar cell. The parallel shunt resistor (Rp) denotes the losses due to
leakage current in the solar cell.
The traditional 1-V characteristics of a solar cell, when neglecting the internal shunt

resistance, are given by the following equation [4]:
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AKT

Where (Iph) is the light generated current, (Isat) is the reverse saturated current, q is the
electronic charge. A is the p-n junction ideality factor (a dimensionless factor), K is the
Boltzmann constant, T is the temperature in degree Kelvin and (RS) is the series resistance of
the cell.

When using equation (1) to simulate the solar cell parameter (neglecting the internal
resistances) it can be shown that the solar cell has non-linear output characteristics. These
output characteristics are shown in figures(2) and (3):
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Fig. (3): output I-V characteristics of a typical solar cell under different temp..
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MPPT Control Approach

As the power supplied by the solar array depends on the insolation, temperature and array
voltage, an important consideration in the design of efficient solar array systems is to track the
maximum power point correctly. The purpose of the MPPT is to move the array operating
voltage close to the MPP under changing atmospheric conditions.

Many methods for tracking maximum power point had been proposed. Two algorithms
often used to achieve the MPPT which are: the perturbation and observation (P&O) method;
and the incremental conductance (IncCond) method [5][6].

1. Perturbation and observation method

The perturbation and observation method has been widely used because of its simple
feedback structure and fewer measured parameters. The peak power tracker operates by
periodically incrementing or decrementing the solar array voltage. If a given perturbation
leads to an increase (decrease) in array power, the subsequent perturbation is made in the
same (opposite) direction. In this manner, the peak power tracker continuously hunts or seeks
the peak power conditions.

2. Incremental conductance method

The solar array terminal voltage can be adjusted relatively to the MPP voltage by
measuring the incremental and instantaneous array conductance (dl/dV and 1I/V
respectively). Although the incremental conductance method offers good performance under
rapidly changing atmospheric conditions, but four sensor devices require more conversion
time which result in a large amount of power loss.

In order to achieve maximum power point tracking two different control variables can be
used[6][7].

1. Voltage- feedback Control
The solar array terminal voltage is used as the control variable for the system. The system
keeps the array operation close to its maximum power point by regulating the array’s voltage
and matches the voltage of the array to a desired voltage. However, this has the following
drawbacks:
(1) The effects of the insolation and temperature of the solar array are neglected.
(2) 1t cannot be widely applied to battery energy storage systems.
Therefore, this control is only suitable for use under constant insolation conditions, such as a
satellite system, because it cannot automatically track the maximum power point of the array
when variations in insolation and temperature occur.

2. Power- feedback Control

Maximum power control is achieved by forcing the derivative (dP/dV) to be equal to zero
under power feedback control. A general approach to power feedback control is to measure
and maximize the power at the load terminal. This method has the advantage of unnecessarily
knowing the solar array characteristics. However, this method maximizes power to the load
and not power from the solar array. Although a converter with MPPT offers high efficiency
over a wide rang operating points, but for a bad converter, the full power may not be delivered
to the load due to power loss. Therefore, the design of a high performance converter is very
important issue [8].
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Simulation Result
Matlab simulation software and its facilities are used to model a storage solar system with
MPPT (in Boost mode) tracker as shown in fig.4 (a)
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Figure (4): Simulation of a storage PV system with MPPT (in boost mode): (a) circuit
diagram; (b) detail of "PV source" block; and (c) detail of "MPPT" block.

For the solar cell equivalent circuit, we have created a block called "PV source" as
shown in fig.4(b) which simulates the nonlinear I-V characteristics of one solar panel,
employing the cell short circuit current (Isc) as a measure of insolation level.

Also a delay function is introduced to limit the fast current response of the "controlled voltage
source" and to improve the convergence of solution.

For the MPPT equivalent circuit, A block called "MPPT" as shown in fig.4(c), is used this
block acts as a controller to execute the control algorithm (P&O and IncCond) and calculates
the firing commands for the pulse-width-modulation (PWM) block, the (MPPT)block is
simulated using the simulink facilities(User defined system/S-function) which is execute the
tracking algorithm and translates it to simulink block to added to be the total system.

Fig.5 shows computed voltage, current, and power characteristics of the "PV source"” output
block, and fig.6 shows the charging current, when using P&O and IncCond algorithm
respectively.

71



Al-Rafidain Engineering Vol.17 No.6 Dec. 2009

.
o

— Vaoltage(v)
— Power(¥)
—— Current{#)

IS
=]

)
5]

w
=

)
- @

o

=]

m

)
>
o

e

=

==
(5]
c
]

o
S

8
o

(9p)

=]

(a): without MPPT algorithm. (b): with perturbation and observation algorithm.
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Figure (5): Computed (using figure (4))
voltage, current, and power
characteristics of the PV source.
a)without MPPT algorithm. b) with
P&O algorithm and c) with IncCond
algorithm.
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Figure (6): Computed charging
current. a) without MPPT.

b) with P&O algorithm and c) with
IncCond algorithm.
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(c): charging current with Incremental and

conductance algorithm.
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It is noticed that the charging current is increase about (11%) when using perturbation and
observation algorithm and increased about (15%) with incremental and conductance
algorithm. The captured maximum power is approximately (38W) in the first algorithm and it
is (42W) for second algorithm. The tracking efficiency was used to evaluate the tracking

performance for MPPT algorithm, the tracking efficiency is defined as:
t2
_[ Pactual (t) ) dt
ty
TMMPPT = T T e e s s e (2)

[ Prc (1) - dlt
[

Where t1 is the start- up time of the system and t2 is the close-down time of the system, P is
the panel output power, and Pmax is the theoretical maximum panel power. The tracking
efficiency for the two kinds of algorithm is above (80%).

Experimental Results

Fig (7) shows the overall view of the maximum power point tracking system. The main
sections are the solar cell, the microcontroller, the dc-dc converter (boost converter) and the
load, which in this case is the charging battery.
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(b): control circuit diagram.

Figure (7): Maximum power point tracker. a) Boost converter, b) Control
circuit diagram
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The dc-dc converter is placed between the solar panel and the load in order to draw the
maximum power from the solar panel. The converter is an essential section as it operates the
solar array at the maximum point while also providing a constant voltage to the battery. It is
operated in boost mode, which step-up the output voltage. The regulation of the output
voltage is achieved by varying the duty cycle of the switch (MOSFET). The PWM signal
generated by 89C51 microcontroller is used to control the transistor switch operation (on &
off). The converter has all of the array energy flowing through it so component choice is
important for maximum efficiency. The converter also carries out impedance matching so that
the impedance of the source is equal to the impedance of the load to ensure maximum power
transfer [9].

The microcontroller is also an imperative element of the system. It is responsible for
implementing the maximum power point tracking algorithm, it takes continual measurements
of the solar array output current and voltage and then continuously estimates what point the
panel should be operating at for optimum power. It also controls the pulse width modulation
with continuous switching of the dc-dc converter so that the output voltage can be set as
desired. The DBL494 chip is used as a comparator to generate the PWM control signal, it has
an internal saw tooth generator and comparator to compare the reference voltage that generate
from microcontroller after executed the tracking algorithm to generate the PWM signal.
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Figure (8): Measured a) charging current and
b) output power with and without using perturbation and observation algorithm.

Figure (8) shows the measured charging current and output power with and without using
perturbation and observation algorithm, it can be noticed that the charging current increased
to about (14%) and the output power is increased to about(10%) due to the increasing into
output power exploited from solar panel.
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Figure (9): Measured a) charging current and
b) output power with and without using Incremental conductance algorithm.

Figure (9) shows the measured charging current and output power with and without using
Incremental conductance algorithm; the charging current is increased to about (35%) while
the output power is increased to about (15%).

The tracking efficiency of the first algorithm is about (80%), and for the second algorithm is
about (95%), so that the second algorithm is more efficient from the first algorithm to track
the maximum power point of the photovoltaic system, because the first algorithm is oscillate
at the maximum power point and not centered on it.

Conclusion

The purpose of maximum power point tracking is to adjust the solar operating voltage
close to the peak power point under changing atmospheric conditions. The main goal of this
work is to increase the efficiency in comparison to systems without MPPT, and thus to reduce
the size and the cost of the PV panel. It consists of a dc-dc boost converter controlled by a
single chip microcontroller that executes a two tracking algorithms perturbation and
observation and Incremental conductance. The use of a microcontroller allows easy system
modification, if additional renewable energy sources (e.g., more PV array) are used. The
method has an advantage of unnecessarily knowing the solar array characteristics, thus it can
be applied to all types of solar modules. Another advantage is that the system eliminates the
reference cell used in other systems. It noticed that the incremental conductance algorithm
shows tracking efficiency better than the perturbation and observation algorithm because the
last one is oscillate around the maximum power point and not centered on it. the experimental
and simulation results are presented to show the performance validity of the designed MPPT.
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