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Abstract

The main objective of this paper is to design and develop a Maximum Power
Point Tracker (MPPT) for solar modules using microcontroller. Maintaining
a solar panel or an array of panels without an MPPT will often result in power
loss, which in return requires installing more panels for the same power re-
quirement. This will also result in premature battery failure or capacity loss.
This is why the controllers of all solar power system should employ some
method for maximum power point tracking (MPPT). Over the past decades
many MPPT techniques have been published. In this paper, it is shown that a
hardware based system has been designed using microcontroller. First based
on the Perturb & Observe (P&O) MPPT algorithm, a complete code has been
written and burnt into microcontroller IC. Then the whole system has been
designed using buck boost converter and Hall sensor. The microcontroller
takes the voltage and current output from the PV module and determines the
maximum power point of the PV module. If we want to use the output power
of the module to charge a battery, the MPPT will operate the PV module in its
maximum power point despite the varying voltage level of the battery as well
as the variation of solar radiation. The performance of the developed system
has been studied and found working satisfactorily.
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1. Introduction

The world is increasing experiencing a great need for additional energy re-
sources so as to reduce dependency on conventional sources, and photovoltaic
(PV) energy could be an answer to that need. Renewable energy becomes an es-
sential source for many applications in the last four decades. It is difficult to
supply electrical energy to small applications in remote areas from the utility
grid or from small generators. In order to overcome the undesired effects on the
output PV power and draw its maximum power, it is possible to insert a DC/DC
converter between the PV generator and the batteries, which can control the
seeking of the MPP, besides including the typical functions assigned to control-
lers. These converters are normally named as maximum power point trackers
[1].

The objective of this paper was to design and development of a Maximum
Power Point Tracker (MPPT) for a solar-powered module using microcontrol-
ler. Figure 1 shows the basic block diagram of MPPT.

In this paper, a microcontroller based module has been designed to track the
maximum power point of a given solar module. The inputs of the MPPT con-
sisted of the photovoltaic voltage and current outputs [2] [3]. The adjusted volt-
age and current output of the MPPT charges the power supply. Figure 2 is
showing the electron and current flow in solar cells. A microcontroller was util-
ized to regulate the integrated circuits (ICs) and calculate the maximum power
point, given the output from the solar cell. Hardware and software integration
was necessary for the completion of this component [4].

A. Solar Cell

Photovoltaic cells are devices that absorb sunlight and convert that solar en-

ergy into electrical energy. Solar cells are commonly made of silicon. A solar cell

is a p-n junction which is made from two different layers of silicon doped with a
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Figure 1. Basic block diagram of MPPT.
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Figure 2. Electron and current flow in solar cell.
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small quantity of impurity atoms. In case of n-layer, atoms with one more va-
lence electron, called donors, and in the case of the p-layer, with one less valence
electron, known as acceptors. When the two layers are joined together, near the
interface the free electrons of the n-layer are diffused in the p-side, leaving be-
hind an area positively charged by the donors [5]. Similarly, the free holes in the
p-layer are diffused in the n-side, leaving behind a region negatively charged by
the acceptors. This creates an electrical field between the two sides that is a po-
tential barrier to further flow. The equilibrium is reached in the junction when
the electrons and holes cannot pass the potential barrier anymore. This electric
field pulls the electrons and holes in opposite directions so the current can flow
in only one way only. Electrons can move from the p-side to the n-side and the
holes in the opposite direction [6].
B. MPPT

The Maximum Power Point Tracker (MPPT) is needed to optimize the amount
of power obtained from the photovoltaic array to the power supply. The output
of a solar module is characterized by a performance curve of voltage versus cur-
rent, called the I-V curve. In the following Figure 3, the maximum power point
of a solar module is the point along the I-V curve that corresponds to the maxi-
mum output power possible for the module. This value can be determined by
finding the maximum area under the current versus voltage curve [7] [8].
C. MPPT Control Algorithm

The weather and load changes cause the operation of a PV system to vary al-
most all the times. A dynamic tracking technique is important to ensure maxi-
mum power is obtained from the photovoltaic arrays [9]. The following algo-
rithms are the most fundamental MPPT algorithms, and they can be developed
using micro controllers. The MPPT algorithm operates based on the truth that
the derivative of the output power (P) with respect to the panel voltage (V) is
equal to zero at the maximum power point [10]. Various maximum power point
algorithms are available in order to improve the performance of photovoltaic
system by effectively tracking the MPP. However, most widely used MPPT algo-

rithms are considered here, they are:
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Figure 3. IV characteristics curve of solar cell.
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1) Perturb and Observe (P&QO)

2) Incremental Conductance

3) Constant Voltage Method.
D. Power Supply

A storage battery is a reservoir, which may be used repeatedly for storing en-
ergy. Energy is charged and drained from the reservoir in the form of electricity,
but it is stored as chemical energy. New battery technologies are constantly be-
ing explored that can offer better energy-to-weight ratios, lower costs and in-
creased battery life. The nickel-metal-hydride batteries offer about twice the en-
ergy capacity for the same weight as a current lead-acid battery. Another battery

type with an even greater energy density is Lithium ion [11] [12].

2. Work Methodology

A. Open Circuit Voltage, Short Circuit Current And Maximum Power Point
Two most important points of this voltage-current characteristic should be
pointed out: the open circuit voltage V. and the short circuit current I .
When the solar cell is operated as the open circuit, | =0 and then the voltage
across the output terminals is defined as open circuit voltage. We can assume the
shunt resistance is high enough to neglect those final terms of the characteristic

equation, the open circuit voltage V. is:

Voc z%ln[:—L+lj (1)

0

Similarly, when the cell is being operated as short circuit, V =0. The current
I through the two terminals is defined as short circuit current. It is shown that
for high-quality solar cell (high Ry, andlow R,and /) the short-circuit current
I is:

=1, )

ISC

It is impossible to extract power from the solar cell when it is operating at ei-
ther short circuit or open circuit conditions. Using MPP voltage and current,
Vye and |, the open circuit voltage (V,.) and the short circuit current
(14 ), the fill factor (FF) can be defined as:

Vel

PR = e 3)

oc 'sC

The efficiency of a solar cell is mainly determined as the fraction of the inci-

dent power which is being converted to electricity and is defined as:

Prax =Voc lsc FF (4)
Voclsc FF
n=———" (5)
P

where,
Vg is the open-circuit voltage;
Iy is the short-circuit current;

and
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FFis the fill factor

7 is the efficiency.

B. Buck Boost Converter

Buck Boost converter is a DC-DC converter. It can Step up the voltage as well
as step down the voltage. Figure 4 shows the basic circuit of Buck Boost Con-
verter.

While the main buck boost circuit is ON-State (Figure 5), the input voltage
source is connected to the inductor (Z) directly. This can result in the accumula-
tion energy in the inductor Z. In this very stage, the capacitor mainly supplies
energy to output load.

On the other hand in OFF-State (Figure 6), the inductor L is connected to the
capacitor and the output load, so the energy is being transferred to Rand Cfrom
L

Comparing the buck and boost converters, the characteristics of those con-
verters are mainly:
¢ Polarity of the output voltage is opposite to that of the input.

e The output voltage can vary for an ideal converter continuously from 0 to
—oo . The output voltage ranges for a buck and a boost converter are respec-
tivelyOto V, and V, to oo.
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+
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Figure 4. Basic circuit of a buck boost converter.
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Figure 5. ON-state of a buck-boost converter.
D
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Figure 6. OFF-state of a buck-boost converter.
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If the current through inductor Z doesn’t fall to zero during the commutation
cycle, the converter then operates in the continuous mode. The voltage and cur-
rent waveforms in the ideal converter can be seen in Figure 7.

_ Vo
~ Vo-Vi

(6)

From this expression it can be known that the polarity of output voltage is al-
ways negative because the duty cycle then goes from zero to one, and that the
absolute value increases with the duty cycle D, theoretically up to the minus in-
finity when the duty cycle approaches one. Apart from polarity, the converter is
either a boost converter (step up) or a buck converter (step down). Thus the
name of the converter is buck-boost converter [13].

C. Design and Development of the System

A great deal of research has been accomplished to improve the efficiency of
the photovoltaic system. Several methods to track the maximum power point of
a PV module have been suggested to solve the problem of efficiency.

The motto of our MPPT design is to check the output of PV module, com-
paring it to the battery voltage and then fixing it which is the best power that the
module can actually produce to charge the battery. After that the module con-
verts it to the best voltage to get maximum current into battery. It can also sup-
ply power to a DC load, which is connected directly to the battery.

MPPT is most effective under these conditions:

Normally, PV module works better at cold temperature and MPPT is utilized
to extract maximum power available from them. When battery is deeply dis-
charged: MPPT can extract more current and charge the battery if the state of
charge in the battery is lowers.

A maximum power point tracker is used for obtaining the maximum power
from the solar PV module and conversion to the load. A non-isolated DC-DC
converter (step up/step down) offers the purpose of conversion maximum power
to the load. A DC-DC converter acts as an interface between the load and the
module. By varying the ratio of duty cycle the impedance of load as it appears by
the source is varied and matched at the peak power point with the source so as

to conversion the maximum power.
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Figure 7. The voltage and current waveforms in an ideal
converter.
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Here a microcontroller based PWM controller has been developed with
MPPT. The block diagram of the system is as the following (Figure 8):
a. Solar Module

A PV module is a packaged, connected assembly of solar cells. Solar modules
use light energy (photons) from the sun to generate electricity through the
photovoltaic effect. The majority of modules use wafer-based crystalline silicon
cells or thin-film cells based on cadmium telluride or silicon. Electrical connec-
tions are made in series to achieve a desired output voltage and/or in parallel to
provide a desired current capability. The conducting wires that take the current
off the modules may contain silver, copper or other non-magnetic conductive
transition metals. The cells must be connected electrically to one another and to
the rest of the system.
b. Sensing & Controller

To sense and measure the current a hall sensor has been used at the output of
solar module. This hall sensor senses the current and gives input to the MPPT
module.
¢. PWM controller

A PIC16F876A microcontroller has been used to work as the PWM controller
of the system, which takes analog inputs as voltage and current from the PV
module and changes its duty cycle according to the input power.
d. Buck Boost DC-DC converter

A DC-DC converter has been designed on breadboard to cut or boost the in-
put voltage. An IRFP 250n MOSFET has been used to operate switching of the
converter. The gate pulse was given from the developed PWM controller.
D. Simulation in Proteus

Proteus is basically a software, which is used for the simulation of drawing
circuit, micro controller and PCB designing. It is made by Lab centre Electron-
ics. All the components needed for electronic circuits are available here. The to-
tal simulation work is done with the help of Proteus. Here’s a sample of the main

circuit for PWM controller is given below in Figure 9.

3. Result and Discussion

A complete PWM controlling code has been burnt on the PIC16F876A. To test

Buck
Solar Boost Load
Module DC-DC

Converter
l v

Sensi Duty Cycle
ensing
PWM
And
P controller ——
Controller

Figure 8. Block diagram of the MPPT system.
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the PWM and its duty cycle, it has been tested for different output voltage of a
PV module.

Variation of the duty cycle of PWM unit with the variation of PV output voltage
is shown in Table 1. And the graph of these values is shown in Figure 10.

A. Conversion Of Voltage Using Buck Boost Converter

For the work, the ideal buck boost converter circuit was slightly modified to
make the circuit work in the given voltage range.

In the modified buck boost converter of the practical demonstration the out-
put of the PWM controller has been fed to the input of the optocoupler (shown
in Figure 11). One of the output of the optocoupler is fed to the gate of the IRFP
250n MOSEFET. The output unit or the load is connected to the buck boost con-
verter across which the output voltage is measured.

B. Testing DC-DC converter
The designed DC-DC converter is tested for a buck operation. The input

Qi
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Figure 9. Design of a microcontroller based PWM controller designed in Proteus.

Table 1. Variation of the duty cycle with the variation of output voltage of PV.

PV Output Voltage Duty Cycle (%)
0.45 20%
1.50 25%
3.90 31%
7.50 40%
11.50 47%
15.95 50%
21.45 56%
23.75 68%

OALib Journal 8/12
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Figure 10. A graph to show the output voltage vs duty cycle of a PWM.
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Figure 11. Modified circuit of the buck boost converter.

voltage is cut off to a certain level with the changing input voltage.(in Table 2)
and Figure 12 shows a graph indicates the voltage changes in Buck boost Con-
verter.

The separately designed and tested PWM controller and DC-DC converter
have been connected to test the system. The PWM output is connected to an
optocoupler and the output of the opto-couples is used as the gate pulse of the
MOSEFET. Thus for a given voltage range of 14 V - 18 V the system is tested sat-

isfactorily.
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Table 2. Changes of output voltage with the increasing input voltage in DC-DC con-

verter.

Input Voltage (Volts) Output Voltage (Volts)
12V 7.8V
13V 8.58V
14V 9.32V
15V 1017V
16V 1134V
17V 1240V
18V 1340V
19V 14.02V
20V 1526V
22V 1738V
24V 1934V

20 T T T T T
18
16

Output

Voltage of

DC-DC 14

converter

on Y axis

12

10

6 1 1 1 1
12 14 16 18 20
Input voltage of DC-DC converter on X axis

22

24

Figure 12. A graph of output voltage vs input voltage curve of the designed buck

boost converter.

4. Conclusion

There are many approaches to find and track the maximum power point for a
PV module. Here we have demonstrated P&O algorithm to track MPP. Many

systems may combine 2 or 3 methods together. In some cases, changing from

one method to another is based on the level of irradiance. At low levels of ir-

radiance, methods like Open Circuit Voltage and Short Circuit Current may be

more appropriate as they can be more noise immune. In P&O algorithm, the

MPP bounce around the maximum power point due to noise present in the

power conversion system. In the laboratory demonstration, a microcontroller
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based PWM has been designed which is used as the perturb or the gate pulse for
the MOSFET of the converter unit. A buck boost DC-DC converter has been de-
signed using IFRP 250n MOSFET. To stabilize the output of the converter a
modified circuit of buck boost converter has been used. Joining the DC-DC
converter and PWM controller a DC voltage is given input to the converter and
output has been measured across the load of the output unit. The system worked
successfully for the voltage range of 14 V - 18 V range input. The system could
not be demonstrated for a PV module due to the lack of a solar panel in the
laboratory. Besides for a DC input the system worked 95% successfully and sat-

isfactorily.
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