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Abstract—The need for renewable energy sources is on the ri
because of the acuterergy crisis in the world today.Solar energy
is a vital renewable resource for the powem this project, we
examine a method to extract maximum obtainable sotapower
from a Photo Voltaic(PV) moduleThis project investigates in
detail the concept of Maximum Power Point Tracking (MPPT)
which significantly increases the efficiency of the solar
photovoltaic systemby using interleaved buck topolog. The
MPPT is responsible for extracting the maximum possie power
from the photovoltaic and feal it to the battery or load via the
interleaved buck converter which steps down the voltage t
required magnitude. The main aim will be to track e maximum
power point of the photovoltaic module so that themaximum
possible power can be extracted from th@hotovoltaic module.
The algorithms utilized for MPPT is Perturb and obsewve method
which is easy to model or use as a codée interleaved buck
converter is controlled through ultra low power MSP430
microcontroller and photovoltaic full bridge driver .

Index Terms— MPPT, Interleaved Buck Converter, Photovoltaic
full bridge driver, PV cell, Pulse width modulation

l. INTRODUCTION

One of the major concerns in the power sector esddn-to-
day increasing power demand but the unavailakilitgnougt
resources to meet the power demand using the ctoral
energy sources. Demand has increased for renewahbtees
of energy to be utilized along with conventionystems to
meet the energy demasalar energy is abundantly availa
that has made it gsible to harvest it and utilize it proper
Solar energy can bestandalone generating L. Thus it can
be used to power rural areas where thalavidity of grids is
very low.In order to tackle the present energy crisis orsett
develop an efficist manner in which power has to
extracted fron the incoming solar radiation.The power
conversion mechanisms have been greatly rec in size in
the past few yearsThe development in power elronics and
embedded systentms helped engineers to ce up with very
small but powerful systems to withstand the highwvec
demand. Te use of the newest power control mechan
called the Maximum Power Point Tracking (MPF
algorithms and interleaved buck topolo has led to the
increase in the efficiencyfmperation of the solar modul
and thus is effective in the field of utilizatiorf ;enewable
sources of energy.
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1. PV PANEL COMPONENTS

A. Photovoltaic cell

A photovoltaic cell or photoelectric cell is a seonductor
device that converts light energy inelectrical energy by
photovoltaic effecA Photovoltaic cell is the building block
a solar panel If the energy of photon of light is greater tt
the band gap then the electron is emitted and lthe 6f
electrons creates current [1, 2]

B. PV module

Usuwally a number of PV modules are arranged in seaiet
parallel to meet the energy requirements. PV madudé
different sizes are commercially available (gergraized
from 60W to 170W). For example, a typical small ls
desalination plant requires &w thousand watts of power
[1,2].

C. PV modeling

A PV array consists of several photovoltaic callseries an
parallel connections. Series connections are resiplenfor
increasing the voltage of the module whereas thallpa
connection is responsible for increasing the curienthe
array. Typically a solar cell can be modeled by a cur
source and an inverted diode connected in patallé! It has
its own series and parallel resistance. Seriesteggie is du
to hindiance in the path of flow of electrons from n ftc
junction and parallel resistance is due to the dgakcurrent
This model is known as a single diode modePV cell [1,2].

In this modelcurrent source (I) along with a diode and se
resistance (B isconsidered Theshunt resistance gy)in
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parallel is very high, has a negligible effect aocan be
neglected[1,2].
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Fig.1: Sngle diode model of PV ct

The output current from the photovoltaic arre
I=lsc— la(1)
= lo(e™7-1) (2)

Where,

lsc is the source currenty Is the diode current |y is the
reverse saturation current of the diode, q is thect®n
charge, V| is the voltageacross the diode, k is Boltzm
constant (1.38 * 109 J/K) and T is the junction temperat
inKelvin (K).

Using equation (2) in equation (1), we get
I'=1lsc o (qud/kT -1) (3)
Using suitable approximations,
| = Isc_ IO (eq((V+IRs)/nkT)_ 1)
Where,

| is the photovoltaic cell current, V is the PVlicalltage, T is
the temperature (in Kelvin)and n is the diode idgd&ctor.
The I-V and P-V curves for a P&€ll are shown in figure. It
can be seen that the cell operates as a constaghtsource
at low values of operating voltages and a constaftage
source at low values of operating current.
In the AB region of the curve the PV cell behavesaaurren
generator and in the CD region it behaves like Hage
source. In the intermediatmne BC, the characteristic of t
PV cell is nonlinear, it is in this area that wadithe MPF
(Maximum Power Point) for which the PV cell provitig full
power for certain atmospheric conditions.
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. PERTURBAND OBSERVE ALGORITHN

The efficiency of a solar cell is very low. In orde increas¢
the efficiency, methods are to be undertaken tocimahe
source and battery doad properly. One such method is
Maximum Power Point Tracking (MPF[3,4,8]. This is a
technique used to obtain the maximum possible pdreen a
varying source(PV panel)in photovoltaic systems theV
curve is norinear, thereby making it difficult to be used
power a certain loadr to store power in batteThis is done
by utilizing a buckconverter whose du cycle is varied by
using a MPPT algorithm.
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The P&O algorithm i®ne of the MPPT methi generally the
most used because of its simplicity and ease
implementation. As its name indicates, this methadks by
perturbing the system and observing the impact otput
power of PV cell.The time complexity of this algbmm is
very less [3,4,8]The flow chart of working of P& method is
shown in Figure.3

From Fig.4 One sees that if the operating voltage
perturbed in a given direction and that the powardase:
(dP/dV>0), then it is clear that the perturbation has ndote
operating pait toward the MPP. The P&O algorithm w
continue to perturb the tensian the same direction. Supp,
if the power drops (dP/dV<O0) then the perturbatibas
movedtheoperating point away from the MPP. The rialym
will reverse the direction of the nexperturbation.This
algorithm is summarized in Table 1.

Pa dP/dV =0
dP/dV = 0 /’ }
P /
///
P |
w4 I
”
/ |
5

The process is periodically repeated until the M&FRached
The system oscillates around the MPP.®Bkeillation can be
minimized by decreasing the size of the perturloa
However, a too small perturbation slows considsrataicking
the MPP. Then there is a compromise between accwaad
speed [3,4].

A. Sensors

The implenentation of currentsensors in the charge
controller is essential to achieve desired funetiiby of the
system. The sensors are the devices that are goihg in
charge of monitoring and communicating everything was
happening in the system to the microcontrc
B. Microcontroller

The microcontroller is responsible for all inputdaoutput
processing of the entire photovoltaic system. Thskd
included reading sensor values, controlling ba-charging
circuitry, monitoring system performance and anomalies@
with transmitting data. It is programmed such tiat systen
always operates at the maximum power poin
MSP430F132 is the microcontroller used in this gie
The microcontroller automaticallgenerates the pulse width
modulation signals as per P&O algorithm which igegi to
vary the duty cycle of the interleaved buck conee
C. Interleaved Buck converter
The DC voltage from the panel varies dependinghatight
intensity, which varies basen the time of the day andsolar
panel temperature. Buck converter ¢ DC-to-DC regulator is
needed toincrease or decrease the input panelgeotta the
requiredbattery level.

The interleaved buck converter consist4 discrete N type
MOSFET's[7] in afull bridge configuratio as shown in Fig.6.
The gate signal for the MOSFET's is provided
microcontroller through photovoltaic full bridgeitsr.

Table.1
Perturbation Change in Power| Next perturbatio
Positive Positive Positive
Positive Negative Negative
Negative Positive Negative
Negative Negative Positive
V. BLOCKDIAGRAM

The overall system block diagram consists of PVpartearge

controller, battery and load. The chargentroller contains
aninterleaved  DC-to-DC  buck converte, MSP430

microcontroller, photovoltaic full bridge driv. Interleaved
buck convertermatches thePV module voltage to batt

voltage. Voltage and currentsensors are ent to sense the
voltage and current at different nodesd givethem to
microcontroller. The microcontrollepseprogrammed to
operate the buck converter ataximum power point b

usingperturb and observe algorithnThe overall blocl

diagram is shown in Fig.5
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D. Photovoltaic full bridge driver-SM72295

The SM72295 is an IC especially desig to drive 4 discrete
N type MOSFET’s in a full bridge configuratic The drivers
provide fast efficient switchinof MOSFET's

The connection of photovoltaic full bridge driveettveen

microcontroller and interleaved buck converter liwen in

Fig.6. The microcontroller provides a PWM signals as pet

P&O algorithm which is given to thSM72295 driver. The
driver intern drives the 4 MOSFET's of the intested buck
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converter to vary the duty cycle of the buck coteeand to
increase the efficiency of operation of the soladoies and
to extract maximum amount of power from the sokamegd[6].
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Fig.6: Four discrete N type MOSFET's in a fulldge configuration(Buck
converter) driven by SM72295 driver.

E. Battery

The batteries used in photovoltaic MPPT chargetroller
served as a way to store energy so that deviceseanwered
in the event that the sun is not shining and whenenpower
is needed than can be provided by the solar aafgsgiven
time. The battery bank also provides a large eneapacity,
run at 12V, and provides a large output currerttandle high
power loads. The series connection of batteriesisisd if
voltage required is high. Parallel connection oftdrges is
used if the current required is high.

V. FEATURES OF CHARGE CONTROLLER

Solar charge controller is the heart of every sei@mtem, and
is required to monitor and control the power gointp and

coming out of the battery. It also managesthe p@meeerated
by the solar panel to ensure it does not overchidugydattery.
The charge controller also ensures that the coedelctads
don't over-discharge the battery,thereby damagingThis

charge controller has the built in current sensdrboth PV
panel end and battery end.

VI. RESULTS
In this project the MPPT charge controller isigaed to get
a voltage 12V and maximum current of 20A. The rissate
tabulated in the Table 2.
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Table 2
Vi(v) | li(A) |[Vo(v) [lo(A) |Pi(W) | Po(W) | Efficiency
17.70 | 0.01 0.0 0.00 0.14 0.00 0.0

17.01 0.76 12.01 0.99 12.93 11.93 92.3

17.16 2.19 12.05 3.00 37.58 36.17 96.2

17.27 3.61 12.09 5.00 72.34 60.46 97.0

17.52 5.40 12.15 7.57 94.61 91.98 97.2

17.42 7.20 12.20 10.00 12542  122.0B 97.3

17.33 11.0 12.32 15.00 190.63 184.7p 96.9

17.19 15.06 12.44 20.00 258.88  248.70 96.1

From the Table 2 we observe the variation botck
converter output with respect to varies PV inpuhéfv the PV
panel input is 17.19V and 15.06A, the output of kbuc
converter is 12.44V and 20A current and efficierc96.1%.
The maximum efficiency is obtained is 97.3% wheniRpt
is 17.42V.

The plot of output current versus efficiency &2V solar
charge controller is shown in Fig.7
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Fig.7: Plot of efficiency
VII. WAVEFORMS

A. Switching Node Waveforms
Fig.8 is forl2V System, 20A Load. Individual chahaeitch
nodes in waveforms show interleaved operation
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Fig.8Buck Converter output

Fig.9 is forl2V System, 10A Load. Individual cin@hswitch
nodes in waveforms show interleaved operation
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