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Abstract— Photovoltaic power generation system (PV
system) is a device which changes the solar power into the
electricity by solar cells and the principle of the solar cells is
the use of semiconductor materials electronics characteristics
of P- V conversion. PV system and its application is a
profound research project, facing the 21st century, which
gathers the utilization of green renewable energy, improve the
ecological environment, ameliorate people's living conditions
as integral whole will be of great benefits to economy ,
politics, coupled with society, and also contains rich
academic studies value and the basic theory issues. In real
time when a single charged solar cell is connected with a
voltmeter and checked the voltage shown will be around 6
volt. But when a led lamp is connected to the solar cell, the
lamp glows but the voltage in the voltmeter reduces to 3 volt.
In this paper with a help of a booster converter we implement
the MPPT algorithm Determine how the panels should be
arranged in terms of the number of series-connected strings
and the number of panels per string to achieve the required
power rating and to operate the solar PV system in the voltage
control mode.
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. INTRODUCTION

The main objective of the proposed system is to develop the
voltage solar PV module using MATLAB simulink and
improve the Solar PV voltage using boost converter. To
optimize the load power by using MPPT method (P&O)
perturb and observe algorithm method. The traditional energy
is mainly composed of fossil fuels. With the rapid
development of China's economy, dwindling fossil fuel
reserves which produced major influence on environmental
quality, pollution and climate change are faced with the
danger of exhaustion. In order to realize the sustainable
development of energy, economical society and environment,
we should not only achieve the high-efficiency production of
traditional energy but also exploit and utilize new energy and
renewable energy on a large scale.

A solar cell is an electrical device which converts
incident light rays into electricity on the basis of photovoltaic
effect. Solar cells are used in building solar panels. Solar cells
are considered as photovoltaic even though the incident light
may be sunlight or an artificial source. Solar modules are
made of semiconductor material. Silicon crystals are the
mostly used semiconductor crystal. Manufacturing of solar
cells is done by the help of high purity silicon. Using melt and
cast method silicon crystals are processed into cells and then
the cast is sliced into wafers from the in gots.

These systems are isolated from the electric
distribution grid. The system described in Figure 1 is actually
one of the most complexes; and includes all
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Fig. 1: Stand Alone Photovoltaic system the elements
necessary to serve AC appliances in a common household or
commercial application.

Il. RELATED WORK

A. Survey on MPPT Techniques

In [1] 2017 Suman Kumar Roy proposed the MPPT algorithm
used to compare the ANN (artificial neural network) in the
solar PV system. The simulation model uses the DC — DC
converter Neuro fitting tool.

In [2] 2014 Shridhar Sholapur, K. R. Mohan, T. R.
Narsimhegowda proposed model is established in
SIMULINK software, and output characteristics of
photovoltaic array is studied and analyzed. Mainly perturb
and observation MPPT algorithm is used to obtain the
maximum power point of solar array.

In [3] 2016 SaravanaSelvan, Pratap Nair and
Umayal proposed the MPPT algorithm techniques that have
been used for Photovoltaic various system at changes in
irradiance and temperature. It highlights the technical aspects,
merits, demerits and analyzes the performance of each
method. The selection of a particular MPPT technique is
application specific and analyzed the current technique in this
article. Based on this review, it can be concluded that the
offline and online techniques are working very well only
when the solar irradiation is uniform. But it failed to approach
the true MPP when it comes under rapidly changing
atmospheric and partial shaded conditions. This drawback
was overcome by the new MPPT techniques based on
artificial intelligence which exhibits good performance in
tracking the MPP.

In [4] 2014 A Attou, A.Massoum and M.Saidi
proposed the characteristics of PV system and vector
mathematical model are presented. The MPPT strategy based
on Perturb & Observe method is proposed.

The results obtained from simulation employing P &
O approach show the effectiveness of the proposed power
tracking and control strategies with quick power tracking
response and well direct current output.

In [5] 2014 SumedhaSengar the various MPPT
algorithms has been reviewed. As has been demonstrated,
there are many ways of distinguishing and grouping the
methods for tracking the MPP to the PV generator. Finally, it
has been shown that other methods also exist by which MPP
of PV module can be tracked.
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B. Survey on Boost Converter

In [6] 2014 Sridhar and Anishkumar proposed the Simply
connecting a solar panel to a battery or a load can further
decrease the available efficiency. Solar power systems
benefit from an MPPT device in order to extract the
maximum available power from the solar panels in the
system. The MPPT is a charge controller that compensates
for the changing Voltage vs. Current characteristic of a solar
cell. By monitoring the voltage and current output of the solar
panel, the MPPT tracks the always-changing operating point
in order to draw the maximum amount of power available
during all periods of the day.

In [7] 2014 Jaw-KuenShiau , Min-Yi Lee, Yu-Chen
Wei and Bo-Chih Chen the development of a circuit
simulation model for maximum power point tracking (MPPT)
evaluation of solar power that involves using different buck-
boost converter topologies including SEPIC, Zeta, and four-
switch type buck-boost DC/DC converters. The circuit
simulation model includes a PV model, a buck-boost
converter-based MPPT system, and a fuzzy logic MPPT
controller. Circuit simulations for the complete buck- boost
converter-based MPPT systems using SEPIC, Zeta, and four-
switch type converter topologies were successfully verified in
the MATLAB/Simulink PLECS environment.

In [8] 2017 Gomathi B represented by the
comparison of Buck, Boost, Buck-Boost and Cuk Converters
used in a solar Maximum power point tracking.

The P-V and I-V curves were obtained from the
simulation of the PV array designed in MATLAB
environment explains in detail its dependence on the
irradiation levels and temperatures. Among the converters
used Boost and Cuk converter provide best results for the
MPPT controller.

[1l. METHODOLOGY OF MAXIMUM POWER POINT TRACKING
(MPPT)

A. Working Principle of MPPT

The major principle of MPPT is to extract the maximum
available power from PV module by making them operate at
the most efficient voltage (maximum power point).

That is to say:

— MPPT checks output of PV module, compares it to
battery voltage then fixes what is the best power that PV
module can produce to charge the battery and converts it
to the best voltage to get maximum current into battery.

— It can also supply power to a DC load, which is
connected directly to the battery.

MPPT is most effective under these conditions:

— Cold weather, cloudy or hazy days:

Normally, PV module works better at cold temperatures
and MPPT is utilized to extract maximum power
available from them

—  When battery is deeply discharged:

MPPT can extract more current and charge the battery if
the state of charge in the battery is lowers.

B. Algorithm

There are eight methods that can be used to find the maximum
power point of an photovoltaic array (15).

— Constant Voltage: A single predetermined voltage
represents the maximum voltage point(VMP). It has an
estimated efficiency of 80%

—  Open Circuit Voltage: The system finds the open circuit
voltage (VOC) and uses this to find the VMP. This is
calculated using the equation VMP =k * VOC, where k
is between 0.7 and 0.8.

—  Short Circuit Current: The system uses a short load pulse
to generate a short circuit condition. The short circuit
current (ISC) is used to estimate the maximum point
current (IMP) using the equation IMP = k * ISC.

—  Current Sweep: The current sweep method uses a sweep
waveform for the PV array current such that the I-V
characteristic of the PV array is obtained and updated at
fixed time intervals.

— Perturb and Observe: The system searches for the
maximum power point by changing the PV voltage or
current and detecting the change in the photovoltaic
power output.

— Incremental Conductance: The system uses incremental
conductance to locate the maximum power point when
the temperature is good.

C. DC -DC Boost Converter

A boost converter is one of the simplest types of switch mode
converter. As the name suggests, it takes an input voltage and
boosts or increases it. All it consists of is an inductor, a
semiconductor switch (these days it’s a MOSFET, since you
can get really nice ones these days), a diode and a capacitor.
Also needed is a source of a periodic square wave. This can
be something as simple as a 555 timer or even a dedicated
SMPS IC like the famous MC34063A IC. It is less
cumbersome than an AC transformer or inductor. They’re so
simple because they were originally developed in the 1960s
to power the electronics systems on aircraft. It was a
requirement that these converters be as compact and as
efficient as possible.

The biggest advantage boost converters offer is their
high efficiency — some of them can even go up to 99%! In
other words, 99% of the input energy is converted to useful
output energy, only 1% is wasted. The figure 3.1 is shown on
the boost converted pin diagram. The boost converter is used
to "step-up" an input voltage to some higher level, required
by a load. This unique capability is achieved by storing
energy in an inductor and releasing it to the load at a higher
voltage. This brief note highlights some of the more common
pitfalls when using boost regulators. These include maximum
achievable output current and voltage, short circuit behavior
and basic layout issues. The references at the end of this
document provide excellent overviews of the operation of a
boost regulator; and should be consulted if the reader is not
familiar with the basic operation of this type of converter.

Fig. 2: Boost Converted
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D. Proposed System

The proposed boost converter is implemented in between a
solar panel and load as illustrated .This system is able to
deliver power with a constant output voltage of 24V without
storage elements such as battery. Therefore, the converter is
small and light weight. In addition to that, the system is able
to attach directly tothe solar panel as a single unit.

—  The power stage includes switch SW which may consist
of one or more parallel connected power MOSFET, a fast
switching type fly back diode D, an inductor L wound on
ferrite core with air gap to prevent core saturation, and
output capacitor.

— The controlling stage consists of a PIC16F877
microcontroller with built- in analog-to-digital converter
(ADC), a power MOSFET driver, and a voltage divider.

— Voltage divider resistors R1land R2 will divide the output
voltage to a suitable voltage range which is acceptable by
the built-in ADC in the microcontroller.

— PIC16F877A will then perform calculation based on the
control algorithm and produce a PWM signal with a set
of duty cycle.

—  The PWM signal is then transmitted to power MOSFET
in power stage through a power MOSFET driver to
perform on and off state.

— The PIC16F877A microcontroller unit features an eight-
bit, successive approximation ADC, used by the control
program to measure signals required for the power flow
control. The 10-bit resolution is adequate for the
proposed design.

— Also, it features two PWM outputs with program-
controlled duty cycle and 208.3

—  kHz maximum frequency when driven by the 20 MHz
clock of the unit.

E. Boost Converter Design

— STEP - 1. To begin with, we need a thorough
understanding of what our load requires. It is highly
recommended (from experience) that if you attempt to
build a boost converter at the beginning it is very
important to know the output voltage and current
independently, the product of which is our output power.

—  STEP - 2: Once we have the output power, we can divide
that by the input voltage (which should also be decided)
to get the average input current needed. We increase the
input current by 40% to account for ripple.This new
value is the peak input current. Also the minimum input
current is 0.8 times the average input current, so multiply
the average input current by 0.8. Now that we have peak
and minimum current, we can calculate the total change
in current by subtracting the peak and minimum current.

— STEP - 3: Now we calculate the duty cycle of the
converter, i.e. the ratio of the on and off times of the
oscillator. Duty cycle is given by this textbook formula:
D.C. = (Vout — Vin)/(Vout) This should give us a
reasonable decimal value, above 0 but below 0.999.

— STEP - 4: Now it is time to decide upon the frequency
of the oscillator. This has been included as a separate step
because the signal source can be anything from a 555
timer (where the frequency and duty cycle are
completely under your control) or a fixed frequency

PWM controller. Once the frequency is determined, we
can find out the total time period by taking an inverse.
Now the time period is multiplied by the duty cycle value
to get the on time.

— STEP - 5: Since we have determined the on time, input
voltage and change in current, we can plug those values
into the inductor formula which has been rearranged a
little: L = (\V*dt)/dl Where V is the input voltage, dt is
the on time and dI is the change in current. Don’t worry
if the inductor value is not a commonly available one, use
the closest standard value available. With a little
tweaking, the system should work just fine.

IV. SIMULATION AND RESULTS

A. Complete Setup
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Fig. 3: The complete setup
The above Figure 3 shows the whole set up of our
Simulation/Hardware .It comprises PV panel, boost-
converter and battery (as the energy storage
element).Capacitor Cin is to reduce the ripples in MPP
voltage. It should be smaller in magnitude otherwise more
time will be consumed to obtain MPP.

g

Fig. 4: MATLAB Simulink File
The above Figure.4 shows the MATLAB Simulink
file for Implementation of pv mppt with regulated load power
controller for dc-dc boost converter.
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B. MPPT Charge Controller Output Waveform

Fig. 5: MPPT Charge controller

Above Figure 5 represents output power of PV panel
after doing a MPPT control. Solar radiation 1000 and
Temperature 25 gives in the simulink file then the MPPT
Charge controller efficency first varying and it can be
constant.

C. Hardware Setup

The proposed design was simulated using MATLAB and
analyzed, also the circuit was constructed as seen the below
figure, and was tested physically with5.0 W and 17.0 V Solar
panel which produce around 5.0 Was its output peak current,
the power thus fed into the boost converter circuit was
converted to 24V, usable power and its analysis verified
experimentally.

Fig. 6: Hardware testing for PV panel
In further improvement of the circuit, the overall
efficiency is expected to reach nearly 85% as a matter of fact
the improved version can directly deliver sufficient power to
run the load. The output and input voltages were measured
with a digital multimeter.

POCO

Fig. 7: Hardware testing final output for PV panel using DC-
DC boost converter.

The experimental circuit was constructed with some
improved connections which are not able to replicate in
simulation but was necessary in experimental setup, also.

V. CONCLUSION

The proposed design was experimentally verified, and
studied for direct load application of solar panel, which can
eliminate the need for incorporating a bulky storage device
for load bearing and can be used to run the load directly,
which improves the space constrains and reduce the loss of
energy in charging discharging cycle of the battery. The real
time working of the proposed design shows us the capability
of the circuit in real time environment.
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