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Abstract: The need for renewable energy sources is on the rise because of the acute energy
crisis in the world today. By instance, we only reached less than half of our capacity as of
March 2010, whereas India aims to create 21 Gigawatts of solar energy by the year 2023. In
a tropical nation like ours, solar energy is a crucial untapped resource. Solar PV system
adoption and range are primarily constrained by their high initial cost and low efficiency. In
this thesis, we look at a design to get the most solar power possible out of a use
Photovoltaic for a DC application In-depth research of the Maximum Power Point Tracking
(MPPT) concept, which improves solar photovoltaic system efficiency, is carried out in this
article.

MATLAB was used to programmatically simulate each part of the system. The information
gathered showed that the algorithm was successful in obtaining the ultimate influence of
unexpected changes in light irradiation and cell temperature.

Keywords: Photovoltaic Module, Maximum Power point tracking, Incremental Conductance

(INC) Algorithm.

Introduction

With the start of increased greenhouse
gas emissions, which has resulted in
worsening global warming and
environmental consequences, a decline in
non-renewable energy sources including
coal, fuel, and gas, as well as the
Industrial Revolution; On the other hand,
the need for alternative energy sources is

growing due to a rise in global energy

consumption brought on by a denser

population. The photovoltaic conversion
process enables the conversion of solar
energy into electrical power. Using
photovoltaic cells, photoelectric
translation seeks to convert uv or optical
radiation into electricity directly. As is
well known, substances that perform
photovoltaic conversion are known as
semiconductors. Examples include

silicon, germanium, and substances that
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manipulate these alloys' electrons to
generate electricity.

Because it is pure and environmentally
friendly, solar energy is among the best
sources of renewable energy. However, the
changing trend of the sun's electricity
during daylight hours, which is only
available for a short amount of time each
and every day, presents an obstacle to the
process employed. As a result of
temperature and radiation variation,
which takes place quickly, the produced
voltage changes and becomes unstable,
along with the produced power, it
encountered issues with the variation of
electric power produced by the PV cell as
a result of shifting environmental factors
(solar radiation and temperature). Able to
monitor the maximum power point is
important for getting the most energy
possible from the photovoltaic
(Photovoltaic)

module system  and

supplying it to the load.

To prevent uncertainty regarding the term
"tracking," it is vital to differentiate
between the panel monitoring system and
MPPT. A system for moving and tracking
the sun-powered panel tracking. Such a
system utilizes an array of sensors to
track the sun's motion during the day and
a motor to move the panels toward the
sun's disc to optimize solar radiation on
the panels. The second technique, known
as MPPT, is a tracking chip that does not
require moving the panel and employs an
automated process to modify an electrical

working point.

www.ijiemr.org

Multiple technologies, including
incremental conductance, perturbation
and observation (P&O), constant voltage
methodology, and others, can be used to
monitor the solar system's peak power
point. With MATLAB, the incremental
conductance methodology used in this
analysis is represented programmatically.
Its complete model diagram for the system

is shown in Figure 1.

Py 3 Pover DCDC
Vodile | y L
2|  Converter
Yy v |
Voltage and Current PWM Generator
MPPT Algorithm & duty Sycle Adjustment ]

Figure 1: Overall block diagram

Global trends in renewable energy:

The scale is currently tipped in favor of
renewable energy across industrialized
economies. The North American and
European continents have welcomed more
renewable energy sources over the past
three years.

comparable to traditional power capacity
in terms of power capacity. In 2009,
renewables made up approximately 20%
of the total annual power production in
Europe and 60% of newly built electrical

capacity.

Volume 12 Issue 04, April 2023

ISSN 2456 - 5083

Page: 518



International Journal for Innovative

€ngineering and Management Research

PEER REVIEWED OPEN ACCESS INTERNATIONAL JOURNAL

LT ————— power generation 0.7%
- ——\
‘ \\ g

\
\ Blomass/solar/geothermal
\ ot watehestig 1436

'mwm

Traditional biomass 13%

Figure 2:Global energy consumption
The chart illustrates that the majority of
renewable energy nowadays are using is
made of wind and biomass. With the
latest improvements in solar photovoltaic
technology and the continued
development of projects in countries like
Germany and Spain, the solar PV market
is seeing tremendous increases. In the
coming future, the market for solar PV is
forecast to surpass that for other
renewable energy sources. More than 86
countries have a policy goal in place by
2008 to generate a specific percentage of
their power from renewable sources. This
was more than the 46 or so countries in
2006.

The majority of the goals are also fairly
lofty, with a share of renewables in
national production ranging from 30 to
90%. The goal of the European Union is to

implement noteworthy policies.

Modeling of Photovoltaic Cells: The
architecture of Photovoltaic modules is
mainly composed of the Photovoltaic
panel, which is stacked in parallel and
series with other cells. PV modules serve
to transform solar energy into electrical
energy. Irradiance and cell temperature
have a significant impact on the I-V and

P-V  characteristics of PV modules.

www.ijiemr.org
Figures 4 and 6 demonstrate a PV array's
V-I and P-V characteristics for different
radiation at a cell temperature of 25 °C,
while Figures 5 and 7 show these
characteristics for various radiation at a
cell temperature of 1000 w/m2. The
simulation model of Photovoltaic panels

was used to derive these qualities.

Figure 3 illustrates a mathematical
formula that explains the I-v
characteristics of a photovoltaic cell
module and demonstrates the single diode

equivalent circuit concept.

Rs Ipy
——~ " ‘v‘v‘v:’To
D
Vey 3
T) Vb R, Rop:
IPH

Figure 3:circuit digram for single-diode

solar cell

I+K(T-298)
1000

! SCr

ph

I =

VPV and IPV stand for the PV module's

output voltage and current, respectively.
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the reference temperature, and operating 800 T T

temperature respectively.
Iph: the PV module's produced current (A)
Io: Saturation current for PV modules (A)

Ideality factorA=B W A .

Current (A)

K: Boltzmann metric q: electromotive force 0 I i | i | b Loih

[
, _ . , 0 5 100 150 200 250 300 350 400 450
Rs: resistance in series of a Photovoltaic Voltage (V)
module
ISCr: Short-circuit current originates in
the PV module at 25 °C and 1000 W/m2. Figure 5: PV array V-I parameters affected
Ki: At 25 °C and 1000 W/m2, short- by temperature at 1000w/m?2 of radiation
circuit current begins in the Photovoltaic
panel.
A: Energy from the sun(irradiation) X10°
Ego: silicon's band gap ® fosasnins """" jresnsns pros= """" /,M.Niw,mz‘
: . Bl D\
Ns, Np: number of connected cells in g L /075 Wim
series and parallel, respectively. g 1 : _ i ,
5 : : :
' b '
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Figure 4: PV array V-1 parameters are < 1
influenced by sunlight at 25 Oc. ucB.'
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Figure 7: PV array P-V attributes are
influenced by temperature at 1000 w/m?2

of radiation.
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Algorithms for Maximum PowerPoint
Tracking:

Just 35 to 45% of the solar radiation that
enters a standard solar panel is
transformed into electrical energy. The
maximum power point tracking technique
is utilized to enhance the solar panel's
thermal performance.

According to the Maximum Power
Transfer Theorem, the circuit's Thevenin
impedance (source impedance) needs to
be equivalent to the load impedance in
order to generate its maximum amount of
power. As a result, our challenge with
monitoring the maximum power point
transforms into a problem with amplitude
modulation.

We utilize a boost converter linked to a
solar panel to enhance the output voltage
on the source side so that it may be used
for other things, such motor load. By
accurately regulating the duty cycle of the
boost converter, we can match the source
impedance towards the load impedance.
Incremental-conductance of the MPPT
algorithm: The computer programs used
to make solar panels more effective in
converting Sunrays energy into electrical
energy.

This method involves employing two
sensors to measure the output voltage
and current of a PV array. Using the
dI/dV formula, the suggestion of dP/dV is
calculated. The algorithm terminates and
returns the MPP's permissible operating
voltage after it acknowledges that the MPP
has worked when dI/dV equals (-I/V). The

www.ijiemr.org

flowchart for the algorithm is shown in

Figure 8.

P=V.*La (P=P,V.=V,.=I (a)
Regarding voltage, there is a distinction
that is:

ar

—r=dVaxIa) (b)

dp dl

d_Va =Va x d—; +1Ia (c)

The scenario where MPP equals zero is:

-0 (d)

av

Substituting the equation d in c...
=y

0=V o +1 (e)

dal 1
W= ®

The IC was created to solve the problem
with both the perturb and observe
techniques for tracking the peak power
under changing rapidly atmospheric
conditions. The IC can stop trying to
create operating point perturbations once
it knows that the MPPT has attained the
MPP.

The MPPT controls the PWM control
signal of the dc-to-dc boost converter
until (I/V) + (I/V) = O is reached. In this
process, the module's peak power exceeds
97% of its incremental conductance. A
flowchart for the incremental conductance
MPPT is provided below.
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8

Figure 8:Algorithm chat

The comparison between the two sides of
equation f serves as the foundation for the
algorithm's basic operation.

Change voltages to zero in the event of

inequality;

Between incremental conductance and
instantaneous conductance, a comparison
is made. It terminates and returns the
required value if their values are equal.

If not, the reference voltage must be
raised or lowered equally for both. This
point still remains steady once it reaches
the maximum power point until changes
in solar radiation and/or temperature

happen.

www.ijiemr.org

Power Converter DC-DC:

Since the DC voltage received from the PV
module was inconsistent because of
variations in temperature and radiation
during the day, a boost DC-D.C converter
was employed to increase the output
voltage. Indeed, calculating the maximum
power point creates a problem with load
matching. A DC-to-DC power converter is
needed to regulate the duty cycle and
match the input resistance of the panel to
the load resistance. A boost converter is
used in this study. The boost converter
circuit diagram is shown in Figure 9. It is

stated that the Boost output voltage is...
vin
1-D

Vout=
Vour=it is the output voltage

Vin=it is input voltage

D=it is duty cycle that varies between (0-
1)

The boost converter works on the basis of
the idea of energy storage in an inductor.
The change in the electric current flowing
through an inductor is inversely
proportional to the voltage drop across the
component. The way the circuit is set up
allows for increased and controlled dc

output at the load to be maintained.

The image below displays the circuit

schematic for a common boost converter.
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Switch

Figure9:circuit diagram for the

boost converter.

Mode 1 operation: The battery charges
the inductor when the switch is closed,
and the inductor then stores the energy.
Although the inductor's current grows
(exponentially) in this mode, we'll assume
for the sake of simplicity that it charges
and discharges in a linear manner. The
load current, which is being given as a
result of the discharge of the capacitor,
stays constant since the diode interrupts

the flow of curren.

4
7\ Switch
L

Mode 1 operation

Mode 2 operation: In mode 2, the switch
is open, which leads to a diode short
circuit. The inductor's stored energy is

released by opposing polarities, charging

the capacitor in the process. The load
current remains constant throughout the

entire procedure.

Switch

Mode 2 operation

FigurelO displays the waveforms for a

boost converter.

Figure 10:waveform for Boost-Converter
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Results and Commentary from the Simulated:

Figure 11 illustrates the fundamental modeled
diagram of the Matlab-modeled framework used
for this research. In Matlab/Simulink, simulations
of a PV array and the incremental conductance

MPPT method are displayed.

ol
s
[
v I =5
Figurell:simulink model of the

incremental conductance

P amay model

[ b L }
B/ |

Figure 12:PV array model

-B-0

”@_r”
ot

Figurel3 :MPPT Algorithm

The regulated voltmeter and the current

source inverters interface the boost
converter and the rest of the system,
which are built using the Appear in the
search module of MATLAB, with the
modeled panel. The block layout of the
model in Figure 11 represents the case
where we receive a changing voltage
output. It is conceivable to observe the
differences between the power obtained
using and without the wusage of a
Maximum power point algorithm with the
aid of this model.

As shown to compare the power output in
the two scenarios above, the model has a
manual switch. When the switch is flipped
to the left, the circuit skips the MPPT
algorithm, letting us access the required
power, voltage, and current outputs
through the proper scopes. The integrated
MPPT function block, however, is present
in the circuit whenever the switching is
thrown to the right, and we can access
the relevant the

outputs using

appropriate scopes.

Results:

Figure:Voltage at the load
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Figure:Current graph Figure: Temperature

Conclusion: With Matlab/Simulink, a

solo photovoltaic system has been

modeled. The incremental conductance
approach has been employed. The
simulation results demonstrate the MPPT

method's rapid reaction and excellent

accuracy under rapidly varying radiation

circumstances and temperatures,

Figure: V-I characteristics graph however, this technique's algorithm is
more sophisticated than those of other
techniques.
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