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Abstract: In this paper we examine a schematic to extract to maximize power extraction under all conditions from a PV module and
use the energy for a DC as well as AC application. This project illustrate in detail the concept of Maximum PowerPoint Tracking
(MPPT) which significantly increases the efficiency and output performance of the solar photovoltaic system. we are study of

simulation of pv system by using MPPT system in the circuit.
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1. Introduction

Solar energy is not only sustainable, it is renewable and this
means that we will never run out of it. It is about as natural a
source of power as it is possible to generate electricity. The
creation of solar energy requires little maintenance. Once the
solar panels have been installed and are working at maximum
efficiency there is only a small amount of maintenance
required each year to ensure they are in working order. They
are a silent producer of energy. There is absolutely no noise
made from photovoltaic panels as they convert sunlight into
usable electricity. There are continual advancements in solar
panel technology which are increasing the efficiency and
lowering the cost of production, thus making it even more
cost effective. During operation solar electricity power plants
produce zero emissions.

The Aim of this thesis is to review MPPT function and
algorithms in solar power system . Then incremental
conductance (InCond) and fuzzy logic control (FLC) are
analyzed in depth and tested according to the standard
mentioned above. After that, improvements to the P&O and
the algorithms are suggested to succeed in the MPP tracking
under conditions of changing irradiance. To test the MPPT
algorithms according to the irradiation profiles proposed in
the standard, a simplified model was developed, because the
simulation time required in some of the cases cannot be
reached with the detailed switching model of a power
converter in a normal desktop computer. The reason for that
is that the computer runs out of memory after simulating only
a few seconds with the complete model

2. Solar Cell and Solar Panel Model
2.1 Solar Cell

A solar cell, or photovoltaic cell (previously termed "solar
battery, is an electrical device that converts the energy
of light directly into electricity by the photovoltaic effect,
which is a physical and chemical phenomenon. It is a form
of photoelectric cell, defined as a device whose electrical
characteristics, such as current, voltage, or resistance, vary

when exposed to light. Solar cells are the building blocks of
photovoltaic modules, otherwise known as solar panels.

Solar cells are described as being photovoltaic, irrespective
of whether the source is sunlight or an artificial light. They
are used as a photo detector (for example infrared detectors),
detecting light or other electromagnetic radiation near the
visible range, or measuring light intensity.

The operation of a photovoltaic (PV) cell requires three basic

attributes:

e The absorption of
hole pairs or excitons.

e The separation of charge carriers of opposite types.

e The separate extraction of those carriers to an external
circuit.

light, generating either electron-

In contrast, asolar thermal collector supplies heat by
absorbing sunlight, for the purpose of either direct heating or
indirect electrical power generation from heat. A
"photoelectrolytic cell” (photoelectrochemical cell), on the
other hand, refers either to a type of photovoltaic cell (like
that developed by Edmond Becquerel and modern dye-
sensitized solar cells), or to a device that splits water directly
into hydrogen and oxygen using only solar illumination.

Figure 1.1: Solar cell
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Figure 2.1: DC equivalent circuit
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Figure 2.2: Solar Cell I-V characteristic curve

2.2 Solar Panel Model

Solar panel refers to a panel designed to absorb the sun's
rays as a source of energy for generating electricity or
heating. A photovoltaic (PV) module is a packaged, connect
assembly of typically 6x10 photovoltaic solar cells.
Photovoltaic modules constitute the photovoltaic array of
a photovoltaic system that generates and supplies solar
electricity in commercial and residential applications. Each
module is rated by its DC output power under standard test
conditions (STC), and typically ranges from 100 to 365
watts. The efficiency of a module determines the area of a
module given the same rated output — an 8% efficient 230
watt module will have twice the area of a 16% efficient 230
watt module. There are a few commercially available solar
modules that exceed 22% efficiency™ and reportedly also
exceeding 249%./C! A single solar module can produce only
a limited amount of power; most installations contain
multiple modules. A photovoltaic system typically includes
an array of photovoltaic modules, an inverter, a battery
pack for storage, interconnection wiring, and optionally
a solar tracking mechanism
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Figure 2.3: Photovoltic hierarchy
2.3 Boost Converter

A boost converter (step-up converter) is aDC-to-DC
power converter that steps up voltage (while stepping down
current) from its input (supply) to its output (load). It is a
class of switched-mode power supply (SMPS) containing at
least two semiconductors (a diode and a transistor) and at
least one energy storage element: a capacitor, inductor, or the
two in combination. To reduce voltage ripple, filters made of
capacitors (sometimes in combination with inductors) are
normally added to such a converter's output (load-side filter)
and input (supply-side filter).
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Figure 2.4: Circuit diagram of a Boost Converter
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Figure 2.5: Waveforms of current and voltage in a boost
converter operating in continuous mode
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3. Maximum Power Point

Algorithms

Tracking

Maximum power point tracking (MPPT or sometimes
just PPT) is a technique used commonly with wind turbines
and photovoltaic (PV) solar systems to maximize power
extraction under all conditions.

Although solar power is mainly covered, the principle applies
generally to sources with variable power: for example,
optical power transmission and thermo photo voltaics.

PV solar systems exist in many different configurations with
regard to their relationship to inverter systems, external grids,
battery banks, or other electrical loads.”™ Regardless of the
ultimate destination of the solar power, though, the central
problem addressed by MPPT is that the efficiency of power
transfer from the solar cell depends on both the amount of
sunlight falling on the solar panels and the electrical
characteristics of the load. As the amount of sunlight varies,
the load characteristic that gives the highest power transfer
efficiency changes, so that the efficiency of the system is
optimized when the load characteristic changes to keep the
power transfer at highest efficiency. This load characteristic
is called the maximum power pointand MPPT is the
process of finding this point and keeping the load
characteristic there. Electrical circuits can be designed to
present arbitrary loads to the photovoltaic cells and then
convert the voltage, current, or frequency to suit other
devices or systems, and MPPT solves the problem of
choosing the best load to be presented to the cells in order to
get the most usable power out.

3.1 MPPT Impletation

When a load is directly connected to the solar panel, the
operating point of the panel will rarely be at peak power. The
impedance seen by the panel derives the operating point of
the solar panel. Thus by varying the impedance seen by the
panel, the operating point can be moved towards peak power
point. Since panels are DC devices, DC-DC converters must
be utilized to transform the impedance of one circuit (source)
to the other circuit (load). Changing the duty ratio of the DC-
DC converter results in an impedance change as seen by the
panel. At a particular impedance (or duty ratio) the operating
point will be at the peak power transfer point. The 1-V curve
of the panel can vary considerably with variation in
atmospheric conditions such as radiance and temperature.
Therefore it is not feasible to fix the duty ratio with such
dynamically changing operating conditions.

MPPT implementations utilize algorithms that frequently
sample panel voltages and currents, then adjust the duty ratio
as needed. Microcontrollers are employed to implement the
algorithms. Modern implementations often utilize larger
computers for analytics and load forecasting.
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Figure 4.1: I-V Characteristics at four different radiation
levels

MPPT Impletation
3.2 Classification

Controllers can follow several strategies to optimize the
power output of an array. Maximum power point trackers
may implement different algorithms and switch between them
based on the operating conditions of the array.

3.3 Perturb and observe

In this method the controller adjusts the voltage by a small
amount from the array and measures power; if the power
increases, further adjustments in that direction are tried until
power no longer increases. This is called the perturb and
observe method and is most common, although this method
can result in oscillations of power output. It is referred to as
a hill climbing method, because it depends on the rise of the
curve of power against voltage below the maximum power
point, and the fall above that point. Perturb and observe is the
most commonly used MPPT method due to its ease of
implementation. Perturb and observe method may result in
top-level efficiency, provided that a proper predictive and
adaptive hill climbing strategy is adopted

3.4 Incremental Conductance

In the incremental conductance method, the controller
measures incremental changes in PV array current and
voltage to predict the effect of a voltage change. This method
requires more computation in the controller, but can track
changing conditions more rapidly than the perturb and
observe method (P&O). Like the P&O algorithm, it can
produce oscillations in power output. This method utilizes
the incremental conductance (dl/dV) of the photovoltaic
array to compute the sign of the change in power with respect
to voltage (dP/dV).

The incremental conductance method computes the
maximum power point by comparison of the incremental
conductance (I, / V,) to the array conductance (I / V). When
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these two are the same (1 / V =1,/ V,), the output voltage is
the MPP voltage. The controller maintains this voltage until
the irradiation changes and the process is repeated.!*®

The incremental conductance method is based on the
observation that at the maximum power point dP/dV = 0, and
that P = IV. The current from the array can be expressed is a
function of the voltage: P = I(V)V. Therefore dP/dV =
Vdl/dV + I(V). Setting this equal to zero yields: dl/dV = -
I(V)/V. Therefore, the maximum power point is achieved
when the incremental conductance is equal to the negative of
the instantaneous conductance.

3.5 Current sweep

The current sweep method uses a sweep waveform for the PV
array current such that the 1-V characteristic of the PV array
is obtained and updated at fixed time intervals. The
maximum power point voltage can then be computed from
the characteristic curve at the same intervals.

3.6 Constant voltage

The term "constant voltage" in MPP tracking is used to
describe different techniques by different authors, one in
which the output voltage is regulated to a constant value
under all conditions and one in which the output voltage is
regulated based on a constant ratio to the measured open
circuit voltage (Voc). The latter technique is referred to in
contrast as the "open voltage" method by some authors.?? I
the output voltage is held constant, there is no attempt to
track the maximum power point, so it is not a maximum
power point tracking technique in a strict sense, though it
does have some advantages in cases when the MPP tracking
tends to fail, and thus it is sometimes used to supplement an
MPPT method in those cases. In the "constant voltage"
MPPT method (also known as the "open voltage method"),
the power delivered to the load is momentarily interrupted
and the open-circuit voltage with zero current is measured.

The controller then resumes operation with the voltage
controlled at a fixed ratio, such as 0.76, of the open-circuit
voltage Voc.® This is usually a value which has been
determined to be the maximum power point, -either
empirically or based on modelling, for expected operating
conditions.’®*¥! The operating point of the PV array is thus
kept near the MPP by regulating the array voltage and
matching it to the fixed reference voltage V,s=kVoc. The
value of V,, may be also chosen to give optimal performance
relative to other factors as well as the MPP, but the central
idea in this technique is that Vg is determined as a ratio to
Voc.

One of the inherent approximations to the “constant voltage"
ratio method is that the ratio of the MPP voltage to Vo is
only approximately constant, so it leaves room for further
possible optimization.
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Figure 4.2: P-V Characteristics at four different radiation
levels

The point marked as MPP is the Maximum Power Point, the
theoretical maximum output obtainable from the PV panel.

4. Simulation & Result
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Figure 5.1: block diagram of the modeled solar PV panel
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5. Conclusion out the detail concept of Maximum PowerPoint Tracking
(MPPT) which significantly increases the efficiency of the

In this paper we examine a schematic to extract to maximize ~ solar photovoltaic system. we are study of simulation of pv

power extraction under all conditions from a PV module and ~ system with MPPT Algorithms and its Implementation .

use the energy for a DC application. This project revealed
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