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Chapter 1:
Introduction to PV System Construction

 The use of solar photovoltaic (PV) systems has grown in
the last five years due to the costs of photovoltaic modules and
interface systems which have fallen by up to 50%. Advances in
interface systems for power grids and the use of photovoltaic
modules in independent local power generation and smart buildings
with storage batteries and hybrid backup systems increase system
usage photovoltaics as a new form of renewable/alternative energy
source. In many countries, the government has introduced special
tax incentives and credits, as well as regulated tariffs and
energy, purchase back legislation programs, to promote and
encourage manufacturers and consumers, and to stimulate new
investment in the use of photovoltaic solar energy in various
sectors.

Every year as solar
photovoltaic systems become a viable economic source of green
energy with increasing installations, economic solutions are being
sought to address issues stemming from different aspects of
photovoltaic utilization schemes. Modern research continues in all
areas, from materials science to manufacturing and interconnection
to ensure efficient use and economic viability in terms of cost,
safety, and sustainability of photovoltaic and hybrid Photovoltaic
wind storage systems. Some areas focus on photovoltaic topologies,
dynamic sun tracking, maximum credit control, storage devices and
an efficient decoupled interface with a smart grid and a smart
building to ensure dynamic matching of energy needs with load with
minimal impact on the public network. Also, studies of smart grid
energy management and decentralized generation have become other
additional areas of demand management and energy-efficient
renewable energy supply companies.

To ensure the
commercial viability and enhances usability, stability,
reliability, and integration of conversion sustainability, we
invited researchers to submit their papers on the research as well
as review articles that will stimulate the continuing effort and
promote new research directions to address the current challenges
and technical requirements.

Hybrid wind turbines
for photovoltaic power, Li-ion batteries and supercapacitors
promise to change the way the smart grid handles energy efficiency,
to ensure demand control and peak shifting and to restore peak
demand in summer months, because of massive air-conditioning loads.
Problems inherent in the PV interface include the effects of solar
insulation and temperature changes affecting the performance/energy
of the PV, as well as the quality of the interface power and DC- AC
required as well as the security and reliability of the network
supply.

The impact of
malfunctioning and partial shading/clouding problems requires new
control and energy monitoring algorithms, new architecture using
multi-converters and the use of serial-parallel (SP) topologies to
dynamically swap PV arrays sitting/location.

Solar Heating, Solar
Irradiation and Panels

Solar energy is
virtually infinite, carbon-neutral and renewable, in comparison to
fossil fuels. It is possible to combine a modern heating system
with solar panels, include solar heating systems for hot water
heating or add additional heat to the heating system.

The use of solar
radiation as thermal energy is called solar thermal heating. This
should not be confused with photovoltaic energy, which generates
electricity from sunlight. The great possibilities of using solar
energy have been known for a long time: our proven technology has
proven its worth for many years.

* The benefits of solar
heating

* Free infinite energy,
free of charge

* There are no CO2
emissions during operation

* Cost savings: up to
60% less energy to heat water, up to 35% less energy to heat
rooms

* Reduction in the
consumption of fossil fuels

* Solar thermal systems
can be incorporated into systems that already exist

* Even in winter,
modern systems operate effectively

How solar heating
works

In principle, solar
thermal energy works like a dark garden hose in the sun. The
surface of the tube absorbs sunlight and, in particular, heat
radiation, so the water it therein is heated. Solar heating works
in the following phases:

A solar thermal system
provides around 60% of the energy required to cover the hot water
requirement according to the annual design average.

1. The collectors
absorb sunlight through the absorber. Here a special heat transfer
fluid is heated.

2. A pump transports
the liquid to the solar storage heat exchanger.

3. Thermal energy is
transferred to a storage tank.

4. If solar radiation
is not enough to heat the water, a conventional heating system
heats the storage tank to the desired temperature.

Solar irradiation is
one of the important parameters that must be taken into account
when designing and using a photovoltaic system. The input
parameters of a photovoltaic system are usually solar irradiation,
ambient temperature, and wind speed. Therefore, most photovoltaic
systems are equipped with sensors to measure these parameters.

In recent decades,
renewable energy sources have gained confidence as a suitable
solution for humanity due to pollution and awareness of limited
fossil fuel resources. Many photovoltaic systems have been
developed in the southern region of Romania due to the high solar
potential. However, these solar power plants were found to occupy a
considerable amount of agricultural land.

Irradiance is the
amount of light energy that reaches the surface of the receiver
with one square meter in one second. Irradiation can be measured in
illuminated substances such as the stars and the moon. The
instrument for measuring solar irradiation is the pyrometer. The
measurement is achieved by placing the pyrometer under the sun to
absorb the radiant energy; then the temperature difference is
adjusted to determine the obtained sun irradiance. Information
about solar irradiation on Earth is important for the
implementation of solar energy regarding the design of photovoltaic
cells, the determination of irradiance in the region and the
selection of the sensor. Solar irradiation is the measure of the
amount of solar energy in watts per square meter. Solar irradiation
comprises the total amount of direct solar irradiance and diffuse
solar irradiance.

The measurement of the
energy of the solar radiation that hits the unit area of the
receiver during the period is defined as solar insolation. The
amount of solar radiation is then average and with the unit of
watts per square meter (W/m2). Solar insolation is influenced by
the state of the atmosphere factor, the angle of the sun and the
actual distance between the sun and the earth's surface.

Effect of Temperature
and Insolation on V-I Curve in Solar Energy

Today, around 80% of
our energy comes from non-renewable energy sources, e.g. fossil
fuels. As fossil fuels are converted to electricity or heat,
pollutants, and greenhouse gasses increase. As a result, the
atmosphere is damaged and global warming occurs. Fortunately, as
resources are limited, our dependence on fossils is almost over.
Currently, global annual energy consumption is 10 terawatts (TW),
and by 2050 this will be around 30 TW.

By the middle of the
century, the world will need around 20 TW of CO2-free energy to
stabilize CO2 in the atmosphere. The simplest scenario for
stabilizing CO2 by the middle of the century is one in which
photovoltaic (PV) and other renewable energies for electricity (10
TW), hydrogen for transport (10 TW) and fossils fuels for heating
residential buildings and are used in industry (10 TW). Therefore,
photovoltaic systems will play an important role in the global
energy supply in the future. Photovoltaic systems have been
installed to supply electricity to billions of people who do not
have access to the grid.

The supply of
electricity to distant houses or villages, irrigation, and water
supply has been an important application of photovoltaics for many
years. The photovoltaic solar system has shown its enormous
potential over the past ten years. The quantity of photovoltaic
panels installed has increased rapidly. Today, nearly 70 GW of
photovoltaics are installed worldwide. Perhaps the most exciting
new application of the last decade has been the integration of
solar cells on the roofs and facades of buildings. Solar cells are
based on semiconductor materials.

Semiconductors are
materials from group IV of the periodic table or a combination of
group III and group V or combinations of group II and group VI. The
sun shines in all areas of the spectrum, from radio waves to gamma
rays. Our eyes are sensitive to wavelengths between 400 and 700 nm.
In this narrow area, called the visible area, the sun emits about
45% of the total energy radiated. Nearly 80% of the cells on the
market are crystalline cells based on silicon. The properties of
solar cells can be changed by changing environmental conditions
such as temperature. Solar cells are generally used in the
temperature range between 5 and 50 ° C.

The photovoltaic effect
(PV) is the direct conversion of light into electricity in solar
cells. When the solar cells are exposed to the sun, the electrons
are excited from the valence band to the conduction band, creating
charged particles called holes. In a PV cell, the upper or n-type
layer consists of crystalline silicon doped with phosphorus with 5
valence electrons, while the lower or p-type layer is doped with
boron, which has 3 valence electrons. By fusing N and P-type
silicon (semiconductors), a PN junction is used to create an
electric field in solar cells which can separate electrons and
holes and when the incident photon is strong enough to accept an
electron Remove the valence, the electron jumps into the conduction
band and introduces a current which leaves the solar cells through
the contacts.

V-I Characteristics

The V-I characteristics
are a curve between voltage and current. The curve shows an inverse
relationship. The area under the V-I curve is the maximum power a
panel would produce at maximum voltage and current. The area
decreases as the voltage of the solar cells increases due to their
temperature increase. Due to fluctuations in environmental
conditions, changes in temperature and the level of radiation,
curve VI changes and therefore the point of maximum power. The MPPT
algorithm then continues to follow the knee point.

When the PN junction is
illuminated, the properties change and move downward when the
component generated by the photons is added with the reverse
leakage current. The maximum credit point can be obtained by
plotting the hyperbola defined by V * I = constant to affect the
properties V-I. The voltage and current corresponding to this point
are the peak voltage and the peak current. There is a point on the
curve that generates maximum electrical power when light strikes.
By operating at a point other than the point of maximum power, the
cell generates maximum heat output and less electrical power.

Effect of Irradiance
and Temperature

The term irradiance is
defined as a measure of the power density of sunlight received at a
location on earth and is measured in watts per square meter.
Irradiation is the measure of the energy density of sunlight. The
terms irradiance and radiation refer to solar components.

As sunlight continues
to change throughout the day, V-I and P-V properties also vary.
With increasing solar irradiation, the open-circuit voltage and
short circuit current increase, and therefore the point of maximum
power vary.

Temperature plays
another important factor in determining the efficiency of solar
cells: with increasing temperature, the saturation rate increases
rapidly with increasing photon generation rate and this reduces the
band-gap, leading to marginal current changes but at large voltage
changes. The cell voltage decreases by 2.2 MV per degree of
temperature increase. The temperature has a negative impact on the
performance of solar cells. Therefore, solar cells perform at their
best in cold, sunny climates and not in hot, sunny climates. Today,
solar collectors consist of silicone-free cells because they are
insensitive to temperature, so the temperature remains close to
room temperature.

As the temperature
increases, the rate of photon generation increases and the
saturation current increases rapidly. This leads to a reduction in
the band-gap, leading to slight changes in current, but significant
changes in voltage.

PV Installation, Short
Circuit and Open Circuit Tests Using Avometer

To test a solar panel
accurately, you must determine the open-circuit voltage and short
circuit current taking into account the cell temperature, ambient
temperature, coefficient, and angle towards the sun. Disconnect the
panel from a controller. When testing an array, you must test each
panel individually. See the datasheet on the back of the panel for
the measurements required using the temperature reduction
factors.

You need a multimeter
with a voltmeter and an ammeter that can display at least 10
amps.

To measure the correct
cell temperature and not the ambient temperature, you should use a
thermocouple or a temperature sensor on the back of the panel, not
on the front, as the glass is an insulator. This is the actual cell
temperature and must be 25 ° C. A panel reduces the cell
temperature and decreases to 25 by 0.5% at each degree Celsius.

[Actual power = [rated
power x (-0.5 x cell, temperature - 25)].

How the panel is
installed often affects this, ensure that the airflow under the
cells is there.

To cool a panel, the
water flows over the surface, thereby raising the power consumption
by 20-50%.

Open Circuit Voltage
(VOC)

To test open-circuit
voltage, take your multimeter and set it to a voltmeter. Insert the
probes into the corresponding connections and adjust them to the DC
voltage. The reading should be within 10% of the specifications on
the back of the panel. Taking into account the coefficient, the
current measured values are;

100w 12v 36 cell panel
- 20-22 VOC

200w 24v 72 cell panel
- 40-44 VOC

250w 24v 60 cell panel
- 37-39 VOC

Short Circuit Current
(ISC)

To test the short
circuit current, you must set your multimeter to amps and make sure
that the cables are properly routed into the multimeter. Then
insert the probes into the connections, paying attention to the
positive and negative outputs. The measured current value in this
configuration is the short-circuit current, which is within 20-35%
of the panel specifications, taking into account the measured
coefficient and current values, we have;

100w 12v 36 cell panels
- 5.6 amps ISC

200w 24v 72 cell panels
- 5.6 amps ISC

250w 24v 60 cell panels
- 8.9 amps ISC

It is important to
consider the temperature reduction factor. If the cell temperature
is too high, the current measured value decreases.

VOC and ISC testing is
the best and most accurate way for a consumer to test a panel. If
the panel meets the specifications, the problem is with the
controller and/or the battery. If the panel does not meet the
specifications, the potential problems are;

* Broken cables

* Blown diodes

* Faulty
connections

* Cell failure

Solar Wires and Cables
Installation Process

How to choose and use
the right cables for your solar system.

The types of solar
cables (also called solar panel cables and photovoltaic wires)
refer to the types of cables used to connect your solar panel to
the rest of your photovoltaic system.

It is important to
choose the right cable for your solar system so that it works
properly and is not damaged. If you make a mistake and choose a PV
cable that is too small for your PV system, the battery pack may
not be fully charged and your devices may not work as well or be
underused.

Types of solar
cables

The electrical wire is
graded mainly based on its form of a conductor (which is precisely
the same as the solar wire panel). It is a single-stranded
conductor if it has a single metal wire core and if it has a
multiple wire core it is a multi-stranded conductor. These are the
two basic types of cables.

The difference between
a single-stranded conductor and a multi-stranded conductor is that
in constant vibration conditions, such as in mobile applications in
cars, ships, planes, and trains, the multi-stranded conductor
performs better.

Single-core cables are
most commonly used in household wiring and should be suitable for
your solar system. However, if your area is exposed to constant and
extremely strong winds, you should consider types of cables with a
multi-stranded conductor as they are more flexible and therefore
more durable.

PV Wire Ratings

The cables used in
solar systems are classified according to their Amps. This is the
maximum number of amperes that can pass through this cable and this
nominal value must not be exceeded.

In principle, the
higher the current (amps) of your solar system, the thicker the PV
cable. If your system produces 7 amps, you will need a 7 amp cable
(in fact, it is better to go a little higher such as a 9 or 10 amp
cable just to make sure it can handle the current).

If you make a mistake
and use a cable with fewer amps than your solar system produces,
the voltage drops. The solar module cable will likely heat up and
eventually ignite, causing damage to your solar energy system and
your home.

Think of your
electrical cable as a pipe. If too much water pressure (amp)
crosses it, it will explode. Therefore, you should purchase a
larger pipe (wire) that can hold the pressure (amps) generated by
your system.

Solar Wire
Thickness

Thicker PV cable costs
more than thinner PV cable because it can handle more current
(amps). There are two ways to choose the thickness of the cable.
Slightly thicker or fairly thick for safety reasons, but vulnerable
to sudden overvoltages.

A great way to choose
the thickness of the cable for your solar system is to buy a solar
panel cable large enough to handle the largest current device (amp)
you have and this cable for other works to the AC breaker panel.
Use a solar panel wire size calculator to determine the wire size
needed.

PV Wire Length

Not only do you need to
use a PV cable with the correct amps, but you should also consider
the length of your solar cable. By this, we mean that if your PV
cable is longer than average and connected to a high current
device, you will need a cable with more (higher) amps. Otherwise,
there might be a decrease in voltage and a spark.

Example: If you
had a 20A device and used a lengthy 20A cable, you would be at risk
of a voltage drop. To avoid this, increase the size of the PV cable
to at least 35%. For the example above, use a 27-30 amp cable to
ensure safety.

The longer the wire is,
the higher the amp level on your wire will be, but in the interests
of safety, don't be reluctant to go a little thicker.

The use of thicker wire
will also mean that theoretically high current (amp) devices
acquired in the future are more able to withstand the current. It
doesn't hurt to prepare for the future now, especially if you don't
have to switch to thicker cables later.

Suppose your solar
panels/battery have generated 7 amps and you are using a 4.6m cable
length. It is starting to lengthen, so add a 35% safety margin that
says:

7 + (35% of 7) = 9.45
amps

Therefore, you need a
10 amp cable.

PV Wire Gauge Guide

One important point to
remember here is that while all wire used for individual runs from
the breaker panel to the appliances must be able to handle the
appliance's amps, the wire from the battery to the rest of the
photovoltaic components must be able to handle the average amps of
both runs, plus at least 35% more.

Also, keep in mind that
using shorter solar cables is better and much cheaper than having
to buy very thick (and expensive) cables to make up for unnecessary
lengths.

Consult a certified
electrician to verify that you have selected the correct types of
solar cables for your entire solar system before connecting the
cables.

By following these
basic safety rules and precautions in choosing the correct type and
thickness of the solar cable, you will surely improve its
efficiency and effectiveness while reducing the risk of damaging
your solar system.

Solar panel
installation process

Solar panels can be
used to produce power for both industrial and home use. In both
cases, the Photovoltaic Panel was mounted on Roof Top to get
maximum possible sunlight and produce maximum electricity from the
array.

The following steps are
taken:

Step-1: Mount
Installation

The first step is to
repair the supporting mounts for solar panels. Depending on the
necessity, it may be roof mounts or flush mounts. This simple
framework provides protection and continuity. The panels
(monocrystalline or polycrystalline) are installed with due care in
the direction. The best way to fix solar panels for countries in
the Northern Hemisphere is in the south, where the sun is full.
It's going to do both North and South. The North is the safest path
for countries in the Southern Hemisphere.

The mounting frame
should also be tilted slightly. The tilt angle can be between 18 to
36 degrees. Many companies use a solar tracker to increase
conversion efficiency.

Step 2: Install the
solar panels

The next step is to
attach the solar modules to the mounting frame. This is done by
tightening the screws and nuts. Care must be taken to ensure that
the entire structure is properly secured so that it is strong and
durable.

Step-3: Do Electrical
Wiring

The next step is
electrical wiring. Universal connectors such as MC4 are used when
wiring because these connectors can be connected to all types of
solar modules. These panels can be electrically connected
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