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INTRODUCTION 

 
The main reasons that prompted humanity to engage in the 

development of renewable energy sources on an industrial scale 
on a large scale: 

- climate changes caused by increased CO2 content in the 
atmosphere; 

- the strong dependence of many developed countries, 
especially Europe, on fuel imports; 

- limited reserves of organic fuel on Earth. 
The recent signing of the Kyoto Protocol by most of the 

developed countries of the world has put on the agenda the rapid 
development of technologies that contribute to reducing CO2 

emissions into the environment.. 
The sun drives 99.98% of the world’s energy supply, 

including thermal, photovoltaic, photochemical, photobiological 
and hybrid solar, hydro, wind, wave and biomass energy 

conversion. It originally grew the biomass that we now access as 
fossil fuels. Other sources include tidal, geothermal and nuclear. 

The sun’s energy comes from fusion reactions in its core. These 
reactions have been “burning” for 4.5 billion years and are 

expected tocontinue for another 6.5 billion years. The total power 
radiated out into space by the Sun is about 3.86×1026 W. Since 

the sun is approximately1.5×1011 m from the earth, and because 
the earth is about 6.3×106 m in radius, it intercepts only 

0.000000045% of this power. This still amounts to massive 
1.75×1017 W. 

The development of this technology and the incentive for 
them to realize the economic losses associated with not only the 

threat of climate change, but also of greenhouse gas has become 
a commodity means that the quota for the waste that has very real 

value. Organic fuel to reduce costs and CO2 one of the 
technologies that allows the reduction of waste by solar energy 

hot water supply, heating, air conditioners, and other 
technological needs of low potential for heat production.  
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Currently, more than 40% of the primary energy consumed 

by humanity has to cover these needs, and it is in this area that 
solar energy technologies are considered the most mature and 

economically acceptable for wide practical use.  
Also the use of solar heating systems for many countries of 

the economy that depends on the extraction method is both 
reduced fuel imports.  

This task is especially relevant for EU countries, whose 
economy depends on the import of 50% fossil energy sources, and 

today this dependence can rise to 70%, which threatens the 
economic independence of this region. 

On average, depending on climatic conditions and the latitude 
of the area, the solar radiation flux to the Earth's surface reaches 

400 to 800 W/m2, almost anywhere (regardless of latitude), about 
1000-1200 W/m2. Uzbekistan is a republic where all the gods are 

good receivers of solar energy and have the ability to produce 
energy. In hot water and power supply, heating and cooling 

systems, there is an stigma of achieving 50-70% primary energy 
source savings through the use of solar energy. 

Uzbekistan is a country in Central Asia with a growing 
demand for electricity. Solar power can play a role in meeting this 

demand, as the country has abundant solar resources and a strong 
potential for solar energy generation. The government of 

Uzbekistan has implemented several initiatives to promote the 
use of solar power, including the development of large-scale solar 

power plants and the introduction of incentives for individuals 
and businesses to install solar panels. Some of the benefits of solar 

power in Uzbekistan include reduced dependence on fossil fuels, 
lower greenhouse gas emissions, and improved energy security. 

Uzbekistan is actively developing, with the assistance of the 
World Bank, a targeted program to install two-kilowatt solar 

panels in 150,000 private houses. Installation work is planned to 
be carried out in 2021-2023. Also, funds were allocated by local 

governments for the installation of solar panels in the apartments 
of low-income families. Because the cost of installing solar panels 

https://en.wikipedia.org/wiki/Uzbekistan
https://en.wikipedia.org/wiki/World_Bank
https://en.wikipedia.org/wiki/Solar_panel
https://en.wikipedia.org/wiki/Solar_panel
https://en.wikipedia.org/wiki/Low_income
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is high relative to the income of the population, they are not 

becoming widely popular despite state subsidies. 
Considering the fact that renewable energy sources in our 

country in recent years, in particular, the solar energy sector, have 
been developing by leaps and bounds, the training of young 

specialists actively working in this field is one of the urgent 
problems. This textbook has been prepared for those who are 

interested in the field of solar energy, and students studying in 
higher educational institutions in this field.  
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CHAPTER 1  

 

SOLAR ENERGY AND ITS POTENTIAL ENERGY 

 
Solar energy – this is the sun and which is the production of 

electric energy or water and other substances is a source of energy 
that can be used for heating. This energy is the conversion of 

sunlight into electricity (solar panels mode) or through the direct 
use of gas heating by solar collectors or heat through a fluid is 

obtained. 
Energy of the sun into the atmosphere because it is one of the 

most environmentally friendly energy sources and does not 
require extraction does not produce harmful waste. We will use 

large quantities of energy in our daily life. To spend our lives built 
on natural resources and energy spending. Figure. 1.1 - where to 

spend the energy distribution is shown in the picture. The 
information listed in the picture for the UK, but they "created the 

world" let's get you to other places too. 
 

 
Figure 1.1 Energy consumption in EU households (2020) 
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Using heat is to spend a large portion of our energy – 58 %, 

we can see this passive solar projects. We use energy 24% of 
spending to heat water, using solar energy heating the water in 

these sources easily with quotes. 
So, as we have seen, 82% of the energy we use is related to 

solar technology. The next 13% of the energy will be spent on 
providing electricity to our home. The remaining 5% of energy is 

applied to cooking. The energies that we will thus need are linked 
to solar technologies. Solar energy is clean, green, Free, better 

than all, wherever you go there is everywhere for the next five 
billion years. As a result, you can gain knowledge about methods 

that approach The Sun in a new way and are favorable for the 
Earth, not harmful to the environment. 

Taking North America as an example, we can fear sufficient 
reserves of solar energy in Figure 1.2. The bulk of the energy is 

on the west side, with the rest of the U.S. land also having cost-
effective solar power. 

 
Figure. 1.2 Photovoltaic power production (SolarGis) 
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At this point, it is necessary to have preliminary information 

about fossil fuels in order to reflect on how primary energy 
sources arise, increasing the scope of use to meet the extents 

within the scope of demand. In particular, they exist in very 
ancient times on the basis of the remains of plants and animals 

appeared. Minerals in the form of approximately 360–286 million 
years ago Paleozoic era of carbon that is a part of the period is 

important. Which is convenient for you to live this time – the 
amount of many plants of the world, large centipedes, as well as 

the swamp, covered with a forest of plants. The ocean and the sea 
was full of tiny grass plants consisting of water. Even if the 

emergence of the period, which dinazavrlar coal carbon in the 
structure, starting from the main part of chalk mineral resources 

in the period around 65 million years ago the carbon formed from 
the remnants of the era. 

 

 
Figure. 1.3 Increasing fossil fuel emissions. 

 
If the plants die with the passage of time, the stones and the 

remains of plants which are rich in all the places were covered 
with carbon. For many years, which is generated due to high 

temperature and pressure to layers tightened their reason. The 
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issue of fossil fuel. In fig. 1.3 see data restless enough throws! 

Over the next hundred years, fossil fuel emissions are likely to 
increase dramatically–which means a large amount of cabonate 

anhydride-and this will lead to instability of our ecosystem and 
climate deterioration. 

Hubbert peak and oil peak. In 1956, geophysicist marion 
king Hubbert a lecture at the institute of american made american 

oil industry. Oil extraction at us at the end of 1960 he and the 
world is observed to reach a maximum peak in 2000, he said. 

Actually the beginning of the 1970s American oil extraction, this 
forecast was bad but the rest of the theory is horrible.  

The state of the theory, that is, the curve of fossil fuel 
production, has the form of a bell in which production increases 

slowly, followed by a sharp peak in production when technology 
becomes the main force, after which production must work 

against an increase in consumption. To reach a plateau and then 
falls with the costs of extraction increased production – initially 

slow and will get toned. This fig. 1.3 - described in picture.  

 

Figure. 1.4 “Peak oil” theory of the image 
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International energy agency oil information from the vendors 

to give the biggest in the world than 48 units in 33 of them in the 
condition is known to lower energy production. Along with the 

peak oil, coal is also the peak, peak gas, peak uranium there (fig. 
1.4). All of the source and permanently the last remaining 

reserves will not continue. Well the sun we will how to use the 
energy from? We have been thinking about this, there are many 

types that are linked to the sources in our surroundings qanchasi 
effects of the sun and the sun works (fig. 1.5). 

 
Figure. 1.5 The energy sources 

 
The U.S. energy supply to see the situation in countries in 

Western Europe, and so on. Does not have to look at the US's 
energy supply (fig. 1.6) at the present time the main energy is 

obtained from fossil fuels. This implies a carbon-intensive 
economy, that is, imports from other carbon-producing countries, 

mainly from the Middle East. Unfortunately, this makes the 
United States dependent on other countries for oil purchases – not 

a very good political situation. Then we can see hydropower -
about 7% of America supplies electricity. Things like aluminum 
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furnaces, which consume a lot of electricity, are mostly built next 

to a gyroelectric power plant, so they produce relatively cheap 
energy. Finally, “others” account for 5% of American electricity 

production. 
The “others” world, solar energy, wind energy, wave energy, 

water and energy, such as the ascension of the descent at the 
expense of the facility. This sector fossil fuel savings, which we 

need in order to stabilize the increase of spending in the sector. 
Solar energy how can I use it? We have to think about this, all of 

the energy coming from the sun is transmitted directly or 
indirectly from one point to another point.  

 
Figure. 1.6 U.S. primary energy consumption by energy 

source (2021). 
 

Solar energy – the Sun to provide power devices directly 
from solar energy term and the majority of the collection and uses 

of any type may become useful energy. The devices were 
collected and directly at the solar energy will turn into a useful 

energy source.  
Wind energy – the Sun that gives heat in our atmosphere in 

the form of the convective flow, this gradient is certain to be 
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between large and small streams of the drainage area. Move to 

other place from one place to the air and walk creates the wind, 
and the sun energy into electrical energy using a wind generator 

to take large and it can be turned.  
Hydro – solar performs the hydrological cycle, that is, of 

heaven, is raised and the water to evaporate in the back ground 
done in the form of precipitation with rain drops. With the rising 

of the earth above sea level to higher levels of water it meaning 
explained! If you collect form water dams in high places, falling 

through the turbine into electrical energy with the potential 
energy of the water gravitasion it can be turned.  

Biomass-to save on fossil fuels, we can grow substitutes. 
Trees are the biomass that forms the forest that is used for 

burning. Sugar cane can also be grown and converted into 
bioethanol, which is used instead of gasoline in internal 

combustion engines. All cultivated plants grow in the sun, so they 
are also a product of solar energy. 

 

§1.1. The physical basis of solar energy 

 

The sun is 92.25·106 miles or 149.6*106 km away from us. If 

we take light that travels 2,9979,2458 meters per second to 
visualize such a long distance, it will take 8.31 minutes to reach 

us. You can try to conduct an imaginary experiment using the 
example of an airplane flying over America. If it is moving at 500 

mph, it will take four hours. If you move at the speed of light, you 
will orbit the Earth at the equator seven and a half times per 

second. Now you can imagine how far you will get if you move 
at this speed for 8.31 minutes. 

It not only away, but it is also very huge. Its diameter 864950 
mile; if meter is equal to 1392 million miles if you're running it 

in standard.  
With a fall in the sun too long – it's very great! You may think 

that you are incomplete has less energy than the fact are 
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incomplete in the coming solar radiation annual global energy the 

amount of energy from spending 10000 times larger.  
 

 
Figure. 1.7 Sun/Erth size comparison 

 

A square meter per year, an average of 1700 kW·h of solar 
energy falls. Planet Earth would fit 109 times across the diameter 

of the sun. 
The surface of the land covered with a layer of thick black 

liquid heating for in a mile, if we land on the surface the idea that 
you will have to collect the energy of falling now it seems absurd 

as it is not a source.  
When solar energy reaches the Earth, 19% is absorbed by the 

surrounding atmosphere and another 35% is absorbed by clouds. 
Solar energy only constantly heats the Earth, these costs require 

technology that converts lost energy into usable energy, which 
means that we must be able to do something useful. 
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The sun is also an efficient large thermonuclear reactor. In the 

sun, hydrogen is continuously converted into helium every 
second with alternating minutes. 

 

 
Figure 1.8 Solar system 

 

What will hinder the sun from the effects of the large amount 
termoyadro reaction explosion containment? – simple gravitasiya 

power! As a result of complex reactions, which spread the power 
which the sun in the night and quite large in size due to the amount 

of the substance in which is formed as a result of the constant 
battle between the forces gravitasiya is steady. 

The sun inside all the atoms in a large amount of 
“contraction” is pulled as a result of each other. At the same time, 

the effects of nuclear energy and heat formed in the reaction out 
of all things I will try. We balance our happiness and as a result 

they will Solar remains constant. The structure of the sun is shown 
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in fig.1.9 - let's explain what it contains. Starting from the center 

of the Sun, there is a core, a radioactive zone, a convective zone, 
a photosphere, a chromosphere and corona. 

 

 
Fig. 1.9 The structure of the Sun (NASA image) 

 
The core of the Sun has two properties: first, it creates 

favorable conditions for a nuclear reaction -an incredibly high 
temperature of 15 million degrees Celsius, and secondly, an 

incredibly high pressure. Therefore, a thermonuclear reaction 
takes place there. 

One of the pieces will form the core of geliy four hydrogen 
nuclear reactions at the core.The results from this process are two 

– photon gamma rays, i.e. large-energy neutron and one of them 
is known to have mass and charge of the particles of the universe.  

Radiactive zone – from the core to the next radiactive zone. 
The reason to call this kind of zone, the radiation it produces. It's 

less cold, the temperature in degrees radiaktiv zone is in the range 
of from 1 million to 15 million Celsius. Radiactive zone is 

basically what is interesting, from this zone to the next zone you 
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will need to pass foton millions of years, so it is also called the 

convective zone! 
Convective zone – this zone is different, photon here is 

moving due to convection in the high – grade physics that size if 
you want to remember your temperature depending on the 

pressure side lower and less convection is formed. There are 
different degrees of this zone is the zone on the border with 

radiation million. Celsius foreign parts only account for the 
temperature of 6000 °C. 

Photosphere – called the next area. This is the visible bright 
part of the Sun, because that’s where the visible rays appear. The 

temperature of the photosphere is 5500 °C, which is also a huge 
temperature. Although this layer is thin compared to the Sun, it is 

300 miles thick. 
Chromosphere – a few thousand miles thick, evident 

tumanlik up, the temperature of 6000 °C - 50000 °C varies. This 
area in the field of the visible spectrum awakening are filled with 

hydrogen atoms to produce red radiation. 
The crown – the crown, the atmosphere of the sun from a 

distance of millions of miles into space stand out. Here the 
temperature is very hot, that is, Tselsiy million degrees around. 

Some of the properties of the surface of the sun fig. 1.9 - you can 
see in the picture, but in the next part of the 1.10 - is described in 

detail in the picture.  
Features of the Sun. We have considered the internal 

structure of the sun, and the crown on the surface of the sun us to 
know what night the process is interesting.  

Coronal pits are formed where there are magnetic fields of the 
Sun. Solar bulges emit large amounts of coronal material into 

space. Magnetic nations hold prominences in space. The beam-
shaped polar projection of the corona coming from the surface of 

the Sun is very small. 
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Figure 1.10 Phenomena observed on the surface of the Sun 

 
The Earth and Sun. We have become familiar with the 

events that occur in the sun, then through the cosmos of solar 
energy coming out now, you will see how to orbit the earth.  

The atmosphere of the earth at any point in the space outside 
the solar radiation issued by (insolyasiya) is almost stable. While 

the surface of the land in those instances will change according to 
any of the following situations: 

• Change the state of the space environment of Earth; 

• The cycle of Earth; 

• The land of the atmosphere (gases, clouds, dust and etc.). 
The gases in the atmosphere is relatively steady. In the last 

year due to the global coverage of the air to decrease the 

infestation is observed in solid compounds in the atmosphere, 
fossil fuel waste caused a decrease of solar energy coming from 

the ground.  
There is much more mobility and the clouds moved from 

place to place, giving the angle of the shadow. And its orbit about 
the earth, imagine if we had placed at the angle of the sun 

compared to the earth turning around its axis, we can see that. 
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Fig. 1.11 Seasonal configuration of Earth and Sun 

 

Land becomes with the speed of change, the point of the 
earth's orbit so that you can find some parts more coverage of her 

route, and vice-versa, because land space is located in. That part 
of the earth is closer to the sun during the day. This is the reason 

why the coming seasons – the process 1.11 - described in picture.  

 
Figure 1.12 A different time of the year to change than 

the sun of the situation 
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Since it was the sun see the sky in different parts of our solar 

who need to track the device. Fig. 1.12 - flat in the picture of the 
sun collector for efficient use of energy in different time of the 

year to set how much space you need depending on the situation 
described.  

 

§1.2. Meters of solar energy equipment 

 

Solar radiation measuring instruments and is used for 

different purposes in various fields. They are down to the surface 
of the land or a certain object, will help you to determine the 

amount of solar radiation. The areas that may be of wider use of 
this measurement tool and need the quotes below: 

1. Meteorology and climatology: measuring solar radiation 
is important for understanding and predicting weather conditions, 

as well as for studying climate change on earth. 
2. Solar energy: photovoltaic solar collectors and solar 

stations and calculate the potential productivity for planning the 
employment of solar radiation you need to know the exact level 

of the region of interest.  
3. Agriculture: knowing the level of sunlight helps 

agronomists and farmers identify the most suitable barley for 
growing in a particular area, as well as plan agricultural work. 

4. Scientific studies: ecology, biology and other scientific 
disciplines in the field of the measurement of solar radiation using 

different ecosystem and the living organism to the effects of the 
sun light you can learn. 

5. Building and architecture: the design of buildings and 
structures, especially considering the use of natural lighting and 

energy-saving technologies, the intensity of the light of the sun in 
different periods of the year and you need to take into account the 

spread. 
Solar radiation measuring instruments can be different, 

including pirgeliometers (for the measurement of direct solar 
radiation), pirometers (total for measurement of solar radiation) 
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and fotometric is to measure the light intensity in a certain range). 

These devices will provide specific information that can be used 
in many areas of human activity. 

 
Figure. 1.13 Modern pergeliometer 

 

Pergeliometer- The principle of its operation is based on 
measuring the amount of heat, therefore, the device is based on 

thermal batteries that generate electrical voltage based on 
temperature differences through the Zeebeck effect. A 

pyrgeliometer differs from a pyranometer in that it measures 
direct light rather than scattered light. 

Solar radiation is measured by the amount of energy per unit 
time per unit area that will fall. Its intensity depends on many 

variables-in the first place, to place the measure, as well as light 
enters the atmosphere depends on.  

Average square meter of solar radiation in the earth 1366 
Watts. Pirgeliometer direct sun measurements to be accurate and 

it should usually be directed to the source of light moving on the 
back of the lamp is to install tracking devices. 

Working principle. The thermal battery is capable of 
converting sunlight into electricity. Then the voltage is converted 

into standard units of measurement of solar radiation, that is, in 
watts per square meter. Non-scattered direct light is used; a 

pyranometer is used to study and measure the scattered light that 
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always appears after the rays pass through the planet's 

atmosphere. 

The Zeebeck effect is used to rotate the thermal battery, which 

allows you to create a voltage based on the temperature 
difference, so one metal end of the thermal battery is always 

facing the Sun, and the other is shaded, as a result of which they 
heat up differently. The higher the solar radiation, the higher the 

voltage, which allows specialists to obtain relatively accurate 
results. 

The main types. In Russia, the Angestrem pyrgeliometer, 
created in 1896, is used. It uses blackened manganese plates and 

an associated thermocouple, while one of the plates heats up 
normally, and the other from an electric current. The temperature 

is equal, there is no voltage, and solar radiation is determined by 
the amount of current that must be transmitted to the second plate 

to equalize the temperature. 

In the USA, the Charles Abbott pyrgeliometer improved by 

Shulgin is the most common. He uses a darkened camera washed 
away by a jet of water. The second chamber, which is not exposed 

to sunlight, is heated by electricity, so that the water coming out 
of it is equal in temperature to the water coming out of the first 

chamber. Built-in thermocouples measure how much electricity 
is required to equalize the flow temperature, and based on this, 

researchers can calculate the intensity of solar radiation 
.Areas of use. Science the deviceis used for iy studies - in 

particular, can be used to study the changes in solar radiation 
emitted within a certain time. Now alternative "green" 

requirements are also in the field of energy, because it is used to 
determine acceptable locations for the installation of the solar 

panels. Pirgeliometer conducted by measuring the radiation level 
of the map on the basis of the average structure is special, they set 

the best place to find used. 
Actinometer. An actinometer is a device that measures the 

thermal power of solar radiation. Actinometers are used in 
meteorology as pyranometers, pyrgeliometers and pure 
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radiometers for measuring solar radiation. The actinometer was 

invented by John Herschel in 1825. 

 
Figure. 1.14 PELENG-SF 12 actinometer 

 

Actinometr-this whole time in the unit or in the system which 
determine the number of foton light chemical or physical device. 

This name is ultraviolet and visible wavelength range usually 
used in the device is applied. For example, iron solution of oxalic 

aktinometr chemical can be used as bolometrlar, and provide 
indicators that can be detected foton mutual termoelementlar 

fotodiodlar associated with the number of physical devices. 
The purpose of use. The PELENG-SF actinometer is 

designed to measure the duration of solar radiation, which is 
defined as the time during which direct solar radiation exceeds 

the nominal threshold level of 120 W/m2. 
Analog output version. The analog output of the actinometer 

enters the input of an electronic eight-channel unit, is converted 
to digital form, is displayed on the display of this unit, and at the 

same time the signal is sent to the computer via the RS-485 
interface. The data on the computer is output using the peleng 

Meteo program. 
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The digital output version. Through the RS-485 interface, 

the digital output of the actinometer is sent directly to the 
computer, then the data is processed and displayed using the 

peleng Weather Program.  
Actinometers are devices that measure the intensity of 

radiation energy. Most actinometers are based on the principle of 
measuring the thermal effect when converting radiant energy into 

thermal energy. The radiation energy is expressed in small 
calories (cal/cm2·min) absorbed by the surface of 1 cm2 in 1 

minute in such a way that the amount of energy is perpendicular 
to the direction of the rays.  

The intensity of solar radiation before entering the Earth's 
atmosphere is called the solar constant. That part of the radiant 

energy of the sun that reaches the earth's surface (direct solar 
radiation), together with that part of the solar radiation that falls 

after scattering into the atmosphere (scattered radiation), makes 
up the total solar radiation. Part of the radiation reflected from the 

Earth's surface is called reflected. 
 

§1.3 The spectrum of solar energy radiation 

 

Since ancient times, people have used solar energy for their 
own purposes. It was they who, in 212 BC, with the help of 

sunlight concentrated in one place, created a Holy fire in front of 
the temples. It is said that the great Greek scientist Archimedes, 

defending his hometown of Syracuse, forced the Roman fleet to 
burn the shoulders of the Keia (sails) In the same way, the power 

of the sunlight flux is 1.78×1017 W at surface area 1.2×1017 W at 
the upper boundary of the Earth's atmosphere. The distribution of 

the solar radiation flux around the globe is extremely uneven. The 
amount of solar energy per 1 m2 of the earth's surface during the 

year is distributed from 3000 MJ/m2 in the northern regions and 
up to 8000 MJ/ m2 of heat in the southern regions (fig.1.14). 

Ball in the flow of solar radiation incredibly land distribution 
is uneven. The amount of solar energy 1 m2 surface land for 3000 
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years MJ/m2 from the northern districts and 8000 MJ/m2 is 

distributed in the Southern districts to heat up (fig. 1.15). 
 

 
Fig. 1.15 Global Solar Radiation Map 

 

The density of the solar energy flux Q0 on the surface 
perpendicular to the rays at the upper boundary of the atmosphere 

is 1353 W/m2, which determines the average amount of energy of 
the solar constant E0 per 1 m2 of the surface for 1 hour, equal to 

4871 kJ/h∙m2. The average annual sunlight flux density of  210-
250 W/m2 falls on subtropical and desert areas and 130-220 W/m2 

on the zone of the central strip of Russia. Solar energy reaches a 
vertical density of 1 kW/m2. Figure 1.16 shows the spectrum of 

the correct distribution of sunlight along the upper boundary of 
the atmosphere and sunlight relative to the upper boundary of the 

atmosphere and sea level. 
The upper limit of the atmosphere earth in the rays of the sun 

to the absolute temperature of a black body in as the year comes 
on the scattered light and ultraviolet radiation 5900 k (the wave 

length of x=0.2-0.4 mkm), see light =0.4-0,78 mkm and infra 

red rays (they wave length) will consist of. maximum efficiency 
of light of the sun (fasting) 0,5 mkm wavelength intensive.  
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Figure 1.16 Solar raduiation spectrum 

 
When passing through the Earth's atmosphere, some of the 

sunlight is scattered in the environment and absorbed by light 
molecules of air and water vapor. And dust particles. This leads 

to diffuse (scattered) radiation, which weakens the force of direct 
incident sunlight. Some of the solar energy is absorbed by 

gaseous particles and dissipated back into cosmic stability. 
Diffuse (spread) the view of the main flow of light energy to 

reach the surface of the earth, the sun, the fall in the overall flow 
of solar radiation scattered in geographic and climatic factors 

related to the amount of light varies during the year. For example, 
its size Kiev 0,39 in June, in December 0,75. In Moscow 0,54-

0.8; while in Tashkent 0,19-0,5; in Ashgabat 0,3-0,5. 
The solar potential can be characterized by the average annual 

magnitude of solar radiation falling on a 1m2 horizontal surface. 
In Commonwealth of independent countries fields, the annual 

flow of solar radiation varies widely. 1m2 horizontal surface in 
the Northern islets and in the North-Eastern Siberian territory 

during the year 550...830 kWh, 1,100-1,300 kWh in Ukraine, 
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Moldavia, Volga Region, Siberia and the Far East, 1,400-1,600 

kWh in the Caucasus and Central Asia, with 2,000 kWh and more 
in the steppe steppes of Uzbekistan. The number of annual 

sunshine hours is 3000 in Turkmenistan, 2815 in Uzbekistan and 
Tajikistan-2880, 2575 in Kazakhstan and Kyrgyzstan-2695, 2125 

in Armenia, Georgia and Azerbayjan-2520, in Ukraine and 
Moldavia 2005-2080. 

The duration of sunlight in Central Asia is 16 h in June and 
8-10 h in December. In these regions, 300 sunny days are counted, 

and the duration of sunlight is 2500-3100 h/year, 320 in the 
summer months-400 h/month. While solar energy light fall is 

observed during an open day, the amount of solar enrgia at the 
beginning and end of the day is not large in the plane 

perpendicular to the rays. 
An hour after sunrise, its energy will be 400 kcal/m2. in half 

a day, it reaches a maximum volume of 800 kcal/m2/hour 
(Table.1.1). 

 Table 1.1  

The 

months  

Daily, 

W·h/ 
(m2·daily) 

Hours W·h/(m2·h) 

12 11,13 10,14 9,15 8,16 7,17 6,18 

January-
December 

2860 710 670 630 540 310 - - 

February 

November 
3245 750 740 690 605 460 - - 

March 

October 
3920 780 770 730 670 650 320 - 

April, 

September 
4411 800 790 765 730 640 546 170 

May, 

August 
4640 800 79+0 765 730 670 545 340 

June, July 4760 785 780 770 730 670 585 440 

 

The level of solar radiation in cloudy days lP at uneven and 
weak. Reduced to such a huge outpouring of solar energy in the 
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day the clouds that blocked the sun is able to zone depends on the 

size of (fig. 1.17). 

 
Fig 1.17 Annual radiating of the sun (hour) 

 

Scan cloudy days only diffuse (scattered) from solar radiation 
can be used.  

 
Figure 1.18 Graph of Solar Irradiation During the Day 
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We can see from our daily example, that the solar irradiance 

available during the brighter sunnier and longer summer days is 
greater than that of the shorter, duller winter days as we would 

expect. So the peak sun hours available during the summer is 
clearly longer than the winter period allowing a PV panel to 

operate at its peak rated output longer. 
So for example, if the average solar energy which falls on a 

surface during the summer months is 800 W/m2 and is available 
for a full 8 hours per day, the daily amount of solar irradiance 

received during the summer months will be: 
800 W/m2 x 8 hours = 6400 Wh/m2 or 6.4 kWh/m2 

Thus from above, we can see that if 1 kWh/m2 is equal to 
one Peak Sun Hour (PSH), then 6.4 kWh/m2 is equal to 6.4 peak 

sun hours, or 6.4 PSH. 
Now if we assume that during the winter months the average 

solar energy available drops by half, that is to 400 W/m2 and is 
only available for half as many hours, that is 4 hours compared to 

the summer months, then the amount of solar irradiance received 
during the winter months would be: 

400 W/m2 x 4 hours = 1600 Wh/m2 or 1.6 kWh/m2=1.6 PSH 
Then we can see from this very simple example that the 

amount of solar energy collected during the sunnier summer 
months is four times greater at 6.4 kWh/m2, than the solar energy 

collected during the duller winter months at only 1.6 kWh/m2. 
Again according to NASA, the worldwide daily average value of 

solar irradiance across the whole planet over one day is 
approximately equal to 5.0 kWh/m2 or 5 peak sun hours (PSH). 

 
§1.4. The economic, energy and environmental importance 

of using solar energy 

 

The use of renewable sources, the importance of evaluating 
certain sense is here the organic fuel reserves that would be the 

end of them in all spheres and therefore spend together with 
increased rates of alternative energy sources, search for the 
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necessity of saving fuel and energy resources as well as exercising 

it is necessary to take into account the order of hard. 
A number of scientific and technical and how much of the 

problem is proven to be at this level there are directions raqobatlash-
gan take off. The future from the standpoint of economic efficiency 

in a certain stage of development, providing direction pleasing to see 
most right now, there is a need to develop all dimensions of looking 

for new sources of energy. At this level of energy is associated with 
it or to take off one of the ways social and economic problems which 

are local energy resources (infrastructure developed in the heart of 
coal, gas, oil reserves are small and acute, as well as mastering the 

scale of renewable energy sources that are available on the territory 
of uzbekistan is the use of environmentally safe. 

The concept consists of the following energy forms of 
renewable energy sources: sun, geotermal, wind, sea waves, 

energy, flow, strait and the ocean, biomass energy, hydro, and 
other renewable energy with low potential heat energy of "new" 

types. RESs are traditionally divided into two groups: 
Typical: hydraulic energy converted into electrical energy by 

hydroelectric power plants with a capacity of more than 30 MW 
using conventional combustion methods (firewood, peat and 

other types of heating fuels), biomass energy used to generate 
heat, as well as geothermal energy.  

Unusual: solar energy is wind energy, the energy of sea 
waves, currents, straits, hydraulic energy, which is converted into 

energy used by small and microorganisms, biomass energy, 
which is not used to generate heat by conventional methods, 

thermal energy with low potential and other "new" types of 
renewable energy sources. 

The potential reserves of RES are divided into gross, 
technical and economic.  

The gross potential of renewable energy sources is the 
average annual amount of energy contained in a given type of 

renewable energy sources when they are fully converted into 
usable energy.  
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The technical potential of renewable energy sources is a part 

of the gross potential, the conversion of which into useful energy 
is possible at a given level of development of technical means 

while observing the requirements of environmental protection. 
The main components of renewable energy sources in 

Uzbekistan are: solar, hydraulic, wind and geothermal energy, as 
well as biomass energy. According to the results of research 

carried out by Uzbek scientists, the technical potential of 
renewable energy sources in Uzbekistan is 270 million tons of 

reference fuel, which is more than three times the annual need for 
energy resources. 

Table 1.2. Potential im mln. t.o.e./year 

RE type 
In Uzbekistan In the world 

Gross Technical Gross 

Solar 76459,5 265,1 131x106 

Wind 3,33 0,64 2x106 

Hydraulic 3,43 0,39 7x106 

Biomass 13,8 2,92 0,1x106 

Total 76480,0 269,05 1401x106 

 
Higher and secondary special education of our republic, 

organizations and businesses with the project inquiries, based on 
the results of research work about the potential of renewable 

energy sources installed in Uzbekistan general and technical 
oriented data summarize the scale of the use of raw materials and 

fuel resources, renewable energy sources, the share of electric 
energy from heat and gradually decrease as a result of the use and 

consumption of primary energy in the production of our republic 
also meet the needs of transportation printsipial-technical shows 

the possibility. The evaluation of the potential reserves of RES 
shows them in the republic of very good (fig. 1.19). 

The territory of the republic of the light of the sun, the small 
rivers, the flow of the wind and other sources of energy who 

arrived the year valli potential of Uzbekistan, 55-60 mln. tons of 
conditional fuel to the price of fuel and energy resources annual 



 35 

term hydrocarbon reserves of raw materials from the needs of 

many in a few times and than the time. 

 

Figure. 1.19 Potential energy reserves of RES in Uzbekistan 

(mil. kWh/year) 
 

Gross resources or in other words, the theoretical basis on 
renewable energy sources among the leading geotermal energy. 

However, relatively low temperatures (70-80 0C), and large depth 
of water minerallanishi artezian to lay hinders the production of 

electrical energy from a technical perspective they use. Therefore, 
if you consider technical potentsiallar performed, then solar 

energy is leading. The price of energy and limits the wide use of 
solar energy which produce it. 

Therefore, from within all types of RES, hydropower, which 
has a very high economic potential and currently consumes 14.4 

billion kWh, will discover practical content. Currently, 4 to 6.5 
billion kWh is used. Unused reserves are included in a group of 

small to medium-sized HPP, characterized by their relatively 
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small pressures, and as a result are targeted at low-power 

hydroelectric power stations routed along the entire watercourse, 
including irrigation and drainage channels.  

The overall increase in energy resource prices will set the 
stage for the competitiveness of small and medium-sized HPP 

electricity. Experiments have shown that different views of 
microHPP show effectiveness in use. The complex use of water 

flow energy helps to solve the problem of providing energy to 
consumers who are low-power by absolute energy consumption 

magnitude, but released very efficiently by production results. 
This primarily applies to the mountainous districts of settlements 

and arable pastures.  
In centralized energy supply districts, the use of locally 

autonomous energy sources allows the energy market to create a 
competing environment. Along with the energy of small and 

medium-sized water courses, unconventional energy sources 
(wind, solar, biogas energy) can also participate in such 

competition. According to preliminary calculations, the total use 
of primary energy in terms of the absolute value of the potential 

of small and medium water flows, local and non-traditional 
energy sources is from 1 to 1.5%. 

 
§1.5. Legal procedure for the use of solar energy 

 
The development of the use of renewable energy sources 

will reduce fossil, fuel consumption and improve environmental 
conditions and climate, establish new types of economic activity 

enterprises and create additional jobs. In addition, the use of RES 
in territories makes it possible to quickly increase the quality level 

of the electrical energy system and introduce them with etap. 
Reduces the cost and risk of invincibility. It is difficult to apply 

them to a wide scale without creating a privilege for the 
development of qtems. This was understood by the all countries, 

which are reducing their technology and success in the process. 
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Relying on the experience of these countries, the following 

preference forms (forms) can be cited for the use of RES. 
- To increase material support for scientific research and 

experimental design work as well as to lower the cost of energy 
generated by RES-based devices;  

- RES-based equipment and device manufacturing network 
to attract state invetection;  

- Introduction of the use of a privilege for the population on 
credit to the purchase of energy devices according to the use of 

RESs;  
- Receive benefits in the taxation system for energy 

producers and energy consumers from devices RESs  
- Reduce or cancel import and export customs discount on 

only RES or component devices and devices;  
- Installation of taxes on fossil fuels taking into account CO2 

gas;  
- The application of RESs to create an environmentally 

friendly environment in the zones of the exhibition areas, where 
most residents relax and claim; 

Development and introduction of specialist training courses 
and programs in the higher education system, etc. Many countries 

have been working for a long time on the introduction of RES into 
life using a different form of benefits, as well as developing 

measures for the application of more new technologies. 
Sustainable energy policy in Uzbekistan is carried out on the basis 

of regulatory documents and guidelines in the market economy. 
These documents regulate the energy market between economic 

facilities and government bodies. For this purpose, regulatory acts 
are being created and improved. The mechanisms and regulations 

that trigger energy development are adopted through separate 
regulatory solutions and by the laws of the president of the 

Republic of Uzbekistan and decisions of the Cabinet of Ministers. 
In Uzbekistan, the laws of "Rational use of energy" adopted on 

May 7, 1997 establish certain benefits for legal and physical 
persons, which include the use of energy consumption, the use of 
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secondary energoresources, the use of RESs and domestic fuel 

types. 
In such cases, it is envisaged that the Energy Fund will help 

for them. Benefits are made in the following cases:  
1) when obtaining customs deduction and tax on foreign 

special equipment, tools and materials, if this item and equipment 
significantly increases the efficiency of energy use;  

2) experience and production of energy-efficient equipment 
in financing scientific research and experimental constructivism 

work between the fields;  
3) from the decision of the Cabinet of Ministers of the 

Republic of Uzbekistan dated December 28, 1995 №476 
"Development of small hydropower" in the preferential allocation 

of state credit in financing the implementation of targeted 
(program) programs by national regional and networks, the 

projects carried out in the field of rational use of energy provide 
for the construction of many small The basics of using RESs are 

constantly improving. 
 

QUESTIONS ABOUT CHAPTER 1: 

 

1. Do you think about the sun and its energy potential?  
2. The structure and properties of the sun? 

3. What do you know about the types and spectrum of solar 
radiation?  

4. What are the tools and equipment that measure modern 
solar radiation and explain their function?  

5. What can you say about the energy, economic and 
environmental importance of using solar energy? 
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CHAPTER 2 

 

DEVICES AND METHODS FOR OBTAINING 

THERMAL ENERGY FROM SOLAR ENERGY 

 

In the conditions of the climate of Uzbekistan, the extraction 
of thermal energy from solar energy is intended to meet the 

demand for hot water and heating supplies of buildings and 
structures based on these solar energy devices. This chapter 

focuses on the devices that convert solar energy into thermal 
energy and the systems on which they are based. 

 
§2.1. The recipient of thermal energy from solar energy 

history of the development of devices 

 

The widespread use of solar energy in heat supply goes back 
to the distant past. Below are the stages of development of this 

line.  
1. Ancient civilizations: the use of solar energy began in 

ancient civilizations. For example, the ancient Greeks and 
Romans built their houses in such a way that they use sunlight 

and heat as efficiently as possible. The architects directed the 
buildings to the south so that the rooms were warmer during the 

cold months due to the sun's Rays.  
2. 19th century: in the 1860s, the French inventor Augustin 

Mouchot created the first solar machine to use mirrors to direct 
sunlight and heat water-vapor deposition. This was one of the first 

examples of practical use of solar energy.  
3. 1940s: the development of the first modern solar water 

collector for solar heating occurred in the 1940s. These devices 
began to be used for heating water at home, which significantly 

improved the possibilities of independent energy preparation.  
4. 1970s: the energy crisis of the 1970s spurred the rapid 

development of renewable energy technologies, including solar 
heat supply. Many governments have begun to introduce 
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incentives and subsidies to support research and development in 

the field.  
5. 1980-2000 yy: with the advent of more efficient and 

affordable photovoltaic technologies, the growth of solar energy 
accelerated. Solar heating systems have become common and 

economically viable for private households and businesses.  
6. 21st century: with the development of nanotechnology, 

improved materials and energy storage methods, solar heat supply 
continues to improve. Modern systems not only heat water 

efficiently, but also support the operation of heating systems and 
can be combined with other types of renewable energy for 

maximum efficiency and stability.  
Thus, the solar heat supply has gone a long way, from 

primitive architectural solutions to high-tech systems that play a 
key role in the transition to renewable energy sources. 

 

§2.2. History of solar collectors 

 

The technology of solar collectors cannot be called super 

new. The fact that the first model of the solar collector was created 
from glass, wooden box and an inner warming layer was created 

by the swesarian scientist Gorasiy Sossyur in the 18th century. The 
scientist noted at this time that this construction was "small, cheap 

and simple". The first in practice to use such a device for water 
heating began in Southern California in the late 19th century. 

Various firms began to produce simple solar collectors mounted 
in a wooden box, in the form of a black buck for water, and 

oriented to the sun with one side covered with glass. In this case, 
the water would have to cool down during the night and wait for 

it to heat up the next day.  
In 1909, in California, William Beale created a prototope of a 

modern flat collector mounted separately from the buck for water 
and transmitting heat through a heat-exchanging contour. The 

industry of solar collectors developed primarily in the United 
States of California, Florida, until the late 1940s, and then the cost 
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of electricity and gas in water heating decreased, so that the 

production of solar collectors ceased. The second prospect of 
solar collectors was that during the oil crisis of the 1970s, prices 

rose very high. As a result, mass production of solar collectors 
began in many countries, which continued especially in the 

United States, Japan, Australia and the Mediterranean. Israel 
began to experience energy shortages starting in the 1950s. The 

energy shortage was such that in the evening, there was a ban on 
heating water at night by Israel legislation. At this time, the 

production of water heating solar systems developed in the 
country.  

By 1967, 20% of the country's population had switched to 
using solar collectors. At the time of the energy crisis in the 

1970s, parliament passed legislation that new houses under 
construction should be provided with water heating solar systems. 

By now, as a result, about 85% of homes in Israel are served by 
solar collectors.  

The energy generated by them accounts for 3% of the 
country's energy consumption and is estimated to be 2 million per 

year. the barrel saves oil. With the rise in the cost of energy 
resources in the 2000s, a new stage in production began and the 

use of solar collectors expanded. In early 2010, the capacity of 
solar collectors installed on our planet increased by 150 GW (in 

addition to solar systems that heat air collectors and pools). 
 

§ 2.3. Application and use of solar energy in agriculture 

 

For the maintenance of mechanisms and machines in the 
peasant enema from electricity, heating air and water, steaming, 

in technological needs, raising water and lighting, etc. used. 
Autonomous power supply of peasant enemas should provide the 

possibility of operation of entire machines and equipment 
complexes. Therefore, it is necessary to select such types of 

agricultural energy consumers so that they can be used in the 
production of low-volume rural agriculture in terms of its energy 
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consumption, productivity and other technical characteristics. 

It is only possible to determine the necessary power of an 
autonomous energy source by drawing up a time-based graph of 

energy consumption based on the accepted technology of rural 
agricultural work, or electricity between technological operations 

consumed by the entire peasant or company Agriculture (fig. 2.1). 
 

 
Figure 2.1. Distribution of electrical energy to the electrical 

equipment of the farmer's enema during the day. 
 

Water heating. Household electric water heater is more 
convenient for residential use in houses that do not have a 

centralized hot water supply, as well as for housing conditions 
designed to provide hot water to residents of buildings where it is 

not advisable to use gas and similar apparatus, which are designed 
for heating and storing hot water at large intervals. Such a water 

heater is in the form of a heat-repellent metal buck, in which an 
electric heater element and a device that adjusts or limits the 

temperature of the water are located. Tank capacity is usually 
chosen based on the Daily need for hot water. For example, for 

kitchen needs (mainly for washing dishes), the capacity of the 
water heater is 7-10 l, and for the shower and bathroom-80-150 l. 
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The water in the tank is heated by electric heating elements as a 

result of natural convection. The heating speed depends on the 
size of the buck and the capacity of the heaters. For household 

extensions, water heaters with a unified capacity of uns series, 10 
l (for the kitchen) and 40, 60 and 100 l (for the shower and 

hammam) are produced. These water heaters have a single, 125 
kW heating element installed for the entire series, which connects 

the 220 V voltage to the network. In terms of savings, electric 
heaters of the EVAN type are of interest. The EVAN 5/1, 25 type 

water heater is a low pressure battery type instrument. It provides 
a family of 2-4 people with hot water for all their needs. The fact 

that the time of heating the water from 15 to 85 0С is more than 
20 minutes allows you to adjust the water temperature. 

 
Table 2.1 Technical dates 

Power, kW 6 

Capacity, l 12 

Heated water temperature, oС - 

For technological needs 75 

For heating, oС until 90  

Weight, kg 12 

To heat a large amount of water, for example, for a company 
enema, it is advisable to take heat accumulator electric heaters 

with a capacity of Evan-100 or EVAO-100 types. This water 
heater heats 100 l of water to a temperature of 85 oC, then turns 

off automatically. Due to the special heat storage insulation, the 
water stays warm for a long time and can be used for various 

extents. EVAN Power is 1.25 kW, heating continuity is close to 
8 hours. It is deliberately made, to activate this heater in the 

evening when there is an excess of electricity on the network. 
With an even larger volume of heated water, the flowing type 

EVNU-6 provides a universal electric water heater, is designed 
for heating water in technological hot water supply and heating 

systems of manufacturers and household buildings on small farms 
and private enemas (Table 2.1). 
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§ 2.4. Solar water heater collectors and their types 

 

Solar collectors absorb solar radiation energy and convert it 

into ambient thermal energy (usually water or air) and are used 
for heating and hot water supply. There are three different types 

of solar collectors:  
- flat; 

- vacuum; 
- cumulative concentrators.  

The most common liquid flat collector in the world will 
consist of a heat-absorbing panel (absorber) and channels 

(tubes)attached to it for heat carrier circulation. The upper part of 
the absorber, which absorbs solar radiation, has transparent 

insulation. All of this structure is attached to the body, and the 
back and sides are covered with thermal insulation material. A 

solar collector is a device designed to collect solar energy and 
convert it into heat or electricity. Depending on the design and 

application, there are different types of solar collectors. 
Let's look at some of them as well as the effectiveness and 

principle of operation:  
1. Thermal solar collectors: flat collectors: this is the most 

common type of thermal solar collectors. They consist of a flat 
surface covered with transparent material through which sunlight 

passes and is absorbed by the absorber, which converts it into 
heat. The efficiency of such collectors is usually from 40% to 

80%, depending on the design and technical characteristics. 
Vacuum tube collectors: vacuum tube collectors generally have 

higher efficiency compared to flat collectors. They consist of 
glass tubes containing a vacuum-enclosed absorber to reduce heat 

loss. The efficiency of vacuum tube collectors can exceed 80%.  
2. Photovoltaic (solar) panels: photovoltaic panels convert 

sunlight directly into electricity using the photovoltaic effect. The 
efficiency of photovoltaic panels is usually between 15% and 

22% for silicon panels, but there are more efficient technologies 
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that can be higher than 25%, such as crystalline or perovskite 

solar panels.  
3. Concentrated solar collectors: these collectors use lenses 

or mirrors to concentrate sunlight on a small absorber, allowing 
for increased temperature and improved conversion efficiency. 

The efficiency of concentrated solar collectors can be very high, 
which exceeds 30-40%. The performance and efficiency of solar 

collectors can vary significantly depending on many factors, 
including the intensity of solar radiation, temperature conditions, 

specifications, and operating conditions. However, a properly 
designed and installed solar collector can significantly save 

energy and reduce the cost of heating or generating electricity.  
The process of work of solar collectors. The solar water 

heating device is composed of a solar collector, a heat exchanger 
contour and a heat accumulator (water tank). Through the solar 

collector, the heat carrier (liquid, propylene glycol,) acts 
circulatory. In the solar collector, the heat carrier heats up at the 

expense of solar energy and gives its heat to the water through the 
heat exchanger installed in the bak-battery. Hot water is stored in 

the Bak-battery until it is used, so it is necessary that it has good 
thermal insulation. In the first contour, where the solar collector 

is located, there may be a natural and forced circulation of the 
heat carrier. An electric heater-doubler can be installed on the 

Bak-battery.  
When the water temperature in the tank-accumulator drops 

below the norm (in cloudy weather, the hour of solar radiation 
decreases in the winter season), the heater-doubler will 

automatically add and heat the water to a given temperature. 
The main structural element of solar equipment is the collector, 

in which the capture of solar energy, its replacement by heat and 
heating the water to air or any other heat carrier is carried out. Two 

types of solar collectors are distinguished, flat and focusing. 
In flat collectors, solar energy is swallowed without 

concentration, and in the foci – with concentration, that is, with an 
increase in the density of the incoming radiation flow, the most 
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common type of collectors in low-cost Helio equipment is the flat 

collector of solar energy collectors (SEC). Its operation is based on 
the principle of "hot crate", which is easy to imagine if we remember 

that a closed car cabin heats up in the sun, and it serves as a kind of 
cover for it to the bright rays of transparent mirror surfaces. To 

prepare a flat cage, first of all, a light-absorbing surface with a 
reliable connection of a pipe or a series of channels is necessary for 

the heating heat carrier to be discharged.  
The sum of a flat light-absorbing surface and heat-carrying tubes 

(channels) forms a constructive single element, the absorber. In 
order for solar energy to be well absorbed, the surface above the 

absorber must be painted black, and the decrease in heat losses to 
space with a special absorbent coating is achieved by using thermal 

gezolation, which closes the lower surface of the absorber, as well 
as transparent insulation of Light located at a certain distance from 

it above the absorber. All transparent insulation compaction is 
covered with glass. Thus a liquid heating flat collector is formed, the 

general view of which is shown in figure 2.1. 

 
Figure 2.1 Constructive elements of the solar energy flat 

collector  
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The principal advantages of flat solar energy collectors in 

comparison with other types of collectors include its ability to 
capture both direct (radiant) and scattered solar energy, and as a 

result, the possibility of its stationary installation without the need 
to observe the sun. Solar energy flat collector absorber is usually 

made of metal with high thermal conductivity, in particular steel, 
aluminum and even copper.  

Transparent insulation is in the form of one or two layers of 
glass or polymer plinth. A combination of the outer floor of the 

bottle and the inner floor of the polymer plenka can be used. In 
the case of low heating temperature of the heat carrier (up to 30 
oC), the collector may not have transparent insulation at all.  

The collector body can be made of galvanized iron, 

aluminum, wood and plastic. Various materials can be used as 
thermal insulation: mineral cotton, penopolyurethane and etc. 

- conductive property of transparent collector surface 
coatings; 

- absorption capacity of collector surface relative to sunlight; 
- the optical code of the collector or the quoted absorption 

capacity of the collector surface (more than 0.85); 
- absorption panel efficiency coefficient (heating fluid, 

material and panel thickness of channel sizes) flow rate and 
properties of the fluid in the collector, in modern constructions 

the F value is equal to 1 (more than 0.9); 
- the density of thermal energy losses of the collector is 

determined by two factors: cooling the panel in the environment 
using convection and radiating heat from the surface. 

The average temperature of the сollector panel is T or the 
average liquid temperature is almost equal to the temperature of 

the hot liquid at the outlet from the сollector, such as Tg, 
determined by the сollector structure and description, as well as 

the intensity of the falling light T, the temperature of the cold 
liquid at the inlet is TX, and the exemplary consumption of liquid 

per unit working surface of the collector is determined by G, 
kg/(m2C), liquid heating technology.  
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Where СР, J(kg / s) is the comparative heat capacity of a 

liquid. Here, using (I), we achieve the connection with fluid 
consumption with the arrival of energy fluid charor and 

environmental flow in the fixed energy flow. Fluid consumption 
decreases when it raises its temperature at discharge. The 

difference between the maximum dissolved liquid heating 
temperature Тm and the ambient temperature corresponding to the 

absence of liquid flow (P=0) is equal to the following. 
 

§ 2.5. Solar collectors and heat exchangers  

in them install and configure devices 

 

 Solar collectors absorb solar radiation energy to convert it 

into ambient thermal energy (usually water or air) and are used 
for heating and hot water supply. There are different types of solar 

collectors: through the use of flat, vacuum and concentrators. The 
most common liquid flat collector will consist of a heat-absorbing 

panel (absorber) and channels (tubes) attached to it for heat carrier 
circulation. The upper part of the absorber, which absorbs solar 

radiation, has transparent insulation. All of this structure is 
attached to the body, and the back and sides are covered with 

thermal insulation material.  
 A flat collector solar energy absorber is usually made of 

metal with high thermal conductivity, especially steel, aluminum 
and even copper. Transparent insulation is in the form of one or 

two layers of glass or polymer plinth. A combination of the outer 
floor of the bottle and the inner floor of the polymer tape can be 

used. In the case of low heating temperature of the heat carrier 
(up to 30 oC), the collector may not have transparent insulation at 

all.  
 The collector body can be made of galvanized iron, 

aluminum, wood, plastic. Various materials can be used as 
thermal insulation: mineral cotton, penopolyurethane and etc. The 

useful power P=W/m2 carried over the collector unit surface can 
be quoted with the following expression:  
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 Where ν=W/m2 is the cumulative radiation intensity in the 

collector plane; 
 a) conductive property of transparent collector surface 

coatings;  
 b) absorption capacity of collector surface relative to 

sunlight;  
 c) the optical code of the collector or the quoted absorption 

capacity of the collector surface (more than 0.85);  
 d) the coefficient of efficiency of the absorbing panel 

(heating fluid, material and panel thickness of the dimensions of 
the channels) is the flow rate and peculiarities of the fluid in the 

collector, in modern constructions the value F is equal to 1 (more 
than 0.9);  

 e) the density of the losses of thermal energy of the collector 
is determined by two factors: cooling the panel in the environment 

by convection and radiating heat from the surface.  
 Air collectors refer to the use of solar energy and use air as 

a heat carrier. Currently, they are distributed in the USA, to a 
lesser extent in the central parts of Europe. In very rare cases, Air 

collectors are used for water heating. The largest aerial solar 
collector is located in Europe near Leipzig in the city of oshas, 

with an area of 1,175 m2. It is designed for heating a warehouse 
of finished products and building materials. It is advisable to use 

air collectors to obtain hot air (not hot water). Samples for the use 
of air collectors: 

1. Buildings with an air heating system, such as gyms, 
warehouses, cexes, buildings with a high level of external air 

intake and residential houses. In part, after the standard 
introduction into low energy consumption in western Europe, the 

proportion in heat consumption to air heating in the ventilation 
system has become more important than the total consumption of 

heat. The system used in combination with controlled ventilation 
and an air collector can cover a significant part of the required 

heat. With the help of Air solar collectors, it is definitely 
impossible to fully provide heat in the winter seasons, the reason 
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for this is the unfavorable relationship between the amount of 

solar energy falling and the amount of heat required for heating.  
2. Buildings for drying agricultural and industrial 

products, as well as cereals, seeds, medicinal and medicinal 
plants, wood and building materials. The drying potential of the 

air solar collector is about 0.2 to 0.7 kg of water evaporation per 
hour per 1 m2 collector surface.  

3. In solar cooling systems. That being said, air collectors 
are less common than liquid-powered collectors, but they have 

significant advantages over liquid-heat-carrying collectors:  
- air collectors do not freeze in winter;  

- heat carriers will not be at risk of leakage when overheating in 
the summer; - there are very few problems with corrosion;  

- air collectors are less demanding on materials, much cheaper;  
- heat exchanger when using directly heated air in collectors, 

there will be no heat loss;  
- fire safety. 

 Thanks to these achievements, they are always suitable for 
individual constructions, can be easily assembled during 

installation, require little output. Also air collectors are effective 
for heating production buildings, garages, small buildings that 

took home.  
 In combination with this, air collectors have the following 

disadvantages:  
 - air holes can shorten the useful area in the building;  

 - effective heat accumulation cannot be achieved in them;  
 - due to the low density of heat carrier air, the thermal 

production efficiency of the system is low compared to collectors 
working in liquid;  

 - usually during the operation of air collectors, a large amount 
of electricity is used to drive air;  

 - the useful working coefficient of the air collector is smaller 
than that of the liquid collector, which is determined depending 

on the physical properties of the air.  
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 Air collectors are mainly made in flat appearance. They are 

made up of thermal insulation material, absorber, upper 
transparent coating and casing, which are located in the lower and 

side wall body. When choosing various components, body and 
other materials, taking into account the resistance to atmospheric 

and other influences, basic rules such as fluid collectors are 
observed. 

Air collectors are divided into 2 classes, depending on the 
absorber structure: - in the form of an absorber with an air-

conducting matrix (figure 2.4; - in the form of an airtight flat 
absorber (from the back) (figure 2.5).  

An air collector with an air permeable Matrix absorber (in the 
future, briefly speaking of a matrix absorber) is made up of a 

porous material with open pores (here the term "matrix" is used). 
For example, it can be penoplast plates that are placed as an air 

filter on the air cylinder, or black porous material used in 
weaving.  

 

 
Figure 2.4 Matrix absorber solar air collector 

 

Solar radiation is not only on the surface of the absorber layer. 
maybe it is also swallowed in its interior. With a transparent 
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coating, a slit with a variable width is placed in the middle of the 

absorber, which serves to transfer air to the absorber. The air also 
absorbs heat during the filtration process through the absorber. 

As shown in fig. 2.5, air travels parallel to the absorber, or 
along the two surfaces of the absorber, or along its back. Heat is 

supplied to the air by convection along the absorber wall or by the 
method of thermal conductivity. A collector with an absorber with 

an air-conducting matrix is usually more efficient when a 
collector is used to heat the outside air. The fact is that when the 

outside air is at low temperature, the high transparent coating is 
cold, when using a structure with an air-permeable absorber 

moving air across the surface of the two absorbers, the heat 
transmission through the transparent coating is high.  

 

 
Figure 2.5 Solar air collector with airtight absorber 

 

In this case, if under normal conditions it is required to heat 
the air to a high temperature, first of all, a structure in which there 

is air movement from the back of an airtight absorber structure is 
preferred. The heated air will not come into contact with a 

transparent top coating at cold temperatures, the coefficient of 
heat transfer will be small. It is necessary to consider the good 

transfer of heat from the absorber to the heat carrier, and when 
designing air collectors in relation to liquid collectors, it is 
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necessary to consider the sufficiently high efficiency coefficient 

of the absorber. The thermal conductivity of air is 24 times 
smaller than that of water.  

Therefore, for heat exchange, it is necessary to form a large 
surface and create an air flow of a narrow transverse cross-

section. At the same time, it is necessary to consider the electrical 
energy output and hydraulic resistance that will be spent on the 

work of the fans that provide the movement of the heat carrier. 
With an increase in the average speed of air in the channel, 

hydraulic resistance also increases rapidly. In general, the 
coefficient of heat transfer from the absorber to the air increases 

slowly. It is necessary to optimize air ducts in concrete structures 
in the сollector. The goal of optimization is to increase the 

possibility of forming a large surface contact with the absorber so 
that the pressure of excess air does not fall during effective heat 

transfer. 
Also currently, an air photoengineering device (PV-T 

collector) design is also created on the basis of a combination of 
air collectors with photoelectric batteries. Solar elements are 

usually cooled by forming a natural convection or forced air 
circulation to cool the photoelectric modules installed on the 

facades and roofs of the building at the back (fig. 2.6). 
 

  
Figure. 2.6. Air photosensitivity devices created  

by SolarWall company 
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SolarVenti offered a similar design to the world market in 

2001. The structure was developed by the company and was 
automatic ventilation of dacha-type houses by cooling 

photovoltaic modules. Some of SolarWall's back-to-back 
developments have also evolved to find their place in the trade. 

The heat separating from the rear of the photoelectric modules is 
directed to the heat supply of the building using ventilation or 

conditioning. 
 

  

Figure 2.7 Installation of solar water heater collectors. 
1-water tank; 2 – buckning plaster; 3 – buckning plaster;  

4 – external fastener; 5 – vacuum tubular plaster; 6 – tank 
plaster for water; 7 – rubber plaster; 8 – steel or stainless steel 

with galvanic coating; 9 –an option or the installation plates – 
torsion; 10 – emergency air valve; 11 – sensor controller. 

 
The solar water heater collector, developed at the firm Andi 

Grupp, does not take much time to Install, Install and assemble in 
houses and field yards, especially since special knowledge and 

skills are not required. The device's writ will show the installation 
procedures and the processes of assembling the device in a 

pictorial way to carry out the installation process.  
Two people will definitely be needed when assembling, 

installing, installing a solar water heater device. It takes about 2-
3 hours to assemble, install, launch one device. In addition to the 

necessary instruments, liquid soap and sponges are definitely 
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used. The construction of the base frame is carried out in 

accordance with the picture in the writ. Bolts and gags of certain 
sizes are used when assembling the boating equipment of the 

rama carcass. 
 

§ 2.6. Solar water purifier devices and their energy analysis 

 

A solar water purifier is a device that uses solar energy to 
purify salt or contaminated water as well as to prepare a suitable 

source for consumption. Its energy characteristics include:  
Solar radiation energy: the solar flue device uses solar 

radiation as an energy source. For this purpose, solar panels are 
usually used that convert sunlight into electricity.  

Energy efficiency: the efficiency of a solar chute device 
depends on several factors, including the efficiency of solar 

panels, energy conversion efficiency, the efficiency of the chilling 
process, etc. Optimizing all of these factors can increase the 

energy efficiency of the system.  
Spraying process: Solar spraying device can use various 

water purification methods such as reverse osmosis, evaporation-
condensation, etc. Each of these methods has its own energy 

requirements and characteristics.  
Energy storage: an important aspect of the energy 

performance of a solar suction device is the ability to store solar 
energy for use during periods of lack of sunlight, such as at night 

or on cloudy days. Batteries or other energy storage systems can 
be used for this. Application scale and production performance: 

the energy characteristics of a solar flue device can also depend 
on its scope and operation. Larger devices can provide more fresh 

water, but more solar panels and other equipment may be required 
to provide the necessary energy. 

Solar water purifiers are a promising solution to ensure the 
use of clean drinking water in remote and remote areas where the 

use of electricity is limited. They allow the use of a renewable 
energy source to solve the problem of water supply and at the 
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same time reduce the negative impact on the environment. Types 

of solar water repellent devices. There are several types of solar 
water purifier devices, each of which uses different technologies 

and methods to purify water. Some of them are listed in the sheep:  
 

 
Figure 2.8 Water-repellent device using solar energy 

 

1. Evaporation-condensation-based solar water 

fresheners: these devices use solar energy to evaporate 

contaminated or saline water and then condense the Steam back 
into the water. They usually consist of solar collectors, a steam 

generator and a capacitor. The water evaporates under the 
influence of solar heat, and then condensates on the surface of the 

steam-heated capacitor, forming desalinated water. 
2. Reverse osmosis-based solar water purifier devices: 

these devices use solar energy to drive pumps and other 
equipment needed for the reverse osmosis process. In the reverse 

osmosis process, salt water passes through a semi-permeable 
membrane, which captures salts and other impurities, leaving 

desalinated water. 
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3. Solar water purifier devices based on embodied solar 

radiation: these devices use solar mirrors or lenses to collect 
solar radiation on the working surface where the desalination 

process takes place. It can be evaporation, condensation or other 
processes based on the thermal effects of solar radiation.  

4. Vacuum distillation-based solar water purifier devices: 
these devices use solar energy to heat contaminated or saline water, 

then the water evaporates and condenses in special capacitors to 
form desalinated water. The vacuum helps to lower the boiling point, 

which allows the process to be carried out at low temperatures and 
low power consumption. These different solar desalination plants 

have their own advantages and limitations and the choice of a 
particular installation may depend on local climatic conditions, 

available resources, and water desalination needs. 
 

§ 2.7. Solar-based drying devices 

 

Solar dryers are devices that use solar energy to dry a wide 
variety of materials, such as fruits, vegetables, grains, wood, 

grass, and other biomass. Their effectiveness can be influenced 
by the following factors:  

1. Design efficiency: the design of the drying device plays 
an important role in its efficiency. Effective drying devices should 

be designed to maximize the use of solar radiation and ensure 
good air circulation inside.  

2. Materials and insulation: the use of materials with good 
thermal insulation can reduce heat loss and increase the efficiency 

of the drying process. It is also important that drying devices are 
built from weather-resistant materials.  

3. Moisture control: effective sun drying devices should be 
able to control moisture inside plants. This can be achieved with 

ventilation holes or special devices for moisture regulation.  
4. Size and scale: the correct size of the drying device should 

match the size of the dried material and the needs of the user. 
Installation that is too large or too small can be ineffective. 
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5. Climatic conditions: the effectiveness of solar drying 

devices depends on the climatic conditions in the region in which 
they are used. In areas with Sunny and hot climates, they can be 

more effective than in cold and humid areas. In general, properly 
designed and used solar drying devices are a very effective means 

of drying various materials, helping to save energy and reduce 
dependence on traditional energy sources (figure 2.9). 

 

 
Figure 2.9 Functional scheme of solar convective dryer 

 

Methodology for calculating the effectiveness of solar 
drying devices. The calculation of the effectiveness of solar 

dryers involves assessing several basic parameters that affect their 
performance and ability to dry materials. Here, the method of 

calculating efficiency includes the following parametardar:  
1. Determining the performance of a solar collector: the 

first step is to determine the performance of a solar collector. This 
includes measuring or evaluating the collector area, its 

orientation, inclination, and the efficiency of collecting sunlight.  
2. Heat flow measurement: it is necessary to measure or 

evaluate the heat flow entering the surface of the solar collector. 
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This is an important parameter that determines the amount of heat 

that can be used to dry materials.  
3. Determination of the heat transfer coefficient: the heat 

transfer coefficient between the collector and the dried material 
must also be taken into account. This coefficient depends on the 

material of the solar collector, the type of drying chamber and 
other factors.  

4. Calculation of drying volume and drying time: 
knowing the coefficient of heat flow and heat transfer, it is 

possible to calculate the drying volume and the time required to 
dry a certain amount of material.  

5. Assessment of the energy consumed by the system: 
when calculating the total energy efficiency of a solar dryer, the 

energy consumed by the system (such as a fan for air circulation) 
must also be taken into account.  

6. Comparison with other drying methods: finally, the 
effectiveness of a solar drying device can be compared with other 

drying methods, such as natural or mechanical ventilation, to 
determine its advantages and disadvantages. The calculation of 

the effectiveness of solar dryers helps to optimize their design and 
production process, and helps to make sound decisions when 

choosing drying methods for certain materials and working 
conditions. 

 

QUESTIONS ABOUT CHAPTER 2: 

 

1. List the devices that receive thermal energy from solar energy?  

2. How many types of solar collectors are divided?  
3. Structural arrangement of solar collectors?  

4. The main differences of solar water and air heating collectors? 
5. The principle of operation of solar water impeller devices?  

6. List the possibilities for controlling heat flow in solar 
greenhouses? 

: 
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CHAPTER 3. 

 

METHODS OF OBTAINING ELECTRICITY FROM 

SOLAR ENERGY, DEVICES AND SYSTEMS. 

 

§ 3.1. About history 

 

The history of solar panels is complex, so there is no simple 
answer to the question of who exactly invented these devices. 

Instead, many scientists and innovators have completed each 
other's discoveries. In 1839, French physicist Edmond Becquerel 

discovered the photoelectric effect. He created a cell made of 
metal electrodes and found that it produces more energy when 

exposed to sunlight. Because of this discovery, Willoughby Smith 
discovered in 1873 that selenium could be used as a 

photocondector. Then in 1883, Charles Fritz created the first solar 
cells from Selenium based on Smith's discovery. They were 

similar to those used today, the only difference being that modern 
manufacturers use silicon instead of selenium. Finally, in 1954, 

Daryl Chapin, Calvin Fuller, and Gerald Pearson created the first 
silicon solar cell at Bell Labs.  

 
§ 3.1.1. Physical properties of sunlight and the  

phenomenon of photoeffect and its discovery 

 

Photoeffect is the electron separation from an object when 
exposed to light. The first to experience the phenomenon was in 

1887, when G.Gers observed, and he was observed in the 
experiment by the Russian scientist A.Stoletov checked. In 1898, 

Lenard and Thomson determined that the particle separating from 
the cathode as a result of photoeffect was an electron based on the 

particles flowing in the magnetic field. To study the phenomenon 
of photoeffect, a glass container with air absorption, a cathode 

and anode plates inside it are taken (fig. 3.1). 
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Figure 3.1 Stoletov's experience Figure 3.2 Delaying voltage 

As a result of the experiments carried out, the Volt-Ampere 

characteristic in fig. 3.2 was obtained. 
There are four Basic Laws of photoeffect:  

1. While the spectral composition of light falling on a 
particular photocathode is constant, the saturation value of the 

phototoc is exactly proportional to the light flux.  
2. The maximum value of the initial velocities of 

photoelectrons separating from a particular photocatode does not 
depend on the intensity of the light. When the wavelength of light 

changes, the maximum velocities of the photoelectrons also 
change.  

3. For each photocathode, there is some "red border", from 
which a photoeffect does not occur under the influence of light 

with a larger wavelength. Its value is absolutely independent of 
the intensity of light, it depends only on the chemical nature of 

the photocatode material and the state of its surface.  
4. No significant time elapses between the fall of light on the 

photocathode and the formation of photoelectrons.  
The 1st Law of photoeffect can be explained on the basis of 

Wave Theory. But wave theory fails to explain laws 2 - 3 and 4. 
The laws of the photoeffect experiment cannot be explained on 

the side of classical physics. Classical theory is completely 
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impotent in explaining this phenomenon. Well, why classical 

theory cannot afford to explain the photoeffect process, after all, 
even from its point of view, this phenomenon is permissible. A 

qualitative explanation of photoeffect on the basis of wave theory 
seems to be possible in one view.  

According to Maxwell's theory of electromagnetic waves, 
thermal radiation is electromagnetic radiation – light with a full 

length in the field visible to the human eye, and its structure is 
constructed from electric and magnetic fields. The square of the 

amplitude of the electric field of radiation characterizes the 
intensity of light. Therefore, the amplitude of the falling 

electromagnetic radiation forces electrons on the metal surface to 
vibrate, if with a period of Hussite oscillation of the Electron, a 

resonance occurs when the oscillation period of the falling wave 
corresponds, the vibrational amplitude of the electron increases 

sharply, and as a result it leaves the metal surface and leaves the 
arrangement. By the way, if such a landscape is appropriate, then 

the kinetic energy of electrons separated from the metal surface 
should be a link to the intensity of the incident light.  

If the intensity of the falling light increases, the kinetic 
energy of electrons separating from the metal surface in 

accordance with it should also increase. Unfortunately, the result 
of experiments made in large numbers shows that in a 

photoeffect, the kinetic energy of electrons separated from the 
metal surface is not a mutlaco bond to the intensity of the falling 

light, whether we illuminate the metal surface with the 
monochromatic radiation of a 1 W bulb or a 1000 W bulb, to 

which, anyway, the kinetic energy of its electrons. 
It was very surprising that the kinetic energy of electrons 

separating from the metal surface does not have a link to the 
intensity of the radiation of the falling light. Eksperiment high 

Judge. This result of the eskperiment was the first problem of 
photoeffect, and it rejected the direct light wave theory. For this 

reason, this result was also a problem of classical physics. 
According to the classical theory, when the intensity of light 
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radiation falling on a metal surface is very weak, then electrons 

should not be separated from the metal surface at all or separated 
late. To explain this point, take the following example. Let the 

surface of the potassium Metal be illuminated by light radiation 
with an axial density of E0=10-5 W/m2. Energy equal to 3.6∙10-19 

W∙h is needed to separate electrons from the potassium atom. In 
order for this energy to accumulate on the metal surface, it is 

necessary to continuously illuminate the potassium for about 6 
days. In other words, after illuminating the metal surface with 6 

days of light, the electrons must begin to separate.  
The results of the experiment were completely contrary to 

this view. Indeed, even when the intensity of light is very weak, 
i.e. radiation falling at a frequency ν>ν0 (ν0-threshold frequency) 

will instantly knock electrons out of the (~10-7 s) metal surface.  
Photoeffect-instant process. The circuit is instantaneous 

from the metal surface. This law of photoeffect was the second 
problem of classical physics. The fact that electrons separating 

from the metal surface only have a link to the frequency of falling 
radiation was a third problem for classical physics. Because in the 

arsenal of classical physics there was not a single idea of the 
dependence of energy on frequency. These three problems made 

photoeffect question the theory of classical physics. It was 
absolutely impossible to explain the phenomenon of photoeffect, 

standing within the framework of the imagination of classical 
physics. To explain this phenomenon, a new imagination, a new 

idea, new concepts are needed.  
The first to note that the photoeffect phenomenon can be 

explained based on the Planck hypothesis is A. Einstein's mind 
did. Based on the opinions expressed, Einstein fully explained the 

phenomenon of photoeffect. The photon theory of light confirmed 
that the photoeffect is a corpuscular phenomenon, a quantum 

phenomenon in modern language. Solar elements (photoelement) 
are prepared mainly on the basis of semiconductor materials. 

Therefore, knowledge of the optical and photoelectric properties 
of the solar element assumes the structure of semiconductor 
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materials to study their difference from metals and dielectric 

materials and properties that are directly fundamental to 
semiconductor materials. Let us consider the formation of solid 

bodies from the point of view of electron theory on the example 
of semiconductor materials. In the process of solid formation, the 

convergence of atoms relative to each other goes so far that the 
result is a generalization of electrons in the outer shell. 

Instead of individual individual orbits of individual electrons 
in an atom, generalized collective orbits are formed, and the shells 

in an atom merge into spheres, and they remain generally сrystal-
specific. The nature of the movement of electrons changes in 

absolute terms, electrons located at a certain atom and at a certain 
energy level are able to move to another neighboring atom at that 

energy level without changing their energy, and consequently, 
free displacement of electrons in the crystal is observed. The inner 

shells of all atoms in the isolation state of the crystal will be filled 
with electrons. Only in the area where the valence electrons, 

consisting of some of the highest levels, are located, will the 
levels not be fully occupied. The electrical conductivity, optical 

and other properties of the crystal are determined mainly by the 
energetic distance to the filling level of the valence field and from 

it to the field above it, and it is called the conduction field. At the 
expense of heat and optical excitation, electrons can pass through 

the valence field into the conduction field and participate in the 
conduction of electric current. The displacement of electrons to 

the empty positions formed in the valence field produces the 
movement of positive charges opposite it, and these charges are 

called pits. 
As dielectrics, the valence sphere is filled and the next 

conduction from this sphere is said to be substances with a 
relatively large energy distance to the sphere. Metals, on the other 

hand, have a different structure. In them, the valence domain will 
be partially filled, or it will have entered the next domain – the 

conductance domain. A widely abandoned silicon-based solar 
power structure is generated from a close junction of the opposite 
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type of p - and n-material. The semiconductor is p - and n-type 

within the material.  
The transition area between the materials (the boundary 

God) is called electron-hole or p-n transition. In the case of 
thermodynamic equilibrium, the Fermi level, which determines 

the equilibrium state of electrons and holes, must be in the same 
position in the material. This condition creates a dual charge layer 

in the p-n transition region and is called a volumetric charge layer, 
giving it a matching electrostatic potential. 

 

 
Figure 3.3  Structural scheme of zones in semiconductors 

 
Optical radiation incident on the p-n ridge surface produces 

electron-hole pairs whose concentration decreases perpendicular 
to the p-n transition direction from the surface to the material. If 

the distance from the surface to the p-n transition is smaller than 
the beam's entry depth (1/ά), electron-hole pairs are also 

generated inside the p-n transition. If the p-n transition is at a 
distance of or less than the diffusing longitudinal distance from 

where the pair is formed, the charges can be separated by the 
diffusion process by reaching the p-n transition and being 

exposed to an electric field. Electrons move to the electron-boron 
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part of the p-n transition (n-part), holes move to the p-part. In 

electrodes (contacts) connecting external p - and n-fields, a 
subtraction of potentials is formed, resulting in an electric current 

starting to flow through the connected load resistance. non-
primary charge carriers that diffuse into the p-n transition are split 

in two, as they are a potential barrier. Overproduced (separated 
by means of a barrier) and stacked, electrons in the n-field and 

holes in the p-field compensate for the existing volumetric charge 
in the p-n transition, that is, forming an electric field opposite to 

the existing electric field. 
Due to illumination, a change in the existing potential barrier 

in the non-illuminated p-n transition occurs along with the 
formation of a subtraction of potentials in the external electrodes. 

The resulting photo-EDF reduces the potential barrier value that 
it has. This in turn ensures the emergence of opposite currents, 

that is, the electron from the electron part generates the flow of 
electrons, and the p-part the flow of holes. These currents are 

nearly equal to the current in the right junction as a result of the 
effect of the electrical voltage applied to the p-n transition. The 

accumulation of excess (relative to equilibrium) charges from the 
time the illumination process begins (in the n-field of electrons 

and in the p-field of holes) reduces the potential barrier height, or 
in other words the electrostatic potential (see fig. 3.3). This in turn 

increases the current Force flowing from the external load and 
ensures that the flow of electrons and holes generating opposite 

currents passes through the p-n transition. A stationary 
equilibrium is formed when the number of excess pairs produced 

by light is equal to the number of pairs leaving through a p-n 
transition or external load. This usually occurs over a thousandth 

of a second of the lighting process. 
The study of solar energy short-circuit Isc, the density of the 

incoming optical radiation and the spectral composition provides 
an opportunity to generate an idea of the efficiency of the 

conversion process of each individual radiant quantum into 
electrical energy that is taking place within the element structure. 
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For SE, the following equation can be given for the case where 

the known light flux density is falling. 

Isca(λ) = Iscc(λ)/[1-r(λ)]    (3.1) 

where Iscc(λ) and Isca(λ) is the value of the Solar Energy 
short circuit current, for the incident and absorbed radiation of a 

given intensity, r(λ) is the coefficient of primary return. The three 
mentioned magnitudes are true for the case where Ham has the 

same wavelength. In order to analyze and assess the quality of 
solar energy, it is extremely important that its spectral 

characteristic of the Isc current is calculated for each quantum 
beam absorbed. This magnitude is called the effective quantum 

output of the solar element and is denoted by Qeff. If Nо -number 
of Quanta falling on the unit surface of a non – semiconductor 

material surface, then 

Qeff= Isc/ Nо       (3.2) 

is, where the Isc electron is measured in seconds, and the Qeff 
electron must be obtained in quantum (photons). The solar energy 

effective quantum output is a two-parameter link that 

Qэфф = βγ           (3.3) 

β is the quantum output of an internal photoeffect. This 
magnitude indicates the electron-hole pairs that form within the 

semiconductor during photoionization for each absorbed 
quantum. γ-p-n is the summing (summing) coefficient of the 

transition potential barrier of the current carriers, or, in other 
words, the separation coefficient of the current carriers is also 

called. This coefficient shows how much of the total pairs formed 
using optical radiation are involved in short circuit current. An 

external measuring instrument shows that for the connected case, 
if β=1, each quantum can form a single pair. 
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Figure 3.4 The distribution of electron-hole pairs formed for 

the case where the silicon-based p-n of radiation with different 
wavelengths falls perpendicular to the transition. 

1- λ =0,619 mkm, α=2000 cm-1; 2- λ =0,81 мmkm,  

α=700 cm-1; 3- λ =0,92 mkm, α=90 cm-1.  

 

Optical radiation, which has different wavelengths, can 

penetrate different depths in the material (the ability of quanta 
to penetrate depth depends on their energy). Electron-hole pairs 

formed at the expense of the quanta absorbed in semiconductor 
materials form a spatial distribution in the material (see fig. 3.4). 

The further fate of the resulting pairs depends on the length of 
the diffusion path of the semiconductor materials. If this 

parameter size is sufficient, then the excess non-primary charge 
carriers generated by radiation can only be separated by its 

electric field by coming to a p-n transition due to the diffusion 
process.  

An important role in the process of rotating optical radiation 
is played by the electron diffusion path length( lp ) and the p-n 

transition depth (ℓ), since the pairs that are forming and need to 
be separated depend on them. 
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Figure 3.5  In a semiconductor crystal, p-n is the incidence of 
optical radiation for the (a) perpendicular and (b) parallel p-n 

transition plane, depending on the location schemes of the 
transitions.  

Diffusion lengths of non – primary charge carriers in LN, Lp - 
p–, and p - fields; ℓ – the input limit of radiation in a 

semiconductor; and bartered fields - the appearance of metal 
contacts in p-and n-fields. 

 
Depending on the direction of the optical radiation falling on 

the semiconductor material, there are two varieties of the p-n 
transition structure, and we will consider them for the case 

presented in Figure 3.5 below.  
Case 1. Where the p-n transition to the direction of optical 

radiation is perpendicular. A semiconductor with an optical 
radiation thickness of l penetrates the entire end of the material.  

Case 2. Where the p-n transition to the optical radiation 
direction is parallel. The Radiation Falls on a structure with a 

width equal to D. For perpendicular and parallel p-n transitions, 
the summation (concentration) coefficient (efficiency) is 

determined by the following relations. 

γ = ( Lп +Lр)/ ℓ (6) and γ == ( Lп +Lр)/d    (3.4) 

Here, Lp is the length of the diffusion path of the holes. At 
first glance, the parallel arrangement of the p-n transition appears 

to be preferable, since their distribution relative to the 
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semiconductor material thickness and the p-n transition is 

important to assemble and separate the resulting pairs of charges 
to their fullness. The uniform formation of pairs within a 

semiconductor with respect to material depth is crucial to their 
separation process through a p-n transition-side diffusion event. 

Therefore, in solar panels with multiple p-n transitions 
(photovolts-consisting of multiple micro PVP), their p-n 

transitions are placed parallel to the falling optical radiation. In 
the long-wave section of optical radiation, this structure will have 

a high efficiency of Assembly of charge carriers, as well as make 
it possible to obtain a large amount of photo- power-conducting 

power from one unit of surface.  
However, one of the main problems was the theoretical and 

practical determination of the magnitude of the recombination 
event relative to perpendicular p-n transitions in micro PVP with 

relatively small-dimensional parallel-lying p-n transitions. 
Therefore, for this type of SE, in order to increase the spectral 

efficiency of short-wave Rays on the surface focused on solar 
radiation, it is advisable to form an additional thin layer with an 

inverse-type conductivity, in which additional inputs are 
included. That is, it is desirable to return again to the element of 

the partially perpendicular construction. 
The concentration of electron-hole pairs (M) formed in p-n 

transition PVP located in parallel varies from the material surface 
to the inside. For a p-n transition SE construction located 

perpendicular, however, most of the resulting pairs for both the 
n-type material and the p-type form near the p-n transition. The 

electron-hole pairs that form are determined at unit depth by the 
following equation. 

M = Nо α exp(-αℓ)      (3.5) 

where, Nо is the number of quanta falling on a unit surface. 

The number of pairs, decreasing inward.  
Their number can be determined α (E) in an area that can be 

swallowed in a semiconductor material. The result of such 
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computations for silicon is given in Figure 3.6 below for 

wavelengths with several values. vertical lines delimiting the 
areas of diffusion lengths of charge carriers in an n-and p-type 

material make it possible to evaluate the process of concentrating 
charge carriers for a case where the p-n transition is 

perpendicular. The ordinates of the lines are proportional to α 
exp(-α.), while the abssissas indicate the depth of inward entry 

from the illuminated surface of the semiconductor material. 
Surfaces bounded by lines between axes – equal to the flow of 

descending quanta, surfaces bounded by ordinates ℓ = ℓd ℓn and 
(ℓd +ℓn) – indicate a short circuit current. Thus, the ratio of the 

barbed surface to the total surface gives the assembly efficiency 
based on the expression (for β=1) determining the internal 

photoeffect quantum output. 

 
Figure 3.6. Change in absorption rate in energy for certain 

semiconductor materials. 
1 – Si, 2 – CdTe, 3 – GaAs, 4 – InP. 

 
If the valence domain of a substance is not fully occupied, but 

the energy distance to the conduction domain is relatively small 
(less than 2 eV), such substances are called semiconductors. 

Semiconductor properties-in particular electrical conductivity-
will depend on the external environment, especially temperature. 
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The increase in temperature (T) leads to an exponential increase 

in current carriers in the transition of the amount of electrons to 
the valence V conductance field, and an increase in electrical 

conductivity ( ). 

( )kTEA g 2/exp −=              (3.6) 

based on the equation leads to the change of where k is the 

Bolsman constant, a constant magnitude that characterizes the 
substance A.  

 The electrical conductivity of metals is determined by the 
temperature dependence of electron reactivity due to the fact that 

the concentration of free electrons is constant, and gradually 
decreases with increasing temperature.  

 Logarithm of the above equation yields the following 
expression.    

kTEA g 2/lnln −=         (3.7) 

This equation can be graphically shown in semi-logarithmic 

coordinates. The resulting straight line and its angle tangent φ 
determine the width of the forbidden sphere kTEg 2= , which is 

the main parameter of the semiconductor materials. It should be 
noted that an oblique straight line, that is, a change in electrical 

conductivity depending on the logarithmic T/1 , looks like this 
only for materials with a private conductivity, free of pure inputs.  

In input semiconductors ln , the connection T/1 of from is 
complex, and it can consist of two oblique straight lines and is 

adjacent to each other through a horizontal section. Using the 
oblique straight line tangent generated from the equation 

kTEA g 2/lnln −= obtained by measurement under low 

temperature conditions, it is possible to determine the state of the 

energetic levels of the inputs located in the Forbidden field.  
In cases obtained under high temperature conditions, 

however, it is possible to determine the magnitude of the 
forbidden domain of semiconductor materials, i.e. Eg. 
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In the preparation of the solar element, the processes of 

interaction of solar radiation with a semiconductor material, 
absorption and emission of photon energy in electrons in the 

material are important.  
In quantum mechanics, elementary particles, including 

electrons, are also seen as having wave properties. Therefore, in 
addition to energy (E) and impuls (Р), their wavelength 

repeatability   and wave vector hPK /= , (h–Planck constant) are 
also used in the study of elementary particle motion. Where 

hE =  is equal to /hP = . The domain structure of the crystal can 
be illustrated by E – K diagrams. Here, the energy is shown in 

electron-volts (eV) in parts of the wave vector K – crystal lattice 
constant. At the same time, the direction of the crystal lattice is 

indicated using indicators on the K-axis. By means of the e-k 
diagram, it is possible to determine whether Inter-field transitions 

are "correct" or "non-correct" in the semiconductor material and 
including the transition. 

The magnitude of the Eg determined from the measurement 
of optical absorption will often depend on the concentration of 

free charge carriers in the semiconductor material, the 
temperature, and the presence of the energy levels of the inputs in 

the Forbidden field. If the states at the bottom of the conductance 
domain and above the valence domain are filled with charge 

carriers, then Eg for krishmali semiconductor materials can be 
greater than its corresponding value to the pure private material. 

If the field generated by the inputs merges with the nearest 
allowed field limit (e.g., the observed case when multiple inputs 

are introduced), then the Еg decreases. This reduction in Еg affects 
the primary absorption threshold. 

 In a semiconductor material, the absorption coefficient is 
usually determined by decreasing the wave energy e times at a 

distance, and is found from it. 

( )−= exp0NN      (3.8)  
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 Where N is the density of the flow of photons entering the 

depth in the semiconductor material, N0 is the density of the flow 
of photons crossing the surface of the material. 

 The absorption coefficient   of the material is connected by 
  /4 K= elationship with the absorption index K. Thus, it is 

possible to find the values of K and λ for that substance by 
changing the intensity of optical radiation passing through 

samples of semiconductor material with known and precise 
thickness. 

For some semiconductor materials for which solar elements 
are made, figure 3.6 presents the change α of energy of. From the 

picture it can be seen that the absorption index of the spectral 
characteristic of the given semiconductor differs greatly from 

each other in materials, and this difference is largely due to their 
field structure and the nature of optical transitions. CdTe, GaAs, 

InP materials contain optical transitions of a direct field nature, 
rapidly rising to levels with the appearance of photons with 

energies greater than Eg in the radiation spectrum 104 − 105𝑐𝑚. 

In silicon materials, however, the absorption process is from 

1.1 eV through improper energetic transitions, and this also 
requires the participation of light quantum and Lattice oscillations 

quantum-photons. Therefore, the absorption rate α gradually 
increases. Only after the energy of the photons reaches 2.5 eV, 

the field-field transitions become direct transitions, and the 
absorption goes sharply behind. 

The spectral characteristic of the absorption coefficient shows 
that using silicon material, it is possible to convert a very large 

part of the solar spectrum into electric current. For example, for 
extraterrestrial solar radiation (AM 0) this is 74%. Where as only 

63% solar radiation can be converted to electricity if a GaAs 
semiconductor is obtained as a material. However, since the value 

of is not large at the basic absorption limit of "irregular " optical 
transitions, the thickness of the silicon solar element should not 

be less than 250 µm for the entire quoted solar spectrum to be 
absorbed. Whereas, for the same conditions, GaAs is enough that 
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the thickness of the material is 2-5 µm. Therefore, it is necessary 

to constantly take into account that these properties of spectral 
characteristic are important in the development of a highly 

efficient and thin-layer solar element. 
If the photons falling on the semiconductor surface are low in 

energy and cannot release electrons from the valence sphere into 
the conduction sphere as a result of absorption, the electron under 

the influence of radiation can move into areas that are not allowed 
inside the crystal. For this case, the spectral characteristic of 

absorption can be felt in the long-wave portion following the main 
absorption limit. Such absorption is called the absorption of free 

charge carriers, and this process will depend on the concentration 
of such charge carriers. Since free charge carriers depend on the 

concentration of inputs that can be light ionization, absorption 
will also depend directly on it. studies of such long-wave 

absorption properties in semiconductor materials have identified 
several types of absorption. Including absorption in spatial lattice 

vibrations, absorption in inputs, absorption in excitons. The 
exciton is a coupled electron-hole pair that does not change the 

concentration of charge carriers. Because inside a crystal is not a 
separate electron or hole motion, but a bound state motion. 

Absorption spectra provide the necessary all-round useful 
information about the crystal structure. In particular, the degree 

of legalization allows you to determine the activation energy of 
the inputs and their energy levels located in the prohibited zone.  

For example, on the basis of absorption spectra, it is possible to 
determine whether there is oxygen in ыilicon (9 µm). In the long-

wave area of the spectrum, the reflection coefficient p, with an 
increase in such inputs, is observed to increase sharply. Lighting. 

As sources of power supply, heating lamps, fluorescent and 
gaseous lamps are used in the village enema. That said, there will 

be a big difference in their efficiency between individual light 
sources, that is, in the length of light measured in Lux 

corresponding to Watt power (Table 3.1 ): 
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Table 3.1Lighting devices 

Name of lamp Power, W 

Heating lamp 12 

Halogen lamp 22 

Fluorescent lamp 55 

High pressure mercury lamp 55 

High pressure halogen lamp 80 

High pressure sodium lamp 95 

 

Incandescent lamps are traditional and widely used light 
sources. In household lighting devices, heating lamps with a 

power of 15 W to 300 W are used, designed for a voltage of 220 
V or 127 V. There are more perfect light sources that are widely 

used-fluorescent lamps that have a light transmission 4-5 times 
higher than a heating lamp and a service life 5-8 times larger. 

Thus, the light transmission of a 20 W fluorescent lamp is equal 
to the light transmission of a 150 W incandescent lamp. 

Autonomous power supply of electrical household 

appliances. In autonomous power engineering, it is necessary to 

focus on the main reach to the economy of the work of electrical 
household appliances. On the one hand, the energetic description 

of electrical appliances is one of the indicators that determine the 
degree of improvement of household appliances. On the other 

hand, it clarifies the power and cost descriptions of another 
autonomous energy source.  

In table 3.2 lists standard and sufficient complete electrical 
equipment for household equipment of peasant enemas, 

indicating periodicity and standard average daily working time. 
We bring some recommendations on the choice of an energy-

saving household electrical appliance and give a qualitative 
assessment of energy consumption from it.   

The electric plate usually has an alternating connector that 
provides one to seven heating steps. The power of one comforal 

electric plate is 0.8-2.6 kW, and two comforal electric plates – 1.8-3 
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kW. Electric tiles with tubular concourse are more efficient and 

more perfect: such concourses are long-resistant, while their spiral 
shape ensures good contact with the bottom of the container. 

 
Table 3.2 Name and power of electric household appliances 

№ 
Electrical 

equipment name 

Daily 

working 
hours 

Working 

order 

Power, 

kW 

Brand 
Consu
mption 

power 

kWh 

1. Electric plate 3,0 periodic 1,0/3,0 Different  

2. Microwave 0,5 periodic 0,8/0,4 Samsung 

3. 

Refrigerators - 

During the 

day 
sometimes 

0,05/1,1 ММ-163/16 

4. 

Washing machine - 

Episodic, 

100 hours a 
year 

0,25/- 
«Malyutka-

2» 

5. 

Air condition 
DEWOO 

3,0 

3 months in 
summer, 

depending 

on the 
season 

0,52/1,5
6 

DEWOO-
052С 

6. 
Watch TV - 18-00, 24-00 0,05/0,3 

Different 

types 

7. Video recorders, tape 

recorders, radios and 
electric razors 

10,0 
During the 

day 
0,02/0,2 

Different 

types 

8. Vacuum cleaner - Episodic 0,7/- «Ракета-

600» 

9. Juicer - Episodic 0,2/- Differen 

10. Iron - periodic  
50 h year 

1,0/- Differen 

11. Electromechanica
l typewriter 

- Episodic 0,035/- «Yantar» 

12. Computer - periodic 0,1/- Different  

13. Electric razors 0,1 Daily 0,3/0,03 Different  
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The microwave is more economical and is used for quick food 

preparation, for heating ready-made dishes and for defrosting 
products. The principle of heating with ultra-high frequency 

electromagnetic waves, which is used in the microwave, not only 
ensures the high taste-giving quality of the dish, but also keeps 

vitamins in full. Energy consumption ranges from 0.5 to 2.0 kW, 
depending on the size of the camera. These ovens, whose good 

energy compatibility with small-capacity renewable energy 
sources, unconventional for Uzbek cuisine, are considered very 

promising. 
A sink boiler is a typically tubular electrical heating element 

designed to boil a small amount of water. Boilers with a capacity 
of 0.3 to 2 kW are produced. A glass of water from 20 to 90 oC 

0.3 kW power cookers 5 min. during, while 7 l of water is 30 min 
in a 2 kW boiler. heated at. These boilers have a high efficiency 

factor (98%) specificity, which indicates a minimum electrical 
energy consumption compared to other types of water-boiling 

electrical appliances. 
A sink boiler is a typically tubular electrical heating element 

designed to boil a small amount of water. Boilers with a capacity 
of 0.3 to 2 kW are produced. A glass of water from 20 to 90 oC 

0.3 kW power cookers 5 min. during, while 7 l of water is 30 min 
in a 2 kW boiler. heated at. These boilers have a high efficiency 

factor (98%) specificity, which indicates a minimum electrical 
energy consumption compared to other types of water-boiling 

electrical appliances.  
Refrigerant is an energy-consuming device. Since 

refrigerators are always connected to the network, they are used 
if the electric plates consume energy: the compressor refrigerant 

(depending on the size) is 250-450 kWh, and the absorption 
cooler-500-1400 kWh per year, the more energy it consumes, the 

more (even more) energy it consumes. Depending on the capacity 
consumed, modern types of refrigerators differ little from each 

other. The economy of the refrigerator has a working order, which 
depends more on the periodicity of its use and compliance with 
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the rules of use. This thing is also true for refrigerators, the most 

optimal of which is MM-163/16 and similar refrigerators, which 
provide a freezing temperature of up to 20 kg with a loading 

volume of up to 18 oC . 
Washing machines perform the most laborious processes in 

the House enema. From the point of view of electricity 
consumption, the connection and disconnection are automatic 

machines that are carried out according to a strict program. At the 
same time, there is a need for a small amount of laundry. For these 

purposes, the House should have a washing machine with a small 
gabarite. Light named "Malyutka" takes up little space, washes 

quickly and cleanly, and energy will not need more than a 200 W 
light bulb. One loading capacity of the "dwarf" machine is 2 kg 

of dry laundry. 
Household condiments serve to automatically maintain 

temperature and humidity in indoor buildings. With cooled air, a 
large number of condisioners are produced, designed to provide 

premises with a capacity of 25; 30; 35 m2 and more surface. In 
terms of air exchange, their productivity is 700, 750, respectively; 

1000 m3/h and more the consumption capacity of the Dewoo firm 
in the more perfect capacitors is 500 W and more.  

The power of the remaining electric pribors is either very 
small, or their operating order is episodic, which consumes little 

energy throughout the year, making them secondary to the choice 
of power descriptions. 

 
§ 3.1.2. Volt-Ampere classification of semiconductor 

materials and solar photovoltaic panels 

 

The planar construction of solar elements (where optical 
radiation falls perpendicular to the surface of the structure) is the 

main construction in solar energy technology and their practical 
use. In this case, solar energy was developed on the basis of 

various semiconductor materials. Based on the above analyzes, 
highly efficient optimized constructions have been developed. 



 80 

But for any material, it was determined that the above basic 

requirements for them should be maintained. To increase U and 
Isc, it is definitely desirable to increase the diffusion length on 

both sides of the r-n transition. To do this, it is necessary to choose 
the necessary material and try not to reduce the diffusion length 

in the process of technological preparation of the p-n transition. It 
is necessary to take it into account if its decline is clear. If there 

is no possibility to increase the Ld on the frontal surface, then the 
frontal surface thickness must be obtained following Lp>>ℓ. On 

this basis, the choice of base parameters is necessary. 
In the early periods of the creation of solar elements, a 

semiconductor material with a width of 2 eV of the prohibited 
area was obtained as the optimal material, comparing it to the 

maximum of the spectrum of solar radiation. It was later 
discovered that for increasing the number of photoactive quanta 

and for the growth of short circuit current, the value of the 
Forbidden field width Eg should be less than 2 eV. But for this 

case, it is clear that the value of the photo-power-conducting 
power (P.C.P.) being generated will decrease relatively, since the 

potential barrier value in the p-n transition will decrease. Later, 
when the possibility of using varizon (materials with the 

possibility of changing the value of the prohibited area) 
semiconductor materials in the preparation of solar energy, 2 

variations of their implementation were proposed: 
1. Application of indirect heterotakes.  

2. Applying a semiconductor layer whose value of the 
forbidden sphere is greater than the value of the forbidden sphere 

of the base material as a broad sphere.  
There are two conflicting views on the effect of the material 

to be applied as a base on the properties of SE. SE P.C.P. in order 
to justify the serious dependence on the width of the forbidden 

area of the base material, it is necessary to analyze the element 
Volt-Ampere characteristic (VAC) and study the effect of the 

spectrum of optical radiation falling on it.  
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1956 y the theoretical calculation required above for the 

spectrum of solar radiation in ground conditions was performed 
by Lofersky. For SE made of different optimized material, the 

value of optical and photoelectric losses was evaluated. The 
results of such samples are shown in fig. 3.7 below. 

 

 

 

 

Figure 3.7 Solar element equivalent (a) and (b) measurement 

schemes 

 

Considered the main characteristic of solar elements, Volt-
Ampere characteristic and spectral sensitivity are links to optical 

and electrophysical properties of semiconductor materials. SE 
VAC differs from the VAC of a p-n transition semiconductor 

diode by the emergence of a new If term. If is a current that is a 
generation in the solar element when exposed to optical radiation. 

If there is a current flowing through the Id – diode and a 
current flowing through the I – external load, then, 
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If= Id + I       (3.9) 

Id = Iо(exp (qU/kT) – 1)    (3.10) 

The characteristic of the diode in the dark, the saturation 

current in the reverse direction of the Iо – p-n transition, q - is the 
electron charge, T- is the absolute temperature, k- is the Boltzman 

constant, U- is the voltage.  
For an open chain holi whose resistance is infinite, i.e. at I=0, 

it follows from the above equation. 

Uind = ln(If/Iо +1) kT/q    (3.11) 

In fig. 3.7 is a. at different values of Rp and Rsh, the 
representations of SE VAC (a) and the values of Rp at Rsh= ∞ are 

(b); R п=5 Ω, Rш = 100 Ω; 2 - R п=5 Ω, Rш = ∞; 3- R п= 0, Rш = 
100 Ω; 4- R п= 0, Rш = ∞; 5- 11 - R п= 0; 1; 2; 3,5; 5; 10; ва 20 Ω  

In practice, the organizers of sequence resistance in solar 
elements are the resistance of the layers that make up these 

contacts, the resistance of the individual p- and n-fields, the 
resistance of the transition areas between the metal-

semiconductor, the Rsh shunt resistance in the ham, etc. Given 
these resistances, as well as recombinational losses in the p-n 

transition, VAC can be expressed in a more complex way, i.e. 
 

Ln (I + Iф)/Iо – (U – IR/Iо Rsh + 1) = q/AkT(U – Irn) (3.12) 
 

The included coefficient A indicates the degree of affinity of 
the current instrument with respect to the ideal instrument. This 

equation can be written close to practice as follows. 
 

I = If + Iо (exp q(U + IR) /AkT – 1 - U + IR/Rsh    (3.13) 
 

Based on this equation, it is possible to create an equivalent 
and measuring scheme of the solar element. The power P obtained 
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from the unit surface of the solar element can be estimated from 

the following equation. 
 

P = (Iн Uн) = ξ Isc Uind      (3.14) 
 

here, ξ-Volt-Ampere shows the fill factor of the characteristic, 
that is, to what extent the VAC form is close to the rectangle. The 

filling coefficient is 0.8 and greater in modern PVP (silicon and 
gallium arsenide-based elements). Consider the effect of 

sequence and shunt resistance from figure 3.8 to VAC. From the 
picture it can be seen that the reduction of shunt resistance Rsh 

from infinity to 100 Ωs has almost no effect on the VAC form, 
and including the output power of SE to PV. Whereas the change 

in sequence resistance Rp from 1 Ω to 5 Ω causes a sharp 
deterioration in the VAX shape and the output power PV is 

relatively reduced. 

 

Figure 3.8 A typical Volt-Ampere characteristic of modern 

silicon-based SE measured for solar radiation in an 
extraterrestrial state.  

1-light-induced; 2-dark states 

 

The properties of SE VAC in light and dark can be more 
accurately analyzed. Usually, depending on the voltage level, the 

transition mechanism of the reverse saturation current passing 
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through the p-n transition changes. This current usually consists 

of the sum of two currents, namely 
 

I = Iо1 [( qU/kT) - 1] + Iо2 [( expqU/kT) - 1] – If      (3.15) 
 

here, Io1 is the current flowing through a thin p-n transition by 
means of a diffusion mechanism, while Io2 is the reverse 

saturation current for the recombination event in the p-n transition 
area for the case where A=2 is equal to.  

Based on the VAC of solar elements measured in darkness 
and light, some of its parameters can be determined, which 

include Io, RP, Rsh and A. Figure 3.8 below shows the typical VAC 
for AM 0 conditions and the element VAC obtained in darkness. 

Part of the VAC obtained under light conditions in the first 
quadrant, and its continuation in the pusher quadrant is straight-

line. The slope of this straight line to the axis of the currents 
determines the sequence resistance of SE. 

 
Rstraight = ΔUstraight/Δistraight     (3.16) 

 

here, a change in the ΔUпр/Δiпр value in the area close to Usf is 

obtained. The part of the quoted characteristic in the first quadrant 
and its continuation in the second quadrant is a straight line. Its 

deviation from the axis of voltages determines the value of the 
shunt resistance Rsh in SE, i.e. 

 

Rsh=ΔU'straight/ ΔI'straight      (3.17) 

 

here, the values of ΔUпр and ΔIпр are obtained, the change in the 

area close to the short-circuit current Isc. 
Since the short circuit of the VAC obtained in light makes it 

difficult to change the slope of the straight line around the Isc, the 
shunt resistance RSH is determined from the slope of the VAC 

obtained in darkness (second quadrant barcode line), i.e. 
Rsh=ΔUconverse/ ΔIconverse     (3.18) 
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 With the help of the characteristic obtained in the dark, it is 

possible to determine the reverse saturation current Io. The solar 
element p-n transition will be connected in the correct direction 

in the operating mode, i.e., the formation of unbalanced charge 
carriers from both sides to the p-n transition as a result of the 

effect of optical radiation, indicating that the p-n transition is 
connected in the right direction. Therefore, it is advisable to find 

the inverse saturation current Io and the idealization coefficient A 
from the VAС measured in darkness or light in the right direction. 

The diode equation with respect to VAС obtained in darkness can 
be written differently as: 

 

Ln (Iд + Iо) = ln Iо + qU/AkT    (3.19) 

 

This equation can be used under conditions Id>>Io where the 

value of the current is large for the calculation, and the inverse 
saturation current can be used for the moment that passes through 

the p-n transition based on the recombination mechanism. Based 
on the VAC (for large currents and voltages) of SE measured in 

the right direction, the function ln Io=f(U) can be plotted. The 
tangent of this equation slope will be equal to q/AkT.The cross 

section he cuts on the ordinate axis gives the value of ln, Io. 
 There is another way to determine the value of Io and A under 

conditions close to the Real operation of SE. To do this, the VAC 
of SE is measured using an imitator at least at two different values 

of the light flux density. For the process of sequence resistance 
decreasing voltages for Rn and recombination in the p-n transition 

domain, we cite the above equation, namely 
 

I = Iо[exp{q(U-IRп)/AkT} - 1] – Iф   (3.20) 
 

Since salt is I= 0, U=Uid in operation mode, one can take Rp=0 
and then If=Isc. Then 

 

Lstraight (Isc+Iо) = ln Iо + qUxx/AkT    (3.21) 
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using the standard of solar energy to apply this equation, the linear 

values of the equation Isc =(Eg) are found corresponding to the 
current density of each new optical radiation, from which Isc and 

Uid are determined. The value of q/AkT is determined by the angle 
of the tangent, and the value of lnIo is determined by the cross 

section that it cuts off from the ordinate axis. 
 

§ 3.2. Understanding the features of solar photovoltaic 

panels and their use, as well as the important conditions for 

installing solar panels 

 

Conversion of solar energy into electrical energy. 
Obviously, electricity is considered some of the most convenient 

types of energy for use. The bulk of this energy is produced in 
electromagnetic generators that are driven in the Earth's sphere 

using one type or another of heat machines. And now we will look 
at ways to get electricity under the influence of solar radiation and 

increase its effectiveness. We know that in a semiconductor 
material, due to the fact that electrons occupy new permissible 

levels of the energy zone, in order for a current to form, they need 
to receive additional energy. Electrons in the filled or valence 

zone cannot move into the conduction zone through the forbidden 
zone until they receive sufficient energy. In order for them to 

move to the Forbidden zone, natural semiconductor electrons 
such as silicon or germanium will have to obtain 1 eV of energy. 

Light photons have such energy. The process of operation of 
semiconductor photoelectric generators (solar cells) consists of: 

by absorbing photons of solar radiation, electrons gain additional 
energy and begin to shift into the conduction zone.  

The energy of each electron increases in accordance with the 
value of the Forbidden zone width. Usually the electron is in this 

case at very small time intervals. It then recombines with the ion, 
while the energy released from this amplifies or re-irradiates the 

crystal lattice oscillation. It is known that the increased oscillation 
of Lattice ions leads to an increase in temperature in solid bodies. 
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That's exactly what it is for us. In a photoelectric generator, 

electrons excited by the action of light pass through a 
semiconductor material and have time to give their excess energy 

to a useful load without wasting it on other interactions. By 
preventing solar energy from turning into heat, we hope to be free 

from certain thermodynamic limitations, but nature puts new 
contradictions in front of us. The Photon Energy is connected to 

the frequency as follows: 



h
hvE ==      (3.22) 

Given that solar radiation wavelengths lie in an area around 
1 µm, this relationship can be written in a simpler way: 



24.1
==E      (3.23) 

Energy is measured in eV, wavelength in mkms. From 
equation (3.23) it follows that as the wavelength increases, the 

energy of photons of solar radiation changes (decreases). There is 
such a wavelength at which the electrons they excite go through 

the forbidden zone when there is not enough Photon Energy in 
reality. For example at room temperature, silicon has a photon 

energy of about 1.1 µm wavelength with a forbidden zone width 
of about 1.1 eV. About 20% of the solar radiation to the sea level 

of the Earth's surface corresponds to the long-wave part. In this 
way they fall from the sphere of motion of silicon-based devices. 

The shortwave part of the radiation cannot be fully used either. 
While electrons are only shifted to allowable levels, the excited 

state is maintained more by only electrons whose energy is close 
to the width of the Forbidden zone. When irradiating a material 

with high-energy photons, the excess energy of the electrons 
quickly becomes a waste to amplify the vibrations of the lattice, 

that is, to gain its inner enrgia. Thus, when radiating silicon with 
photons of 0.6 µm wavelength (corresponding to about 2.0 eV of 

energy), electrons can "absorb" only 1.1 eV of energy, while the 
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rest of the energy becomes a futile expenditure to achieve the 

temperature of the material. 
 

 
Figure 3.9 Spectral distribution of solar radiation energy 

 

Now let's evaluate the maximum effectiveness of converting 
solar energy into electricity using an ideal photovoltaic generator. 

This effectiveness will be partially dependent on the distribution 
of the energy of the solar radiation Spectra, which varies 

depending on the meteorological conditions and latitude of the 
location as shown in fig. 3.9. Table 3.3 lists the results obtained 

under cloud-free conditions in the tropics as examples. 
Maximum efficiency of solar energy re-conversion in 

Silicon (marginal wave length equal to 1.1 µm).  
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Table 3.3 

Wavelength 

range, mkm. 

Solar energy 

contribution 

corresponding 
to the range, %. 

Solar energy 

contribution 

used in the 
range 

The total amount 

of solar energy 

used is the energy 
contribution,%. 

Less than 0.3 0 - - 

0,3 – 0,5 17 0,36 6 

0,5 – 0,7 28 0,55 15 

0,7 – 0,9 20 0,73 15 

0,9 – 1,1 13 0,91 12 

More than 1.1 22 0 0 

Total 100  48 

 
From equation (3.22), it follows that if the energy of a photon 

with wavelength λ is equal to 1.24/λ, when the energy 
corresponding exactly to the width of the Forbidden Zone has 

photons with wavelength λT, the value of the useful energy 
radiated by photons of wavelength λ is determined by the relation 

λ/ λT. Photons with wavelengths greater than the boundary 
wavelength cannot excite electrons at all. 

Calculations for different boundary wavelengths show that 
Silicon (𝜆Т =1.1 µm) is the preferred material for photoelectric 

generators, although at some wavelengths 𝜆Т close to its 

maximum CPP. even if it reaches only 45%. Consequently, CPP 
of such photoelectric devices no more than 45%. Unfortunately, 

in real devices CPP. it will be even less. To explain this, we need 
to carefully consider the process of obtaining energy using 

electrons excited by the action of solar radiation. At the next 
point, we will cite some explanations, although briefly as a 

complement to the previously presented ideas about the 
properties and conductivity of semiconductors. 

The above-mentioned laws show that the efficiency of each 
process depends on the optical and electrophysical properties of 

the semiconductor material (on the return of light on the surface 
of the structure to the quantum output of the photoionization 

phenomenon, on the length of the diffusion path nL  of non-primary 
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charge carriers, on the spectral state of the main absorption limit, 

etc.), on the characteristic, depends on the geometric factor (the 
relationship between the length of the diffusion path of some 

material and some thickness, i.e., nL  and l), as well as the degree 

of legibility of the semiconductor material in the n- and p-fields. 
Furthermore sequence resistance is necessary to determine 

the effect of RN on the VAC form and power P. In turn, the value 
of the sequence resistance is also determined by the resistors of 

the parts that make it up and the geometric arrangement of the 
contact layers. As a result of bringing conflicting requirements to 

compromise Technical Solutions, a design of solar elements with 
a p-n transition located perpendicular to the radiation of the 

falling light was selected. In modern times, with some additions 
(introduction of a pulling electric field, obtaining isotype barriers 

to the back contact, replacement of the entire coated contact with 
a mesh contact, texturing the surface surface, forming reflective 

coatings on the back), the above construction has been preserved. 
In order to improve the efficiency of the solar element, 

radiation-protective coating, temperature-controlling and surface-
clarifying coatings are formed on its frontal light-receiving side. 

In the process of operation of the solar element, these coatings 
increase the amount of radiation entering the material, reduce 

excess heat at the expense of irradiation. In addition, coatings 
protect them from radiation in unfavorable climatic conditions on 

Earth and in the universe. The solar element is made from a thin 
layer of silicon with a surface focused on frontal, optical 

radiation, usually containing phosphorus atoms, and legalizes it 
up to 1020 cm3 and even more. 

And to the base of the element there is an input of 1015-1016 
cm3 degrees, which occupies up to 5-7% of the frontal surface of 

the solar elements focused on optical radiation, is covered by a 
mesh contact of various topologies. non-primary charge carriers 

being separated from the p-n transition by means of an electric 
field must move to the outer loop. While on the semiconductor 

material frontal surface (n-type coating) charges move along the 
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coating, at the base of the solar element (p-type material) their 

motion is in perpendicular yunalish. The diffusion path of non – 
primary charge carriers in the ultra-legulated frontal layer is 0.2-

0.6 µm in length. And at the element base, this magnitude will go 
up to 100-250 µm, and the values of themnng will depend on the 

concentration of charges and the mode of technological operas 
performed during the preparation of solar elements. 

That being said, during the technological operas performed in 
the process of preparing solar elements, its initial parameters 

change as a result of the appearance of uncontrollable inputs and 
recombination centers that are not needed in the semiconductor 

material. Therefore, it is advisable to re-measure the parameters 
of the semiconductor material by various means at the end of the 

process of preparation of solar elements. 
The relatively low diffusion length value in the flattened 

frontal layer requires the p-n transition to be shallower (in modern 
solar elements, the frontal layer thickness is taken to be 0.3 – 0.5 

µm). However, in order to use the bulk of solar radiation falling 

into the solar element, that is, to be executed ℎ𝑣 = 𝐸𝑔, it is 

required that the base thickness of the solar element be no less 

than 200 µm. Along with the fact that silicon plates of such 
thickness are suitable for relatively mechanical processing, up to 

93-95% of radiation can be absorbed in them. The resistance of 
the base area is of little value, since the current passes 

perpendicular to the thick base. 
The first layer of the omic contact to be prepared is made of 

aluminum. Since aluminum is an inlet in the R-material, it gives 
Silicon good omic contact and is then coated with Ti, Pd, Ag or 

Ni and the desired mesh contact alloy. The resistance of the 
frontal n-layer of the solar element is relatively large and can go 

up to 50-100 mk. To overcome such resistance, layers are passed 
one after the other from the material indicated above. It is required 

to prevent electrical perforation of the frontal thin layer during the 
transfer of technological processes. 
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Scientific research shows that if the contact material to the 

frontal thin layer is initially taken as a coating to the entire 
surface, and then performed by chemically absorbing a certain-

shaped image with the means of a photolithographic process, 
many micro-perforated grooves will appear on the frontal surface. 

This, in turn, reduces shunt resistance by increasing the inverse 
saturation current I0. It is therefore required that the frontal 

contact topology be conducted through a mask or the 
photolithographic process before the contact is obtained. 

When the layer resistance of the frontal surface of the solar 
element with a surface of 2x2 cm2 is from 50 to 100 Ω∙sm, a 

collector (collector) path of one unit width of 0.5-1 mm is passed 
to it, and from 6 to 12 sidewalks with a width of 0.05-0.1 mm 

protruding from it. As a result, it will be possible to reduce the 
sequence resistance Rn to 0.15-0.2 Ω. However, when shallow p-

n transitions are prepared (example, l=0.15-0.4), the frontal layer 
resistance can increase to 500 Ω∙sm, then in the solar element with 

a surface of 4 cm2, the number of satellites is increased to 60. The 
width of the aisles is 15-20 µm, and the contact thickness is 

brought to 3-5 µm by means of electrochemical re-growing. If the 
calculation book becomes clear and the technological processes 

are performed perfectly, the VAC of the solar element will 
improve dramatically. 

Choosing the slope angle of the photoelectric battery 

installation to increase the efficiency of use: the greatest 

efficiency of solar energy achieves solar radiation in photoelectric 
batteries when the surface of the panel is set in a perpendicular 

position. To orient the photoelectric panel relative to The Sun, an 
automatic solar monitoring device is usually installed, which 

attaches to its composition a servomotor and control unit that 
consumes electricity. The cost of the tracking system is expensive 

enough to require additional outputs when unloading into 
operation. Therefore, at present, photovoltaic batteries are installed 

on the territory of Uzbekistan without surveillance systems. To 
increase the efficiency of a photovoltaic battery, in fact, it will be 
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necessary to install them at a certain angle to The Sun every month. 

In connection with this, in a simple way, it will be necessary to 
determine the optimal slope angle with respect to the horizon in 

order to install the photoelectric battery at a certain slope angle 
with respect to the Sun.  

In the following scientific works (M.N. Tursunov, V.G. Discin 
and I. A. Yuldoshev) developed a methodology in the Visual Basic 

program for calculating the angle of incidence of solar radiation. 
Horizontal and vertical measurement drawings for determining the 

orientation of the optimal angle of the photoelectric module in 
installation are made of an experimental device mounted at right 

angles to a square-shaped foil plate. 
The illumination of the photovoltaic battery at maximum is 

installed in a good place that is, at an angle of slope towards the 
south. It is also necessary to take into account the change in the 

state of the seasonal sun, taking into account the incidence of solar 
radiation on the surface area of the device. For each latitude, the 

photoelectric battery is available for the optimal slope angle of the 
device, and only in regions located close to the equator, 

photoelectric batteries are located horizontally.  
Usually the angle of inclination of the photoelectric battery is 

changed 3 times a year in a fixed position in the base structure 
(figure 3.10). Even if the photovoltaic battery is installed on a flat 

surface, the most important thing is to keep them rising at a certain 
distance from the ground level. This is done in order to form a 

spatial free air circulation made under the device.  
It is necessary that the distance between the plane and the 

photoelectric battery is ≥more than 5 cm, otherwise the 
photoelectric battery will strongly overheat and weaken the 

production of electrical energy during the charging process to the 
battery. The base structure is also necessary to be stable to adverse 

weather conditions: strong wind speeds, large amounts of 
precipitation, and carrozia properties. 
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Figure 3.10 Sun’s path (a) and angle of installation of solar 

panels (b) 

The photoelectric battery is oriented once a month according 
to the slope angle of the receiving surface and is determined from 

the following formula: 

𝛽г.н = 𝜙 − 𝛿м    (3.24) 

The deviatio this is the   geographical latitude of the 

territory, 0; ì - the angle of inclination of the sun for a given 

month, 0;. 

n of the sun is determined by the following expression in 
Cooper's formula: 

𝛿 = 23,45 𝑠𝑖𝑛 (360
284+𝑛

365
)   (3.25) 

Where n is the ordinal number of the day of the year, which 

is calculated from January 1. as n, the average number of lunar 
days is usually taken for the months I-XII of the year.  

(3.25) according to the expression Feb for the city of 
Tashkent account work for installation at an optimal angle is 

presented in table 3.4. The geographical latitude of Tashkent City 
is 41°15'52". 
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Table 3.4. 
Months 

In relation to the horizontal slope, the photovoltaic battery is the 

optimal mounting angle (grad.) 

I II III IV V VI VII VIII IX X XI XII 

57 49 41 33 25 18 25 33 41 49 57 64 

 
Accounting work has shown that the optimal slope angle for 

spring and autumn equinoxes depends on the geographic latitude 
of the area. But in the process of photovoltaic battery exploitation, 

the difficulties of changing the orientation of the slope angle by 
months are engraved. Thus, the choice of the slope angle of the 

photovoltaic battery is carried out depending on seasonal changes 
(winter, spring, summer and autumn). 

Knowing the amount of solar insolation in a given 
geographical area, we find the minimum solar radiation energy 

for December and January. The Sun deviation for these two 
months (according to the Analemma indicator) ranges from 17.50 

to -23.50. The magnitude of the average deviation angle is 
determined by the average arithmetic cosines of these angles: 

 

( ) ( )0 0

.

cos 17,5 cos 23,5
cos

2
cp


− + −

=    (3) 

 
from here сosδavr.=-20,70. Then the optimal slope angle for the 

winter season in Tashkent is as follows: 
 

𝛽г.н = 410 − (−20, 70) = 61, 70   (3.26) 

 

We will continue the accounting work for the summer season 
(June, July): 

𝑐𝑜𝑠 𝛿𝑎𝑣𝑟. =
𝑐𝑜𝑠(23,50)+𝑐𝑜𝑠(18,50)

2
; (5), 

from here сosδavr. =21,10. The optimal slope angle for the 

summer season is equal to; 
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0 0 0

.
41 21,1 19,9

ã í
 = − =     (3.27) 

Below is a table for installing a photovoltaic battery at an angle 

relative to the horizon in accordance with the seasons of the Year 
in the conditions of the city of Tashkent. 

Table 3.4 
Optimal slope angle of photoelectric battery installation in relation 

to the horizontal plane by seasons of the year 

Winter Spring and Autum Summer 

~620 ~410 ~200 

The optimal slope angle of photovoltaic battery installation has 

also been determined for the rest of Uzbekistan. For example, the 
results for the Samarkand region are presented in Table 3.5. The 

geographical latitude of Samarkand region is 39°39'15". 
Table 3.5 

Month 

The horizontal position relative to the photovoltaic battery is optimal 
for operation in a tower (deg.) 

I II III IV V VI VII VIII IX X XI XII 

56 48 39 32 24 16 24 32 39 48 56 64 

Results for Andijan region are given in Table 3.6. The 

geographical latitude of Andijan region is 40°46'55". 
Table 3.6 

Month 

The horizontal position relative to the photovoltaic battery is optimal 
for operation in a tower (deg.) 

I II III IV V VI VII VIII IX X XI XII 

57 49 40 33 25 18 25 33 40 49 57 64 

Results for Bukhara region are given in Table 3.7. The 

geographical latitude of Bukhara region is 39°46'28". 
Table 3.7 

Month 

The horizontal position relative to the photovoltaic battery is optimal 
for operation in a tower (deg.) 

I II III IV V VI VII VIII IX X XI XII 

56 48 39 32 24 16 24 32 39 48 56 64 

 



 97 

The results for the conditions of the city of Karshi are given in 

Table 3.8. The geographical latitude of Karshi is 38°51'38". 
 

Table 3.8 
Month 

The horizontal position relative to the photovoltaic battery is optimal 

for operation in a tower (deg.) 

I II III IV V VI VII VIII IX X XI XII 

55 47 38 31 23 16 23 31 38 47 55 62 

 
The results for the conditions of the city of Karshi are given in 

Table 3.9. The geographical latitude of Urgench 41°32'59". 
 

Table 3.9  
Month 

The horizontal position relative to the photovoltaic battery is optimal 

for operation in a tower (deg.) 

I II III IV V VI VII VIII IX X XI XII 

58 50 41 34 26 18 26 34 41 50 58 66 

 
Taking into account the geographical width of the territory 

for other regions of Uzbekistan (3) by the formula, the slope of 
the installation of the photovoltaic battery in relation to the 

horizontal plane can be calculated. orientation along the slope 
angle of the photoelectric battery leads to two positive 

efficiencies:  
- photoelectric battery production capacity increases as a 

result of perpendicular solar radiation fall on the frontal surface 
of the module;  

- with the rise in photovoltaic battery capacity, the battery 
charging time is reduced due to the increase in the charging 

current of the batteries. 
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§ 3.3. Technology for the preparation of solar 

photovoltaic panels 

 

Solar photovoltaic panels are made up of solar photoelements. 
We will definitely have to produce enough and a large number of 

solar panels if we want to generate large amounts of electricity. 
Photoelements of solar photovoltaic modules are polycrystalline 

rectangular or Square and monocrystalline photoelements are 
pseudocwadrate (figure 3.11). 

 

Figure 3.11 Components of a solar photovoltaic station 

According to the production of solar panels (photovoltaic 
module or solar module), there are many sizes and many types. 

The most common type of photovoltaic module is power (40÷260 
W at minimum power when sunlight is low and maximum power 

when sunlight is at optimal angle in clear Ham). These solar 
modules range in size from 0.4 to 2.5 m2.  

Solar modules are available for sale in a wide range of sizes 
depending on production capacity. It can be called solar panels 

(PV panels) or by connection (arrays). In terms of the difference 
in power in their production 10, 20, 30, 40, 50, 100 and is 

produced up to 400 W. 
15-23% of the solar modules at the present time have a C.E. 

connected to the electrical energy grid, which is the distribution 
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of electrical energy produced by solar elements in Transformers 

with the energy generated in the world.  

 
 

Figure 3.12 The position of 
the solar module device 

installed on the roof of the 
House 

Figure 3.13 Mono and 
polycrystalline silicon-based 

solar elements 

To date, a lot of research has been carried out in scientific 
research laboratories around the world for the production of solar 

panels with a C.E. of up to 45% based on new materials. Of 
course, the cost in the production of solar elements is very 

necessary. On a large scale for the production of thin-layer solar 
elements on the basis of a number of new technologies, the work 

on the cheapening of solar panels and modules was launched. 
 

 
Figure 3.14 Parts of solar panel 
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Silicon crystal in the solar module can be multi-layered. The 

image above shows a solar panel of several layers. Hermetic 
materials will be needed for the working solar panel, in a position 

that does not change the resistance to external influences during 
the year in the open air. When wet air or water enters the solar 

module, at the expense of oxidation of the solar contacts, there is 
a state of erosion and erosion in them, which leads to a 

malfunction of the solar module. A very simple and high-quality 
hermetic film is EVA (ethylene vinyl acetate). Unfortunately this 

causes photoelectric modules to lose their transparency over time. 

 
Figure 3.15 Layers of photovoltaic panels 

 
Currently, there is considerable scientific research on the 

search for a material that can replace this hermetic material, but 
not so long ago, EVA (ethylene vinyl acetate) was used in the 

production of a hermetic material that can replace it. At the end 
of the panel in the form of a solar module, aluminum is installed 

in the profile. The photoelectric generator is in the form of a 
panel, in which a double hermetization (lamination) plenc with a 

back side on a glass plate is applied to the solar photoelement 
through metal (nickel) plates, in which the electric energy from 

photoelements (-) and (+) charges are generalized. The lower 
hermetization film serves to homoze the inner layers. Through the 
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internal structure of the body, the photoelectric module is 

integrated into the body. In the interior of the module body, a 
cover block with an electrical contact is installed at the base of 

the panel to connect the modules together. 
 

 
Figure 3.16 Solar panel VAC curve 

 

Volt-Ampere and Volt-Watt classification of the solar 
module. We can obtain the working State Volt Ampere 

classification (VAC) of the solar module at combined current 
strength and voltages. Currently, a unique single point of the solar 

module in the working State is selected. This point is not chosen 
according to the module, but when choosing a solar module, the 

electrical classification of the circuit (solar battery) is studied. 
In a solar photovoltaic module where the current force is 0, 

the voltage reaches its maximum value, giving this position  Vi is 
called idling voltage. In contrast with the solar photoelectric 

module where the voltage is 0, the current force reaches its 
maximum value, to this position Is.c. is called short circuit current. 

At this point, the wattage of the solar module is 0. From a practical 
jack, this works with a combination of current strength and 

voltage when sufficient power is accumulated in the system. The 
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combination at maximum power (TMM or MPP) is called. 

Respectively, the naminal voltage and current strength (Un and In) 
are determined. Of course through these parameters it is possible 

to determine the total power and C.E. of the solar module. 
Currently,it is advisable to work directly on the solar module, 

together at the specified voltage with the battery battery. We need 
to make their exact account books for battery batteries in all parts 

of the world. For example solar modules can have voltages from 
10 V to 14.5 V but have a fixed voltage value of 12 V. If you need 

24 V, we can of course make the voltage 24 V with a sequential 
connection. Accordingly, its performance parameters should be 

at an acceptable level to the consumer. This makes it possible to 
compensate for voltage transmission in the photoelectric module 

and maintain a full charge on the battery.  
People usually have a simple question, "Why can't a solar 

photovoltaic panel be made to give 12 V". If you want to provide 
the module with the necessary voltage for the battery charge of 

accumulation, we will find out that this happens only in the ideal 
case and in an open air with a low temperature. Usually such 

processes do not occur under real conditions.  
Therefore, when the solar photovoltaic module overheats 

under the influence of solar radiation, when the surface area is 
pollinated and there is not enough illumination, it is necessary that 

the accumulation is higher than the voltage to charge the battery. 
It should be said that despite the cold weather in the open sun, 

solar photovoltaic panels work perfectly. Under normal 
conditions, when C.E. 18-19% solar photovoltaic panels heat up 

to 40-45 0C, their power is reduced by 15-17%.  
It is known that accumulations with a voltage of 12 V to 

charge the battery, it is necessary to give it a voltage of 14.5 V 
(up to 15 V at low temperatures). Under real conditions, the 

nominal voltage of the solar photovoltaic module will be less than 
17 V. 

First of all, this is due to the fact that the temperature of the 
solar photovoltaic module heats up under the influence of 
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sunlight, and when the module temperature rises from 25 0C to 

each degree of Celsius, it decreases from -2.3 mV, that is, the 

temperature coefficient by Voltage is 
𝑑𝑈

𝑑𝑇
≈ −2,3 

𝑚𝑉

𝐶
 

Secondly, is the loss of voltage in the connecting cables. 

Thirdly, the concentration of dust and aerosol in the 
atmosphere also seriously affects the salt walking voltage and 

current strength magnitudes of the solar photovoltaic module. 
According to the research of scientists, a high indicator of dust 

concentration negatively affects the efficiency of the solar 
photovoltaic module and other heliostructures, it can reduce the 

C.E. of the device by 40-50%. 
 

 
Figure 3.17 The luminance dependence of the photoelectric 

module of the monocrystalline type with a power of 130 W 
VAC curve. 

 
The power of the solar photovoltaic panel changes in the correct 

proportion to the illumination. At a certain exact illumination, that 
is, at very low values, the solar photoelectricity module ceases to 

provide electrical energy. The luminance ranges from about 150–
200 W/m2 for crystal type, i.e. silicon photoelectric modules, to 

around 100 W/m2 for amorphous silicon modules. 

http://image.solarhome.ru/img/pv/rzmp130_ivc.jpg
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 Also, the power of the solar photovoltaic modules will depend 

on the temperature of the external environment, as we stated above. 
For silicon solar photoelectric modules of the polycrystalline and 

monocrystalline types, the temperature coefficient per C.E. is -
0.45%. For solar photovoltaic modules of the amorphous type, this 

indicator is 2 times smaller, and in recent years the temperature 
coefficient by power is positive in the developments of three-pass 

amorphous solar photovoltaic modules. 
In the photovoltaic module passport, the following 

parameters (Ui., Isc, MPP, Vn, In). A new generation of solar 
charge controllers and voltage inverters maintain a maximum 

power point (MPP) to provide a module efficient display during 
Operation. They hold the current strength and voltage values to 

the maximum at this maximum point. Thus MPPT controllers 
help increase current by reducing voltage. Maximum-point power 

monitoring provides a 15-30% increase in electrical energy 
production in the solar photovoltaic module. 

1)  Photovoltaic batteries or solar cells are complex 
devices, consisting of a SE connected in a certain order and an 

eluting basis on which these elements are placed. These may also 
include separator diodes. The PB structure should be resistant to 

shaking and attempts and easy to operate. It is advisable to take 
full advantage of the potential capabilities of PVs to create the 

technology of PB preparation. To do this, it is necessary that the 
PB preparation technology allows you to maximize the reduction 

of battery power losses. In PBs, the power loss is dual, which are 
optical and electrical losses. 

2) Electrical losses. Electrical losses are mainly due to the 
precise measurement of SE parameters and their precise sorting 

according to their parameters. Sorting by parameters should be 
carried out close to the optimal points of the electrical load. 

3) Optical losses. Optical losses are in the fact that not all 
reach the PVP of this falling sunlight. In particular, this loss 

consists of losses in the hermetization of the qb Si (non-
uniformity of the hermetic material and defects caused by the 
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technological process) and in the light-conducting coating (mirror 

or plastic substance) falling on the frontal surface. The main 
technological processes in the preparation of solar cells are as 

follows: - Sort PVP by appropriate parameters, - switching 
elements to obtain a given voltage and current strength, - 

Preparation of bodies of PBs, - to place the switched elements in 
the battery and hermetize it, - Measuring and sorting PBs by 

parameters.  
4) Switching PVP. To obtain the required voltage and 

current strength, PVP are switched in parallel, in Series or in 
complex. 

 Generally speaking, the electrical power of a PB si must be 
equal to the sum of the power of a SE lari in a battery. If this is 

not the case, then it is necessary to find a way to reduce losses. 
The current of PB Si is determined by the sum of the current of 

the parallel connected elements in the battery, while the voltage 
is determined by the sum of the voltages of the elements 

connected in series. Below are the calculation formulas. 

Usb = NserUse,      (3.28) 

Isb = NparIse,      (3.29) 

Psb =NΣPse,      (3.30) 

Pкsb= UsbIsb,      (3.31) 

Psb= UseIse,      (3.32) 

NΣ = NserNpar      (3.33) 

where Usb and Use are the SB and SE voltages respectively, Nser 

and Npar are the number of consecutive and parallel connected 
elements respectively, Psb and Pse are the SB and SE capacities 

respectively. 
Example: In a given load SE with the following parameters, 

the voltage drop at Uload = 0.4 V the maximum current strength is 
I=0.5 A. Of these SB, 100 are connected in series and 300 are 
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connected in parallel. What are the parameters of the prepared 

PB?  
Isb=100∙0,5=50 А, Usb=300∙0,4=120 V and Ppb=50∙120=6000 W. 

Depending on the operating conditions and power of 
photoelectric devices, they can be conditionally divided into two 

groups:  
1. Displacement, lift (Assembly) solar cells and photoelectric 

devices. Such devices serve to provide autonomous power to low-
power consumers, located mainly away from centralized 

conventional power networks.  
2. Photovoltaic stations (PVS). These devices autonomously 

provide electricity to electricity consumers who are used in 
production, business affairs and living. For the first group, 

Consumers can mainly be this lifting radio - TV equipment, 
lifting refrigerators, low-power lighting and other living 

equipment. In the second case, it can be applied to agricultural 
facilities, medical networks, water discharge on individual farms, 

irrigation, lighting and other agricultural work, which are located 
mainly away from centralized power networks.  

In the production and use of PBs and PVS, some of the 
conditions listed below should be taken into account. In 

particular, the conditions of use (highlands, plains, etc.in terms of 
geographical structure), the intensity of light fall (daily, weekly, 

monthly, annual), The amount of moisture and dust in the air, the 
maximum and minimum values of the annual temperature, the 

geographic width of the territory, the morphology of the local 
area, etc. are taken into account. 

The composition of the photovoltaic device can be different 
depending on the operating conditions and consumer demand. For 

maximum power in general, it includes a battery control system 
(controller) with a photoelectric block, a battery, a consumer, a 

current converter (inverter) with a constant current of variable 
voltage 220 V and a frequency of 50 Hz, a control unit that 

monitors the position of the photoelectric device depending on the 
course of the sun, etc. 
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§ 3.4. Preparation of the base structure for the solar 

photovoltaic device 

 

 Base structure: supporting structures for solar panels 
serve as an important part of solar photovoltaic systems. It 

provides the necessary consistency for all systems and the right 
slope angle for the solar panel. The combination of the solar panel 

with the base structure should withstand different wind speeds 
and other environmental influences.  

 Construction and installation of solar photovoltaic 

stations: for large photovoltaic systems, there are different types 

of structures that can be prepared from small nushas to industrial-
grade replicas. Such a structure is made of metal or synthetic 

material. There are different types of base structures depending 
on the state at the time of installation of photoelectric systems. 

For grid-connected systems, there are types of base structures at 
a small angle on the flat or roof, as well as for house facades. 

Grid-connected systems can also be an element of a building 
structure (integrated solar systems). The construction and 

installation of solar photovoltaic stations is carried out with the 
help of qualified, experienced specialists and technicians, each of 

whom must have a specialty in their direction: 
 Work on the design of the installation area, geodetic field 

specialists.  
1. Ground installation work of metal structures.  

2. Installation of solar modules, inverters and other electrical 
circuits and their connection. 

3. Passing cable lines, mounting cable – conductor devices, 
connecting them to the transformer substation. 

Above 3.18 and figures 3.19 show signs from the construction 
of a solar photovoltaic station with a capacity of 130 kW, built in 

the Pop district of Namangan. This station was built as part of the 
implementation of the Memorandum of cooperation between the 

Ministry of economy of the Republic of Uzbekistan and the 
Ministry of Trade, Industry and energy of the Republic of Korea. 
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Equipment from “Hanhwa”, “JSPV”, “S-Energy” and 

“TopSum” were installed at the photovoltaic station. The 
commissioning of a photovoltaic station in this test procedure 

creates the following possibilities:  
- Increase the strength of electricity supply to the population 

of the Kandigon neighborhood; 
 

  
Figure 3.18 Installation of the frame part of the solar 

photovoltaic station 

  
 

Figure 3.19 Installation of solar panels by engineers at a solar 
photovoltaic station 

 

- Providing Korea's solar modules with information to be used 
to conduct inspections of promising and comprehensive projects 

for the development of solar energy in the Republic by field 
testing of its practical productivity;  

- Testing the productivity of solar modules produced in Korea 
in the natural conditions of Uzbekistan; 
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- To assist Korean technologies in the construction and 

development of solar photovoltaic stations in the Republic of 
Uzbekistan and to assist in the training of national specialists in 

the field of solar energy.  
In the process of installing solar panels, specialists are 

required to study one by one, since the location of the solar power 
plant being created involves complex processes in the selection, 

Assembly and design of the most convenient devices. In the first 
place, the capacity of the solar photovoltaic station in the project 

is determined. This allows us to calculate the required number of 
solar modules, determine the area of the area, and then experts 

will offer you an optimal drawing of the magnifying system. Of 
course, in the presented drawing, the orientation of the 

photovoltaic station must be selected, allowing you to obtain the 
maximum amount of electrical energy at low output. 

 

 

Figure 3.20. One-axis tracker solar power 
station 

There are two main manifestations of the base system: static 

and dynamic. To the main elements of the static system, it is 
made of high-quality aluminum profile in the magnifying system, 

steel, the base elements of which are covered with spirit silence. 
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The characteristic of a static system is that the slope angle of the 

modules oriented relative to the sun cannot be changed. 
Logically, it is necessary that the solar modules are maximally 

illuminated during the daylight hours and orientated towards the 
south. In the construction of solar photovoltaic stations, trees, 

electricity and telephone should be far from cable lines, television 
antennas. It should be said that the presence of a temporary shade 

dressing, ambient light dust and bird droppings negatively affect 
the electrophysical parameters of photoelectric modules in other 

such cases. Also another case, it is worth paying attention to the 
distance between the photoelectric panels, since they do not shade 

each other and reduce the incidence of failure by touching each 
other when ground shaking occurs.  

We briefly talk about more static systems: modules can be 
placed on the table gorizantally and vertically (1-5) from a 

number of rows. Depending on the weight of the structure and 
several other classifications, the table (carcass) can be one or two 

supports. The system in which the structure is fixed is attached to 
the ground in two ways: 1) attaching to the installation site 

directly through the pile. 2) attaching the area of the place under 
installation through a concrete screed.  

 

 

 

Figure 3.21 Two-axis tracker solar power station 

 

These parameters are determined first of all, depending on the 
geodesy and geology of the soil and the capacity of the station in 

the project. A dynamic system-such a system is called a visual 
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(tracker), that is, an "observer device" in Uzbek. Its operation 

process is quite simple, and the device is designed to increase the 
С.E. to monitor the sun to the maximum. There are two types of 

them, the first with one axis and the second with two axes. 
A one-shot tracker changes its position with respect to only 

one bullet. Usually such a tracker is similar in appearance to a 
static structure, and when viewed with attention, this structure is 

provided with an actuator, the device changes the angle of the 
slope. The actuator, in turn, consists of a motor – reducer and a 

plug. The stock moves the table up or down by attaching it to 
itself. A single-axis tracker changes its angle relative to the sun a 

number of times in a year. This is managed through software that 
makes changes from 2 to 20 per year.  

A two-axis tracker is a complex engineering structure that is 
oriented in two different planes. The contrast of the two-axis 

tracker, the one-axis tracker, is that the maximum collection of 
sunlight during the day until sunrise and sunset, rotating the table 

at an unrestricted 1,800 angles. It also has a safe mode in a 
horizontal position, which is also considered durable when strong 

winds blow. They automatically control the system, which is 
designed to receive the maximum amount of sunlight. The 

efficiency of such a system is 30-40% higher than that of a static 
system. It is 15% higher than the one-support system. 

 

§ 3.5. Methods for obtaining electricity from solar energy 

 
Methods for obtaining electricity from solar radiation:  

1. Photovoltaics is the conversion of photons directly into 
electrical energy using photoelements. The appearance of electric 

current in an illuminated electrolyte was first observed in 1839 by 
Alexander Edmon Becquerel. However, the first photovoltaic 

solar cell was discovered only 44 years later by the American 
engineer сreated by С. Fritts. That is why exactly 1883 is 

considered the year of the beginning of the solar energy era.  
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The main laws describing photovoltaic processes could be 

established in the XIX-early XX centuries. At the end of the XIX 
century A.G. Stoletov's works established an empirical 

relationship between the amount of phototoc and the flow of light 
incident on the sample (known as the 1st Law of photoeffect). 

And in 1905 Albert Einstein developed the foundations of the 
general theory of photoeffect, for which he was awarded the 

Nobel Prize in Physics in 1921. 
A.Einstein's theoretical work made it possible to conduct 

targeted research on the creation of effective solar cells and laid 
the groundwork for the creation of a new direction in science-

solar photovoltaics. 
2. Heliothermic energy is the heating of a surface that 

absorbs sunlight, and the subsequent dissipation and use of heat 
(directing solar radiation into a container of water or salt for later 

heating, hot water supply, or the use of heated water in steam 
generators). As a special type of heliothermal energy stations, it 

is customary to distinguish between concentrated — type solar 
systems (CSP-Concentrated Solar Power). In these devices, the 

energy of sunlight using lenses and a mirrors system is focused 
on concentrated light. This beam is used as a thermal energy 

source to heat a working fluid that is spent on generating 
electricity, similar to conventional thermal power plants, or stored 

to conserve energy.  
The conversion of solar energy into electricity is carried out 

using heat machines: 
- Stirling engine;  

- gas turbine; 
- thermal air power plants (conversion of solar energy into the 

energy of the air flow directed to the turbogenerator). 
3. Solar aerostat power plants (generating water vapor 

inside an aerostat balloon by heating an aerostat surface covered 
by a selective absorbing coating with sunlight). The advantage is 

that the steam reserve in the cylinder is enough for the power plant 
to work in the dark and in adverse weather conditions. 
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§ 3.5.1. Polycrystalline silicon photoelectric panels 

 
Polycrystalline solar panels are a type of photovoltaic panel 

used to convert solar radiation into electricity. They are made 
from silicon crystals with different crystal lattice directions. 

Polycrystalline panels are usually blue due to the peculiarities of 
the crystalline structure of Silicon. The main advantages of 

polycrystalline panels: 
1. Low production cost: polycrystalline panels are cheaper 

to manufacture than monocrystals, which makes them more 
convenient for a wide range of consumers.  

2. High temperature resistance: they generally hold their 
performance better at higher temperatures compared to 

Monocrystalline panels. However, they also have disadvantages, 
including:  

1. Lower efficiency factor: polycrystalline panels usually 
have a rate of conversion of solar energy into electricity compared 

to single crystal panels.  
2. Low efficiency in low light conditions: polycrystalline 

panels can produce less energy in low sunlight, such as on cloudy 
days or in the early morning and evening hours.  

The choice between polycrystalline and Monocrystalline panels 
depends on the specific conditions of the project, budget and 

performance requirements. The energy performance of 
polycrystalline solar panels can vary depending on the manufacturer, 

panel model, specifications and operating conditions. However, the 
main indicators that are usually considered when assessing the 

efficiency and performance of polycrystalline solar panels:  
1. Power: this is the main measure of solar panel 

performance, measured in Watts (W) or kilowatts (kW). 
Polycrystalline panels can typically have a power of several watts 

to several hundred watts per panel, depending on size and design.  
2. Efficiency (energy conversion coefficient): this is the 

ratio of the maximum output power of the panel to the input solar 
energy. Typically, polycrystalline panels have an efficiency of 
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15% to 20%, but there are more efficient models with higher 

efficiency indicators.  
3. Temperature coefficient: this is a parameter that shows 

how temperature changes affect the performance of the panel. The 
temperature coefficient for polycrystalline panels is usually from 

-0.4% to -0.5% in Celsius.  
4. Guaranteed service life: manufacturers usually provide 

warranty for their panels, which indicates the service life and 
expected performance during this period. Typically, the 

guaranteed service life is from 20 to 25 years.  
5. Power tolerance: this is the deviation range of the actual 

panel power from the declared value. Typically, the strength 
tolerance is ± 3% or 5%. These indicators are important in the 

selection and installation of solar panels, since they determine 
their performance, reliability and economic efficiency. 

 

§ 3.5.2. Monocrystalline silicon photoelectric panels 

 

Monocrystalline solar panels are also a type of photovoltaic 

panel used to convert solar radiation into electricity. They are 
made from one silicon crystal with the same crystal lattice 

structure. Some features of monocrystalline solar panels:  
1. High conversion rate: Monocrystalline panels usually 

have a rate of conversion of solar energy into electricity compared 
to polycrystalline panels. This means that they can generate more 

energy per unit area.  
2. Better low-light performance: Monocrystalline panels are 

generally more efficient in low-light environments, such as cloudy 
days or early morning and evening hours, than polycrystalline 

panels.  
3. Small size: due to its high efficiency, monocrystalline 

panels are usually smaller at the same power output, which can 
be important if the installation area is limited.  

4. High production cost: however, the process of 
manufacturing Monocrystalline panels is much more complex 
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and expensive, which makes them more expensive than 

polycrystalline panels.  
5. High temperature resistance: they usually maintain their 

performance better at high temperatures. 

 
Figure 3.22 monocrystalline and policrystalline silicon 

photovoltaic panel 

 
The energy performance of monocrystalline solar panels can 

vary significantly depending on the manufacturer, panel model, 
specifications and operating conditions. The main indicators that 

are usually considered when assessing the efficiency and 
performance of monocrystalline solar panels:  

1. Power: monocrystalline solar panels usually have a high 
conversion rate of solar energy to electricity, which gives high 

power per unit area. Panel power is measured in Watts (W) or 
kilowatts (kW).  

2. Efficiency (energy conversion factor): typically, 
monocrystalline solar panels have high efficiency, which can 

range from 18% to 24% or higher, depending on the particular 
model and manufacturer.  

3. Temperature coefficient: this is a parameter that shows 
how temperature changes affect the performance of the panel. 

Typically, the temperature coefficient for monocrystalline panels 
ranges from -0.3% to -0.4% in Celsius.  
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4. Guaranteed service life: Manufacturers usually provide 

warranty for monocrystalline panels, indicating service life and 
expected performance during this period. Typically, the 

guaranteed service life is from 20 to 25 years.  
5. Power tolerance: this is the deviation range of the actual 

panel power from the declared value. Typically, the strength 
tolerance is ± 3% or 5%. 

 

§ 3.5.3. Amorphous silicon photovoltaic panels 

 

Amorphous silicon solar panels (also known as amorphous 

crystalline solar panels) are a type of thin film solar panels. Unlike 
traditional crystalline solar panels made of monocrystalline or 

polycrystalline silicon, amorphous solar panels are created from 
amorphous (non-crystalline) silicon or other amorphous 

semiconductors.  
Main features of amorphous silicon solar panels:  

1. Thin film: amorphous solar panels have a thin layer of 
semiconductor material, which makes them lightweight and 

flexible. This allows them to be applied in a variety of 
applications, including architectural elements and integrations to 

wearable devices.  
2. Production: amorphous solar panels are generally 

cheaper to manufacture than traditional crystal panels. They can 
be produced using thin film laying processes such as vacuum 

spraying or melting techniques, which makes the manufacturing 
process easy and cost-effective.  

3. Efficiency: Amorphous solar panels usually have a rate of 
conversion of solar energy into electricity compared to 

conventional crystal panels. However, they can have advantages 
in low light conditions, such as cloudy days or early morning and 

evening hours.  
4. Temperature change resistance: amorphous solar 

panels generally have better resistance to temperature changes 
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and can perform better at higher temperatures than other solar 

panels. 

 
Figure 3.23. Photovoltaic panel made of amorphous silicon. 

 

While amorphous solar panels may have some efficiency 
limitations compared to conventional crystal panels, their 

flexibility and low production cost make them an attractive option 
for specific applications. The energy performance of amorphous 

solar panels can vary depending on the particular manufacturer, 
panel model, specifications, and operating conditions. Some of 

the main indicators that are usually considered when assessing the 
efficiency and performance of amorphous solar panels:  

1. Power: the power of amorphous solar panels is measured 
in Watts (W) or kilowatts (kW), and they indicate the amount of 

electricity they can generate under certain light conditions.  
2. Efficiency (energy conversion coefficient): this is the 

ratio of the maximum output power of the panel to the input solar 
energy. Typically, the efficiency of amorphous solar panels 

ranges from 5% to 10%, but there are more efficient models.  
3. Temperature coefficient: this is a parameter that shows 

how temperature changes affect the performance of the panel. 
Typically, the temperature coefficient for amorphous solar panels 

is about -0.2% per Celsius.  
4. Guaranteed service life: manufacturers usually provide 

warranty for their panels (this indicates the service life and 
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expected performance during this period). Typically, a 

guaranteed service life can range from 10 to 25 years.  
5. Power tolerance: this is the deviation range of the actual 

panel power from the declared value. Typically, the strength 
tolerance is ± 3% or 5%. 

 

§ 3.5.4. Comparative analysis of the effectiveness of 

monocrystalline, polycrystalline and amorphous solar panels 

 

A comparative analysis of the performance of monocrystalline, 
polycrystalline and amorphous solar panels will help determine 

which type of panel is best suited to the specific project environment. 
Let's consider the main features of each panel type:  

 Monocrystalline solar panels (advantages): 

-High conversion rate: Monocrystalline panels usually have 

one of the highest conversion rates of solar energy to electricity 
(typically 18% to 24%).  

-Low light efficiency: they have good performance even at 
low light levels. 

-Long service life: Monocrystalline panels usually have a 
guaranteed service life of 20 to 25 years. 

Monocrystalline solar panels (disadvantages): 
-High cost: Monocrystalline panels are usually more 

expensive to manufacture, which is reflected in their high cost.  
-Shade sensitivity: they are sensitive to shade, even partial 

shades can reduce their performance.  
Polycrystalline solar panels (advantages):  

- Cheaper price: polycrystalline panels are cheaper to 
manufacture, which makes them even cheaper.  

- High temperature resistance: they maintain their 
performance better at high temperatures.  

Polycrystalline solar panels (disadvantages): 
- The conversion rate is slightly lower: usually, the 

conversion rate of polycrystalline panels is slightly lower than 
that of monocrystalline panels. 
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- Low efficiency under low light conditions: they can produce 

less energy when the light level is low.  
Amorphous solar panels(advantages):  

- Flexible and lightweight: amorphous panels can be lighter 
and more flexible, allowing them to be used in a wide variety of 

applications. 
- Low production cost: amorphous panels are cheaper to 

manufacture than crystal panels.  
Amorphous solar panels (disadvantages):  

- Low conversion rate: the efficiency of amorphous panels is 
usually low, which means low productivity compared to crystal 

panels.  
- Short service life: the guaranteed service life of amorphous 

panels is usually shorter. 
 

§ 3.5.5. Thin film solar cells: types and their effectiveness 

 

Thin-film solar cells are a type of solar cell made by 
depositing one or more thin layers (thin films or TFs) of 

photovoltaic material onto a substrate, such as glass, plastic or 
metal. Thin-film solar cells are typically a few nanometers (nm) 

to a few microns (μm) thick–much thinner than the wafers used 
in conventional crystalline silicon (c-Si) based solar cells, which 

can be up to 200 μm thick. Thin-film solar cells are commercially 
used in several technologies, including cadmium telluride 

(CdTe), copper indium gallium diselenide (CIGS), and 
amorphous thin-film silicon (a-Si, TF-Si). 

Solar cells are often classified into so-called generations 
based on the active (sunlight-absorbing) layers used to produce 

them, with the most well-established or first-generation solar 
cells being made of single- or multi-crystalline silicon. This is the 

dominant technology currently used in most solar PV systems. 
Most thin-film solar cells are classified as second generation, 

made using thin layers of well-studied materials like amorphous 
silicon (a-Si), cadmium telluride (CdTe), copper indium gallium 
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selenide (CIGS), or gallium arsenide (GaAs). Solar cells made 

with newer, less established materials are classified as third-
generation or emerging solar cells. This includes some innovative 

thin-film technologies, such as perovskite, dye-sensitized, 
quantum dot, organic, and CZTS thin-film solar cells. 

Thin-film cells have several advantages over first-generation 
silicon solar cells, including being lighter and more flexible due 

to their thin construction. This makes them suitable for use in 
building-integrated photovoltaics and as semi-transparent, 

photovoltaic glazing material that can be laminated onto 
windows. Other commercial applications use rigid thin film solar 

panels (interleaved between two panes of glass) in some of the 
world's largest photovoltaic power stations. Additionally, the 

materials used in thin-film solar cells are typically produced using 
simple and scalable methods more cost-effective than first-

generation cells, leading to lower environmental impacts like 
greenhouse gas (GHG) emissions in many cases. Thin-film cells 

also typically out perform renewable and non-renewable sources 
for electricity generation in terms of human toxicity and heavy-

metal emissions. 
Despite initial challenges with efficient light conversion, 

especially among third-generation PV materials, as of 2023 some 
thin-film solar cells have reached efficiencies of up to 29.1% for 

single-junction thin-film GaAs cells, exceeding the maximum of 
26.1% efficiency for standard single-junction first-generation 

solar cells. Multi-junction concentrator cells incorporating thin-
film technologies have reached efficiencies of up to 47.6% as of 

2023.  
Still, many thin-film technologies have been found to have 

shorter operational lifetimes and larger degradation rates than 
first-generation cells in accelerated life testing, which has 

contributed to their somewhat limited deployment. Globally, the 
PV marketshare of thin-film technologies remains around 5% as 

of 2023. However, thin-film technology has become considerably 
more popular in the United States, where CdTe cells alone 
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accounted for nearly 30% of new utility-scale deployment in 

2022.  
 

 
Figure 3.24 Thin film solar cells 

 

The efficiency of thin film solar cells can vary depending on 

various factors, including production technology, material quality 
and operating conditions. 

 

§ 3.5.6. Gratzel cells 

 

Thin-film solar cells are a type of solar panel that uses thin 

films of semiconductor materials to convert solar radiation into 
electricity.  

The most common types of thin film solar cells and their 
effectiveness:  

1. Amorphous silicon (a-Si) solar elements: efficiency: the 
efficiency of amorphous silicon solar cells is usually about 6-

12%, which is often lower than that of crystalline solar panels. 
However, amorphous solar cells have other advantages such as 

flexibility and low production costs.  
2. CIGS (copper-indium-gallium-selenium) solar 

elements: efficiency: CIGS solar elements have a high efficiency 
potential, usually between 10% and 20%. This makes them one 

of the most effective thin-film solar cells. However, the specific 

https://en.wikipedia.org/wiki/Utility-scale_solar
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efficiency may vary depending on the production technology and 

other factors.  
3. CdTe (cadmium-tellurium) solar elements: efficiency: 

CdTe solar elements have good efficiency, often rated between 
9% and 18%. This makes them one of the most used thin film 

solar cells on the market.  
4. Perovskite solar elements: efficiency: perovskite solar 

elements is a relatively high technology that has demonstrated 
very high efficiency capabilities. The efficiency of such solar 

cells can exceed 25%, which makes them one of the most 
effective solar cells at the moment. However, their commercial 

implementation is still in the process of development. 
A perovskite solar cell (PSC) is a type of solar cell that 

includes a perovskite-structured compound, most commonly a 
hybrid organic–inorganic lead or tin halide-based material as the 

light-harvesting active layer. Perovskite materials, such as 
methylammonium lead halides and all-inorganic cesium lead 

halide, are cheap to produce and simple to manufacture. 

 
Figure 3.25. Perovskite solar cell 

 

Solar-cell efficiencies of laboratory-scale devices using these 

materials have increased from 3.8% in 2009 to 25.7% in 2021 in 
single-junction architectures and, in silicon-based tandem cells, 

to 29.8%, exceeding the maximum efficiency achieved in single-
junction silicon solar cells. Perovskite solar cells have therefore 

been the fastest-advancing solar technology as of 2016. With the 

https://en.wikipedia.org/wiki/Solar_cell
https://en.wikipedia.org/wiki/Perovskite_structure
https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Tin_based_perovskite_solar_cells
https://en.wikipedia.org/wiki/Methylammonium_lead_halide
https://en.wikipedia.org/wiki/Solar-cell_efficiency
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potential of achieving even higher efficiencies and very low 

production costs, perovskite solar cells have become 
commercially attractive. Core problems and research subjects 

include their short- and long-term stability.  
A type of Gretzel element is organic polymer materials 

developed using the solar element. These cells are based on 
organic photovoltaic conversion concept, which uses organic 

polymers or molecules to capture light and generate electric 
current. The advantages of organic solar cells such as the Gresel 

element include low production costs, flexibility and lightness. 
They can be manufactured using relatively simple technologies 

that can reduce costs and expand application capabilities, such as 
in embedded systems or wearable devices. However, at present, 

organic solar cells have low efficiency compared to traditional 
silicon solar cells. This limits their use in most commercial solar 

applications, although research in this area continues to increase 
the efficiency and stability of organic solar cells. The Gretzel 

element is a new type of organic solar cell, the performance and 
efficiency of which can vary significantly depending on the 

specific implementation, materials and technologies used. 
Currently, organic solar cells, including Gretzel cells, usually 

have low efficiency compared to traditional silicon solar cells. 
However, they have other advantages such as flexibility, ease of 

use and low production costs.  
General performance and efficiency characteristics of 

organic solar elements, including Gretzel cells:  
1. Conversion efficiency: generally, organic solar cells have 

the efficiency of converting solar energy into electricity from a 
few percent to tens of percent. Efficiency for a Gretzel cell can 

range from 5-10%.  
2. Strength tolerance: this is the range of deviation of the 

true strength of the cell from the declared value. Typically, power 
tolerance is plus/minus a few percent.  
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3. Temperature dependence: the efficiency of organic 

solar cells usually decreases with increasing temperature, but this 
may depend on the specific material and design of the cell.  

4. Service life: since organic solar cells are a relatively new 
type of technology, their service life and performance stability 

require further research and development. Organic solar cells, 
including Gretzel cells, represent an interesting area of research 

and development in the field of photovoltaic solar energy 
conversion. Their potential includes the ability to create flexible 

and lightweight devices that can be used in a variety of 
applications, including wearable devices, embedded systems, etc.  

 

QUESTIONS ABOUT CHAPTER 3: 

 

1.Modern types of solar photovoltaic panels?  

2.The structural structure of solar batateas? 
3.What does the Volt-Ampere indicator of solar panels 

mean? 
4.Poured requirements for the installation of solar panels 

and connecting-based systems?  
5.The main technological processes in the preparation of 

solar cells? 
6.Methods for obtaining electricity from solar energy and 

their effectiveness? 
7.The advantage and disadvantage of monocrystalline, 

polycrystalline and amorphous solar panels? 
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CHAPTER 4.  

 

SOLAR POWER PLANT AND ITS MAIN ELEMENTS 

 

§ 4.1. Solar power station 

 

Solar power plants (SPP) are a set of devices that use solar 

panels to convert solar energy into electricity. Below are the main 
types, effectiveness and methods of connecting SPP  

1. Types of solar power plants:  

A. photoelectric solar power plants (PSPP): photoelectric 

solar panels are used to convert solar energy into electricity. This 
is the most common type of solar power plants.  

B. Thermal solar power plants (TSPP): solar collectors are 
used to heat cooling water, which is then used to start turbines and 

generate electricity. It is usually used in a wide range of devices.  
C. Incarnating (concentric) solar power plants (CSPP): 

mirrors or lenses are used to concentrate sunlight on a small area 
where photoelements or heat receivers are installed. This makes 

it possible to increase the efficiency of converting solar energy 
into electricity.  

2. Efficiency of solar power plants: the efficiency of solar 
power plants depends on various factors such as location, panel 

angle, climatic conditions and type of technology used. Typically, 
the coefficient of conversion of solar energy into electricity 

(efficiency) from 15% to 22% gacha, depending on the type of 
panel and operating conditions of solar panels.  

3. Methods for connecting solar power plants:  
a. off-grid (autonomous): solar power plants can operate 

independently of the power grid using batteries to store excess 
energy for use at night or when there is little sunlight.  

b. on-grid (grid-connected): solar power plants can be 
connected to the power grid, which allows them to transfer excess 

energy to the grid during the day and extract energy from the grid 
at night or in the absence of sunlight.  
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c. hybrid systems: combine solar power plants with other 

energy sources such as wind turbines or diesel generators to 
ensure a continuous and stable energy supply. Each of these types 

of solar power plants has its advantages and disadvantages, and 
the choice of a particular type depends on the specific 

requirements, location and budget of the project. Methods of 
increasing the efficiency of a solar power plant. Improving the 

efficiency of solar power plants plays an important role in 
increasing their efficiency and economic feasibility.  

Some ways to increase the efficiency of solar power plants:  
1. Choosing the optimal location: placing a solar power 

plant in places with high solar activity and minimal shade will 
help maximize solar energy.  

2. Optimization of panel angle and orientation: the slope 
and orientation of solar panels should be optimally selected to 

maximize solar radiation absorption during the day and 
throughout the year.  

3. Using solar observation: the installation of solar 
observation systems allows the panels to rotate in the direction of 

the sun during the day, increasing the amount of solar energy 
generated.  

4. Application of high-performance solar panels: high 
conversion factor (efficiency) the use of solar panels helps to 

increase system power. 
5. Optimization of the installation system: the correct 

selection and adjustment of the installation system allows you to 
maximize the use of the area of the installed panels and minimize 

the shade.  
6. The use of solar collectors: the application of effective 

solar collectors for thermosolar power plants helps to maximize 
the collection of solar thermal energy.  

7. Use of energy storage: the installation of energy storage 
systems such as batteries allows you to save excess energy 

obtained during periods of high solar activity and use it during 
periods of low activity or at night.  
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8. Monitoring and control: regularly monitoring the 

operation of the system and using effective control systems will 
help optimize the operation of the solar power plant and eliminate 

possible problems. These techniques and technologies help 
increase the efficiency of solar power plants, making them 

competitive and environmentally sustainable energy sources. 
In order for solar panels to be a reliable source of electricity, 

it is necessary to provide additional elements in the system: 
cables, structure, electronic inverter, battery pack and charge-

discharge controller, depending on the type of system (SPP 
connected to the network, autonomous, reserve). Such a system 

as a whole is known as a solar photovoltaic system or solar 
station. There are 3 main types of photoelectric systems: 

1. Autonomous SPP applied by default for the power supply 
of individual houses;  

2. Integrated PVP;  
3. Reserve PVP. 

Autonomous photoelectric systems: autonomous 
photoelectric systems are used where there is no centralized 

power supply. A battery battery (AB) is necessary for the power 
supply during the night of the day and for those times when the 

sun does not shine well.  
Autonomous photovoltaic systems are often used for the 

power supply of individual houses. Small systems can provide 
basic loading (lighting source, sometimes TV or radio), super-

powered systems water pump, radio station, refrigerator, 
electroequipment, etc. Such a system is made up of the following 

(figure 4.1). 
Grid-connected solar photovoltaic systems: even if there 

are centralized power supply sources, there will sometimes be 
interference with the use of a clean power source, in which solar 

panels will be connected to the grid. When a sufficient number of 
solar panels are connected with each other, part of the load can be 

supplied from solar electricity at home.  
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Figure 4.1 A simple off grid Solar PV system 

 

Network-connected photoelectric systems typically consist 
of one or more panels and an inverter, cables, a slave system, and 

an electrical load (fig. 4.2).  
 

 
Figure 4.2 Grid-connected solar photovoltaic system 
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The inverter serves to connect solar panels with the grid. 

There will also be AS-panels with an inverter mounted on the 
back. Excess electricity can be transmitted to the power grid. If 

special enhanced tariffs are used for solar power supply, then 2 
electricity meters are installed, one for generation, and the next 

for consumption. 

 
Figure 4.3 Grid-connected solar photovoltaic system 

 
Now it has electronic meters that calculate the amount of 

electricity flowing in a double direction. In this case, electricity 
developed by solar panels is sold to the network at a high tariff, 

while the House's electricity needs are often charged from the 
network at the usual price. So not only the year-long output to 

electricity, but also the consumption within the year (in summer, 
excess energy is sent to the network, and in winter, during 

daylight hours, the house is mainly provided through the 
network.) 

Reserve systems: in such cases, Reserve solar systems are 
used if the centralized power supply is connected to the network, 

but not reliable. Reserve systems are used to supply electricity at 
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seasonal times even when there is no voltage on the network. 

Small reserve solar systems are used for communication facilities, 
computers (telephone, radio, fax and hakozo) power supply. 

Large Solar Reserve systems can also provide energy to 
refrigerators during times of outages on the network. For the 

necessary feeding of the load, especially at a time when there are 
frequent nodes on the network, it is necessary that the 

photoelectric system has a large capacity. If there is a network, 
the system will work with it as usual. The system consists of a 

solar panel, controller, AB, cables, inverter, loading and base 
structure (fig.4.4). 

 

 
Figure 4.4 Elements of solar photovoltaic system 

 

Charge-discharge controllers: in autonomous photoelectric 
systems, charge-discharge controllers protect the accumulator 

battery (AB) from deep discharge in case of excessive energy 
consumption, and in the case of full charge AB, the solar panel 

protects the AB from recharging status during electrical energy 
generation. (fig. 4.4.). One of the advantages of using a charge-

discharge controller is that AB immediately disconnects the load 
in the discharge state. Typically, photoelectric systems are 

supplied with charge-discharge controllers. Therefore, the boot 
never connects directly to AB, in which AB may fail. 
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Figure 4.5. Solar charge controller (a) and  
connection diagram (b) 

 
Controllers with a wide –pulse modular charge current: 

ordinary controllers disconnect the energy source (solar battery) 
when the voltage AB reaches 14.4 V (rated voltage AB is 12 V). 

When the voltage at AB decreases to ≈ 12.5− 13 V, the solar panel 
is reconnected and the charge is restored at AB. Therefore, the 

AB maximum discharge rate is 60-70%. The shelf life of AB is 
reduced if the full charge is not met on a regular basis.  

Modern controllers use a process known as broad pulse 
modular charge current  at the charge termination stage. In this 

case, the charge AB is charged up to 100%. fig. 4.5 shows 4 stages 
of AB charging using a solar panel.  

1) Charging with maximum current. At this stage, AB uses all 
current coming from the solar panel.  

2) Using wide pulse modulation charge current. When the 
voltage at AB rises to a clear level, the controller begins to 

provide at the expense of wide pulse modulation charge current 
with a constant voltage. This prevents gas release and overheating 

at AB. The current decreases with the AB charge level.  
3) Equalization. During periodic charging, the working 

process is improved until the formation of a gas AB with many 
liquid electrolytes, the electrolyte is mixed and the plates are 

cleaned, the voltage is equalized in different jars AB. 
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4) Base charge. Even if AB is in a state of full charge, the 

charge voltage decreases when gas is released from the battery or 
during its heating, and at this point AB remains in a state of 

charge. 

 
Figure 4.6. Stages in charging the battery from the solar panel 

  

Controllers designed to monitor the maximum power point: 

if it is necessary to increase the amount of energy that solar cells 

are producing, even without the addition of additional solar 
panels, a simple controller must be replaced with a controller 

designed to monitor maximum power (MMM) in a solar battery 
specifically called the "Maximum Power Point Tracker" (MPPT).  

 The MPPT controller constantly monitors the voltage and 
current in the solar cell, its values cup off to determine the current 

voltage pair at the maximum solar cell capacity. The built-in 
processor monitors the charge stage of AB (saturation, super-

saturation, equalization, base) and, on the basis of this, determines 
what amount of current is given to it. The processor also gives a 

command to the parameter indicator in the tableau at the same 
time (data storage, etc).  

 The maximum power point can also be calculated in different 
ways. The methods of searching for TMM are also different.  
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 1) the Perturb and Observe method is commonly used. That 

is, a periodic full scan (1 time in 2 hours) of the Volt-Ampere 
characteristic of the solar battery is carried out with MMM. 

Continuing to search until the next scanning process, the 
controller calculates the power oscillation of the solar cell and 

pushes it to a new working point, a new voltage, if the power in it 
is large. Practically all controllers use this method. Its 

disadvantage is that it is always necessary to carry out 
measurement work and at this time the interruption of the energy 

coming from the panel. Different manufacturers choose the 
parameters of frequency iterations, full scanning periodicity, and 

search depth of the optimal amount of energy coming from The 
Sun to optimally observe the maximum power point of the solar 

bataerea. 
 2) The second method is "Scan and Hold". After the first 

scanning process, the voltage is determined at the Found point 
level and held until the next full scanning state. Such a method is 

considered good when shadows and clouds do not appear on the 
solar panel. Advantages-high speed of work, during the 

measurement process there are no interruptions at the time of 
generation.  

3) The third method is Percentage of open circuit voltage. The 
inding voltage and the Working point at (Ui∙k) are measured. 

Where k can range from 0 to 1 (k-0.8). The point is held until the 
next scanning process. Such a method is best for cases when there 

is a shadow drop on the panels and there is no cloud. Advantages-
high speed of work, there are no interruptions in the generation at 

the time of measurement.  
4) The fourth method is to strictly select the working point. 

The desired voltage on which the controller supports is 
determined. He does not perform any measurements and 

calculations, is constantly working. Disadvantages-the selected 
voltage can be far from the actual MMM dock. However, it is 

clear that at what voltage the battery produces maximum power, 
and it is better to use this method when the solar battery is 
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constantly working outdoors in practice. When the system is 

started, the voltage with which the controller supports is given, 
that is, it is calculated according to the exact parameters of the 

solar battery. 

 
Figure 4.7 MPPT is the amount of energy additionally obtained 

when using a controller 

 
The state of MMM depends on the illumination of the panels, 

temperature, variety of panels used, etc. The controller 
periodically tries to "change" from the point in the previous stage, 

in which the power of the solar panel must be raised so that it 
moves to the work at the new point.  

Theoretically, some energy is transmitted during the search for 
MMM, but this energy is additionally much less compared to the 

energy provided by the MPPT controller. In addition, it is very 
difficult to determine the energy obtained in this case. In addition, 

the factors that influence the production process are the 
temperature and AB charge levels caused (figure 4.7). 
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Figure 4.8 Solar panel voltage at MPP depending on panel 

temperature 
 

At the maximum power point, the voltage of the solar panel 
changes at different temperature magnitudes of the panel (figure 

4.8). The hotter the solar panel, the lower the voltage, the lower 
the production efficiency of the solar cell.  

At some point, the magnitude of the maximum power point 
(MPP) can be even smaller than the voltage at AB, in which cases 

there is no gain compared to a simple controller. This happens at 
times when partial shade falls on the solar cell. The current price 

of MPPT controllers makes it possible to apply them on solar 
panels or panels with non-standard voltage, starting from a power 

of 200 W. 
 

§ 4.2. Inverters for photovoltaic systems 

 

A power inverter, inverter, or invertor is a power 
electronic device or circuitry that changes direct current (DC) to 

alternating current (AC). The resulting AC frequency obtained 
depends on the particular device employed. Inverters do the 

opposite of rectifiers which were originally large 
electromechanical devices converting AC to DC.  

https://en.wikipedia.org/wiki/Power_electronics
https://en.wikipedia.org/wiki/Power_electronics
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Alternating_current
https://en.wikipedia.org/wiki/Rectifier
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The input voltage, output voltage and frequency, and overall 

power handling depend on the design of the specific device or 
circuitry. The inverter does not produce any power; the power is 

provided by the DC source. 
A power inverter can be entirely electronic or maybe a 

combination of mechanical effects (such as a rotary apparatus) 
and electronic circuitry. Static inverters do not use moving parts 

in the conversion process. 
Power inverters are primarily used in electrical power 

applications where high currents and voltages are present; circuits 
that perform the same function for electronic signals, which 

usually have very low currents and voltages, are called oscillators. 
Circuits that perform the opposite function, converting AC to DC, 

are called rectifiers. 

 
Figure 4.9. Modern inverters  

 
In grid-connected systems, inverters (grid inverters) receive 

energy from solar panels and convert them to alternating current, 
then transfer it to the grid as well. Most solar panels produce 

permanent current. There are also panels applied with integrated 
inverters called microinvertor AC panels (figure 4.9). 

Their advantages are that easy adjustment, easy addition of 
such panels to the photoelectric system is the possibility of 

expanding the scale with wool. Such inverters are only used in 
grid-connected systems. In autonomous systems, it will be 

necessary to change the current in AB or solar panels to provide 
standard household devices with a variable voltage of 220 V. 

https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electrical_power
https://en.wikipedia.org/wiki/Electronic_oscillator
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Also, in reserve systems, this problem is to change the constant 

current in AB and provide the usual equipment. 
 

 
Figure 4.10 Microinvertor mounted on the back of the solar 

panel 

 
There are many inverters that differ in power and types. Some 

of them-have high efficiency. If the inverter is unloaded in most 
cases, it is necessary to give a small amount of power consumed 

in standby mode. If it provides loading in most cases, then it will 
be necessary to choose an inverter with a maximum C.E. 

The solar panel produces a DC, while AB stores energy in the 
form of a DC, but most equipment requires an AC voltage of 220 

V or 380 V. Small voltages on the inverter DC 12, 24, 32, 36, 48, 
96, 120 V is changed to a higher voltage of 220 V (AC). At the 

time of change, part of the energy is lost, that is, from 5% to 20%, 
which will depend on the level of its quality at the time of its 

operation.  
Off-Grid inverter is an inverter that can operate 

independently and provide its load with a fixed current (fig. 4.11). 
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Figure 4.11 Off grid soalr system (autonomus) 

 
Inverters are at different capacities, the type of which is selected 

depending on the state of application. In small autonomous 
systems, low-power inverters (100-1000 W) are used to provide 

television, radio, light bulbs and other equipment. In these 
inverters, the input voltage is 12 V or the output voltage of 24 V 

is 220 V.  
In large power inverters, the input voltage can be 24 V, 48 V 

or 96 V or higher. Cheap invertors change energy during 
generation in a phased or rectangular form, or in a quasisinusoidal 

or modified sinusoid with a common name as a signal.  
This form of voltage does not always correspond to all 

equipment. Pure sinusoidal inverters can provide the desired load 
without any problems, such as quality current as in the network. 

The on-grid inverter-cannot operate independently, but can 
operate synchronously with the main power grid (fig. 4.12.). 
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Figure 4.12 Network parallel operation system (on-grid) 

 

Function of modern inverters. The inverter display 
describes voltage, current, frequency and power.  

Ability to automatically add generator. The inverter has an 
additional relay to stop or auto-add the reserve generator 

depending on the AB voltage. This function is attached to the 
inverter in most cases in the form of a separate block. Modern 

inverters can be charged from the network at a specific time AB, 
It is advisable to do the addition of the generator during the day 

(due to noise). A hybrid inverter is an Off-Grid inverter (figure 
4.12) with fixed current contolls. The Smart On-Grid inverter is 

able to operate synchronously with the Central Power Grid and 
has its own fixed and variable current control capability. 

Be able to work in parallel with the network. Network 
inverters convert energy directly from the solar battery to the 

network without AB. This will only reduce the cost of the system, 
which means it will make electricity cheaper. Built-in charging 

device. Such inverters can charge AB using a generator or grid. 
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At some point, they can also transfer energy directly to 

consumers.  
 

 
Figure 4.13 Hybrid solar system 

 
Parallel connection. The ability to work with the network 

in parallel. Network inverters direct energy directly from the solar 
cell, converting it into a network without an AB. This 

significantly reduces the cost of the system, that is, reduces the 
cost of electricity.  

Built-in charger. Such inverters can charge the AV using a 
generator or mains. At the same time, they can also transfer 

energy directly to consumers.  
Parallel connection. Some inverters can also be connected 

in parallel to increase power. Currently, according to economic 
indicators, solar photovoltaic converters cannot compete with 

traditional methods of energy production. Therefore, the scope of 
their practical application is the delivery of electricity from 

centralized power lines, while the delivery of fuel for complex 
autonomous diesel generators is a small autonomous equipment 

located in places that are economically impractical. Illustrative 
examples of the use of solar energy are: shepherd houses on 
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pastures, power supply of electrical equipment in nomadic 

beekeeping, power supply of equipment for hydrometeorological 
and radio-geodesic stations in hard-to-reach places (mountainous 

and desert), for storage and transportation of various medicinal 
substances in rural areas and field hospitals, installation of 

navigation signs on water and drainage signs in wells, power 
supply for charging the batteries. One of the most promising goals 

of solar energy is the creation of portable or mobile silicon-based 
photovoltaic equipment with a solar cell that converts the energy 

of solar scattered radiation with an accuracy of 15% and a power 
from 2 to 100 Watts. 

 
4.14 Structural scheme of autonomous solar power supply: 
1-solar battery; 2 – battery charging and discharge control 

equipment; 3 – current overloading protection equipment;  
4,5,6 – voltage stabilizers; 7-inverter. 

 
Figure 4.14 shows a description of the solar battery load 

Volt-Ampere, which is measured at Edescent=810 W/m2, t=10 0С 
under the conditions of the city of Tashkent, and the dependence 

of qb power on the voltage at the load (2). From the Volt-Ampere 
description it appears that at the optimal loading point (V=14.5 V 

and I=1.3 A) the solar battery capacity is 9 W. SB tests show that 
the average daily accumulative energy in the battery battery (AB) 

is 12-13 A∙h for November and approximately 10 A for December 
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28 A∙h. When the sun turns its battery and the sun orients 

it.charging a battery of 24БССА 38РС with a volume of s is 
carried out. The "charge-discharge" control equipment for 

automatic charging of the battery is turned on, which monitors the 
charge current and voltage magnitude, thereby preventing the 

recharging procedure, which is harmful to the battery, and also 
reports the battery's charge level using a tabletop on the light 

emitting diode to the front panel. 
The areas of use of the developed autonomous solar portable 

power supply source are diverse, in particular: - Power supply of 
electric razors, lighting flashlights, portable radio receivers, tape 

recorders, televisions, audiopleyers, coffee makers, mixers and 
other household appliances; - Field radio stations and radio 

telephones of the "Altai" type, electric pumps of the" dwarf " type, 
internal and external lighting of field stations, power supply 

source in grazing and driving livestock; - Power supply source in 
combination with thermapar refrigerators with a useful volume of 

up to 12 l for storing and transporting vaccines, serums and other 
medicines in medicine and veterinary medicine; - Electrical 

supply source of radio communication equipment apparatus in 
hydrometerochismate and hyologocidiruv; - Charging batteries in 

field conditions repair car cameras using an electrovolcanizer (for 
example, for an autoturist). 

 

§ 4.3. The use of solar energy in modern construction and 

architecture 

 

Solar energy is becoming an increasingly popular and 
important element of modern architecture and construction. Its 

use helps to increase the energy efficiency of buildings, reduce 
dependence on traditional energy sources and reduce greenhouse 

gas emissions. Some methods of integrating solar energy into 
modern architecture and construction: 

1. Roof solar panels: installing solar panels on building roofs 
allows you to convert solar energy into electricity, which can be 
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used to power the building or supply energy to the network. 

Modern designs of solar panel roofs usually harmonize with the 
overall style of the building, which makes them invisible or even 

complement their appearance.  
2. Solar facades: solar panels can be integrated directly into 

the facades of buildings, allowing the use of vertical surfaces to 
generate electricity. This opens up new opportunities for aesthetic 

and functional use of solar energy in architecture.  
3. Solar windows: solar windows are an innovational 

solution that uses transparent solar panels mounted on double-
glazed windows to convert sunlight into electricity. This allows 

buildings to use solar energy even on windows that do not occupy 
a large area.  

4. Solar pergolas and umbrellas: solar pergolas and 
umbrellas provide shade and protection from solar radiation and 

generate electricity through solar panels installed on them. This 
is a useful solution to facilitate thermal balance in buildings and 

create a comfortable environment in open spaces.  
5. Solar pipes and light wells: solar pipes and light wells use 

solar collectors and optical systems to direct sunlight into the 
building, allowing the rooms to be illuminated with natural light 

during the day and reducing the consumption of electricity for 
artificial lighting. The use of solar energy in modern architecture 

and construction not only helps to improve the energy efficiency 
and environmental sustainability of buildings, but also 

contributes to their innovation and aesthetic design. 
Architectural solutions. Solar energy integration is essential 

for the construction of energy-efficient buildings, where the use 
of solar energy significantly reduces environmental impact, 

optimizes energy consumption, and reduces costs. The inclusion 
of solar technology in building projects not only benefits the 

environment, but also emphasizes the ability of sustainable 
architecture to solve future problems. Increased attention to 

sustainable development and renewable energy has led to an 
increase in demand for the integration of solar energy into modern 
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buildings. With increasing awareness of climate change and 

environmental problems, there is a transition to sustainable 
construction practices. The government is pursuing a policy of 

promoting the introduction of renewable energy, providing 
opportunities for the integration of solar energy into the 

construction industry. As a result of this, the ground is laid for the 
emergence of the following trends in the modern energy market: 

- Growing advantage of green building certificate: LEED 
and BREEAM certificates are gaining popularity, emphasizing 

energy efficiency and environmental sustainability. This trend 
increases the demand for solar-powered buildings. 

- Advances in solar technology: innovations such as BIPV 
and solar roof tiles help architects and developers to continuously 

integrate solar energy into construction projects, allowing solar 
solutions to be implemented more efficiently.  

- The demand for energy-saving buildings is increasing: 
increased awareness of the importance of energy efficiency and 

reduction of carbon dioxide emissions will stimulate the market 
to sustainable construction practices and help introduce solar 

technology. 
It is known that in the design of ordinary heating systems, 

the power of the system is determined from the condition of 
providing heat during the coldest period of the year. At the same 

time, the system works mainly with a certain load, compensating 
for real heat losses. In turn, such a load that falls on the heating 

system can be reduced in the design of the system at the expense 
of solar radiation energy that falls during the day. Designing a 

building in such a way that it receives the maximum amount of 
solar radiation heat can not only significantly reduce energy 

consumption for conventional heating, but in some cases lead to 
the absence of such a type of expenditure. 

According to the European classification system for 
buildings and structures, energy efficient buildings are divided 

into the following types:  
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- Energy-efficient home-average energy consumption for 

heating houses no less than 60-70 kWh/(m2‧year); 
- Passive house-houses where the average energy 

consumption for heating does not exceed 15 kWh/(m2‧year) per 
year;  

– A building with zero energy consumption is a building 
with the same architectural standard as a passive house, but 

designed for energy consumption generated by its own power, 
with an average energy consumption of 0 kWh/(m2.year) for 

heating. 
An active ("energy plus" type) house is a building that 

produces more energy than is consumed, due to the use of special 
engineering systems. 

Passive house-a house with relatively little negative impact 
on the environment, a high level of energy-efficient and with all 

the amenities to live in.  
The main criterion of a passive house consists in creating a 

building with an integrated solid shell with a high level of thermal 
protection layer and thermal conductivity <0.15 W/(m2‧K).  

The following criteria are taken into account when designing 
and building passive houses:  

- "thermal bridges (heat circulation)"  
- prevent heat loss areas from remaining;  

- compactness of construction;  
- passive use of solar energy due to the fact that the building 

faces south and the shadow does not fall;  
– thermal conductivity coefficient <0.8 W/(m2‧K) and 

energy conductivity-special high-quality window and window 
frames with about 50 percent;  

- duration of air exchange: n50 = 0.33 x-1;  
- recuperation of heat from recycled air, in which the 

percentage of heat retention is > 75%; 
- highly efficient energy efficient devices for domestic use;  

- heating water in solar collectors or heat pump yards;  
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- passive air heating, for example, through a ground-air heat 

pump.  
Looking at the world experience of passive houses, the first 

eco-house was built in Manchester, New Hampshire, in 1972, 
much earlier than the construction of the first Passive House and 

the occurrence of an energy crisis in the US (fig. 4.15). 
The house was designed in The Shape of a cube, The Shape 

of which made it possible to minimize heat loss due to its 
architectural compactness. The glass layer made up only 10% of 

the wall surface, and solar collectors were installed on the roof of 
the House. The outer walls are made up of a two-story structure, 

and sunscreens are installed on the windows.  
The architectural solution of the building also made it 

possible to make the most of the optimal location of the interior 
rooms, natural lighting. Recuperation ventilation was also 

considered, as well as the use of special tanks(tanks)to store 
chilled and heated water. 

 

 
Figure 4.15. The first eco-house built in the USA. 
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The second energy efficient home was in Otaniemi, Finland 

(1973-1979).) is an "EKONO-house" building built. When 
designing the "EKONO-house" building, the following main 

innovative energy solutions are achieved:  
- effective use of the internal volume of the building to 

reduce the area of closed structures and reduce heat loss through 
them; 

 - forming an efficient thermal protection layer of barrier 
structures to reduce heat loss; 

- the use of barrier structures with high heat capacity in order 
to increase the thermal (thermal) resistance of the building and 

concentrate heat;  
- accumulation of solar radiation heat on the basis of the 

structure in order to reduce the load corresponding to the account 
of the heating system; 

- the use of windows with air ventilation to reduce heat flow 
inside during the summer season of the year and heat loss outside 

during the winter season of the year;  
- minimize air leakage (building Hermeticism) and external 

air flow consumption in the ventilation system in order to reduce 
energy consumption when heating the building;  

- efficient lighting in order to reduce electricity 
consumption; an automatic control system of climatic and 

lighting equipment was used for the purpose of alternative energy 
consumption and accounting for energy consumption. 

The "EKONO-house" had an annual specific heat 
consumption of 124 kWh/m2 in the First Ward, which was 50% 

lower than the figure in office buildings in Finland. Comparable 
heat consumption figures for similar buildings in the United 

States had an even higher value.  
The annual comparable electricity consumption figure for 

heating the first compartment was 79 kWh/m2 per year, which 
was lower compared to the figures in Finland and the United 

States.  
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The specific heat consumption for heating the second 

compartment of the" EKONO-house " building is 70 kW/m2 per 
year, the specific electricity consumption for heating is 57 kW/m2 

per year, which is equal to 1/3 of the energy consumption of 
conventional houses of this type. 

 

 
Figure 4.16. Overview of a passive  

house built in Germany in 1991 

 
The first Passive House was built in 1991 in Darmstadt, 

Germany. (fig. 4.16). This project confirmed the excellent 
operation of all important systems in it in the operation of such 

types of houses. So far, with the average energy consumption for 
heating remaining unchanged (less than 10 kWh/(m2‧years)), the 

percentage of savings compared to a traditional house is more 
than 90 percent, the relative high quality of air in the house and 

favorable temperature conditions were noted.  
The Passive House Institute has been established with the 

aim of extensively conducting and continuing research on the 
development and improvement of indicators of passive type 

houses. As of may 2011, more than 32,000 Certified Passive 
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Houses have been built, and as of 2020, a passive construction 

standard (annual average energy consumption figure for heating 
is 15 kWh/m2) has been mandated in the European Union. 

 
§ 4.5. Energy efficient and efficient technologies 

 

Energy-efficient and energy-efficient, solar-based technologies 

play an important role in reducing energy consumption and reducing 
the harmful effects on the environment:  

1. Solar collectors for water heating: solar collectors for 
water heating are an efficient technology that uses solar energy to 

directly heat water. It can be a system installed on the roof of a 
building or independent solar collectors.  

2. Photovoltaic panels: photovoltaic panels convert 
sunlight into electricity. They can be installed on the roofs of 

buildings or on the ground and used to provide electricity to 
houses, businesses and even entire areas.  

3. Solar facades: solar facades are used to integrate solar 
panels directly into the walls of a building. This allows the use of 

vertical surfaces to generate electricity and reduces dependence 
on conventional energy sources.  

4. Solar flares and light wells: solar flares and light wells 
use solar panels to charge built-in batteries during the day and 

illuminate in the evening and at night. They effectively use solar 
energy to provide lighting in streets, parks, parking lots and other 

public places.  
5. Solar capacitors and heat pumps: solar capacitors and 

heat pumps use solar thermal energy to heat and cool rooms. They 
can be an effective way to reduce energy consumption and 

heating and conditioning costs.  
6. Energy storage systems: energy storage systems such as 

batteries or heat storage systems are used to ensure the continuity 
of the energy supply of solar devices.  

They allow you to store excess solar energy for use in times 
of low sunlight. These solar-based technologies help reduce 
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traditional energy consumption, reduce greenhouse gas 

emissions, and make buildings and infrastructure energy efficient 
and sustainable.  

Energy-efficient and energy-efficient solar-based 
technologies for construction. Energy-efficient and energy-

efficient solar-based technologies for construction include a 
number of innovation approaches and materials that help reduce 

energy consumption in buildings and make them environmentally 
resistant.  

Let's dwell on some of them in Aries:  
1. Passive solar heating and cooling: it is a design concept 

that uses the architectural features of buildings to maximize the 
use of solar energy for heating in winter and natural cooling in 

summer. It includes the correct location of the windows, the use 
of heat storage materials and good insulation.  

2. Architecture solar cells: integrating solar panels and 
collectors directly into the architectural elements of buildings, 

such as roofs, facades, sheds and pergolas. It allows you to 
combine energy saving functions with the aesthetics and 

functionality of buildings.  
3. Solar and natural lighting systems: the use of solar pipes 

and light wells to maximize the use of natural light inside 
buildings allows you to reduce the consumption of electricity for 

artificial lighting.  
4. Thermal insulation materials: application of high-

performance thermal insulation materials to minimize heat loss 
through walls, floors and roofs of buildings. This will help 

maintain heat inside the building in winter and reduce stress on 
the heating system.  

5. Solar panels and storage devices: the use of solar panels 
and storage media to store electricity from solar panels and the 

use of this energy to power lighting, heating, condisioners and 
other energy-consuming systems.  

6. Solar heat pumps and condisioners: the use of solar heat 
pumps and condisioners to heat and cool buildings using solar 
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thermal energy allows you to reduce energy consumption and 

greenhouse gas emissions.  
These solar-based technologies help create energy-efficient 

and sustainable buildings that consume less energy and have less 
negative environmental traces. They help reduce energy costs and 

reduce dependence on traditional energy sources. 
 

§ 4.6. Modern and promising solutions in the field of solar 

energy 

 

Heat pumps. A heat pump is the opposite of a freezer. It 

also has some cooling elements. It works only in a different 
temperature regime and is designed to heat buildings at the 

expense of the environment (air, water, solar energy of the soil) 
and use. The heat pump is used to heat buildings in winter and 

cool them in summer. Pressure and absorption heat pumps will be 
installed. Like the cooling device, the high-pressure steam heat 

pump (fig. 4.17) consists of an evaporator 1, a compressor 2, an 
air conditioner 3 and a throttle valve 4. The working part of the 

heat pump is carried out in the operating temperature range with 
savings on the evaporator and condenser. 

 
4.17. Evaporator heat, similar to a refrigerator device. 

 

The balance of the energy of the steam-pressure heat pump: 

 𝑞к = 𝑞𝑛 + 𝑙к (4.1) 

it is recorded in the form of an equation, in which 𝑞к –the amount 

of heat brought out of the capacitor, 𝑞𝑛- the amount of heat 
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brought in by the evaporator; 𝑙к  - the work of clamping the 

chedigent in the comperessor. 
The efficiency of the device using a heat pump for building 

heating is characterized by the coefficient of heat (heating): 
 

KKq /=  
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                           (4.2) 
 

Heat pump and refrigerant devices that operate on the 

reverse cycle in temperature diaposon in the vaporizer Tp and 
condenser Tk have the highest efficiency. In this: 

 
(4.3) 

 
 

While the freezer coefficient is where Tk and Tp are the 
temperatures in the capacitor and heat transmitter. 

As a source of heat brought to the working body of the 
evaporator in the steam pressure heat pump-from its waters, river, 

sea, lake, mining soil, external air waters, solar radiation can be 
used.  

The process of bringing and taking heat is carried out from a 
rotating heat transmitter of water or air.  

Depending on the source of heat and the heat-carrying 
information, the "water", "soil-water", "air-water", "water-air", 

"soil-air" and "Air-Air" types of heat pumps differ. For a heat 
pump worker in heating and cooling procedures, a special drossel 

rail and a four-code valve will be necessary, which will provide a 
change in the direction of movement of the chladagent to the 

opposite side. 
In the order of heating, the evaporator evaporates into a 

condenser in the order of heat exchanger cooling and vice versa. 
Modern photoenergetics. Modern photoenergetics offers a 

variety of schemes and technologies for converting solar energy 
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into electricity. Below are their principle of operation, 

achievements and disadvantages.  
Photoelectric solar panel (PSP): 

-Principle of operation: PSP converts sunlight directly into 
electricity using semiconductor materials such as silicon. 

- Advantages: easy installation, durability, reliability, low 
maintenance, lack of moving parts. 

- Disadvantages: limited conversion efficiency (usually less 
than 20-25%), dependence on weather conditions, high 

production costs.  
Photoelectrochemical solar elements (PESE): - Principle 

of operation: PESE uses chemical reactions to convert solar 
energy into electricity. 

- Advantages: potentially high efficiency compared to 
PESE, the possibility of using non-standard materials. 

 
- Disadvantages: design complexity, work instability, high 

research and development costs.  
Thermal solar systems: - Principle of operation: thermal, 

that is, thermal solar systems use solar energy to heat the heat 
carrier, and the source obtained in the later stages is used in hot 

water supply or heating systems. 
- Advantages: efficient use of solar energy for heat, low 

maintenance.  
- Disadvantages: requires large collector areas to generate 

large amounts of heat, limited use in the northern regions due to 
the low intensity of solar radiation. 

Concentrated solar systems (CSS): - Principle of 
operation: CSS uses mirrors or lenses to concentrate sunlight on 

a small focal area where photovoltaic cells or thermal receivers 
are installed. 

- Advantages: high efficiency, especially in thermal CSS; 
less collector area compared to other types of solar systems. 

- Disadvantages: the complexity of the design, high 
hardware and installation costs, the need for fine tuning and 
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adjustment. A comparative analysis of these schemes and 

technologies makes it possible to determine their advantages and 
disadvantages based on specific application conditions, such as 

climatic conditions, availability of resources and project budget. 
 

QUESTIONS ABOUT CHAPTER 4: 

 

1. Solar power plant and its types? 
2. Types according to the connection of the solar power plant?  

3. Ways to increase the efficiency of a solar power plant?  
4. The main elements of solar power plant and the principle of 

their operation?  
5. Options for the use of solar energy in modern construction 

and architecture?  
6. Energy efficient and efficient technologies based on solar 

energy?  
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GLOSSARY 

 

Photovoltaics Array: The PV (solar to electric) system 

component composed of separate PV modules wired together in 
series and/or parallel. The PV modules are in turn composed of 

individual solar cells that are wired in series-connected strings 
within the module.  

Array Maximum Power (Pmp): The maximum power 
available from the PV array at a given environmental operating 

condition, occurring at the maximum power point on the current 
voltage (I-V) curve.  

Array Maximum-Power Voltage (Vmp): The voltage 
corresponding to the maximum power point on the array’s 

current–voltage (I-V) curve.  
Array Open-Circuit Voltage (Voc): The voltage produced 

by the PV array in an open-circuit condition. 
Array Power Rating at SRC (or STC) (Pmp): The 

maximum power available from the PV array at the standard 
reporting condition (SRC) specified by ASTM. The SRC 

commonly used by the PV industry (or standard test condition, 
STC) is for a solar irradiance of 1,000 W/m2, a PV cell 

temperature of 25°C, and a standardized solar spectrum referred 
to as an air mass 1.5 spectrum (AM = 1.5).  

Array Utilization: The percentage of daily DC energy 
available from the PV array that is actually used by the system. 

This value provides a gauge of how well the array’s power-
conditioning system tracks the maximum power point of the PV 

current–voltage (I-V) curve.  
Band Gap: The gap between valence energy band and 

conduction energy band.  
Daily Array-to-Load Energy Ratio (A:L): A ratio used to 

gauge the daily energy available from the PV array relative to the 
daily energy required by the load attached to the system. The ratio 

is both site dependent and system design dependent. For a 
resistive load, the daily average A:L ratio can be calculated for 
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each month of the year. For a system with an AC load, the 

calculated A:L ratio will be lower than for a system with an 
equivalent DC load because of the energy losses associated with 

the inverter. For system design purposes, the A:L for the winter 
month with the lowest solar resource is typically used. For 

systems with a DC load, this design A:L ratio is typically in the 
range of 1.3–1.6. For systems with an AC load, the A:L ratio is 

typically in the range of 1.4–2.0.  
Daily Array Efficiency (ηPV): The ratio of the daily energy 

available from the PV array at its maximum power point divided 
by the daily total solar insolation on the array; varies seasonally. 

Daily Inverter Efficiency (ηINV): The ratio of the daily 
AC energy provided by the inverter divided by the total energy 

provided to the inverter from the battery and/or PV array. 
Daily MPPT Efficiency (ηMPPT): The ratio of the daily 

energy actually provided by the PV array divided by the total 
daily energy available from the array if operated at its maximum 

power point.  
Daily System Efficiency (ηSYS): The ratio of the daily AC 

energy provided by the inverter divided by the total daily energy 
available from the array if operated at its maximum power point. 

Design Load (kWh/d): PV system design and optimization 
requires an accurate definition of the expected daily AC energy 

required from the system (load). The worst-case situation for a 
PV stand-alone system is typically the winter months, when the 

solar resource is minimal. Therefore, the design load is typically 
chosen as the daily AC energy expected on a typical winter day.  

Design Month: The month chosen during system design to 
ensure that the PV system adequately meets the system load over 

the entire year. Typically, the design month is one of the winter 
months when the solar resource is lowest.  

Diode: An electronic device that permits unidirectional 
current. 

Electrical Inverter: The system component that converts 
direct current (DC) electrical energy from the PV array or battery 
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to alternating current (AC) electrical energy required by the 

system load.  
Equipment-Grounding Conductor: A conductor attached 

to metal surfaces of equipment that does not normally carry 
current, except during a fault condition. It is connected to earth 

ground and helps prevent electrical shocks and also helps 
overcurrent devices to operate properly.  

Grounded: Term that indicates parts of an electrical system 
that are connected to an earth ground.  

Grounded-Circuit Conductor: An electrical conductor 
that normally carries current in the system circuit that is 

connected to earth ground. Examples are the neutral conductor in 
AC wiring and the negative conductor in a PV array. Note that 

this conductor is distinct from the equipment-grounding 
conductor, which carries no current during normal operation.  

Grounding Bond: In common usage, “bond” refers to the 
connection of the grounded conductor, the equipment-grounding 

conductor, and the grounding electrode conductor. Often a single 
common grounding point in the system.  

Grounding Electrode: The ground rod or metallic device 
used to make physical contact with the Earth; it is typically a 5/8 

in. diameter, 8 ft long copper rod.  
Grounding-Electrode Conductor: The electrical 

conductor (wire) between the common single grounding point in 
a PV system and the grounding electrode. 

Grounding-Electrode System: A wiring scheme with two 
or more grounding electrodes connected together. An example 

would be a home with an existing AC-grounding electrode when 
a new DC-grounding electrode is added for a PV system. 

Heterojunction: The interface that occurs between two 
layers or regions of dissimilar crystalline semiconductors. These 

semiconducting materials have unequal band gaps as opposed to 
a homojunction, which is made from the same semiconductor 

material.  
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High-Voltage PV Array Disconnect (HVD): For voltage 

set point driven controllers, the HVD is the nominal voltage at 
which the charge controller disconnects the PV array from the 

battery bank to prevent overcharge. This is generally the highest 
voltage experienced by the battery bank in the system and is also 

referred to as the voltage regulation (VR) set point. The HVD is 
selected based on battery type, chemistry, and battery 

temperature.  
Intrinsic Carrier: A semiconductor with valence band 

holes and conduction band electrons present in equal numbers  
Load Current (A): The rated load current at which the 

charge controller can operate on a continuous basis.  
Load Reconnect Voltage (LRV): The LRV is the nominal 

voltage at which the charge controller reconnects the load to the 
battery bank. The LVD subtracted from the LRV will give the 

load voltage disconnect hysteresis (LVDH).  
Majority Carrier: The charge carrier that determines 

current. Majority carriers in a p-type material are holes and 
therefore its minority carriers are electrons. Majority carriers in 

an n-type material are electrons and its minority carriers are holes.  
Nominal Load Current (A): The rated load current at 

which the charge controller can operate on a continuous basis.  
Nominal System Voltage (V): The nominal voltage at 

which the system and charge controller operate-generally, the 
nominal battery bank voltage for the PV systems. Systems with 

higher load-power demands generally dictate a higher nominal 
voltage to reduce voltage drop and losses in the system and allow 

use of smaller wire sizes.  
Photovoltaic: The phenomenon of converting light to 

electric power. Photo = light; Volt = electricity. PV: The common 
abbreviation for photovoltaics. 

PV Array: A group of PV modules (also called panels) 
arranged to produce the voltage and power desired.  
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PV Array-Direct: The use of electric power directly from a 

PV array, without storage batteries to store or stabilize it. Most 
solar water pumps work this way, utilizing a tank to store water. 

PV Array Reconnect Voltage (RCV): The RCV is the 
nominal voltage at which the charge controller reconnects the PV 

array to the battery bank to resume charging. The HVD subtracted 
from the RCV will yield the regulation hysteresis (VRH).  

PV Cell: The individual PV device. Most PV modules are 
made with around 36 or 72 silicon cells, each producing about 0.5 

V.  
PV Module: An assembly of PV cells framed into a 

weatherproof unit. Commonly called a PV panel. See PV array.  
Short-Circuit Current (Isc): The maximum PV array 

current at which the charge controller can operate for a short 
period, up to several minutes about 125% of array shout circuit 

current (Isc). The duration and magnitude of the peak current is 
dependent on the PV array rating and the potential for higher than 

normal irradiance values due to reflection from the ground, snow, 
or edges of clouds. Relays and switches in the controller must be 

capable of handling this current.  
Solar Tracker: A mounting rack for a PV array that 

automatically tilts to follow the daily path of the Sun through the 
sky. A tracking array will produce more energy through the 

course of the day than a fixed array (nontracking), particularly 
during the long days of summer.  

Voltage, Open Circuit (Voc): The voltage of a PV module 
or array with no load (when it is disconnected). The maximum 

PV open-circuit voltage that may be applied to a charge 
controller. A 12 V nominal PV module will produce about 20 V 

open circuit.  
Voltage, Peak, or Maximum Power Point (Vpp or Vmp): 

The voltage at which a PV module or array transfers the greatest 
amount of power (Watts). A 12 V nominal PV module will 

typically have a peak power voltage of around 15–17 V. The solar 
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array for a PV array-direct solar pump should reach this voltage 

in full-sun conditions or a multiple of this voltage.  
Wave Function: Description of an electron using kinematic 

rather than spatial point descriptors. Similar to that used to 
describe sound and electromagnetic waves; however, whereas 

those need some material medium in order to propagate, the wave 
function describes the particle, although the function itself cannot 

be defined in terms of anything material. It can only be described 
by how it is related to physically observable effects. 

Batteries Active Material (Battery): Lead dioxide in the 
positive plates and metallic sponge lead in the negative plates that 

reacts with sulfuric acid during charging and discharging of a 
lead-acid battery.  

Capacity (Battery): The ability of a fully charged battery to 
deliver a specified quantity of electricity (ampere-hour, Ah) at a 

given rate (ampere, A) over a definite period of time (hour). The 
capacity of a battery depends upon a number of factors, such as 

active material weight, density, adhesion to grid, number, design 
and dimensions of plates, plate spacing, design of separators, 

specific gravity and quantity of available electrolyte, grid alloys, 
final limiting voltage, discharge rate, temperature, internal and 

external resistance, age, and life history of the battery.  
Cell (Battery): The basic electrochemical current-

producing unit in a battery, consisting of a set of positive plates, 
negative plates, electrolyte, separators, and casing. There are six 

cells in a 12 V lead-acid battery. 
Corrosion (Battery): The action of liquid electrolyte on a 

corrodible material (e.g., dilute sulfuric acid on steel), producing 
corrosion products, such as rust. Battery terminals are sometimes 

subjected to corrosion.  
Cycle (Battery): In a battery, one discharge plus one 

recharge equals one cycle.  
Days of Autonomy: The maximum length of time that the 

PV system can provide power to the load in the absence of solar 
power provided from the PV array. Directly related to the 
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“usable” battery capacity and the average daily AC energy 

required by the load. Depending on local climatic conditions, 3–
5 days is commonly considered adequate for a residential 

standalone PV system.  
Discharging: When a battery is delivering current, it is 

discharging. Efficiency: The ratio of how much energy derived 
out of a system compared to how much energy was put in 

(efficiency = power out/power in).  
Electrolyte: In a lead-acid battery, the electrolyte is sulfuric 

acid diluted with water. It is a conductor and a supplier of water 
and sulfate for the electrochemical reaction PbO2+ Pb +2H2SO4 

=2PbSO4 + 2H2O.  
Element: In a battery, a set of positive and negative plates 

assembled with separators.  
Forming: During manufacturing, this is the process of 

charging the battery for the first time. Electrochemically, forming 
(also known as formation) changes the lead oxide paste on the 

plate grids into lead dioxide in the positive plates and to metallic 
sponge lead in the negative plates.  

Grid (Battery): A lead alloy framework that supports the 
active material of a battery plate and conducts current.  

High-Voltage PV Array Disconnect (HVD): For voltage 
set point driven controllers, the HVD is the nominal voltage at 

which the charge controller disconnects the PV array from the 
battery bank to prevent overcharge. This is generally the highest 

voltage experienced by the battery bank in the system and is also 
referred to as the voltage regulation (VR) set point. The HVD is 

selected based on battery type, chemistry, and battery 
temperature.  

Hydrometer: A float type instrument used to determine the 
state of charge of a battery by measuring the specific gravity of 

the electrolyte (i.e., the concentration of sulfuric acid in the 
electrolyte). 

Load Reconnect Voltage (LRV): The LRV is the nominal 
voltage at which the charge controller reconnects the load to the 
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battery bank. The LVD subtracted from the LRV will give the 

load voltage disconnect hysteresis (LVDH).  
Load Tester: An instrument that draws current (discharges) 

from a battery using an electrical load while measuring voltage. 
It determines the battery’s ability to perform under actual loading 

conditions.  
Load Voltage (V): The nominal voltage at which the system 

and charge controller operate-generally, the nominal battery bank 
voltage for the PV systems. Systems with higher load power 

demands generally dictate a higher nominal voltage to reduce 
voltage drop and losses in the system and allow use of smaller 

wire sizes.  
Load Voltage Regulation: Regulating the load voltage may 

be needed for loads that are voltage input sensitive, such as in 
radios or consumer electronics; the supply to the load may need 

to be controlled. The battery voltage (VR) can sometimes range 
from 14 to >15 V when equalizing to less than 11.5 (Voc when a 

battery fuse blows on poorly designed systems). The load may 
blow fuses or experience nuisance automatic turn-offs (typically 

transmitters).  
Low-Voltage Disconnect (LVD): LVD represents the 

nominal voltage at which the charge controller disconnects the 
load from the battery bank to prevent overdischarge, generally the 

lowest voltage experienced by the battery bank in the system if 
all loads operate through the LVD. LVD defines the actual 

allowable maximum depth of discharge and available capacity of 
the battery. The available capacity must be carefully estimated in 

the PV system design and sizing process. LVD does not need 
temperature compensation unless the batteries operate below 0°C 

on a frequent basis. The proper LVD set point will maintain good 
battery health while providing the optimum available battery 

capacity to the system. The LVD is dependent on the designed 
maximum allowable depth of discharge and the rate of discharge.  

Low-Voltage Disconnect Hysteresis (LVDH): LVDH is 
the voltage span or difference between the LVD set point and the 
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voltage at which the load is reconnected to the battery. If LVDH 

is too small, the load may cycle on and off rapidly at low battery 
state of charge (SOC), possibly damaging the load and/or 

controller. If LVDH is too large, the load may remain off for 
extended periods until the array fully recharges the battery. With 

a large LVDH, battery health may be improved due to reduced 
battery cycling, but with a reduction in load availability. The 

proper LVDH selection for a given system will depend on the 
battery chemistry and size, PV and load currents, and load 

availability requirements.  
Open Circuit Voltage (Battery): This is the voltage of a 

battery when it is not delivering or receiving power. This voltage 
is 2.11 V for a typical fully charged lead-acid battery cell.  

Peak Load Current (A): The maximum load current at 
which the charge controller can operate for a short period, 

typically less than a few seconds. The load switching elements 
must be able to handle surge currents to devices such as pumps 

and compressor motors.  
Primary Battery: This type of battery can store and deliver 

electrical energy, but cannot be recharged.  
Rate of Charge (or Discharge): The rate of charge or 

discharge of a battery is expressed in Amperes as the battery’s 
rated capacity divided by a time factor.  

Regulation Hysteresis (VRH): VRH is the voltage 
difference between the VR set point and the voltage at which the 

full array current is reapplied. The greater the voltage difference, 
the longer the array current is interrupted from charging the 

battery. If the VRH is too small, then the control element will 
oscillate, inducing noise and possibly harming the switching 

element or any loads attached to the system. The VRH has been 
shown to be an important factor in determining the charging 

effectiveness of a controller.  
Regulation Set Point (VR): VR is the maximum voltage 

that a controller allows the battery to reach. At this point, a 
controller will either discontinue battery charging or begin to 
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regulate the amount of current delivered to the battery. Proper 

selection of this set point depends on the specific battery type, 
chemistry, and operating temperature. The voltage drop between 

the battery and the charge controller during peak charging periods 
may change the actual voltage to which the battery is charged. 

Temperature compensation of the VR set point is often 
incorporated in controller design (internal or external probe) and 

is particularly desirable if battery temperature ranges exceed 
±5°C at ambient temperatures (25°C). For flooded lead-acid 

batteries, a widely accepted temperature compensation 
coefficient is –5 mV/°C/cell and –6 mV/°C/cell for sealed gel cell 

batteries. If electrolyte concentration has been adjusted for local 
ambient temperature (increase in specific gravity for cold 

environments, decrease in specific gravity for warm 
environments) and temperature variation of the batteries is 

minimal, compensation may not be needed.  
Secondary Battery: A battery that can store and deliver 

electrical energy and be recharged by passing direct current 
through it in a direction opposite to that of discharge. Separator: 

A divider between the positive and negative plates that allows the 
flow of current to pass through it.  

Set Point Adjustment: Adjustments range from simple VR 
settings to independent adjustment of VR and VRH. The same 

applies to the LVD and LVDH. The ability to adjust set points 
varies in each product. The need to adjust set points should be 

considered along with the methods, skill, and tools required. 
Adjustment mechanisms vary from small “DIP” switches 

(miniature switches in a small package) and movement of 
jumpers to adjustments with a potentiometer. Jumpers are durable 

and the setting can be soldered into place to remove the 
environmental problems of DIP switches.  

Set Points: These are the battery charge controller voltage 
points for PV array charging. The need to adjust set points should 

be considered along with the methods, skill, and tools required. 
Adjustment mechanisms vary from small “DIP” switches 
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(miniature switches in a small package) and movement of 

jumpers to adjustments with a potentiometer.  
Shunt (Interrupting): This algorithm terminates battery 

charging when the VR set point is reached by short-circuiting the 
PV array. This algorithm has been referred to as “pulse charging” 

due to the pulsing effect when reaching the finishing charge state. 
This should not be confused with pulse width modulation (PWM).  

Shunt (Linear): This algorithm maintains the battery at a 
fixed voltage by using a control element in parallel with the 

battery. This control element turns on or closes when the VR set 
point is reached, shunting power away from the battery in a linear 

method (not on/off) and maintaining a constant voltage at the 
battery. A relatively simple controller design utilizes a Zener 

power diode, which is the limiting element.  
Specific Gravity: The density of a liquid compared with 

water density. The specific gravity of the electrolyte is the weight 
of the electrolyte compared to the weight of an equal volume of 

pure water (the specific gravity of water is 1.0).  
State of Charge: The amount of electrical energy stored in 

a battery at a given time expressed as a percentage of the energy 
when fully charged. A battery that has its entire capacity available 

is at a 100% state of charge; a battery with half its capacity 
removed is at a 50% state of charge.  

Temperature Compensation: This is a very necessary 
feature if batteries will be operating in temperature exceeding 

25°C with ±5°C swings. Typically, the VR is temperature 
compensated. The best temperature compensation is with an 

external probe mounted on the side of the battery midway or on 
the positive terminal post. However, compensation at the 

controller (internally) is better than nothing. Temperature 
compensation is particularly important for sealed batteries and 

batteries where water loss must be minimized.  
Temperature Compensation Coefficients: Coefficients in 

charge controllers range from –3 mV/°C/ cell to –5 mV/°C/cell, 
with –6 mV/°C/cell recommended for flooded lead-antimony and 
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lead-calcium batteries. Sealed gel and AGM type batteries require 

a more aggressive temperature compensation coefficient—
typically, up to –6 mV/°C/cell. 

Electricity AC: Alternating current (AC) is the standard 
form of electrical current supplied by the utility grid and by most 

fuel-powered generators. The polarity (and therefore the direction 
of current) alternates. In the United States, standard voltages for 

small water pumps are 115 and 230 V. Standards vary in different 
countries. See inverter. Ampere (Amp, A, I): The unit of measure 

of electron flow rate or current through a circuit. Current that 
flows in a single direction is direct current (DC); current that 

changes direction is alternating current (AC).  
Ampere-Hour: This is a unit of measure for energy 

capacity, obtained by multiplying the current in Amperes by the 
time in hours. Amp-Hour, Ah, or Amp-Hr: This is an engineering 

unit to describe energy flow into and out of a PV cell or battery. 
The unit is not an exact measure of energy in that a voltage must 

be associated with the value (e.g., a battery that can deliver 5 A 
for 20 hours is 100 Ah of capacity).  

Circuit: An electric circuit is the path of an electric current. 
A closed circuit has a complete path. An open circuit has a broken 

or disconnected path.  
Circuit (Parallel): A circuit that provides more than one 

path for current flow. A parallel arrangement of batteries (usually 
of like voltage and capacity) would have all positive terminals 

connected to a conductor and all negative terminals connected to 
another conductor. If two 12 V batteries of 50 Ah capacity each 

are connected in parallel, the circuit voltage is 12 V, and the 
Ampere-hour capacity of the combination is 100 Ah.  

Circuit (Series): This describes a circuit that has only one 
path for the current to flow. Batteries arranged in series are 

connected with the negative of the first to the positive of the 
second, negative of the second to thepositive of the third, etc. If 

two 12 V batteries of 50 Ah capacity each are connected in series, 
the circuit voltage is equal to the sum of the two battery voltages 
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or 24 V, and the Ampere-hour capacity of the combination is 50 

Ah.  
Converter: This is a electronic device for DC power that 

steps up voltage and steps down current proportionally (or vice 
versa).  

Coulomb: Charge, Q or q, in Coulombs (C). 1 C is a very 
large number of electrons: 1e= 1.6×10–19 C, positive or negative 

Current: This is rate of flow of electricity or the movement rate 
of electrons along a conductor. Measured in Amperes, commonly 

called Amps. Current (I) = dq/dt, one number of charges moving 
past a point in 1 s; Ampere = Coulomb/second. An analogy for 

current is water flow rate in a water pipe.  
Current (Alternating, AC): This is a current that varies 

periodically in magnitude and direction. A battery does not 
deliver alternating current (AC). Current (Direct, DC): An 

electrical current flowing in an electrical circuit in one direction 
only. A battery delivers direct current (DC) and must be 

recharged with DC in the opposite direction of the discharge.  
DC: Direct current (DC) is the type of power produced by 

PV panels and by storage batteries. The current flows in one 
direction and the polarity is fixed, defined as positive (+) and 

negative (–). Nominal PV system voltage ranges from 12 to 480 
V.  

Drop (Voltage): The net difference in the electrical potential 
(voltage) when measured across a resistance or impedance 

(Ohms) is the drop.  
Efficiency: This is percentage of power that gets converted 

to useful work. For example, an electric pump that is 60% 
efficient converts 60% of the input energy into work-pumping 

water. The remaining 40% becomes waste heat.  
Electron Volt: A unit of energy: 1 eV =1.6∙10–19 J. 

Energy: The product of power and time, measured in Watt-
hours. 1,000 Wh = 1 kWh (kiloWatthour). 
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Variation: The product of current and time is Ampere-hours 

(Ah). 1,000 W consumed for 1 hour = 1 kWh. Energy = V * Q. 
See power.  

Ground: The reference potential of a circuit with respect to 
the Earth.  

Inverter: An electronic device that converts low-voltage 
DC to high-voltage AC power. In solarelectric systems, an 

inverter may take the 12, 24, or 48 V DC and convert it to 110 or 
220 V AC conventional household power.  

Negative: Designating or pertaining to electrical potential 
(e.g., the negative battery terminal is the point from which 

electrons flow during discharge).  
Ohm: A unit for measuring electrical resistance.  

Ohm’s Law: Expresses the relationship of Volts (V) and 
Amperes (A) in an electrical circuit with resistance (R). It can be 

expressed as follows: V = IR.  
Positive: Designating or pertaining to a kind of electrical 

potential; opposite of negative (e.g., the positive battery 
terminal).  

Power: The rate at which work is done (Joules/second). It is 
the product of voltage × current and measured in Watts. Power 

(P) = V * I; Watt = V * A; 1,000 W = 1 kW. An electric motor 
requires approximately 1 kW per horsepower (after typical 

efficiency losses).  
Resistance (Electrical): The opposition to the free flow of 

current in a circuit. Measured in Ohms. Resistance (R) = V/I; 
Ohm = V/A.  

Short Circuit: An unintended current bypass in an electric 
device or wiring, generally very low in resistance and thus 

causing a large current to flow.  
System Load (kWh/d): The daily energy required to 

operate the energy-consuming devices (load) attached to the PV 
system. Depending on the system, the energy required may be 

either AC or DC energy.  
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System Load Control: The system component that controls 

when the system AC load is electrically disconnected from the 
system, usually to prevent damage to the battery bank. This 

component usually establishes the set points for VLVD, VLVR, 
and VHVD.  

Three-Phase Power AC: Three-phase power is AC that is 
carried by three wires in which the voltage in each two-wire 

combination is 120° ahead of or behind that in any other two-wire 
combination. Power delivery is smoother and more efficient than 

that of single-phase AC, and motors start more easily.  
Transformer: An electrical device that steps up voltage and 

steps down current proportionally (or vice versa). Transformers 
work with AC only. For DC, see converter. Mechanical analogy: 

gears or belt drive.  
Utility Grid: Commercial electric power distribution 

system, Frequency provided at 60 Hz in the United States and 50 
Hz in Europe.  

Voltage: The measurement of electrical potential. Electric 
potential (V)=energy/charge (V=E/Q, Volt=Joule/Coulomb).  

Analogy: pressure in a water pipe. Volts 
(V)=Amperes(I)×Ohms(R) 

Voltage Drop: Loss of voltage (electrical pressure) caused 
by the resistance in wire and electrical devices. Proper wire sizing 

will minimize voltage drop, particularly over long distances. 
Voltage drop is determined by four factors: wire size, current 

(amperes), voltage, and length of wire. It is determined by 
consulting a wire sizing chart or formula available in various 

reference tests and is expressed as a percentage. Water analogy: 
friction loss in a pipe.  

Voltage (Nominal): A way of naming a range of voltage to 
a standard. For example, a 12 V nominal system may operate in 

the range of 11–15 V. We call it 12 V for simplicity.  
Watt: The unit for measuring electrical power 

(Joule/second)—that is, the rate of doing work in moving 
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electrons by or against an electrical potential (Watts = Amperes 

× Volts).  
Watt-Hour (Wh): The unit for measuring electrical energy 

over time, which equals Watts × hours.  
Absolute Air Mass (AMa): A dimensionless term used to 

describe the optical depth, or path length, that sunlight must 
traverse through the atmosphere before reaching the ground. 

When adjusted for the altitude or atmospheric pressure of a site, 
it is called absolute or pressure corrected. The reference value of 

1.0 is for a site at sea level with the sun directly overhead at solar 
noon.  

Daily (Peak) Sun-Hours: This is an alternative term used to 
quantify the daily solar insolation. In this case, the daily solar 

insolation in kiloWatt hours per square meter per day is divided 
by the standard solar irradiance of 1,000 W/m2 to give units of 

hours per day.  
Daily Solar Insolation (kWh/m2): The cumulative daily 

solar irradiance in the plane of the PV array. This quantity is either 
measured directly or calculated from typical meteorological year 

(TMY) data for a specific geographic location. Sometimes 
expressed in sun-hours, where the daily insolation is divided by 

the standard solar irradiance of 1,000 W/m2. That is, 5 kWh/m2/d 
is referred to as 5 sun-hours.  

Plane-of-Array Irradiance (Ipoa, W/m2): The total 
(global) solar irradiance in the plane of the PV array, measured 

using a pyranometer. Solar Angle of Incidence (AOI, degrees): 
The angle between the direct beam from the Sun and a line 

perpendicular (normal) to the surface of the PV array. 
Standard Reporting Condition (SRC or STC): The 

reference condition used by the PV industry for rating the power 
from PV modules, which has been standardized by organizations 

such as ASTM, IEEE, IEC, UL, and others. This condition has a 
solar irradiance of 1,000 W/m2, PV cell temperature of 25°C, and 

a solar spectral distribution specified for an air mass equal to 1.5 
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(AM=1.5). The condition is also commonly referred to as the 

standard test condition (STC).  
Solar Water-Pumping Booster Pump: A surface pump 

used to increase pressure in a water line or to pull from a storage 
tank and pressurize a water system. See surface pump. Borehole 

(or Tube Well): Synonym for drilled well, especially outside 
North America.  

Cable Splice: A joint in electrical cable. A submersible 
splice is protected by a water-tight seal. Casing (Well): Plastic or 

steel tube that is permanently inserted in the well after drilling. Its 
size is specified according to its inside diameter.  

Centrifugal Pump: A pumping mechanism that spins water 
in order to push it out by means of centrifugal force. See also 

multistage centrifugal.  
Check Valve: A valve that allows water to flow one way but 

not the other.  
Cut-in Pressure and Cut-out Pressure: Pressure (Pascal) 

points where automated pumping system will begin and end 
pumping. See pressure switch.  

DC Motor (Brushless): High-technology motor used in 
more advanced solar submersibles. An electronic system is used 

to alternate the current precisely, causing the motor to spin. A 
submersible brushless motor is filled with water and requires no 

maintenance.  
DC Motor (Brush Type): The traditional DC motor, in 

which small carbon blocks called brushes conduct current into the 
spinning portion of the motor. They are used in most solar surface 

pumps and in some low-power solar submersibles. The motor 
chamber must be filled with air and perfectly sealed from 

moisture. Brushes naturally wear down after years of use and 
must be replaced periodically.  

DC Motor (Permanent Magnet): All DC solar pumps use 
this type of motor in some form. Because it is a variable speed 

motor by nature, reduced voltage (in low sun) produces 
proportionally reduced speed and causes no harm to the motor.  
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Contrast: induction motor.  

Diaphragm Pump: A type of pump in which water is drawn 
in and forced out of one or more chambers by a flexible 

diaphragm. Check valves let water into and out of each chamber. 
Drawdown: Lowering of level of water in a well due to 

pumping.  
Driller’s Log: The document in which well characteristics 

are recorded by the well driller. In most states, drillers are 
required to register all water wells and to send a copy of the log 

to a state office. This supplies hydrological data and well 
performance test results to the well owner and the public. 

Drop Pipe (Well): The pipe that carries water from a pump 
in a well up to the surface. It also supports the pump.  

Float Switch: An electrical switch that responds to changes 
in water level. It may be used to prevent overflow of a tank by 

turning a pump off or to prevent a pump from running dry when 
the source level is low.  

Float Valve: A valve that responds to changes in water level. 
It is used to prevent overflow of a tank by blocking the flow of 

water.  
Foot Valve: A check valve placed in the water source below 

a surface pump. It prevents water from flowing back down the 
pipe and losing prime. See check valve and priming.  

Friction Loss: The loss of pressure due to flow of water in 
a pipe. This is determined by four factors: pipe size (inside 

diameter), pipe material, flow rate, and length of pipe. It is 
determined by consulting a friction loss chart, available in an 

engineering reference book or from a pipe supplier. It is expressed 
in pounds per square inch or feet (equivalent additional feet of 

pumping).  
Gravity Flow: The use of natural gravity to produce 

pressure and water flow. A storage tank is elevated above the 
point of use so that water will flow with no further pumping 

required. A booster pump may be used to increase pressure. 2.31 
vertical ft = 1 psi. 10 vertical m = 1 bar. See pressure. Head: Total 
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lift of water over a distance; this may also include friction (head) 

losses, measured in meters. In water distribution, a synonym is 
vertical drop or vertical lift. See vertical lift and total dynamic 

head.  
Impeller: The round device that spins inside a centrifugal 

pump to push water upward; often staged in series in order to 
develop centrifugal force.  

Induction Motor (AC): The type of electric motor used in 
conventional AC water pumps. It requires a high surge of current 

to start and a stable voltage supply, making it relatively expensive 
to run by solar power. See inverter.  

Jet Pump: A surface-mounted centrifugal pump that uses an 
“ejector” (venturi) device to augment its suction capacity. In a 

deep well jet pump, the ejector is down in the well to assist the 
pump in overcoming the limitations of suction. (Some water is 

diverted back down the well, causing an increase in energy use.) 
Linear Current Booster (LCB): An electronic device that 

varies the voltage and current of a PV array to match the needs of 
an array-direct pump, especially for a positive displacement 

pump. It allows the pump to start and to run under low sun 
conditions without stalling.  

Electrical analogy: variable transformer; mechanical 
analogy: automatic transmission. Also called pump controller.  

Maximum Power Point Tracking (MPPT): An added 
refinement in some linear current boosters in which the input 

voltage tracks the variations of the output voltage of the PV array 
to draw the most possible solar power under varying conditions 

of temperature, solar intensity, and load.  
Multistage Centrifugal: A centrifugal pump with more 

than one impeller and chamber, stacked in a sequence to produce 
higher pressure. Conventional AC deep-well submersible pumps 

and some solar submersibles work this way.  
Open Discharge: The filling of a water vessel that is not 

sealed to hold pressure- for example, storage (holding) tank, 
pond, flood irrigation. Open system.  
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Contrast: pressure tank. Perforations (Well): Slits cut into 

the well casing to allow groundwater to enter. May be located at 
more than one level to coincide with water-bearing strata in the 

Earth.  
Pitless Adapter: A special pipe fitting that fits on a well 

casing, below ground. It allows the pipe to pass horizontally 
through the casing so that no pipe is exposed above ground, where 

it could freeze. The pump may be installed and removed without 
further need to dig around the casing. This is done by using a 1 

in. threaded pipe as a handle. 
Positive Displacement Pump: Any mechanism that seals 

water in a chamber and then forces it out by reducing the volume 
of the chamber. Examples: piston, diaphragm, helical rotor, rotary 

vane. Used for low volume and high lift.  
Contrast with centrifugal pump. Synonyms: volumetric 

pump, force pump.  
Pressure: The amount of force applied by water that is 

forced by a pump or by the gravity. Measured in pounds per 
square inch (psi) or bar (atmospheres). psi = vertical lift (or drop) 

in feet/2.31; 1 bar = 10 vertical m.  
Pressure Switch: An electrical switch actuated by the 

pressure in a pressure tank. When the pressure drops to a low set 
point (cut-in), it turns a pump on. At a high point (cut-out), it turns 

the pump off.  
Pressure Tank: A fully enclosed tank with an air space 

inside. As water is forced in, the air compresses. The stored water 
may be released after the pump has stopped. Most pressure tanks 

contain a rubber bladder to capture the air. If so, a synonym is 
“captive air tank.” 

Pressure Tank Precharge: The pressure of compressed air 
stored in a captive air pressure tank. A reading should be taken 

with an air pressure gauge (tire gauge) with water pressure at zero. 
The air pressure is then adjusted to about 3 psi lower than the cut-

in pressure (see pressure switch). If precharge is not set properly, 
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the tank will not work to full capacity, and the pump will cycle 

on and off more frequently. 
Priming: The process of hand-filling the suction pipe and 

intake of a surface pump. Priming is generally necessary when a 
pump must be located above the water source. A self-priming 

pump is able to draw some air suction in order to prime itself, at 
least in theory. See foot valve.  

Pulsation Damper: A device that absorbs and releases 
pulsations in flow produced by a piston or diaphragm pump. 

Consists of a chamber with air trapped within it or a length of 
flexible tube. 

Pump Controller: An electronic device that controls or 
processes the power to a pump. It may perform any of the 

following functions: stopping and starting the pump, protection 
from overload, DC–AC conversion, voltage conversion, or power 

matching (see linear current booster). It may also have 
connections for low-water shutoff and full-tank shutoff devices 

and status indicators.  
Pump Jack: A deep well piston pump. The piston and 

cylinder are submerged in the well water and actuated by a rod 
inside the drop pipe, powered by a motor at the surface. This is an 

old-fashioned system that is still used for extremely deep wells, 
including solar pumps as deep as 1,000 ft.  

Recovery Rate (Well): Rate at which groundwater refills 
the casing after the level is drawn down. This is the term used to 

specify the production rate of the well.  
Safety Rope (Pump): Rope used to secure the pump in case 

of pipe breakage. 
Self-Priming Pump: Pump that automatically primes itself. 

See priming.  
Static Water Level: Depth to the water surface in a well 

under static conditions (not being pumped). May be subject to 
seasonal changes or lowering due to depletion.  



 176 

Submergence: Applied to submersible pumps: distance 

beneath the static water level at which a pump is set. Synonym: 
immersion level.  

Submersible Cable: Electrical cable designed for in-well 
submersion. Conductor sizing is specified in square millimeters 

or (in the United States) American wire gauge (AWG), in which 
a higher number indicates smaller wire. It is connected to a pump 

by a cable splice.  
Submersible Pump: A motor/pump combination designed 

to be placed entirely below the water surface. Suction  
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