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1. INTRODUCTION

1.1. Purpose of the manual

This manual was written as part of the Renewable Energy Services in Education and Training RESET project,
which is implemented by the Education Reform Initiative of South Eastern Europe (ERI SEE) Secretariat in
cooperation with the Deutsche Gesellschatt fiiternationale Zusammenarbeit (GIZ) and is funded by the
German Federal Ministry for Economic Cooperation and Development (BMZ). The manual is designed as a
practical guide that enables students/attendees to acquire the necessary knowledge and skikisafting

and maintaining power equipment in wind farms. Through clearly explained theoretical foundations, users
will understand the key operating principles of wind turbines, their components and how they function,
which is the basis for practical ajgation.

The manual is primarily intended for high school students and participants of adult education programs
and teachers in the field of renewable energy sources. The manual can be used by relevant ministries and
educational agencies, companies involved in ficat education, training centers, private institutions
working in the field of renewable energy, practical education instructors, and other interested parties.

The material was agreed among experts in the field of renewable sources of electricity and education from
six economies: Albania, Bosnia and Herzegovina, Montenegro, Kdsdvarth Macedonia and Serbia,
involved in the implementation of the project.”

Given that the transition to renewable energy sources is a global priority, qualifications in this field are
becoming extremely sought after and valued, opening up new opportunities for professional development
and employment. The wind energy industry igeriencing constant growth, and the demand for experts

in this field is increasing year by year. According to data from 2025, the global wind energy industry
employs more than 1.4 million people, with projections that this number will grow significamtiie
coming decades. According to future estimates, the wind energy sector could employ over 2.3 million
people by 2030 and over 4 million by 2050.

The key goal of the manual is to train users to install and maintain power equipment in wind farms. Through
clearly structured theoretical foundations and detailed practical guidelines, students/participants will be
able to:

£ They install and connect the electrical components of wind turbines in compliance with technical
and safety standards, thus ensuring reliable and safe operation of the system.

E They maintain the power infrastructure of wind farms, thereby extending the life of the system and
increasing efficiency.

E They recognize and solve possible problems during the operation of electrical installations.

This approach of connecting theoretical knowledge and practical skills enables students/participants not
only to acquire technical competence, but also to be confident and ready to recognize opportunities,
propose solutions and improve the application ofnal energy in different contexts. Thus, they are
additionally empowered for active participation in the development of the industry of renewable energy
sources.

This name is without prejudice to the status and is in accordance with the Resolution of the Security
Council of the United Nations 1244/1999 and the Opinion of the International Court of Justice on the
Declaration of Independence of Kosovo.
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In addition to acquiring theoretical foundations and practical knowledge, students/participants are
provided with an insight into the latest achievements and examples from practice, including realizations
that demonstrate a high level of success in the laggtion of wind energy. Through these examples, users
will develop a deeper understanding of the potential of wind farms.

The goal of the manual is to inspire students/participants to contribute to the development and spread of
wind energy solutions and their application in the most diverse sectors of society.

Finally, the handbook represents the basis for acquiring qualifications that are highly valued in the labor
market. Considering the constant growth of the sector of renewable energy sources, the skills of
installation and maintenance of power equipmentviind farms enable students/participants to develop
professionally in this dynamic field, providing them with the opportunity to adapt to the challenges and
needs of the modern market and train them to work in one of the most promising industries of oar tim

1.2. Significance and application of wind energy

Wind energy represents one of the most important renewable energy sources, with a key role in the
transition towards sustainable energy solutions. Its availability, environmental benefits and growing
economic profitability, including falling technology toand increasing efficiency, make wind energy one
of the most promising solutions in the global clean energy transition.

According to data from the International Renewable Energy Agency (IRENA), the global capacity of wind
power plants in 2025 exceeded 1,000 GW, with a constant increase in installed capacity. By 2030, wind
energy is expected to account for a significant pamt of global electricity production, thanks to
technological innovation, optimization of wind turbine performance and increased support for renewable
energy sources.

The key advantages of wind energy are:

E Longterm inexhaustible potential M
Wind energy is a natural and renewabl | ***
source of energy, available all over th | s
world, especially in coastal anc
mountainous areas, where the winds ar
the most intense and constant.

Z Environmental sustainability Wind
power plants produce energy without
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the emission of harmful gases and othe obszs L e Ll L L
pollutants, which directly contribute to Godina

the reduction of the carbon footprint chart: Growth of wind farm capacity

and the fight against

climate change. Their operation does not require the burning of fossil fuels, which makes them a key
factor in environmental protection and sustainable development.

E Energy securityThe use of wind farms reduces dependence on fossil fuels and centralized power
systems. Thanks to decentralized electricity production, a more stable and resilient energy supply is
enabled, reducing vulnerability to economic and geopolitical risks.

£ Economic viability Falling construction costs and increasing the efficiency of wind turbines, along
with the availability of subsidies and incentive policies, make wind energy an increasingly
competitive solution in the power sector. Lotgrm savings on electricity costas well as the
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possibility of earning through the purchase of produced energy, additionally contribute to its wide
application.

Wind energy is widely used in the production of electricity. It is most often used through wind turbines
that convert the kinetic energy of the wind into electrical energy using a generator. Wind farms can be
divided into land (onshore) and coastal (offspsystems. Onshore wind farms have been in use all over
the world for a long time, while offshore wind farms, thanks to the more stable and stronger winds at sea,
represent an increasingly important source of electricity, especially in developed poissr gr

Wind farm view

In addition to the production of electricity in power systems, wind energy is also used in independent
power supply systems for remote facilities, such as farms, rural households, telecommunication towers
and other infrastructures in locations without acseto the power grid.

Wind energy also plays a significant role in modern technological solutions, such as integration into smart
grids, connection to energy storage in the form of battery systems and hydrogen technologies, and the
development of hybrid systems that combine wipower plants with solar panels and other renewable
sources.

With its environmental benefits, economic sustainability and constant technological development, wind
energy is a key element of the global transition to sustainable energy. Its increasingly widespread
application contributes to reducing dependence on fb&sels, increasing energy efficiency and mitigating
the negative consequences of climate change. In the future, wind farms will play an even more important
role in the global energy mix, providing a sustainable and reliable source of electricity famtens to

come.
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1.3. Manual structure

The manual for installation and maintenance of power equipment in wind farms is designed as a
comprehensive guide that covers all key aspects of installation, i.e. mounting and dismantling of
equipment, as well as maintenance. The presented material esalgers to acquire basic theoretical and
practical knowledge, equipping them for quality involvement in the work process. The manual is primarily
intended for practical training, with the necessary theoretical foundations for the application of acquired
knowledge in practice.

The Manual consists of an Introduction and seven Chapters dedicated to the elaboration of the issues that
are the subject of the Manual. At the end, Conclusion and recommendations, Labels and abbreviations and
References and used sources are given.

In the Introductionthe basic purpose and goals of the manual are presented, emphasizing the importance
of wind energy and its application.

Chapter 2Renewable energy sources, provides basic information about different forms of renewable
energy sources, with special emphasis on wind energy.

Chapter 3Safety at work and environmental protection elaborates the key safety guidelines that should
be observed during the installation and maintenance of electric power equipment in wind farms in order
to preserve health and safety at work, as well as measwegsdtect the environment.

Chapter 4 Wind energy, from a theoretical point of view, explains the types of wind turbines and wind
power plants, their working principle and elements.

Chapter 5 Installation and dismantling of power equipment in wind farms, is a key chapter in the Manual
with a detailed elaboration of procedures and procedures for practical implementation.

Chapter 6The execution of electrical installations in wind power plants is dedicated to the elaboration of
the assembly and installation procedures of electrical installations, including a brief description of the
installation of grounding and lightning protection.

Chapter 7Equipment maintenance and monitoring in wind farms, describes preventive and corrective
maintenance procedures, procedures for their implementation and monitoring in wind farms.

Conclusion and recommendatiossiblimates key conclusions based on previous information and provides
guidelines for further work in this area.

At the end of the Manual, there is an overview of Literature and useful sources with a list of used sources
and additional materials that can be useful for a deeper understanding of thematic areas of wind power
plants.
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2. RENEWABLE ENERGY SOURCES

Energy is all around us. It moves all living things. Everything in the environment is based on the use of
energy. The bottom line is that energy is the ability to do some work. Energy depends on the conditions in
which it is found. It determines all stat@s nature: motion and rest, thermal states, chemical processes,
electromagnetic processes, propagation of light, bonds in atoms, etc.

The general definition of energy is: energy is the ability to do work. It is known that energy cannot be lost,
but only transferred from one form to another (chemical to thermal, thermal to mechanical...).

Nowadays, energy has become a key element in the development of society. The development of the
economy is directly conditioned by the use of various forms of energy.

Intensive use of existing and finding new sources of energy has a decisive influence on the speed of
development and growth of the economy.

The basic characteristics of energy are:

E cannot arise from nothing,
£ itisindestructible,
E the ability to transform from one form to another or move from one body to another.

In nature, energy appears in different forms:

Z Potential energy energy stored due to the position of the body in relation to other objects (eg

water in the reservoir, spring under tension).

Kinetic energy energy of body movement. Everything that moves has kinetic energy (eg wind,

moving car).

Chemical energy energy stored in chemical bonds between atoms (eg energy from food, fuel,

batteries).

Electricityg energy that arises due to the movement or distribution of electrical charges.

Thermal energythe energy that a body possesses due to its temperature, that is, the random

movement and collision of its particles (eg heated metal, boiling water, air heated by solar

radiation).

E Nuclear energy energy released by changes in atomic nuclei, either by the splitting (fission) of
heavy nuclei or by the fusion (fusion) of light nuclei (eg energy from nuclear power plants, reactions
in the Sun).

£ Electromagnetic energyradiation energy that includes light, radio waves and other forms of
electromagnetic radiation.

MM ™W ™

Throughout history, there have been conflicts over access to certain energy sources. The fact that industrial
revolutions differed in the discoveries and application of new sources of energy speaks of the importance
of energy. There is currently a revoli underway that emphasizes renewable sources and the
development of energysaving, "green" technologies.

Modern civilization is impossible to imagine without electricity. Electricity is used for lighting, heating,
starting various machines, powering communication devices. Practically, there is no segment of human
activity where electricity is not used.
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The use of electricity has great advantages over other forms of energy:

£ Sources of electricity may be far from the place of use of electricity;

¥ Electrical energy is transmitted with relatively low losses;

E By using the electricity transmission system, it is available to a large number of users;

¥ Electrical energy is simply transformed into other forms of energy (thermal, light, mechanical...).

In the professional literature, there are other divisions of energy, which depend on numerous criteria for
division. Different forms of energy are divided, or grouped, in several ways. The most common divisions
with division criteria are shown in the table

DIVISION ‘ DIVISION CRITERIA
Accumulated and transitional State and duration of existence
Primary, transformed and useful Manifest form, form, i.e. possibility of use
Conventional and unconventional Level of use, i.e. technical and economic profitability
Renewable and nerenewable Natural renewability

Considering the natural renewability (time possibility of their depletion), primary energy can be divided
into renewable energy and nerenewable energy.

IZVORI
ENERGUE

NEOBNOVLIIVI OBNOVLIVI

IZVORI ENERGUJE IZVORI ENERGUJE

The term norrenewable energy sources means fossil fuels: coal, oil and oil derivatives, natural gas, mineral
deposits, such as oil shale, as well as fission (nuclear) fuels.

The problem with norrenewable energy sources is their limited quantities and limited distribution. Fossil
fuel supplies are limited and rapidly depleting.

Another problem is pollution of the human environment. The burning of fossil fuels, especially those based
on oil and coal, is the most likely cause of global warming. Climate change is one of the most serious threats
to the Earth's ecological system.

The application of nuclear energy represents a conditionally clean technology, but in the event of an
accident, extremely large pollution can occur with enormous consequences for humans and the
environment. Also, the disposal of radioactive waste is gbidplem.

Renewable energy sources are resources that are renewed naturally and are not exhausted by their use.
The name "renewable energy sources" comes from the fact that their reserves are continuously or
cyclically renewed in nature, and the amount of energydisiwes not exceed the rate of its natural
renewal.
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The main types of renewable energy sources are:

E

Solar radiation the primary source of energy for almost all processes on Earth. Solar energy comes
in the form of electromagnetic radiation, part of which reaches the surface of the planet, while the
rest is absorbed or reflected in the atmosphere. The intensity ofrs@diation depends on the
geographical location, time of year and atmospheric conditions.

Wind energy occurs as a result of uneven heating of the Earth's surface and the rotation of the
planet, which creates pressure differences and leads to the movement of air masses. Wind speed
and direction depend on geographical and climatic conditions.

Water power (hydropower) water energy originating from the hydrological cycle, where solar
radiation causes evaporation, condensation and precipitation, enabling the continuous flow of
rivers and the renewal of water resources. The strength of the water flows depends on thee|ti

the slope of the terrain and the amount of precipitation.

Biomass organic matter of plant and animal origin, which stores solar energy through
photosynthesis. It covers a wide range of materials, including wood, agricultural residues, organic
waste and specially grown energy plants.

Geothermal energy energy created by the decay of radioactive elements in the interior of the
Earth and the heat left over from the period of its formation. Heat is transported through the Earth's
crust to the surface, with sources most pronounced in volcanic and tectibnetive areas.

Sea and ocean energyit includes energy from tides, energy from sea waves and temperature
differences in the oceans. Tides are created under the influence of the gravitational force of the
Moon and the Sun, while sea waves are created by the action of the wind on the soffdve

water. The thermal energy of the sea comes from the temperature differences between the surface
and deep layers of the ocean.

One of the main reasons for the accelerated development of renewable energy sources is their significantly
lower negative impact on the environment compared to conventional sources.

energija
Sunca

energija

hidroenergija biomase
geotermalna ”
energija energija
vetra

energija
okeana

Renewable energy sources

Renewable sources are recording accelerated growth in the power sector. According to the International
Renewable Energy Agency (IRENA), the global capacity of renewable energy sources has reached about
3,064 GW by the end of 2023.
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In 2024, investments in clean energy are almost double those in fossil fuels. Total investments in energy
exceeded three trillion dollars, of which about two trillion were directed to clean technologies such as
renewable energy sources, electric vehiclesl auclear energy.

2019 2023
@ hidro S
@ ostali izvori @ ostali
Ovetar izvori
o vetar
OSunce

Distribution of installed capacities of renewable energy sources

In the following, we will briefly refer to renewable energy sources, while a detailed analysis of thimd
key energy source for the technology of converting the kinetic energy of the wind into elecinaitybe
covered in the following chapters difils manual.

2.1 Solar energy

Solar power plants convert the sun's energy into electricity.

During one year, the solar energy that reaches the Earth is 20,000 times greater than the energy necessary
to meet the needs of the entire population of the Earth.

In just three days, solar energy equivalent to the energy produced by all fossil sources and reserves on
Earth reaches the surface of the Earth.

When passing through the atmosphere, part of the energy is consumed in complex processes, and part is
reflected and reemitted into space. That part amounts to about 1/3 of the energy that reached the edge
of the atmosphere, so the energy flow to the Easturface is an average of 920 W/m2.

There are two types of solar power plants namely:

¥ thermal solar power plants
¥ photovoltaic solar power plants

In thermal solar power plants, mirror systems direct the Sun's rays towards the tank containing the liquid
that is being heated. The heated liquid goes into the heat exchanger, transferring the heat to the water or
steam. The further process is identicalthat in classic thermal power plants.
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Solar power plant PS10 in Spain

The ability to store heat using thermal media (such as molten salt) is a key advantage of these systems, as
it enables continuous production of electricity even in periods when direct solar radiation is not available.

Solar thermal power plants with a solar tower use a heliostat field.

A heliostat is a device that has an ordinary mirror that rotates so that throughout the day, it reflects
sunlight towards a specific target tower (helivem the Greek word for the sun, and stat from the English
word stationarynon-moving).

ZraCenje Sunca

Heliostati

< fif % 5% 4,4
2 [ @ @
g E: @ Q Generator
3 @ pare
S E: Rezervoar Turbina
Pumpa Generator
= el. energije
m—

Rezervoar -

" Sistem hladenja

Pumpa

Principle of operation of a solar thermal power plant with heliostats

Solar energy collectors (parabolic collectors) consist of parabolic mirrors that receive the heat energy of
the Sun and refocus it on a tube located at the focal point of the parabola. The tube contains a liquid, for
example, synthetic oil as a heat mediunith an operating temperature of 400°C. The heated fluid
circulates to the heat exchanger, where it transfers the heat to the water and turns it into saturated steam.
The steam then drives a turbine connected to a generator that produces electricity.
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PRIJEMNIK

OGLEDALO

Parabolic collectors

Another type of solar power plant converts the sun's energy directly into electricity using semiconductor
photovoltaic cells. The efficiency of these semiconductor converters is relatively small, so large areas of
solar panels are needed to obtain a centaimount of electricity. The advantage of this plant is a long
service life and easy handling, with minimal maintenance requirements, because the plant has no moving
parts.

The downside of all solar power plants is that there is no continuity in energy production because at night,
when there is no Sun, there is no electricity production.

When light particles (photons) fall on Stakdena o
silicon atom, electrons are ejected fror ==
. . P-tip

the crystal lattice. Due to this, an excess poluprovodnika \\ '
negative charge is created on one side \ SR
the semiconductor connection, an
current flows on the other side of the
positive chage.

Antireflektujuéi
sloj

Solar cells also have two metal grids, i
two electrical contacts. One is below th
semiconductor material and the other i s
above. The upper network or contac BolGproVOUAIES
collects electrons from the semiconductc

and leads them to the external consume

The electréal circuit is closed with the

lower contact layer.
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Photovoltaic cell array

2.2 Water power (hydropower)

Types of usable hydropower potential are reservoirs, watercourses of rivers and streams, tides, sea waves,
underwater currents and the like, and the basic hydropower parameters are flow, drop height, water
density, etc. Instruments for measuring hydroenetig parameters are flow meter for flow, altimeters or

laser altimeters for drop height and hydrometers or densitometers for water density.

Hydropower plants belong to facilities that use water as a renewable energy source. They played a
dominant role in the initial stage of the development of electrification in many countries.

Each hydroelectric power plant is designed separately, depending on:

amounts of water

meteorological conditions in the wider basin area,

height of water fall,

the specifics of the terrain (geological conditions prevailing on the watercourse), as well as
specific requirements (navigability of the river, irrigation, biological requirements for the
watercourse...).

MM NEMNMNR

Considering the way water is used, there are the following types of hydropower plants:

¢ Flowthrough HPPs in which water is used as it touches,
¥ Accumulation HPPs in which part of the water is accumulated, so that it can be used when the need
arises.

Special types of hydropower plants are:

¥ Pumped storage or reversible hydropower plants i
¥ Hydroelectric plants that use the energy of the sea (tides, wave energy, sea currents...).

When designing a HPP, not only energy use of water should be taken into account, but also the
requirements of agriculture (irrigation, drainage), water supply, navigation...
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The choice of HPP type depends on a number of factors that influence the rational and economical
construction of the plant, so it is impossible to specify rigid rules for choosing the type of plant.

The principle of operation of a hydroelectric power plant:

¥ Water from a river or lake comes through a system of canals or pipes to water turbines;

F Water turbines turn under the influence of water, and as the rotors of the turbine and the generator
are mechanically connected, the rotor of the generator turns and electricity is produced,;

¥ The produced electricity is delivered to consumers through a system of transformers and
transmission lines.

Small hydropower plants (mHP) are hydropower systems of smaller power, mostly built on smaller
watercourses, that is, on smaller rivers, streams, various canals, and even irrigation systems. In them, the
energy of these water streams is converted into usehergy, which ensures a relatively clean and reliable
production of electricity.

Small hydropower plants are mainly rafi-river power plants, and therefore do not require significant
earthworks and construction works and investments that are usually required by the construction of large
dams and reservoirs. The main difference betwéarge and small hydropower plants is in the installed
power, with the power limit that divides these hydropower plants different from country to country.
Regardless of the large deviations in certain countries from the point of view of the upper limgtatied
power (MHP from 1.5 MW to 30 MW), recently the value of the total installed capacity of up to 10 MW
(accepted in the EUESHA) is most often accepted as a standard.

A small hydro plant is not simply a scalgalwn version of a large hydro plant. In order to satisfy the basic
requirements that are set before it, specific equipment and devices are needed for its construction,
primarily in terms of simplicity, the amoumtf investment and the costs of operation and maintenance,

the way of operation, maximum reliability and safety, as well as simple use and maintenance by persons
who are not specialized in these tasks. The principle scheme of a small hydroelectric pawés phoown

in the picture.

. zahvat vode

. dovod vode

. mala hidroelektrana
. elektricna mreza

. potro3ac

The most common layout of the basic elements of a small hydroelectric power plant
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2.3 Sea and ocean energy

Sea and ocean energy is a renewable source of energy that uses natural phenomena in the seas and oceans,
such as tides, waves, sea currents and temperature differences between surface and deeper layers of
water. These phenomena can be used to produce elgty using different technologies.

Sea and ocean energy utilization systems do not emit carbon dioxide during operation, which contributes
to reducing pollution and mitigating climate change. Also, they can contribute to energy stability because
they use natural processes that are constartd predictable, reducing dependence on fossil fuels.
However, their wide application depends on the further development of technologies, reduction of
construction and maintenance costs, and compliance with environmental protection regulations.

Seas and oceans contain huge amounts of energy that can be used to generate electricity. The main sources
of this energy are: tidal energy, wave energy, ocean thermal energy (OTEC) and ocean current energy.

These sources differ in the mechanism of their formation and the technologies used for their exploitation.

Power plants that use tidal energy (renewable energy source) to drive turbines are a special type of storage
hydropower plants. Tides and ebbs (sea tides) occur under the influence of the Sun and the Moon on the
water in the seas and oceans. Sea tidesthaeeperiodic rising (tide) and lowering (low tide) of the sea and
ocean surface, accompanied by the movement of large water masses, and caused by the gravitational force
exerted by the Moon and the Sun on the water masses, in combination with the rotatitire Earth.

Because changes in tides cause fluid movement, i.e. of water mass (kinetic energy), it is possible to convert
that energy into electricity using special power plants. These types of power plants are not common
because their construction, maintenance anafitability currently require significant financial resources.
Today, only highly developed and rich countries have developed several such power plants, although many
countries have natural potential for their use.

The technology used for the conversion is very similar to the technology used in conventional hydroelectric
power plants. However, tidal power plants cannot operate continuously, but only during periods when the
tides occur.

Today, there are mainly two possibilities of using tidal energy:

£ by means of tidal dams (picture a) or
£ using tidal currents (picture b).
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a) Tidal dam b) Tidal currents

With tidal dams, the dam serves to prevent water from entering the basin/reservoir, as well as to collect
and gradually release the water when the tide begins to recede. Electricity is produced by opening the
shutter/lock and gradually allowing water toofk through the opening on the turbine. Energy can be
produced in one or both directions of water flow.
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Tidal currents are large amounts of water that flow through the oceans due to changes in the position of
the water - the movement of tides. This effect is most often observed in shallow areas where there are
natural constrictions where the water speed ireses significantly. The technology for using this energy
is similar to the technology for converting wind energy, with some important differences. Unfortunately,
this technology is still in its infancy, it is quite expensive and is only available irogedatountries.

The areas of the east coast of Canada as well as the west coast of France and Great Britain are areas of
pronounced tides. The largest measured difference between high and low tides, of 16 meters, was
measured in Canada.

Example of the difference between tides La Rance Power Plant

The most famous and at the same time the largest such power plant was built in 1966 in France. It is located
at the confluence of the La Rance river with the sea. In that area, the average high tide is 8m, and the
maximum is 13.5m. The power of the powdapt is 240MW.
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2.3 Sea and ocean energy

Sea and ocean energy is a renewable source of energy that uses natural phenomena in the seas and oceans,
such as tides, waves, sea currents and temperature differences between surface and deeper layers of
water. These phenomena can be used to produce elgty using different technologies.

Sea and ocean energy utilization systems do not emit carbon dioxide during operation, which contributes
to reducing pollution and mitigating climate change. Also, they can contribute to energy stability because
they use natural processes that are constartd predictable, reducing dependence on fossil fuels.
However, their wide application depends on the further development of technologies, reduction of
construction and maintenance costs, and compliance with environmental protection regulations.

Seas and oceans contain huge amounts of energy that can be used to generate electricity. The main sources
of this energy are: tidal energy, wave energy, ocean thermal energy (OTEC) and ocean current energy.

These sources differ in the mechanism of their formation and the technologies used for their exploitation.

Power plants that use tidal energy (renewable energy source) to drive turbines are a special type of storage
hydropower plants. Tides and ebbs (sea tides) occur under the influence of the Sun and the Moon on the
water in the seas and oceans. Sea tidesthegperiodic rising (tide) and lowering (low tide) of the sea and
ocean surface, accompanied by the movement of large water masses, and caused by the gravitational force
exerted by the Moon and the Sun on the water masses, in combination with the rotefitire Earth.

Because changes in tides cause fluid movement, i.e. of water mass (kinetic energy), it is possible to convert
that energy into electricity using special power plants. These types of power plants are not common
because their construction, maintenance anafitability currently require significant financial resources.
Today, only highly developed and rich countries have developed several such power plants, although many
countries have natural potential for their use.

The technology used for the conversion is very similar to the technology used in conventional hydroelectric
power plants. However, tidal power plants cannot operate continuously, but only during periods when the
tides occur.

Today, there are mainly two possibilities of using tidal energy:

E by means of tidal dams (picture a) or
£ using tidal currents (picture b).
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a) Tidal dam b) Tidal currents

With tidal dams, the dam serves to prevent water from entering the basin/reservoir, as well as to collect
and gradually release the water when the tide begins to recede. Electricity is produced by opening the
shutter/lock and gradually allowing water toofk through the opening on the turbine. Energy can be
produced in one or both directions of water flow.
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Tidal currents are large amounts of water that flow through the oceans due to changes in the position of
the water - the movement of tides. This effect is most often observed in shallow areas where there are
natural constrictions where the water speed ireses significantly. The technology for using this energy

is similar to the technology for converting wind energy, with some important differences. Unfortunately,
this technology is still in its infancy, it is quite expensive and is only available irogedatountries.

The areas of the east coast of Canada as well as the west coast of France and Great Britain are areas of
pronounced tides. The largest measured difference between high and low tides, of 16 meters, was
measured in Canada.

Example of the difference between tides La Rance Power Plant

The most famous and at the same time the largest such power plant was built in 1966 in France. It is located
at the confluence of the La Rance river with the sea. In that area, the average high tide is 8m, and the
maximum is 13.5m. The power of the powdapt is 240MW.

2.4 Energy of ocean currents

The power plant generates electricity using sea curreitta/orks like a kind of underwater windmill. Such
a test plant has already been installed off the southwest coast of England. To be able to use the currents
in both directions, the rotor blades cdre rotated by 180°.

The power plant consists of three main components: ariier high tower that serves as a pillar on which
the plant is mounted, a "drive room" that contains the control system, a connection to the electricity
transmission grid, a hydraulic system for ragsand lowering the plant, and a rotor that is attached to the
tower and forms the heart of the plant.

Strangford Lough Power Station
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2.5 Wave energy

Sea wave power plants are those that use wave energy (renewable energy source) to produce electricity.
The main cause of the generation of wave energy is the action of the wind (a consequence of the action of
the Sun) on the surface of the sea and ocednc&wave power differs from daily tides and constant
circular ocean currents, a favorable location must be selected for its use where waves are sufficiently
frequent and of sufficient strength.

Wave power is defined per unit area normal to the direction of wave movement. It can be as much as
10kW/m2, but it can also be around zero. For example, for the North Atlantic area, in the open sea between
Scotland and Iceland, 50 percent of the time, thave power is 3.9kW/m2 or higher.

Wave energy can be harnessed through surface and underwater devices, as well as reservoirs.

Surface devices (floating systentghese devices are moved up and down by waves on the surface of the
ocean, thus transferring energy to them.

Plutajuci Prenosnik
plovak A snagel
Povezne Sipke

Potopljeni
cilindar

Floating systems

Oscillating Water Column (OWE€Btructures that use water oscillations in chambers to create pressure
that drives turbines. The air in the chambers is pushed by the waves and thus drives the generator.
Example: Limpet in Scotland.

OWS system Islay LIMPET (Scotland)
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Wave  serpentine  devices  (surfac |

attenuators)¢ Long floating structures tha
bend under the influence of waves an
generate electricity. These technologie
mimic the way a snake moves in water ali
use mechanical connections to conve
energy. Example: Pahis Wave Energ)
Converter technology (Pelamis WEC).

Underwater devices range from balloon
like objects attached to the ocean floor t
long tubes that extend for great lengths
When the waves cause them to oscilla
they drive a turbine and generate electricit

Pelamis WEC

Underwater devices
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2.6 Ocean thermal energy (OTECOcean Thermal Energy
Conversion)

OTEC uses the temperature difference between the warm surface waters and the cold deep waters of the
tropical oceans to generate electricity. A larger temperature difference enables more efficient energy
conversion. Near the equator, the temperature diféeice between surface and deep water can reach up

to 25 °C, which makes this energy source a significant potential. OTEC power plants can operate 24 hours
a day throughout the year, using the thermal energy that the tropical seas constantly accumulate.

sparval _

topla morska -
voda26*°C -

Nadna morika woda (S0

Schematic diagram of the OTEC system Floating OTEC plant

There are three basic technologies in the OTEC system:

¥ Closed cycleUse a working fluid with a low boiling point, such as ammonia. Warm seawater passes
through a heat exchanger and transfers energy to the working fluid, which evaporates. The resulting
gas drives a turbine connected to an electricity generator. After thé gas is cooled and
condensed with the help of cold deep water, returning to the liquid state and closing the cycle.

F Open cycle Seawater from the warm surface layers is introduced into a chamber with reduced
pressure, where part of the water evaporates due to the low pressure. The resulting steam drives
the turbine, after which it is cooled by contact with cold deep water anddemses again into a
liquid.

¥ Hybrid cycleclt combines elements of closed and open cycle to increase efficiency. Hot water
evaporates the working fluid as in a closed cycle, while at the same time part of the water in an
open cycle evaporates directly under low pressure.
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2.7 Geothermal energy

Geothermal energy is a renewable source of energy that originates from the interior of the Earth and arises
as a result of the high temperature of its deep layers, which ranges between 4000°C and 7000°C. This heat
is the result of the natural decay of radictive elements such as uranium, thorium and potassium, as well

as the remains of thermal energy generated during the formation of the planet.

The temperature of the Earth's interior increases with deptt 80 to 100 km, the temperature of the
rocks reaches 600°C to 1200°C. This heat constantly flows towards the surface and can be used for
electricity generation, heating of buildings and induet processes.

Geothermal energy has a wide range of applications, from direct heating of space and industrial plants to
the production of electricity in geothermal power plants.

Geothermal power plants

Geothermal power plants use thermal energy from the interior of the Earth to produce electricity. Steam
or hot water from deep layers is fed to turbines that drive generators, which produce electricity. After
passing through the turbine, the steam is conded and the cooled water is returned to the underground
source so that the process can be repeated.

There are three basic types of geothermal power plants:

Dry steam power plantsthey use the oldest
way of converting geothermal energy int L T
electricity. Steam from the Earth's interior i para iztazi %)\ |

fed directly to a turbine, which drives . | [ |7 A o

generator. This type of power plant was fir | | oo ‘

used in 1904 in Tuscany, Italy. Today, th | T TR
are rarely usd due to the specific geologic: ] |

conditions required for their functioning.

Schematic representation of a dry steam power plant

Flash steam power plantghey use underground water under high pressure, which, upon reaching the
surface, suddenly turns into steam and drives the turbine. In this type of power plant, hot water is pumped
under high pressure to a loyressure reservoir where it is turned inttesm that drives a turbine. In this
process, the steam cools, condenses back into water, and returns to the interior of the earth to be reheated
and used. Most geothermal power plants are of this type.

Power plants with binary cycle In binary cycle M’z = “‘,‘1“ ‘\" N ‘,9} m
power plants, hot water from inside the earth i ‘f?g ; ,,: s )l \
used to heat another liquid to its boiling poir W:w ‘ L _u

when it turns into steam and drives a turbine = \ E .

These power plants are particularly suitable f g/ e S=_co e ) Lo

areas with moderate geothermal resources,
they enable the efficient use of lowe [ ||
temperatures. Also, they have a closed syste &
which reduces gas emissions and contributes
energy sustainability.

Schematic representation of a power plant with a binary cycle




MANUAL FOR INSTALLATION AND MAINTENANCE OF ELECTRICAL EQUIPMENT IN WIND

Direct application of geothermal energy

In addition to electricity generation, geothermal energy is directly used for heating and other practical
applications, enabling efficient and environmentally friendly use of thermal energy.

E

4
4
4

Heating of buildings Geothermal water is used for district heating of settlements and cities. In

Iceland, more than 90% of households use geothermal energy for heating.

Agriculture and aquacultureEnables the heating of the greenhouse, which extends the vegetation
period, as well as the controlled cultivation of fish and shellfish in warmer waters.

Industrial application It is used for drying agricultural products, pasteurizing milk and other

processes that require heat.

Geothermal heat pumps This technology uses shallow geothermal sources to heat and cool
buildings, increasing energy efficiency with low operating costs.

Although geothermal energy is considered a virtually inexhaustible resource, its widespread application
depends on geological conditions, exploration and drilling costs, and technical challenges such as pipeline
corrosion and mineral deposition in equipmten

Advantages of geothermal energy

E

4
4
4
4

Geothermal energy is a renewable source of energy if the hot water tank is properly managed, ie.
if the speed of energy extraction is not higher than the speed of natural tank filling.

Geothermal energy is clean, closed type and does not contribute to the creation of the greenhouse
effect.

It is economically profitable. Direct use of geothermal energy is much cheaper than energy obtained
using fossil fuels.

Energy generation is constant and does not depend on weather conditions.

Geothermal power plants require less space than thermal power plants, solar power plants or wind
power plants.
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2.8 Biomass

Biomass is a fuel that is obtained from organic matter, it is created from renewable and sustainable energy
sources and can be used to generate electricity or heat energy.

Some examples of materials that make up biomass -anaste wood, forest residues, certain crops,
fertilizer and some types of waste.

With a constant supply of wastefrom construction works and land clearing, to wood not used in paper
production, to solid municipal waste, the production of green energy can continue indefinitely.

Biomass is a renewable fuel source for energy production because residues will always/aststwood,
forest resources and mill residues.

Biomass energy is produced from renewable organic waste that is otherwise disposed of in landfills or
burned.

When burned, biomass energy is released in the form of heat. If you have a fireplace, you are already
participating in the use of biomass, because the wood that burns is actually biomass.

In biomass power plants, waste wood or other waste is burned to produce steam that drives a turbine to
produce electricity or that provides heat for industry or households.

Biomass is a rich resource: organic matter surrounds us, from forests and farmland to waste and landfills.
All biomass initially receives energy from the Stiranks to photosynthesis, biomass resources grow again

in a relatively short period of time coraped to fossil fuel sources that take hundreds of millions of years

to replenish. This means that we will certainly not run out of biomass for energy production.

Diverting waste to biomass power plants instead of landfills not only helps reduce the size of landfills and
mitigates these risks, but also uses materials that would otherwise be unused.

£ The principle of operation of biomass power plants is basically based on the thermodynamic
Rankine cycle, which uses the heat generated by burning biomass to produce steam or heat a special
working fluid. Steam at high temperature and pressure drives hiter connected to an electric
generator, which produces electricity. After expansion, the steam cools in the condenser, changes
to a liquid state and is returned to the boiler by means of a pump, which closes the cycle. At the
same time, part of the heatam be used for heating water and various technological processes,
which ensures more efficient use of available energy.

£ Biomass cogeneration plants simultaneously produce electricity and heat energy. Heat that would
be lost through condensers in classic power plants is used here for space heating, hot water
preparation or industrial processes. In this way, with minimaldssshe efficiency of the plant is
significantly increased and the utilization of biomass as a primary energy source is optimized.

E The Organic Rankine Cycle (ORC) is an increasingly common technology in biomass cogeneration
plants. The specificity of this technology is reflected in the use of an organic fluid with a lower
evaporation point, which enables more efficient heat converdimm lower temperature sources
and often facilitates the operation of smaller, decentralized systems. In this way, compared to
classic watessteam plants, ORC achieves better utilization of energy from biomass, especially when
dealing with lower combustio temperatures or limited amounts of heat.
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Schematic representation of the biomass ORC system

Apart from the initial costs to start up the plant, there are additional costs associated with extracting,
transporting and storing the biomass before generating electricity. This is an additional cost that other
renewable technologies do not have to tak#o account, as they rely on free egite resources such as
tides, sun, wind for fuel.

Total costs depend to a large extent on the type of biomass and how it is converted into electricity.
However, although biomass is often more expensive than alternative renewable energy sources, the most
expensive types of bioenergy are still equal to beaper than fossil fuels. Bioenergy does not require
drilling in the ground, which leads to a large reduction in monetary costs and an increase in the purity of
extraction.
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2.9 Wind farms

Wind power plants are systems consisting of several wind turbines connected into a single unit. They can
be smaller, with a few generators for local consumption, or large, with dozens or even hundreds of wind
generators placed in suitable locations. Acdorgto the position, they are divided into:

¥ Onshore wind farmsthey are installed on land, on plains or hilly areas with favorable winds. They
are characterized by easier construction and maintenance, but also lower average wind intensity
compared to offshore wind farms.

¥ Sea (offshore) wind farmsthey are built on seas and oceans, most often on shallow coastal areas,
where the winds are stronger and more stable. Although they enable greater energy production,
their construction and maintenance are technically more denmiagdnd expensive.

¥ Wind farms on mountain passesre placed on elevated terrain, where the wind accelerates due
to orographic effects, which enables more efficient use of energy.

F Wind farms in deserts use stable, dry climatic conditions with constant winds, although the
problem is sand erosion and specific protection equipment.

Examples of different types of wind farms

Hybrid wind farms

Hybrid wind farms combine wind energy with other energy sources, most often solar energy, diesel
generators or battery systems. These systems are particularly important in isolated locations, such as
islands, remote settlements and research stations, whes/er stability is essential without relying on a
centralized grid. Hybrid systems are often used on modern sailing ships with integrated propulsion
solutions, which increases energy efficiency and reduces fuel consumption.

The development of wind energy systems has significantly improved the utilization of wind energy in
various sectors. Wind turbines, wind power plants and wind turbines for special purposes enable the wider
application of this renewable energy source, theentributing to energy stability and reducing negative
impacts on the environment.
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A hybrid power plant that uses wave, wind and solar energy. Thecatled Hybrid Energy Converter (HEC)

Although today new energy sources are used to produce only a small part of the total energy needed by
the world, due to the numerous advantages of their use, this share should be significantly increased in the
near future.

Some of their most important advantages:

F These energy sources play a very important role in reducing the emission of carbon dioxide (CO2)
into the atmosphere, which is strongly emphasized in the energy policy of the European Union.

E Increasing the share of renewable energy sources increases the energy sustainability of a country's
system, as well as its economic and state independence. At the same time, it helps to improve the
security of energy supply and thus reduces the dependencthe import of energy raw materials,
fuel and electricity.

¥ In due time, most renewable energy sources are expected to become economically competitive
with conventional energy sources.

For greater use of energy from renewable sources, the developed ecological awareness of the population
is very important, as well as the political will to invest in plants for the production of theaied clean or
green energy.
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EXERCIS

Research work - Analysis of energy plants in the region:

Small hydroelectric power plants
Solar photovoltaic power plants
Biomass power plants
Geothermal

Quiz 1: Renewable energy sources:

https://forms.office.com/e/YZ1j2ZSCB0

Types of renewable electricity sources:

https://www.energyencyclopedia.com/en/free-downloads/videos/types-of-res-
and-the-use-of-renewable-56.

Comparing renewable electricity sources:

https://www.energyencyclopedia.com/en/free-downloads/videos/comparison-
of-renewable-energy-source-55.



https://forms.office.com/e/YZ1j2ZSCB0
https://www.energyencyclopedia.com/en/free-downloads/videos/types-of-res-%20and-the-use-of-renewable-56
https://www.energyencyclopedia.com/en/free-downloads/videos/types-of-res-%20and-the-use-of-renewable-56
https://www.energyencyclopedia.com/en/free-downloads/videos/comparison-%20of-renewable-energy-source-55
https://www.energyencyclopedia.com/en/free-downloads/videos/comparison-%20of-renewable-energy-source-55
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3. SAFETY AT WORK AND PROTECTION OF THE
ENVIRONMENT

3.1. Possible hazards to the health and safety of workers when
working on wind farms

Working in the environment of wind farms involves exposure to various factors of the work environment
that can negatively affect the health and safety of workers.

Factors of the working environment: extreme temperatures (high and low), relative humidity, w
sunlight, noise, vibrations, poor surface, work at heights, heavy loads;tésnmgincorrect body
position, presence of dangerous voltages, atmospheric outges, pollution, presence of
dangerous substances and chemicals, etc.

Extreme temperatures, both high and low, can cause serious health problems if workers are not
adequately protected. High temperatures, combined with direct exposure to sunlight, can lead to
heatstroke, dehydration and burns, while low temperatures incrahgerisk of frostbite and hypothermia.

The relative humidity of the air additionally affects the feeling of temperature and can make the body's
thermoregulation more difficult. Strong winds, which are characteristic of areas where wind farms are
located, not only make it difficult to carry out work, but can also cause loss of balance, especially when
working at height.

W
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Weather conditions Lifting heavy loads Danger of high voltage

Noise and vibrations from the operation of generators and other power components can damage hearing
in the long term, cause headaches and negatively affect the nervous system. Continuous exposure to
vibration, especially in workers who operate tools or tipaachinery, can cause circulatory disorders and
problems with the musculoskeletal system. Bad ground on the construction site, uneven and slippery
terrain, as well as the presence of obstacles represent an increased risk of falls, sprains and fractures.

Working at height is one of the most dangerous activities in the construction and maintenance of wind
farms. Workers often have to perform tasks on wind turbine towers and nacelles, where they are exposed
to the risk of falling from great heights. Safetarhesses and proper use of collective and personal
protective equipment are key to minimizing risk. Carrying heavy loads during ascent and descent further
increases the load on the musculoskeletal system and can lead to injuries to the spine and joints.




MANUAL FOR INSTALLATION AND MAINTENANCE OF ELECTRICAL EQUIPMENT IN WINC

Longterm incorrect body position during work can cause pain in the back, neck and shoulders, which over
time can result in chronic diseases.

In addition to physical hazards, the presence of electricity in the work environment poses a serious risk.

Possible sources of danger from high voltage: direct contact with live parts, approaching
voltage device parts, too high contact and step voltage, electric arc, induced voltage, res
voltage, static electricity, influence of electric and magné#tds, atmospheric overvoltages, etc

Direct contact with live parts can cause serious injury or death, while approachingdligige installations
without proper protection carries the risk of induced voltage. High contact and step voltages can cause
serious burns and internal tissue injusieand electric arcs can cause thermal damage to the skin and eyes.
The regulations set the limit value of contact voltage that is dangerous to human life and health, and it is
50 V for alternating current (for 50 Hz) or 120 V for direct current. Highleegaf touch voltage increase

the risk of electric shock, heart fibrillation and thermal tissue damage, depending on the duration of
exposure and the electrical resistance of the body. Induced and residual voltages represent additional
sources of dangerespecially during the maintenance of systems that are temporarily switched off, while
static electricity can cause unpredictable power incidents. The effect of electric and magnetic fields on the
human body is still a subject of research, but it is hadi that longterm exposure can cause health
problems. The presence of atmospheric surges, especially during storms, further increases the risk of
lightning strikes and damage to electrical equipment.

Step and touch voltage:

https://www.youtube.com/watch?v=8sPp8G8a48E.

The effects of electric current on the human body can be thermal, mechanical, electrochemical and
biological. Thermal effects are manifested through burns and tissue destruction due to the high

temperatures that occur during an electric shock. Mechanitfalots include muscle spasm, which can lead

to loss of control of movement and serious injury. Electrochemical effects are reflected in changes in blood
composition and damage to the nervous system, while biological effects include disturbances in the work
of the heart, which can result in cardiac arrest.

The picture shows the action of electric current on the human body, where the effects that occur and
depend on the strength of the current are given.



https://www.youtube.com/watch?v=8sPp8G8a48E
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Effect of electric current on the human body

In addition to electrical hazards, the presence of dangerous substances and chemicals in the work
environment can cause poisoning, skin and eye irritation, and respiratory problems. Different chemical

preparatio

ns are used in certain segments of work, Whi€ not properly stored and handled, can cause

serious consequences for the health of workers. The presence of pollution in the air, especially in the form
of dust and fine particles, can cause lelegm lung damage and increase the risk of occupational
respiratory diseases.

Another important aspect is the risk of fire.

Sources of fire danger: short circuits and overloads in electrical installations, defective elec
components, accumulation of flammable material, increased temperature, etc.
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Fires  represenain additional
threat to the safety of workers,
because in power plants they ofte
occur due to short circuits ant
overloads in electrical installations
Faulty  electrical components
damaged cables and inadequal
equipment maintenance can increas
the risk of fire. Accumulation of
flammable materials, such as oils ar
lubricants used in mechanical parts
turbines, further increases the
possibility of flame spread. Th
increased temperature of  the
components can cause seégition,
especially ifthe cooling systems are
not functioning properly.

Fire hazard

In the event of an accident, quick and proper first aid can be crucial to saving a life. Knowledge of basic
resuscitation procedures, providing assistance in case of burns, fractures and electric shocks enables
workers to respond adequately in emergencyuations. Evacuation plans and training for emergency
situations play a key role in minimizing the consequences of accidents and protecting the health of
employees. There is a constant risk of electric shock in all working and auxiliary rooms, as well as o
construction sites with electrical installations and devices. The consequences can be harmless or fatal,
depending on a number of factors. Electric shock can cause mild or severe health damage, depending on
the circumstances of the accident.

The procedure for rescuing the victim depends on whether it is low or high voltage. The first step is to turn
off the voltage in the part of the plant or installation with which the victim is in contact. In the case of low
voltage, the voltage is switcheaff with a switch, by removing the plug or fuse, and if this is not possible,
the victim is separated with insulating objects such as hooks, poles or pliers adapted to that voltage. The
rescuer must stand on a dry surface and avoid contact with wallst@rgiersons. In no case should the
casualty be touched directly.

In the case of high voltage, disconnection can only be performed by a professionally trained person. Before
disconnection, the casualty must not be approached or touched, even with isolated means. After
disconnection, disconnected parts must be eartheddsefassistance is provided.
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Freeing the casualty due to electric shock

After release, it is necessary to check the condition of the vietimeathing, pulse and possible bleeding.
If it is bleeding, the bleeding should be stopped first. In case of cessation of breathing or heartbeat,
immediately start:

£ artificial respiration,
¥ external heart massage,
¥ combined methods of resuscitation in case of apparent death.

Immediately notify the health care facility of any accident.

The safety of workers in wind farms depends on the correct application of the prescribed safety measures
at work, the use of appropriate protective equipment and continuous training. Awareness of potential
hazards and compliance with preventive measureslay factors in preventing accidents and ensuring a
safe working environment.
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3.2. Application of safety and protection measures at work during
the performance of works on wind power plants

When carrying out work on wind farms, it is crucial to implement safety and occupational health and safety
measures in order to reduce the risks of injuries and accidents. The methods of work in relation to the
presence of voltage are divided into worksardeenergized state, works near voltage and works under
voltage. Works in a denergized state imply complete disconnection of the power supply with the
implementation of prescribed protection measures to prevent unintentional reactivation. Working near
voltage requires additional precautions, including the use of protective barriers and safety distances.
Works under voltage are carried out with special technical and organizational measures, as well as the use
of specialized equipment and isolation tools.

Protective means and equipment are divided into personal and collective. Personal protective equipment
includes helmets, goggles, visors, gloves, protective clothing and footwear, safety belts and equipment for
working at height. Collective protective mesinclude isolation barriers, protective partitions, warning
signs and means for securing the working space. Correct selection and use of protective equipment are
key to minimizing risks at work.

Safety measures at work are based on the application of the "five golden rules" of safety, which include
disconnecting the voltage, securing against reconnection, checking the absence of voltage, grounding and
short-circuiting, and fencing and marking thrk area. In addition, it is important to use insulating guards,
plates and covers to prevent accidental contact with live parts. Installation of fences, tapes and warning
signs additionally contributes to the safety of the work area.

Safety measures:
w "five golden rules",
® installation of insulating protective partitions, plates, coverings,
® installation of fences and warning signs, fencing of workplaces, etc.,
prohibition of working under voltage, etc.
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1. Vidljivo odvoijiti
od napona

| 2. Spreciti ponovno
i ukljucenje

oy

3. Indikatorom
proveriti
beznapanske,
slanhie

4. Uzemljitii
kratko spojiti

5. Ograditi od delova
pod naponom

Five golden rules

Before starting the work, it is necessary to check the correctness of protective means and equipment.
Every protective helmet, glove, belt or other element must be technically correct and meet the prescribed
standards. In addition, it is mandatory to inBtemeans for marking and securing the work area, including
protective fences, tapes for marking works and temporary traffic signals.

Personal protective equipment safety
helmets, safety glasses, visors, weldi
shields, ear protectors, dust mask
protective gloves, amtvibration gloves,
protective clothing, safety shoes, safe
belts and equipment for working at heigh

"@%@Kl
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3.3. Implementation of safety measures and personal protection
measures when working at height in wind power plants

When performing work at height in wind farms, workplaces include different locations, such as wind
turbine towers, access platforms, gondolas and specially arranged access systems. These locations require
special attention due to specific hazards, as woskeperate at great heights, often in adverse weather
conditions, and on surfaces that may sometimes be inadequately prepared or improperly maintained.

Locations of work at height: building roofs (sloped and flat), building facades, column struct
towers, parking canopies, etc.

Equipment required for work at height

The use of personal protective equipment when working at height is a key protection measure. Workers
must be equipped with protective helmets, safety belts, specialized equipment for working at height and
other personal protective equipment necessary t@pent injuries.

When performing work at height, it is necessary to thoroughly record the factors of the working
environment. For example, when inspecting a wind turbine, workers should pay attention to weather
conditions- wind speed and direction, temperature and the jgdslity of precipitation- as well as to the
condition of the working surface, including the stability of access platforms and any obstacles that may
affect safety. Detailed recording of these factors enables potential risks to be recognized in time and
adequate protection measures to be taken.

The implementation of safety measures for the safe performance of work at height implies the
implementation of all prescribed safety procedures. This includes the installation of protective fences and
barriers at workplaces, the use of fall protection gyss, securing workplaces using safety belts, anchor
points and specialized equipment for working at heights, as well as regular inspections and maintenance
of access systems. Also, it is extremely important to ensure constant communication between veortters

to implement detailed evacuation procedures, so that in the event of an emergency, one can react quickly
and efficiently.
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QUIZ

Emergency evacuation simulation:https://www.youtube.com/watch?v=UWSckm8zTc8.

Use of protective equipment:

https://www.youtube.com/watch?v=nA90C--tg50



https://forms.office.com/e/gbHp9CACVp?origin=lprLink
https://www.youtube.com/watch?v=UWSckm8zTc8
https://www.youtube.com/watch?v=nA9oC--tq50
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PRACTICAL EXERC

Task 1: Evacuation simulation
Material and tools:

Seat belt with buckles,

Carabiner clips,

Anchor points,

Communication equipment (radio or mobile device),
Simulation protective equipment.

Procedure:
1. Preparation of safety equipment

Install the seat belt and fasten it properly according to the manufacturel
instructions.

Check that all seat belts are properly adjusted and secured before starting
simulation.

Attach the safety belt to the anchor point using the appropriate carabiner cl
Ensure that the anchor point is stable and can support the load.

Evacuation planning

Communicate with team members and establish an evacuation plan.
Determine the roles: one person in charge of communication with the ba:
another for checking the equipment.

Emergency simulation

According to the instruction of the instructor, simulate an emergency situatic
(a fall or the need for evacuation).

Follow the evacuation plan in a coordinated manner:

Notify the team.

Secure the evacuation site.

Carry out the procedure of lowering or extracting workers.

Simulation analysis

After completing the exercise, analyze the evacuation procedure.

Identify possible mistakes or areas for improvement.

Discuss with the instructor and the team to improve the speed and efficier
of the reaction.
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PRACTICAL EXERC

Task 2: Simulation of rescue from height

Material and tools

Safety net,

Rescue system (ropes, pulleys, carabiners),
Seat belts,

Communication equipment,

First aid.

Procedure:
1. Preparing the rescue system

Review the safety net and rescue system.
Check the condition of the net and fastening elements.
Ensure that the net is placed stably.

Emergency simulation

Simulate the fall of a worker from a height.
Demonstrate the correct team response.

Performing a rescue

Communicate with the team and ensure the stability of all work platforms ai
safety equipment.

Using the lowering or lifting system, apply the appropriate technique f
evacuating the injured worker.

Correctly fasten the safety belts of the rescued worker and secure him until
team lowers him to a safe place.

Rescue procedure analysis

Discuss any challenges during the simulation.
Evaluate the effectiveness of the response and the safety of all involved te
members.
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3.4. Implementation of measures to reduce the negative impact of
wind power plants on the environment

Environmental protection is one of the key aspects in the construction and exploitation of wind power
plants. Given the fact that renewable energy sources play a significant role in reducing greenhouse gas
emissions, it is also important to recognize amirol the possible negative impacts of these plants on

the ecosystem. Sustainable management of natural resources, protection of biodiversity and proper
disposal of waste represent the basic principles of responsible business in the field of renewatgg ene
sources.

Wind farms can have multiple negative impacts on the environment. First of all, the construction of wind
farms can lead to habitat degradation and changes in the landscape, which can affect flora and fauna. Also,
the rotating blades of wind turbines poseriak to birds and bats, especially in migration corridors. The
noise produced by the turbines can negatively affect animal species and local communities. In addition,
electromagnetic interference resulting from the operation of power plants can affectnconication

systems and radar devices. The Danish company Vestas has developed blades with jagged edges inspired
by owl feathers, which reduce noise by 10 dB compared to standard blades.

Waste management procedure: waste identification, waste sorting, waste packaging, waste lak
waste transport, waste storage, recycling.

In order to reduce the negative impact of wind farms on the environment, it is necessary to implement a
series of measures. Proper planning of the locations of wind farms enables the reduction of negative
effects on the ecosystem, while respecting biol@fjicorridors and protected areas. The use of noise
reduction technologies, such as blade design optimization and active turbine control systems, can
significantly reduce negative impacts on fauna. Also, the implementation of a system for monitoring the
movement of birds and automatically turning off the turbines during critical periods of migration is an
effective preventive measure.

In Spain, wind farms near bird migration routes are equipped with radars that automatically stop the
turbines when a flock of birds approaches, reducing the number of collisions.

N,

Stopping the wind turbine during bird migration

The recycling of wind turbines and other equipment of wind farms after the end of their useful life is
essential for reducing waste and protecting natural resources. The implementation of the circular economy
in the sector of renewable energy sources cdmttes to reducing the ecological footprint and optimizing
resources.
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It is estimated that by 2050, 43 million tonnes of wind turbine blades will have reached the end of their
life, making them a key waste management issue. The shovels are made of a durable polymer composite,
but it is precisely this strength that makes thatifficult to recycle.

Currently, many blades are disposed of in landfills, which is not sustainable. Some European countries have
already banned this practice. The expected lifetime of wind turbinesg8@@ears, and the global capacity

of wind farms is growing rapidly. In aer to achieve energy neutrality by 2050, it is necessary to
significantly increase the installation of new capacities, which implies the use of millions of blades.

Recycling of wind turbine blades

More than 90% of wind turbine components can be recycled, including steel, copper and aluminum from
towers and nacelles. However, paddles are a challenge due to their size and material. Their transportation
is complex, because newer blades reach a lengitbver 100 meters, and wind farms are often in remote
areas.

Innovation is key to solving problems. The researchers recommend switching to thermoplastic resins that
can be remelted and reused.

One costeffective method is the mechanical grinding of fiberglass for use in cement production, while
cement coprocessing involves burning the blades in kilns. GE Renewable Energy has already implemented
this practice. The German firm Enercon uses carcrdcycling systems in which the metal components of

the turbines can be reused in new wind turbines, thus reducing the need for raw materials. GE Renewable
Energy uses recycled blades in the cement industry, thereby reducing CO2 emissions in cemagtigurodu

It is necessary to continue developing solutions that will ensure a sustainable future for wind energy and
reduce the environmental footprint of the industry.
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PRACTICAL EXERC

Task 1: Waste management at wind farms
Material and tools:

Containers for different types of waste (plastic, metal, paper, electronic was
hazardous waste),

Labels for categorizing waste,

Waste bags and containers for chemicals,

Regulations on ecological waste disposal,

Gloves and protective equipment.

Procedure:
1. Waste identification

E Inspect the premises of the wind power plant and identify the types of was
generated during operation and maintenance.
Categorize waste into general, electronic, hazardous and recyclable waste

Waste sorting

Sort waste according to environmental standards and regulations.
Mark the containers according to the type of waste (eg paper, metal, plas
electrical and electronic waste, hazardous waste).

Packaging and labeling of waste

Properly pack waste using adequate bags and containers.
Label each container according to the type of waste and disposal instructio

Storage and recycling

Properly store waste until it is taken over by authorized services.
Determine the possibilities for recycling and reuse of certain materials (me
and electrical waste, plastic).

Final check:

Check that all waste is properly sorted and labeled.

Inspect the storage area and ensure that environmental regulations ¢
followed.

Discuss the possibilities of improving the process of recycling and reust
materials.
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PRACTICAL EXERC

Task 2: Application of protective equipment during the implementation o
environmental protection measures

Material and tools:

4
4
4
4

Personal protective equipment (gloves, masks, protective suits, footwear),
Hazardous waste containers,

Labels for chemicals and hazardous materials,

Standard procedures for handling waste materials.

Procedure:

1.
4

Z

Preparation of protective equipment

Choose appropriate protective equipment according to the type of waste bei
handled.
Check the correctness and functionality of the equipment before use.

Proper handling of waste and chemicals

Identify hazardous materials and chemicals according to labels.

Use protective gloves and masks when handling chemicals.

Close and store chemical containers properly to prevent leakage
contamination.

Packaging and transportation of hazardous waste

Properly package and label hazardous waste according to prescril
standards.

Use appropriate containers and labels for hazardous materials.

Transport waste in accordance with safety procedures and environmer
standards.

Final check:

7
7
7

Review the correct application of protective equipment during th
performance of all steps.

Ensure that waste materials are properly packaged, labeled and prepared
transport.

Discuss potential risks and ways to improve environmental protecti
measures in the wind farm.
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4. WIND ENERGY

Wind can be described in the simplest way as a flow of air masses that occurs due to the difference in
temperature or pressure on the Earth's surface. And the wind, like a significant number of other available
energy sources, is a consequence of the Saot®on on the Earth, and belongs to renewable energy
sources.

Air flow causes friction, i.e. loss of kinetic energy 360
contact with a solid surface, which results
differences in flow speed in space and time.

Wind is most often described by two simpl
components: direction and strength. A weather vai
is used to determine the direction, and we mark
with the side of the world it comes from.

Winds located at heights of 1000 m above the Eart
surface are not affected by the Earth's soil. On t
other hand, surface winds up to 100 m height depe
on the ground.

It is precisely the surface winds that are important f
the analysis of wind energy efficiency as required
wind farms.

Wind directions

Local winds are driven by differences in the temperature of land and sea as well as valleys and plateaus.
Although global winds are important in determining the prevailing winds in a particular area, local climate
conditions can override the influence ofgvailing wind directions. Local winds are always added to larger
scale wind systems, ie. wind direction is influenced by the sum of global and local effects. When the upper
scale wind is weak, the local wind may dominate the pattern.

P
2
£ P-wind power in W
£ ’ -air density in kg/m3
E v-speed of wind flow m/s
E A-turbine area in m2

It can be seen from the equation that the power P increases proportionally with the third potential of the
wind speed and the area tifie turbine A.

Wind power cannot be calculated without measuring the wind speed in a certain area over a period of a
year and several days. Wind speed changes within fractions of an hour.

Wind strength is traditionally expressed by the Beaufort scale.
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Table: Beaufort scale

Beaufort Description _ ‘ Speedat 10m above ground
designation, P Operation
Bf of the win ‘ m/s km/h knot
0 Silence Smoke rises stralghntqgs,eﬂags and leaves do 1 0.0-0.4 0.0-14 0.0-0.9
One does not feel it, but the smoke no longer
1 Lahore rises uniformly, the weather vane does not | 0.4-1.8 0.4-6.5 0.9-35
move
2 Breeze You can feel it on your face, the leaves start t 1.8-36 6.5-13 35-7
flutter and the weathervane starts
3 Light wind The leaves are _constant_ly swaying and rustlin 36-58 13-20.9 711
the light flag is swaying
Moderate Dust, dry leaves and pieces of paper rise fron
4 wind the ground, the flag unfurls, smaller brancheg 5.8-8.5 20.9-30.6 11-17
sway
Moderatel Large leafy branches and small trees are
5 ey swaying, people are uncomfortable, small wav{ 8.5-11 30.6-39.6 17-22
strong wind
are created
6 Strong wind It buzzes on_c.)bjects, wires whistle, big branch 11-14 39.6-50.4 2928
sway, it's hard to carry an umbrella
7 Strong wing | 11 €es are constantly swaying, thewaves @ 1) 17 | 594.612 | 28-34
foaming, it is difficult to walk
8 Stormwind | Tk rees are swaying, large branches arel ;o) | 615 756 | 34-41
breaking, walking is impossible
9 Strong Small objects are moved, roof tiles are moveq 21-95 75.6-90 41-48
storm wind damage to houses occurs
10 Hurr_lcane Trees are felled and upro_otgd, causing majol - o 90-104.4 48-56
wind damage to buildings
strong Great damage over a larger area, devastatin
11 hurricane g 1arg ' 20-34 | 10441224 | 5665
. action
wind
12 Hurricane Heavy devastation of the entire area 43 154.8 65

1 m/s = 3.6 km/h = 1.944 knots
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4.1. Basic applications of wind energy

For some more serious assessments, how this resource could be used for the purpose of obtaining
electricity, detailed analyzes must be made.

Today, in the presence of modern technology, the use of wind energy for the purpose of electricity
production is much easier and wind generators are used for this. There is no single, generally accepted
international consensus related to the definitionafvind farm, but there is a widespread belief that wind
farms are one of the most ecological ways of producing electricity today.

Humans have been using wind energy for at least 5,500 years. Some examples are that the boat with sails
has been used for at least 5000 years, and architects have used controlled wind for natural ventilation
since ancient times. With ups and downs, mairgiated to the rise and fall of oil prices, the development

is particularly accelerated after 2000 with the continuous rise of oil prices.

It is precisely wind power plants that play an important role in the distributed production of electricity.
They are built and placed in areas with high wind utilization. Such areas are often located within relatively
low-voltage parts of the network thadre located in rural areas, which makes their efficient connection to
the distribution network much more difficult. The use of wind farms could provide relatively cheap
electricity, but it is necessary to meet a number of conditions such as specific eguigmd devices, the

ideal location for the construction of a wind farm, conditions for its construction and operation.

The main advantage of wind farms compared to conventional sources of electricity is the absence of fuel
costs. Namely, the main indicator that wind power plants have a bright future are a relatively small impact
on the environment, a shorter constructioreiod compared to other sources, a long lifespan, and the
most important thing for investorsa quick return on invested capital. The use of wind energy is the fastest
growing segment of energy production from renewable sources.

In the last few years, wind turbines have been greatly improved. However, it is clear that wind power plants
will never reach the load factor as, for example, thermal power plant, because it is by its nature a different
source and depends on natural coridits, but at the same time, wind power plants have free and
unlimited renewable fuel.

Wind farms also save the fuel needed to generate electricity from fossil fuel power plants. If a KWh is
produced from a wind farm, the fuel needed to produce that KWh in a conventional fossil fuel plant is
saved. In unfavorable conditions such as a strstogm or a storm that will affect the operation of wind
power plants, it is possible to stop wind power plants, however, the stoppage of wind power plants under
these conditions can be extended for several hours, which shows that stopping wind power iplants

as dramatic a case as the outage of a larger power plant (e.g. thermal power plant 300 MW) from the EES,
in a much shorter time.

One of the oldest windmills is the De 1100 Roe (pictured) built in 1674 and its first role was to keep the
land below the sea dry. It was moved in 1965 because it was no longer so important and needed. Today it
is sometimes used to pump water to the neighing sports park.
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Windmill De 1100 Roe

Installed capacities of wind farms in the world and market growth forecast

The total installed capacity of wind power plants in the world is constantly growing, led by technological
progress, reduction of production costs and increasing investments in renewable energy sources. The
global wind power market is characterized by papacity growth, led by regions such as Europe, North
America and Asia, and especially China, which today has the largest share of total installed capacity.

2000+ Instalisani kapacitet
1750}

1500

-
N
wv
o

1000

Kapacitet (GW)

750

500

2501

1995 2000 2005 2010 20l15 20l20 20I25 2030
Godina

Graph: Growth of installed capacities of wind power plants
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Trends show that onshore capacity is developing at a steady pace, while the offshore wind sector is
experiencing significant growth thanks to improved turbine efficiency, higher utilization factors and
support for decarbonisation policies.

It is predicted that in the coming decades, wind farms will become the dominant source of electricity in
many countries. The global energy transition and set climate goals are encouraging increased investment,
and predictions suggest that by the middletb& 21st century, installed wind power capacity will exceed
fossil fuel generation in many parts of the world.

China

USA

Zave

Germany

3

Dr:

India

Spain

0 1(IJ{) Z(I)D 360 460
Kapacitet (GW)

Chart: Installed capacities of wind farms in 2023

Advances in energy storage, development of smart grids and digitization of the power system will further
increase the efficiency and reliability of wind farms, reducing dependence on fossil fuels and ensuring a
stable supply of electricity.

EXERCISE

Research the installed capacities in your region and compare them with the world market in the
field of wind power plants.
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4.2. Characteristics of wind farms

4.2.1. Definitions of wind turbines and wind farms

Today's systems for harnessing wind energy are wind turbines. Wind turbine is also known as wind
aggregate and wind generator. A wind power plant is a device that converts the kinetic energy of the wind
into electrical energy. It consists of one or morendiiturbines that, by means of rotating blades, drive a
generator that produces electricity.

A wind turbine is a rotating machine that converts the kinetic energy of the wind first into mechanical
energy, and then through electrical generators into electrical energy. The rotor of the wind turbine and
the rotor of the electric generator are locateh the same shatft.

Wind turbines are cold machines, which means that they convert the energy of a natural fluid that has an
ambient temperature. The main characteristic of wind as a driving fluid is its renewable nature. After the
air leaves the system to which it gave engri returns to the environment with unchanged physical and
chemical properties. The remaining energy of the fluid at the exit from the turbine is sufficient for it to
leave the system.

The principle scheme of wind energy conversion into electrical energy is given in the figure.

Vetrotubina

Principle scheme of wind energy conversion into electrical energy.

The principle of operation of a wind turbine:

https://www.youtube.com/watch?v=gSWm nprfqE.



https://www.youtube.com/watch?v=qSWm_nprfqE
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4.2.2. Types of wind turbines and their characteristics
According to the type, wind turbines can be divided into several categories

£ according to the position of the shaft,
£ according to the type of wind turhine,
£ according to rotation speed (with constant rotation speed, with variable rotation speed).

4.2.2.1. Wind turbines according to shaft position

According to the position of the axis, wind turbines can be divided into those with a horizontal axis and
those with a vertical axis.

Wind turbines with a horizontal axis of rotation or VSHO

Turbines with a horizontal axis of rotation are those whose axis is parallel to the direction of the wind
current and the ground. Most commercial turbines are of this type. The most common are wind turbines
with 3 blades, and sometimes you can see modeth & blades. They have a rotor, a shaft and an electric
generator located in a cabin on top of a tall pole, so they must face directly into the wind, for which they
use a sensor paired with a servo motor. VSHO turbines can be divided into those facimgiddvand

those facing away from the wind. The vast majority face the wind, because in this way the impact of the
turbulence that occurs behind the turbine is avoided. The main advantage offatiiclg VSHO turbines is

that they do not have to be equippedith turbine turning mechanisms, but they are not as reliable and
durable as "regular" VSHO turbines.

As already mentioned, most modern wind turbines have 3 blades and an electronic system that directs
them towards the wind. They have a high peripheral speed (several times higher than the wind speed), a
high degree of utilization, and good reliability. Thiades are usually painted gray to blend in with the
surrounding clouds. Shovels can be from 20 to 50 or more meters long. Steel towers vary in height from
about 60 to 100 or more meters in height. Tower design is an important factor in horizontal ads wi
turbines because at higher altitudes the wind flows faster. To illustrate, with a doubling of altitude, the
wind speed increases by 10% during the day and between 20% and 60% during the night. For VSHO, the
height of the tower is usually taken to be @ 8 times greater than the length of the blades. The blades
rotate at a speed of 10 to 22 revolutions per minute. That speed is increased by means of a transmission
system (reducer) and transmitted to the electric generator.

Advantages of horizontal axis wind turbines:

£ The main advantage is greater efficiency in the production of electricity.

£ Placing on tall towers allows access to higher wind speeds.

E The blades are located on the side, when viewed from the center of mass of the wind turbine, which
improves stability.

£ The ability to turn the blades, which gives greater control, allows the optimal arc to be set, so that
the wind turbine uses the maximum of the wind's energy.

£ The ability to fix the blades in a storm, which minimizes potential damage.

Disadvantages of horizontal axis wind turbines

E Most of these wind turbines require a system to turn the turbine, which makes it even more
expensive.

£ Problematic operation in low altitude winds that are often turbulent.

£ Tall towers and long turbine rotor blades are problematic for transport both at sea and on land.
Transport costs can take up to 20% of the total equipment costs.

£ VSHO turbines are problematic to install, as they require very tall and expensive cranes.
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¢ Structures facing downwind have reduced durability and reliability due to the turbulence they are
exposed to.

Wind turbines with a horizontal axis

Wind turbines with a vertical axis of rotation or VSVO

Their main characteristic is that the axis of rotation is placed vertically. The main advantage of this
configuration is that the turbine does not need to be pointed directly into the wind to be efficient. This is
an advantage in locations where the winglattion is quite variable. Therefore, the VSVO turbine can use
energy from different wind directions. Vertical axis wind turbines can be placed closer to the ground and
do not need tall towers, making them more affordable to maintain. The downside isnimat speeds at
lower altitudes are much lower, which entails the fact that less energy is available for transformation. In
addition, the air flow near the ground and other objects is often turbulent, which means more frequent
vibrations, and faster bearqiwear and a shorter life as a result. However, if a wind turbine is placed on
the roof of a building, it redirects the flow of wind which significantly increases (sometimes doubles) the
speed of the flow.

VSVO turbines can be roughly divided into Darius and Savonius turbines.
Darius turbine

The Darius turbine has long thinsBaped blades that
are joined at the top and bottom of the vertical axis.
is most often made with 2 or 3 blades. They have gc
efficiency, but also produce significant cyclic stres:
that lead to lower reliability. Ko, they require an
external power source, which helps them in starti
due to the weak starting torque. Due to less stabilit
they have to be supported by metal cables, which is 1
always practical. With newer constructions, this is r
always the casebecause they have an extern:
substructure attached to the top bearing.

Lopatice rotora

Darius turbine
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Spiral Gorlov turbine

The Gorlov turbine was created as a desi
improvement of the Darius turbine. She ust
spiral paddles. It solves some problems of t
Darius turbine, first of all, it can start by itself, thi
is, it does not need an external electrical sourc
so vibratims and noise are reduced. Its efficien
(up to 35%) is comparable to the best VSl
turbines.

Gyromil turbine

This is another subtype of the Darius turbine th
uses straight blades rather than curved blade
Allegedly, Russian scientists managed to impre
the efficiency of this turbine to as much as 38%

Gyromil turbines

H type turbine

One of the welknown constructions is the Hpe,

where the blades are placed parallel to the axis
rotation. Compared to the usual Darius turbine, tt
is a simpler construction, but the problem is thi s
the mass of the blades is displaced relativebet
bisector of the tower. For this reason, the blad:
must be stronger.

H type turbine

Cycloturbines

This wind turbine construction is similar to thetype, the difference being that the blades have the ability

to rotate around their axis. This allows the blades to be positioned so that they always capture some angle
of attack of the wind. The main charristic of this type of turbine with three or four blades is that the
torque is approximately constant. Due to the rotation system, almost the maximum possible torque is
obtained, which contributes to increasing the usefulness of such a wind turbinehwiiéans that we get

more energy. A positive feature is the possibility of stirting by turning the blades in the optimal
position to generate a sufficiently large buoyancy force for starting. On the other hand, the turning
mechanism is complex and reiges some kind of sensor to determine the direction of the wind.

In addition to vertical constructions, there are also horizontal constructions of the Darius wind turbine,
which greatly facilitates and expands their range of application. The advantage is that the bearings are
better placed on the structure and are thdoge less axially loaded. With this construction, the turbine is
placed at a certain height where it captures an evenly distributed wind speed, thus avoiding the problem
of low speeds on the part of the turbine that is near the ground. The negative asp#uis construction

is the impossibility of capturing the wind from all directions (as with VSHO), so the spectrum of their
application is reduced.
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Horizontal designs of Darius wind turbines

Savonius wind turbine

This wind turbine is the brainchild ¢
Finnish engineer Sigurd J. Savonius. Th
the first construction of a vertical winc
turbine, and it was created in 1927
Sometimes it can have three blades. Tl ‘
type of wind turbine works on the principle £
of thrugt force. Viewed in crossection, the §
turbine has the shape of the letter ¢
Because of the roundness, the blac
generates less thrust when moving agair
the wind with the convex side than whe §
moving in the direction of the wind witr
the concave side. Ithis way, the thrust is
always stronger in one direction an Spiral Savonius wind turbine
rotation occurs. Due to this principle ¢

operation, these wind turbines provid

much less energy than lift turbines of th

same size.

Such wind turbines have a very simple construction, so they are used in cases where price and reliability
are more important than efficiency, e.g. at anemometers. Another use of this principle appears on the very
famous Fletner fan. It is used on the roafshouses or buses and serves to ventilate the space, and it is
driven by the power of the wind. You can also sometimes see advertising signs in the shape of this wind
turbine, their goal is to rotate the advertising sign to attract attention.

There is also a construction of this type of turbine where the blades are spirally rotated along their length,
thus obtaining a uniform torque on the shaft.

Advantages of turbines with a vertical axis of rotation

¥ Easier to maintain, because basically all rotating parts are located closer to the ground.

They do not need a turning mechanism.

Good for use in places where the wind speed is high near the ground (eg various passes and
canyons).

They do not need a high tower, which significantly lowers the construction costs.

They don't have to turn in the direction of the wind, which makes them very good in turbulent wind
conditions.

LS MM




MANUAL FOR INSTALLATION AND MAINTENANCE OF ELECTRICAL EQUIPMENT IN WINC

£ Theoretically, they can be much larger than VSHO turbines, e.g. floating turbines with a vertical axis
of several hundreds of meters high, where the entire structure rotates, could eliminate the need
for large and expensive bearings.
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Disadvantages of turbines with a vertical axis of rotation

E Most have an efficiency in the range of 50% of the efficiency of turbines with a horizontal axis of
rotation. This is mostly due to the added drag that occurs as the blades rotate into the wind.

£ Most must be placed on relatively flat ground, so many sites that can benefit from VSHO turbines
are simply too steep.

E Most have very little starting torque, so they need an external energy source to start spinning.

£ Although most of their parts are located on the ground, which is certainly an advantage, they are
still burdened by the great weight of the structure above them, which in the case of insufficiently
good design significantly complicates the replacementarfs

4.1.1.1. Wind turbines according to the type of wind generator

According to the type of wind generators, we can divide them into wind turbines with an induction cage
wind generator, with a synchronous machine and a varisipleed turbine, with a doublsided fed
induction machine and with a muigiole synchronous madhe with direct drive

Wind turbine with induction cage wind generator

The principle scheme of this wind turbine is given in the picture
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VA with induction cage wind generator

With these wind turbines, it is not possible to change the rotation speed of the wind turbine. Due to the
stiffness of the torquespeed characteristic of the asynchronous machine, the wind turbine operates at
speeds that are slightly different from the syhronous speed dictated by the network to which it is
connected. This operation is partially alleviated by making a double stator winding (as in the washing
machine motor), the winding designed for lower power has a larger number of pole pal)s (Bilethe
nominal power winding has a smaller number of pole pair8)(2This way of working leads to an increase

in the degree of utilization of wind turbines. A device for limiting the starting current and torque of the
machine, the secalled soft starter,d attached to the stator connections, and it protects the turbine and
reducer from impact torque. After reaching speed, the soft starter is shincuited and the generator is
directly connected to the grid. Between the turbine rotor and the asynchrorgmreerator, the multiplier

is selected so that a-gole or 6pole threephase asynchronous cage generator can be used. Such a
generator is very simple, it is connected directly to the 50 or 60 Hz network with the use of a device that
reduces the magnitudefdhe short circuit current. The load on the generator is limited by the aerodynamic
design of the turbine blades, the swlled stall principle", and the speed of the entire turbine drive train +
multiplier + generator changes very little around the noalispeed of the generator. The slip of the
generator is about (2) % so that the losses in the rotor of the generator are within tolerable limits.
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The asynchronous cage machine consumes reactive power, so in these wind turbines, reactive energy is
compensated using capacitor batteries. This type of wind turbine is not suitable for locations with gusty
winds, because due to the stiffness of the meciwah characteristics, the torque of the wind turbine is
sharply transmitted to the shaft, and the gears in the reducer may be damaged. In the event of a failure
on the electrical network, the wind generator easily loses stability, and due to large powatiaas that

cause voltage fluctuations, this type of wind generator is not recommended for connection to a weaker
distribution network. The advantage of this wind turbine is in the price, because it uses a robust induction
machine that is directly connésd to the grid. A variant of the cage asynchronous motor with a variable
number of poles is often used, usually for two rotation speeds according to the figure.

Wind turbine with synchronous machine and variable speed turbine

Classic synchronous generators designed for a constant synchronous speed of rotation, dictated by the
driving machine, have a DC excitation current on the rotor. These are aggregates (generator + driving
machine), generally the main sources of electrigitypower plants, for 50 or 60 Hz systems. If, due to
better energy efficiency of the aggregate or another reason, it is necessary to regulate the rotation speed
of the turbine and the synchronous generator during operation, and to connect that generatioe foxed
frequency energy system, this can be done by using a frequency converter located between the windings
of the synchronous generator and the fixé@quency energy network, according to the illustration in the
picture. The power of the convertes equal to the power of the generator.

An excitation current in the rotor winding and a voltage regulation system or permanent magnets are
required.
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VA with wind generatordouble sided induction machine

Wind turbine with wind generator- powered by induction machine on both sides

The characteristic of this wind generator is that it is used with wind turbines of high power. It enables a
speed change in a wide range around the synchronous speed, thus ensuring a high degree of utilization of
the wind turbine for a wide range of wingbeeds. The change in the rotation speed of the wind turbine is
from 10 to 25 rpm, so a mechanical reducer is needed to adjust the speed. The principle scheme of this
wind turbine is given in the picture.

The stator winding is directly connected to the grid, and the rotor winding is connected to the grid via slip
rings, the inverterrectifier group and the transformer. Changing the active and reactive power of the
generator is done by changing the frequeranyd phase of the current that supplies the rotor winding. The
machine can operate in a wide range of speeds in both supersynchronous and subsynchronous mode,
which allows full adjustment of the speed.
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VA with wind generatordouble sided induction machine

A doublesided induction machine can also generate reactive energy, but usually the wind generator is
RSaAAIYySR (2 62N] 6AGK I LIR2GSNI FLOG2NI 2F 02&8. Imx 06 ¢
loads the converter in the rotor circuit. Howevéfijt is necessary to stabilize voltages in the distribution
network, the wind generator can generate reactive power at the expense of reducing active power. The
doublesided powered induction machine is installed in wind turbines of the highest powehoise
designed for operation on land (onshore), as well as in models for coastal sea belts (offshore). Such wind
turbines have a higher degree of utilization, can generate reactive power, have lower impact mechanical
stresses, because the characteristidied generator is adaptive, they work more stably and generate less
noise. The disadvantages are: relatively high price due to power electronics, they are more sensitive to
atmospheric overvoltages, increased losses in the generator, generate more hasmbhélimiting factor

for wind turbines of the highest power is the reducer, which suffers high stresses.

Wind turbine with wind generator- multi-pole synchronous machine with direct drive

The main drawback of the wind turbines shown so far is the use of a reducer between the turbine and the
generator. This drawback is avoided with a concept with a sipaed multipole synchronous generator

that is directly connected to the wind turbine. Tipeinciple scheme of this wind turbine is shown in the
picture. Unlike an asynchronous generator, it is possible to use a synchronous generator for very low
turbine rotation speeds (80 rpm). A synchronous generator with a large number of poles (60 oenior

a construction with classical excitation or permanent magnets can be directly connected to the turbine
without a multiplier (directdrive), and the connection to the network is via a frequency converter. The
power of the frequency converter is equalthe power of the generator. Due to the large number of poles
and the low rotation speed, the generator must develop a high torque, its dimensions and mass are
relatively large, they have a decisive influence on the construction and dimensions of tlez ptant.
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VA with wind generatormultipole synchronous machine with classic excitation system and direct connection to the turbine
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The wind generator works with variable speeds, so it must be frequency separated from the grid, which is
achieved with AGCAC converters. The power and speed of the wind turbine is regulated by turning the

rotor blades. AAGAC converters must have wirggtnerator power, which is a drawback of this concept.

Due to the limitation of the power of the converter, the wind generator is designed to work with the
Y2YAYLEE LI26SNI 6AGK | LIR26SNI FIOG2NI 2F O24a. pame odzi A
of reducing the active power when necessary. One such wind generator is shown in the picture.
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Wind turbines with slowrotating synchronous wind generators are used both for low power units (300
kW) and for wind turbines of the highest power. German wind turbine manufacturer Enercon produces
wind turbines with slowrotating synchronous wind generat® This manufacturer offers a wind turbine
with a nominal power of 4.5 MW, with a wind turbine with a diameter of 114 m and a support column with
a height of 124 m. The working range of wind speeds for this turbine is 2.5 to 34 m/s. The rotation speed
of the wind turbine rotor is 8 to 13 rpm, with the peripheral speed of the tip of the blade reaching a speed
of 270 km/h. A wind turbine with a slowtation synchronous wind generator has similar characteristics
as a wind turbine with a wind generatea dauble-sided powered induction machine. Its disadvantage is
its high price, due to the use of a nestandard machine and a higiower converter. Due to the large
number of poles, the generator has a large mass and diameter. The advantage compared to thesprev
solutions is the direct coupling of the wind generator with the wind turbine, i.e. there is no reducer.

4.2.2.3. Wind turbines according to the autonomy of the operating mode

According to the autonomy of the operating mode, wind farms are divided intgrahwind farms (wind
farms connected to the power grid), effid (independent wind farms or wind farms that are not
connected to the power grid) and hybrid wind farms (wisadar, winddiesel, wind farms with an energy
storage system).

On-grid wind farms

Ongridwind farms are wind farms that are directly connected to the national or regional power grid. These
wind farms generate electricity that is sent to the grid and distributed to end users. The produced energy
is sent directly to the grid via electric lined the energy is used to power households, industry and other
users. These wind farms usually operate at high capacities and generate stable and continuous energy
production that is available for integration into the grid. When connected to the, gni-grid wind farms

can help maintain grid stability, as they are able to adjust their operation depending on the grid's needs.
They can reduce or increase production depending on consumption conditions.
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Off-gridwind farms

Off-gridwind farms are not connected to the power grid and are used to supply energy in areas that do not
have access to the grid or where connecting to the grid is not economically viable. These wind farms
produce energy that is used locally, often to supply rémareas, households or specific industrial
facilities. Since these systems are not connected to the grid, the energy they generate must be stored to
be available when the wind is not present. Batteries or other energy storage technologies are usesl for thi
These systems operate autonomously and may include automation components to ensure smooth
operation in variable wind conditions. @dfid systems do not depend on external energy sources and can
function in areas without electricity infrastructure. Thegin be used in remote areas, on farms, on ships

or in research stations.

HOME p—"7\_ INVERTER BATTERY WIND POWER
CONTROLLER

Off-grid power plant overview

Hybrid wind farms

Hybrid wind farms are decentralized systems for the production of electricity. These systems combine wind
turbines with other energy sources such as solar panels, diesel generators or energy storage systems to
ensure a constant supply of energy and optienroduction.
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Wind-solar hybrid wind power plants

These wind farms combine wind turbines and so
panels into one system. Using both technologi =~
allows greater flexibility and stability in energ
production because wind and solar often ha
different production patterns. Solar panels produc
energy wherthere is no wind (on sunny days), whi
wind turbines work better when it is cloudy o
windy, the Sun does not shine at night, while tt
wind may be present and so on.

Wind turbine

PV array Solar Controller
Yo

Wind-diesel hybrid wind power plants

DC loads

These power plants use wind turbines
combination with diesel generators. Wind turbine
produce energy when conditions are favorabl
while diesel generators take over production whe
wind is not available. Using wind turbines reduc View of the windsolar hybrid power plant
the need for diesefuel, thus reducing operating

costs and CO2 emissions.

Battery bank | Inverter AGloads

Wind Controller

Wind farms with energy storage systems

These wind farms use batteries or other energy storage technologies (such as hydhagghsystems or
compressed air) to store excess energy produced during periods of high wind. The stored energy is used
when the wind blows less or during peak consumptjeriods. Energy storage enables a constant supply

of energy and reduces the need to connect to the power grid and enables optimization of the use of
produced energy and reduces losses.

4.2.2.4. Wind turbines by location

Wind turbines can be used in locations where the average wind speed is higher than 4.5 m/s. An ideal
location should have a constant wind flow without turbulence and with minimal probability of sudden
storm gusts of wind. Locations are first selected basedhe wind map, and then practical measurements

are made. Average wind speed is one of the main factors for choosing the location of wind turbines. Types
of wind farms according to location: on land (onshore wind farms), at sea (offshore wind fdioating

and coastal) and highltitude wind farms.

Locations on land (onshore wind farms)

Onshore installations of wind turbines are most often located in hilly areas at least 3 kilometers away from
the coast. They are most often placed at the top of a hill or slope, because in this way they take advantage
of the secalled topographical accelation that the wind gets when passing over the elevation. That extra
wind speed makes a significant difference in electricity production. Special attention must be paid to the
correct placement of the turbines, because sometimes a small height differesmtehave a significant
impact on the production of electricity. Often the problem is that some locations that are suitable for wind
turbine installation have great natural beauty or are ecologically significant. The installation of onshore
wind farms is usally cheaper than offshore, as it does not require offshore technology, specialized
platforms or similar infrastructure requirements. Given the lower initial costs, onshore wind farms often
have a faster return on investment. Onshore wind farms are easydwess, which means lower
maintenance and repair costs, and the infrastructure (roads, power lines, etc.) already exists on land. A
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disadvantage may be space, as in urbanized areas or in dense settlements, installation space may be
limited and they are often located far from main consumption centers, which may require additional
investment in transmission infrastructure. Also, there ynhe conflicts with other sectors, such as
agriculture or tourism.

Locations at sea (offshore wind farms)

These are those locations that are more than 10 km from the mainland and where the wind installations
are less offensive in appearance and noise. The fact that water (especially deep) has a smaller surface
"roughness" than land has a strong influence ondwpeeds, which are much higher at sea. Power factors

are much higher in such installations. At sites with extended shallows, wind farms are easy to install, which
is not the case at sites that do not have such characteristics. In general, offshoreubirtetinstallations

are generally more expensive than labhdsed ones because their towers are taller when the underwater
part is taken into account. The produced electricity is transmitted to land via a submarine cable. Care must
also be taken to protechgainst corrosion, which is why additional coatings and cathodic protection are
often added. Such turbines are the largest turbines in operation and further growth in their size and
installed power is predicted. Offshore wind farms can have more thanni0@ turbines.

These wind farms can be in shallow or deep sea areas, and are divided into two main types: offshore and
floating.

How do offshore wind turbines work?

https://www.youtube.com/watch?v=HgCVgRbPQcg

Coastal (bottomfixed) offshore wind farms

Coastal locations are located within a radius of 3 km from the sea or at sea within 10 km from the mainland.
These wind farms are placed on the bottom of the sea and fixed at the bottom (often up to 60 meters
deep). They are placed on the sea surface,dttgngthened by structures that connect to the seabed.

Offshore wind farms often take advantage of steadier and stronger winds than onshore ones, which
increases efficiency. They do not interfere with population, agriculture or other human activities on land,
but there are issues related to bird migration atig impact on marine life. Installation is very expensive
as it requires the construction of special platforms, transport ships and other infrastructure while the
technical challenges related to offshore construction and maintenance as well as accessaased.

Floating offshore wind farms (FOWfloating offshore wind)

These wind farms are installed on floating platforms that do not depend on the seabed. Floating turbines
can be placed in deep waters where conventional offshore wind farms are impractical, i.e. they can be
placed in areas of the sea that are too deep ti@ditional offshore wind farms. Floating wind farms can
increase overall energy production, as the installation space is almost unlimited as they can be placed at
greater distances from the coast, where the winds are strongest and freshest, reducingleossi
disturbance to the coast.



https://www.youtube.com/watch?v=HqCVgRbPQcg
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Installation and maintenance of floating wind farms are more expensive than traditional offshore wind
farms and require specialized vessels for transport and installation, and there is a risk of damage due to
hostile sea conditions (storms, waves).

Highaltitude wind farms

High-altitude wind farms use winds at higher altitudes, usually above 200 meters, to harness stronger and
more stable wind. There are several types of higie wind farms, including those on tall buildings and
flying wind turbines. Flying turbines can logated in the upper layers of the atmosphere. Aerial platforms
that "flutter" in the air or advanced drones that create wind farms in motion can be used-atitide

wind farms can use very stable and strong winds that are not present on the surféice eérth. These
turbines can be used in areas where land space is limited or where ground installations are more difficult
to implement. At present, highise turbines have not been commercially developed for widespread use
and still represent a large iegtment and their longerm profitability and safety is still uncertain.

Each of these types of wind farms has its own advantages and challenges. Onshore wind farms are the
most widespread, because they are easier to implement, while offshore wind farms enable larger
capacities due to stronger and more stable winds. Hijtude wind farms are still in the development
phase, but have the potential to revolutionize the use of wind at higher altitudes. The choice of technology
depends on local conditions, energy needs, available resources and investments.

4.2.2.5. Wind turbines by power

Wind farms can be classified according to power, where power often refers to the capacity of an individual
wind turbine or the entire wind farm. The main categories are small wind farms and large wind farms (wind
farms).

Small wind farms

Small wind farms usually include individual wind turbines or small wind farms with a total installed capacity
of up to 10 MW. These power plants are usually used for local or industrial energy consumption, and are
rarely used for largscale commercial piauction.

One turbine in a small wind power plant usually has a capacity of several hundred kilowatts to several
megawatts, that is, wind turbines with a capacity of 100 kW to 2 MW are the most common.

Small wind farms are often used for specific, smaller energy needs. These can be homes, farms, commercial
buildings, industrial zones or small settlements and are usually built as distributed sources which means
they do not require complex transmission medrks. Installation of small wind farms is usually faster and
cheaper, and due to their smaller dimensions, they can be placed in locations that are not suitable for large
wind farms.

Some small wind farms are placed on the roofs of residential or commercial buildings to reduce energy
costs. These power plants usually have a smaller capacity (up to 100 kW), but can significantly contribute
to savings.

Large wind farms

Large wind farms, or wind farms, include projects with a total capacity of more than 10 MW, and usually
include a large number of wind turbines. These wind farms can have capacities of up to several hundred
megawatts (MW) and are used to produce energytfa national or regional grid. In large wind farms,
wind turbines with a capacity of 2 MW to 6 MW (or more) are most often used. Given the number of
turbines and their power, these wind farms can produce significant amounts of energy. For example, wind
farms like London Array or Horns Rev in Europe have capacities from 500 MW to 1,200 MW.
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These power plants mainly serve for the commercial production of energy that is sold on the market and
can be distributed over wide areas. They require developed infrastructure, including transmission lines and
transmission networks, so that the generatedergy can be transported to consumers. Many wind farms
are located at long distances from large urban centers.

Due to their large scale, large wind farms can be more economically viable, with lower production costs
per megawatthour (kWh), making them more competitive with other energy sources.
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EXERCISE

Study the construction of wind farms in your region.
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4.2.3. Wind farm structure

The structure of the wind farm includes various systems that enable efficient production, transmission and
distribution of energy. Each of the systems has a specific function in the process of converting wind energy
into electricity, and in connecting ibtthe power grid. The structure of the wind power plant consists of

the wind turbine system, the wind power grid connection system (the wind power grid connection, the
electrical network inside the wind power plant, the distribution plant at the point @fireection to the

grid), the management and control center, the energy storage system, and the coneféteseplant.

Wind turbine system

A wind turbine is the basic component of a wind power plant that converts the kinetic energy of the wind
into electrical energy. Each wind turbine consists of several key parts such as a rotor with blades, a
generator shaft that transmits mechanical energy the generator, a generator that is usually
asynchronous or synchronous, a gearbox, a control system for controlling the operation of the wind turbine
and a supporting structure. Each of these parts will be described in more detail later.

Wind power grid connection system

This system enables the transmission of the produced electricity from the wind farm to the electricity grid.
It consists of several key parts.

Network connection of the wind turbine

£ Converters (inverters): They convert the electricity produced by the generator into electricity, which
is compatible with the grid system. In the event that DC (direct current) energy is used, inverters
convert it into AC (alternating) energy that can bartsmitted to the grid.

E Protection and regulation: The network connection must be protected against overload and short
circuits, and the regulation system ensures voltage and frequency stability and synchronization with
the network.

The electrical network inside the wind farm

£ Cable system: Used to transfer energy from each wind turbine to the distribution plant. These cables
are connected to all wind turbines in the wind farm and enable centralized energy distribution.

£ Switchgear: Includes switches, fuses, and other electrical components that help distribute power
and maintain network security.

Substation at the point of connection to the grid

£ Transformers: They are used to raise the voltage of electricity to the level required for transmission
over longer distances to final consumers or input to the wider power grid.

E Switchgear and switches: These devices enable the control and protection of the flow of energy to
the network. The switches allow the interruption of the power supply in the event of a malfunction
and ensure the safety of the system.

Command and control center

The control center is a key component that enables monitoring and optimizing the operation of the wind
farm. This system monitors the condition of all turbines and systems within the wind farm (speed of
rotation, energy production, wind conditions, tempeuae, equipment condition and more) and
automatically adjusts the operation of the wind turbines, optimizing performance depending on wind
conditions and grid requirements.

The control center enables remote monitoring and management of the wind farm, even from other
locations, which is important for large wind farms or offshore projects.
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Energy storage system

Depending on the type of wind farm and the specifics of the local energy network, an energy storage
system may be present to ensure stability and balance between production and consumption. The
batteries can store excess energy produced during days whemvthd is strong, and release the energy

later during periods of lower winds. In some larger systems, the use of water systems for energy storage
(Pumped Hydro Energy Storage) can be a way to store energy in high reservoirs when wind energy
production is figh, and later to release energy in times of need.

Condenseffilter plant

Condenseffilter plants are used to improve the quality of electricity that the wind farm delivers to the
grid. Capacitors serve to compensate for reactive power, thus reducing the voltage drop and increasing
the efficiency of electricity distribution. Eérs can be installed to remove interference in the electrical
signal and ensure voltage and frequency stability, thereby preventing negative impact on the power grid.

All these components enable wind farms to contribute to the energy grid and help reduce CO2 emissions.
4.2.4. Wind turbine elements

Wind turbine elements: rotor (blades, head, shaft), blade rotation system (sensors, drive mechanism,
control), brake system (mechanical, electric, hydraulic brake), power transmission (multiplier), generator
(asynchronousnduction, synchronous, direct)n@mometer, wind vane, monitoring and control system
(manipulation, measurement, regulation, protection, supervision and monitoring, control,
communication), nacelle rotation system, power electronics devices (DC/AC and AC/DC converters),
capacitor batterynpacelle, tower, network connection (power cable, distribution cabinet, transformer), fire
protection system (fire detectors and alarms, fire extinguishers, ventilation, automatic shutdown),
foundation, grounding, etc.

For the proper and safe functioning of the entire wind turbigenerator system, the generator, as well as
other parts of the wind turbine, must meet certain requirements.

The wind turbinewind generator system is given in the figure
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Energy Encyclopedia

Wind turbine parts

Description of the key elements of the wind turbine:
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Rotor

The VA rotor consists of blades, a rotor head and a shaft. Blades are components that capture wind energy
and convert it into mechanical work. They are usually made of light but strong materials. The central part
of the rotor is the rotor head that connestthe blades to the shaft. The head allows the blades to rotate
under the influence of the wind. The shaft transfers mechanical energy from the rotor to the generator. It
includes the main shaft, which is connected to the rotor, and the shaft that contleetgenerator.

Blade rotation system

The main component of this system are sensors. They measure wind speed and direction, helping the
system to optimize blade angle for maximum efficiency. The propulsion mechanism controls the rotation
of the blades in the direction of the wind (yaw systean)d usually uses electric motors or hydraulic
systems. The steering helps regulate blade angle to optimize power generation, prevent overload and
ensure safety.

Brake system

The brake system consists of a mechanical, electric and hydraulic brake. A mechanical brake physically
blocks the rotation of the rotor, usually via brake discs, when it is necessary to stop the wind turbine. An
electric brake slows the rotation of the ratby using a generator or an electric motor as a dynamic brake,
while a hydraulic brake provides a stronger braking torque through a hydraulic system and is usually used
for safety stopping in extreme conditions.

Power Transmission (Multiplier)

In gear systems, the multiplier increases the rotational speed of the rotor before that energy reaches the
generator, because the generator must operate at much higher speeds.

Generator

As we mentioned earlier in the manual, several types of generators are used in VE wind turbines. The
asynchronous induction generator is the most commonly used generator in wind farms and can operate in
various wind conditions. The synchronous generattegs often used in wind turbines, because it requires
synchronization with the grid frequency. In specific cases, a DC generator is also used, when DC voltage
production is required, such as an gffid system.

Anemometer

An anemometer is a device that measures wind speed and sends data to a control system that then adjusts
the operation of the wind turbine.

Direction indicator- wind vane

This small device measures wind direction, helping the nacelle and blade rotation system to point the wind
turbine in the most favorable wind direction.

Monitoring and management system

This is a more complex system that performs manipulation operations, i.e. management of mechanical
parts, such as the rotation of blades and nacelles, then measurement and monitoring of parameters such
as wind speed, temperature, voltage and current valuesd regulation and optimization of wind turbine
operation in order to achieve maximum efficiency. This system ensures protection against overload,
excessive wind speed and other hazards by monitoring the condition of all components of the wind turbine
inreal time and connecting the VE to external systems for remote monitoring and control.

Gondola rotation system
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A nacelle yaw system ensures that the nacelle (the central part of the wind turbine that contains the
generator) faces the direction of the wind, usually using electric motors or hydraulic systems.

Power electronics devices

The generator of the wind turbine usually produces alternating current (AC) which is not always in
accordance with the grid requirements, so an inverter (if a change from DC to AC is required) or a converter
is used to transform the current into a suitalftem for the grid. The inverter ensures that the production

of electricity from the wind turbine is synchronized with the voltage, frequency and phase of the power
grid. Inverters can also perform tasks such as power control and voltage stabilization.

Capacitor battery

This battery is used to compensate for reactive power in the system and stabilize the voltage to maintain
power quality.

Gondola

The nacelle is the central part of the wind turbine that contains the generator, transmission systems,
brakes and turning system. It is located at the top of the tower. The nacelle is very heavy, usually weighing
between 70 and 120 tons, depending on theesof the wind turbine. The nacelle enables the efficient
transfer of kinetic energy from the rotor to the generator and further into electrical energy that is sent to
the grid.

Tower

The structure that supports the nacelle and the rotor is the tower. The tower must be tall enough to reach
areas with strong winds and its height can be up to 150 meters. It is usually made of steel or concrete.
Larger towers allow for better utilizationf the wind.

Network connection

The connection to the grid represents the physical connection between the wind turbine and the power
grid. This includes all the necessary cables, junction boxes, distribution cabinets, measuring equipment and
other components that enable the transmissiofelectricity from wind turbines to the grid.

Transformer

The transformer is a key component that allows the voltage generated by the wind turbine to be changed
to match the voltage levels of the grid. The energy generated by the wind turbine generator is usually of
low voltage, and the transformer raises thatltage to a level suitable for transmission through the grid.

Fire protection system and safety devices

Safety devices ensure that the wind turbine is protected from damage due to electrical faults, short circuits,
overloads or other accidents. Protective relays and switches enable automatic shutdown of the system in
the event of an emergency, which protectise equipment and prevents the spread of faults in the
network. Fire detectors and alarms detect the beginning of a fire and send an alarm for a timely response.
Ventilation must be designed to maintain optimal conditions in the gondola and prevent theradation

of flammable gases. In the event of a fire or other critical problem, the system automatically shuts down
the wind turbine to prevent damage.

Foundation

The foundation is the structure that provides the stability of the wind farm, usually made of concrete and
steel, which supports the tower.
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Grounding

Grounding of wind turbines is a key component of the safety system in wind farms. Considering the size
and power of wind turbines, proper grounding is necessary to protect people, equipment and electrical
parts from potential electric shocks, short ciraiiand other hazards resulting from electrical faults.
Grounding allows electrical faults, such as a short circuit or lightning strike, to be directed to the ground
instead of passing through sensitive wind turbine components or the power grid, thus piegehe risk

of electric shock to people or animals.

Simulation of wind turbine operation:
https://www.youtube.com/watch?v=TXHAKEGIOrE.



https://www.youtube.com/watch?v=TXHAkE6I0rE
https://forms.office.com/e/he6v3JvUPD
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4.2.5. Material, tools, equipment and devices for work on the construction and maintenance
of wind farms

For highquality and safe construction, assembly and maintenance of wind farms, it is necessary to use
appropriate materials, tools, equipment and devices. Each component of this system contributes to the
efficiency and safety of work, enabling the corregecution of all operations.

Material; wiring conductors and cables, clamps, connectors, splitters, insulating tapes and other insulating
material, PV pipes and boxes, lubricants, rust removers, corrosion protection agentsqansion paints,
coatings, mastics), sealing materiasrews and nuts, marking and signaling material, building materials,
etc.

Examples of power cables

PPOD PP40

Use: For energy distribution in city networks, industrial plants. They are laid in cable ducts, closed rooms
and in the ground with the application of additional protection.

PP 45A

Use: For energy distribution in city networks, industrial plants and in places where mechanical damage is
expected. They are laid in the ground, in cable channels and in open space. It is suitable for vertical and
slanting laying as well as on slipperyfsges.

Control and signal cables

o
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Control and signal cables

Use: For connecting signal and control devices in industry, thermal, hydropower, wind and solar power
plants, traffic, etc. They are laid in cable ducts, in closed rooms and in the ground with the application of
additional protection.
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Cable accessories for installation cables
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Heat shrinkable cable cap Cable joints and branches

Various types of cable lugs Cable heads

S W,

Various types of coupling sleeves

Examples of pipes
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PVC installation pipes Installation metal pipes and connectors
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Tools: insulating pliers, compression pliers, wire cutters, metal saws, screwdrivers, wrenches, files,
hammers, electric locksmith tools, hydraulic tools (hydraulic presses, guns, etc.), manual lifting equipment,
scissors and knives for cutting insulatioraterial, sheet metal shears, saws, soldering tool, sheet metal
bending tool, profile bending tool, punching tool, cutting tool, cutting tool cutting, threading tool,
measuring and control tool, welding tool and accessories, spirit level, etc.

Tools for crimping, stripping insulation, measuring instruments Hydraulic tool

Equipment and devices: portable grounding device, insulating pole, portable transformer, portable
generator, drill, grinder, higloltage voltage indicators, multimeters, devices for diagnostics and testing,
megaohmmeter, temporary structures and facilgig¢scaffolding, work platforms, shelters, etc.), lifting
hooks, supports, anchors, crane with isolation platform, etc.

Working platforms

Highvoltage voltage indicators
are key tools for the
construction and maintenance
work of wind farms. These
devices allow technicians t
safely check the presence
absence of high voltage il
electrical installations, thereby
reducing the risk of electi
shock.

High-voltage voltage indicators
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Specialized machines and vehicles: For the construction and maintenance of wind farms, specialized
machines and vehicles adapted to work in difficult conditions are often used. These includedaayty
telescopic cranes for lifting and mounting windrines, aliterrain vehicles for transporting equipment

and materials over inaccessible terrain, saibpelled scaffolding and platforms for working at height, as
well as specialized drills and trenchers for laying foundations and cable installatiorse Widtgcles and
machines enable the safe and efficient execution of all construction and electrical works on wind farms.

Specialized vehicles

These materials, tools, equipment and devices are extremely important for efficient and safe work on the
construction and maintenance of wind farms, enabling quality performance of all necessary operations
and tasks.

A specialized aircraft for transporting wind turbine blades

Specialized aircraft for the transport of wind farm equipment:

https://www.youtube.com/watch?v=EDnLgOqgfKaU.



https://www.youtube.com/watch?v=EDnLqOqfKaU
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PRACTICAL EXERC

Task 1: Using hand and power tools

Material and tools:

£ Basic hand tools (pliers, screwdrivers, scalpels, knives for removing insulat
£ Power tools (drill, sander, soldering iron, hot air gun),

E Testers and measuring instruments (multimeter, voltage tester, ammeter),
E Safety equipment (protective gloves, safety glasses, work clothes).

Execution procedure:
1. Demonstration of the use of tools

Familiarize yourself with the basic functions of hand and power tools.
Review the technical characteristics of the tool and how to use it.
Adjust the tool properly before use.

Practical application of tools

Uses pliers and screwdrivers to process conductors and connect electi
elements.

Try power tools for drilling, cutting and shaping materials.

Use a tester to check the correctness of electrical installations.

Analysis of work efficiency and safety

Check the correctness of the tool before and after use.
Compare the speed and accuracy of hand and power tools in different task
Discuss safety rules when working with power tools.

Final check:

E Demonstrate the correct and safe use of each tool.
E Present the correct application of power tools through practical tasks.
£ Identify possible errors in the use of the tool and suggest improvements.
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PRACTICAL EXERC

Task 2: Identification and analysis of materials
Material and tools:

E Samples of different types of materials (copper and aluminum conducto
insulating materials, plastic and metal pipes, protective sheaths),

E Technical documentation and manufacturer's catalogs,

E Measuring tools (micrometer, crimping pliers, insulation stripping knife)

E Protective equipment (gloves, safety glasses)

Execution procedure:
1. Overview of available materials

E Sort samples of conductors and insulating materials.
£ Identify materials based on color, flexibility, markings and standards.

Comparison of material properties

Measure the thickness of the conductor and insulation.

Compare the mechanical strength of different materials.

Analyze the advantages and disadvantages of using copper in relatior
aluminum in electrical installations.

Discussion on the application of the material

Identify what materials are used for different types of installations.
Assess which material is most suitable for specific working conditic
(moisture, high temperature, mechanical stress).

Group tasks

£ Divide into groups and analyze the technical specifications of a partict
material.
£ Show conclusions about the choice of materials for specific applications.

Final check:

Present the analysis and conclusions about the use of materials in spe
working conditions.

Explain the reasons for choosing a particular material based on technical d
Check the accuracy of the data in the technical documentation.
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5. INSTALLATION AND DISASSEMBLY OF
ELECTRICAL EQUIPMENT IN WIND POWER
PLANTS

5.1. Preparation of the terrain for the installation of power
equipment in wind farms

The preparation of the ground for the installation of power equipment is crucial for the stability ane long
term functionality of the wind farm. This process includes making foundations for wind turbines, preparing
trenches for cable infrastructure, instialg power connections and ensuring technical conditions for the
operation of electrical installations.

Importance and procedure of site investigatiewind speed measurement

Before starting the construction of the wind farm, it is necessary to carry out 1yedtr measurements of
wind speed and direction in order to assess the profitability of the project and optimize the distribution of
wind turbines.

Accurate estimation of energy production enables realistic calculations and reduces investment risks.
Optimizing the layout of the turbines reduces turbulence and increases the efficiency of the system, while
the analysis of seasonal variations enablegdrgplanning of production and maintenance.

The critical wind speeds for starting and stopping wind turbines depend on the design and type of turbine,
but generally fall within the following limits:

£ Cutin speed- Usually between & 4 m/s. This is the lowest wind speed at which the wind turbine
starts producing electricity. Below this value, the wind does not have enough power to move the
blades.

Z Nominal wind speed (Rated speed)sually between 1215 m/s. This is the optimum wind speed
at which the turbine achieves its maximum power output. The turbine continues to produce the
same maximum power even at higher wind speeds up to theofilimit.

£ Maximum wind speed for operation (Gout speed) Usually between 2@ 25 m/s (72 90 km/h).
If the wind speed exceeds this limit, the system automatically shuts down the turbine to prevent
damage.

£ Survival wind speedUsually over 5@ 70 m/s (180q 250 km/h). This is the maximum wind speed
that the turbine can physically withstand before permanent damage. In extreme conditions, the
turbine activates the braking system and turns the blades intéeathering” state to reduce the
area exposed to the wind.

These valuesnay vary depending on the manufacturer and type of wind turbine (onshore or offshore).
Each manufacturer of wind generators has made a diagram of utilization depending on the wind speed.
Power curves of various wind turbines.
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Power curves of various wind turbines

Wind speed measurement procedure;

E Installation of the meteorological measuring statiett is installed at the height of the planned
nacelle of the wind turbine (8240 m) and is equipped with anemometers, weather vanes and
sensors for temperature and humidity.

E The use of LIDAR and SODAR technola¢ipAR (Light Detection and Ranging) and SODAR (Sonic
Detection and Ranging) make it possible to measure the wind profile up to a height of several
hundred meters without the need for physical poles.

£ Longterm data collection (1224 months)- Continuous recording of wind speed and direction for
reliable analysis.

Z Analysis and optimizatiog Software tools are used for simulation and modeling of wind energy
potential. Extreme winds, changes in turbulence and seasonal fluctuations are identified.
Optimization of the placement of turbines in the wind farm is beingiedrout in order to minimize
turbulence and maximize energy production.

£ Decisioamaking - Based on the results, a final feasibility study is made and the technical
specifications of the equipment are defined.

The types of foundations for wind turbines can be concrete, steel and floating, depending on the location
and the base on which the power plant is built. Concrete foundations are most often used in onshore wind
farms due to their high stability and resistee to weather influences. They are made in the form of large
reinforced plates or columns that take the load of the wind turbine and transfer it to the ground. Steel
foundations are used in offshore power plants, where it is necessary to ensure resistacareosion and

strong sea currents. Floating foundations are used for wind farms in deep waters, where classic fixed
structures are not possible.

When laying the foundations, special attention is paid to the production of power connections, which must
be installed in the concreting phase in order to facilitate the connection of electrical installations later. This
includes running electrical condsitinstalling grounding and securing connections for switchboards and
transformers.
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Examples of wind turbine foundations

In addition to the foundation, it is necessary to prepare trenches for laying power cables. Trenches must
be dimensioned in accordance with the project and technical standards in order to ensure the safe
installation of cables and their lortgrm protection against mechanical damage and adverse weather
conditions.

For onshore wind farms, trenches are dug according to the geological characteristics of the terrain and
installation requirements. The depth of the trench depends on the voltage level of the cables and the
specific conditions of the site, but usually ifism 0.8 to 1.5 meters. After excavation, a protective layer

of sand or other material is placed on the bottom of the trench to prevent direct damage to the cables.
The cables are then carefully laid, secured and covered with protective elements sulestas govering

strips or concrete slabs. After that, the trenches are filled with layers of earth, with mandatory marking of
the cable route for easier future maintenance and inspection.

In offshore wind farms, trenches for energy cables must be additionally protected against hydrodynamic
forces, waves and sea currents. Cables are usually laid using specialized equipment that enables their safe
placement on the seabed, and in certain cadesy are additionally covered with protective materials to
reduce the impact of abrasion and mechanical damage.

After laying the cables, tests and inspections are carried out to ensure the correctness of the installations.
Testing includes checking the continuity and insulation of cables, as well as the resistance of joints to
mechanical and electrical influencefi€be checks are crucial because they ensure the safety of the system
and prevent potential failures after the plant is put into operation.

In addition to trenches and foundations, it is necessary to prepare stands for power equipment, including
transformer stations, distribution cabinets and connection points. These stands must be properly leveled
and secured to support the weight of the eguient and ensure the stability of the system.

The final stage of site preparation includes the installation of grounding and conductive paths for
protective conductors. Proper grounding is of key importance for protection against overvoltage and
ensuring the safety of the power system.

When all the preparatory work is completed, a final inspection is carried out, which checks whether the
foundations, trenches, grounding and energy connections are made in accordance with the project and
standards. Only after that can the installation afvger equipment and connection of the wind power
system to the grid begin.
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5.2. Assembling and disassembling the assembly structure of
equipment in wind power plants

Prefabricated structures in wind farms represent key elements that enable the installation of various
equipment and infrastructure facilities required for the operation and safety of the wind farm itself. Each
structure has a specific function and mustdiesigned to ensure stability, durability and safety, taking into
account technical requirements, external conditions and intended use.

Tower and nacelle of wind turbinescharacteristics important for assembly and disassembly

Assembly and disassembly of the tower and nacelle of wind turbines are key stages in the installation and
maintenance of wind farms. These processes require precision, specialized equipment, safe working
conditions and strict technical guidelines due t@theight, weight and complexity of these elements.

As we mentioned, the tower is the main vertical element of the wind farm that supports the nacelle, rotor
(blades) and all related components. The tower must be strong and stable to withstand the forces
generated by the wind and the rotation of the windrbine. Towers can be between 60 and 150 meters
high, depending on specific site conditions. The most common are steel towers, but concrete foundations
or combinations of steel and concrete can also be used. Steel towers can be tubular (cylindrical) or
segnented (composed of several parts). The tower must be strong enough to withstand different weather
conditions (wind, snow, rain) and vibrations caused by the operation of the turbine. In addition, it must
allow for the installation of nacelles, rotors anther important systems.

The nacelle is the key component of the wind turbine that is placed on top of the tower. The weight of the
gondola is usually between 70 and 120 tons. Inside the nacelle there is a generator, a transmission
mechanism, a system for turning the turbine (ysystem), a wind monitoring system, an electronic control
system and various sensors, and it is extremely important to take special care of lifting the nacelle and
connecting it to the tower.

Assembly and disassembly of wind turbine towers and nacelles require specialized equipment, experience
and high precision to ensure the safety of all workers and reliable installation of all components.
Dismantling is also a technical challenge, but witbpgr precautions, it can be done safely and in
compliance with regulations.

The tower assembly procedure takes place in several steps.

The first step is the preparation of the construction site, which begins with the thorough preparation of
the land. The ground on which the tower will be placed must be stable. The foundations (concrete or steel)
on which the tower will stand are being uiThe foundation must be buried deep enough to support the
weight of the entire turbine. After that, a geodetic and technical inspection of the foundation is carried
out to ensure the correct height and direction of the tower.

After that, the assembly of the parts of the tower is carried out. Tower components (segments) are
transported to the construction site by specialized vehicles (trucks or ships for offshore projects). Assembly
of the tower usually starts with the lower segnts. Each segment of the tower is lifted by a large crane
(mobile crane, telescopic crane or aerial crane, depending on the location and conditions). Each segment
of the tower is connected using screws and fastening mechanisms. Partial assembly countitilgse

tower reaches the required height. Then the tower is fixed. At the top of the tower, channels and supports
are placed that enable the installation of the gondola.

The gondola assembly procedure also takes place in several steps.

First, the equipment is prepared. Before assembling the gondola, it is necessary to secure the necessary
lifting equipment, such as higtapacity cranes (usually mobile cranes with a crane). Before lifting, all
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components inside the nacelle, generator, transmission system and turning system, must be carefully
checked and secured. The gondola s lifted by a crane towards the top of the tower by a crane. Itis a critical
stage that requires great precision as thacelle must be correctly positioned on the top of the tower. A
crane is used to lift, and field workers monitor all aspects of the lift. After that, the gondola is attached to
the tower. When the gondola reaches the top, it is attached to the supporthetap of the tower, and

all joints and safety mechanisms are checked. After assembling the nacelle, the rotors (blades) are
mounted on the main shaft of the generator. Depending on the size of the wind turbine, the blades can be
mounted individually or igroups. Sometimes the mounting of the blades on the main shaft is done on the
ground, so that system is lifted together and mounted on the nacelle. Finally, an electrical and mechanical
check is performed. All electrical connections, control systems,strassion mechanism and nacelle
turning system are tested.

Procedure for dismantling the tower and nacelle of the wind turbine

Dismantling of wind turbines (tower and nacelle) is usually carried out during the maintenance phase or
after the wind farm stops working, e.g. due to end of life or removal of old turbine.

The process of dismantling the tower begins with stopping the wind turbine. First, all electrical and
mechanical components are turned off. Depending on the type of wind farm, it is necessary to remove all
cables and electrical installations that connebetwind farm to the grid. Then the security is checked.
Before the start of dismantling, an assessment of safety conditions is carried out, including an inspection
of the terrain and the use of protective equipment. When all the conditions have been ctheitieeparts

of the tower are dismantled. The tower components are gradually being removed. The segments are
lowered using cranes, starting from the upper parts. After lowering, the removed parts are transported
from the construction site in an appropriateanner.

The dismantling of the nacelles begins with the lifting of the nacelles. As with assembly, the gondola is
lifted by a large crane and lowered to the ground. Under the nacelle, the generator, transmission
mechanism and other components installed in the nicare separated. After the nacelle is safely placed

on the ground, all parts are dismantled and transported to a designated or recycling location.

Supports and bases of elements of electrical installations

The process of mounting and dismounting the pedestals and supports for installing elements of electrical
installations and safety equipment in wind farms is a very important part of infrastructure construction
and maintenance.

Bases and supports have an important function in power systems because they enable the correct
placement of switches, transformers, electrical cables and other power systems. Their role is to ensure the
stability, safety and protection of installations froexternal factors. In addition, they are used for the
installation of security equipment, such as security cameras, meteorological sensors, beacons and sound
alarms, which contribute to the safety of the wind farm. Structures must be designed to withsidedal
influences, such as rain, wind, snow, high temperatures and corrosive conditions, especially in offshore
wind farms.

The procedure for mounting the pedestal and support

Installation of supports and bases begins with laying the foundation. If a concrete footing is used, it shall
be poured according to specifications, unless it has been placed in previous stages of construction. Bases
that are mounted on foundations are madf steel or aluminum, depending on the type of installation.
They are attached with screws, nails or other fastening materials, and in the case of steel supports, it is
necessary to control the quality of welded joints and fastenings.

In case the mounts are used for devices that must be placed at a certain angle or height, such as weather
sensors, cameras or beacons, an adaptive design is chosen that allows for position adjustment. Considering
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the outdoor conditions, the stands are designed to provide maximum stability and resistance to windy
conditions.

After the brackets and pedestals have been installed, appropriate power devices, such as switches, sensors
and cables, are mounted on them. The electrical installation is connected according to the technical
specifications, and security devices, such anamas or beacons, are connected to energy sources and
energy storage systems and connected to the central system of the wind farm. When all the elements are
mounted, the stability control is carried out. This includes checking fastening mechanisms anesfizis

well as testing each device installed to ensure proper operation.

Procedure for disassembling the stand and support

Before starting the disassembly of all electrical components, it is necessary to turn off the power supply.
Devices connected to stands or supports, such as security cameras or transformers, must be turned off to
ensure worker safety. A safety check isnhegarried out to ensure that the working conditions are safe,
using protective equipment such as helmets, gloves and safety suits.

Dismantling begins with the removal of power equipment. All devices, including switches, cables, security
cameras and weather sensors, are carefully removed to avoid damage. This is followed by the disassembly
of the support and the base, during which falstening screws and lodokearing parts are removed. If the
stands are made of steel or aluminum, they are disassembled into smaller components for easier transport
and recycling.

If the supports were placed on concrete foundations, the foundations are removed or moved to free up
space. Depending on the size and weight, it may be necessary to use specialized equipment, such as cranes
or hydraulic tools. After disassembly is completdl removed parts, including stands, brackets, and
electrical equipment, are transported to an appropriate disposal, recycling, or service facility. All materials
must be properly separated for further processing or reuse.

Assembly and disassembly of stands and supports for electrical installations and safety equipment in wind
farms require careful planning, precision and appropriate safety equipment. During installation, the focus
is on stability, accuracy of installatiomé proper connection of power and safety devices. On the other
hand, dismantling requires safe removal of equipment and structures, with careful handling of all parts to
avoid damage and ensure safe and efficient recycling or reuse of materials.

Installation procedure of the wind farm:

https://www.youtube.com/watch?v=fl6BMVw_B-

Y,https://www.youtube.com/watch?v=viqgdJ8OSmRA,

https://www.seetaoe.com/details/129354.html.

Constructions for meteorological equipment and security cameras

Constructions for meteorological equipment are used to install devices such as anemometers, barometers
and sensors for measuring temperature and humidity. These devices monitor wind and environmental
conditions and enable optimization of the wind power pia operation. On the other hand, security
camera structures are used to monitor the wind farm and protect the equipment.



https://www.youtube.com/watch?v=fI6BMVw_B-Y
https://www.youtube.com/watch?v=fI6BMVw_B-Y
https://www.youtube.com/watch?v=vjqdJ8OSmRA
https://www.seetaoe.com/details/129354.html
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These structures can be made of light steel or aluminum, but must be strong enough to withstand outdoor
conditions, including high winds, rain and snow. When it comes to height and accommodation, structures
for meteorological instruments usually includelps or masts that allow the equipment to be placed at

the appropriate height, thereby ensuring accurate measurements. The assembly of structures is performed
in a way that allows simple adjustment of the position and orientation of the equipment, thusriegsu

their maximum efficiency.

Containers for transformer stations and electrical energy storage system

Assembly and disassembly of container structures for installation of power equipment of wind farms are
an important part of the process of construction, maintenance and optimization of wind farms.

Container structures play a key role in protecting power equipment, ensuring a stable working
environment that protects against weather, mechanical damage, dust and moisture. Their primary purpose
is to house higkvoltage and lowvoltage power equipmenticluding transformers, distribution cabinets,
protection-control systems and energy storage systems. In addition to protection, container structures
allow mobility and flexibility, which means that they can be transported and placed in different locations
within a wind farm or between several energy facilities. Also, they serve for the integration and modular
expansion of power systems, which facilitates management and maintenance.

Installation procedure of container constructions

Installation of the container begins with its lifting and placing on the prepared foundation. The foundation
must be designed to withstand static and dynamic loads caused by the weight of the container and internal
equipment, as well as external forces buas wind, vibrations and electromagnetic interference. The
stability of the structure is ensured by fastening with anchor bolts, steel supports or concrete bases,
whereby additional protection can be provided in areas with extreme weather conditions.

Power components are placed inside the container according to engineering specifications and safety
requirements. Equipment such as mediunand lowvoltage distribution cabinets, transformers,
uninterruptible power supply systems (UPS), switchgear andegtin-control units are carefully placed

and connected in accordance with the appropriate electrotechnical standards. Components are installed
on metal supports, insulated bases or inside specialized compartments to ensure optimal heat dissipation
and eletromagnetic compatibility (EMC).

Cabling inside the container plays a key role in connecting power equipment with external systems. High
voltage, mediuravoltage and lowvoltage cables must be properly dimensioned, marked and laid in cable
ducts with appropriate mechanical protection. lddition, appropriate grounding and surge protection
systems are implemented to ensure the safety of the installation and the reliability of the equipment.

After the assembly is completed, testing of the power systems inside the container is carried out. This
procedure includes measurement of insulation resistances, testing of continuity and functionality of
switchgear, testing of protective relays and checkof parameters of transformers and battery systems.
Only after all parameters meet technical standards and regulations, the container can be put into operation
and connected to the power grid.

Dismantling procedure of container structures

Dismantling of containers is carried out when the equipment has reached the end of its useful life, during
the modernization of the system or when moving the equipment to a new location. The first step is to
safely shut down the power systems, where thengw supply is interrupted and all active electrical circuits
are turned off. Before the start of the work, a test of the absence of voltage is carried out and adequate
protection against electrostatic discharge (ESD) is ensured.
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Inside the container, the power equipment is carefully dismantled according to established procedures.
Transformers, distribution cabinets, protective relays and switchgear are gradually removed, taking into
account the sequence of disassembly to avoid plessibility of short circuits and unexpected electrical
discharges. Cables are separated, labeled and disposed of in a safe manner to prevent damage and ensure
proper recycling or reuse.

After all equipment has been removed, the container is prepared for transport using a crane or specialized
vehicle. If it is moved to a new location, it is necessary to ensure proper mechanical connections and secure
transport conditions to prevent damagauring transport. In cases where the container is permanently
removed, the foundations and anchoring elements are also dismantled, adhering to the standards of
disposal of construction waste.

Transport and disposal of equipment

After dismantling, the containers and power equipment are transported to designated locations for
recycling, disposal or reuse. Depending on the type of equipment, it may be necessary to use specialized
transportation services to safely transport highltage components, batteries, or other sensitive electrical
devices. The recycling of copper conductors, insulating materials and metal parts is carried out in
accordance with ecological standards in order to reduce the negative impact on the environment and
ensure the reuse of valuable materials.

All these prefabricated structures must be designed and built in accordance with safety standards and
regulations, taking into account the specifics of wind farms (eg offshore or onshore, different weather
conditions, technical requirements). Installationust be precise, as any installation errors can have a
serious impact on wind farm performance, personnel safety and the environment.

EXERCISE

Research task - examples of different constructions of wind turbine towers.
Research and compare the different types of towers used in wind farms (steel tubular



https://forms.office.com/e/H4qvBw4qju
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5.3. Assembly/disassembly and connection of power equipment in
wind power plants

Installation and connection of power equipment in wind farms includes a series of technical procedures
that ensure proper operation of the system. The process includes installation of the nacelle with factory
integrated equipment, installation and conneeti of additional electrical components, routing and laying

of cables, and integration of energy storage systems.

Nacelle assembly with factoiptegrated mechanical and electrical equipment The nacelle of the wind
turbine is supplied with key components already installed, including the generator, main shaft,
transmission system and electrical control modules. Themgsy of the nacelle is carried out by a high
capacity crane, which lifts and places the nacelle on top of the wind turbine tower. During assembly, a
specialized coupling system is used, which ensures precise alignment of the generator shaft with the main
turbine shaft. After installation, the nacelle is mechanically fixed using-$tigingth screws and safety
rings.

Gondola lifting procedure

Mounting and dismounting of monitoring and control systems

In addition to factoryinstalled components, additional equipment for monitoring and control is installed
in the nacelle. These include temperature and vibration sensors, meteorological instruments, remote
control and communication systems. Installationtioése systems requires precise connection of sensors
and control units with the central control module.

During
disassembly, all
connections are
carefully
disconnected, and
sensitive devices
are packed in
protective
containers for Examples of mounting parts of equipment on the gondola
transport and

reinstallation.
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Connecting the electrical component:
inside the nacelle of the wind turbine

Connecting the electrical components insic
the nacelle of the wind turbine require:
precision and expertise and is a key step
the final assembly phase, as it ensures t
functionality of the system for the
production, regulation and distribution o
electricity. This process includes th
connection of generators, converters
protection and control systems, as well ¢
other electrical equipment necessary for th
efficient operation of wind turbines.

After successful connection and testing, tf
wind turbine is ready for grid integration an interior of wind turbine nacelle with shaft, gearbox, clutch and coolins

regular operation. system
Connecting the generator to the converter system

The generator is the heart of the wind power system and its primary function is the conversion of
mechanical energy obtained from the wind into electrical energy. Depending on the type of wind turbine,
the generator can be synchronous or asynchronous, dithct or indirect power transmission.

Connecting the generator involves the following steps:

F Checking electrical connection8efore connecting,
the compatibility of the generator connections witk
the electrical system of the wind farm is checked. /
connections must comply with  technica
specifications and insulation standards.

¥ Connecting the generator to the converterThe
output lines of the generator are connected to the
converter system, which converts the produce
electricity from a variable frequency to a stable an
synchronized frequency suitable for distribution ii Connection of wind turbine generators
the network. Wiring is done using higloltage
cables resistant to temperature changes an
mechanical stress.

¥ Generator grounding The generator is connected to the grounding system of the wind turbine to
ensure protection against overvoltage and electrostatic charging.

¥ Phase sequence cheglafter connection, a phase sequence test is performed to ensure proper
matching of output power with network requirements.
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Installation and connection of the control system

The management system of wind turbines is responsible for monitoring and optimizing the operation of
all components. It consists of various sensors, control units and systems for communication with the
central operating center of the wind farm.

¥ Sensor connectiorm Sensors are installed inside the nacelle to measure generator temperature,
bearing vibration, rotor speed, voltage and current. These sensors send data to the control system
to optimize operation and prevent breakdowns.

g PLC Controller Installatiog The Programmable Logic Controller (PLC) is a key component for
managing the operation of the turbine. It connects to the generator, protection systems and
communication interfaces to enable remote control and automated povegutation.

¥ Braking System IntegrationThe electrical and mechanical braking system connects to the control
module, allowing for immediate turbine shutdown in the event of excessive wind speeds or
technical problems.

Figure: Connection of wind turbine control system, including sensors, PLC controller and braking system

Connection of protection and security systems

Protection of power components from overvoltage, short circuits and overloads is essential for the safety
and longevity of the system.

¥ Installation of protective relays-Relay protection includes devices that recognize network faults
and automatically shut down the system in case of need. These devices are connected to the key
nodes of the electrical network of wind turbines.

¥ Installation of surge protectors-Varistors and gas arresters are installed to protect electrical
components from lightning strikes and surges.

F Connecting the safety grounding systerrounding is realized by connecting all metal parts and
electrical devices to the grounding line, which reduces the risk of electric shock and overvoltage.

Laying and connecting power cables inside the gondola

The cable system inside the nacelle enables the distribution of the produced energy towards the
distribution cabinet and further network. Power cables must be properly laid and protected from
mechanical damage and vibrations that occur during the operaticthe wind turbine.
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£ Selecting and routing cablesFlexible and
temperatureresistant cables are used, S
which are passed through the cabl
channels inside the gondola.

F Cable fasteningCables are attached using
cable ties and special supports that prever |
their wear and tear during operation.

£ Connection to the distribution cabinetThe
main energy lines are connected to the
distribution  cabinet, where further
distribution of energy to the network is =
carried out. The connection is made
according to singlevire schemes, with a <
check of the insulation and continuity of the
connections

F Cable testing After connection, insulation
resistance test, continuity check and loa Laying and connecting power cables inside the nacelle of the wil
test are performed to ensure the reliability urbine
of the connection.
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Final testing and verification of the system
After all the electrical components are connected, the final tests are carried out, which include:

F Visual inspection of joints and cable installatiog®\ll connections are inspected to ensure there
are no loose connections or insulation damage.

¥ Measurement of electrical parametersVoltage, current and insulation resistance are checked to
ensure that the system is functioning according to technical specifications.

¥ Wind turbine test runt Under controlled conditions, a test operation of the turbine is started to
ensure the proper functionality of all connected electrical systems.

F Setting up the operating systemOptimization of turbine operating parameters, including rotor
speed, generator power and protective limits, is performed using software tools and a
communication interface.

The system for storing electricity in the wind farm and the installation/disassembly procedure

In modern wind farms, a system for storing electricity
increasingly used, most often in the form of batte
storage or supercapacitors. Assembly of the store
system involves the installation of battery modules
specially designed containers, theiormection with
inverters and integration with the power grid. Durin
disassembly, it is necessary to disconnect the stori F1F
system from the network, perform a safety discharge 4k
the battery cells and carefully disassemble the modu
for transport or repacement.

After the completion of all assembly works, a fin
inspection and testing is carried out to ensure tl
functionality of the power system and its readiness
work in the network.

An example of a system for storing electricity in a wind farm
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EXERCISE

Task: Write a seminar paper on the procedure for connecting electrical components inside
the nacelle of a wind turbine.



https://forms.office.com/e/85wh4EzhsW
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5.4. Selection of protective equipment and equipment for
assembly and disassembly of wind farm elements

In the previous chapters of the manual, the tools, equipment and devices used in the construction and
maintenance of wind power plants, as well as the basic protective equipment for work in power plants,
were discussed. In this chapter, the focus is onc#ffe protective equipment and measures that are
applied during the assembly and disassembly of wind farm elements.

Installation and dismantling of wind farm elements are among Higk tasks that require the use of
adequate protective equipment. These jobs often involve working at heights, handling heavy components,
exposure to electrical installations and adverse s conditions, so it is essential that all workers use
appropriate personal and collective protection.

Personal protective equipment (PPE)

Personal protective equipment protects workers from potential hazards and is mandatory for everyone
who participates in the assembly and disassembly of wind farm elements. Equipment includes:

E Protective helmet Protects the head from impacts, falling objects and electric shocks. The helmet

must have a safety strap to keep it stable while working at height.

Safety harness and lanyards (system for work at height) workers working on a tower or gondola

must use safety belts with energy absorbers, as well as lanyards attached to fixed points.

Protective gloves They must be resistant to wear and mechanical damage, and for working with

electric power components, dielectric gloves are used that prevent electric shock.

Protective clothing and footwearWorkers must wear antistatic and flame retardant weatherproof

clothing. Footwear should have protective toe caps and-slgm soles.

Hearing and vision protection Depending on the working environment, antiphons (noise

protection) and protective glasses are used to prevent dust, metal particles and wind from entering

the eyes.

E Respiratory protection When working with chemical agents, such as @&aiirosion agents or
paints for metal parts, masks with argivaporation filters are used.

M ™M ™W ™

MANDATORY PROTECTIVE EQUIPMENT
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Example of safety lashing for fixed points for work at height

Collective protective equipment

In addition to personal protection, collective protective equipment is also installed at the wind farm
construction site, which reduces risks for all workers.

¥ Safety barriers and safety netsPlaced around critical areas to prevent tools and materials from
falling from a height.

F Systems for protection against
lightning strikes Installation of wind
turbines involves working with metal
components in an open space, S
special attention is paid to protection
against lightning strikes through
grounded structures and surge
arresters.

¥ Signaling and marking of work zone
- Marking hazardous areas with
reflective strips and safety signs
reduces the risk of accidents anc
collisions with heavy equipment.

F Assistive systems for lifting anc
handling loads- Includes cranes,
winches, cranes and specialize
systems for transporting heavy
components, to reduce the physica
effort of workers and the risk of
injury.

Y
=t
=

An example of a safety barrier mounted directly on top of the nacelle
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Electrical protective equipment

Since wind farms involve working with power components, special attention is paid to protection against
electric shock and correct handling of high voltages.

£ Dielectric gloves and footwegrProvides protection when working with cables, switch cabinets and
wiring inside the nacelle.

£ Voltage Rectifiers and Insulating Padd¥sed when testing and connecting electrical devices to
prevent direct contact with dangerous voltages.

£ Tools with insulated handlesAny tool used to connect and maintain electrical installations must
be insulated and comply with standards for protection against electric shock.

E Voltage Testers and Circuit BreakerEnables safe voltage checks before working on electrical
components.

—/ Wi

F o o Transformer

An example of tools with insulated handles for each segment of the wind farm

Procedure for checking and using protective equipment

Before the start of any work on the assembly or dismantling of the elements of the wind farm, an
inspection of the protective equipment and mandatory training of the workers is carried out. Key
procedures include:

E Inspection of personal protective equipmentAll workers must check the correctness of their
helmets, safety belts, gloves and other equipment before entering the work area.

B Electrical protection checkCable insulation measurement, grounding test and verification of the
surge protection system are performed before working on power installations.

£ Testing safety systems for work at heighRopes and safety systems are regularly tested for load
capacity and resistance to ensure that they can withstand dynamic loads during operation.

Z Implementation of Standard Operating Procedures (S®Rrkers must follow defined procedures
for the safe handling of equipment, including lockout and tagout (LOO@@kout/Tagout) rules to
prevent unintended system starts.










































































































