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RISK CONSIDERATIONS FOR OFF-GRID SMALL WIND
FARMS

Cabo A.T'.

K.T.H., JIOLIEHT, no1eHT kadgenpu ETEM
TaBpiiicbkuil 1ep:kaBHUN arpOTEXHOJOTTYHUM yHiBepcHuTeT iM. JIMutpa MoTopHOTO

Introduction:

Off-grid wind turbines are a promising solution for generating clean and renewable
energy in remote areas [1]. They should primarily be considered as a source of power
supply in places where connection to the grid power supply would be impossible,
difficult or rather expensive as well as a source of backup power supply in the event of
a power outage for the critical consumers. That is why there is a growing interest
among the farm owners in Ukraine to the possibilities of installing autonomous low-
power wind turbines [2, 3]. However, it is necessary to carefully weigh and take into
account all risk factors in the design, acquisition, construction and direct operation of
such wind turbines in order to make their installation economically justified. This
article is devoted to these problems.

Windmill design and operation:

The design and operation of off-grid small wind farms play a critical role in
determining their performance and reliability. The size and shape of the blades, the
height of the tower, and the orientation of the windmill are important factors
influencing the power output and stability of the windmill [1, 2]. In addition, the control
system and battery storage system are important components that ensure the reliable
operation of the windmill. Therefore, it is important to carefully design and operate a
windmill to minimize the risk of failure.

Risk factors at the stage of design, acquisition and construction of autonomous
wind turbines

It should be noted that as a rule the future owner of a wind turbine has an overly
optimistic idea about the possibilities and economic indicators of such an installation
in particular. The widespread advertising in the media contributes it as well as the fact
that many equipment sellers and construction service providers often do not fully
inform the future owner about all the costs, nuances and risks that arise both at the
construction design stage and during operation (see below) and often they themselves
do not have a very clear idea about it. For example, the question of what is the expected
life of low-power autonomous wind turbines remains controversial. Manufacturers and
equipment sellers often state that such a plant will serve 20-30 years or even more.
However, such a statement is usually purely declarative and, for natural reasons, cannot
be documented, and any responsibility for the violating such a promise is not displayed
in any way into legally binding contracts, which specify a much shorter warranty
period. In addition, the issue of responsibility for the disposal of plant components that
are decommissioned and not a subject to recycling (for example, blades) is still not
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resolved. It is possible that in the very near future the legislator will shift this
responsibility to the owners of wind turbines themselves.

Perhaps the most important risk factor is the correct choice of the wind turbine
installation site. It can be quite difficult to assess whether the introduction of a wind
turbine, its operation and the possible destruction of any conflicts with the owners of
neighboring sites, which may lead to early termination of operation or claims for
damages on their part. In addition, the most important issue is the correct choice of
location for the installation of wind turbines in terms of its future energy efficiency [1-
3].

It is worth recalling that the wind turbine power is determined by the formula:

P=(n1*n2*n3)*p*nr’*V3

where n;- wind energy efficiency conversion into the movement of the blades,
according to the Betz law 1;<0.593;

M2 and n;s - efficiency for the gearbox and generator, ~0.8-0.9;

p — air density, kg/m3.

nr? - area washed by the blades, m2.

V - the wind speed, m/s.

Thus, a thorough study is necessary on the issue of the correct choice of the
installation site for wind turbines. Since such a study is usually quite long and
expensive, farmers often neglect it and rely only on weather observations at a particular
power, which can lead to a significant overestimation of the expected energy
production from wind turbines. Say, if the actual average wind speed at the installation
site turns out to be only 20% less than expected, then due to the cubic dependence for
the power on wind speed according to the above formula, the actual power generation
of such a wind turbine will be half as much.

In addition, a thorough study of the soil at the installation site is necessary to ensure
the stability of the wind turbine design and careful observance of all construction
standards, while the higher the wind turbine power (and, consequently, the weight and
dimensions), the higher the value of these factors.

The height of the tower and the rotating blades pose a danger to humans and
wildlife. Therefore, it is important to place warning signs and barriers around the
windmill to prevent accidents. In addition, it is important to ensure that the windmill is
designed to withstand extreme weather conditions and prevent damage to nearby
structures [2, 3].

Risk factors in the operation of an autonomous wind turbine:

Environmental factors such as wind speed, wind direction and temperature can
affect the performance and reliability of low power off-grid wind turbines.

Due to the variability of the wind speed, i.e. the energy generation itself, as a rule
an autonomous wind turbines have to be supplied with batteries. At the same time, it
should be taken into account that the battery life is 5 years in average under conditions
of proper operation, failure to comply with which leads to a noticeable reduction in the
service life as well as to possible accidents and fires. It is known that batteries should
be placed in separate rooms with stable positive temperatures, i.e. it should be heated
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during the winter. The location of wind turbines in remote areas exposes batteries to
the risk of theft and vandalism. All these risk factors should be taken into account when
carrying out economic calculations already at the stage of making a decision on the
construction of wind turbines.

A significant risk factor in the operation of wind turbines are lightning strikes,
which can cause fires, damage to the blades, electrical components with their failure
[4]. Therefore, even at the construction stage, the need for lightning protection for the
wind turbine under construction should be considered. Also, the cause of the fire may
be failures of mechanisms, insufficient lubrication and other factors. At the same time,
it should be taken into account that a fire that has arisen on the unit is very difficult to
extinguish due to the location of the turbine at a high altitude and the difficulty for fire
extinguishing teams to reach the installation site.

It should also be taken into account that for the maintenance of a wind turbine, it is
necessary to carry out a thorough change of lubricant every 2-3 years, replacement of
worn components and other work, which may also require the removal of the turbine
and its subsequent installation in place, which will naturally affect the operating costs
for owner.

Among other risk factors, one should highlight the possible collision of the blades
with birds, drones, and other foreign objects, which may require replacement of the
blades due to their damage. An important risk factor is the possibility of icing of the
blades, which can lead to their destruction and even an accident on the turbine. It should
also be taken into account that the blades must be washed periodically.

Conclusion:

Low power off-grid windmills are a promising solution for generating clean and
renewable energy in remote areas. However, their operation is associated with various
risks that must be taken into account and minimized. Wind turbine design and
operation, environmental factors, maintenance and repair, and safety are important
factors to consider when introducing low-power off-grid wind turbines. By carefully
considering these factors, we can ensure the reliable operation of low power off-grid
wind turbines and promote the use of clean and renewable energy in remote areas.

In addition, the author would like to point out the great diversity and difficulty in
assessing the above risk factors. Therefore, it would be advisable to create a system for
collecting data on autonomous farm wind turbines and their operating conditions in
order to analyze and evaluate risk factors for such wind turbines based on the collected
database using Data Science tools, which would eventually create a recommender
system that helps Ukrainian farmers should make more balanced decisions on the
feasibility of building autonomous wind turbines based on the specific needs and
characteristics of their farms, which would contribute to the development of the
farming movement in the country.
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