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Abstract. Wind energy usage is one of the promising areas among renewable energy sources. The article
considers a methodical approach to the modeling and selection of environmentally efficient and energyefficient wind turbines at the design stage, taking into account the characteristics of the natural-territorial
complex and the specific anthropogenic load on the territory of the WT location.

1 Introduction
The practical use of renewable energy sources (RES) is
growing in many countries of the world [1]. The leading
place among them is occupied by wind power plants
(WPP) capable of generating sufficiently large amount of
electricity for consumers of different scale varying from
single or group installations up to networked ones (wind
power plant).
The main advantages of wind turbines are the
inexhaustibility of wind energy, the relative
environmental safety of the energy received and the
possibility of placement at any location. The
shortcomings that limit the wide use of windmills include
a narrow range of wind speed characteristics use from 2
to 15 m/s, variable work depending on the wind direction
change, and a long payback term of the installation.
Further progress in the development of wind turbines,
in our view, should be based on optimizing the
management of wind turbines through modeling a
dynamic and rather complex technology for converting
wind energy into electrical energy [2,3].
In the current conditions for the wind turbines
development, it becomes necessary to develop criteria for
assessing and selecting the type of installation and
optimizing the technological parameters of power
generation [4,5]. The study of the most frequently used
methods of assessment and selection of optimal wind
turbines parameters taking into account the necessary
volumes of electricity received and the facility location
made it possible to identify their shortcomings:
- a need to pre-assign a specific type of equipment;
- lack of sufficient energy characteristics of
equipment based on the complex impact on the
environment state and the comfort of living of the
population in the area of WT location.
*

At present, in connection with the existing variety of
wind turbines, it becomes necessary to manage the
process of selecting the type of installation, based on the
principles of energy efficiency and environmental
efficiency. By the term «energy efficiency» we mean
the share of energy (useful energy) used by the WT
regarding to the entire wind potential of the territory. By
the term «environmental efficiency» we mean the
degree of reduction of negative factors (noise, vibration,
etc.) that are provided by the WT to the environment
during its operation in a particular area [6].
The proposed technique allows to simulate the
conversion technology of wind energy into electric
energy in various natural and climatic conditions, to
evaluate various options for implementing this
technology and to select the optimal option with a
subsequent calculation of the WT technological
parameters.

2 Materials and Methods
The main goal of our research is to provide the ability to
manage a very complex dynamic technology for
converting wind energy into electricity based on the
technology simulation, calculating and selecting the
optimal technological parameters of WT based on the
energy efficiency and environmental efficiency criteria.
This methodological approach allows to choose the most
environmentally
efficient
and
energy-efficient
technology. To achieve this goal, we have accomplished
the following tasks:
- system analysis of natural and climatic factors and
landscape characteristics of the planned territory for the
WT location has been done;
- the parameters describing the main characteristics of
the WT have been singled out and formalized;
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and for orthogonal wind turbines according to the
formula:

- a mathematical description of the environmental and
energy efficiency as resulting evaluation criteria for the
technology of WT conversion to electricity has been
performed;
- the technology, based on the calculated resulting
criteria has been chosen;
- a methodology for assessing and selecting the most
environmentally and energy-efficient technology for
converting wind energy into electrical energy with
subsequent calculation of design parameters of wind
turbines for certain territorial conditions has been
developed.

S=DH, m2,

where D is the diameter of the axial or orthogonal wind
wheel, m2; H – height of the orthogonal wind wheel, m.
Wind power:
P=ρV3S/2, W.

Ср=Рww/Р,

The performed analysis of the technical and economic
characteristics of the WT currently in operation on the
territory of the Russian Federation showed their
compliance with modern indicators of foreign power
plants.
However, it should be noted that any modern WT are
subjected to constant technical improvement, and
therefore, when choosing a particular type of such plants,
their quality should be considered at the time of the
intended use. The cost of such wind turbines does not
exceed the cost of foreign analogs [7,8].
As a result of research of WT different types, we can
state that, despite their wide application, they still have
two main drawbacks: the wind utilization factor does not
exceed 0.4; their use in the immediate vicinity of the
consumer is hampered by the increased environmental
hazard of these installations (in particular, the level of
sound volume that exceeds the standard values).
Further improvement of WT (the capacity unit
increase, the wind energy use coefficient increase to 0.5
and more, and improvement of their ecological
characteristics) is possible on the basis of the use of slowmoving orthogonal WT with a vertical axis [9-14].
Thus, at present there is a sufficient number of WT on
the energy market that can be used in both autonomous
and centralized power supply systems.
We examined the main parameters that determine, in
the final analysis, the design perfection, ecological
efficiency and energy efficiency of operation of the WT.
Thus, the kinetic energy of the air (wind) flow per
time unit can be determined by the formula:

Cm=2M/q·F·D

(7)

where Рww – the stream power used by a wind wheel
during its rotary motion, W; M is the moment created by
the peripheral force, N · m; q – speed head, defined by
the formula:
q=ρ·V2/2, Н/м2.

(8)

The coefficient Cp shows how much of the air flow
power can profitably be used by the wind wheel, and is
also called the coefficient of wind energy use ξ. The value
of ξ first of all depends on the type of the WT, the shape
of its wings and the quality of their production [15].
For high-speed wind turbines with wings of
streamlined aerodynamic profile ξ is in the range from
0.42 to 0.46. This means that the wind wheels of such
engines can be profitably used, i. e. transform into
mechanical work 42 - 46% of the energy that the wind
flow passing through the wind wheel has. For slowmoving wind turbines, the values of ξ can be in the range
of 0.27-0.33.
The dimensionless quantities ξ and Сm are functions
of a dimensionless parameter – suction specific speed
equal to the ratio:
Z=U/V,

(9)

where U is the peripheral speed on the outer side of the
wind wheel, determined by the formula:
U=ω·D/2=ω·R, m/s.

(1)

(10)

The speed coefficient is determined by the formula:
Z=π·n·D/60·V= 2π·n·R/V.

(11)

The parameters Cp, ξ, Cm and Z are the main
operational parameters determining the design perfection
and the efficiency of the operation of the wind turbine.
Thus, the completed simulation of wind energy
conversion technology into electric technology is the
basis of our proposed methodology, which includes the
following main stages.
At the first stage grouping of the natural climatic
characteristics and area landscape features of the
structure arrangement is carried out regarding the type of

(2)

where ρ – air density, kg/m ; S – area brushed by the wind
wheel, m2.
The area brushed by the wind wheel can be
determined for the axial wind turbines with the formula:
3

S=π·D2/4, m2,

(6)

- coefficient of the peripheral forces moment defined
by the formula:

where m is the mass air flow rate, kg / s; V – wind speed,
m / s.
In this case, the mass flow rate of air flow through the
plane of the wind wheel is determined by the formula:
m=ρ·V·S, kg/s,

(5)

Thus, the energy supplying the wind wheel is
proportional to the cube of the incoming air flow speed
(wind speed).
The main characteristics of the wind wheel are:
- power factor, determined by the formula:

3 Results

K=m/V2, Вт,

(4)

(3)

2
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landscape, including surface roughness, calculation of
the wind potential of the territory in the speed range from
2-13 m / s taking into account annual and month average
wind speed and number of prevailing wind direction
hours. The aggregate of these parameters determines, in
the final analysis, the total wind power (W1) per area unit
perpendicular to the direction of the wind flow in the
analyzed area.
In the second stage, according to the power demanded
by the consumer (W2), various plant variants are selected
(by types of wind turbines). Technical characteristics and
environmental parameters are determined for each type
of WT.
Technical characteristics of the installation are: the
diameter of the wind wheel, the height of the mast, the
type of the rotation axis, the number of blades and
materials they are made of, the lead of a screw.
Ecological parameters wind turbines impact,
characterizing environmental safety in the area of the
facility location: mechanical noise, vibration, infrasound,
maintenance intervals, wear resistance of the structure
and its elements.
At the third stage the characteristics of the types of
wind turbines preliminarily selected in the second stage
are compared in order to select the units for the minimum
values of wind energy loss (ΔWi), capable of providing
the power required by the customer:
ΔWi=W1–W2·ξ,

available specific wind energy in the territory under
consideration («spent energy»), W.

4 Discussion
As a result of our studies, we proposed a technique for
choosing the technology for converting wind energy into
electric power and selecting the design characteristics of
wind turbines based on modeling various options for such
technologies, as well as selecting optimal parameters of
wind turbines based on the principles of ensuring
maximum values of ecological and energy efficiency. At
the same time, starting from the third stage, in case only
one wind turbine remains as a result of the selection the
realization of the subsequent stages is not required and
the choice of the optimal wind turbine can be completed
at the appropriate stage of the procedure.

5 Conclusions
Thus, the methodology proposed in the given article
makes it possible to select an ecologically and energy
efficient wind turbine at the design stage, taking into
account the characteristics of the natural-territorial
complex and the specific anthropogenic load on the area
of the WT location.

(12)
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