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Abstract

The development of the national wind power industry in Ukraine faces a number of problems because of the lack
of sufficient information on the peculiarities of the operating modes of wind farms under real-life conditions. This
applies to wind load indices in different regions, estimates of the performance of wind power plants with different
types of wind turbines. One of the important characteristics of the potential capabilities of a wind power plant in the
grid is the time and rate of utilization of installed capacity (installed capacity utilization factor - ICUF), which are
widely used in the design of power plants. The paper presents the results of calculating the characteristics of the
production potential of wind power plants with generators of different types and capacities, which are defined in
terms of time and coefficient of utilization of the installed capacity. It is shown that such characteristics of the wind
power station uniquely characterize the efficiency of the application of a specific wind generator in real conditions for
use in design calculations.

Keywords: wind turbine; wind station; time of use of installed capacity; coefficient of utilization of installed
capacity.

1. Definition of a scientific problem

The current state of the world renewable energy is characterized by high dynamics of development. Significant
features of this are many confirmed facts. In recent years, increased participation of renewable sources in the balance
of electricity generation in the world's electricity systems continues. [1]. On 21 04 2017 a national energy company in
the UK said that it can confirm that for the past 24 hours it supplied GB's electricity demand without the need for coal
generation [2]. It happened for the first time since 1880. A similar situation occurs periodically in other countries. The
State Energy Operator of the People's Republic of China said that according to the results of 2016, an indicator of 150
GW of power at wind farms was reached [3]. In addition, it should be noted the results of research on the prospects
for the development of renewable energy in 139 countries [4] on the model of the world's energy, proving the
possibility to transition to exclusively renewable energy sources by 2050. The above facts confirm once again that
alternative renewable power, in particular wind energy, loses its alternating nature and becomes an important basic
component of world electricity generation at the level of coal, atomic and oil and gas energy.

Wind and generally renewable energy in Ukraine is developing at a different pace, which is primarily due to the
effects of crisis phenomena. In 2016, the installed capacity of Ukrainian wind farms amounted to 525 MW in the
production of 925 thousand MWh and the share of 49% of the capacity of alternative and renewable sources [5]. The
need for wind energy development in Ukraine is determined by the need to reduce the dependence on traditional types
of fuel and its imports, reducing harmful emissions into the atmosphere, which can be solved by the increase in the
rate of development of alternative renewable energy.
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2. Analysis of recent publications

Against the backdrop of intensive wind energy development, which is largely contributing to the economic
situation and political support, information provision for economic and technical evaluation of energy efficiency
indicators is important. The conducted researches [6] of the International Energy Association show the limited
information on the efficiency of the operation of the wind farm in the grid with the appearance of erroneous and
sometimes false representations in this direction.

In order to increase the rate of wind energy development in Ukraine, in particular, volumes of reliable
information on the efficiency of wind farms in the grid should be expanded. Work [7] describes the methodology and
results of calculation of technical and economic indices of different wind farms under real conditions of work for a
site in the Ukrainian Carpathians, where high efficiency of operation of wind farms is shown. However, an overview
of available sources shows a lack of actual performance indicators for using installed capacity in the Ukrainian grid
for real operating conditions that are critical for technical and economic decision-making.

3. The purpose of the study

The efficiency of using the installed capacity of the wind power plant in the power grid can be characterized
similar to the traditional types of power plants with the characteristics to use them in engineering calculations for the
adoption of technical solutions. This characteristic of the power plant is the coefficient of utilization of the installed
capacity K., (%) and the time of using the installed capacity T;., (). For known relationships you can get:

Kiew=W,/ (P, -8760), Ti=W,/P,, (1)

where P, is power station nameplate capacity, MW, I, is annual energy production.

These characteristics are widely known and are used to assess the technical capabilities of different types of
power plants. Use of installed capacity for the relevant period is an integral indicator covering both the technical
capabilities of the power unit and the organizational and economic characteristics. For wind power plants, K., and
T;., contain the technical characteristics of wind turbines, taking into account the parameters of the wind load of a
particular site, which maximally approximates the calculated parameters to the real operation conditions. This
approach allows us to evaluate the application of the technical characteristics of the wind turbine under real
conditions for the optimal choice of its type.

4. Results obtained

To determine these characteristics, we use well-known relationships for modern wind turbines [7]. WTG
capacity is determined by the following parameters: average wind speed at the height of the rotor axis gondola, wind
direction, air density, the daily maximum and minimum wind speed.

P=k-p V-S2 2)

where £ is the coefficient of efficiency of the turbine; p is air density, kg/m?; V' is wind speed, m/s; S is area of wind
flow m2. We can get performance characteristics for WTG models as follows, during the year:

W= j {épSVSCpcDVT}dV, 3)
v=0

where p is density of air; S is area of propeller; C, is- parameter characterizing the efficiency of wind turbine energy
wind flow (power coefficient). For wind load data processing for future platform on the upper ridges in Turka region
of Lviv oblast of Ukraine (investigated area coordinates - (lat., lon.) 49,2470; 22,8763), we can use the actual
probability distribution of the known wind Weibull analytical division [7]:
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where @, is wind occurrence probability distribution function ,%; k is coefficient of dispersion; C is coefficient scale
determined by the average speed of the wind, approximately C = 24/z"”; V is wind speed, in m/s. Change in wind

parameters at the SH altitude can be determined by Hellman exponential law:

b

H

Vio =V [FZJ > (5)
i

where: H, is the altitude to which the reduction is made, H; is altitude for which wind measurements were carried out,
Vi1, Viz is appropriate wind speed, b is WTG installation terrain profile index (b = 0,14 + 0,30).

To calculate the efficiency of using the installed capacity of a wind turbine in the grid, we will identify a group
of modern wind turbines of the following producers: Vestas Wind Systems, Gamesa Electricc ENERCON GmbH
[8,9,10]. The parameters of the selected wind turbines are determined from the characteristics in the open access
documents (Table 1) of the producers in the form of dependencies (calculated power curve) P=f(V), C,=f(V), also
taking into account the height of the wind turbine tower 4, the specific distribution of Weibull for the specified site.
The input data for calculation is shown in Table 1. Here you can see rated power of the wind turbine P, (MW), height
of the tower h (m), start wind speed, m /s, switching wind speed, m / s.

Table 1. Input data of wind turbines.

WG P, MW I m (jz;;z’v:’z;sd Cut out v’:ll/r;d speed,
Vestas V105-3.45 3.45 94.0 3.0 25.0
Vestas V126-3.3 33 117.0 3.0 22.5
Gamesa G128 5.0 120.0 3.0 25.0
Enercon E-101 3.5 74.0 3.0 25.0
Enercon E-126 7.58 135 3.0 25.0
Enercon E-101EP4 42 135.0 3.0 25.0

The calculation results are shown in Table 2 with the calculation of annual energy production (AEP) for several
WTG. The consideration of various types of wind turbine parameters provided by the manufacturer is due to the
degree of approximation to the general conditions of application for the maximum probability of the parameters
received.

Table 2. Results of calculations.

WIG AEP, MWh Kicu Ticu h
Vestas V126-3.45 11009.26 36.43 3191
Vestas V126-3.3 10667.32 36.90 3232
Gamesa G135 12429.25 28.38 2485
Enercon E-101 10768.84 35.12 3076
Enercon E-126 13744.48 20.70 1813
Enercon E-101EP4 11446.76 31.11 2725

The results obtained can be compared with a real wind power station [11], and, therefore, we can speak of the
similarity of the results obtained in the absence of identical wind loads.

5. Conclusion

In this work, the calculation of the utilization of the installed capacity of a number of modern wind turbines for
wind conditions of a real point of installation has been carried out taking into account the data of measurements of
wind loads.

The obtained characteristics additionally demonstrate the connection with the power and design features of the
wind turbine.
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For the first time, the characteristics of using the installed capacity of wind turbines under the conditions of the
site in the western Carpathians of Ukraine for further use in engineering calculations were obtained.

The obtained characteristics should contribute to the development of wind power in Ukraine to assess the
parameters of wind farms under the conditions of the western part of the Ukrainian Carpathians.

They unambiguously characterize the efficiency of the application of a specific wind turbine under real
conditions for use in design calculations.
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BuxopucTaHHS NOTYKHOCTI Cy4aCHHMX BiTPOreHEepaTopiB B peajlbHUX YMOBaX

KocrsauTtun okposcekuii, Onbrepn Maspin, Anapiit My3uuak, Bonogumup OmniiiHuk

Hayionanvnuii ynieepcumem «JIvsiecoka Ionimexuixay, eyn. Cmenana banoepu 12, m. Jlveie, 79013, Vrpaina

AHoTalia

Po3BUTOK HAIIOHAIBHOI BITPOCHEPTeTUKU B YKpaiHi CTHKAETHCS 3 PAIOM MPOOJieM dYepe3 BiACYTHICTH Yy
JIOCTaTHIX 00csArax iHdopmaii mpo 0COOIUBOCTI PeXKMMIB pOOOTH BITPOCTaHIIIH B pealbHUX yMoBax. Lle crocyeTbes
MOKA3HUKIB BITPOBMX HAaBaHTa)XEHb B PI3HMUX peErioHaX, OMIHKUA TNPOAYKTHBHOCTI BITPOBHX €IEKTPOCTAHIIN 3
PI3HOTHITHUMH BiTporeHeparopamu. OJHOI0 3 BaXJIMBHX XapaKTEPUCTUK IMOTEHLIHHUX MOXIMBOCTEH poOOOTH
BITPOCTaHIII B €HEProcHCTeMi € 4Yac Ta KOe(illieHT BUKOPUCTAHHS BCTAHOBJEHOI IOTYXXHOCTI, IIO IIHPOKO
3aCTOCOBYIOThCS B 3aJladaX IPOEKTYBaHHsS e€JeKTpocTaHmid. B poOoTi HaBeneHO pe3ynbTaTd pO3paxyHKY
XapaKTEePUCTUK TTOTEHIIa]ly BUPOOHHUIITBA BITPOEIEKTPOCTAHIIIH 3 TeHEpaTOpaMH Pi3HOTO THUITY Ta IMOTYKHOCTI, IIO
BHU3HAUYEHO y BHIVIAI 4Yacy Ta Koe(illieHTy BHKOPUCTAaHHS BCTaHOBJIEHOI moTyxHocTi. [lokazaHo, mio Taki
XapaKTepPUCTUKH  BITPOCTaHIIi OJHO3HAYHO XapaKTepU3yIOTh e(pEKTUBHICT 3aCTOCYBaHHS KOHKPETHOTO
BITpPOreHEepaTOTpa B PEIbHUX YMOBAaX JUIsi BAKOPUCTaHHS B MIPOSKTHUX PO3paxyHKax.

KirouoBi ciioBa: BiTporeHepaTop; BITPOCTAHINS, YaC BUKOPUCTAHHS BCTAHOBIICHOI MOTY)KHOCTI; KOCQIIiEHT
BHUKOPHCTAHHS BCTAHOBJICHOI MTOTY>KHOCTI.



