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Abstract

One of the problems of wind energy is determined insufficient information available about the effectiveness of
wind farms in the real life conditions, due in particular to commercial issues of use. On the one hand it is associated
with the wind loads in effective areas, on the other - lasting licensed wind parameters measurement with difficult
access conditions. The paper estimates the economic efficiency of wind farm generators of different capacities. It is
shown that in this way we can calculate the wind power parameters necessary for the preliminary analysis of the
economic efficiency of - annual electricity production, profitability and return on investment. As a result, the
estimation of costs for wind turbines and their installation and operation, profit margins and payback period were
estimated. The high efficiency of wind power in terms of the Carpathian region of Ukraine provided detailed
characteristics of wind turbine choice for real parameters of wind loads has been shown.
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1. Problem definition

The global power industry, given the growing level of environmental requirements and technological advances,
creates conditions for widespread use of alternative energy production technologies. The pace of the world's installed
capacity of alternative energy sources, the volume of production consistently demonstrate positive dynamics. Along
with this, wind energy shows significant growth impact on electricity production [1]. Use of wind power plants
(WPP) reduces the consumption of traditional primary energy, promotes technological development of areas and
creates jobs, reduces CO? emissions into the atmosphere.

The development of wind energy in Ukraine is characterized by dynamic parameters. Thus, in 2015 Ukraine
WPP produced 974 thousand MWh of electricity, while the share of wind energy in the overall balance is 0.62% and
0.9% in installed capacity of generators, which reduces CO* emissions by 500 thousand tons. In 2016, the installed
capacity of wind farms reached 525 MW in size in the production of energy of 925 thousand MWh and 49% share in
power alternative and renewable sources in Ukraine [2]. Consistent with this, in September 2016 "Eko-Optima" Ltd.
launched the second stage of WPP "Staryi Sambir-1" with 6.6MW capacity to increase the power of generation.
These facts confirm that wind energy development in Ukraine is promising, as its known benefits include reduced
operating costs for electricity and cheaper equipment for the wind farms with the development of technology. Further
development of wind power in Ukraine will contribute to the spread of additional information on the effectiveness of
the establishment and operation of powerful WPP in power grid.

2. Analysis of the recent publications and research works

Features of the geographical location of WPP in Ukraine show that the main factors determining the
possibility of wind electricity are weather conditions - WPP location taking into account the characteristics of

" Corresponding author. Email address: kpokrov@gmail.com

This paper should be cited as: K. Pokrovskyi, O. Mavrin, A. Muzychak. Efficiency of Modern Wind Turbines in
Real Conditions. Energy Eng. Control Syst., 2017, Vol. 3, No. 1, pp. 9 — 14. https://doi.org/10.23939/jeecs2017.01.009



Kostiantyn Pokrovskyi, Olgerd Mavrin, Andriy Muzychak 10

the wind turbine, which determines its effectiveness given the wide range of proposals from manufacturers.
High capacity power wind turbines by Vestas, Fuhrldnder, Gamesa, Siemens, Aerodyn, Alstom and Guangdong
MingYang, etc., differ in their characteristics, but are designed for maximum economic benefit in a wide range
of wind loads. Evaluation of the WPP performance requires consideration of many factors to make design
decisions arising from the existing legislation, the project engineering surveys (geological, surveying), expenses
for arranging access and internal roads, especially in the mountains, data on the study of wind potential regional
characteristics of existing grid connection for wind farms - energy infrastructure, land use requirements -
availability of reserve land outside settlements, sufficient distance from the wind farm facilities to the existing
buildings, the impact of wind farms on environmental and recreational conditions for the location of wind
farms [3]. We should also include the special requirements of state law to obtain a "green tariff" based on the
proportion of the use of domestic equipment. Sometimes under these circumstances, it is advisable to use a
simplified algorithm for determining the performance of a WPP at the pre-project stage for the adoption of
technical decisions, because the feasibility study of the wind power options requires significant financial
investment.

The prospects of the Ukrainian Carpathians region to obtain industrial wind load can be confirmed according to
expert assessment [3] and is determined by the average wind speed at the altitude of 80 m at 7.5 - 9 m/s. It is in this
area that work on designing wind farms is conducted. First of all - "Eko-Optima" Ltd. in cooperation with the
European Bank for Reconstruction and Development and Clean Technology Fund of the World Bank launched the
first and second WPP "Staryi Sambir-1" with the installed capacity of 13.2 MW. [4] Also, in the area Drohobych
Energy Ltd., Carpathian VES Ltd. and others are engaged in designing WPP. An important issue of site selection for
the construction of WPP is the problem of wind measurements. Information expert assessments can be used to
approximate estimates because according to current norms, calculation of wind turbines performance should be based
on the results of long-term wind measurements, which leads to certain financial costs. However, results [4] of
extended measurements in the western Ukrainian Carpathians have been published providing a similar average wind
potential: 6.2 — 7.64 m / s at a height of 80m. Method [6] gives WPP productivity based on measured or expected
wind power and WTG parameters. Change in wind parameters at the SH altitude can be determined by Hellman
exponential law:
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where H, - the altitude to which the reduction is made, H; - altitude for which wind measurements were carried out,
Vi1, Vo - appropriate wind speed, b - WTG installation terrain profile index (b = 0,14 + 0,30). For wind load data
processing for future platform on the upper ridges in Turka region of Lviv oblast of Ukraine (coordinates investigated
area - (lat., lon.) 49,2470; 22,8763), we can use the actual probability distribution of the known wind Weibull
analytical division:
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where @, - wind occurrence probability distribution function ,%; k - coefficient of dispersion; C - coefficient scale

determined by the average speed of the wind, approximately C = 24/z"*; V - wind speed, in m/s.

This characteristic of wind loads of the specified area at A = 7.34 m/s and k = 2.16 m/s is shown in Figure 1. To
calculate the technical performance of the WPP, we choose types of wind turbines.

A common feature of today's installed capacity generators is the capacity of 2.5-3.3 MW. However, with the
development of technologies, new capacities of 5 + 8 MW are launched at the market.
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Fig.1. Analytical Weibull distribution.

To evaluate the WPP performance , we will apply specifications (VG) Gamesa G132 5 MW [7] and Enercon E-
126 5 MW [8] with working wind range 3 - 25 m/s. Options of the adopted generators are listed in Table 1.

Table 1. Parameters of WTG

Parameter Enercon E-126 Gamesa G132
Rated power, MW 7,58 5,0
Rotor diameter, m 127 132

Hub height, m 135 95/120/140
Swept area, m’ 12668 13685

WTG capacity is determined by the following parameters: average wind speed at the height of the rotor axis
gondola, direction of wind, air density, the daily maximum and minimum wind speed [6].

P=k-p V52 3)

where & - coefficient of efficiency of the turbine; p - air density, kg/m*; V - wind speed, m/s; S - area of wind flow m2.
Performance characteristics for WTG models for the analysis are shown in Figure 2.
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Fig.2. Performance characteristics: 1- Enercon E-126, 2- Gamesa G132.
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Productivity of electricity can be defined [6] as follows:

E= j[g pSVC @,T)dv, )

v=0

where p - density of air; S - area of propeller; C, - parameter characterizing the efficiency of wind turbine energy
wind flow (power coefficient) [7,8].
3. Formulation of the goal of the paper

Preliminary considerations yield estimation parameters estimated from heterogeneous wind farms and wind
turbines within the parameters of the actual wind load area. Method described in (1) - (4) allows us to get the
following results for the 5-blocks imaginary WPP.

4. Presentation and discussion of the research results

Annual WTG productivity for specified areas in terms of the ridge with (1) and obtained by (2), (3) and (4) wind
characteristics are as follows (Table 2):

Table 2. Characteristics of WPP performance.

Average energy
WTG type Number of WTG production
(AEP), MWh
Enercon E-126 14082.262
1
Gamesa G132 12683.234

Electricity production for the year AEP is defined based on 2% of energy consumption for power needs. Based
on the indicators, we held an approximate assessment of the effectiveness of the WPP construction in the chosen area
and the two types of WTG.

The cost of electricity generated at WPP in Ukraine is determined by the "green" tariff, which amounts to
0.11 €/kWh. We take into account the cost of one wind turbine in the amount of 0.61 million € per MW of
installed capacity, corresponding to the expertise. We take into account that for 5 WTG-s cost of land
acquisition, permitting and design documentation, license generation costs account for less than 1.9 mlin. €,
transportation costs, cost of construction and commissioning, including the cost of materials and switching
devices - 30% of the total cost, then we can get an approximate cost of WPP. Reactive power costs are not
included in the calculation due to their absence for selected WTG [8]. Operating costs can be roughly
estimated at 8.5% - including wages, control service, depreciation, rent, investment contributions to
development areas, taxes.

As a result, we can get the value of gross profit for the year of operation of imaginary power plant and
payback period.
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Table 3. Economic performance of WPP.

"Green" Operational
f
Type of Number of tariff, COSt.O expenses, Annual profit,
construction and Payback, years.
WTG WTG . ¢ mln. € min. €

€/kwh | caupment mi. min. €

Enercon E-126 30.612 0.634 7.456 4.5
5 0.11

Gamesa G132 20.839 0.571 6.715 3.4

5. Conclusions

The result shows that the wind turbine of lower capacity in terms of wind loads of the selected areas
demonstrates lower payback period of the investment. This is due to the characteristics of wind areas stemming from
Figure 1. and Figure 2 and is largely determined by higher volume of investment in equipment. This raises the
possibility of finding the optimal ratio of cost and performance of wind turbines for specific wind conditions.

The results of wind farm performance should be considered as an assessment which can’t be absolute because of
the proximity of data and use of expertise and performance. Performance of S5-aggregate WPP shows slight
differences from the published results of practical WPP, which suggests the adequacy of obtained characteristics and
the possibility of evaluation of WPP performance in the Carpathian region of Ukraine.
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E¢exTuBHICTH HOBITHIX BITPOreHEpaTOPiB B peajibHUX YMOBAaX

KocrsauTtun Iokposcrkuii, Onbrepn Maspin, Aunpiit My3nuak

Hayionanvnuii ynieepcumem «JIvsiscoka nonimexuixay, eyn. C. banoepu, 12, m. Jlveie, 79013, Vrpaina
AHoTauis

[IpobaeMor0 pO3BUTKY BITPOCHEPTETHKU B YKpaiHi € HEJOCTAaTHICTh MOCTYIHOI iH(OopMaIlii Ipo epeKTHBHICTh
BITPOCTaHIIi}l B pealbHUX YMOBaX 3aCTOCYBaHHS yepe3 KOMepIiani3alilo MpoMucioBoi iHpopmariii. 3 omHoro 60Ky
LIe CTOCYETHCSI ITOKA3HUKIB BITPOBHX HABAHTAXKEHb B €(DEKTHBHHUX PErioHaX, 3 IHIIOrO — 3a0e3NeYeHHs] TPUBAJIOro
JIIIEH30BaHOTO BHMIPIOBaHHS BITPOBUX IapaMeTpiB B CKJIaJHHAX 3a JOCTYIOM yMoBax. B poOori HaBeneHO
pe3yNbTaTH OL[IHKA €KOHOMIYHOI e()eKTUBHOCTI BiTPOEIEKTPOCTAHIIIT 3 TeHepaTopaMu pi3HOi NOTykHOCTi. [TokasaHo,
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IO B TakKWi CIOCIO MOXKHAa pO3paxyBaTd HEOOXIJHI JJIs TONEPEJHBOrO aHaNli3y EKOHOMIYHOI e(eKTHBHOCTI
BITPOEJIEKTPOCTaHIiT TapaMeTpy — pidHe BUPOOHHLITBO €JIEKTPOSHEPTrii, NPUOYTKOBICTh Ta OKYIHICTh iHBeCTHIi. B
pe3ynbTaTi NpOBEAEHO OIHKY BHTpAT Ha BITPOTEHEPATOPH Ta iX MOHTaX Ta EKCIUIyaTalilo, OLIHEHO PO3MIipH
npuOyTKy Ta TepMiHy OKymHOCTi. [Ioka3zaHO BUCOKY €(EeKTHBHICTh BIPOB/KEHHS BITPOEIEKTPOCTAHINA B yMOBax
Kapmatcekoro periony YkpaiHu 3a YyMOBU JIETAIBHOTO BHOOpPY XapaKTEpUCTHK BITPOre€Heparopa sl pealbHHX
MapaMeTpiB BITPOBUX HABAHTAKCHb.

Karou4ogi ciioBa: BiTporeneparop; BiTpoctaHiis; epeKTHBHICTD; MPOJYKTHBHICTb.



