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ABSTRACT

The article illustrates that the scientific basis of the assessment of the potential
of wind energy resources at different heights by statistical processing of the average
wind speed data measured at the weather station (at a height of 10 m) is presented.
The research was conducted in the Gijduvan district of the northern region of
Bukhara region. An algorithm for determining the potential of wind energy resources
using a two-parameter Weibull probability distribution function has been developed.
The average speed of the wind at different heights, the specific power of the wind
flow, the specific energy of the wind flow, the gross (theoretical) potential of wind
energy and technical resources were determined by modeling in the Matlab/Simulink
system. According to the results of the conducted scientific research, it was
determined that the average wind speed at a height of 100 m in Gijduvon district is
4.85 m/s, the specific power of the wind current is 404.85 W/m 2, and the specific
energy of the wind current is 3546.6 kWh/m 2. By using wind energy in the region,
social and economic sectors can be developed.

Key words: average wind speed, algorithm, Weibull probability distribution
function, relative wind power, relative wind energy, gross (theoretical) potential of
wind energy and technical resources.

AHHOTALIUSI

B oannoti cmamve npedcmasneno HayuHoe 000CHOBAHUE OYEHKU DeCypCos
6EMPOIHEPCEMUHUECKO20 NOMERYUANIA HA PA3HbIX 6bICOMAX NYMeEM CMamucmuyeckoll
obpabomku  OaHHLIX O  CpeoOHeli  CKOpoCmu  8empd,  USMEPEeHHbIX  Hda
Memeopoaozudeckoi cmanyuu (Ha evicome 10 m). Hccredosanue nposoounocv 6
Tuoicoysanckom paiione 6 ceseproul uacmu byxapckoti obaracmu. Paspaboman
aneopumm  onpeoeneHus: pPecypcos  BemMpOdIHEPIeMUecKoe0 NOMeHyuala ¢
UCNONIb308aAHUEM O08YXNAPAMEMPUYECKOU QYHKYUU pacnpedeieHus 8eposmuHocmel
Beiioynna. [lymém moodenuposanus 6 cucmeme Matlab/Simulink ovinu onpedenenni
CpeaH}l}Z CKOpoCcmb 6enipa Ha pa3Hblx 6blCOMAx, yaeﬂbHa}Z MOUHOCMb NOMOKa eempa,
VOenbHas 3Hepeusi NOMmoKa 8empda, pecypcvl 6al08020 (meopemuyeckui) u
MEXHUYECKO20 6€MPOIHEPCEMUHUECKO20 NOMeHYyuala. Ilo pesyaromamam HAYYHbIX
uccnedosanuil, cpeonsiss ckopocmv eempa Ha evicome 100 m 6 [udxcoysanckom
patione cocmasnsem 4,85 m/c, yoenvras mowHocms nomoxa eéempa 404,85 Bm/m2,
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yoenbHas 3Hepeus nomoka eempa - 3546,6 kBm-u/m2. 3a cuém ucnonvzosauus
SHepeUU 6empa 8 pecUuoHe MONCHO PA36UMb COYUAIbHBIE U IKOHOMUYECKUE CEKMOPDbL.

Kniouegvie cnoea: cpeownsas ckopocmv  eempa,  ancopumm, — QYHKYus
pacnpeoenenus eeposimuocmetli Betibynna, yoenbHas MOWHOCMb 8empd, YOelbHAs
SHepeus  eempa, pecypcvl  8al08020  (meopemudecKkuti) U MEeXHUYecKo2o
6emposHepeemuyecKko20 NomeHyuad.

INTRODUCTION

Increasing the scope of use of renewable energy sources in the world energy
system, saving fuel resources, using ecologically clean energy resources, and solving
the problems of environmental protection are gaining importance. Based on this, in
the long-term national energy programs of developed countries, in the period from
2021 to 2030, greenhouse gases and emissions should be reduced by at least 40%
(compared to the situation in 1990), the share of renewable energy sources should be
increased by 32%, and energy efficiency should be increased by 32.5%. planned" [1].
In this regard, special attention is being paid to the use of renewable energy sources
and scientific research in this field.

Centralized energy systems and the use of renewable energy sources wind, solar,
hydro and other power plants in supplying electricity to autonomous consumers is
one of the important directions of energy supply development. In order to solve the
problem of evaluating the possibilities and effectiveness of renewable energy sources
for providing energy to the regions, information covering the natural resources of the
region, as well as economic, demographic, other factors and characteristics of the
region is needed. The diversity of these factors and characteristics, their insufficient
research, lack of connection to the geographical coordinates of the area, it is very
difficult to assess the feasibility of installing devices based on renewable energy
sources. One of the solutions to the existing problem is the creation of a geographic
information system base for assessing the potential of renewable energy resources,
including indicators of energy reserves connected to a certain area, which are models
for assessing their technical and economic efficiency.

Today, the use of wind energy is one of the most promising projects among
renewable energy sources in the world . China, USA, India, Brazil and European
countries are leading in the use of wind energy. In 2020, the installed capacity of
wind power plants in China is 100 GW, a 60% increase compared to 2019 [2]. Figure
1 shows the indicators of installed capacity of wind power plants in the world by year.
In 2019, the installed capacity of wind power plants in the world was equal to 60.4
GW [3].

47



R Oriental Renaissance: Innovative, (E)ISSN:2181-1784
educational, natural and social sciences WWW.Oriens.uz

O SJIF 2023 =6.131 / ASI Factor = 1.7 3(9), September, 2023

70
60 =
50— ¢ 8|
40 111111
= SR EEEEEEEEE
0+—— 4 F 1114 1 1
o———— 14— 4+

GW

2010
2011
2012
2013

l
=
=
(o]

2001
2003
2004
2005
2006
2007
2008
2009

Figure 1. Indicators of the installed capacity of wind energy installations in the
world in a cross-section of years

In Uzbekistan, scientific research work is being carried out on the evaluation of
the potential of wind energy resources and their use. Until recently, the gross
(theoretical) potential of wind energy resources of our republic was 2.2 min. was
estimated as t.n.e. However, the potential of wind energy in local, separate areas
(Navoi, Ustyurt, Bukhara, Bekobad) was not fully taken into account. In addition, this
indicator was calculated for a height of 5-8 meters according to the data of
actinometric stations located far from each other (actually it should be determined at
25-100 meters).

German “Intec-COPA, GEONET"™ and ""Uzbekenerego'™ JSC companies
carried out research on wind energy potential assessment and wind mapping in
Uzbekistan. According to the results of the conducted research, the gross potential of
wind energy is 520 GW per year. It is determined that this will allow to receive
approximately 1.7 trillion kWh of electricity per year [4]. We can develop the social
and economic sectors of remote areas by assessing the potential of using wind energy
to provide reliable and continuous electricity to settlements, farms and farms located
far from centralized energy supply .

Based on the results of scientific research carried out in the world, it was found
that we can reliably estimate the potential of wind energy resources at different
heights by statistical processing of wind speed data measured at a height of 10 m
using the Weibull probability distribution function. We estimate the wind flow
potential of Gijduvan district at different heights using the Weibull probability
distribution function.

METHODOLOGY.

Modern wind energy devices of various forms are being designed in the world
today in order to reduce costs when using wind energy, increase the reliability and
efficiency of wind devices. Analyzing data on wind power properties is very

48



R Oriental Renaissance: Innovative, (E)ISSN:2181-1784
educational, natural and social sciences WWW.Oriens.uz

O SJIF 2023 =6.131 / ASI Factor = 1.7 3(9), September, 2023

important for evaluating the performance characteristics of wind power plants. The
use of the Weibull distribution function in the static analysis of wind energy potential
Is effective in reliable estimation of wind speed characteristics and energy potential
[11].

When evaluating wind speed characteristics, we need to determine the empirical
(reproducibility of wind speed) and density functions of the Weibull distribution.
These expressions are defined as follows [12,13]:

f(v) = k. (X)k B e_G) 0 =v = oo(l)
C [ ] .
Fv) = [Pfwdv=1-e &  1=k=100Q)
where k —the shape parameter (depends on the location of the area); c —a
parameter that determines the scale of the distribution of the function (parameter
depending on the average wind speed m/s).
and parameters cof the Weibull distribution kare as follows [14]:

k= () 71%(3)

Expressions of average wind speed and standard deviation are given in the
following relations [15]:

0= | XiL,(v; — V)%(6)

in which ¥ —the average value of wind speed; v; —daily measured wind speed,;
N —number of measured wind speeds; I' —gamma function.

Through the parameters defined in the Weibull distribution function, the relative
power and energy values of the wind flow are determined by the following
expressions [16,17]:

P= fﬁm%pvgf(v)dv = %pcgr(l + 13—{}(7)

w = fﬁm% pv3f(vV)dv-T = %pcBI‘(l + 13—{) - T (8)
At certain altitudes, air density, temperature, wind speed and direction change.
The change in air flow density according to height is determined as follows [18]:
p=po— (1,194-107*- H)(9)
in thispp — normal in the circumstances the air of flow density py = 1,23
kr/m>:H — the wind speed measurable height, m.
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Wind speed values depend on altitude. Height increased increasingly windy _
speed increases. The following in the formula the wind of speed to the height
dependence cited [19]:

a
Vo) =V (E—j) (10)

where v, —wind speed measured at a certain height, m/s; v; —wind speed
measured at initial height, m/s; H; —initial height, m; H, —selected height, m;
o« —windbreak indicator.

The wind shear index is determined by the following formula:

o= [0,096 log;(Zy) + 0,016 (log;(Z))? + 0,24](11)

Z, —length of surface irregularities on different land surfaces. It is 0.03-0.05 m
for the territory of Bukhara region .z, =

At a given height, the values of the shape and scale parameters also change.
Determination of these parameters is carried out by the following expressions [20]:

k (
= 12
1—0,0881.11}1@—?)\ )

H
CH, = CH, (H—j)n(13)

n = [0,37 — 0,08811n(cy_ )](14)

Ky,

RESULTS.

In this article, theoretical and practical studies were carried out on the evaluation
of the potential of wind energy resources at different altitudes of Gijduvan district,
the northern region of Bukhara region. Figure 2 shows the average wind speed data of
Gijduvan district measured at a height of 10 m. Accordingly, it was determined that
the average wind speed in summer months is higher than in other months and the
average wind speed in the region is 4.85 m/s.
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Figure 2. Average values of the wind speed measured at a height of 10 min
Gijduvan district

Figure 3 shows the values of the average wind speeds at different heights of the
Gijduvan district and the results of the density function of the Weibull distribution. It
was theoretically determined that the average wind speed at a height of 100 m is 6.35
m/s.
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Figure 3. Values of the average speed of the wind flow at different heights of the
region (a), the results of the density function of the Weibull distribution
Figure 4 presents the results of estimating the relative power and energy of wind
energy at different heights using the Weibull probability distribution function of
G'iduvan district. According to this, it was determined that the specific power of the
wind current at a height of 100 m is 404.85 W/m 2and its energy is 3546.5 kWh/m 2:
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Figure 4. Graph showing relative power (a) and energy (b) values of wind
energy at different altitudes
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CONCLUSION

The data of the meteorological station (MS-Ogitma) located in the Gijduvan
district was used to assess the potential of wind energy resources at different heights
of the Gijduvan district. Accordingly, it was determined that the average wind speed
Is 4.85 m/s per year at a height of 10 m. The wind speed data obtained from the MS-
Ogitma weather station were statistically processed and the gross (theoretical) and
technical potential of the wind flow at different heights was evaluated. Accordingly,
the gross (theoretical) potential of wind flow at a height of 100 m is 909.94 min. per
kWh, technical capacity is 18.20 min. Its equivalence to kWh was scientifically
substantiated. According to the results of the conducted research, it was estimated
that the possibilities of using wind energy in stabilizing energy insecurity and
environmental problems in these regions are high.
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