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Abstract. The article deals with the wind characteristics in the suburbs of Kyiv and identifies the location that is most promising for the development 
of small wind power generation. For the selected location, a statistical analysis of wind characteristics was carried out and the choice of the main 
technical parameters of the wind generator was substantiated. A mathematical model of wind speed repeatability was developed using a two-
parameter Weibull distribution based on archival wind speed data from open sources. For the given location, the average productivity of a 
conditional wind turbine was estimated for different time intervals (year, month) according to the Weibull distribution. The results of the calculation 
obtained by the Weibull distribution and the actual wind speed values were compared. 
 
.Streszczenie. W artykule omówiono charakterystykę wiatru na przedmieściach Kijowa oraz wskazano najbardziej obiecującą lokalizację dla 
rozwoju małej energetyki wiatrowej. Dla wybranej lokalizacji przeprowadzono analizę statystyczną charakterystyki wiatru i uzasadniono wybór 
głównych parametrów technicznych generatora wiatrowego. Matematyczny model powtarzalności prędkości wiatru został opracowany przy użyciu 
dwuparametrowego rozkładu Weibulla na podstawie archiwalnych danych dotyczących prędkości wiatru z otwartych źródeł. Dla danej lokalizacji 
oszacowano średnią produktywność warunkowej turbiny wiatrowej dla różnych przedziałów czasowych (rok, miesiąc) zgodnie z rozkładem Weibulla. 
Porównano wyniki obliczeń otrzymane rozkładem Weibulla z rzeczywistymi wartościami prędkości wiatru. (Ocena przydatności małej energetyki 
wiatrowej w obwodzie kijowskim). 
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Introduction 
The dynamic development of renewable energy sources 

(RES) is a sustainable trend of our time. This is due to 
several global factors, including climate change and the 
replacement of fossil (carbon) energy resources to reduce 
their negative impact on the environment [1]. For Ukraine, 
the issues of further development of green energy in the 
current environment are primarily related to overcoming the 
consequences of armed aggression (restoration of RES 
plants after damage due to hostilities) and post-war 
reconstruction of the industry. The Renewable Energy 
Research Center REN21 and the United Nations Economic 
Commission for Europe have recognized that due to 
Russia's full-scale invasion, 30% of solar generation power 
has been destroyed, and 90% of wind generation capacity 
in the southern regions of the country has been 
decommissioned. In general, solar and wind power 
generation in 2022 decreased by more than half compared 
to its pre-war level. Thus, if at the end of 2021, electricity 
generation at solar power plants (SPPs) amounted to 7,670 
million kWh and at wind power plants (WPPs) – 3,886 
million kWh, then at the end of 2022, electricity generation 
at SPPs is estimated at 2,007 million kWh and WPPs – 
1,300 million kWh, respectively [2]. 

The significant electricity shortage and disruption of 
electricity supply to consumers observed as a result of 
massive rocket attacks in many regions of Ukraine, 
including Kyiv and the suburbs, is largely due to the 
shortcomings and inertia of centralized power supply 
systems [3]. Therefore, one of the priority areas for the 
development of the energy sector should be the introduction 
of more flexible systems of distributed generation and 
small-scale generation facilities based on RES (e.g., wind 
and solar power plants) to ensure energy independence 
and meet the energy needs of locally connected 
consumers. In these conditions, the issues of studying the 
potential of RES, in particular wind energy potential, in 
certain areas of the country and assessment of wind 
turbines productivity become particularly relevant. 

 

Literature review and problem statement 
Wind energy resource assessment is usually conducted 

to identify areas that are promising in terms of wind power 
development. In Ukraine, preference has recently been 
given to the development of large WPP with a power of 0.5 
MW or more, primarily in the southern regions. Insufficient 
attention has been paid to the improvement of small and 
medium-sized wind generation systems, which include wind 
turbines with a power of up to 20 kW and a power of 20 to 
500 kW, respectively. As the experience of foreign countries 
shows, small wind turbines should be used in cities with 
significant electricity consumption [4, 5]; in isolated areas 
remote from power sources as autonomous and auxiliary 
energy systems [6], where wind energy can be an adequate 
alternative to diversify electricity supply. In Ukraine, small- 
and medium-sized wind turbines (WTs) have already been 
used at such local facilities as hotels, energy cooperatives, 
farms, and military facilities, for mobile communication 
stations power supply, etc. The approach of WT using as an 
auxiliary source of lower power is proposed in [8, 9] for 
combined wind-solar power systems of local facilities, 
where the main role is played by photovoltaic generation, 
which provides power to the facility even in the absence of 
wind. At the same time, the WT operates around the clock, 
ensuring the required minimum level of generation. In these 
conditions, it is possible to reduce the installed power of 
photovoltaic modules with more complete use of it. 

Important characteristics of the wind potential of an 
arbitrary territory are the average wind speed over a certain 
period and the repeatability of different gradations of wind 
speed. The research of wind characteristics is necessary to 
determine the expected level of electricity generation at the 
location of a WT. Some results of determining the wind 
characteristics are described in works [10-13] for different 
locations in Ukraine, in particular: for a separate city 
neighbourhood located close to a residential area [10]; for 
the needs of small agricultural enterprises [11]; for local 
areas with different combinations of physical and 
geographical conditions [12, 13]. Some publications are 
devoted to the study of wind characteristics in the 
metropolitan region, including the city of Kyiv [14, 15]. 
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The wind potential was estimated by calculating 
coefficients for statistical distributions: Weibull, Rayleigh, 
Rice, Nakagami, inverse Gaussian, normal, lognormal, and 
gamma distributions – in [10]; Weibull distribution – in [11, 
13, 15]. Data on wind conditions were determined by 
measuring in the points of potential placement of WT, in 
particular, based on data collection systems using wind 
sensors [10, 11]; data from weather stations [15]; data from 
geographic information systems (GIS) that provide 
collection, storage, processing, access, display, and 
distribution of geospatial data [12]. In [8, 9], the PVGIS 
database [16] was used for a preliminary assessment of 
both the generation of photovoltaic modules and wind 
power characteristics. In [9], the wind characteristics of the 
east of Ukraine were assessed based on PVGIS data. The 
PVGIS database is publicly available and contains an 
archive of wind speeds up to 2020 at a height of 10 m with 
a 1-hour resolution for a typical meteorological year (TMY) 
and provides information based on modeling daily long-term 
satellite data.  

Thus, the analysis of publications made it possible to 
identify certain regularities that should be taken into account 
when selecting and placing WTs, including the following: 

- wind speed in the center of an urbanized environment 
is lower than on the outskirts. For example, in Kyiv, the wind 
speed in all seasons during the day in most areas is 0.6-0.7 
times lower than outside the city (Boryspil), and in almost all 
districts of the city it is 1.5-2.5 times higher than in the 
center [14]; 

- the Weibull distribution provides the best accuracy in 
assessing wind potential for most wind speed measurement 
zones [10, 11, 13, 15]; 

- wind power characteristics are usually assessed based 
on various approaches, including direct measurements of 
wind speed [10, 11, 13], geospatial and geographic data 
[12], as well as archived data from geographic information 
systems [8, 9].  

At the same time, taking into account the extreme 
conditions of Ukraine's energy infrastructure during the war 
and the need for its post-war reconstruction, and climate 
change, there is a need for further study of wind energy 
resources in local areas of Ukraine, in particular in the 
suburbs of Kyiv. Under these conditions, it should be kept in 
mind that direct measurements of wind speed are not 
always possible and require considerable time and 
resources. The network of weather stations, although the 
main, is not the only source of information on wind 
characteristics. Therefore, for preliminary estimations and 
calculations that do not require high accuracy, it is 
advisable to use archived wind speed data from open 
sources. 

The purpose of the article is to assess the potential and 
prospects for the development of small wind power 

generation in the suburbs of Kyiv to ensure the energy 
security of the region based on the use of archival data on 
wind speed from open sources.  

The main tasks are defined:  
- to determine the average wind characteristics for the 

Kyiv suburbs and assess the prospects for the development 
of small wind power generation in a given locations; 

- to justify the choice of the main technical parameters 
(rated and cut-in speed) of the WT for use in the location 
selected for the research; 

- to develop a mathematical model of wind speed 
repeatability and estimate the average productivity of WT at 
different time intervals on the example of the location 
selected for the research.  

 

Research Results  
Preliminary information on wind resources in the local 

area can be obtained based on the average wind speed VAV 
indicator /AV i

i

V V n , where Vi – wind speed on і interval of 

the observation period, n – number of intervals. Wind speed 
data from the PVGIS database for the period 2012-2016 at 
a height of 10 m (standard measurement height at weather 
stations) with an interval of 1 hour were used as the initial 
data for the calculation [16]. Average wind speed VAV was 
calculated for the Kyiv suburbs listed in Table 1 
(geographical coordinates were determined at 
dateandtime.info/uk/citycoordinates.php). Wind direction 
was not taken into account in the calculations. 

As can be seen from Table 1, the highest average wind 
speeds are characteristic of the suburbs located to the 
northwest and north of Kyiv (Bucha, Hostomel, Vyshhorod). 
The average annual wind speed for these suburbs exceeds 
3 m/s and is, respectively, 3.36 – for Bucha, 3.05 – for 
Hostomel, and 3.066 – for Vyshhorod. 

In [17], a classification of the perspective wind speeds 
for wind energy purposes was proposed based on the 
average wind speed VAV: VAV<2 m/s – not perspective for 
any types of WPPs; 2≤VAV<3 m/s – not perspective for small 
WPPs; 3≤VAV<4 m/s – perspective for small WPP; 
4≤VAV<5,5 m/s – perspective for WPPs of small and medium 
power; VAV>5,5 m/s – perspective for any type of WPPs. 
Wind speeds are considered as the perspective at which 
the power of the WT reaches 50% of the rated one [17]. 
Based on this classification, it is possible to determine the 
specific wind load PWS by the average VAV wind speed 
(Table 1): 

 

(1)   30,5WS AVP V , 
 

where   – air density, the standard value is accepted at 

1,225 kg/m3. 
 

Table 1. Average wind speed in the suburbs of Kyiv 

Suburb 
Geographic coordinates 

(Latitude / Longitude) 
Altitude 

 [m] 
Average wind speed

VAV [m/s] 
Maximal wind 
speed [m/s] 

Specific wind load
PWS [W/m2] 

Brovary  50°31′05″ N, 30°48′24″ E 130 2,876  9,17 14,57 
Bucha 50°32′36″ N, 30°12′43″ E 135 3,36 12,17 23,23 
Irpin 50°31′18″ N, 30°15′01″ E 129 3,05  9,59 17,38 

Boryspil 50°21′09″ N, 30°57′18″ E 113 2,761  8,69 12,9 
Vyshneve 50°23′20″ N, 30°22′13″E 176 2,862  8,97 14,36 
Vyshgorod 50°34'56″ N, 30°28'58″ E 108 3,066  9,52 17,65 
Gostomel 50°34′06″ N, 30°15′54″ E 109 3,05  9,59 17,38 

 
According to [17], the locations where the following 

condition is met 20≤PWS<40 W/m2 are considered the 
perspective for the development of small wind energy 
generation. Because of this, the north-western area of Kyiv 
region can be considered as promising for the development 

of small wind energy generation. Therefore, further 
statistical analysis will be carried out for the city of Bucha as 
the most promising location for small wind power generation 
development. The distribution of the average wind speed in 
Bucha by years of observations (2012-2016) is, 
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respectively: 2012 – 3.25, 2013 – 3.22, 2014 – 3.12, 2015 – 
3.36, and 2016 – 3.86 m/s. The average annual wind speed 
for all years of observations exceeds 3 m/s.` 

The highest average monthly wind speed, as shown in 
Fig. 1, occurs in December (3.88 m/s). Quite high wind 
speeds, exceeding 3.6 m/s, are observed in the period from 
November to March. The lowest wind speeds are in 
summer, with wind speeds decreasing to their lowest values 
between May (2.98 m/s) and September (3.2 m/s). The 
difference between the winter maximum (December, 3.88 
m/s) and the summer minimum (August, 2.86 m/s) in 2012-
2016 is on average 1.02 m/s.  

 
Fig.1. Average monthly wind speed in Bucha 
 

The daily distribution of wind speed for the city of 
Bucha, shown in Fig. 2, confirms the known pattern of 
increasing the average daily wind speed in the daytime [6]. 
While in the summer month (July) there is a significant 
increase in wind speed due to daytime surface heating, in 
the winter month (January) the wind speed is more uniform 
throughout the day with a slight increase in the daytime 
hours. 

 

 
Fig.2. Average daily wind speed in Bucha (1 – January, 2 – July) 

 

In wind power generation there are rated (calculated) 
speed, operating (cut-in) speed, and the maximum 
operating (cut-out) speed of WT [9]. At the rated wind 
speed, the WT operates at the rated power. As a rule, the 
rated wind speed does not exceed more than 2 times the 
average annual wind speed. The estimated wind speed VR 
must satisfy the condition VR≤(1,8…2)VAV [9, 18]. Therefore, 
the wind speed corresponding to the rated power of the WT 
for the Bucha location is VR≤ (6,05…6,72) m/s.  

Thus, it can be concluded that a particular location is 
characterized by seasonal and daily variations in wind 
speed. Taking into account the average annual, seasonal, 
and daily wind speed characteristics is a priority when 
choosing the installation location and type of WT.  

Sustainable generation of electricity by WTs begins at 
the operating (cut-in) wind speed, to justify which, the 
repeatability of a certain wind speed is determined by 
constructing a histogram of the distribution of wind speeds 
based on experimental (archival) data. The range of 
possible speeds is divided into і number of intervals (і=1, 2, 
3 …), for each of which the probability ip  is calculated to 

get the speed into the appropriate interval: 

(2)   /i ip n N , 
 

where: in  – the number of wind speed hits to і interval; N – 

total number of speed values in the sample.  
Fig. 3 shows the histogram of wind speed distribution for 

Bucha with the grouping of wind speed intervals of 0.5 m/s 
(25 intervals). The wind speed range of 2.0...2.5 m/s is the 
longest in duration: it lasts 8250 hours with a probability of 
pi=0,157. Therefore, it can be assumed that the cut-in wind 
speed for stable operation of the WT in the accepted 
location should be in the range of 2.0...2.5 m/s. 

 

 
Fig.3. Histogram of wind speed distribution 

 

In wind power generation, as justified above, statistical 
data on wind speed V(t) are quite accurately approximated 
by a two-parameter standard Weibull cumulative distribution 
function (CDF) [6, 19, 20], which has the form: 

 

(3)    ( ) 1 exp ( / )kF V V c   , 
 

and the Weibull probability density function (PDF): 
 

(4)   
1

( )
( ) exp ( / )

k
kdF v k V

f V V c
dV c c


     
 

, 

 
where с – a scale parameter proportional to the average 
wind speed; k – form parameter (usually it’s located in the 
interval 1,5≤k≤2,5); ( )F V  – the function of integral 

repeatability, which characterizes the part of the time 
(probability) when the wind speed is lower or equal to V. 

The parameters of the Weibull distribution were 
determined by the mean standard deviation method [20] 
using the following expressions: 

 

(5)  

1.086

AV

k
V




 
  
 

, 
1

(1 )

AVV
с

Г
k




, 

where   – standard deviation of wind speed; 
1

Г(1 )
k

  – 

gamma function. 
The repeatability (cyclicity) of wind speed is an 

important characteristic of the wind energy potential of a 
territory. Using the distribution function, it is possible to 
estimate the prospective productivity of WTs quite quickly 
(based on average wind speed values). WT prospective 
productivity is the average amount of energy that will be 
produced by a conditional WT of a given power over a 
certain interval of time [21]. It is also necessary to know 
data on the average performance of WT at different time 
intervals when calculating the parameters of combined 
(wind-solar) power systems using MATLAB modeling [22, 
23].  
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Using expressions (5), we estimated the parameters k 
and c of the Weibull distribution density function for different 
time intervals (year, month), which are given in Table 2. The 
average wind speeds VAV and their root mean square 
deviations σ are also added to Table. 2. 

When calculating the average indicators of a WT 
productivity, we assume that a conventional vertical-axis 
WT with the following technical characteristics is used: 
rated power PWR=1800 W, cut-in wind speed VMIN=1,5 m/s, 
rated speed VR=3 m/s, maximum wind speed VMAX=12 m/s. 
It should be noted that WTs with such characteristics are 
already offered for sale by manufacturers [9]. 

The typical dependence of the WT power curve 
* *( )WP f V  is assumed. This dependence can be 

described by the following simplified expression [9, 23] 
 

(6)  

 

*

3* *
*

*

*

0, / ,

, / 1,

1, 1 / ,

0, /

MIN R

MIN R
W

MAX R

MAX R

if V V V

V if V V V
P

if V V V

if V V V

 

   
  




, 

where * /W W WRP P P , * / RV V V ; ,W WRP P  – the current 

and rated value of WT power, respectively; V – the current 
value of wind speed. 

The average productivity PWAV of WT was calculated 
using the density function of the Weibull distribution (4) 
according to the formula [11] 

 

(7)  *( )
MAX

MIN

V

WAV WR W

V

P P f V P dV  , 

 

where the value of wind speed varies from VMIN to VMAX with 
discreteness of 1m/s. 

Table 2 compares the average PWAV power with the 
PWAVF power, which was calculated from the actual wind 
speed values for the observation periods (month, year) and 
converted to power using expression (6). A comparison of 
the values of PWAV and PWAVF showed a sufficiently high 
degree of coincidence, the calculation error δР does not 
exceed 8.9%. At the same time, the PWAV power value is in 
most cases higher than the PWAVF power value (sign “-“ in 
the Table 2). 

The average electricity generation of WT WWAV for the 
time interval Т (year, month) was determined by the 
expression 

(8)  *( )
MAX

MIN

V

WAV Wav WR W

V

W TP TP f V P dV   . 

 
In Table 2, the WWAV values, in turn, were compared with 

the actual WWAVF, generation, which was calculated by the 
numerical trapezoid method using the actual PWAVF power 
values (the calculation error δW does not exceed 9%).  

 
Conclusions 

The possibility of developing small wind power 
generation in the suburbs of Kyiv to ensure the energy 
security of the region is substantiated based on the use of 
archival data on wind speed from open sources. 
Determination of the averaged wind characteristics for 
several locations in the Kyiv region allowed us to identify 
promising areas for the development of small wind energy 
generation, which includes the northwestern region of the 
Kyiv region. In particular, in the city of Bucha, which was 
selected for further research, the average annual wind 
speed for all years of observation exceeds 3 m/s, and the 
specific wind load exceeds 20 W/m2.  

Based on the histogram of the wind speed distribution 
for Bucha with a grouping of wind speed intervals of 0.5 
m/s, it was found that the starting wind speed for stable 
operation of the WT in the given location should be in the 
range of 2.0...2.5 m/s and the wind speed corresponding to 
the rated power of the WT should be 6.05...6.72. 

The wind speed data were approximated by a two-
parameter standard Weibull distribution function. The 
parameters of the Weibull distribution were determined by 
the method of mean standard deviation for different time 
intervals (year, month). The performance of a conditional 
wind turbine with a given power characteristic was 
evaluated. The average productivity of the WT and the 
average value of the generated electricity was calculated 
using two methods: the Weibull distribution and the 
numerical method based on actual wind speed data. A 
comparison of the calculation results showed that the error 
does not exceed 9%. The results obtained can be useful: 
for determining the locations most promising for the 
development of small-scale energy; in calculating the 
parameters of combined (wind-solar) power systems during 
simulation modeling. 

The direction of further research is to use the obtained 
results to prepare the initial data for modeling the operation 
modes of WT of arbitrary power. 

 

 
Table 2. Results of calculation of WT productivity 
Month Jan. Febr. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Annual

VAV, m/s 3.72 3.38 3.86 3.37 2.98 3.10 3.11 2.86 3.20 3.29 3.60 3.88 3.36 
σ, m/s 1.53 1.4 1.66 1.51 1.38 1.3 1.44 1.34 1.37 1.66 1.67 1.65 1,53 

k 2,63 2,61 2,50 2,39 2,30 2,58 2,32 2,27 2,51 2,10 2,31 2,52 2.34 
c, m/s 4.19 3.80 4.35 3.80 3.36 3.5 3.51 3.23 3.61 3.72 4.06 4.37 3.82 
PWAV, 

W 
1405.6 1400.9 1489.0 1360.7 1222.8 1315,4 1271.8 1174.6 1334.6 1283.1 1401.1 1495.8 1358,3

PWAVF, 
W 

1466,5 1377,3 1488,1 1323.3 1144,3 1237,6 1188,8 1078,3 1281,8 1226,3 1342 1474,7 1302 

δР, % 4,3 -1,6 0,0 -2,8 -6,8 -6,3 -6,9 -8,9 -4,1 -4,6 -4,4 -1,4 -4,3 
WWAV, 
kWh 

1012,0 941,4 1107,8 979,7 909,7 947,1 946,2 873,9 960,9 923,8 1042,4 1112,8 11898,7

WWAVF, 
kWh 

1091,1 961,6 1111,7 953,8 851,3 891,0 884,6 802,3 922,4 914,2 964,6 1097,1 11446,0

δW, 7,8 2,1 0,3 -2,7 -6,8 -6,3 -6.9 -8,9 -4,2 -1,0 -8,1 -1,4 -3.9 
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