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A bstract: The world population growth and the technological development have increased the demands for
electricity. Because of the limited deposits of fossil fuel and the negative impact its combustion causes to the envi-
ronment, the electricity production technologies are orienting towards using the renewable energy sources. From all
the renewable energy sources, the most studied one over the last decade is the wind. Wind parameters of interest in
electrical study are its speed and direction; once they are measured it is easy to determine other characteristic parame-
ters such as wind energy density on the specific location. In the manuscript, monthly and seasonal mean wind speeds
are presented, alongside the wind energy density for five locations in the Republic of Macedonia, for almost four
years of measurements.
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AHAJIN3A HA TIAPAMETPUTE HA BETPOBUTE HA IIET JIOKAIIMU BO MAKEJJOHHJA
- BTOPA MEPHA KAMITAIbA -

A mncrtpax 1 [locnenunara ox 3roleMyBameTo Ha MOIMYJALMjaTa HA CBETCKO HMBO M OJ TOJIEMUOT
TEXHOJIOIIKK Pa3Boj € c& moroyeMara modapyBauka Ha €JICKTpHYHA eHepruja. VIMajku ru mpeaBu] OrpaHHYCHUTE
HaorajnMiuTa Ha (OCHIHM TOpPUBA M HETaTUBHOTO BIIMjaHME HAa HUBHOTO COrOPYBamb€ BP3 XKUBOTHATA CpPEIUHA,
MPOU3BOACTBEHUTE TEXHOJOTHMU CE IOBEKE CE€ OPHEHTHPAaaT KOH HCKOPUCTYBame Ha OOHOBJIMBHTE H3BOPH Ha
enepruja. Ox cute OOHOBIMBH M3BODH, HAjrojeMa CHEpruja € aKyMyJHpaHa BO BeTepoT. [lapameTrpure Ha BETEpOT
KOU C€ OJ1 MHTEPEC 32 HErOBO NMPOYUYBabE 0J] JIEKTPOCHEPTeTCKH aCIEKT ce, mpe] c&, Heropara Op3uHa M HAcOoKa, a
O]l HUB Ce U3BEAyBaaT U JAPYIH KapaKTCPHCTHYHH IIapaMEeTPH Kako IITO €, Ha IpHMep, IyCTHHATA Ha €Hepruja Ha
KOHKpETHa JIokaluja. Bo 0Boj Tpyx ce npukakaHu cpeAHUTe OP3MHHM HAa BETEPOT HA MECEYHO M CE30HCKO HUBO, KAKO
U T'yCTUHUTE Ha €HEepruja KOM I'M II0CEIyBa BETEPOT BO OJJIECITHH MECELH, OJJHOCHO CE30HH, BO TEKOT Ha ¢JJHA TOJIMHA.
AmHanu3aTta ¢ HallpaBeHa 3a IeT JIOKAIlUH Ha Tepuropujata Ha PemyOmrka MakenoHuja, 3a pedrcu NETTOQUINCH Ie-
PHOJ Ha HCITUTYBAIbE.

Kuyunu 300poBu: cpena ce30HcKa Op3HHa; cpeiHa MeceuHa Op3HHa; apaMeTap Ha pa3Mep; mapamerap Ha Gopma;
TYCTHHA Ha BETEPHA EHepruja

INTRODUCTION March 2016. In the second wind measurement
campaign five locations were chosen according to
The first measurement campaign for estab- several relevant factors [1, 2], such as:
lishing a wind database in the Republic of Macedo- e  Wind atlas of Macedonia;
nia was successfully completed with the construc- e Terrain configuration;
tion of Wind Park Bogdanci, the second campaign e Local infrastructure — proximity of electrical

was carried on in the period between July 2012 and network and roads, etc.
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The sites where the measurement campaign
took place are: Staro Nagoricane, Sveti Nikole, Be-
rovo, Mogila and SopiSte. The measurement cam-
paign started during the summer of 2012 and cov-
ered a continuous process of data acquisition ex-
cept for some time intervals when certain malfunc-
tion in the equipment took place. In Table 1 the
geographical coordinates of all five locations are
presented, alongside with the altitude and the day
when measurements began. Measured data from
the measurement stations are sent to data center on
a daily or half-day basis in a binary files with ex-
tension *rwd (Raw Wind Data) [1]. In order to
have this files read and interpret, they have to be
converted in text files using the software Sympho-
ny Data Retriever, NRG Systems. Once the data is
converted in #xt format, it’s easy to use it for wind
energy estimation, by inserting it in some advanced
software.

Table 1
Measurements sites
Site Geographical Altitude =~ Measurement
coordinates (m) start

s N 041° 55.093'

Sveti Nikole E 021° 56.792' 431 1.7.2012
. N 041° 11.303'

Mogila E 021° 21.546' 702 20.7.2012

Staro N 042° 18.070'

Nagoric¢ane E 021° 58.504' 179 26.8.2012

N 041°44.042'

Berovo E 022° 47.059' 608 21.9.2012
. N 041°11.299'

Sopiste E021°21.562' 730 22.9.2012

WIND ENERGY PARAMETERS

The term wind energy actually means a kine-
tic energy which a floating wind mass possess
when it moves on some distance above Earth’s sur-
face [3]. The power accumulated in the air mass
with density p (kg/m’), moving at speed v (m/s) is
given by:

1 3
P=—pAv’, 1
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where A (m?) is a blade sweep area.

As can be seen from (1), the power accumula-
ted in wind depends on the air density and the cube
of wind velocity. Further on, the air density de-
pends on the air temperature and pressure, while
the wind speed depends on the distance between
the measuring point and the surface. The wind spe-
ed is also affected by roughness on Earth’s surface
such as: urban areas, rocky terrains, forests, etc.

In order, an initial assessment of the wind
profile to be made, the mean wind speed is meas-
ured [4]:

ln
:_2 . 2
Vin ni:IVl’ (2)

where n is the total number of measurements regis-
tered over given time period. It is not enough only
the mean wind speed, but also one has to know the
wind’s distribution. The wind’s distribution shows
what values the wind speed may have on that par-
ticular location and the percentage of time when
the wind blows with particular speed. Location
with high energy potential is a location where the
wind speed is high enough to cause nominal en-
ergy production from the turbine and all the wind
speed deviate minimally from the mean value. In
order to estimate the deviation from the mean
value the standard deviation is used:

Zx 1:) _1vm) . (3)

Wind speed variations can be calculated using
some standard distribution function. Suitable distri-
bution function for such a purpose is the Weibull
distribution [5]. Using the Weibull distribution the
probability function and cumulative probability
functions can be calculated using:

k-1
£ =5[Kj 2N 4)
c\¢C

F(vl)='|‘f(v)8v=1—e(%)k. (5)
0

In both probability functions two parameters
can be spotted: scale parameter ¢ (in units of spe-
ed) and shape parameter k (dimensionless number).
The scale parameter ¢ value is related to the value
of mean wind speed and the shape parameter k
value is related to the standard deviation and the
uniformity of the wind speed in a given site, the
greater standard deviation the smaller shape para-
meter [6]. These two parameters vary on different
sites and different observation periods. Their val-
ues are given with following equations:

—-1.086
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\%

m

c=—m __ 7

F(l +1)
k

where I' is the gamma function. In general, these
two parameters determine the wind speed range
over which the wind turbine is likely to operate.

J. Electr. Eng. Inf. Technol. 1 (1-2), 7-15 (2016)
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By using (1) and (4), the wind energy density
can be calculated. Wind energy density is expres-
sed in W/m® and is an indicator for the wind en-
ergy available on the location which can be further
transformed into electricity [6, 7]. Because not
only the mean speed, but the distribution as well is
taken into account, power density is better indica-
tor for wind energy potential than the mean speed.
Wind energy power density can be calculated us-
ing:

R W
A

_fLs Lo 143
_gzpv F£(v)dv 2ch(1+kJ. (8)

WIND SPEED DATA ANALYSIS

In this study, mean wind speed on monthly
and seasonal basis is calculated for all five mea-
surement sites, during the duration of measurement
campaign. Scale and shape parameters alongside
the wind energy density for every month/season
are calculated as well. All the values are presented
in separate tables. The monthly mean speed is cal-
culated as average value per month from all daily
mean speed values. The seasonal mean speed is
calculated the same way, only the daily averages
are regrouped in four year seasons as follows:
spring March 21 to June 20, summer June 21 to
September 22, autumn September 2 to December
20 and winter December 21 to March 20.

The calculation of monthly and seasonal wind
mean speed is done using MS Excel software tool.
The first step is to generate monthly reports for
each measurement site using Symphony Data Ret-
riever and save them to *.pdf format. The monthly
PDFs are then converted to Excel files. When all
the Excel files for one location are merged to one
the calculation can be made. By using daily speed
averages for every day in the year, standard devia-
tion is calculated on monthly and seasonal basis.
Shape parameter, scale parameter as well as wind
energy densities are calculated from mean wind
speed and standard deviation using equations (6),
(7) and (8).

Sveti Nikole

In Table 2, the monthly mean wind speed is
presented, alongside the values for shape and scale
parameter and wind energy density for each month
in the year, at Sveti Nikole measurement site.

The highest mean wind speed is 5.16 m/s and
is calculated for June and July, while the lowest
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value is calculated for November and it is 3.75
m/s. The standard deviation calculated for all
months except for August is higher than 1 m/s
which means that daily mean speeds differ signifi-
cantly of the monthly mean value. This fact is veri-
fied with values in the fourth column of the table,
where the shape parameter is presented. The shape
parameter varies between 2.55 in December and
5.48 in August. Even though mean wind speed is
equal for June and July, the wind energy density
slightly differs in this two months, 100.35 W/m? in
June and 96,8 W/m?”in July.

Table 2

Calculated data on monthly basis at Sveti Nikole

Mean wind Standard  Parameter  Wind energy

Month  speed  deviation Shape Scale  density
(m/s) (m/s) k¢ (mfs) (W/m?)

1 4.28 1.63 2.85 4.81 69.61
2 4.93 1.91 279 5.53 107.23
3 4.82 1.73 3.04 540 95.72
4 5.09 1.67 335 5.67 107.35
5 4.06 1.59 276 4.57 60.63
6 5.16 1.31 441 5.66 100.35
7 5.16 1.17 502 5.61 96.80
8 4.08 0.85 548 442 47.16
9 4.17 1.13 4.14 459 54.09
10 4.04 1.13 399 446 50.05
11 3.75 1.16 3.57 4.16 41.67
12 4.02 1.70 2.55 4.53 6191

For this measurement location it can be con-
cluded that the wind energy density does not fol-
low the value of mean wind speed, and so the high-
est wind energy density is calculated for February
and April. The change in mean wind speed by

month is presented on Figure 1.
% % 233
=T < »n CZzA

Fig. 1. Monthly mean wind speed at Sveti Nikole (m/s)
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The same data, but averaged over time period
of one season is presented in Table 3. The seasonal
mean wind speed is the highest in summer and the
lowest in winter, values are 4.64 m/s and 3.99 m/s
respectively. High value for the mean speed is also
calculated for spring period, 4.62 m/s. The change
in mean wind speed on season basis is illustrated
on Figure 2. The greatest variations around the
mean value are noticed in winter period, which can
be seed by standard deviation and shape parameter
values 1.75 m/s and 2.84 respectively. The scale
parameter value varies between 4.44 m/s in autumn
and 5.14 in spring. Wind energy density is the
highest in winter, 84.8 W/mz, and the lowest in
autumn, 50.74 W/m?>.

Table 3

Calculated data on seasonal basis at Sveti Nikole

Table 4
Calculated data on monthly basis at Mogila
Mean wind Standard __ Parameter _ Wind energy

Month  speed deviation Shape Scale density
(m/s) (m/s) k c (m/s) (W/m®)

1 3.66 1.37 2.90 4.11 43.05

2 4.51 1.75 2.80 5.07 82.18

3 4.17 1.51 3.02 4.67 62.32

4 4.41 1.56 3.09 4.94 72.84

5 3.55 1.41 2.73 3.99 40.61

6 3.59 0.94 4.27 3.94 34.14

7 3.72 0.83 5.09 4.05 36.19

8 3.30 0.42 9.41 3.47 22.99

9 3.47 0.56 7.25 3.70 27.54
10 3.28 0.79 4.68 3.59 25.40
11 3.07 0.89 3.82 3.40 22.31
12 2.32 0.95 2.65 2.61 11.59

Mean wind Standard  Parameter  Wind energy
Season speed  deviation Shape Scale density
(m/s) (m/s) kK c(mis) (Wmd)
Spring 4.62 148 343 514 79.28
Summer  4.64 1.17 445 5.09 72.95
Autumn 3.99 126 350 444 50.74
Winter 4.57 175  2.84 513 84.80
4.80
4.60
440 +— —
4.20 +—— —
4.00
3.80
3.60 T T T Y

Spring Summer Autumn Winter

Fig. 2. Seasonal mean wind speed at Sveti Nikole (m/s)

Mogila

The mean wind speed, standard deviation,
shape parameter, scale parameter and wind energy
density calculated on monthly basis at this site are
presented in Table 4. The two months where the
highest mean speed is found are February and
April, 451 m/s and 4.41 m/s respectively. The
lowest monthly mean wind speed is 2.32 m/s and is
calculated for December. Visually monthly mean
wind speed change from month to month is illus-
trated on Figure 3.
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Fig. 3. Monthly mean wind speed at Mogila (m/s)

In the first five months standard deviation
possess high values (higher than 1 m/s) which can
also be noticed by observing the shape parameter,
which varies from 2.80 to 3.10, for the period from
January to May.

The deviation between the monthly mean
speed and daily average speeds is the lowest in
August, when the standard deviation is 0.42 m/s
and the shape parameter is 9.41. Scale parameter
follows the variation of mean wind speed from
month to month and its value changes between
2.61 m/s in December and 5.07 m/s in February.
Wind energy density also follows changes in mean
speed and scale parameter, the lowest value is no-
ticed in December, only 11.59 W/mz, while the
highest are found in February and April, 82.18
W/m” and 72.84 W/m” respectively.

In Table 5 the same data averaged over one
year, with averaging time of one season is present-
ed. The mean wind speed in all seasons varies be-

J. Electr. Eng. Inf. Technol. 1 (1-2), 7-15 (2016)
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tween 3 m/s and 4 m/s, the highest spotted at win-
ter, equals 3.92 m/s, the lowest spotted at autumn,
its value is 3.01 m/s. The mean speed histogram is
presented on Figure 4.

Table 5
Calculated data on seasonal basis at Mogila
Mean wind Standard  Parameter = Wind energy
Season  speed  deviation Shape Scale  density
(m/s) (ms) kK c(ms) (Wimd)
Spring 3.87 1.34 3.16 4.32 48.45
Summer  3.52 0.67 6.10 3.79 29.50
Autumn  3.01 0.84 4.02 3.32 20.61
Winter 3.92 1.51 2.83 4.40 53.55
5.00
4.00
3.00 -
2.00 -
1.00 -
0.00 +— \ —

Spring Summer Autumn  Winter
Fig. 4. Seasonal mean wind speed at Mogila (m/s)

During the summer and winter daily mean
wind speed differs less from the average seasonal
value. This conclusion is affirmed by the values of
standard deviation and shape parameter during
summer period. The variations round the mean
value are the lowest in the winter. The shape pa-
rameter values for summer and winter are 6.10 and
2.83 respectively. Because of the small mean wind
speed variation from season to season, the scale
parameter changes between the values of 3.32 m/s
at autumn and 4.40 m/s at winter. The wind energy
density is the highest at winter, while the lowest at
autumn.

Staro Nagoricane

In Table 6, mean wind speed is presented, as
well as Weibull parameters of scale and shape, and
wind energy density all averaged over one year
time, with a period of averaging of one month.
From the table it can be noticed that the highest
monthly mean speeds are present in February, June
and November, while the lowest value is found in
August. The magnitudes of the mean wind speed in
top three months are 7.22 m/s, 6.57 m/s and 6.70
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m/s, respectively, while in August it is 5.29 m/s.
The monthly mean speeds are presented on Figure
5. On this location, in January, huge variations be-
tween the mean speed and daily averages are pre-
sented.

Table 6

Calculated data on monthly basis
at Staro Nagoricane

Mean wind Standard Parameter Wind energy

Month  speed  deviation Shape  Scale densitzy
(m/s) (m/s) k ¢ (m/s) (W/m")

1 6.66 2.28 3.20 7.43 245.08
2 7.22 1.97 4.11 7.95 281.45
3 6.55 1.10 6.95 7.01 186.69
4 5.89 1.72 3.81 6.52 157.37
5 5.75 1.69 3.78 6.36 146.70
6 6.57 1.65 4.49 7.20 206.30
7 6.31 1.37 5.27 6.86 175.76
8 5.29 0.89 6.96 5.65 97.96
9 5.65 1.28 5.01 6.15 127.59
10 5.96 1.26 5.40 6.47 147.36
11 6.70 1.66 4.54 7.34 218.08
12 5.77 1.51 4.30 6.34 141.80
8.00
6.00
4.00
2.00
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Fig. 5. Monthly mean wind speed at Staro Nagori¢ane (m/s)

The value of standard deviation is 2.28 m/s,
while the shape parameter is 3.20. It is all the op-
posite in August, in this month the lowest from day
to day variations are spotted, therefore the standard
deviation is only 0.89 m/s and the k parameter is
almost 7. Shape parameter in each month is ap-
proximately for 1 m/s higher than the mean wind
speed in that particular month. From the changes in
shape parameter the change in the wind energy
density is calculated. The wind potential is the
highest in February, while the lowest in August.
The wind energy density changes from 97.96
W/m® to 281.45 W/m’,
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The seasonal mean wind speed, alongside
other Weibull parameters is presented in Table 7
As can be seen from Table 7, the wind blows at the
highest speed during the winter, the mean value to
be 6.68 m/s. During the summer period the lowest
wind speed is present, together with the lowest va-
riations between the seasonal and daily mean wind
speeds. This fact can be noticed by observing the
third and fourth column in Table 7. For the sum-
mer period the standard deviation is 1.27 m/s and
the shape parameter is 5.29. The value of ¢ pa-
rameter is higher than the mean speed and it varies
from 6.38 m/s in summer to 7.38 m/s in winter.
The wind energy density varies between 141.68
W/m® and 166.38 W/m® for the spring-autumn pe-
riod, while at winter its value is much higher,
227.07 W/m®. The change in mean wind speed on
season basis is illustrated on Figure 6.

Table 7

Calculated data on seasonal basis
at Staro Nagoricane

Mean wind Standard Parameter =~ Wind energy
Season speed  deviation Shape Scale density
(m/s) (m/s) k c(m/s)  (W/md)
Spring 6.04 1.56 4.33 6.63 161.81
Summer  5.88 1.27 529  6.38 141.68
Autumn  6.16 1.43 490 6.72 166.38
Winter 6.68 1.89 393  7.38 227.07

6.80
6.60
6.40
6.20
6.00 -+
5.80
5.60
540

T 1
Spring Summer Autumn Winter

Fig. 6. Seasonal mean wind speed at Staro Nagori¢ane (m/s)

Berovo

The measured data, averaged on monthly ba-
sis, at Berovo site, is presented on Table 8 and
Figure 7. From the table it can be noticed that the
highest monthly mean wind speeds are present in
February, March and April: 4.21 m/s, 4.18 m/s and
4.08 m/s respectively while the lowest amounts
3.03 m/s is present in August. At this site, it can be

noticed that the monthly mean speed in each month
is lower than the mean speed at other sites and that
there is also a lower variation between the daily
averaged wind speed values and the monthly mean
value. Except for January and February, the stan-
dard deviation is lower than 1 m/s and the shape
parameter is higher than 5. In August the standard
deviation is the lowest and its value is only 0.35
m/s.

Table 8

Calculated data on monthly basis at Berovo

Mean wind Standard Parameter ~ Wind energy
Month  speed  deviation ~Shape Scale  density
(m/s) (m/s) k  c@m/s) (W/m)
1 3.88 1.25 342 432 47.04
2 4.21 1.21 388  4.66 57.25
3 4.18 0.94 507 455 51.48
4 4.08 0.86 542 442 46.96
5 3.54 0.65 6.35 3.81 29.96
6 3.83 0.80 547 415 39.00
7 3.68 0.79 530  3.99 34.62
8 3.03 0.35 1045 3.18 17.73
9 3.27 0.49 7.83 348 22.94
10 3.27 0.58 6.54 351 23.46
11 3.33 0.85 442  3.65 26.96
12 3.24 0.83 438 355 24.89
5.00
4.00
3.00
2.00
1.00
0.00 T T
EECEEFEELY

Fig. 7. Monthly mean wind speed at Berovo (m/s)

The scale parameter for every month is appro-
ximately 0.4 m/s higher than the mean wind speed.
Because of the low mean wind speed and with low
scale parameter, the wind energy potential is the
lowest from all measurement sites. The wind en-
ergy density is the highest in February, 57.25
W/m?, while the lowest in August, 17.73 W/m>.

J. Electr. Eng. Inf. Technol. 1 (1-2), 7-15 (2016)
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The seasonally averaged data are presented in
Table 9. During the winter days the highest mean
wind speed is 3.97 m/s, while the lowest 3.29 m/s
are calculated for autumn. In the winter period the
standard deviation is the highest, 1.12 m/s, which
means the k parameter would be the lowest, 3.98.
The scale parameter is higher than 4.2 m/s in
spring and winter, while in summer and autumn it
amounts 3.58 m/s and 3.57 m/s. The wind energy
density is relatively low, it changes from value of
24.83 W/m® in autumn to 47.57 W/m* in winter.
The mean speed histogram is presented on Figure
8.

Table 9

Calculated data on seasonal basis at Berovo

Mean wind Standard Parameter ~ Wind energy

Season speed  deviation ShapeScale density
(m/s) (m/s) kK c@mis) (Wm)
Spring 3.89 0.81 547 422 40.88
Summer  3.35 0.57 682  3.58 2495
Autumn ~ 3.29 0.72 522 357 24.83
Winter 397 1.12 398 439 47.57

5.00
4.00

] B
3.00
2.00 -
1.00
0.00 - ; : : -

Spring Summer Autumn  Winter

Fig. 8. Seasonal mean wind speed at Berovo (m/s)

Sopiste

In Table 10 and Figure 9, the monthly aver-
aged data for Sopiste site are presented. At this site
higher mean wind speed is present during the first
half of the year. The highest value of 4,51 m/s is
found in January, while the lowest are calculated in
the last three months of the year, their values are
3.29 m/s, 3.24 m/s and 3.29 m/s respectively. As
can be seen from the previous four sites, the high-
est standard deviation is usually present in the
month when the highest wind speed is calculated.
So the highest standard deviation is present in
January, it amounts 1.86 m/s. The standard devia-
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tion is high in February as well, while in other ten
months it varies between 0.82 m/s in September
and 1.15 m/s in April. August is the exception with
less deviation around the mean value, standard de-
viation is only 0.63 m/s. Scale parameter follows
the monthly mean wind speed, the parameter has
the highest value in January, while the lowest in
November. Because of, according to (8), cubic re-
lation between the wind energy density and scale
parameter, in January the value amounts 86.02
W/mz, while in November it is only 25.58 W/m?>.

Table 10

Calculated data on monthly basis at Sopiste

Mean wind Standard Parameter Wind energy
Month  speed deviation Shape  Scale density

(m/s)  (m/s) kK c(m/s) (W/md)

1 451 1.86 2.62 5.08 86.02
2 3.96 1.56 2.75 4.45 56.25
3 4.18 1.11 422 4.60 54.16
4 4.15 1.15 4.04 4.57 53.75
5 4.16 1.19 3.90 4.60 54.89
6 4.23 1.09 4.35 4.64 55.50
7 3.92 1.05 4.19 4.31 44.85
8 3.81 0.63 7.05 4.07 36.49
9 3.65 0.82 5.04 3.98 34.39
10 3.29 0.98 3.72 3.65 27.76
11 3.24 0.89 4.07 3.57 25.58
12 3.29 1.15 3.12 3.68 29.93

5.00

4.00

3.00 -

2.00 +
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Fig. 9. Monthly mean wind speed at SopiSte (m/s)

Seasonal average data is displayed in Table
11. The seasonal mean wind speed is the lowest
during the autumn and it amounts 3.31 m/s, the
highest being spotted in the winter months, 4.18
m/s. During the spring the mean speed value is a
bit lower than the winter one. Standard deviation is
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the lowest during the summer period, it amounts
only 0.90 m/s, while in the winter it is 1.52 m/s.
Shape parameter is related to the standard devia-
tion, so it has the highest value in the summer,
4.85, and the lowest in the winter, 3.00. In all four
seasons the scale parameter is approximately 0.4
m/s higher than the seasonal mean speed. Wind
energy density is the lowest in autumn, it amounts
28.57 W/m®, while in winter this value is approxi-
mately 2.5 times greater. The mean speed histo-
gram is presented on Figure 10.

Table 11

Calculated data on sesonal basis at Sopiste

Mean wind Standard Parameter ~ Wind energy
Season  speed  deviation Shape Scale  density

(m/s) (m/s) kK c(mfs) (W/m)
Spring  4.10 1.08 428 451 51.07
Summer  3.86 0.90 485 421 40.87
Autumn  3.31 1.02 360 3.67 2857
Winter ~ 4.18 1.52 3.00 468 6275
5.00

4.00 +
3.00 -
2.00 +
1.00 +
0.00 - T T -

Spring Summer Autumn  Winter

Fig. 10. Seasonal mean wind speed at Sopiste (m/s)

SUMMARY AND CONCLUSION

In the manuscript, the overview of mean wind
speed, Weibull parameters and wind energy den-
sity has been made, all of them averaged on one
month or one year season basis. The analyses are
made for five sites on the territory of the Republic
of Macedonia, for almost four years of measure-
ment data. For all five measurement sites, all data
are presented in separate tables, the mean speed
changes during a year time, on monthly or seasonal
basis, are also illustrated in form of histograms.

From the tabular data, the similarities and dif-
ferences at all five sites can be spotted. If one
compares wind parameters at Staro NagoriCane
with wind parameters at all other sites, the differ-

ence is evident in terms of higher mean wind speed
and higher wind energy density. At this site the
mean wind speed in almost every month/season is
higher than 6 m/s, which is not the case with other
sites, where the mean speed barely exceeds 4 m/s.
In both the monthly and seasonal analyses, the
wind energy density for each month/season is
higher than 100 W/m’ for Staro Nagori¢ane, while
at other sites this parameter rarely exceeds 60
W/m’. However, the higher wind speed generally
gives the higher variation between the daily aver-
ages and the monthly or seasonal mean value. The
standard deviation at Staro NagoriCane exceeds 1.5
m/s for most of the months/seasons, which is not
case for other measurement sites. The measured
data, as well as the area of the mountain terrain on
this site, qualified Staro Nagoricane as possible
location for construction of future wind park. The
shortcomings of this location are bad roads and
distance to the nearest transmission line.

From other four sites only Sveti Nikole site
can be interesting regarding wind energy potential.
At Sveti Nikole the mean wind speed reaches 5
m/s in certain months/seasons, and energy on sur-
face unit reaches 100 W/m®.

The one thing that is common for all five sites
is the monthly and seasonal wind distribution. At
all five sites the highest wind speed is present in
winter and the lowest during the autumn. The ex-
ception is located only at Staro Nagoricane where
the lowest energy potential can be spotted in the
summer. On monthly basis, the strongest wind is
found in February, while the poorest can be no-
ticed in August.

This measurement campaign together with the
first one show that the windiest regions in Macedo-
nia are Ovce Pole and sites in proximity of Vardar
valley, like Bogdanci and Gevgelija. Furthermore,
in the near future more detailed analyses will be
made for Staro Nagoricane location and possibility
for building wind park.
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