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Abstract — Interest in the use of renewable energy in Latvia is
increasing every year. Government support and availability of
large unpopulated areas on the coast makes the use of these lands
for the placement of large wind power plants (WPP) attractive.
The key factors that determine the choice of the location of WPP
are reliable information about distribution of the resource of
wind energy in this area and the influence of wind turbines on
the environment. The paper presents the results of years-long
observations on the density fluctuations of wind energy at heights
of 10 to 60 m in the area in the Baltic Sea coast in Ventspils and
Ainazi. The velocity observations since 2007 have been gathered
by measurements complex of the LOGGER 9200 Symphonie
type. The results are presented in the form of tables, bar charts
and graphs. Extrapolation results of wind velocity and density
mean values on heights up to 150 m for the two areas with
different terrain types were shown. The distribution of acoustic
noise in the vicinity of the WPP was studied and an assessment of
its impact on the environment in accordance with the Latvian
government requirements was conducted.

Keywords — acoustic noise level, measurement of wind speed,
radioastronomy, wind energy, wind speed approximation at
150 m

l. INTRODUCTION

The availability of large unpopulated coastal areas and the
developed infrastructure of electric power networks in the
Baltic countries make the use of these areas for locating large
wind power plants (WPP) attractive. In the coastal territories
of western Estonia, in the Ida-Virumaa region at the site of the
former shale quarries, the construction of WPPs is planned,
the power of which will be over 600 MW. Further it is also
planned to start offshore WPP construction. In Latvia, projects
on the construction of 450 MW coastal WPPs have been
approved; there are also projects planned for the construction
of a 900 MW wind park offshore. In Lithuania, the total power
of wind parks in 2010 has made up 200 MW, with 1000 MW to
be reached; after 2020 it is planned to start works in the
offshore territories. In Latvia, planned preparation of the
infrastructure is taking place: construction of thermal power
plants and of the transmission line “Kurzeme Arc” (by 2017),
which would allow for the construction of a ~900 MW WPP in
the sea near the city of Liepaja (by 2020). Governmental
support is confirmed by working out administrative and
legislative regulations, as well as by creating a favourable
tariff policy that would encourage the construction of large
WPPs. At the same time, for the territory of the Baltic

countries, there are no databases of long-term measurements
of wind speeds at different heights that can be used to
compose an atlas of wind energy resource distribution in this
region. The systematic long-term measurements of wind
speeds in Latvia since 2007, taking into account the wind
speed distribution on several levels, have been carried out in
two sites: on the south-west coast of the Baltic Sea in the
Ventspils region and on the north of the country in the Ainazi
region, 35 km from the shore [1].

The first metrological mast is located in Irbene (Ventspils
region) in the territory of the WVentspils International
Radioastronomy Centre (VIRAC). Information about wind
speeds collected from this mast was also used to study wind
influence on radio telescopes. VIRAC operates two parabolic
fully steerable radiotelescopes: RT-32: 32 m antenna with the
surface area of 800 sg.m and RT-16: 16 m antenna with the
area of 220 sg.m. Reliable information about current wind
conditions is very important for radio astronomical
observations, because wind speeds higher than 11 m/s may
influence the shape of the antenna and, therefore, may disturb
radio astronomical observations. Furthermore, wind speeds
higher than 15 m/s make radio astronomical observations
impossible.

The second metrological mast is located in a town called
Matisi, near Lake Burtnieku (Ainazi region). This mast is
mainly used to collect information about the wind potential in
this area, especially for subsequent construction of a wind
power plant. The metrological mast installation process is
shown in Figure 1. The installed NRG mast is shown in Fig. 2.

Fig 1. Installation of the NRG metrological mast with wind speed sensors in
Matisi, Ainazi region.
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Fig. 2. NRG metrological mast, 60 m heigh, installed in Matisi, AinaZi region.

I1.RESEARCH ON THE CYCLIC BEHAVIOUR OF WIND ENERGY
FLUCTUATIONS

The measurements of wind speed were carried out using
certified and calibrated sensors of wind speed of the NRG #40
type and sensors indicating the direction of the air stream of
the NRG #200P type. The sensors are arranged on metallic
masts up to heights of 53 and 60 m above the ground (Table
1).

The periodicity of the information read-out from the sensors
at all the height levels was 10 s. An NRG LOGGER
Symphonie complex (Figure 3), which has an independent
supply from batteries and is able to store information from
nine sensors in the memory card during a year, was used for
storing information.

The retrieval and filtering of wind data from both sites was
done by using the NRG Symphonie Data Retriever shown in
Figure 4. The further data analysis was conducted by using
Microsoft Excel 2007 with additional scripts. During the
observation period, a database was created containing wind
speed values at the heights of 10, 20, 30, 40, 50 and 60 m, as
well as wind temperature and direction in two regions in the
Latvian territory. Figures 5 and 6 show wind roses typical for
these regions. For the Ventspils (Irbene) site, the data from the
height of 53 m were used and, for the Ainazi (Matisi) site, the
data from the height of 60 m were used.

At present, the database contains more than 3°500°000
records of measurements. In order to compare the wind energy
flow levels on the sea shore in Irbene to those of the area
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remote from the sea in the Ainazi region, the average wind
speed values, V,, are given in Table 2 with standard deviations
(SD), and the wind energy density values, Py, W/m?. The dark
colour in the table corresponds to a larger value of wind speed
or energy density for the month.

The charts of seasonal fluctuations of the average wind
speed V (m/s) for the measurement period T (a month) at the
heights 20, 30, 40, 50 m in the Ventspils region and 10, 30, 50,
60 m in the AinaZi region are shown in Figures 7 and 8. The
results of the wind speed measurements taken in the Ventspils
and AinaZi regions are systematised and presented in the form
of histograms in Figures 9 and 10. The envelope of the
histogram shows the wind speed V distribution in the relative
frequency of repetition F, which corresponds to the relation,
where Ty is the total duration of wind with the speed V in the
whole measurement period T for the heights 20, 30, 40, 50 m
in the Ventspils region and 10, 30, 50, 60 m in the Ainazi
region.

Fig. 4. NRG Symphonie Data Retriever used for data retrieving and filtering.

The histogram makes it possible to determine the wind
energy flow density, which is calculated by the equation:

V3 Y _ V3F,
— Gala — n ﬂ, 1
Pe =P~ =P 100 @)

where V,.. — is the average cubic wind speed, m/s,
p = 1.23 kg/m® — is the air density at atmosphere
pressure 101.325 kPa and temperature 15°C,
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V,, — is the wind speed, m/s,

F. — is the relative frequency of repetition, %,
corresponding to wind speed V, and determined by curves on
the histogram of Figure 4.

From analysis of the statistical data for 2009/2011 shown in
Figure 11, it follows that in the coastal zone winds are gustier,

whereas farther from shore their speeds are more uniform. The
maximum value for separate wind gusts lasting not less than
10 s in the Ventspils region is not much higher than in Ainazi,
with the situation changing in individual months. In January of
2005 the wind gusts in the Ventspils region at a height of 50 m
reached 34.1 m/s.

Fig. 5. Wind rose for the measurement period August 2007 — November 2010.
Irbene, Ventspils region. Outer numbers are average Tls for wind speed
greater than 4.5 m/s. Fields filled with black colour indicate total wind energy,
checkered fields show wind total time.

Fig 6. Wind rose for the measurement period April. 2009 — November 2010,
Matisi, Ainazi region. Outer numbers are average TIs for wind speed greater
than 4.5 m/s. Fields filled with black colour indicate total wind energy,
checkered fields show wind total time.

TABLE |
CHARACTERISTICS OF METEOROLOGICAL MASTS INSTALLED IN IRBENE AND MATISI

Ventspils (Irbene) Ainazi (Matisi)
Instrument: NRG Metrological mast, height 53 m NRG Metrological mast, height 60 m
Site elevation: 15m 60 m

Terrain type:

Baltic Sea coast, flat terrain covered with forest (8 — 10
meters high trees) Mast distance from see: ~ 5 km.

An open plain terrain remote from the sea.
Mast distance from see: ~ 35 km.

Date of mast installation:

27.07.2007.

11.04.20009.

Anemometer: NRG #40 Anemometer; Height (m): 20; 30; 40; 50; 53 NRG #40 Anemometer; Height (m): 10; 20; 30; 40; 50; 60
] Wind direction: NRG #200P Wind Vane; Height (m):20; 53 NRG #200P Wind Vane; Height (m): 50; 60
Sensors: Temperature: NRG #110S Temp; Height (m): 20 NRG #110S Temp; Height (m): 6
Barometer: NRG #BR20 Barometer; Height (m): 10 Not installed

TABLE Il

DISTRIBUTION OF AVERAGE WIND SPEED VALUES WITH STANDARD DEVIATIONS AND CORRESPONDING POWER DENSITY VALUES AT THE HEIGHT 50 (M) IN THE

OBSERVATION PERIOD

Ventspils (Irbene) AinaZzi (Matisi)
Va, m/is SD m/s Pg, W/m? Va, mis SD m/s P4, W/m?
April 4.27 0.78 76.92 4.48 0.72 85.53
May 4.82 0.97 93.59 458 0.81 93.10
% June 4.80 0.99 95.32 456 0.84 97.48
July 4.28 0.83 77.96 3.87 0.65 57.99
August 437 0.80 73.82 414 0.67 64.92

11
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Fig. 7. Average wind speed values V, in period T (2007/2011) at heights 10,
30, 40 and 50 (m) in the Ventspils region.
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September 5.04 1.03 113.19 461 0.74 83.86
October 4.78 1.07 151.59 5.00 0.79 139.02
November 497 112 103.52 4.73 0.79 84.99
December 423 0.88 81.45 3.98 0.63 66.16
January 3.60 0.67 56.48 3.01 0.43 47.71
February 3.58 0.74 47.95 3.32 0.48 43.83
March 4.88 1.08 105.12 491 0.81 107.57
April 3.71 0.80 52.75 4.14 0.71 68.58
May 4.02 0.88 68.15 4.16 0.77 75.45
= June 4.36 0.91 88.80 4.23 0.79 78.83
& July 4.02 0.76 55.71 3.42 0.61 38.88
August 4.09 0.81 67.83 3.88 0.68 63.92
September 4.99 1.02 116.10 481 0.70 107.69
October 4.98 0.99 120.17 5.16 0.80 124.68
November 4.40 1.02 97.18 4.80 0.74 98.13
December 4.72 1.01 111.93 4.92 0.44 101.47
January 4.74 1.04 105.60 5.12 0.90 135.59
February 5.08 1.03 125.39 4.44 0.61 103.28
March 5.78 1.26 161.43 5.53 0.94 154.61
—
§ April 4.29 0.87 91.09
May 4.59 0.92 91.93
June 4.49 0.90 79.82
July 3.90 0.79 51.10
Average 4.49 0.93 91.50 441 0.71 88.47
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Fig. 8. Average wind speed values V, in period T (2009/2011) at heights 10,
30, 50 and 60 (m) in the Ainazi region.
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Fig. 9. Distribution of wind speed in relative frequency of repetition F= f(V)
at heights 10, 30, 40 and 50 (m) in the Ventspils region
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Fig. 10. Distribution of wind speed in relative frequency of repetition F= (V)
at heights 20, 30, 50 and 60 (m) in the Ainazi region.
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Fig.11. The maximum values of separate wind gusts, V (m/s), with duration 10
(s) in the regions Ventspils and Ainazi, at height 50 (m) above ground level in
the period of 2009/2011.

I11. APPROXIMATING FUNCTIONS FOR THE CALCULATION OF
WIND SPEED AND WIND ENERGY DENSITY

The distribution curves of the average wind speed V, (m/s)
in height h (m) above the ground level in the Ventspils and
Ainazi regions which were obtained based on the data

accumulated for a time are presented in Figure 12. The
measured values of wind speed in the Ventspils region are
shown by two curves. Curve 1 corresponds to the average
wind speed values in the period of 2007/2011, Curve 2 — to the
average wind speed values in the period of 2009/2011, and
Curve 3 — to the distribution of the average wind speed in the
Ainazi region in the period of 2009/2011.

Analysis of the distribution curves in Figure 12 obtained for
the average wind speed V, shows that the wind speed
distribution in the height up to 30 m is to a considerable extent
determined by the topography of the terrain. In the Ventspils
region, this terrain is represented by 8 — 10 m high tract of
forest, whereas in the Ainazi region — the area is an open field
30 km further from the sea. The points on the curves
corresponding to the measured values of wind speed at a
height over 30 m could be well approximated by the
exponential function of the form:

I, = kh® (2)

For the curves of Fig. 13, the following values for
approximating functions have been obtained:

For Curve 1 — V, = 1.19 h®¥ the coefficient of
determination R? = 0.993;

For Curve 2 - V,
determination R? = 0.992;

For Curve 3 - V,
determination R? = 0.998,

hereafter R? — reveals how close the modelled
approximation function is to the actual measured values, being
the most reliable when it is at or near 1.

Figure 13 shows Curves 1, 2, 3 for measured values of the
average wind speed V, (m/s), which are calculated using the
corresponding values of approximating functions and are
extrapolated up to the height h of 150 m. The following
coefficients and exponents have been obtained for
approximating function in Eq. (2) from the analysis of the
distribution of the average cubic wind speed depending on the
height above the surface V, . = f(h) for curves 1, 2, 3:

For Curve 1 — V,. = 169 h®% the coefficient of
determination R? = 0.987;

For Curve 2 — Vg
determination R? = 0.987;

For Curve 3 — Vg,
determination R? = 0.999.

With due regard for the relationship in Eq. (1) the
distribution curves for the average cubic wind speed values in
height V,, . = f(h) are calculated up to the height of 150 m and
are presented in Figure 14. Correspondingly, the distribution
curves for the wind energy density Py = f(h) are presented in
Figure 15. The next functions have been used to calculate
wind energy density in the coastal area and in the regions
located from the coast by 30 - 40 km:

For Curve 1 - Py = 3.14
determination R? = 0.987;

For Curve 2 — Py = 290 h%%® the coefficient of
determination R? = 0.987;

1.17 h®¥ the coefficient of

1.09 h%* the coefficient of

1.66 h°%! the coefficient of

1.67 h®%° the coefficient of

h%% the coefficient of

13
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For Curve 3 — Py = 3.01 h%® the coefficient of | _° /k
determination R? = 0.999. g8 /%
For flat territories typical of the Baltic countries, the |5 7 V’/ —
approximating function Eq. (2) could be reduced to a form fes /,/ — 1
more convenient for use, as shown in the Eq. (3) & Eq. (4): g ////'
2] /
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where V., — is the calculated value of the average wind
speed (m/sl)}at height h, (m);
a.ks — is the measured value of the average wind
speed (m/s) at height hy, (m) for a flat area;
ho — is the height of the surface relief at the
installation point of the measuring set,
a — is the approximation coefficient (depending on
remoteness from the sea shore is 0.37 — 0.31).
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Ventspils and AinaZi regions extrapolated up to the height of 150 (m).

IV. ESTIMATION OF THE ACOUSTIC NOISE LEVEL
DISTRIBUTION AROUND A WPP

Selection of a location for construction of wind power
plants depends not only on the wind speed in this area, but
also on the maximum permissible impact on the environment,
where it is planned to setup wind turbines.

One of the negative aspects of WPP operation is the
emission of low-frequency noise that affects humans and
disturbs comfortable living conditions. Calculations make it
possible to define a zone of noise influence on the
environment and to determine if the planned projects are in
accordance with the requirements of Latvian legislation [3],
which establishes standards for noise levels in populated areas.
In compliance with the sanitary norms in Latvia, the noise
level acceptable in places where people permanently reside
must not exceed 40 dB(A). This means that construction of
WPPs in close proximity to settlements is not allowed.

Figure 16 shows the map of the noise level distribution in
the territory surrounding a WPP, consisting of 32 generators
with the total power of 80.0 MW in the Ainazi region. The
maximum value of the noise level in the WPP territory is
50.14 dB(A), the noise level of a generator being 99.0 dB(A)

[4].
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Zones with different levels of acoustic noise
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Fig. 16. The map of noise level distribution around a WPP consisting of 32
generators with the total power of 80.0 (MW) in the territory 8000x5000 (m).

V.CONCLUSIONS

1. The availability of large unpopulated areas on the coasts of
the Baltic countries, along with the developed
infrastructure of electric power networks, makes the use of
these lands for situating large wind power plants (WPPs)
attractive.

2. During long-term observations a statistical database has
been established with data on the distribution of speeds
and directions of winds at different heights: 10, 20, 30, 40,
50 and 60 m in the Ventspils and Ainazi regions on the
Baltic Sea shore.

3. The graphs of seasonal fluctuations of wind speeds have
been obtained for the heights up to 60 m by measurements
over the period of 2007 - 2011.

4. Histograms have been developed for the relative frequency
of the repetition of wind speeds over the period of 2007 -
2011.

5. The values of approximating functions have been obtained,
making it possible to calculate wind speeds at a height of
up to 150 m above ground level in the coastal zones of the
Baltic Sea and in a territory at a distance of 35 km from the
sea.

6. The wind speed measurements are noticeably affected by
the features of the terrain, and, therefore, in order to raise
the precision for the determination of approximating
functions, it is worthwhile to use measuring sensors only at
a height over 30 m above the ground level.

7. The maximum values obtained for separate wind gusts
lasting no less than 10 s are not much higher in the
Ventspils region than in the Ainazi region. In January 2005
wind gusts at a height of 50 m reached 34.1 m/s in the
Ventspils region.

8. The level of acoustic noise within the area where WPPs are
located can reach levels higher than 50 dB(A), although, in
compliance with the sanitary norms, the noise levels
permissible for residential areas must not exceed 40 dB(A).
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Valerijs Bezrukovs, Vladislavs Bezrukovs, Nikolajs Levins. Potenciilas véja energijas un akustiskd trokSpa sadali$anas novértéSanas problémas,
projektéjot veja elektrostacijas.

Baltijas valstis aug interese par atjaunojamas energijas avotu izmanto$anu. Valsts atbalsts un lielas, neapdzivotas platibas jiiras piekrasté padara §Ts zemes
platibas pievilcigas lielu v&ja elektrostacijas parku izvietoSanai. Planojamo projektu sekmigai realizacijai ir nepiecieSama droSa un ticama informacija par v&ja
energijas resursu izvietojumu augstuma lidz 150 m virs grunts limena. Pétfjumus $aja joma veic Fizikalas energétikas institits, sadarbojoties ar Ventspils
augstskolu. Raksta analizéti mérijjumu rezultati par daudzgadigiem vgja atruma mérfjjumiem augstuma no 10 lidz 60 metriem. Balstoties uz $iem rezultatiem, tika
sastadits vEja energijas izvietojums augstuma virs Baltijas juras piekrastes Latvijas ziemelu un dienvidrietumu dala. V&ja atruma mérijumi tika veikti izmantojot
merisanas kompleksu LOGGER 9200 Symphonie un sertificgtus v&ja atruma un virziena sensorus. Tika veikta v&ja atruma analize p&c augstuma, balstoties uz
ieglito datu bazi, kas sastav no vairak neka 3°500°000 v&ja atruma punktiem, kuri ir pierakstiti ar 10 sekunzu intervalu. Diviem rajoniem ar dazadu ainavu
noteikti aproksimacijas funkcijas koeficienti, kas raksturo vidgjo v&ja atrumu un vidgjo kubisko v&ja atrumu sadalfjumu p&c augstuma. Rezultati tiek atteloti
tabulu, histogrammu un grafiku veida. Izveidotas vid&ja v&ja atruma un energijas blivuma sadalijuma liknes ar aproksimaciju lidz 150 m. P&tfjuma ietvaros tika
veikta akustiska trok$pa limena izvietojuma modeléana virs planotajiem vg€ja parkiem. Aprékini lauj noteikt vidi ietekmgjoso zonu, ko ietekm@ troksnis, un
novertet projektu atbilstibu Latvijas Republikas likumdosanas aktiem, kas nosaka pielaujama trokSpa limena normas apdzivotas vietas.
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