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a b s t r a c t

Wind energy, comprising a techno-economically mature and clean technology, is not entirely free of
impacts on the environment and human health. In this context, noise still comprises a major siting
criterion, even hindering the approval for the installation of new wind power projects. The present study
evaluates the noise level immission using real acoustic measurements of a representative wind farm,
while these measurements are also compared with simulation results of two well-known noise
immission prediction models. Emphasis is firstly given on the development of a reliable experimental
process and secondly on the estimation of the real noise impact of the existing wind turbines dissociated
by the background noise for several wind speed values and distances from the wind farm. According to
the results obtained, validation of the prediction models is provided by observing a fairly good agree-
ment between experimental and simulated results. Furthermore, wind farms may be characterized as
relatively low noise emission sources, compared to other industrial units or conventional power plants,
as the sound pressure level (SPL) at a distance of 300 m away is almost 45 dB(A), i.e. not a prohibitive
value for human activities in the wind farm’s broader area.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, there has been a spectacular increase in wind
power installations worldwide. However, despite the fact that
wind energy comprises a technologically mature, economically
competitive and environmentally friendly energy source, it is often
accompanied, inevitably, by concerns related with the noise
impact (immission), usually encountered in the direct vicinity of
wind farms [1,2]. In this context, noise still remains a major issue
for the local communities and statutory authorities [3,4], even
hindering the approval for the installation of new wind power
projects [5]. Actually, wind farm developers may face strong
resistance from people who reside in the close proximity of new
projects, owed to concerns that the noise from wind turbines
(WTs) is a very distracting nuisance and will disrupt their lives
[6,7]. As a result, the noise produced by WTs is considered one of
the main limitations for the extensive development of wind energy
during the last years [8,9].

Despite the remarkable efforts of the WT manufacturing
industry to reduce the noise emission of contemporary commercial
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machines, noise from WTs still comprises an important siting
criterion. Wind turbines generate two types of noise, i.e. mechan-
ical and aerodynamic. Thus, a turbine’s noise emission is a combi-
nation of both. In general, mechanical noise (generated by the
turbine’s mechanical and electrical parts) is no more considered as
important as the aerodynamic noise is (generated by the interac-
tion of blades with the air [10]), especially for utility scale WTs [11],
as it has been reduced efficiently during the last years by advanced
mechanical design (e.g. proper insulation to prevent mechanical
noise from proliferating outside the nacelle or tower, vibration
damping etc.).

Realizing the severity of the noise impact, the up to now rule of
thumb dictates that a modern WT should be placed at a distance of
at least 300e400 m away -and quite often even further- from the
receptor in order for the sound pressure level (SPL) (i.e. perceived
sound at a specific point) not to roughly exceed 45e50 dB(A) in
daytime (depending on each country’s legislation), while at night
the level should be lower. In other words, the SPL should at the
nearest inhabited areas of wind farms be almost equivalent to
the noise inside an unoccupied, almost quiet, air-conditioned office
(see also Table 1).

Generally, as it should be expected, the local topography and
the unique meteorological conditions of every site largely influence
the levels of noise and its diffusion and thus determine the advis-
able distance between the wind farm and the nearby habitation as
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Table 1
Sound levels of different sources/activities.

Source/Activity Noise level dB(A)

Threshold of hearing 0
Whisper 30
Rural night-time background 20e40
Quiet bedroom 35
Unoccupied air-conditioned office 45e50
Busy general office 60
City traffic 90
Jet aircraft at 250 m 105
Threshold of pain 140
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the case may be. Of course, similar to other impacts of wind energy,
perception of the noise also depends on additional features [12,13]
such as the area type (i.e. rural or urban), the number of residents
and their distance from the wind farm site and finally the type of
the community affected (residential, industrial, tourist). The inter-
action of these factors can either reduce or enhance the perception
of sound produced from WTs.

Under the Greek legislation, particularly Article 2 of Decree
1180/81 (although the acoustic protection of noise emission from
WTs is not the case), in industrial areas the maximum permissible
noise emission level of various mechanical activities is considered
equal to 70 dB(A) and for urban areas 50 dB(A), while for a resi-
dential building, the legal limit for the SPL (measured inside with
open doors and windows) has been set equal to 45 dB(A) regardless
of the type of the area where the specific building exists [14].

Acknowledging the importance of the noise impact concern-
ing further adoption of wind energy, in the current study the
authors present and evaluate a set of real experimental noise
measurements, deriving from a small wind farm located at
a complex topography Greek area which includes machines of
most technologies available. Emphasis is firstly given on the
development of an accurate and reliable experimental process
and secondly on the estimation of the real noise impact of the
existing WTs dissociated from the background noise for several
wind speed values. Finally, the availability of experimental
measurements allows for comparisons to be made with simula-
tion results deriving by the application of two well-known soft-
ware tools (i.e. the international standard DIN ISO 9613-2
“Attenuation of sound during propagation outdoors, Part 2. A
general method of calculation” and the Danish regulations enti-
tled “Bekendtgørelse om støj fra vindmøller (Statement from the
Department of Environment) No. 304 of 14/5/91”) used to predict
wind turbine noise immission. Thus, one may get an idea for the
accuracy of prediction models (widely used by wind farm
developers) by comparing the simulation results with real
acoustic noise immission measurements.
2. Position of the problem: assessing the noise immission
of WTs

In the design process of aWTmodel and in the planning stage of
a wind farm, semi-empirical prediction models [12,13,15,16] and
software tools, such as those found in most commercial packages,
are used to predict noise emissions in most practical cases. Through
the years, several semi-empirical models have been designed for
predicting noise emissions from WTs [17e21]. In this context, the
characteristics of airfoil noise have been investigated extensively in
both experimental and theoretical studies [22e26]. These studies
formed the basis of various semi-empirical wind turbine noise
prediction models, which were validated by comparisons with field
measurements [27]. However, some of them are rather simplistic,
whereas others make use of complex Computational Fluid
Dynamics (CFD) solvers and are still rather time-consuming to be
applied for computing noise emission for realistic wind turbine
applications.

Up to now, there is no specific official legislation for protecting
the acoustic environment from the operation of WTs as well as
there are not any defined standards for the proper use of a specific
commercial software tool used for estimating the generated noise
from WTs. As a result, many models are widely used which
however cannot be easily adapted for all wind farm projects.
Specifically, computer models have different levels of complexity
(some dating from the mid-1980), input data and required
assumptions, thus making difficult to evaluate their overall results.
Furthermore, it is worth mentioning that due to absence of legis-
lation and the diverse nature of the computermodels used to assess
noise from WTs, it is almost impossible to predict the aggregate
effect on the acoustic environment of a region from the simulta-
neous operation of many wind farms.

On the other hand, investigating wind turbine noise immission
on the basis of real noise measurements comprises a difficult,
relatively complex and time-consuming acoustic task [28]. Noise
immission measurements refer to the assessment of the sound
pressure levels emitted by a WT or a wind farm at the area of the
receptor. In this context, a set of techniques and methods for
measuring and assessing the noise immission of WTs, which is the
WT noise at the receptor level location, have been developed in the
past [27,28].

Nevertheless, although standards and guidelines concerning the
noise measurement from industrial sources have been in force
since the early stages of wind energy development, the procedures
adopted do not entirely apply to the measurement of noise
produced by WTs. The main reason for this shortcoming is the fact
that measurements are carried out inwindy conditions, i.e. an issue
outside the scope of standards dealing with noise measurements
from industrial plants.

Generally, from the WT (source of the acoustic noise) to the
wind farm’s broader area (receptor of the acoustic signal) there is
usually a complex propagation path and additional sources of noise
often interfere at the receptor’s point [29]. In this context, one of
the main problems when measuring the noise immission of WTs is
the influence of the background noise [8], i.e. the wind at the
microphone, the wind acting on adjacent trees, shrubs and struc-
tures, traffic on nearby roads and rail tracks, aircrafts and indus-
tries, animal and human activities, streams or waves on shorelines
etc. As a result, in order to evaluate the noise level of WTs and
obtain a clear cut picture, sound pressure levels from a wind farm
should also be compared with background sound pressure levels
produced by other activities within the wind farm broader area.
Nevertheless, in many cases, at wind speeds around 8 m/s and
above, it becomes a quite a difficult task to measure sound pressure
levels from modern WTs. In fact, WT noise is more noticeable at
lower wind speeds (e.g. 4-6 m/s) since the wind is strong enough to
turn the blades but it cannot create its own noise. On the other
hand, at higher speeds the noise from thewind itself or background
sounds may generally mask (obscure) the turbine noise completely
[8,30] (see for example Fig. 1).

Considering the above, the importance of valid noise measure-
ments concerning operation of WTs is underlined and thus the
development of a methodology for the assessment of real noise
immission becomes critical. In an attempt to perform valid noise
measurements, the present study is first dedicated to the design
and implementation of an experimental measurement method-
ology and accordingly to the evaluation of experimental measure-
ments obtained, using as a case study the operation of a wind farm
at a Greek complex terrain.
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Fig. 1. Qualitative comparison of wind turbine noise and background noise as a function of wind speed at 10 m height [8].
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3. Methodology

3.1. Case study presentation: the CRES wind farm

The set of noise immission measurements was carried out at the
wind farm of Center of Renewable Energy Sources (CRES) in Lav-
reotiki, SE Attica, Greece (Fig. 2) in collaboration with the Labora-
tory for Wind Turbine Testing. The specific installation comprises
a demonstration wind farm with various types of WTs, found in
a complex terrain topography including coastal regions and hills up
to 120 m high above sea level.

The average annual wind speed at the site is measured at 6.7m/s
(two meteorological masts (100 m and 30 m height) are used to
measure the reference wind conditions), and the turbulence
intensity is found equal to approximately 12%, while it should also
be mentioned that the energy produced from the wind farm is
directly fed into the interconnected 20 kV electricity grid.

Actually, the WT types which are under investigation in the
present study are the following:

� Enercon E-40-500 kW gearless, synchronous, multipole, vari-
able speed WT.

� NEG Micon 750 kW stall regulated, constant speed with 2
asynchronous generators WT.
Fig. 2. The area of the CRES wind farm using a satellite ph
� Vestas V47-660 kW pitch regulated, constant speed, with one
asynchronous generator WT.
3.2. Measurement procedure

The methodology adopted during the acoustic measurement
procedure may be described by the following directions:

� Measurements are carried out in two stages, i.e. first when the
WTs are in operation and secondly, immediately after the time
that the WTs are stopped. In this way the background noise
may be assessed, assuming that the measurements are recor-
ded under the sameweather conditions (remaining unchanged
between these short time intervals).

� The microphone used for the noise recording is placed at
a height of 1.5 m from the ground level. When there are high
levels of wind induced noise, a calibrated secondary wind-
screen is used while two points of noise measurements are
considered ("near" and "far" from the wind farm location, see
Fig. 2).

� Test procedures for the immission noise measurements from
WTs at the noise receptor location are conducted according to
ISO standards and IEA recommendations, i.e.:
oto and 3D visualization of the existing wind turbines.
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O ISO 1996-2 Part 2 (15/3/2007) - Determination of envi-
ronmental noise.

O IEA Recommendations Part 10 (1997) - Recommended
practices for WT testing - Part 10: Measurement of noise
immission from WTs at noise receptor locations.

O ELOT CRES/TC-81 WG-5 Draft (12/99) - Noise measure-
ments from a WT generator at the receptor site (draft).

Using the measurements’ procedure dictated by the aforemen-
tioned standards and the methodology adopted, on top of the
acoustic signal, the following measurements are also carried out:

� Measurements of the wind speed at the WT site and at the
receptor point. The first anemometer and the vane are placed
before the WTs at an altitude of at least 10 m above the ground
and at a distance greater than two and less than four times the
diameter of the WT rotor. The acceptable angular sector
depends on the sensor’s height. The second anemometer is
placed near the microphone point at an altitude of at least 10m
above the ground.

� Measurements of local meteorological conditions (tempera-
ture, barometric pressure and humidity) and electrical power
output data recorded throughout the measurements’ period in
a data-logger.

Although the target wind speed (i.e. the wind speed at 10 m
from the ground at which noise immission measurements are
usually carried out) is generally recommended to be around
8 m/s (10 min averages), the results of the measurement anal-
ysis currently undertaken are based on wind speed values
between 5 and 7 m/s (10 min averages), these comprising the
most frequently appearing wind speeds in the area (see also
Fig. 3).

Another important aspect of the measurement procedure
carried out is that according to the results obtained, the noise of the
wind farm was of the same order of magnitude with the back-
ground noise. Thus, as aforementioned, one of the most important
tasks of this work is the dissociation between the background noise
and the noise produced by the WTs. For this purpose and owed to
the levels of the background noise noted, the performance of
measurements under the same wind speed conditions for both
stages, i.e. during the WTs’ operation and immediately after the
WTs stop, is critical. More precisely, the combined noise produced
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Fig. 3. Weibull probability density distribution an
by the WTs and other sources (Lwþb) is measured at the receptor
site. The wind speed is also measured simultaneously at two
locations (i.e. close to theWTs and at the receptor site). Accordingly,
only the background noise (Lb) is measured (with theWTs stopped)
in order for any value of combined noise (Lwþb) obtained to also
allow for the respective noise level of WT generators (Lw) to be
determined.

Concerning the conduction of the experimental procedure, the
measurement points were set between 100 and 300 m away from
the wind farm in order to obtain a more reliable estimation of the
noise impact and to compare the values obtained. Figs. 2, 4 and 5
show the WTs and the measurement points along with the
microphones used and the data presented in Table 2 indicate the
exact distances of measurements (position of equipment) from
each wind turbine under investigation.

At this point, it should be noted that all devices of the acoustic
equipment (acoustical calibrator, microphones, preamplifiers,
USB-digitizer, sound source, computer) (see Appendix) were
calibrated and certified in verified laboratories according to
national and international standards. In this context, the total
uncertainty of measurements (due to calibration, instruments,
distance, turbulence, background noise etc.) is estimated in the
order of 1.6 dB(A) based on IEC document 61400-11, ed.2, 12/
2002, “Wind turbine generator systems- Part 11: Acoustic noise
measurement techniques”, with Amendment 1 from 05/2006 at
Appendix D.

4. Experimental results

By applying the methodology of the previous section, a variety
of sets of noise measurements were obtained for different wind
speed values, i.e. between 5 and 7 m/s. As already mentioned,
emphasis was paid in order to measure the background noise and
to include the corresponding corrections (mainly wind-screen
corrections) into the final (real) noise immission value. The
measurements correspond to daytime operation and NNW wind
direction. Actually, the wind direction was 348� (341�e354�) based
onmeasurements of the 100mmast of CRES (level of 100 m -Wind
vane Vector W200P) while the mean temperature during this
measuring period was 18e22 �C and the atmospheric pressure was
1011 mbar.

Proceeding to the results obtained, the first measurement was
carried out at 5.1 m/s wind speed at 10 m height. As one may see in
12,5 14,5 16,5 18,5 20,5 22,5 24,5
peed (m/s)

N

E

S

W

d wind rose of the area under investigation.



Fig. 4. One of the two microphones used for the noise immission measurements.
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Fig. 6, the first measurement (point “near”, see also Table 2) with
the WTs in operation indicates noise level of approximately
48.2 dB(A), while the corresponding background noise (Lb) is
slightly less than 40 dB(A). Nevertheless, after the necessary
corrections, the expected noise level produced by the WTs at the
“near” point (Lw) is found equal to 48.5 � 1.6 dB(A), i.e. approxi-
mately 9 dB(A) more than the ambient sound.

Similarly, the second measurement concerning the “near” point
(carried out at 6.0 m/s of wind speed at 10 m height), indicates
noise level of 50.1 dB(A) which yields a final value of Lw equal to
50.6 � 1.6 dB(A) after the wind-screen correction is applied, while
the corresponding background noise is 40 dB(A). Accordingly, after
carrying out the necessary corrections, the third and the fourth
measurement indicate a final value of Lw at the “near” point equal to
50.1 and 49.2 dB(A), with this slight noise level reduction being
smaller than the uncertainty of the experimental measurements
(i.e. 1.6 dB(A)), while the respective background noise is 40.4 and
41.8 dB(A).

Relating the above measurements with the quite complex
topography of Greece, it should be noted that in all cases the SPL of
the WTs is around 50 dB(A) at a distance of only 100 m away from
the wind farm, with the wind speed at 10 m height varying
between 5 and 7.0 m/s. However, one should not disregard that
according to the results obtained the noise level during the oper-
ation of all three WTs may exceed the respective background noise
by even more than 10 dB(A).
Fig. 5. The two microphones used for t
Following, another interesting finding is the quite different
noise level between the two relatively close measurement points
(point “near” and “far”, see also Fig. 2). In fact, according to the
measurements concerning the “far” point (300 m away from the
wind farm) at 5.7 m/s of wind speed at 10 m height, the noise level
produced by the WTs is 45.5 � 1.6 dB(A), i.e. not a prohibitive value
for human activities in the broader area, although the ambient
noise is 39.2 dB(A) (see Fig. 7). Furthermore, by comparing the
noise level for quite similar wind speed values between the two
points under investigation onemay encounter almost 5 dB(A) noise
immission difference between the points “near” and “far”. Note that
this outcome, attributed also to the complex topography of the
wind farm location, is of primary importance for the appropriate
siting of wind farms.
5. Simulation vs experimental results

5.1. Presentation of the software tools

Two computational models of sound propagation from WTs are
used through the “EMD WindPro: Version 2.5.7.83-Decibel
Module” [31]. The above commercial packages are used interna-
tionally as tools to estimate the noise emitted fromwind farms and
optimize the siting of WTs with respect to both performance and
noise. In this context, the following input data are mainly required:
he noise immission measurements.



Table 2
Measurement points in relation with the three WTs (Distance and direction).

Points Vestas V47 NM 750 Enercon E-40

1-near 291 m-245� 231 m-330� 132 m-5�

2-far 244 m-255� 270 m-341� 193 m-13�
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Exact location of the wind turbines (type and coordinates).
Rotor height and (certified) noise emission curve of each WT

type, data obtained by the WT manufacturer.
Data concerning the nearest sound sensitive area (e.g. villages,

resorts etc.).

Then, by taking into account the topography, the roughness of
the area, potential obstacles and coefficients related to local mete-
orological conditions, the noise generated by theWTs at the ground
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Fig. 7. Noise level measurements for different win
or at a specific height for a givenwind speed (e.g. at 10 m height) is
calculated. Finally, maps with the resulting noise level points or
curves and a detailed report for the examined region are provided.

The computational models used in the current work are pre-
sented below:

The international standard DIN ISO 9613-2 "Attenuation of
sound during propagation outdoors, Part 2. A general method of
calculation", which describes the propagation of sound in the
countryside. During its application, the wind speed, the
absorption of sound from the soil through the topography of the
area, weather conditions, the existence or not of tonality (i.e.
pure tone of fixed frequency) from theWTetc., are all taken into
account in order to predict the SPL due to wind farms’ operation
at any given point for different heights on the basis of natural
propagation mechanisms.
9,66,6

at 10m agl (m/s)

ation WTs in Operation (corrected-real)

int 1-Near

r different wind speed values.

67,5

t 10m agl (m/s)

tion WTs in Operation (corrected-real)

Point 1-Near
int 2-Far

d speed values and measurements locations.



Table 3
Basic settings of the software tools.

Settings ISO 9613-2 Danish 2007

Wind speed at 10 m agl User could select a value 6 and 8 m/s
Correction in relation

to wind speed
Yes Yes

Ground attenuation Orography 1.5 dB(A)/km (land)
Meteorological

coefficient (dB)
0 0

Receptor noise
height (agl)

1.5 m 1.5 m

Air absorption 1.9 dB/km 2 dB/km
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The Danish regulations, entitled "Bekendtgørelse om støj fra
vindmøller (Statement from the Department of Environment)
No. 304 of 14/5/91" and renewed in 2007 by adding noise
prediction calculations for offshore wind farms. During its
application, the wind speed and the absorption by the ground
through a fixed coefficient which varies for onshore and
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offshore wind farms are both taken into account. Finally,
a proper surcharge is imposed if there is tonality by the specific
WT type, while an opportunity is also given for estimating the
noise level at different heights.

5.2. Comparisons between simulation and experimental results

At this point, the noise of the WTs which may be perceived by
a receptor being between 100 and 300 m far from the wind farm of
CRES (point 1-near/point 2-far, see also Fig. 2) is estimated on the
basis of the two above mentioned computational models of sound
propagation. It is worthmentioning that special attention is paid on
implementing the appropriate corrections for each case in order for
the assumptions made during the computational procedure to
correspond as much as possible to the local conditions of the
broader area under investigation. In Table 3, one may see the basic
parameters considered in both software tools. Note that the
meteorological correction is generally taken equal to zero for
9,66,6
t 10m ang (m/s)

ISO 9613-2 Danish rules

-Near

lculations using ISO 9613-2 and Danish Rules 2007 model.

67,5

at 10m ang (m/s)

ements ISO 9613-2

Point 1-Near

t 2-Far

omparison with the calculations using ISO 9613-2 model.



Table 4
Basic equipment used in the measurement procedure.

Anemometer Type: cup anemometer. accuracy: �0.2 m/s. Output
signal: alternate signal or frequency pulse train
equivalent to the angular rotation speed.

Wind vane Dead-band less than or equal to 10� . Output signal:
analog voltage equivalent to the angular position
of the instrument.

Active power
transducer

Class 1 or better, according to IEC 60688. Input from
current and voltage transformers of class 1 or better
according to IEC 60044. Output signal: analog voltage
equivalent to the measured power.

Thermometer Accuracy: �1 �C. Measurement range 0e40 �C. Output
signal: Optical indication.

Barometer Accuracy: �10 mbars. Measurement range 600e1100
mbar. Output signal: Optical indication.

Audio calibrator Class 1 or better, according to IEC 60942. Sound pressure
level 94 or 114.0 dB. Frequency 250 Hz or 1 KHz, � 0.5
or 1 Hz respectively.

Microphone -
preamplifier -
amplifier

SPL measurements IEC 60651-Class 1. Frequency range
4 Hze10 kHz. Free-field microphone with a diameter
of 13 mm.

Acoustic sound
level meter
and analyzer

Real time analysis according to IEC 60651 and 60804,
Class 1. Third-octave filters according to IEC 1260,
Class 1. FFT analysis with a resolution capability
of 1e3 Hz.

Analog-digital
conversion cards

For meteorological and other non audio signals:
16-bit resolution ADC, 16 differential analog inputs at
up to 250 kS/s, �10/5/1/0.2 V input range, CMRR
(DC to 60 Hz) 100 dB, USB 2.0 data transfer and USB
bus-powered, 2 counter/timers
For audio signals:
24-bit resolution ADCs with 102 dB dynamic range,
4 simultaneously sampled analog inputs at up to
50 kS/s, �5 V input range, AC coupling and IEPE
conditioning always enabled, Variable anti-aliasing
filters, Compatibility with Noiselab software,
Accuracy: �0.1 dB typical, �0.3 dB max, �0.6 dB
uncalibrated, ADC type: Delta-sigma.
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Greece (conservative prediction) since weather conditions such as
fog and rain are rare.

The simulated results are depicted in Figs. 8 and 9 in comparison
with the respective noise level measurements recorded at the wind
speed range from 5 to 7 m/s for the two different sites (near/far
from the wind farm). Note that the model of Danish 2007 rules was
applied only for the wind speed value of 6 m/s.

In general, a fairly good agreement was observed between
experimental and simulated results for all the wind speed values
recorded in both locations, with the computational models
giving a slight underestimation of the WTs sound level, being
however in almost all cases within the range of the uncertainty
of noise immission calculations (i.e. 1.5 dB(A) according to the
manual) and that of the experimental measurements (i.e.
1.6 dB(A)).

More precisely, one may see in Fig. 8 that at 5.1 m/s wind
speed, 100 m far from the wind farm, the ISO model gives noise
level due to wind turbines operation equal to 45.9 � 1.5 dB(A),
while the corresponding measurement at that point is greater by
2.6 dB(A), i.e. 48.5 � 1.6 dB(A). Similarly, based on the results of
the ISO model at 6 m/s wind speed (at 10 m height), the expected
noise level produced by the WTs concerning the “near” point is
46.8 � 1.5 dB(A), while according to the Danish model at the
same point and wind speed, the corresponding noise level is
found by 0.8 dB(A) lower, i.e. 46 � 1.5 dB(A). Accordingly, the
results of the ISO model indicate a value of Lw equal to 47.4 and
47.7 � 1.5 dB(A) when the wind speed is 6.6 and 6.9 m/s
respectively, with this slight noise level underestimation, which
derives by the application of the software tool, being smaller than
the uncertainty of the simulation and experimental results.
Finally, the corresponding simulation findings, 300 m away from
the wind farm (‘far” point) at 5.7 m/s wind speed, indicate noise
level (Lw) equal to 44.9 � 1.5 dB(A), differing only by 0.6 dB(A)
from the respective noise level measurement, i.e. 45.5 � 1.6 dB(A)
(see Fig. 9).

6. Conclusions

In the current work an experimental study concerning the
estimation of noise immission levels produced by the operation
of wind farms located in complex topography terrains was
designed and implemented at a demonstration wind farm of the
Greek Attica region. Detailed onsite measurements were carried
out at two different measuring points (i.e. 100 and 300 m far
from the wind farm) for the most frequently appearing wind
speed range in the area. During the analysis of results special
emphasis was given to both the evaluation of the noise level
deriving by the “in operation” WTs and the dissociation of the
former from the existing background noise that was determined
on the basis of measurements during the time that the WTs did
not operate, under the precondition of identical -to the in oper-
ation measurements- weather conditions. It should be mentioned
that due to the levels of the background noise noted during the
recording procedure, the performance of measurements under
the same wind speed conditions for both stages (i.e. during the
WTs’ operation and immediately after the WTs stopped)
comprised one of the most difficult and time-consuming tasks of
this study.

According to the results obtained, the noise immission of the
examined WTs, 100 m far from the wind farm, is found in the area
of 50 dB(A), almost 10 dB(A) higher than the ambient noise, for
wind speed values being between 5 and 7 m/s (at 10 m height).
Specifically, the variation noted between low (5.1 m/s) andmedium
(6.9 m/s) wind speeds was almost 1 dB(A), while, between the two
different measuring points (100 and 300 m far from the wind farm)
the recorded difference of WTs noise level was of the order of
5 dB(A), thus corresponding to almost 45 dB(A) for the “far” point
(300 m), i.e. not a prohibitive value for human activities in the wind
farm broader area. Nevertheless, to obtain a clear cut picture of the
entire noise emission spectrum, the specific research should be
expanded to also include a greater wind speed variation range as
well as multiple reference points of measurements during the day
and night.

Finally, the availability of detailed experimental measure-
ments allowed for comparisons to be made with simulation
results derived by the application of two well-known commer-
cial packages used to predict WT noise immission and optimize
their siting with respect to both performance and noise. Gener-
ally, an incremental validation of the prediction models was
provided by observing a fairly good agreement between exper-
imental and simulation results, with the computational tools
giving a slight underestimation of the WTs sound level, being
however in almost all cases within the range of the uncertainty
of noise immission calculations and that of the experimental
measurements.
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