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Abstract   

The paper presents noise evaluation for a 2 MW wind turbine. The obtained results have been analyzed with 
regard to infrasound and low frequency noise generated during work of the wind turbine. The evaluation was 
based on standards and decrees binding in Poland. The paper presents also current literature data on the influ-
ence of the infrasound and low frequency noise on a human being. It has been concluded, that the permissible 
levels of infrasound for the investigated wind turbine were not exceeded. 
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1. Introduction 

Research that has been conducted in the world for many years shows that noise can be 
described as sound below and above so called hearing threshold. It can be assumed that 
the infrasound, which cannot be heard by a human being, concerns frequencies below 
20 Hz, and the ultrasound concerns frequencies above 20 kHz [1]. We receive it as me-
chanical vibrations of the medium it passes through, transferring energy from the source 
in the form of acoustic waves. Puzyna in [1] describes infrasound as infraaccoustic vi-
brations. Some investigations show that for some people the hearing level begins already 
at 16Hz, and sometimes even at 4Hz. Such a phenomenon occurs at appropriate condi-
tions and at a high level of sound pressure [2]. According to standards PN-ISO 
7196:2002P, ISO 9612:1997 and PN-Z-01338:2010 [3, 4, 5] the infrasound noise con-
cerns frequencies between 1 and 20 Hz.  

The term low frequency noise is more and more commonly used to describe the fre-
quency range from 10 Hz to 250 Hz (e.g. according to Polish instruction ITB 358/98) 
[6]. In other countries this range is defined differently and it is closely related to medical 
research concerning the influence of infrasound noise on the hearing organ [6, 7].  

2. Influence of infrasound and low frequency noise on a human being 

The influence of infrasound on a human being is closely related to conduction of the 
middle ear and internal ear, i.e. its effect on the hearing organ (hearing effects) and on 
the whole body, and particularly on the nervous system and internal organs (non-hearing 
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effects). Infrasound is annoying and its effects appear already when the hearing threshold 
is slightly exceeded [8]. 

Figure 1 shows hearing thresholds for infrasound and low frequency noise obtained 
by Watanabe and Møller [9, 10] set against the values from the ISO:226 2003 standard 
and compared with the respective levels in other countries [11,12]. 

Based on Watanabe and Møller’s results, Leventhall determined the hearing thresh-
old for infrasound and low frequency sound [10] – Table 1. 

Figure 2 shows so called equal annoyance contours for infrasound obtained by 
Whittla (1972) set against Møller’s and Andresen’s results (1984) [12] and equal loud-
ness contours from ISO 226: 2003 standard [11]. 
 

 
Figure 1. Hearing thresholds in the infrasound and low frequency ranges  

a) acc. to ISO 226:2003, Watanabe and Moller b) in selected countries [9, 10, 11, 12] 
 

 
Figure 2. Equal annoyance contours for infrasound and equal loudness contours from the 

ISO 226: 2003 standard for  audible sound [11, 12] 
 

Table 1. Hearing threshold according to Leventhall[10] 

Frequency (Hz) 4 8 10 12,5 16 20 25 31,5 40 50 63 80 100 125 160 200 
Sound pressure 

level (dB) 
107 100 97 92 88 79 69 60 51 44 38 32 27 22 18 14 
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Like in case of equal loudness contours for audible sound, the equal annoyance con-
tours for infrasound were obtained using the expressed in phons loudness level based on 
subjective sensing of sound by the hearing organ. A frequency drop causes sudden in-
crease in audio perception, which means that even at small change the annoyance of 
infrasound increases. In the range of 127-132 dB a painless constriction is observed in 
the middle ear. Earache and so called temporary shift of the hearing threshold appear 
most often at the level of 140 dB for frequency 40 Hz and 160 dB for 3 Hz [13]. At 
higher frequencies the internal ear can be damaged. 

At the levels above 100 dB the perception of vibrations generated by infrasound is 
similar to the perception of vibrations generated mechanically [14]. Infrasound may be 
sensed by telereceptors of vibrations located, for example, in muscles, joints and ten-
dons, and so called sensory receptors (mechanoreceptors). In this case the threshold of 
vibration sensing is higher than the hearing threshold by about 20-40 dB. Landström in 
[15] claims, that the vibrational perception of infrasound occurs at the level of 124 dB 
for frequency 4 Hz, for which the hearing threshold equals 107 dB. 

The most typical symptom of influence of infrasound and low frequency sound on a 
human being is the pressure in ears together with the sensation of internal vibration. At 
the levels of 140-150 dB vibrations of the rib cage cause voice modulation and suffoca-
tion in the throat leading to coughing. It can be said that infrasound may cause arhyth-
mia, fatigue and increase in heart rate [13, 16]. All these symptoms may appear after the 
hearing threshold has been exceeded, which has been confirmed by the research con-
ducted on the deaf [13]. 

3. Evaluation of infrasound noise under the current regulations 

The evaluation of exposure to infrasound noise is made based on spectral analysis in 
third octave or octave bands using G-weighting [3] developed based on the analysis of 
hearing perception threshold. Its peak lies at the frequency of 20 Hz, and the average 
value of the hearing threshold equals 102 dB [17]. It has been observed, that to evaluate 
low frequency noise the A-weighting cannot be used because it gives too low values 
[18]. 

The PN-Z-01338:2010P standard, which defines permissible values of infrasound 
noise at work-places, being a criterion for annoyance, and a regulation of the Ministry of 
Labour and Social Policy, where additionally the peak, unweighted acoustic pressure 
level is determined [4,19] are in force in Poland – Table 2. 

Table 2. Permissible values of infrasound noise – annoyance criterion [4] 

Evaluated quantity                                                                          Permissible value, dB 
Equivalent, G-weighted sound pressure level normalized to an 8-hour 
working day, LGeq,Te=LGeq,8h  

102 

Equivalent, G-weighted sound pressure level related to a nominal 
working week, LGeq,Te=LGeq,w 102 

Equivalent, G-weighted sound pressure level during the occupation 
of a workstation by an employee (at work places for conceptual work 
requiring particular concentration) 

86 
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4. Noise evaluation for a 2 MW wind turbine 

A wind farm consisting of several 2.0 MW wind turbines Gamesa G90 with tower height 
of 100 m and blade length of 45 m was analyzed (Figure 3). The measurements of noise 
was performed by a research laboratory accredited by Polish Centre for Accreditation.  
 

 
 

Figure 3. A 2 MW wind turbine with a total height of 145 m 

The obtained results were analyzed paying special attention to evaluation of infra-
sound and low frequency noise generated by a working wind turbine, located  at the edge 
of the wind farm [23, 24]. The evaluation was made based on standards and regulations 
being in force in Poland. 

Figure 4 shows the equivalent, G-weighted sound pressure levels for the turbine for 
various distances of measuring points from the turbine and at the wind velocities of 3-
4 m/s and 4-5 m/s measured at the height of 10 m above the ground in frequency bands 
of 1-20 Hz and 0,8–250 Hz. The measuring points were selected at places without any 
buildings and natural obstacles. 

 

a)

 

b)

 

Figure 4. Equivalent, G-weighted sound pressure level for a 2 MW  turbine determined 
based on the standard [3] in the range of a) infrasound and b) low frequency noise 
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As it can be seen from Figure 4 the annoyance criterion of 102 dB has not been ex-
ceeded.  

At a distance of 600 m from the turbine, where the closest residential property was 
located, additional measurements at variable wind velocity were performed. The wind 
velocity measured at 10 m height can be converted into the velocity at the tower height 
by means of a coefficient, which equals about 1.45. It means that acoustic measurements 
were performed for the wind velocity between 4.3 m/s and 13 m/s at the tower height 
(Figure 5).  

 

 

 

Figure 5. Method of conversion of wind velocity measured at 10 meters 
above the ground W10 into the velocity at any tower height WS [25] 

As it can be seen from the tables shown above, the G90 turbine reaches the maxi-
mum level of acoustic power for the wind velocity of 6 m/s at 10 m height, i.e. 8.7 m/s at 
the tower height.  The infrasound levels during measurements were generated by the 
wind turbines for maximum acoustic power (determined according to PN-EN 61400-11) 
and maximum rotational speed of the turbine [22]. 

 

 
Figure 6. Equivalent sound pressure level for a 2 MW turbine in the infrasonic range 

for the distance of 600 m  

The equivalent sound pressure level for the 600 m distance which can be seen in Fig-
ure 6 increases significantly with the increase of the wind velocity. It does not exceed, 
however, the permissible values specified in Polish regulations. 
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The obtained results for the low frequency range and the 600 m distance, at different 
wind velocities has been set against the data from Table 1 (Leventhall), the current hear-
ing threshold in Germany and the 40 phon equal loudness contour from the ISO 226: 
2003 standard [10, 11, 12, 21] – Figure 7. 

 

 
Figure 7. Sound pressure level of a 2 MW turbine for the 600 m distance, set against 

hearing thresholds 

Analyzing the data from Figure 7 it can be clearly seen that in the infrasonic range 
the levels generated by the turbine working at maximum electrical power and maximum 
rotational speed are safe. We have different situation at frequencies above 40 Hz, i.e.  
already in the audible range, where the hearing threshold was exceeded at some places 
even by 50 %. If, however, we take into account the equal loudness contours [11] for the 
audible range, and particularly the most frequently used 40 phon one, the values ob-
tained for the turbine in this range are below the threshold.  

5. Conclusions  

Based on the conducted analyses it can be said, that the investigated wind turbine does 
not pose any danger to people staying in its vicinity. Such a conclusion can be drawn 
based on the current regulations related to infrasound and low frequency sound. One 
should remember, however, that the regulations concern the 8-hour-exposition, and peo-
ple stay in the area of the turbine continuously, even at night.  

The permissible levels in the infrasonic range have not been exceeded. In the low 
frequency range above 40 Hz it would be necessary to conduct an in depth analysis, 
because the results are equivocal.  

Referring to the report of the American Wind Energy Association and the Canadian 
Wind Energy Association from 2009 [20] it can be said, that at present there is no scien-
tific evidence, that modern wind turbines generate vibrations perceptible by people and 
pose any danger related thereto. 
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