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Abstract. The purpose of this article is to evaluate the impact of noise produced by wind farms, The ISO 96132 

standard method it be used to evaluate the acoustic impact for one row of twelve wind turbines, 208 m of 

distance between each two turbines. The results obtained show that the sound level of this wind farm is 

approximately 45 dB at 236m from the nearest wind turbine, while the noise level produced is acceptable, 

except an ellipse (1.87km²) around of the wind turbines, whose noise is greater than 45 dB; we can conclude 

that these noise levels are consistent with the national standard.   

1 Introduction   

The production of electric power by diesel in the Great South, have several technical and economic 

problems encountered for in addition this operation has negative impacts on the environment; wind 

power is a solution for isolated sites with significant wind potential. Indeed, the wind energy 

represents a hope for the energy future of the south of Algeria (Benmedjahed and Maouedj,2017)    

The exploitation of Wind energy has some negative effects on the environment, the most important 

is noise; the first generations of wind turbines had a relatively large noise, while the most recent 

improvements have resulted in a reduction in noise emissions. The noise generated by a wind turbine 

has two origins(Benmedjahed,2013), the operation of all nacelle components (generators, multipliers 

and shafts) produces noise (Pinder,1992) and The aerodynamic noises are due to the presence of 

turbulences or vortices whose origins are multiple(Oerlemans et al.,2007).   

Every noise source is characterized by its acoustic power; the level of noise from this source will 

decrease with distance. This decrease depends on the dimensions (point source, surface, linear) and 

the acoustic characteristics (directivity) of the source. The attenuation of the sound waves depends 

essentially on the geometric divergence and the effect of the ground. However, at higher distances 

and at higher frequencies atmospheric absorption must be taken into account (Oerlemans et al.,2007).   

The principal cause of sound attenuation is geometric diffusion, and it is also the easiest to predict 

(Oerlemans et al.,2007).   

Conventional phenomena (viscosity, thermal conductivity, molecular diffusion and thermal 

diffusion) coupled with the absorption due to the rotational energy of the molecules in the air, caused 

the atmospheric absorption, this absorption is also due to the relaxation of the vibration energy of 

nitrogen and oxygen molecules(Dicke et al.,1946).   

The characteristics of the terrain influencing the propagation of sound waves are mainly related to 

the nature and topography of the soil. The ground attenuation is a function of both the frequency.  
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This attenuation is all the more important as the sound wave is grazing and the frequency is high (Isei 

et al.,1980).   

In a previous study, we showed that row of twelve wind turbines, 208 m of distance between each 

two turbines, is the best planning for a wind farm (10MW) (Benmedjahed et al., 2015); as for this 

work, The ISO 9613-2 standard method it be used to evaluate the acoustic impact of these wind farm.   

2 ISO 9613-2 Standard Method   

The ISO 9613-2 series is a specific standard for methods of describing outdoor noise (9613-  

2:1996, 2018)   

2.1 Presentation of the method   

   

The sound level (LAT in dB) is defined by the following equation (9613-2:1996, 2018)   

:   

 

   

   

The sound level Lft (DW) is defined by(Benmedjahed et al.,2012):   

        LfT  DW  LWA  DC  A.                                     (2)   

   

   

The noise levels of the machines vary according to their electrical power. Each noise value 

corresponds to the average of several machines of different manufacturers for the same electrical 

power. The noise levels per wind turbine element for are shown in fig.1 and the sound power level 

of the octave band for wind turbine WGT 850kw are show in table 1    

The directivity correction (Dc) in decibels which describes the extent to which the equivalent 

continuous level of sound pressure from the point sound source deviates in a specified direction from 

the level of a point sound source.    

DC D Correction to take account of the directivity of the source (with directivities = 0 dB), can   

1   T   A 
  2 t dt     

P    

  L AT  10 Log  T  0 
  .                                     (1)    

    p 0 
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be calculated as follows(Asensio et al. ,2007; Cho and Mun, 2008; Öhlund and Larsson, 2015):   

   

 

   

dp is calculated from the coordinates (x, y) of the source (index S) for the point of impact (index r) ( 

Benmedjahed et  al.,2012):   

   
Fig. 1. Sound level per wind turbine element (Benmedjahed,2013).   

Tabel.1.Sound power level for noise octave bands and average sound power level(EMD International A/S,  
2018)   

frequency (Hz)   sound power level 

(dB)   

63   110   

125   103   

250   95   

500   101   

1000   86   

2000   82   

4000   78   

  d p 2 
  h h s    r  

  2   

  D 
  

10 Log 1 2 
  h h s    r  2 

  .                                     (3)    

  d p    

  

d  p    x x s    r  2 
    y s  y r    2 .                                         (4)    
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8000   88   

 average sound power 

level   
102   

A is the attenuation, given by the following equation (9613-2:1996, 2018):   

A A div Aatm Asol Abar Amisc .                                     (5)   

   

Where Adiv is the attenuation due to the geometric divergence, given by(Cho and Mun, 2008):   

                     Adiv 10Log d  11.                                     (6)   

   

The attenuation due to atmospheric absorption(Aatm) (Van leeuwen ,2000; Bolin et al., 2009):   

                                     Aatm  .                                  (7)   

1000  

      

The values of the atmospheric absorption coefficient used, are defined in “Industrial noise - 

Description of the calculation method; ISO 9613-2” (9613-2:1996, 2018).    

Ground attenuation (Agr) is applies only to soil that is approximately flat, either horizontal or with a 

constant slope. Three distinct regions for soil attenuation are specified (see fig. 2) (Defrance and 

Gabillet, 1999):   

   
Fig. 2. The regions for determination of ground attenuation ( Benmedjahed, 2013).   

• The source region, from the source at a distance of 30hs with a maximum distance dp.   

• The receiving region, from the receiver at a distance of 30hr with a maximum distance dp.   

• Middle region, Included between the two previous regions. It does not exist if dp is less than (30hs 

+ 30hr).   

The ground attenuation be calculated according to(9613-2:1996, 2018):   

   

  A A A Ag    r   m .                                           (8)   

   

d  

s 
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But before calculating the ground attenuation for a specific octave band, we began by calculating the 

attenuation components, each region in the three regions is characterized by ground factor G, using 

the expressions in “Industrial noise - Description of the calculation method; ISO 9613-2” 

(96132:1996, 2018)   

The meteorological correction (Cmet) is done as follows(9613-2:1996, 2018):   

 

   

The equivalent continuously weighted A downstream acoustic level shall be obtained by summing 

the mean squared sound pressures for each point sound source, for each of their image sources, and 

for each octave band, as specified by equation (10) (9613-2:1996, 2018):   

  

  LAT .                         (10)   

   

A-weighted average long-term sound level LAT(LT) , be calculated according to(9613-2:1996, 2018):   

 LAT Cmet .                                         (11)   

2.2Wind farm   

The wind farm consists of a single row comprising twelve wind turbines from SSE to NNW, 208 m 

of distance between each two turbines. Geographical wind farm planning is illustrated in fig.3 and 

the virtual wind farm is shown in fig.4.   

The noise spread from wind farms was studied in an area of 16 km² (4X4km). The position of the 

wind turbines in the plans are shown in table2.   

   
Fig. 3.Geographical wind farm planning(Miloud et al.,2015).   
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Fig. 4.The virtual wind farm (Miloud et al.,2015).   

Tabel.2.The position of the wind turbines in the plans   

Wind turbine   x(m)   y(m)   

1   3000   1500   

2   2808   1580   

3   2616   1659   

4   2423   1739   

5   2231   1818   

6   2039   1898   

7   1847   1978   

8   1655   2057   

9   1463   2137   

10   1270   2216   

11   1078   2296   

12   886   2376   

   

3 Results & Discussion   

The estimated noise produced by a wind farm consists of twelve wind turbines (WGT 850kW), at the 

considered site has been done under the following assumptions:   

• The ground factor G for Porous ground equal to 1 for all regions ;   

• The barrier attenuation (Abar) and the miscellaneous  attenuation (Amisc)  are will neglect;   

• The meteorological factor C0 will be approximately + 3 dB.   
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Fig. 5.Level noise as a function of the distance d.   

Form fig.5, it can be observed that the noise level decreases significantly when passing 102 dB to 76 

dB to 55 m (below wind turbine);however this decline began to slow down, reaching a value of   

26 dB at 1611 m, from this distance, The noise level is almost constant,    

The noise level of a row of twelve wind turbines is approximately 45 dB at 236m from the nearest 

wind, while the attenuation due to the geometrical divergence represents 77.5% of the attenuations.  

The results of the noise propagation in the wind farm are represented in the figure6   

Form figure 6, it can be observed that the noise levels of 75dB, 70dB, 65dB and 60dB, form circles 

with an estimated diameter around of the each wind turbine of 113m, 133m, 166m and 192m 

respectively, while for the noise levels of 55dB, this twelve circles overlap, then it forms an ellipse 

at the beginning of noise level 50dB, This ellipse is characterized by the large diameter which varies 

from 2625m at noise levels 50dB to 5490 m at noise levels 25dB and the Small diameter range  from 

337m at noise levels 50dB to 3202m at noise levels 26dB.   

The noise level produced is acceptable, except an ellipse (1.87km²) around of the wind turbines, 

which the noise is greater than 45dB; this area represents 17% of the total surface studied.   

   

   
Fig. 6. Noise propagation in the wind farm.   

4. Conclusions   

This study concentrate on the evaluation the acoustic impact of wind farm, consists of a single row 

comprising twelve wind turbines, 208 m of distance between each two turbines The results obtained 

show that:   
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• The noise level decreases significantly when passing 102 dB to 76 dB to 55 m (below wind 

turbine);however this decline began to slow down, reaching a value of 26 dB at 1611 m, from this 

distance, The noise level is almost constant;   

• The noise level of a row of twelve wind turbines is approximately 45 dB at 236m from the nearest 

wind turbine, while the attenuation due to the geometrical divergence represents 77.5% of the 

attenuations;    

• The noise levels of 75dB, 70dB, 65dB and 60dB, form circles with an estimated diameter around 
of the each wind turbine of 113m, 133m, 166m and 192m respectively, while for the noise levels 
of 55dB, this twelve circles overlap, then it forms an ellipse at the beginning of noise level 50dB, 
This ellipse is characterized by the large diameter which varies from 2625m at noise levels 50dB 
to 5490 m at noise levels 25dB and the Small diameter range  from 337m at noise levels 50dB to 
3202m at noise levels 26dB;   

• The noise level produced is acceptable, except an ellipse (1.87km²) around of the wind turbines, 

which the noise is greater than 45dB; this area represents 17% of the total surface studied.   
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