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Abstract: The development of wind energy systems has a double impact (pasitiveegative) on the environment. On the positive
side, wind energy is generally regarded as the friend of man and Himement, especially when the effects of emissions from power
plants and industrial conventional large scales are considered. ldowies negative sides, some aspects that are at the origin of wind
energy systems have been noticed in large populated areas. Heneherraf projects in this field are delayed or canceled due to strong
environmental opposition based on the negative effects of these sygtside from the positive impacts, our investigation in this study
focuses on the negative impacts of a imply wind turbine or a wind farm.
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1 Introduction affecting the deployment of wind energy systems, but the
other issues are also important and will be discussed in

The intervention of man has consequences on théghe following sections such as the land occupation by

environment and wind energy is not an exception.wind plants. These impacts of systems, associated to wind

Although the wind is less pertinent, its energy is now aenergy, will be discussed including general topics,

major source in the production of electricity. In addition relating to each type of environmental impact.

to increasing the economic attractiveness of wind energy,

there are major ecological arguments for using it:

i-Wind-power plants emit absolutely no GQoy far, the 2 Wildlife and wind turbine interaction

main pollutant produced when fuels are burned; ii -

operation of wind turbines does not leave harmful 2.1 Set up of the problem

residues; iii - decommissioning costs of wind turbines are

much smaller than those of many other types of plants; ivEnvironmental problems associated to the interaction of

- land occupied by wind farms may find other useswildlife and wind energy systems came to be noticed in

simultaneously as in agriculture. However the the United States in 1980 when a strong opposition

development of these wind energy systems posesgainst the project in the Altamont Pass by many

environmental problems 1. The potential negative environmental activists and associations awakening those

impacts of wind energy can be divided into the following responsible for the protection of species of birds. There

categories: i-interaction between wildlife and wind-ieth are two topics covered by this environmental issue:

visual impact of wind turbines and wind turbine noise-iii, i-effect on the bird population because of the deaths

iv-effects of electromagnetic interference amongstcaused by wind turbinre blades. ii- violation of the

turbines B]. Energy demand continues to grow stronger Migratory Bird Treaty act of endangered species. The

[3]. General environmental benefits for wind energy aredevelopment of wind energy can adversely affect flying

calculated by the limitation or elimination of emissions wildlife in the following ways H]: i- fatal collision or

compared to emissions from other sources. The first threelectrocution, ii- altering immigration habits iii- redimn

effects introduce more major environmental issuesof habitat availability, iv- disturbance of reproductioht
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this point, the long-term consequences of these wildlifeEnergy Commission and the Association of American
issues on the industry of wind energy systems are stillwind. Among the typical attenuation data from these
unclear. The problem should occur in areas where largestudies f1,9] are: avoiding migration corridors, avoiding
numbers of birds congregate or migrate to Tarifa, wheremicro habitats within large wind towers. There are many
the birds are threatened as in Altamont P&§s [ existing reports and articles which are focused on the
potential or actual environmental impacts of wind energy
systems on birds in a specific site. We will only though

2.2 Characterization of the problem summarize the one most appropriate ones which are listed
below: i- California wind farm studies] ii- Recent U.S.
There is a close correlation between a community and jtsStudies L0,11], iii- European studies 12,13]. In the

wildlife (birds). Many species have very specific habitats Dofana national park, it was observed a diminution of the

and are often particularly sensitive to change their. InPopulation of big birds, especially vultures, because

addition, there is a close correlation between the site and#amesa installed a wind farm very close to the border of

the locality of wind, which is especially dependent on the protected area. At the same time the population of

wind conditions. Studies in Europe and the U.6,7]  foxes has increased, allegedly because they have more
noted that the impact on birds is divided into two dead carcasses to eat. This seems positive, but it's an
categories: i-direct impacts, including the risk of codis  induced ecologic disequilibrium.

and ii-indirect impacts which include other disturbances

such as noise from wind turbines. The risk of collision is . . . o

the most obvious direct impact (figur®), and many 2.4 Environmental contribution on wildlife

studies have focused on this issue. The results of sucimpacts

studies can be used to develop an index to the risk of
collision of birds with wind turbines. This risk index of The literature review above indicates that such studies

collision for a given bird species is given b§]] may require specialized expertise, and can add to the cost
and time to construct a wind site. In general, this type of
lr=UP;.R (1) study can be divided into two parts: i- a complete

i ) definition of the study area ii- and an estimate of risk
whereU is a parameter used to adjust the tendency o4 The first part is a detailed definiton of the
topography and layout of the location of the wind
machines farm. Another phase of this part is the sample
selection of sites where detailed data on bird-wind
interaction are collected. In the second part, more detaile
risk assessment over the birds usually requires a
comprehensive methodology to accomplish. We present
below a summary of some important methods, actions
and relationships that have been used for this type of
work [14,15]. The access to calculations in this part of the
study begins with an observer that notes the locality
behaviour, and the number of birds using this space. Bird
Fig. 1: Interaction between wind turbines and birds behaviour must also be included: flew, perched
skyrocketed, driven etc... Utilization rate is defined as th
number of birdsN, using the space during a given tine,

visibility, P is the fraction of the total number of where the

activity of the subject is flying an& is the fraction of all T =N/t (2)

observations of flying height the band swept by the blades o , i )

of wind turbines. The results of numerous studies in this ~ Mortality is defined by the number of birds killed by

direction can be found compiled i&,[7] and []. Indirect ~ the defined area

impacts can be summarized as: i- disorder and disturbance M = nm/At 3)

in breeding birds, ii- disorder in feeding birds and iii- the

impact of disturbances on the migration of birds and fly. The “Risk” factor measures the probability of a bird using
the space in question to be killed. It is defined by

2.3 Aspects of mitigation and case studies Ris=M/Z “)

In the aboveA is the rotor swept area. This parameter
A number of recent studies have specifically discussed thgombines the size of the rotor surfacg, and the
subject of measures to minimize the impact of wind gperating time in hours, as:
energy systems on birds. The most detailed work took
place in California and was supported by the California Rsh = St (5)
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2.5 impact on the agriculture human ear. It is characterized by the wavelengththe
frequency,f, and the velocityy, which is defined by
When the wind turbines operate their blades create
turbulence, consequently an increase in turbulence should u=f.A ®)
increase the evaporation rate of the soils and plantsyhe wind speed is a function of the environment where it
because the exchange coefficient increases. This also B?opagates. The sound becomes noise when it is
negative to agriculture, because more energy and wateindesirable. There are many physical quantities that have
would be required for the same amount of harvest. been defined and cannot compare, and classify and also
provide information on the human perception of
sound[L6]
3 The wind noise

3.1 problem 3.3 Scale of power and sound pressure

The bproblems associated with wind turbine noise arelt is important to distinguish between pressure level and
certaiFr)ﬂ one of the most studied topics in environmentalSound power. The sound power level is a property of the
. y on i . . P . ; ._~sound source and gives the total power emitted by this
impact of wind turbines in the field of engineering. Noise

is defined as unwanted sound. The case of the noise level <o The sound pressure level is a property of its
Lo X : Felative position to a given observer and can be measured
depends on its intensity, its frequency, frequencyb

S y a single microphone. In practice, the magnitude of an
_?_Eg'g#ggtns ?Jrf]%c:ihsee T;r?q[ﬁ:aOrotylﬁ)lgtgntg?esggggiﬁsg duzﬁtedacoustic guantity is given in logarithmic form expressed
L the pop ; as a decibel level above or below the zero reference. The

three categorie§[: i- subjective effects such as nuisance,

) . : nd pr re level in ibels unit is given
say satisfaction and boredom, ii- interference with sound pressure level in decibels unitis givenloy]

activities such as speech, sleep and playing, iii- Lp = 10log(P/Py) )
physiological effects such as anxiety. In most cases the ) ) o
sound levels associated with environmental noisend the sound power level in decibels unit s given by
roduces effects only of the first two categories. The
ﬁoise produced by wir§1/d turbines has declinedgwith advent Lw = 10logW/Wo) ®)
from technology. Significant factors relevant to the
potenth'_sll envwonmental impact of wind turbine noise are 3 4 Mechanism of wind turbine noise
shown in Fig.2.
We have four types of noise that can be generated by wind
turbines during operation: tone, broadband, low frequency
and impulsive. They are briefly described below: i- tone
noise is defined as noise at discrete frequencies. It is
caused by the components of the wind, the interaction
between the non-linearity of instabilities in the boundary
layer on the surface of the blades and emission swirls and
blunt ends, ii- noise broadband: It is a noise characterized
by a continuous distribution of sound pressure with
frequencies greater than 100 Hz. It is often generated by
the interaction of wind and atmospheric turbulence, iii-
low-frequency noise: this noise type propagates with low
frequencies in the range of 20-100 Hz, associated with
low wind turbines. iv- impulsive: are short acoustic pulses
that vary in amplitude over time characterizing this type.
It is caused by the interaction between the blades and the
Fig. 2: Sound and noise fundamentals disruption of the air flow around the mast of the wind
turbine. Effect of noise from two different sources at a
given point and at different distances is shown in Big.

Noise source  path of propagation receptor

3.2 Characteristic noise and sound 3.5 Propagation of wind turbine noise and its
_ _ ‘mitigation methods
The sound is generated by many mechanisms and is
always associated with the pressure fluctuations ofTo predict the sound pressure level at a given distance
small-scale and speed which produces sensations in thigom the source given its power, we must consider how
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operation. There are two basic mechanisms for EMI
interference of wind turbines: the backscatter and forward
scatter. These are shown in Figude To provide an
analysis of the electromagnetic interference caused by a
wind turbine, we proceed as follows: The received useful
signal,C, is a constant given by:

E
vl AR

Sound pressure level, dB

T
s

0 m w = T v 2 ‘ § 5w omon

DEtance Difference between sound levels, dB

C=Pr+ATR+GTR (10)
Fig. 3: Noise from a wind turbine at different distances at
different distances (left) and combined noise effect (right)
Table 1: limits of pressure level of sound in (dB) o A Transmiter
Receiver
- - R 5
— Commercial | mixed reSKi%ntlal Rzgal P— //,8\\ V‘XA:>>>>>>>,,>}
Germany day/night 65 /50 60/ 45 55/40 50/35 VV -7 \ - \ “xx
Netherland day/ night 50/40| 45/35 40/ 30 Transmeter ’—M‘{ka — eceiver \ )
Back \ /}ﬁ
Scattered - i ;ﬂ *
//// 7 * &Back-scaller
H - Transmete s - / %’ T8
sound waves propagate. Details about the propagation o ‘ _>H-|Receiver AT
these waves are in provided reld. In the case of the e @

turbine support alone, we calculate the sound pressure. ) ] ) ] .

level, assuming that the propagation is spherical, WhiChF_'g' 4: No_lse from a wind t_urblne at different distances: a- at

means that the level is reduced by 6 dB when distance i§ifferent distances b - combined noise effect

doubled. For the development of a more realistic model of

sound we must take into account the following h is th . dB is th

parameters: characteristics of the source, the distance . W grePT IS the transmitter power (. AR is the :

between the source and the observer, the air absorptiofitigation between transmitter and receiver, and the gain

ground effect and climatic effects. A simple model, based®TR IS @ receiver antenna in the direction of the signal

on sound propagation along the reflecting hemispherical®auired. The interference signalis given by:

Iseli/ré??seg?\?edntgs absorption parameter, the sound pressure | = —Arw + 10log(4m.0 /A 2) FAVREGwr  (11)

with Atw is where the attenuation between the transmitter

Lp = Lw — 10log2r%) — a.R (9)  and the wind turbineAyr is the attenuation between the

Wherea — 0.005 is the absorption coefficient (dB), wind turbine and the receiveGyris the receiver antenna

. . ey ain in the direction of the reflected signal,
R is the distance between the emission source and th Olog4mto/A2) represents the contribution to the
ob_server. Wind tur.bmes must be des'gned to minimize thedispersion of the wind turbineg is the surface equivalent
noise of any type 'Ssu?d by its various glements. This Calladar which can be understood as an effective sector of
be done by including the insulation systems of

mechanical and aerodynamic vibrations of special teeti{he wind turbine. It is a function of the geometry of the
well finite of the gearbox T9]. However, the reduced urbine and its dielectric properties as well as the signal

noise should be standardized. At present, there are nWavelength/\. It is obvious that the ratio of useful signal

common standards between countries that speak of suc0 interference is:
information. In many countries, however, the noise C _ Br+Ar+Gyr (12)
regulations define the upper noise to which people are T  —AfW +10log4m.0/A2) +Awr+ Gwr

exposed. These limits depend on the country and we show _ ) _
in Table1 some examples. Supposing that the distance between the transmitter

and the receiver is much greater than the distance from
the obstacle to the receiver denoted @henAtyw = Arr.
. Assuming that the loss of free space
4 Electromagnetic interference effects Aur — 10log4no/A?) and defining the antenna
discrimination factor ad G = Grr— Gwgr. Then

The problem of the interaction of wind and radio
communication systems is complicated because the c/T — 10log4m)+20logr) —10logo) +A(G) (13)
mechanisms of dispersion due to wind are not easily

characterized and the signal can be modulated by th&hus, the ratio of signal to interference of a conveyor
conditions of rotation of the blades for their efficient helpful, can be improved by:
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—increasing in the distance, between the turbine and 5.2 Visual impact of wind turbines
the receiver.
—reducing of the radar sectioa,

—Improving the discrimination factor of the antenna,
AG. The degree of visibility is influenced by factors such as

the type of the landscape, the number and design of wind
turbines, the mode of their arrangement in the farm as

5 Land Occupation and visual impact of wind shown in Fig.5, and the color and the number of blades.
During rotation, the blades are projecting shadows that

turbines intermittently result in flickering and flashing on the
. surrounding area. This effect can cause problems for
5.1 Land occupation people near wind farms. This effect can cause trouble for

the people close to wind farms Fid. Its intensity
Wind turbines need to be placed in sites well exposed to
the wind. Turbines are placed in rows with the direction
of incoming wind perpendicular to it. The spacing
depends on the terrain, the wind direction, the speed, and
the turbine size. The optimum spacing is found in rows 8
to 12-rotor diameters apart in the wind direction, and 1.5
to 3-rotor diameters apart in the crosswind direction Fig.
5. These spacings may be further increased for better

- . L L 2
ﬁ Ground station » — - Y e e =t
i 5 1000 1500 2000
2 - j’i Fig. 6: exposure duration to flickering shadows

Wmd Stream

8-12 rotor diameters

1.5-3 rotor diameters

depends on the rotor speed and the direction, the number
Fig. 5: Optimal spacing of wind turbines farm in flat terrain ~ of hours of sunshine and the geographic location of the
installation. Two main techniques are used. Firstly, the
visibility analysis using the zones of the visual impact,
performance but this results in occupation of additionaland the second is the viewpoint of the analysis using
land. A wind farm consisting of 20 towers rated at 500 frames and collages wire. Analysis point of view is based
kW each need 1 to 2 square kilometres of land area asn selecting a number of important places from which the
seen in0]. The number of turbines per rolrgr may be  wind farm is obvious and applying professional judgment
estimated as: using quantitative criteria for evaluating the visual
Nrr= (Lr/SR)+1 (14) impact. The views are selected in consultation with
. . . planning and civil authorities and for a large farm of wind
}/;hﬂe];elt‘&; ?;pg’(m;eggsﬁeacv?ﬁésf;?;rgvrés?:‘%neg%;?; q up to 20 Iocation_s can be _chosen. Although appr_oaches
power of a turbine, then vary, the eva!ugtlon may_myolve the con5|derat|q.n of
three aspects: i- the sensitivity of the landscape, ii- the
_ sensitivity of perspective, and iii- the importance of
N =FRe/Pr (15) changing the view. Representations of the rows of wind
whereN is the total number of turbines in the farm. Hence turbines in a park, give an indication of release flicker
the total number of rows is starting from the positions of the turbines, all
photomontage are a standard tool used to give a general
Nr =N/PrR (16)  impression of the visual impact of a wind farm. The
shadow flicker is the term used to describe the
Although the above calculations can give us somestroboscopic effect of shadows cast by turning the blades
indication on the turbine placement, in practice, the finalof wind turbines when the sun is behind them.
placement of individual turbines at a given site dependsFrequencies that may cause interference are between
on several factors such as the shape and size of th2.5-20 Hz. The effect on humans is similar to that caused
available land and the existing electrical network. by changes in the intensity of incandescent electric light.
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5.3 Impact of the turbulence in the aerial traffic  [8] Erickson WP, Strickland D, Johnson GD, Kern WJ,
Examples to statistical methods to assess risks of impacts to

Apart from the nuisance, for commercial aircraft (probably ~ Pirds fromwind plants, Proceedings of national Avian-Wind
negligible), wind farms are a danger to ultra light aircraft ~ Fower Planning meeting Ill, SanDiego, California, 172-182
and deltas, creating a legal problem. This problem must be (2000). . . . .
dealt by the legislation establishing the restriction af th 9] Lowther SM, Tyler S, A review of impacts of wind turbines

. - . - . on birds in the UK. Report No W/13/00426/-REP3, Energy
gggg tlgsuse the aerial space with sportive scopes by private Technology Support Units (RTSU), (1996).

[10] Wolf B. Mitigating Avian Impacts: Applying the Wetlands
Experience to Wind Farms, Proc. Wind power'95, AWEA,
109 1-16 (1995).

6 Conclusions [11] Sinclair, K. C. Status of the U.S. Department of

Energy/Ntiond Renewable Energy Laboratory Avian
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