Location, Location, Location

An investigation into wind farms and noise by The Noise Association
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Preface

The old windmill is remembered with fond
noatalgia  Today's wind farms, by contras,
are cousing much controversy, For a vanety of
reasons they are dividmg loval communities,
Ereen  pressure  groups.  politieions  and
environmental experts.  This report aims o
map oMl a constructive way lorward with
respect 1o one of the principal areas of
controversy — noie. The report issesses nokss
from onshore wind furms; it is nod concermed
with offshore wind farmg or any other aspect of
the wind farm debate.

We discovered that there is some disagreement
amongs acouslicians on the impact of wind
furm maase.  This report reviews the lntest
evidence. Bul, in many ways, more imgortant
than the theory, is wlat peopke who are living
with wind Farms are saving. We sought their
views tody, b foumd that they don't speak with
om voice either!

While survevs suggest that wind turbines are
mod cauking a nojse problen For the majority of
communities. there are people who are
sulfering badly as a result of the noie
genernted by neighbouring wind farms, While
opponents of wind farms tend 1o raise noise as
an important part of their case against wind
power, the wind power industry and its allies
can refise 1o acknowledge the extent of the
suffering that this noise can cause and they
sometimes deny ils very existence,

Our own conelusion, after reviewing the
evidence, i that there i a practical way
forward. There are mechanical improvements
that can be made o wind urbines, but the key
liez in the title of our report — ‘Location,
Location, [ocation’, 5o much depends an the
loention of the wind farm relative 1o where
people live. In the following pages we explain
why we have reached this conclusion and
segmest o way i which oshore wind farms
con be built withowt causing unaccepable
s problems.

I hope vou find the repont & consiructive
contribution to the debate.

Juhin Stewart



Introduction

The UK, along winh other coumtries in the woild
[nu'l:i.,:ulm'l}' e nch coumtnes, neads 1o Bl wayi
lo ¢l o8 ‘greenlomse gox” emssions. The UK
prixhaces abont 2.6% of reponied global emissons,
Cile being tse mod significant of those goses and
ome which most scientiss beliove t0 be the
principd canse of climale chamnge  Elecimeny
gereralion curresly accousis foe 28% of these OO
enmesons and. with @ very high proportion of UK
electneny sourced from Fossil foels, there appeamn
to be o clear need to devebop technologies which dio
nol enul greenhoise pasd

The viber lior driving the Governmend®s desire (o
il aliematives is the diminishing reserves of ol
Seiendists difTer on when the world will become
seronsly shon of accessible supplies of oll, bur
e i& mo t]irpuLu that 1 will h.‘lF‘II:l
Chovermmients oeross the world therefone. are irying
Lo develop allermalive poarces of enegy

The UK Government has set n target of generating
10#e of the cotntry's electricily fromn rengwable
BICER h:, 2000, Wik Namns coulld be . of the
IEWET. Covermmen! policy is 10 encourage
inlmsiny 1o imvest in wind furms throwgh o gysem
ol subsidies finmnced by the slectriciy consusier
The uiumate alm is that berween 60% and 70% of
UK wind power will be gememied ofldyjore bt
most of the fire turbmes are being bl inkand as
these mre cheaper 10 bld amd  provide un
appromamry 1o iest om the technology before poing
off-ghore

Ower dhe last few years (here has been n hige
;rm.vll'l i the number of wimd famms. By the
middle of last year there wem over 1000 wind famms
inthe UK, wih a furher 19 ander construction,
another 62 having been given consent, and 150
wwmiting planming penmss on

Thas officialiy-samctioned growth hoas dehighted tha
supporters of wind farms, el bas lead 10 ibe
emergence of vocal opposition.  (reen pressire
gromip - notibly Orestipence, Friemls of the Eank
and the Workl ‘Wildlife Fusd (WWF) - e
sigpported the idey of developing wind Brme. The
Rownl Society for the Prolection of Binds (REPB)
hins given general suppon, except in cases where
binds wonbd be badly affected. The Campaign 1o
Protect Ruml England (CPRE) has been nuch
HIHE WAEY

Soma local opposstion groups luve been assised
by I‘Z'mnnr:,- Churdian and, ldleﬂ:.'_ the Renewnble
Energy Foundation (REF). ¥ imuml intrasson und ihe

mpact on the Jandecape are the redsons mos)
frequemly cied by opponems of wind famms. At a
policy level, some of the oppoients question e
wanbilivy of wind Brms amd dispure O amomn of
electricity they will actually generle

Wind farms hive also divided noise experis. Them
|8 mn on-godng, lechmcnd delsge aboan e potse and
vitmaficnl produced by wind farms. The dobate has
ledd gome acousticiuns fo gquestion whether e
Crowernmenl ‘s noise guidelines for wind farms are
fgorous enotgh

1115 1o nolse we now tern



How Turbines Work

Wind nes o ul:

» a wer which B between 25 and around 100
metres high:

= 3 naceld fsmmilar to the diovice used in the ouler
casting of the engine of an awcmfl) contaiming the
gearbox and the generator, which s mountad on
top of the lower,

s 3 blades, which can reach a significant tip
beight, that rotate sround a horizental Tab
protruding from the nacelke,

There are two potemtial sources of nodse:  the
turbine blades passing through the air as the hub
rodates, which creates serodynamic noise, and the
gearhax and ganerator in the nacelle, which creates
mezhanical moise.

Mechanical Nojse

Ins thez turbines erected during the last ten vears, the
manufsctorers have bom able o redusce the
mechanical noise from the gearbox apd genertor
to the poind where B is generally aceepiod that it
has ceased to become a problem. In any event, the
mechanical note In new mrbines is at a level
bzlow ihe acrodynamic: noise,

Avrodyiamic Nodse

As the blades past theough the ar, they create
aerodynamic noiss. This noiss can come from the
speed al which the blades are turming, the make al
which they are sct. and mdeed ihe way they ane
designed. 11 is the blades which are the couse of the
“swish, swish, swinh", thi: thudding sound which is
the main moise people complain abowl.  This
thumping sound can be made wone o wind
mrhines on a particular site are placed oo close
together — the turbulence from the mone wpwind
turbing can creste additional themping from the
blades of mrbmes sited dowowind of & The
mming of e blades can alke pencrate low-
frequency noise m certain atmospheric conditions
[ Fowr-fFeqrasing b Repied peges for deraily).

Mudern, Larger Turbines

Mew turbines are generalfly mechanically quicter
tham those instalied in the carly 1990s. Bul there
are bwo important cmveats lo this, Recend research
from the MNotherbmds (1) segpests that the Larper
misdemn tarkines may be sipnificamly peisier than
previcusly thought. Fritz Van den Berg, a physicst
at the Univemsity of Groaingen, has published a
sty whach argues Ui the methods used o predict

nnise from turhines are flawed, He challenges the
sssumpticn that wind apoads mesursd al a height
of 10 metres are representative of wind spesds af
the greater beghts of modem urbanes (ofien 100
metres and above) - because the wind speeds can
e markedly greater than at 10 metnes,

Van den Borg argues thal this & particubarly the
crae of night when wind speeds moy Tall s groamd
level 1o near @aro, hul nomain fasl mough an the
height of ihe trbine to tum the blades, i
meezsurements show (hal wind speods at niht are
26 times higher than would be expected, The
rasull can merease the nome oxperiemced by
reaidents al ground level by 10 docibels m arcas
where there is limited background noise 1o mask i,

He is supporied by sther scousticians. Paul Rotha
wrote! “The historical wse of 10 metre high wind
speed messarements for the acoustic assessment of
bath wmd tarbine amd wnd Farms has the ability
1o ereafe imsccuracics and somelimes confusion
aroemdl sound power levels, pobse predictions and
even demonstration of wisd farm compliance, The
usa of 10m high wmnd speed measurements appears
i be larpely historic and there are advantags in
using hub height wind speeds throaphout the noise
mpesamenl process.” ()

Eja Pefersen also acknowbodges Van den Berg's
work: “Common hub height of the cperating wind
narltines today m Sweden b H-30 metos. The new
larger furbines are often placed on towers of 80 -
00 meoters. The wind spesd at this borght comparnsd
ti the wind spesd at the ground might (up to now)
have been underestimated.” o

The olher concem is that the substantally larger
blsdes il bigger turbines wse can maks more nojse
than smalber blades as they cut through the air.

Low-Froquency Nolse

Wind urbines abso produce low-froquency nodse.
When the wind and tarbulence are high, the
maovemend of the turbine’s blades through the adr
can produce low-frequency poise,  Wind farms
aited om the very top of hills are particalady prone
o such urbulence. T Geofl Leventhall, the man
whose name las become symonymow with -
Trequency moise, put it like this in kis paper to a
recent Herlm Conference: “All wind  turbines
produce low frequencics, mainly mechanical nojse,
which has been reduced 1o low levels in modern
turlincs, bui there are circumstamess in which
turbines produce increased levels of low freqoency
noise. Thia is mamly when inflow air b the turbine
is very turbulent and there ane mteractions betwean
iz blade and the urbulence.™ 4y



Wind Farms and Noise — the
official guidelines

Acoustics 15 no differemt from any other arez of
seienee — the scionlists don’t agree!  Thee are
several  technical  dispules  raging  smongst
acousticians  abowt  the mpadt on node and
vibration from wind terbimes, There is no reason o
suppase that they waon'L go on for many a year. Tl
il i worlh understanding some of the kay points
being made because they could paint 1o a realistic
aml comstrtive way forward.

The Gowvernment Slance

ﬂwmmhhhhﬁm‘um
gublclines for companies applying for planning
permission to mstall wiml furbines, They are ealled
The Assessemear aod Rering of Noise frem Bad
Frms ¢ ETSU-R-97), ssued by the Department of
Trade and Industey (DT

There are separate, though similar, omes for
Seotland called A Plmning Advice Nele on
Aerewable Energy Techmlogios (PAN 45), ixsned
by e Scottish Office Environment Depariment in
January NN

These guidelmes are the starting paint becamse, al
preseat, Manning depariments  and  plinning
mspeciors rely upon them when evaluating the
potential noise impact of a proposed wind Girm.
Crities of ETSU R 97 say that o does ot deal
aduguataly with smenily s,

The government guidelines recommend that:

* [laytime noisc levels ouside the propertics
neanst the tarbines shoald nol excosd 35-HdiiA)
or 3dB{A) above the prevailng backgrousd,
whichever is the greater.

» Might noise limits outside the nearst property
albould nod encsed A3B{A) or SABA) above the
prevailing background, whichever i the greater.

« That a penaliy should bo added fo the prodicied
noiss bevels if a tonal component is present in the
noise,

The British Wmd Energy Association, o trade
organisation which suppons wind power, arguss,
with the support of some acousticiam, that thess
puidelines are adeguate 1o deal with the nodse
impacts of farbines, buf this view is pot accepied
tmpversally in tha acowstic commumity. W asess
the adequacy of the guidzlines on later pages in this
report.







Wind Farms and Noise - what

the surveys reveal
The most comprehensive surveys inlo people’s
attitudes to wind fanm noise have been carried out
in the Northern Europedn countries.

EU Study

In the carly 1990 a major study. partly financed by
the European Community, was carried out in the
Netherlands, Germany and Denmark.@ The
majority of residents questioned experienced noise
levels of around 35 decibels (within the imit where
neise is officially considered to be a problem for
most people), The study was presented in two parts
- the GemanDutch findings and the Danish
findings. In Germany and the Netherlands, 6.4% of
people said they were annoyed by the noise. In
Denmark, 7% said they were “rather annoyed™ and
4% "very annoyed™,

Swedish Study

In 2000 2 study by Pedersen was carried out in
Sweden.n Tt found thal annoyance increased with
noise levels,
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No residents were very annoyed at levels below
325 dBA LAeq. 20% were very annoyed at levels
between 37.5 and J0dBA LAeq and 36% when
levels were above d0dBA LAeq. Pedersen’s study
also compared the reactions of people who
described themselves as noise sensitive with those
who did not. 11 found there was little difference at
levels below 35dBA Laeq, but that at higher levels
nois¢ sensitive people rapidly became more
annoyed.
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MORI Survey

In this country MORI conducted a poll for the
Scottish Exccutive in 2003.m  MORI simveyed
people living within 20 Kilometres of Scotland's
operational wind farms. 1t asked them about the

strenaths and shorteomings ol living in their areas,
1t found that, unless prompted less than 0.5%
mentioned wind farms at all. When specifically
asked about wind farms, 207 of residents felt they
had a broadly positive impact on their arca, with
7% fecling they had a negative cffect, and 1%
saying they were noisy, Most people fell they had
neither 4 positive nor negalive effecl even those
living within 5 miles of the wrbines, but, MORI did
not do detailed work with people living within ear-
shot of wind farms, the critical area in assesing the
impaet of wind farm notse. It means the smdy is of
little value to us which is a pity because their
general approach, which avoided asking people
diredly if they were disturbed by wind farm nowse
(when  negalive  responses  rise  shamply), s
applanded by most social scientists.

Wind Energy Study

In 1994, the British Wind Energy Assodation
commissioned a study of 250 local residents near
the 12 wrbine wind Fam at Kirkby Moor in
Yorkshire, six months after il started up. It
revealed 83% were “not all concemed™ or “not very
concerned” about the noise they mase.
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The conclusion of the W elsh Alfairs Select Committes after
Investigating wind Farms. (9)



Wind Farm Noise — the general
impact

There i Hitle or no depute that the “swieh, swish,
wwish”™ of the blades of a wind turbine as they pass
through the mr make a potwe.

Ml noase complnmis about wind fems are aboul
this swisgh What is intevesting is hat winid farm
noige  generales mamy more complaints  than
equivikent levels of motre from most alher sonzces,
including road nowse It is worth ying 1o find out
whiy this 1.
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The results when Pedersen s Persson Wye looked st
twonw mnoyed people beoome by differet noises

in the living environmend, eg. n the garden, m
spite of the bushes and fences gt up o keep oul
invaders, and was to those who could mot mentally
shut i owl, an obsiacle w plesam

mentally shit 0 oul, @n obdsde o
eaperienes, decreasing e oy of dully 1ife sl home.

i

A mafor expanvon of wind farms could bol be
Juntified i it were e resull in these problems
lwing replicatod weross the comniry,



Wind Farm Noise — the impact
on areas of low background noise

Mid-Wabes — a land of hillks and valleys. A place
where the wind blows frequently amd  the
population tends 1o ba thinly spread. [deal for wind
farms. And, nof surprisingly, many ars planned,

The hesl plses very oflen for the turbings to catch
th wird s close 1o the top of 2 lall. 18 means that
the wind turbines can be at their most productive.

Hut il also means that the poiss may cascade down
the semosmding valleys, To makes matters worse,
many of the scattered hamlets within the valleys
snaggle into comers protecied by the hills and the
mounlans whare the backgroamd notse kevel 15
wery low indesd, You only need 1o visil these areas
to hear tha “swish, swish, swish’ of the turbines —
particulardy downwind — over a mile away from the
wind farm,

It would appear that the current gavernment
guldelines aren’t robust enough to deal with
wreas where the backproand noise is so low.

The guidelines stute;

s daytime pose levels outside the properties
nearesl the turhines should o excesd 35-40
dB(A) o § dfed) obow  the  prevaiding
backgramd,  whichever 15 e preofer.  (my
emphasis)

= might nose lmils ouside the nearest propenty
should not excesd 43 dBA) or 5 o4 ahave the
proveiing hackgrownd, wiitchever & the greater,
{my emphasis)

Very low background nolse levels

Aut what if the background fevel drops as low as
15-20 decibels - as has boen recorded in mid-
Wales? 1t means that a furhine creating the
maximum amdaunt of noise permitted — 40 or 43
decibels — s way above the background level

We could trace no stwdy which looked at the
mpact of wind lwrbine nose m areas  whee
hackgronimd moise was mmusaally b, Bul a
munber of siudies have been carriod ol mio the
impact of airerft over flying “wildemess” e,
The most mpadant of these was camed car by
Fidedl in the USAn 18 found that people said
they were highly amnoyed by levels of sircraft nodse
7 decibels lower than they would have beon in a
Bili-ugp arca.

Are the guidelines adegquade?

There is a lot of concemn sbout what il ETSU
recommendations  say  in areas  where  the
background noise levels are Jow. They aim o give
“ragdicaine  morse levels o qﬂ'cr a reasanahle
degres of pretection o wind farm meighbonrs,
witho! plcing umreasonable restriciions on wind
Sarm developmen or adding wrhely o e costy
amd  odlnimisrattee Bders on wind e
develupers ar plamning autiharities ™

This is quite dilferent from the procedures

required by other indusiries:
“The avsevsmend compares the nole source
will ety backgrownd ok A
hackground roise survey mist be performed
dirtng the propoced operatieg hours. The
warst frour during ooy tone s meanured, and
the weorest 10 mimges et might Follow g
analysis and correchons fo e oot m
accordonce with BS4042 the  differemee
harwesn the source aod exiifing modse lover [
deferminad, A difference of +1EE & oo
pasitive ndication ! complaimts are Tkaly,
A difference of [l ix o poxiteee. mdicalion
thar complaints are waltkely, 4 diference o
+3dH o seid w0 he  of  margival
srgmificance. in

In otlir wards, the nomie bevels are not axpoctod Lo
reach decibels significantly above the backgroamd
noise level.  Tha i the policy that e oo
adopted by the Dutch provinee of Utrecht (actually
a relslively wban area) as o rewil of imiteal
opposition to wind farm proposals for the arca,
Local msthorities m Llerecht are reqeired do go
through detailed procedunss to ensune that wimd
[arm noise doe nol exceed the levels of
background moise. (1)







Wind Farm Noise - the impact of
infrasound and low-frequency

What s low-Frequency poise’

There is a strong low-freqaeney element m many of
the godpets we hanve these days, IU's found in the
bum of the frdge, the washmg machime or the air
conditioning.  16°s very much pressnt in the bass of
a sound system. It s nol comvemtionally “howed” -
frequency is to do with the pitch of the mise rather
than its howdniss.  Low-frequency s genarally
dafimed a5 noies hetwesn 0-150°200 herz (He)
with sounds al the lowest mnge, (20 berte, known
as mfrasound.

Wa all can hear some low-lregoency nodss -
partscularly if it reaches a high decibel kevel - hat
there one variations m the awdibality threshold from
parsan 1o persan which means thal some people can
b low-Tregueney sovnds not awmlible 10 the et
of ihbe popalstion — see box, For tlese people
something like ther neighbour’s central heatmg, of
it iz making a poiss, can soumd like “Tiving inside
an vrgan pipe.” 18

Thes soaree of low-requency noise can be difficull
o traos a8 il cam travel, both through the ground
aml through the air, nuch further than conventicnal
sotnd.  Some sourees of low-frequency nodse. if
traced, can be dealt with. For example, o dodgy fan
may jusl nocd to be propaly cocased.  Other
sources — such as oil pipelines — are more
problomatic.

Mogse, at any frequency, can pencirate buibdings
but the effecl is preater in the case of low-
frequency notse. The resalt s that bow-frequency
maise is mach more distirbing indoors han outside.
Somelimes  the low-frequency nose, fom an
extemal source, has cmbedded iscll within the
walls of the buiklmg amd it is thai which the low-
frequency  sulferer i hoarmg. 1t means that
measurements of low-frequency noise shonld be
takim mdoars as wall as outssde.

Measuring low-Treguency nise

T eoarectly assess the mmpact of low-frequency
momi, bolh the loadness ol the amse (decibels) and
the pitch (hevtz) must be measwed. [0 is the
combinaton of the two thal determines whether
il how hadly people will be affected by the nodse.

Mamy  acowsticias  would  argus  thal,  when
mensuring  Jow-frequency nomse, O weighting
should ba uwsed rather than the convimtional A"
weighting which docsn’t pick up the lowest sounds.
They am backed up by the poiso exparts al the

Warld Health Crganisation who argue that “when
promincet bow-frequency componsnis ang present,
noise messures based on A7 wesghlting are
inappiopriale.  The difference between dBIC) aml
dBcA) will give crode mformation ahowt  the
presenas of bow-frequency componels in nojse
bul if the difference s more than 10dB, it &

died that a frequseney analysis of the noise
i performed."n4g  Ciher people argue that only
whn there is 2 2008 difference is there likely o be
significam low-frequency present, ("G weiphting
is umually recommended for mirasound).

Dy Geofl' Leventhall agroes there ane tmmas when
“A' weighting 18 nol entingly adogquate: “Audible
low-frequency  moise  does  have  amnoying
charscterstics which ane not shown in conventional
anvirommental  noise  measures, such s A
weightimg. "y Bul  still most wind  turbine
measuremen|s condinue b use * A" weighling,




When do people hear infrasound and low-frequency noise?
Whether or not people hear low frequency and infrasound depends on the relationship between the loudness
of the noise (decibels) and its frequency (heriz).
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Fig 2. Low frequency threshold
The measurements in the above table, produced
Infisgound by Watanabe and Moller in 1990, are '
sulrgsound weighted (o best capture infrasound
® The median threshold for  heanng

infrasound at 4Hz is 107 decibels

® Al 10 Hz 1t 15 97 decibels

® At 20 Hz it 18 80 decibels

e The standard deviation of the threshold
measurements 18 about 6dB, so there will be a
very small number of people who may have
12dB or more sensitivity to the mean. For
most people, though, noise levels need to be
high before mfrasound is heard by human
beings.

Low-Frequency

s At 30 Hz, the median frequency is around
60 decibels

& AL 40 He, it is around 56 decibels

® AL60 Hz, it is around 39 decibels

® At B0 Hz, it is around 37 devibels

» At 100 Hz, 1115 around 23 decibels.




Wind Farms, Infrasound and
Low-Frequency Noise

Are people hearing  infrasound from  wind

farms?

There hz mover beemn any dispute that wind
rbines poperale mfrasoumd. A major study
tmdertaken for tlw Minstry of Defemoe (MO by
Keele University 1o assess ihe effect that wind
farms mighl have on its kay monitorng facilily in
Eskdalemuir iim conchuded “we haove clearfy shown
that wind turbines generate low foguency sound
(mfrasound) aind acowstic signals which can be
detected ot considerable  distances  (many
kilometres) from  wind farms o infrasound
dalectors amd on lowsfrequency  microphanes.”
The lead avthos. Profeisor Potar Styles, concluded
that seismic signals from wind-turbines regstenng
g o T 5he can be degected 10 miles from the wind
famm.  In the report Siyles dosen’t spell out the
beviels of mfrasvund close (o the lurbines, but be did
this im an earlier papes published with Dr David
Mlanbey nnd sthers i They took measurements al
 wirl farm in Wales with about 10 turbines, (I is
urlenr what nowe wenghtog wes used),

The survey ohtpingd the fllowing results

143 Oxcrave Frequeney He

4 5§ &3 % 10 125 |6 20

Erecibel kevel ai 100 metres from wrbines

62 60 63 &6 A3 60 0 6
[ecihe] levels thal would be problematic
102 58 - 94 ) BS 861 TE T

Thess levels ane clearly below those that would be
problematiz, even allowing for a consklerable
variation in incividuals" ability b lear infrasound,

Mot Assoctation dleasurements
In the preparation of this repart, The Nose
Aasociation measured noise levels around e
wind farms; Hearsdown  amd  Bradworthy in
Cormwall and Blaem Bowil in Waks. The focus of
the: work was 10 measure the low-frequency moise,
meluding mimsoumd. Details in Appendix 1.

The fimdarees m summary:

AL 10kz, the noise lrom the wind farms ranged
from  popligibde (upwind from the (ubdines) 1o
TAdBC) (downwind), Hecouse Watamohe and
Meloller figares oro G weighted md the UK Noisa
Aasociation wesd “C' weighting only approcimate
companisms are passible, Bul these [mdings are

well within the 97 decibels where # woald become
& nowe problem a 10he, whatever the weigliing,

A 20he. the ponse from the wind Darms ranged
froem a Jow of T0BC) (upwinsd of the ferbines ) to
a high SMBC) (downwindh with the prest
majority of the results falling in the 40-TIB T}
range. Again, a direel comparison s not possible
wilh Watanabe, but it is clear that al these levels
thit moise will be heand by fow people.

Is hyw-frequency poise from wind turbines
cansing people problems?

The moportanl guesbion o be amsweored lere &
whether the decibels levels are high enough ae low-
I'n¢1|u¢n|.'ia. (20 [ HH [le) for there o be a
novise problom,

Wolse Association Findings
Al 40hz, the poise from the wind farms ranged
Trom 254B00) e TTABIC)L  Wakmabe Found that
the nose can’t be heand below S6dBG)  Car
Dniings sugpext that some low-Treguency nowse can
e heard af times from turbines at 40he,

Al Gilthz, the poise from the wind ferms ranped
Irom 1TAEC) 10 just over BAEC), with the
majority of rcadings in the 40-NWWBC) bracket
Wiamy af these readings excecd the Watanabe figure
of 30 decibels, Al this frequency low-frequency
noise s heing heard at limes,

At 125hy, the nowe from the wind farms ranged
Trom HABIC) o THIEC), with the majority of
readings betwesn H-G0BIC). This indicates thal
al | 3he, the low-lrequency contant of the “swish™
sound is audible

Comment on the fndings

The readigs were all taken within aboul ane aml 2
half mibes of the tarbines. There were varistions in
the  low-frequency  levels depemding on wind
direction and ar wrbulence. 1t was wsually just
when people were downwind and the air was
turbalent that Jow frequency Formed a significant
it of the nojse.



The Noise Association also tested for low-
frequency noise indoors

We chose a property in mid-Wales whose residents
had been complaming Tor some ycars ubout the
cllect ol the Blaen Bowi wind farm in mid-Wales
The residents have complained, not just abeut the
noisc. but the physical effects it is having on their
heulth. The property is in a sheltered valley, about
two miles from U turbines which are close to the
top ol'a hill. Detailed results on pages 28 and 29.

The resulis we obinined were (hese:

AL TO hz. the noise levels rnged from 44 w 48
decibels. well below the levels at which the neise
would be heard.

At 20 by, the noise levels tanged from 40 1o 48
decibels, again well below audible levels

AL 60 by, the noise levels ranged from 44 10 63
decibels. which suggests that low-frequeney noise
is being heard at times.

At 100 Tz, the decibel levels ranged from 42 {o 32
decibels. which indicates that the *swish™ sound is
Ieing heard. confaining a Tow-{requency content.

The problems experienced by the two people in thrs
house are very real. They clain that they can “feel”
the naise.  Our results cerainly suggest that, at
fimes. they can hear fhe noise.  \What our resulis

can’t provide is any explanation for the claims that
they ean “feel” the noise. We can just speculate on

the possibility that. in this case. the Jow-frequency
noise. as 1t can do. has embudded itsclt within the
walls of the preperty and that it is this. in part.
which the occupants are reacting (0.

nclusi

I. There is a low-frequency content in the
noise from wind farms that can be heard. It
is moxt marked at the higher range of low-
frequency. This means that it is lkely it s
difficult to separate it out from the *swish,
swish' sound thet causes most complainis,
bui ako that it could incresse annoyance
from the swish sound.

2.  The liw-frequency content of wind
turbines Is likely to cause ‘low-frequency
noise sufferers’ u problem. The prohiem
may be no greater, though, thun many of
them would experience from other putential
sources of low-frequency noise, such as air-
conditioning or central heating. But it couid
be amplificd in the small aumber of cases
where it resonates with the walls of a
huilding.

3. There is a case for *C' weighting to be
used in measuring wind farm noisc as ‘A’
weighting doesn’t fully capture the low-
frequency content. G welghting is most
appropriate for measuring infrusoend.




The Impact on People’s Health

People m the Unsted Kmgdom lave been
complaming of health  problems  since  the
construction of the wind frms near ther homes. [n
Europe, Ausiralin amd Morth America people have
reposted similar problems. The range of symploms
mentioned by complainants meludes headaches,
tleep  disturbance, amxiety, depression, stress,
verligo and tonitas, On pages 18 and 19 we
highlight some of the quetes,  This section secks o
explain why ihe symploms and healil probloms
eoull be caused by the wind furbines,

There are three ways in which fur bdnes could be
afTecting people’s health,

first, (he stress from the noise.  When peaple
become seriously amnoyed by any noise, they can
become stressed oul and fritated.  This can affect
thear sleeping patterns, their performance ot work
or schod amd their penernl social and physical
woll-being. In tis rospeet tho “thod, thud, ted™ of
wind turbines is ne different from any ather type of

G,

Sevandly, the combdnation of the naise and “the
fMlicker" from the turbines. We alluded to this on
pape sevien when looking at why nodsa from wind
mrbines appears o distress a lod of people much
more than nome at simibar levels from other
eparces. We looked al the work of Podersen and
Persson Wave who found that people complam nat
Just ahout the modse, but ako shout the vibration
aml shadow flicker {cauwsed by rotalion of the
blades amd the rellection af the sim). It s this
combinstion, Pedersen and Persson Waye suggesl,
that could be the reason why wind torbines can
have such o devastating effect on some people and
on their health: “For some. the mtrasion [of the
meaise, shodovws amdl e molating movements of the
rodor] wont Purther into the most private domamm,
creating a fecling of veolalion il was expressed as
anger, uneasmess, tredness. i,

Thirdly, the wverall impact of wind turbines on
the body. Some people 1alk of ‘feoling” the moise,
m addstion o, or even instead of, hearing it This
wlea of “feeling” modss i contrwersial and comples
aml ot one cumently accepied by the majority of
acousticians.  Hul theve are a number of medical
people whe are bepinnimg 1o argue that the
dramatic impact which wind farms have on some
people’s health cannot be explained by the moise
amd the Micker alone.  They argue that the low-
frequency conlent of wind tarbine noise (even if il
B not heard), along with the “fhcker”, can
deatabilise the human body.

In a paper expected fo be published shorly T
Amands Hary says, “The bw  [equencic
contribute o the overall audible nome hut alse
produce » ssisinie charactenstic which is one of the
commen complaids from peaple when thay say
that not oaly can they hear the nodse bul they can
alse feed il This happens becamse the various parts
af lhe body have a specific natural frequency or a
resonanie frequency. The haman body & & strongly
damped system, thorefore, when a part of i is
exedted ot its nwluml frequency, it will resonste
awer 2 range of frequencies instead of at a single
Trequency.” (g 1}

The doctors resvive supporl from the MNatiomal
Academy of Medicme in Pars, presided over by
Profissor Clande-Henri Chowand. 10 arpues that
people Tiving mear the lowers, the heights of which
vary,  somelimes  complain of  functional
disturbances mmilar 0 those  abserved
avndivens of choonic sound trauma. [ poits Lo
atudies conducted in the neighbourhocds of airports
which have demomstrated thal chromic imasive
sound imvolves peurabiological reactions associated
wilh an mereased fnequency of Bypertension and
candiovascular illmess,

In Portugal, where bow frequency noise has heen
researched extensively, a link has been found with
a comiplex illness known as vibrozcoustic diseise.
Although this research has been mainky concemed
with hagh levels of bw frequeney nome, il s foll
that prolonged exposune o lower bevels of low
frogoeney noise may  cause similar problems.
Certainly the svmploms which some people Fving
aroand wind turbies complain of are very similar
to these of vibroscoustic diseass.

Crver the vears the military has becn aware of the
way a ination of pemsistent low-frequency
noisg,  infrasomnd  and  visual  strobing  can
destabilse the human body.  Some doctors ane
arguing W al leasl merils seious myvestigation
umderstand whether this sort of cockiail can ex-
plain the extreme offeel wind frms have on some
people’s healih, an effect scemingly owt of all
prepartion 1o the nedse they make.

Cortainly Dr Hamry bs scatling of the refimal of
most scotsticians 1o even look at this arca: “Oin
searching theongh the cument literature § can find
no papars writlen  showing  that  tarbins  are
harmless, anly stalements from acousticians giving
eir personal thoughts, 1 feel that these comments
are made outside their area of expertise and shoukd
be ipmored until proper medical, epidemiclogical
studies are carried oml by independent medical
rasganchers™,
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How Wind Farms Affect My
Health - what people are saying

I st realised tere might be a problem ssociated
with wind turbines when | wos introduced to a
coupls living near & wind farm in Comwall, The
distance from their home Lo the pearest urbine is
abawt 400 meters. They teld me about poor sheep.
heemlaches stress and anxisty symipiomss. broaght on
when the wind was blowing in coamn directions.
Al times, they iold me that they have besn so
disturbed by the noise that afler several disturbed
mights slecp, they hove sougld refispe in o nearby
bed and breakfast establishment (far enough away
ot b be similarly affocted by the podc).

Dir Ampnds Harry weni on io conduct a survey on
wimd Forms amid bralth. These results will form part
of nn acslembe paper which b expecied te be
published shortly, The quoies on this page are laken
rom her work,

[ get litle sleep when the nose from the bobmes =
canseand m ms low frequency moise. 1 Necl 8o depressed |
wint bo gel mway ard stay mvay until [ know the wind
derwction his changed.

My symploms are due 1o lack of sleep when the wind is
irthe eas or northenst

Comstint worry shaul noise. T feel sick when the urbmes
e ruewing Tast and towards the property. | came here 1o
i rural aren for pence after o busy city life. 1 feel this has
beer ruined by the tebines.

[ ge hewmtbaches frecquently especially when the murkines
mre runoing ol o fisl mie Wowards os.

Siressed and extremely s | oam
utbndhymmmuymnmfmmﬁhnq
towards me. We are having o live oar lives around them
the to the constanl naise when they are workng cmusing
wirnd pressure throbbing.

I et Beadnches and thumpeng in the ears. [ nbsa fmd s
cantinual neise very disressing.

Irritmirg nolse from wind farm i casterly wmnds You
can admost feel it as well 55 hear it [t drives you mad
over uxtended pericds because ol the nabae of the nowse,
nok ke level per se. Unable ta have fronl doers wndows
open When winds are sasserly, or use Enamm bednoom 1 all
T turbines are in cperation

Sulfer with headaches more and feel tired more 5o find
iniky tisks difficall to do.

The sirching even when curiains are closed s "HELL"
The nomse 1sn pam. TV blocks i, night and diy, Can'l sit
il read & book of writs Jeners,

| dhare not slesp @ home

Tineel, diesuitedd by ninse. Foel 1 o3 much as hear i
Dievelopers deny there re any problenss, Unless we can
prence dL ban et i we dio tha?
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My plin was to stay here- i my pewly convened bam
(T vears obd) (we farmed hese) until [ deed. We hove our
awn prvace water supply, 2 gosd supply of Tire wood,
my own penting studio- VERY IMPORTANT T ME!
Anid 0 good workshop lor ny hushend, rends nerty,
Trather snd sister nearby. [ wis bom 2 miles away- Mow
WE HAYE TO MOVE This move has been Farced
upin us. e planicd TOM iroes hete. B ete.ate .

W will probably hove 1o meve, T can see no fiture for
me here.

Maoise duturbance @ nght - when wind m certmin
restlessness. During the doy- makies it diffieuh s aiay
oul af doars for amy kength of time through excessive
thumspirg sound. Both e cause beadaches, andiery and

1eel generally off colour

1 eewer salfered froms sy probloms beforo the mrbings 1
am convinced that hiving in o cominual sinle of arxisty
aver the past four el o half years smce the noise
muisanes saned has comribuaied 10 my present probilemss,
Price 1o 1999 [ always emjoved excellent health and
mrely viahed the dociers surgery. As my hushand and 1
have been retwed sinoce 1994 and our fumily growm up
amd livimg m differer areas of the cowmry we do not
hhave any other problems that re likely 1o cause siress or

The nowe » bke n whooshmg pome. [t s minsmwe. [L
beeps me awake- ® doesn’t affect my basband @ much
as me hut my being mvake keeps him awnke.

Crar bves and home have been tmshed s maast be seen
to be helieved. We seem 1o be short tempered, umble 1o
comeenirale. Bvery thing we bave mach as manness,
duvets, cushions 47 thock, 3 molls of sound deadenang
quilt, 3 sheets of comruganed mmbestos, blankets, curtams,
pillows, even floor carper gacked agniret the walls 1o try
and keep oot the soand. Mot the pence 1 volunteered to
[ight fee.




Overall Conclusions

1. Wind Farm noise, in common with noise generally, afTeots differemt peopde in difforent ways, hai
the evidence suggests there is rarely o problem for people living more than 1-1.5 miles from a forbine

2, For many people living relatively close to turbines, the nodse does mot present a problens, For those
who are anmmyed by the moise, it is everwhelmingly the “swish, swish, swish” ol the turbines which
tri e them.

3. For people who are nol abde to shut out the noise, the problem can be exocorbaied by the rotating
Blaides andd thi dancing shadvws of turbines. This can mean that the nodse from turbioes can be mach
mare intrusive that sther noises of a similar decibel level.

4. For some people the impact of turbines can be overwhelming,
5 The nokse can be a particular problem in rucal sreas where background nolse levels are bow.
6. The infrasound content of wind turbine noise is oo bow io be heard by most people.

T Al times, low-Trequency will form an aedible, bat not major part, of the “swish™ sound of the
turhines amd con, for people sensitive Lo low-frequency noise, create sildilional problems. Bul the low-
frequency comtent of wind turbine noise is no preater than the low-frequency component found in
several other nokie sources and can only asually be heard down wind of a turbine when there s a faie
bit of turbulence.

8. However, low-frequency may be underestimated because of the persistent wse of *A" weighting in
mexsuring the noise, rather taking *C weighted measarements.

9, Hesearch by medical doctors has unearthed persisteat complaints from people saying they not only
hear the nokse from wind turbines, but can “fedl™ disturbance in their bodies, This has fead to
complaints of illness. The sympioms people are com plaining about are very similar o those aeociated
with vilwoncoustic disease. The suggestion is thet the enigque combination of noise (containing an

] LR B v) amd the strobing efTects of the Nickering blades, is having a physical efled
am suae people,

10, Modern turhines are mechanically quicter, but there is convincing evidence that the noise they
cmil i being undersstimated because missaremants conlinage (o be taken 3t a height of 1N feam the
ground, thereby underestimating the speed of the wind (particularly wt night) st the top of the large,
modern turbdnes, over 1M metres high.
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Overall Recommendations

L 0 would be prodent that no wind turbines should be sited closer than 1 mile away from the nearest
dwellings. This is the distance the Academy of Medicine in Paris is recommending, cortainly for the lorper
turbines amd wintil further sudies are carried owl. There may even be eocasions where a mile i inaMicient
depending am the scale and natare of the proposed developmaont,

2. Wind furms showld only be licaled in areas where the *swish, swish, swish™ of the torbines will nol couse
nalse problems for peaple.

3. There needs to be o clear and poblic reeogmition by the Wind Power Industry that wind turbines are
causing significant nolse problems for some people.  This could open the door to constructive discussion.

4. The industry also should recognise that the evidence is persuasive that the moise problem com be
enicer bated by the rotating Mades and the dancing shaldows of the (ur bines,

5. TheofMckal government gabdelines for the siting of wind turbines need 1o be revised 1o take account of the
mayre indrusive nature of the noise in areas where the overall background noise level is b,

6. The debate on wind farms woold dio well 1o recognise that the infrasound content of wind furbine nolse &
ton low for most people to heer,

7. People need to be carelul mot to exaggerate the awdibility of the low-Trequency of the moise. 1t can be a
problom af times, bat over-em phasis on it can detract from the main poise problem: the ‘swish, swish, swish®
of the hlades,

8. The guldelines shivuld require the use of *C° welghtbng (aml “G* wetghtbing for nfrasoumd) as well as *A°
'm:ighli.ng when ml:l.wri.nglhe moise [rom tarbines in order to luEJ.'cn.pinr\c Il:r]uw-ﬁ'\equelq‘cl:ﬂnu_

8. Furiher work needs to be undertakon argently to test the clalms that the overall elfoct of turbines s
havimg a ph}!icﬂ elTed on peﬂpl: tir Lhe detriment of their health.

ML There shoubd be o shorl morstoriom on the mstallstion of the large, modern torbines until it
established, thromgh trigls, the amount of nodse they sctoally emil.

Concluding Comment

Wimid farms can play o role in reducing glebal warming eoaissions, Hut ilore Is a very real danger thai, in
the enthosiasm o embrace clean technology, legitimate concerns aboul noise are being brushed aside. There
is mov douht that seme exisling wind Farms are cassing real noise problems. This report has stopped short of
arpuing that those lurbines shouhd be shot down, though thal pesibility should mever be ruled oul
Haoweser, it would he quite unaceeplable to oar fellow citizens Tor this sifuation 1o be replicated in other
parts of the country as new lurbines oome on sream. But this peed oot be the case, The positive conclusion
af this report s that thore is a constructive way forward, It sim ply requires sensible siting of the new wind
farms It's all ahoul ‘location, location, location”. It & m the interests of the wind power industry,
environmental groups s local communitbes for s to god that right
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Appendix 1
Sample Measurements

The Frll et o wrseasuramoants mirs o over |30 pages and 15 avalabile Gom the SMos Assoaabion]

Ik 1, bir St Eval, Cormreal, Wind Farm b g m
Location SH 883676
Wind Spessd Lo
Wind Drection [y
M rephans Pl
Instrumiant oo
Application BITIZE Yersian 1.2
Start Time 22102005 11:41:47
End Time: ZANOO00E 114248
Elapsed Trme 0o 02
Bandwicilt Ti-pelave
Mae Irput Level 140 44
Time Froguancy
Broadbard fexcl Peakk F& AC
Braadband Peak: c
Spectrum: FE c
Instrumant Sedial Humber 2505541
hiorophone Sosial Munmber 2500080
Ignt Tap Bocket
Windsoneen Coenechon LIA 1EED
Sourd Field Comection Fres-field
Calibration Tima CENTBR005 14:47.53
Calibration Type Exiernal refarerce
Senaitiiby 5303 mViPa
Stan End Blapsed Cwerlaad LAleg  LAFmac LAFmn
tima ime  sme [%] [e8) (a8 148
Value .00 B&T 881 2.3
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et
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Bearsdown( Wing Farm Noise Monitoring Decemiber 2005

Lacaton 5H B33 676
Wind Spaed Lo
Wind Direction M
Micraphone Nommal
Ingbument 2750
Applioation BZT223 Version 1.2
Sta Time 22102005 11 4357
End Time: 221052005 114458
Elapsed Trre DCien 02
Bandwadih 1G-octave
Max Input Laval 140 44

Timae  Freguency
Broschand [excl Peak] FS|  AC
Broadband Peak A
Speclrum Fg &
Instrumant Seral Mumber sl
Mizraghone Serial Mumber: 2E0B562
Input; Top Sochket
Windscreen Carrecon Lidy 1650
Sound Field Comection Frae-fiald

Cadibration Time:

OBWD2005 14.47 53

Cadibration Type: Extarnal rederance

Sersilivily 5303 m\viPa

Bearsdowni Tesxt

S@art  End Elapeed Owverload LAleg  LAFmax LAFmin
time  lime  bre ;%] 1= R = .=

Value 000 488 857 WA

Time 11:43:5711:44:500:01 02
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Bradwodhy 01, Cormreall — Wind Farm Moise Menitonng Cleoermiber 2005

Wind Direchion SW spead 14 — 27 MPH RAIN  1n Direct ‘Wind
Location 55 304 135
Migrophone - Mommal
Imstrumant 2H0
Aoplication BET223 Version 1.2
Star Time 1202008 182717
End Time 0722006 18 29:20
Elapsed Tare DO02:03
Bancwidth 12-octava
Max input Leveal 140.50
Time  Freausncy
Broacband (ewel Feak]  FS5| AL
Beoadband Peak C
Spectrum: F5 c
Instrument Senal Mumber 505541
Microphone Serial Mumber: 28084582
Input Top Sockel
Windecreen Cormechen Mang
Sourd Feld Correction Free-figid
Cadicration Time OFAH2005 14:47-11
Cairalion Type Exlerral ndetencs
Sanafivity o278 mviFa
Braciil Text
Sart  End Elapead Owverload LAleg  LAFmax LAFmin
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Valug 000 578 6G2 480
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lnl - Wind Farm Moise Monitar 0 r 5

Wind Direchion SWW spead 14 — 27 MPH RAIN

Shielded Trom Wind
Location 55 304 138
Microphone — 1Hz
Ingbrument
Applization

Sta Time

End Time:

Elapsed Trre
Bandwadih

Max Input Laval

Tima
Brogdhand [exal Peak)
Broachand Peak
Speclrum FS

Instrumant Seral Mumber
Micraghone Sarial Mumber

InpLt;
Windscreen Carfectson
Sound Feald Correction

Calioration Time
Cadibration Type:

2750

BZT2E3 Version 1.2
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AN il W3

Farm I onitonn r 5

Gnd Ref SN 32792 BNG 35335

Instrument 2250
Application BZ7223 Version 1.2
Stait Time 13002005 182257
End Time TH0R006 18:27 59
Elapsed Time DDos:.02
Bancwwidth Af3-octEave
Max Input Level 140 44

Tma  Frequency
Broadband (excl. Feak] FSI AC
Broachand Peak c
Specirum F5 z
Instrument Serial Mumber 25050941
Microphone Sarial Mumber 28068582
Input Top Sockel
Windaeseen Cofmecion A 1650
Baund Freld Comeclion Free-fiald

Cadioration Time

DEDEE00S 144733

Catibration Type Exlermal referenos
Samaiivily 53.03 m\iPa
BraenBowlot0) Text
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time  time  tme %) [dB] 8| |dBj
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aen i - Wind Farm Moise Monilor ober 5

Gnd Ref SN 32793 BND 35335
Imsbriment 2250
Application BZ7223 Version 1.2
Start Time 1302005 18 4440
End Time THVRN05 154708
Elapsed Time Do02:28
Bandwidth 12-octave
Max Input Level 140 44

Tema  Frequency
Broasdhand (exal. Feak] FSI AC
Broadband Peak G
Spectrum FS Z
Insbrument Serial Mumber 2505941

Micraphone Serial Mumber

Input
Windsereen Carmechon
Baund Freld Comeclion

Cadioration Time

28068582
Top Sockel
LIA 1650
Free-fiald

DEDEE00S 144733

Catibration Type Exlermal referenos
Samaiivily 53.03 m\iPa
Braen Bowi Ozt 02 Tesd
Start  End Elapsed Cwverioad LAleg  LAFmax LAFmin
time  time  tme '%j [dE] 8] o157}
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aen i - Wind Farm Moise Monilor ober
Defach-velindre, Liandysul, Carmarthershre (06 Gnd Referance XIR52 36332)

hz Filter Instated

Imsbriment: 2250

Appiication BZT223 Version 1.2
Stat Time 0112005 21.:30:02
End Time: JN11/2005 21:32:68
Elapsed Tirme D002:56

Banciwidth Ai3-octave

Max Inpld Leval 140,44

Tma  Frequency
Broadband (el Peak] FSI AC

Broadzand Feak G
Specirum F& c
Instrumant Seral Mumbar, ZaEg41
Microphone Sarial Mumber 2506582
Input Top Sockel
Windscreen Carmacon Mone
Sound Fmld Cormection Free-fiaid
Calibration Time OENDE 005 1447 53
Catloration Type: Extarral referance
Sansiivity B304 mviPa
BraenBow(01 Tex
Starl Erd Elapaed Overload Laleg LAFmas LAFmin
time  tme  bma %] [ME] B o)
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aen i - Wind Farm Moise Monilor ober 5

Defach-Yelingme, Landysul, Carmarthanshire (06 Gnd Referance J3652 M5332)

hz Filter Instated

Ingtniment 2250
Application BEZT223 Version 1.2
Stait Time 30112005 21:34:04
End Tirme FV112005 21 3445
Elapeed Time! D000 45
Bancadth 13-octave
Max Inpul Leve| 40 44
Time Frequency
Brosdhand (excl. Peak].  FSI AC
Eroacband Peak c
Sraslrum F& C
Instrument Seral Mumber Z50041
Micrephone Sarial Number 250BEE2
Inpt; Top Sochel
Windscreen Carmeciion Mora
Saund Field Correstion Fraefisid
Calikation Time QoI008 14:47-53
Cedioration Type Extarral referance
Sarsilivily 5308 mv/Pa
BaenSow00Z Text
S@art  End Elapend Cvarload Lileq
time lirme Leme 15%] [dE] =
valug oo 591 603
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