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I. Introduction
In late February 2009 the Minnesota Department of Health (MDH) received a request
from the Office of Energy Security (OES) in the Minnesota Department of Commerce,
for a “white paper” evaluating possible health effects associated with low frequency
vibrations and sound arising from large wind energy conversion systems (LWECS). The
OES noted that there was a request for a Contested Case Hearing before the Minnesota
Public Utilities Commission (PUC) on the proposed Bent Tree Wind Project in Freeborn
County Minnesota; further, the OES had received a long comment letter from a citizen
regarding a second project proposal, the Lakeswind Wind Power Plant in Clay, Becker
and Ottertail Counties, Minnesota. This same commenter also wrote to the Commissioner
of MDH to ask for an evaluation of health issues related to exposure to low frequency
sound energy generated by wind turbines. The OES informed MDH that a white paper
would have more general application and usefulness in guiding decision-making for
future wind projects than a Contested Case Hearing on a particular project. (Note: A
Contested Case Hearing is an evidentiary hearing before an Administrative Law Judge,
and may be ordered by regulatory authorities, in this case the PUC, in order to make a
determination on disputed issues of material fact. The OES advises the PUC on need and
permitting issues related to large energy facilities.)
In early March 2009, MDH agreed to evaluate health impacts from wind turbine noise
and low frequency vibrations. In discussion with OES, MDH also proposed to examine
experiences and policies of other states and countries. MDH staff appeared at a hearing
before the PUC on March 19, 2009, and explained the purpose and use of the health
evaluation. The Commissioner replied to the citizen letter, affirming that MDH would
perform the requested review.
A brief description of the two proposed wind power projects, and a brief discussion of
health issues to be addressed in this report appear below.

A. Site Proposals
Wind turbines are huge and expensive machines requiring large capitol investment.
Figure 1 shows some existing wind turbines in Minnesota. Large projects require control
of extensive land area in order to optimize spacing of turbines to minimize turbulence at
downwind turbines. Towers range up to 80 to 100 meters (260 to 325 feet), and blades
can be up to 50 meters long (160 feet) (see Tetra Tech, 2008; WPL, 2008). Turbines are
expected to be in place for 25-30 years.
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Figure 1: Wind turbines
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1. Bent Tree Wind Project in Freeborn County
This is a proposal by the Wisconsin Power and Light Company (WPL) for a 400
megawatt (MW) project in two phases of 200 MW each (requiring between 80 and 130
wind turbines). The cost of the first phase is estimated at $497 million. The project site
area would occupy approximately 40 square miles located 4 miles north and west of the
city of Albert Lea, approximately 95 miles south of Minneapolis (Figure 2) (WPL, 2008).
The Project is a LWECS and a Certificate of Need (CON) from the PUC is required
(Minnesota Statutes 216B.243). The PUC uses the CON process to determine the basic
type of facility (if any) to be constructed, the size of the facility, and when the project
will be in service. The CON process involves a public hearing and preparation of an
Environmental Report by the OES. The CON process generally takes a year, and is
required before a facility can be permitted.
WPL is required to develop a site layout that optimizes wind resources. Accordingly,
project developers are required to control areas at least 5 rotor diameters in the prevailing
(north-south) wind directions (between about 1300 and 1700 feet for the 1.5 to 2.5 MW
turbines under consideration for the project) and 3 rotor diameters in the crosswind (eastwest) directions (between about 800 and 1000 feet). Thus, these are minimum setback
distances from properties in the area for which easements have not been obtained.
Further, noise rules promulgated by the Minnesota Pollution Control Agency (MPCA;
Minnesota Rules Section 7030), specify a maximum nighttime noise in residential areas
of 50 A-weighted decibels (dB(A). WPL has proposed a minimum setback of 1,000 feet
from occupied structures in order to comply with the noise rule.
2. Noble Flat Hill Wind Park in Clay, Becker and Ottertail Counties
This is a LWECS proposed by Noble Flat Hill Windpark I (Noble), a subsidiary of Noble
Environmental Power, based in Connecticut. The proposal is for a 201 MW project
located 12 miles east of the City of Moorhead, about 230 miles northwest of Minneapolis
(Figure 3) (Tetra Tech, 2008). The cost of the project is estimated to be between $382
million and $442 million. One hundred thirty-four GE 1.5 MW wind turbines are planned
for an area of 11,000 acres (about 17 square miles); the site boundary encompasses
approximately 20,000 acres. Setback distances of a minimum of 700 feet are planned to
comply with the 50 dB(A) noise limit. However, rotor diameters will be 77 meters (250
feet). Therefore, setback distances in the prevailing wind direction of 1,300 feet are
planned for properties where owners have not granted easements. Setbacks of 800 feet
are planned in the crosswind direction.
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Figure 2: Bent Tree Wind Project, Freeborn County
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Figure 3: Noble Flat Hill Wind Park, Clay, Becker, Ottertail Counties
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B. Health Issues
The National Research Council of the National Academies (NRC, 2007) has reviewed
impacts of wind energy projects on human health and well-being. The NRC begins by
observing that wind projects, just as other projects, create benefits and burdens, and that
concern about impacts is natural when the source is near one’s home. Further, the NRC
notes that different people have different values and levels of sensitivity. Impacts noted
by the NRC that may have the most effect on health include noise and low frequency
vibration, and shadow flicker. While noise and vibration are the main focus of this paper,
shadow flicker (casting of moving shadows on the ground as wind turbine blades rotate)
will also be briefly discussed.
Noise originates from mechanical equipment inside the nacelles of the turbines (gears,
generators, etc.) and from interaction of turbine blades with wind. Newer wind turbines
generate minimal noise from mechanical equipment. The most problematic wind turbine
noise is a broadband “whooshing” sound produced by interaction of turbine blades with
the wind. Newer turbines have upwind rotor blades, minimizing low frequency
“infrasound” (i.e., air pressure changes at frequencies below 20-100 Hz that are
inaudible). However, the NRC notes that during quiet conditions at night, low frequency
modulation of higher frequency sounds, such as are produced by turbine blades, is
possible. The NRC also notes that effects of low frequency (infrasound) vibration (less
than 20 Hz) on humans are not well understood, but have been asserted to disturb some
people.
Finally, the NRC concludes that noise produced by wind turbines is generally not a major
concern beyond a half mile. Issues raised by the NRC report and factors that may affect
distances within which wind turbine noise may be problematic are discussed more
extensively below.

II. Elementary Characteristics of Sensory Systems and Sound
A. Sensory Systems
1. Hearing
Sensory systems respond to a huge dynamic range of physical stimuli within a relatively
narrow dynamic range of mechanical, chemical and/or neuronal (electrophysiological)
output. Compression of the dynamic range is accomplished by systems that respond to
logarithmic increases in intensity of physical stimuli with arithmetically increasing
sensory responses. This general property is true for hearing, and has been recognized
since at least the mid-19th century (see e.g., Woodworth and Schlosberg, 1964).
“Loudness” is the sensory/perceptual correlate of the physical intensity of air pressure
changes to which the electro-mechanical transducers in the ear and associated neuronal
pathways are sensitive. Loudness increases as the logarithm of air pressure, and it is
convenient to relate loudness to a reference air pressure (in dyne/cm2 or pascals) in tenths
of logarithmic units (decibels; dB). Further, the ear is sensitive to only a relatively narrow
frequency range of air pressure changes: those between approximately 20 and 20,000
cycles per second or Herz (Hz). In fact, sensitivity varies within this range, so that the
sound pressure level relative to a reference value that is audible in the middle of the range
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(near 1,000 Hz) is about 4 orders of magnitude smaller than it is at 20 Hz and about 2
orders of magnitude smaller than at 20,000 Hz (Fig. 3). Accordingly, measurements of
loudness in dB generally employ filters to equalize the loudness of sounds at different
frequencies or “pitch.” To approximate the sensitivity of the ear, A-weighted filters
weigh sound pressure changes at frequencies in the mid-range more than those at higher
or lower frequencies. When an A-weighted filter is used, loudness is measured in dB(A).
This is explained in greater detail in Section B below.
The ear accomplishes transduction of sound through a series of complex mechanisms
(Guyton, 1991). Briefly, sound waves move the eardrum (tympanic membrane), which is
in turn connected to 2 small bones (ossicles) in the middle ear (the malleus and incus). A
muscle connected to the malleus keeps the tympanic membrane tensed, allowing efficient
transmission to the malleus of vibrations on the membrane. Ossicle muscles can also
relax tension and attenuate transmission. Relaxation of muscle tension on the tympanic
membrane protects the ear from very loud sounds and also masks low frequency sounds,
or much background noise. The malleus and incus move a third bone (stapes). The stapes
in turn applies pressure to the fluid of the cochlea, a snail-shaped structure imbedded in
temporal bone. The cochlea is a complex structure, but for present purposes it is
sufficient to note that pressure changes or waves of different frequencies in cochlear fluid
result in bending of specialized hair cells in regions of the cochlea most sensitive to
different frequencies or pitch. Hair cells are directly connected to nerve fibers in the
vestibulocochlear nerve (VIII cranial nerve).
Transmission of sound can also occur directly through bone to the cochlea. This is a very
inefficient means of sound transmission, unless a device (e.g. a tuning fork or hearing
aid) is directly applied to bone (Guyton, 1991).
2. Vestibular System
The vestibular system reacts to changes in head and body orientation in space, and is
necessary for maintenance of equilibrium and postural reflexes, for performance of rapid
and intricate body movements, and for stabilizing visual images (via the vestibulo-ocular
reflex) as the direction of movement changes (Guyton, 1991).
The vestibular apparatus, like the cochlea, is imbedded in temporal bone, and also like
the cochlea, hair cells, bathed in vestibular gels, react to pressure changes and transmit
signals to nerve fibers in the vestibulocochlear nerve. Two organs, the utricle and saccule,
called otolith organs, integrate information about the orientation of the head with respect
to gravity. Otoliths are tiny stone-like crystals, embedded in the gels of the utricle and
saccule, that float as the head changes position within the gravitational field. This
movement is translated to hair cells. Three semi-circular canals, oriented at right angles
to each other, detect head rotation. Stimulation of the vestibular apparatus is not directly
detected, but results in activation of motor reflexes as noted above (Guyton, 1991).
Like the cochlea, the vestibular apparatus reacts to pressure changes at a range of
frequencies; optimal frequencies are lower than for hearing. These pressure changes can
be caused by body movements, or by direct bone conduction (as for hearing, above) when
vibration is applied directly to the temporal bone (Todd et al., 2008). These investigators
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found maximal sensitivity at 100 Hz, with some sensitivity down to 12.5 Hz. The saccule,
located in temporal bone just under the footplate of the stapes, is the most sound-sensitive
of the vestibular organs (Halmagyi et al., 2004). It is known that brief loud clicks (90-95
dB) are detected by the vestibular system, even in deaf people. However, we do not know
what the sensitivity of this system is through the entire range of sound stimuli.
While vestibular system activation is not directly felt, activation may give rise to a
variety of sensations: vertigo, as the eye muscles make compensatory adjustments to
rapid angular motion, and a variety of unpleasant sensations related to internal organs. In
fact, the vestibular system interacts extensively with the “autonomic” nervous system,
which regulates internal body organs (Balaban and Yates, 2004). Sensations and effects
correlated with intense vestibular activation include nausea and vomiting and cardiac
arrhythmia, blood pressure changes and breathing changes.
While these effects are induced by relatively intense stimulation, it is also true that Aweighted sound measurements attuned to auditory sensitivity, will underweight low
frequencies for which the vestibular system is much more sensitive (Todd et al., 2008).
Nevertheless, activation of the vestibular system per se obviously need not give rise to
unpleasant sensations. It is not known what stimulus intensities are generally required for
for autonomic activation at relatively low frequencies, and it is likely that there is
considerable human variability and capacity to adapt to vestibular challenges.

B. Sound
1. Introduction
Sound is carried through air in compression waves of measurable frequency and
amplitude. Sound can be tonal, predominating at a few frequencies, or it can contain a
random mix of a broad range of frequencies and lack any tonal quality (white noise).
Sound that is unwanted is called noise.
Audible Frequency Sound
Besides frequency sensitivity (between 20 and 20,000 Hz), humans are also sensitive to
changes in the amplitude of the signal (compression waves) within this audible range of
frequencies. Increasing amplitude, or increasing sound pressure, is perceived as
increasing volume or loudness. The sound pressure level in air (SPL) is measured in
micro Pascals (μPa). SPLs are typically converted in measuring instruments and reported
as decibels (dB) which is a log scale, relative unit (see above). When used as the unit for
sound, dBs are reported relative to a SPL of 20 μPa. Twenty μPa is used because it is the
approximate threshold of human hearing sensitivity at about 1000 Hz. Decibels relative
to 20 μPa are calculated from the following equation:
Loudness (dB) = Log ((SPL / 20 μPa)2) * 10
Figure 4 shows the audible range of normal human hearing. Note that while the threshold
sensitivity varies over the frequency range, at high SPLs sensitivity is relatively
consistent over audible frequencies.
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Figure 4: Audible Range of Human Hearing
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Sub-Audible Frequency Sound
Sub-audible frequency sound is often called infrasound. It may be sensed by people,
similar to audible sound, in the cochlear apparatus in the ear; it may be sensed by the
vestibular system which is responsible for balance and physical equilibrium; or it may be
sensed as vibration.
Resonance and modulation
Sound can be attenuated as it passes through a physical structure. However, because the
wavelength of low frequency sound is very long (the wavelength of 40 Hz in air at sea
level and room temperature is 8.6 meters or 28 ft), low frequencies are not effectively
attenuated by walls and windows of most homes or vehicles. (For example, one can
typically hear the bass, low frequency music from a neighboring car at a stoplight, but not
the higher frequencies.) In fact, it is possible that there are rooms within buildings
exposed to low frequency sound or noise where some frequencies may be amplified by
resonance (e.g. ½ wavelength, ¼ wavelength) within the structure. In addition, low
frequency sound can cause vibrations within a building at higher, more audible
frequencies as well as throbbing or rumbling.
Sounds that we hear generally are a mixture of different frequencies. In most instances
these frequencies are added together. However, if the source of the sound is not constant,
but changes over time, the effect can be re-occurring pulses of sound or low frequency
modulation of sound. This is the type of sound that occurs from a steam engine, a jack
hammer, music and motor vehicle traffic. Rhythmic, low frequency pulsing of higher
frequency noise (like the sound of an amplified heart beat) is one type of sound that can
be caused by wind turbine blades under some conditions.
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2. Human Response to Low Frequency Stimulation
There is no consensus whether sensitivity below 20 Hz is by a similar or different
mechanism than sensitivity and hearing above 20 Hz (Reviewed by Møller and Pedersen,
2004). Possible mechanisms of sensation caused by low frequencies include bone
conduction at the applied frequencies, as well as amplification of the base frequency
and/or harmonics by the auditory apparatus (eardrum and ossicles) in the ear. Sensory
thresholds are relatively continuous, suggesting (but not proving) a similar mechanism
above and below 20 Hz. However, it is clear that cochlear sensitivity to infrasound (< 20
Hz) is considerably less than cochlear sensitivity to audible frequencies.
Møller and Pedersen (2004) reviewed human sensitivity at low and infrasonic
frequencies. The following findings are of interest:
 When whole-body pressure-field sensitivity is compared with ear-only
(earphone) sensitivity, the results are very similar. These data suggest that the
threshold sensitivity for low frequency is through the ear and not vestibular.
 Some individuals have extraordinary sensitivity at low frequencies, up to 25 dB
more sensitive than the presumed thresholds at some low frequencies.
 While population average sensitivity over the low frequency range is smooth,
sound pressure thresholds of response for individuals do not vary smoothly but
are inconsistent, with peaks and valleys or “microstructures”. Therefore the
sensitivity response of individuals to different low frequency stimulation may
be difficult to predict.
 Studies of equal-loudness-levels demonstrate that as stimulus frequency
decreases through the low frequencies, equal-loudness lines compress in the dB
scale. (See Figure 4 as an example of the relatively small difference in auditory
SPL range between soft and loud sound at low frequencies).
 The hearing threshold for pure tones is different than the hearing threshold for
white noise at the same total sound pressure.
3. Sound Measurements
Sound measurements are taken by instruments that record sound pressure or the pressure
of the compression wave in the air. Because the loudness of a sound to people is usually
the primary interest in measuring sound, normalization schemes or filters have been
applied to absolute measurements. dB(A) scaling of sound pressure measurements was
intended to normalize readings to equal loudness over the audible range of frequencies at
low loudness. For example, a 5,000 Hz (5 kHz) and 20 dB(A) tone is expected to have
the same intensity or loudness as a 100 Hz, 20 dB(A) tone. However, note that the
absolute sound pressures would be about 20,000 μPa and 40,000 μPa, respectively, or
about a difference of 20 dB (relative to 20 μPa), or as it is sometimes written 20
dB(linear).
Most sound is not a single tone, but is a mixture of frequencies within the audible range.
A sound meter can add the total SPLs for all frequencies; in other words, the dB readings
over the entire spectrum of audible sound can be added to give a single loudness metric.
If sound is reported as A-weighted, or dB(A), it is a summation of the dB(A) scaled
sound pressure from 20 Hz to 20 kHz.

10

In conjunction with the dB(A) scale, the dB(B) scale was developed to approximate equal
loudness to people across audible frequencies at medium loudness, and dB(C) was
developed to approximate equal-loudness for loud environments. Figure 4 shows
isopleths for 20 dB(A) and 105 dB(C). While dB(A), dB(B), dB(C) were developed from
empirical data at the middle frequencies, at the ends of the curves these scales were
extrapolated, or sketched in, and are not based on experimental or observational data
(Berglund et al., 1996). As a result, data in the low frequency range (and probably the
highest audible frequencies as well) cannot be reliably interpreted using these scales. The
World Health Organization (WHO, 1999) suggests that A-weighting noise that has a
large low frequency component is not reliable assessment of loudness.
The source of the noise, or the noise signature, may be important in developing equalloudness schemes at low frequencies. C-weighting has been recommended for artillery
noise, but a linear, unweighted scale may be even better at predicting a reaction
(Berglund et al., 1996). A linear or equal energy rating also appears to be the most
effective predictor of reaction to low frequency noise in other situations, including blast
noise from mining. The implication of the analysis presented by Berglund et al. (1996) is
that annoyance from non-tonal noise should not be estimated from a dB(A) scale, but
may be better evaluated using dB(C), or a linear non-transformed scale.
However, as will be discussed below, a number of schemes use a modified dB(A) scale to
evaluate low frequency noise. These schemes differ from a typical use of the dB(A) scale
by addressing a limited frequency range below 250 Hz, where auditory sensitivity is
rapidly changing as a function of frequency (see Figure 4).

III. Exposures of Interest
A. Noise From Wind Turbines
1. Mechanical noise
Mechanical noise from a wind turbine is sound that originates in the generator, gearbox,
yaw motors (that intermittently turn the nacelle and blades to face the wind), tower
ventilation system and transformer. Generally, these sounds are controlled in newer wind
turbines so that they are a fraction of the aerodynamic noise. Mechanical noise from the
turbine or gearbox should only be heard above aerodynamic noise when they are not
functioning properly.
2. Aerodynamic noise
Aerodynamic noise is caused by wind passing over the blade of the wind turbine. The tip
of a 40-50 meter blade travels at speeds of over 140 miles per hour under normal
operating conditions. As the wind passes over the moving blade, the blade interrupts the
laminar flow of air, causing turbulence and noise. Current blade designs minimize the
amount of turbulence and noise caused by wind, but it is not possible to eliminate
turbulence or noise.
Aerodynamic noise from a wind turbine may be underestimated during planning. One
source of error is that most meteorological wind speed measurements noted in wind farm
literature are taken at 10 meters above the ground. Wind speed above this elevation, in
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the area of the wind turbine rotor, is then calculated using established modeling
relationships. In one study (van den Berg, 2004) it was determined that the wind speeds
at the hub at night were up to 2.6 times higher than modeled. Subsequently, it was found
that noise levels were 15 dB higher than anticipated.
Unexpectedly high aerodynamic noise can also be caused by improper blade angle or
improper alignment of the rotor to the wind. These are correctable and are usually
adjusted during the turbine break-in period.
3. Modulation of aerodynamic noise
Rhythmic modulation of noise, especially low frequency noise, has been found to be
more annoying than steady noise (Bradley, 1994; Holmberg et al., 1997). One form of
rhythmic modulation of aerodynamic noise that can be noticeable very near to a wind
turbine is a distance-to-blade effect. To a receptor on the ground in front of the wind
turbine, the detected blade noise is loudest as the blade passes, and quietest when the
blade is at the top of its rotation. For a modern 3-blade turbine, this distance-to-blade
effect can cause a pulsing of the blade noise at about once per second (1 Hz). On the
ground, about 500 feet directly downwind from the turbine, the distance-to-blade can
cause a difference in sound pressure of about 2 dB between the tip of the blade at its
farthest point and the tip of the blade at its nearest point (48 meter blades, 70 meter
tower). Figure 5 demonstrates why the loudness of blade noise (aerodynamic noise)
pulses as the distance-to-blade varies for individuals close to a turbine.
If the receptor is 500 feet from the turbine base, in line with the blade rotation or up to
60° off line, the difference in sound pressure from the tip of the blade at its farthest and
nearest point can be about 4-5 dB, an audible difference. The tip travels faster than the
rest of the blade and is closer to (and then farther away from) the receptor than other parts
of the blade. As a result, noise from other parts of the blade will be modulated less than
noise from the tip. Further, blade design can also affect the noise signature of a blade.
The distance-to-blade effect diminishes as receptor distance increases because the relative
difference in distance from the receptor to the top or to the bottom of the blade becomes
smaller. Thus, moving away from the tower, distance-to-blade noise gradually appears to
be more steady.
Another source of rhythmic modulation may occur if the wind through the rotor is not
uniform. Blade angle, or pitch, is adjusted for different wind speeds to maximize power
and to minimize noise. A blade angle that is not properly tuned to the wind speed (or
wind direction) will make more noise than a properly tuned blade. Horizontal layers with
different wind speeds or directions can form in the atmosphere. This wind condition is
called shear. If the winds at the top and bottom of the blade rotation are different, blade
noise will vary between the top and bottom of blade rotation, causing modulation of
aerodynamic noise. This noise, associated with the blades passing through areas of
different air-wind speeds, has been called aerodynamic modulation and is demonstrated
in Figure 5.
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Figure 5: Sources of noise modulation or pulsing
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In some terrains and under some atmospheric conditions wind aloft, near the top of the
wind turbine, can be moving faster than wind near the ground. Wind turbulence or even
wakes from adjacent turbines can create non-uniform wind conditions as well. As a result
of aerodynamic modulation a rhythmic noise pattern or pulsing will occur as each blade
passes through areas with different wind speed. Furthermore, additional noise, or
thumping, may occur as each blade passes through the transition between different wind
speed (or wind direction) areas.
Wind shear caused by terrain or structures on the ground (e.g. trees, buildings) can be
modeled relatively easily. Wind shear in areas of flat terrain is not as easily understood.
During the daytime wind in the lower atmosphere is strongly affected by thermal
convection which causes mixing of layers. Distinct layers do not easily form. However,
in the nighttime the atmosphere can stabilize (vertically), and layers form. A paper by
G.P. van den Berg (2008) included data from a study on wind shear at Cabauw, The
Netherlands (flat terrain). Annual average wind speeds at different elevations above
ground was reported. The annual average wind speed at noon was about 5.75 meters per
second (m/s; approximately 12.9 miles per hour(mph)) at 20 m above ground, and about
7.6 m/s (17 mph) at 140 m. At midnight, the annual averages were about 4.3 m/s (9.6
mph) and 8.8 m/s (19.7 mph) for 20m and 140 m, respectively, above ground. The data
show that while the average windspeed (between 20m and 140m) is very similar at noon
and midnight at Cabauw, the windspeed difference between elevations during the day is
13

much less than the difference at night (1.85 m/s (4.1 mph) and 4.5 m/s (10 mph),
respectively). As a result one would expect that the blade angle can be better tuned to the
wind speed during the daytime. Consequently, blade noise would be greater at night.
A number of reports have included discussion of aerodynamic modulation (van den Berg,
2005; UK Department of Transport and Industry, 2006; UK Department for Business
Enterprise and Regulatory Reform, 2007; van den Berg, 2008). They suggest that
aerodynamic modulation is typically underestimated when noise estimates are calculated.
In addition, they suggest that detailed modeling of wind, terrain, land use and structures
may be used to predict whether modulation of aerodynamic noise will be a problem at a
proposed wind turbine site.
4. Wind farm noise
The noise from multiple turbines similarly distant from a residence can be noticeably
louder than a lone turbine simply through the addition of multiple noise sources. Under
steady wind conditions noise from a wind turbine farm may be greater than noise from
the nearest turbine due to synchrony between noise from more than one turbine (van den
Berg, 2005). Furthermore, if the dominant frequencies (including aerodynamic
modulation) of different turbines vary by small amounts, an audible beat or dissonance
may be heard when wind conditions are stable.

B. Shadow Flicker
Rhythmic light flicker from the blades of a wind turbine casting intermittent shadows has
been reported to be annoying in many locations (NRC, 2007; Large Wind Turbine
Citizens Committee, 2008). (Note: Flashing light at frequencies around 1 Hz is too slow
to trigger an epileptic response.)
Modeling conducted by the Minnesota Department of Health suggests that a receptor 300
meters perpendicular to, and in the shadow of the blades of a wind turbine, can be in the
flicker shadow of the rotating blade for almost 1½ hour a day. At this distance a blade
may completely obscure the sun each time it passes between the receptor and the sun.
With current wind turbine designs, flicker should not be an issue at distances over 10
rotational diameters (~1000 meters or 1 km (0.6 mi) for most current wind turbines). This
distance has been recommended by the Wind Energy Handbook (Burton et al., 2001) as a
minimum setback distance in directions that flicker may occur, and has been noted in the
Bent Tree Permit Application (WPL, 2008).
Shadow flicker is a potential issue in the mornings and evenings, when turbine noise may
be masked by ambient sounds. While low frequency noise is typically an issue indoors,
shadow flicker can be an issue both indoors and outdoors when the sun is low in the sky.
Therefore, shadow flicker may be an issue in locations other than the home.
Ireland recommends wind turbines setbacks of at least 300 meters from a road to decrease
driver distraction (Michigan State University, 2004). The NRC (2007) recommends that
shadow flicker is addressed during the preliminary planning stages of a wind turbine
project.
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IV. Impacts of Wind Turbine Noise
A. Potential Adverse Reaction to Sound
Human sensitivity to sound, especially to low frequency sound, is variable. Individuals
have different ranges of frequency sensitivity to audible sound; different thresholds for
each frequency of audible sound; different vestibular sensitivities and reactions to
vestibular activation; and different sensitivity to vibration.
Further, sounds, such as repetitive but low intensity noise, can evoke different responses
from individuals. People will exhibit variable levels of annoyance and tolerance for
different frequencies. Some people can dismiss and ignore the signal, while for others,
the signal will grow and become more apparent and unpleasant over time (Moreira and
Bryan, 1972; Bryan and Tempest, 1973). These reactions may have little relationship to
will or intent, and more to do with previous exposure history and personality.
Stress and annoyance from noise often do not correlate with loudness. This may suggest,
in some circumstances, other factors impact an individual’s reaction to noise. A number
of reports, cited in Staples (1997), suggest that individuals with an interest in a project
and individuals who have some control over an environmental noise are less likely to find
a noise annoying or stressful.
Berglund et al. (1996) reviewed reported health effects from low frequency noise. Loud
noise from any source can interfere with verbal communication and possibly with the
development of language skills. Noise may also impact mental health. However, there are
no studies that have looked specifically at the impact of low frequency noise on
communication, development of language skills and mental health. Cardiovascular and
endocrine effects have been demonstrated in studies that have looked at exposures to
airplane and highway noise. In addition, possible effects of noise on performance and
cognition have also been investigated, but these health studies have not generally looked
at impacts specifically from low frequency noise. Noise has also been shown to impact
sleep and sleep patterns, and one study demonstrated impacts from low frequency noise
in the range of 72 to 85 dB(A) on chronic insomnia (Nagai et al., 1989 as reported in
Berglund et al., 1996).
Case studies have suggested that health can be impacted by relatively low levels of low
frequency noise. But it is difficult to draw general conclusions from case studies.
Feldmann and Pitten (2004)) describe a family exposed during the winter to low
frequency noise from a nearby heating plant. Reported health impacts were:
“indisposition, decrease in performance, sleep disturbance, headache, ear pressure, crawl
parästhesy [crawling, tingling or numbness sensation on the skin] or shortness of breath.”
Annoyance, unpleasant sounds, and complaints
Reported health effects from low frequency stimulation are closely associated with
annoyance from audible noise. “There is no reliable evidence that infrasounds below the
hearing threshold produce physiological or psychological effects” (WHO, 1999). It has
not been shown whether annoyance is a symptom or an accessory in the causation of
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health impacts from low frequency noise. Studies have been conducted on some aspects
of low frequency noise that can cause annoyance.
Noise complaints are usually a reasonable measure of annoyance with low frequency
environmental noise. Leventhall (2004) has reviewed noise complaints and offers the
following conclusions:
“ The problems arose in quiet rural or suburban environments
The noise was often close to inaudibility and heard by a minority of people
The noise was typically audible indoors and not outdoors
The noise was more audible at night than day
The noise had a throb or rumble characteristic
The main complaints came from the 55-70 years age group
The complainants had normal hearing.
Medical examination excluded tinnitus.
“ These are now recognised as classic descriptors of low frequency noise
problems.”

These observations are consistent with what we know about the propagation of low
intensity, low frequency noise. Some people are more sensitive to low frequency noise.
The difference, in dB, between soft (acceptable) and loud (annoying) noise is much less
at low frequency (see Figure 4 audible range compression). Furthermore, during the
daytime, and especially outdoors, annoying low frequency noise can be masked by high
frequency noise.
The observation that “the noise was typically audible indoors and not outdoors” is not
particularly intuitive. However, as noted in a previous section, low frequencies are not
well attenuated when they pass through walls and windows. Higher frequencies
(especially above 1000 Hz) can be efficiently attenuated by walls and windows. In
addition, low frequency sounds may be amplified by resonance within rooms and halls of
a building. Resonance is often characterized by a throbbing or a rumbling, which has also
been associated with many low frequency noise complaints.
Low frequency noise, unlike higher frequency noise, can also be accompanied by
shaking, vibration and rattling. In addition, throbbing and rumbling may be apparent in
some low frequency noise. While these noise features may not be easily characterized,
numerous studies have shown that their presence dramatically lowers tolerance for low
frequency noise (Berglund et al., 1996).
As reviewed in Leventhall (2003), a study of industrial exposure to low frequency noise
found that fluctuations in total noise averaged over 0.5, 1.0 and 2.0 seconds correlated
with annoyance (Holmberg et al., 1997). This association was noted elsewhere and led
(Broner and Leventhall, 1983) to propose a 3dB “penalty” be added to evaluations of
annoyance in cases where low frequency noise fluctuated.
In another laboratory study with test subjects controlling loudness, 0.5 – 4 Hz modulation
of low frequency noise was found to be more annoying than non-modulated low
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frequency noise. On average test subjects found modulated noise to be similarly annoying
as a constant tone 12.9 dB louder (Bradley, 1994).

B. Studies of Wind Turbine Noise Impacts on People
1. Swedish Studies
Two studies in Sweden collected information by questionnaires from 341 and 754
individuals (representing response rates of 68% and 58%, respectively), and correlated
responses to calculated exposure to noise from wind farms (Pedersen and Waye, 2004;
Pedersen, 2007; Pedersen and Persson, 2007). Both studies showed that the number of
respondents perceiving the noise from the wind turbines increased as the calculated noise
levels at their homes increased from less than 32.5 dB(A) to greater than 40 dB(A).
Annoyance appeared to correlate or trend with calculated noise levels. Combining the
data from the two studies, when noise measurements were greater than 40 dB(A), about
50% of the people surveyed (22 of 45 people) reported annoyance. When noise
measurements were between 35 and 40 dB(A) about 24% reported annoyance (67 of 276
people). Noise annoyance was more likely in areas that were rated as quiet and in areas
where turbines were visible. In one of the studies, 64% respondents who reported noise
annoyance also reported sleep disturbance; 15% of respondents reported sleep
disturbance without annoyance.
2. United Kingdom Study
Moorhouse et al. (UK Department for Business Enterprise and Regulatory Reform, 2007)
evaluated complaints about wind farms. They found that 27 of 133 operating wind farms
in the UK received formal complaints between 1991 and 2007. There were a total of 53
complainants for 16 of the sites for which good records were available. The authors of the
report considered that many complaints in the early years were for generator and gearbox
noise. However, subjective analyses of reports about noise (“like a train that never gets
there”, “distant helicopter”, “thumping”, “thudding”, “pulsating”, “thumping”,
“rhythmical beating”, and “beating”) suggested that aerodynamic modulation was the
likely cause of complaints at 4 wind farms. The complaints from 8 other wind farms may
have had “marginal” association with aerodynamic modulation noise.
Four wind farms that generated complaints possibly associated with aerodynamic
modulation were evaluated further. These wind farms were commissioned between 1999
and 2002. Wind direction, speed and times of complaints were associated for 2 of the
sites and suggested that aerodynamic modulation noise may be a problem between 7%
and 25% of the time. Complaints at 2 of the farms have stopped and at one farm steps to
mitigate aerodynamic modulation (operational shutdown under certain meteorological
conditions) have been instituted.
3. Netherlands Study
F. van den Berg et al. (2008) conducted a postal survey of a group selected from all
residents in the Netherlands within 2.5 kilometers (km) of a wind turbine. In all, 725
residents responded (37%). Respondents were exposed to sound between 24 and 54
dB(A). The percentage of respondents annoyed by sound increased from 2% at levels of
30 dB(A) or less, up to 25% at between 40 and 45 dB. Annoyance decreased above 45
dB. Most residents exposed above 45 dB(A) reported economic benefits from the
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turbines. However, at greater than 45 dB(A) more respondents reported sleep
interruption. Respondents tended to report more annoyance when they also noted a
negative effect on landscape, and ability to see the turbines was strongly related to the
probability of annoyance.
4. Case Reports
A number of un-reviewed reports have catalogued complaints of annoyance and some
more severe health impacts associated with wind farms. These reports do not contain
measurements of noise levels, and do not represent random samples of people living near
wind turbines, so they cannot assess prevalence of complaints. They do generally show
that in the people surveyed, complaints are more likely the closer people are to the
turbines. The most common complaint is decreased quality of life, followed by sleep loss
and headache. Complaints seem to be either from individuals with homes quite close to
turbines, or individuals who live in areas subject to aerodynamic modulation and,
possibly, enhanced sound propagation which can occur in hilly or mountainous terrain. In
some of the cases described, people with noise complaints also mention aesthetic issues,
concern for ecological effects, and shadow flicker concerns. Not all complaints are
primarily about health.
Harry (2007) describes a meeting with a couple in Cornwall, U.K. who live 400 meters
from a wind turbine, and complained of poor sleep, headaches, stress and anxiety. Harry
subsequently investigated 42 people in various locations in the U.K. living between 300
meters and 2 kilometers (1000 feet to 1.2 miles) from the nearest wind turbine. The most
frequent complaint (39 of 42 people) was that their quality of life was affected.
Headaches were reported by 27 people and sleep disturbance by 28 people. Some people
complained of palpitations, migraines, tinnitus, anxiety and depression. She also
mentions correspondence and complaints from people in New Zealand, Australia, France,
Germany, Netherlands and the U.S.
Phipps (2007) discusses a survey of 619 households living up to 10 kilometers (km; 6
miles) from wind farms in mountainous areas of New Zealand. Most respondents lived
between 2 and 2.5 km from the turbines (over 350 households). Most respondents (519)
said they could see the turbines from their homes, and 80% of these considered the
turbines intrusive, and 73% considered them unattractive. Nine percent said they were
affected by flicker. Over 50% of households located between 2 and 2.5 km and between 5
and 9.5 km reported being able to hear the turbines. In contrast, fewer people living
between 3 and 4.5 km away could hear the turbines. Ninety-two households said that
their quality of life was affected by turbine noise. Sixty-eight households reported sleep
disturbances: 42 of the households reported occasional sleep disturbances, 21 reported
frequent sleep disturbances and 5 reported sleep disturbances most of the time.
The Large Wind Turbine Citizens Committee for the Town of Union (2008) documents
complaints from people living near wind turbines in Wisconsin communities and other
places in the U.S. and U.K. Contained in this report is an older report prepared by the
Wisconsin Public Service Corporation in 2001 in response to complaints in Lincoln
County, Wisconsin. The report found essentially no exceedances of the 50 dB(A)
requirement in the conditional use permit. The report did measure spectral data
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accumulated over very short intervals (1 minute) in 1/3 octave bands at several sites
while the wind turbines were functioning, and it is of interest that at these sites the sound
pressure level at the lower frequencies (below 125 Hz) were at or near 50 dB(A).
Pierpont (2009) postulates wind turbine syndrome, consisting of a constellation of
symptoms including headache, tinnitus, ear pressure, vertigo, nausea, visual blurring,
tachycardia, irritability, cognitive problems and panic episodes associated with sensations
of internal pulsation. She studied 38 people in 10 families living between 1000 feet and
slightly under 1 mile from newer wind turbines. She proposes that the mechanism for
these effects is disturbance of balance due to “discordant” stimulation of the vestibular
system, along with visceral sensations, sensations of vibration in the chest and other
locations in the body, and stimulation of the visual system by moving shadows. Pierpont
does report that her study subjects maintain that their problems are caused by noise and
vibration, and the most common symptoms reported are sleep disturbances and headache.
However, 16 of the people she studied report symptoms consistent with (but not
necessarily caused by) disturbance of equilibrium.

V. Noise Assessment and Regulation
1. Minnesota noise regulation
The Minnesota Noise Pollution Control Rule is accessible online at:
https://www.revisor.leg.state.mn.us/rules/?id=7030 . A summary of the Minnesota
Pollution Control Agency (MPCA) noise guidance can be found online at:
http://www.pca.state.mn.us/programs/noise.html . The MPCA standards require Aweighting measurements of noise; background noise must be at least 10 dB lower than
the noise source being measured. Different standards are specified for day and night, as
well as standards that may not be exceeded for more than 10 percent of the time during
any hour (L10) and 50 percent of the time during any hour (L50). Household units,
including farm houses, are Classification 1 land use. The following are the Class 1 noise
limits:

Table 1: Minnesota Class 1 Land Use Noise Limits
Daytime

Nighttime

L50

L10

L50

L10

60 dB(A)

65 dB(A)

50 dB(A)

55 dB(A)

These noise limits are single number limits that rely on the measuring instrument to apply
an A-weighting filter over the entire presumed audible spectrum of frequencies (20 Hz to
20 KHz) and then integrating that signal. The result is a single number that characterizes
the audible spectrum noise intensity.
2. Low frequency noise assessment and regulation
Pedersen and Waye (2004) looked at the relationship between total dB(A) sound pressure
and the annoyance of those who are environmentally exposed to noise from different
sources. Figure 6 demonstrates the difficulty in using total dB(A) to evaluate annoyance.
Note how lower noise levels (dB(A)) from wind turbines engenders annoyance similar to
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much higher levels of noise exposure from aircraft, road traffic and railroads. Sound
impulsiveness, low frequency noise and persistence of the noise, as well as demographic
characteristics may explain some of the difference.

Figure 6: Annoyance associated with exposure to different
environmental noises

Reprinted with permission from Pedersen, E. and K.P. Waye
(2004). Perception and annoyance due to wind turbine noise—
a dose–response relationship. The Journal of the Acoustical
Society of America 116: 3460. Copyright 2004, Acoustical
Society of America.

Kjellberg et al. (1997) looked at the ability of different full spectrum weighting schemes
to predict annoyance caused by low frequency audio noise. They found that dB(A) is the
worst predictor of annoyance of available scales. However, if 6 dB (“penalty”) is added
to dB(A) when dB(C) – dB(A) is greater than 15 dB, about 71% of the predictions of
annoyance are correct. It is important to remember that integrated, transformed
measurements of SPL (e.g. dB(A), dB(C)) do not measure frequencies below 20 Hz.
While people detect stimuli below 20 Hz, as discussed in above sections, these
frequencies are not measured using an A-weighted or C-weighted meter.
The World Health Organization (WHO) recommends that if dB(C) is greater than 10 dB
more than dB(A), the low frequency components of the noise may be important and
should be evaluated separately. In addition, WHO says “[i]t should be noted that a large
proportion of low-frequency components in noise may increase considerably the adverse
effects on health.” (WHO, 1999)
Many governments that regulate low frequency noise look at noise within bands of
frequencies instead of summing the entire spectrum. A study by Poulsen and Mortensen
(Danish Environmental Protection Agency, 2002) included a summary of low frequency
noise guidelines. German, Swedish, Polish, and Dutch low frequency evaluation curves
were compared (see Figure 7). While there are distinctions in how the evaluation curves
are described, generally, these curves are sound pressure criterion levels for 1/3 octaves
from about 8 Hz to 250 Hz. Exceedance in any 1/3 octave measurement suggests that the
noise may be annoying. However, note that regulations associated with low frequency
20

noise can be quite complex and the regulatory evaluations associated with individual
curves can be somewhat different.

Figure 7: 1/3 Octave Sound Pressure Level Low frequency Noise
Evaluation Curves

(Danish Environmental Protection Agency, 2002)

The Danish low frequency evaluation requires measuring noise indoors with windows
closed; SPL measurements are obtained in 1/3 octave bands and transformed using the Aweighting algorithm for all frequencies between 10 and 160 Hz. These values are then
summed into a single metric called LpA,LF. A 5 dB “penalty” is added to any noise that is
“impulsive”. Danish regulations require that 20 dB LpA,LF is not exceeded during the
evening and night, and that 25 dB LpA,LF is not exceeded during the day.
Swedish guidance recommends analyzing 1/3 octave bands between 31.5 and 200 Hz
inside a home, and comparing the values to a Swedish assessment curve. The Swedish
curve is equal to the United Kingdom (UK) Department of Environment, Food and Rural
Affairs (DEFRA) low frequency noise criterion curve for overlapping frequencies (31.5 –
160 Hz).
The German “A-level” method sums the A-weighted equivalent levels of 1/3 octave
bands that exceed the hearing threshold from 10 – 80 Hz. If the noise is not tonal, the
measurements are added. The total cannot exceed 25 dB at night and 35 dB during the
day. A frequency-dependent adjustment is applied if the noise is tonal.
In the Poulsen and Mortensen, Danish EPA study (2002), 18 individuals reported
annoyance levels when they were exposed through earphones in a controlled environment
to a wide range of low frequency environmental noises, all attenuated down to 35 dB, as
depicted in Table 2. Noise was simulated as if being heard indoors, filtering out noise at
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higher frequencies and effectively eliminating all frequencies above 1600 Hz. Noise
levels in 1/3 octave SPLs from 8 Hz to 1600 Hz were measured and low frequencies
(below 250 Hz) were used to predict annoyance using 7 different methods (Danish,
German A-level, German tonal, Swedish, Polish, Sloven, and C-level). Predictions of
annoyance were compared with the subjective annoyance evaluations. Correlation
coefficients for these analyses ranged from 0.64 to 0.94, with the best correlation in
comparison with the Danish low frequency noise evaluation methods.
As would be expected, at 35 dB nominal (full spectrum) loudness, every low frequency
noise source tested exceeded all of the regulatory standards noted in the Danish EPA
report. Table 2 shows the Danish and Swedish regulatory exceedances of the different 35
dB nominal (full spectrum) noise.

Table 2: 35 dB(A) (nominal, 8 Hz-20KHz) Indoor Noise from Various
Outdoor Environmental Sources
Traffic Noise Drop Forge Gas Turbine
Noise
Noise ≥ 20 Hz

67.6 dB(lin)
35.2 dB(A)
62.9 dB(C)

Danish Environm ental
14.5 dB
Protection Agency
Swedish Nationa l Board
14.1 dB
of Health and W elfare
* includes 5 dB "penalty"

Cooling
Discotheque
Compressor
60.2 dB(lin) 60.3 dB(lin) 67.0 dB(lin)
36.2 dB(A) 36.6 dB(A) 33.6 dB(A)
58.6 dB(C) 59.0 dB(C) 57.8 dB(C)

Fast Ferry Steel Factory Generator

71.1 dB(lin)
36.6 dB(A)
67.3 dB(C)

78.4 dB(lin)
35.0 dB(A)
73.7 dB(C)

64.5 dB(lin)
35.1 dB(A)
61.7 dB(C)

72.7 dB(lin)
33.6 dB(A)
66.0 dB(C)

21.5 dB *

14.8 dB

15.0 dB

13.1 dB

16.1 dB

14.0 dB

18.0 dB *

19.7 dB

15.9 dB

16.8 dB

15.5 dB

18.3 dB

16.0 dB

10.0 dB

Noise adjusted to dB(lin), dB(A), dB(C) scales. Calculated exceedances of
Danish and Swedish indoor criteria. (data from Danish Environmental Protection
Agency, 2002)

In their noise guidance, the WHO (1999) recommends 30 dB(A) as a limit for “a good
night’s sleep”. However, they also suggest that guidance for noise with predominating
low frequencies be less than 30 dB(A).
3. Wind turbine sound measurements
Figure 8 shows examples of the SPLs at different frequencies from a representative wind
turbine in the United Kingdom. Sound pressure level measurements are reported for a
Nordex N-80 turbine at 200 meters (UK Department of Transport and Industry, 2006)
when parked, at low wind speeds, and at high wind speeds. Figure 8 also includes, for
reference, 3 sound threshold curves (ISO 226, Watanabe & Moller, 85 dB(G)) and the
DEFRA Low Frequency Noise Criterion Curve (nighttime).
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Figure 8: Low Frequency Noise from Wind Farm: Parked, Low Wind
Speed, and High Wind Speed

(UK Department of Transport and Industry, 2006)

In general, sound tends to propagate as if by spherical dispersion. This creates amplitude
decay at a rate of about -6 dB per doubling of distance. However, low frequency noise
from a wind turbine has been shown to follow more of a cylindrical decay at long
distances, about -3 dB per doubling of distance in the downwind direction (Shepherd and
Hubbard, 1991). This is thought to be the result of the lack of attenuation of low
frequency sound waves by air and the atmospheric refraction of the low frequency sound
waves over medium to long distances (Hawkins, 1987).
Figure 9 shows the calculated change in spectrum for a wind farm from 278 meters to
22,808 meters distant. As one moves away from the noise source, loudness at higher
frequencies decreases more rapidly (and extinguishes faster) than at lower frequencies.
Measurement of A-weighted decibels, shown at the right of the figure, obscures this
finding.
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Figure 9: Change in Noise Spectrum as Distance from Wind Farm
Changes
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(UK Department of Transport and Industry, 2006)
Thus, although noise from an upwind blade wind turbine is generally broad spectrum,
without a tonal quality, high frequencies are efficiently attenuated by both the
atmosphere, and by walls and windows of structures, as noted above. As a result, as one
moves away from a wind turbine, the low frequency component of the noise becomes
more pronounced.
Kamperman and James (2008) modeled indoor noise from outdoor wind turbine noise
measurements, assuming a typical vinyl siding covered 2X4 wood frame construction.
The wind turbine noise inside was calculated to be 5 dB less than the noise outside.
Model data suggested that the sound of a single 2.5 MW wind turbine at 1000 feet will
likely be heard in a house with the windows sealed. They note that models used for siting
turbines often incorporate structure attenuation of 15dB. In addition, Kamperman and
James demonstrate that sound from 10 2.5 MW turbines (acoustically) centered 2 km (1¼
mile) away and with the nearest turbine 1 mile away will only be 6.3 dB below the sound
of a single turbine at 1000 feet (0.19 mile).
4. Wind turbine regulatory noise limits
Ramakrishnan (2007) has reported different noise criteria developed for wind farm
planning. These criteria include common practices (if available) within each jurisdiction
for estimating background SPLs, turbine SPLs, minimum setbacks and methods used to
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assess impacts. Reported US wind turbine noise criteria range from: ambient + 10 dB(A)
where ambient is assumed to be 26 dB(A) (Oregon); to 55 dB(A) or “background” + 5
dB(A) (Michigan). European criteria range from 35 dB(A) to 45 dB(A), at the property.
US setbacks range from 1.1 times the full height of the turbine (consenting) and 5 times
the hub height (non-consenting; Pennsylvania); to 350 m (consenting) and 1000 m (nonconsenting; Oregon). European minimum setbacks are not noted.

VI. Conclusions
Wind turbines generate a broad spectrum of low-intensity noise. At typical setback
distances higher frequencies are attenuated. In addition, walls and windows of homes
attenuate high frequencies, but their effect on low frequencies is limited. Low frequency
noise is primarily a problem that may affect some people in their homes, especially at
night. It is not generally a problem for businesses, public buildings, or for people
outdoors.
The most common complaint in various studies of wind turbine effects on people is
annoyance or an impact on quality of life. Sleeplessness and headache are the most
common health complaints and are highly correlated (but not perfectly correlated) with
annoyance complaints. Complaints are more likely when turbines are visible or when
shadow flicker occurs. Most available evidence suggests that reported health effects are
related to audible low frequency noise. Complaints appear to rise with increasing outside
noise levels above 35 dB(A). It has been hypothesized that direct activation of the
vestibular and autonomic nervous system may be responsible for less common
complaints, but evidence is scant.
The Minnesota nighttime standard of 50 dB(A) not to be exceeded more than 50% of the
time in a given hour, appears to underweight penetration of low frequency noise into
dwellings. Different schemes for evaluating low frequency noise, and/or lower noise
standards, have been developed in a number of countries.
For some projects, wind velocity for a wind turbine project is measured at 10 m and then
modeled to the height of the rotor. These models may under-predict wind speed that will
be encountered when the turbine is erected. Higher wind speed will result in noise
exceeding model predictions.
Low frequency noise from a wind turbine is generally not easily perceived beyond ½
mile. However, if a turbine is subject to aerodynamic modulation because of shear caused
by terrain (mountains, trees, buildings) or different wind conditions through the rotor
plane, turbine noise may be heard at greater distances.
Unlike low frequency noise, shadow flicker can affect individuals outdoors as well as
indoors, and may be noticeable inside any building. Flicker can be eliminated by
placement of wind turbines outside of the path of the sun as viewed from areas of
concern, or by appropriate setbacks.
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Prediction of complaint likelihood during project planning depends on: 1) good noise
modeling including characterization of potential sources of aerodynamic modulation
noise and characterization of nighttime wind conditions and noise; 2) shadow flicker
modeling; 3) visibility of the wind turbines; and 4) interests of nearby residents and
community.

VII. Recommendations
To assure informed decisions:
 Wind turbine noise estimates should include cumulative impacts (40-50 dB(A)
isopleths) of all wind turbines.
 Isopleths for dB(C) - dB(A) greater than 10 dB should also be determined to
evaluate the low frequency noise component.
 Potential impacts from shadow flicker and turbine visibility should be evaluated.
Any noise criteria beyond current state standards used for placement of wind turbines
should reflect priorities and attitudes of the community.

VIII. Preparers of the Report:
Carl Herbrandson, Ph.D.
Toxicologist
Rita B. Messing, Ph.D.
Toxicologist
Supervisor, Site Assessment and Consultation
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MURRAY COUNTY
WIND ENERGY ORDINANCE

SECTION 1 TITLE
The title of this ordinance is the Murray County Wind Energy Ordinance, and will be referred to herein as “this
Ordinance”.

SECTION 2 PURPOSE
This ordinance is established to set forth processes for permitting Wind Energy Conversion Systems (WECS)
with a rated capacity of less than 25,000 kilowatts (kW) or 25 megawatts (MW), and to regulate the installation
and operation of WECS within Murray County not otherwise subject to siting and oversight by the State of
Minnesota pursuant to Minnesota Statutes, Chapter 216F, Wind Energy Conversion Systems, as amended.

SECTION 3 JURISDICTION
The regulations of this Ordinance shall apply to all the area of Murray County outside the incorporated limits of
municipalities.

SECTION 4 INTERPRETATION
In interpreting and applying the provisions of this Ordinance, they shall be held to be the minimum requirements
for the promotion of the public health, safety, and general welfare. Where the provisions of this Ordinance
impose greater restriction than those of any statute, other ordinance or regulations, the provisions of this
Ordinance shall be controlling. Where the provisions of any statute, other ordinance or regulation impose greater
restrictions than this Ordinance, the provisions of such statute, other ordinance or regulation shall be controlling.
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SECTION 5 DEFINITIONS
1. Aggregated Project. Aggregated projects are those which are developed and operated in a coordinated
fashion, but which have multiple entities separately owning one or more of the individual WECS within the
larger project. Associated infrastructure such as power lines and transformers that service the facility may be
owned by a separate entity but are also included as part of the aggregated project.
2. Board of Adjustment. An officially constituted quasi-judicial body appointed by the County Board whose
principle duties are to hear appeals from decisions of the Zoning Administrator and, where appropriate, grant
variance from the strict application of this Ordinance.
3. C-BED Project. A C-BED Project is a Community Based Energy Development Project that must have local
owners; no single owner may be allowed to own more than 15 percent of a project; must have a local
resolution of support; and the Power Purchase Agreement must ensure levelized cash flow to the project
owners. Based on their total name plate generating capacity, C-BED Projects are considered Micro-WECS,
Non-Commercial WECS or Commercial WECS as defined in this Section.
4. Commercial WECS. A WECS of equal to or greater than 100 kW in total name plate generating capacity.
5. Comprehensive Plan. Comprehensive plan means the policies, statements, goals, and interrelated plans for
private and public land and water use, transportation, and community facilities including recommendations
for plan execution, documented in texts, ordinances and maps which constitute the guide for the future
development of the unincorporated area of the county.
6. Conditional Use. A land use or development as is defined by the Murray County Zoning Ordinance that
would not be appropriate generally but may be allowed with appropriate restrictions as provided by official
controls upon the finding that: (1) certain conditions as detailed in the Zoning Ordinance exist, and (2) use
or development conform to the comprehensive plan of the County and (3) is compatible with the existing
neighborhood.
7. County. Murray County, Minnesota.
8. County Board. Includes the County Commissioners, the Board of County Commissioners or any other
word or words meaning the Murray County Board of Commissioners.
9. Fall Zone. The area, defined as the furthest distance from the tower base, in which a guyed tower will
collapse in the event of a structural failure. This area is less than the total height of the structure.
10. Feeder Line. Power lines that transport electrical power from one or more wind turbines to the point of
interconnection with a high voltage transmission line.
11. Generator nameplate capacity. The maximum rated output of electrical power production of a generator
under specific conditions designated by the manufacturer with a nameplate physically attached to the
generator.
12. High-voltage transmission line. A conductor of electric energy and associated facilities designed for and
capable of operation at a nominal voltage of 100 kilovolts or more and is greater than 1,500 feet in length.
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13. Meteorological Tower. For the purposes of this Ordinance, meteorological towers are those towers which
are erected primarily to measure wind speed and directions plus other data relevant to siting WECS.
Meteorological towers do not include towers and equipment used by airports, the Minnesota Department of
Transportation, or other similar applications to monitor weather conditions.
14. Micro-WECS. Micro-WECS are WECS of 1 kW nameplate generating capacity or less and utilizing
supporting towers of 40 feet or less.
15. Native Prairie Plan. The plan shall address steps to be taken to identify native prairie within the project
area, measures to avoid impacts to native prairie, including foundations, access roads, underground cable and
transformers, shall not be placed in native prairie unless addressed in the prairie protection and management
plan.
16. Non-Commercial WECS. A WECS of less than 100 kW and greater than 1 kW in total name plate
generating Capacity.
17. Power Purchase Agreement. A legally enforceable agreement between two or more persons where one or
more of the signatories agrees to provide electrical power and one or more of the signatories agrees to
purchase the power.
18. Project Boundary/Property line. The boundary line of the area over which the entity applying for a WECS
permit has legal control for the purposes of installation of a WECS. This control may be attained through fee
title ownership, easement, or other appropriate contractual relationship between the project developer and
landowner.
19. Public conservation lands. Land owned in fee title by State or Federal agencies and managed specifically
for [grassland] conservation purposes, including but not limited to State Wildlife Management Areas, State
Parks, State Scientific and Natural Areas, federal Wildlife Refuges and Waterfowl Production Areas. For the
purposes of this section public conservation lands will also include lands owned in fee title by non-profit
conservation organizations. Public conservation lands do not include private lands upon which conservation
easements have been sold to public agencies or non-profit conservation organizations.
20. Rotor diameter (RD). The diameter of the circle described by the moving rotor blades.
21. Substations. Any electrical facility designed to convert electricity produced by wind turbines to a voltage
for interconnection with transmission lines.
22. Total height. The highest point, above ground level, reached by a rotor tip or any other part of the WECS.
23. Total name plate capacity. The total of the maximum rated output of the electrical power production
equipment for a WECS project.
24. Tower. Towers include vertical structures that support the electrical generator, rotor blades, or
meteorological equipment.
25. Tower height. The total height of the WECS exclusive of the rotor blades.
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26. WECS - Wind Energy Conversion System. A device such as a wind charger, windmill, or wind turbine
and associated facilities that converts wind energy to electric energy, including, but not limited to: power
lines, transformers, substations, and meteorological towers. The energy may be used on-site or distributed
into the electrical grid.
27. Wind Turbine. Any piece of electrical generating equipment that converts the kinetic energy of blowing
wind into electrical energy through the use of airfoils or similar devices to capture the wind.
28. Zoning Ordinance. The Murray County Zoning Ordinance.
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SECTION 6 PROCEDURES
SUBDIVISION 1 PERMIT APPLICATION
Land Use Permits, Conditional Use Permits and Variances shall be applied for and reviewed under the
procedures established in the Murray County Zoning Ordinance and Minnesota Statutes Chapter 394, except
where noted below. An application to the County for a permit under this section is not complete unless it
contains the following:
1. Letter from the State Agency responsible for size determination of a project, pursuant to Minnesota Statutes,
Chapter 216F.011, as amended.
2. The names and addresses of project applicant.
3. The names and addresses of the project owner. For C-BED projects, must provide percent of ownership for
each of the project owners.
4. The legal description and address of the project.
5. A description of the project including: Number, type, total name plate generating capacity, tower height,
rotor diameter, total height of all wind turbines, and means of interconnecting with the electrical grid.
6. Site layout, including the location of project area boundaries (purchased wind rights), property lines, roads,
wind turbines, electrical wires, interconnection points with the electrical grid, and all related accessory
structures. The site layout shall include distances and be drawn to scale.
7. Documentation of land ownership or legal control of the property and current land use on the site and
surrounding area.
8. Signed copy of the Power Purchase Agreement or documentation that the power will be utilized on-site.
9. The latitude and longitude of individual wind turbines.
10. A USGS topographical map, or map with similar data, of the property and surrounding area, including any
other WECS within 10 rotor diameters of the Proposed WECS.
11. Location of wetlands, scenic, and natural areas including bluffs within 1,320 feet of the proposed WECS.
12. Copies of all permits or documentation that indicates compliance with all other applicable State and Federal
Regulatory Standards:
A.
B.
C.
D.
E.
F.

Uniform Building Code, as amended.
The National Electrical Code, as amended.
Federal Aviation Administration (FAA), as amended.
Minnesota Pollution Control Agency (MPCA)/Environmental Protection Agency (EPA), as amended.
Microwave Beam Path Study
Acoustical Analysis
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13. Location of all known Communications Towers within 2 miles of the proposed WECS.
14. Location of all known public or private Airports or Heliports within 5 miles of the proposed WECS.
15. Detailed Decommissioning Plan including how decommissioning costs would be covered. Applicant may be
required to establish an escrow account to fund decommissioning costs.
16. Description of potential impacts on nearby WECS and wind resources on adjacent properties. A Wake Loss
Study may be required if the county determines the proposed project may have a significant impact on
nearby WECS.
17. Additional information stated in Minnesota Rules, part 7836.0500 (subpart 1), as amended.
18. Identification of Haul Routes to be utilized for material transportation and construction activities: State,
Federal, County and/or Township roads. Must provide written documentation that all haul routes have been
approved by each of the road authorities with jurisdiction.
19. Locations and site plans for all temporary, non-residential construction sites and staging areas.
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SECTION 7 DISTRICT REGULATIONS
SUBDIVISION 1 PERMITTED AND CONDITIONAL USES
WECS will be permitted, conditionally permitted or not permitted based on the generating capacity and land use
district as established in the table below (P=Permitted, C=Conditionally Permitted, NP=Not Permitted):

District

MicroWECS

Non- Commercial
< 100 kW

Commercial
> 100 kW

Meteorological
Tower

1. Special Protection

C

C

NP

NP

2. Agricultural

P

P

C

P

3. Rural Residential

C

C

C

P

4. General Business

C

C

C

P

5. Industry

C

C

C

P

6. Floodplain Management

C

C

C

P

7. Shoreland

C

NP

NP

NP
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SECTION 8 SETBACKS
All towers shall adhere to the setbacks established in the following table.
SUBDIVISION 1 SETBACKS
MicroWECS

Non-Commercial
< 100 kW

Commercial
> 100 kW

1. Project Boundary/
Property lines

An amount equal
to the height of the
structure.

1.1 times the total
height.

3 RD on east-west
axis and 5 RD on
north-south axis.

1.1 times the total height.
Minimum 250 feet. Any
guy wires must meet the
setbacks of the District.

2. Dwelling(s), other

Not applicable

1,000 feet and

1000 feet and

1.1 times the total height.

if setbacks are
met.

sufficient distance
to meet state noise
standards.

sufficient distance
to meet state noise
standards.

Minimum 250 feet.

than project
owners

Meteorological
Tower

3. Noise Standard

Minnesota Rule
7030, as amended.

Minnesota Rule
7030, as amended.

Minnesota Rule
7030, as amended.

N/A

4. Road Rights-ofWay

1.1 times the total
height.

1.1 times the total
height.

1.1 times the total
height.

1.1 times the total height.
Minimum 250 feet. Any
guy wires must meet the
setbacks of the District.

5. Other Rights-of-Way 1.1 times the total
(Recreational Trails, height.
power lines, Etc.)

1.1 times the total
height.

1.1 times the total
height.

1.1 times the total height.
Minimum 250 feet.

6. Public conservation
lands managed as
grasslands

An amount equal 1.1 times the total
equal to the height height.
of the structure.

3 RD on east-west
axis and 5 RD on
north-south axis.

1.1 times the total height.
Minimum 250 feet.

7. Wetlands, USFW
Types III, IV and V

An amount equal 1.1 times the total
equal to the height height.
of the structure.

3 RD on east-west
axis and 5 RD on
north-south axis.

1.1 times the total height.
Minimum 250 feet.

8. Other Structures

1.1 times the total
height.

1.1 times the total
height.

1.1 times the total
height.

1.1 times the total height.
Minimum 250 feet.

9. Other Existing
WECS and Internal
Turbine spacing

N/A

3 RD on east-west
axis, and 5 RD on
north-south axis.

3 RD on east-west
axis, and 5 RD on
north-south axis.

N/A
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SUBDIVISION 2 ADDITIONAL SETBACK REQUIREMENTS
1. Based on their total name plate generating capacity, C-BED Projects are considered Micro-WECS, NonCommercial WECS or Commercial WECS as defined in this Ordinance, and will follow the setbacks
established for the category for which they fall under, as listed in Section 8 of this Ordinance.
2. Native Prairie – Turbines and associated facilities shall not be placed in native prairie unless approved in
native prairie protection plan. Native prairie protection plan shall be submitted if native prairie is present.
The permittee shall, with the advice of the DNR and any others selected by the permittee, prepare a prairie
protection and management plan and submit it to the County and DNR Commissioner 60 days prior to the
start of construction.
3. Sand and Gravel Operations – No turbines, towers or associated facilities in active sand and gravel
operations.
4. Aviation (public and private airports) – No turbines, towers or associated facilities shall be located so as to
create an obstruction to navigable airspace of public and private airports in Murray County. Setbacks or
other limitations determined in accordance with Mn/DOT Department of Aviation and Federal Aviation
Administration (FAA) requirements.
5. Setbacks – substations, accessory facilities, and feeder lines not located within a public right-of-way or any
utility easement required by the Murray County Zoning Ordinance shall be setback at least 150 feet from the
centerline of any county road as regulated in Section 17 of the Zoning Ordinance.
6. The setback for new dwellings shall be reciprocal in that no dwelling shall be constructed within the same
setback as a new turbine would need to meet to an existing dwelling.
7. No wind turbines allowed within Shoreland Districts, except Micro Towers may be allowed by permission of
the Murray County Planning Commission through the conditional use process and only in areas where
electricity is not presently available.
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SECTION 9 REQUIREMENTS AND STANDARDS
SUBDIVISION 1 SAFETY DESIGN STANDARDS
1. Engineering Certification. For all WECS, the manufacturer’s engineer or another qualified engineer shall
certify that the turbine, foundation and tower design of the WECS is within accepted professional standards,
given local soil and climate conditions.
2. Clearance. Rotor blades or airfoils must maintain at least 30 feet of clearance between their lowest point and
the ground.
3. Warnings.
A. For all Commercial WECS, a sign or signs shall be posted on the tower, transformer and substation
warning of high voltage. Signs with emergency contact information shall also be posted on the turbine
or at another suitable point.
B. For all guyed towers, visible and reflective objects, such as plastic sleeves, reflectors or tape, shall be
placed on the guy wire anchor points and along the outer and innermost guy wires up to a height of 8 feet
above the ground. Visible fencing shall be installed around anchor points of guy wires. Aviation warning
shall be painted on meteorological towers of less than 200 feet.

SUBDIVISION 2 HEIGHT STANDARDS
1. Total height. Non-Commercial WECS shall have a total height of less than 200 feet.
2. In those districts where meteorological towers are a permitted use, meteorological towers of less than 200
feet shall be exempt from Conditional Use process established for structures exceeding height requirements

SUBDIVISION 3 TOWER CONFIGURAT ION STANDARDS
1. All wind turbines, which are part of a commercial, non-commercial or C-BED WECS, shall be installed with
a tubular, monopole type tower.
2. Meteorological towers may be guyed.
3. Color and Finish. All wind turbines and towers that are part of a WECS shall be white, grey or another nonobtrusive color. Blades may be black in order to facilitate deicing. Finishes shall be matt or non-reflective.
4. Lighting. Lighting, including lighting intensity and frequency of strobe, shall adhere to but not exceed
requirements established by Federal Aviation Administration permits and regulations. Red strobe lights are
preferred for night-time illumination to reduce impacts on migrating birds. Red pulsating incandescent lights
should be avoided.
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SUBDIVISION 4 OTHER APPLICABLE STANDARDS
1. Other Signage. All signage on site shall comply with Section 18 of the Murray County Zoning Ordinance.
The manufacturer’s or owner’s company name and/or logo may be placed upon the nacelle, compartment
containing the electrical generator, of the WECS.
2. All feeder lines subject to Murray County Authority equal to or less than 34.5 kV in capacity shall be buried
and located on the back side of the right-of-way. Feeder lines installed as part of a WECS shall not be
considered an essential service. If not buried, must apply for a variance and shall follow Section 23 of the
Zoning Ordinance for variance procedures.
3. Waste Disposal. Solid and Hazardous wastes, including but not limited to crates, packaging materials,
damaged or worn parts, as well as used oils and lubricants, shall be removed from the site promptly and
disposed of in accordance with all applicable local, state and federal regulations.
4. Discontinuation and Decommissioning. A WECS shall be considered a discontinued use after 1 year without
energy production, unless a plan is developed and submitted to the Murray County Zoning Administrator
outlining the steps and schedule for returning the WECS to service. All WECS and accessory facilities shall
be removed four feet below ground level within 90 days of the discontinuation of use.
5. All WECS projects shall have a Decommissioning plan outlining the anticipated means and cost of removing
WECS at the end of their serviceable life or upon becoming a discontinued use. The cost estimates shall be
made by a competent party; such as a Professional Engineer, a contractor capable of decommissioning or a
person with suitable expertise or experience with decommissioning. The plan shall also identify the financial
resources that will be available to pay for the decommissioning and removal of the WECS and accessory
facilities. The plan shall also address road maintenance during and after completion of the
decommissioning.
6. Orderly Development. Upon issuance of a conditional use permit, all WECS shall notify the Minnesota
Public Utilities Commission (PUC) Energy Facilities Permitting program Staff of the project location and
details on the survey form specified by the PUC.
7. Noise. All WECS shall comply with Minnesota Rules 7030, as amended, governing noise.
8. Electrical codes and standards. All WECS and accessory equipment and facilities shall comply with the
National Electrical Code and other applicable standards.
9. Federal Aviation Administration. All WECS shall comply with FAA standards and permits.

SUBDIVISION 5 INTERFERENCE
1. The applicant shall minimize or mitigate interference with electromagnetic communications, such as radio,
telephone, microwaves, or television signals cause by any WECS. The applicant shall notify all
communication tower operators within two miles of the proposed WECS location upon application to the
county for permits. No WECS shall be constructed so as to interfere with County or Minnesota Department
of Transportation microwave transmissions.
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SUBDIVISION 6 AVOIDANCE AND MITIGATION OF DAMAGES TO PUBLIC INFRASTRUCTURE
1. Roads. Applicants shall:
A. Identify all public roads to be used for the purpose of transporting WECS, substation parts, materials,
and/or equipment for construction, operation or maintenance of the WECS and obtain applicable weight
and size permits from the impacted road authority(ies) prior to construction.
B. Contact the road authority for road closures, road signage removals, road signage re-locating, road
signage restoring, moving permits, culverts, access/driveway permits, tile outlet permits, widening road
intersections, standard utility permits and any other road activities that may require permits.
C. Contact the Murray County Dispatch prior to any road closures for the re-routing of emergency vehicles
during the closure.
D. Contact the road authority to conduct an inspection of the road conditions of the haul routes prior to and
after construction.
E. Provide a Performance Bond to be held by the county until the Township and/or County road
authority(ies) have provided the County Auditor with a written release that all haul routes within their
jurisdiction in Murray County have been returned to pre-construction condition.
2. Drainage System. The Applicant shall be responsible for immediate repair of damage to public and private
drainage systems stemming from construction, operation, maintenance, or decommissioning.

SUBDIVISION 7 PRE-CONSTRUCTION MEETING
1. Applicant will conduct a Pre-Construction meeting prior to construction commencement with a written
notice sent the following individuals a minimum of one week prior to said meeting:
A.
B.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.

Township Chairman
Murray County Highway Engineer
Murray County Sheriff
Murray County Zoning Administrator
Area Hydrologist, Minnesota Department of Natural Resources
Minnesota Pollution Control Agency
United States Farm Service Agency
Murray County Soil & Water Conservation District
US Fish & Wildlife Service
Minnesota State Historical Society
Two Planning Commission Members: Chair and County Board Representative
Mn/DOT
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SECTION 10 ENFORCEMENT, VIOLATIONS, REMEDIES AND
PENALTIES
Enforcement of this Ordinance shall be done in accordance with process and procedures established in
Section 26 of the Murray County Zoning Ordinance.
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NORTH DAKOTA AMENDMENT to protect landowners
Requirements for wind easements and wind energy leases.
1. In a wind easement and a wind energy lease, the easement and lease:
a. Must be written in a clear and coherent manner using words with common
and everyday meanings, be appropriately divided and captioned as to various
subject matters, and be in at least fourteen-point type.
b. Must be delivered to the property owner with a cover page containing the
following paragraph with the correct term of years in the blank and in at least
sixteen-point type:
Special message to property owners
This is an important agreement our lawyers have drafted that will bind
you and your land for up to ________ years.
We will give you enough time to study and thoroughly understand it. We strongly
encourage you to hire a lawyer to explain this agreement to you.
You may talk with your neighbors about the wind project and find out if they also
received a proposed contract. You and your neighbors may choose to hire the
same attorney to review the agreement and negotiate changes on your behalf.
c. Must be executed at least five business days after the easement or lease has
been delivered to the property owner.
d. May not contain a confidentiality clause keeping the terms of agreement or
related negotiations confidential.
e. Must preserve the right of the property owner to continue conducting business
operations as currently conducted for the term of the agreement.
f. May not make the property owner liable for any property tax associated with
the wind energy facility or other equipment related to wind generation.
g. May not make the property owner liable for any damages caused by the wind
facility and equipment or the operation of the generating facility and
equipment, including liability or damage to the property owner or to third
parties.
h. Must obligate the developer, owner, and operator of the wind energy facility to
comply with federal, state, and local laws and regulations and may not make
the property owner liable in the case of a violation.
i. Must contain a clear description of the development activities that will take
place within five years in order to avoid termination.
j. Must allow the property owner to terminate the agreement if the wind
generating facility has not operated for a period of at least three years.

k. Must state clearly any circumstances that will allow the developer, owner, and
operator of the wind energy facility to withhold payments from the property
owner.
l. Must contain in any indemnity obligation on the property owner an indemnity
obligation placed on the developer, owner, or operator of the wind energy
facility of at least equal terms.
2. The owner of the wind generating facility shall carry property insurance on the
facility and include the property owner as an additional insured on the policy and
waive subrogation actions against the property owner.
3. If the terms of the wind easement or wind energy lease are not in accordance with
this section or the owner of the facility does not carry property insurance as
required under subsection 2 as determined by a court as a matter of law, the court
may reform the easement or lease in accordance with this section, void the easement or
lease, or offer the relief as is requested by the property owner.
The court shall award reasonable attorney's fees to the property owner in a successful
action by the property owner under this section.
4. If the lessee provides up to five thousand dollars reimbursement for actual
attorney's fees and the wind easement or wind energy lease has the written
approval of an attorney representing the property owner, the easement or lease is
deemed not to violate this section.
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I. Executive Summary
Twenty-five states have indicated their dissatisfaction with the current electricity generation
system by enacting binding renewables portfolio standards (RPS). They require that wind, solar,
geothermal, biomass, waste or other renewable resources be used to generate up to 30% of the
electricity sold by 2025. While the authors applaud using renewables to advance important social
goals, we caution that forcing too rapid implementation of these technologies could lead to
blackouts or unnecessarily high prices.
One reason for caution in forcing rapid deployment of renewables is that large scale wind and
solar generation is qualitatively different from using fossil fuels, hydro-electric, or nuclear.
Unlike the technologies that have served the industry for a century, wind and solar generation are
variable and they generally do not generate electricity when demand is highest. In addition,
generating companies face difficulties in fulfilling the RPS goals by the required dates. Getting
sufficient wind turbines would require a major increase in manufacturing capacity, since there is
about an 18-month delivery delay at present. Siting the wind farms and getting the power to
market may be even more difficult because, while the public supports renewables in principle,
there is formidable opposition to siting wind turbines and transmission lines. Cost is still another
difficulty. Transmission costs can easily double the cost of delivered power. The fact that wind
and solar generally do not help meet peak demand means that dispatchable generation is needed
for peak demand and so renewables don’t reduce the investment in dispatchable power, but
rather only reduce fuel use. The variable nature of wind and solar generation requires backup
generation or storage to fill the gaps when the wind dies or clouds obscure the sun. The low
capacity factors for wind, and especially solar, mean that if they were the only means of meeting
the 15-25% RPS, much of the renewable generation would be spilled until large scale electricity
storage and transmission lines become much less expensive.
The authors favor continuing to press renewable technologies to solve, or at least mitigate
current generation problems, but warn that eagerness to get the benefits of renewables must be
tempered with recognition that forcing the timing increases costs and could reduce reliability.
However, time pressure can raise costs and make it impossible to attain specified goals. The
authors also urge increased R&D expenditures on these technologies, particularly on bulk
storage of electricity, to increase reliability and drive down costs. We stress that dispatchable
electricity at affordable costs is essential for the economy and our lifestyles. Legislators and
regulators must monitor RPS implementation to prevent blackouts or electricity prices that
threaten our economic health. Finally, we urge that, rather than focus on a mandate for renewable
electricity, the focus should be on all appropriate technologies that meet the goals of pollution
and carbon-dioxide abatement, healthy economic development, energy security, and a reliable
electricity system that delivers power at a price that doesn't penalize consumers or the economy.
In addition to renewables, the technologies may include conservation, more efficient generation,
fossil fuels with carbon capture and sequestration, and nuclear power .
There are likely to be two problems in meeting near-term RPS mandates: timing and cost of
electricity.
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Timing
A combination of subsidies and requirements for small quantities of renewable power has
provided incentives that have increased wind's share of generated electric energy to 0.6% of total
USA generation and geothermal's to 0.4%. The renewable portfolio standards enacted by states
require large increases in those percentages in a short time. Seven years from now, in 2015,
eighteen states require that at least 10% of their electricity must come from renewables.
California and New York require 25%. Meeting these requirements requires that huge numbers
of these power plants be constructed. By 2015, New York must build 10,400 MW of new
renewable power, an increase of 26% in its existing generation (that required a century to build).
Illinois has legislated that 8,000 MW of new renewables be constructed, a 19% increase in its
existing generation. Connecticut requires 1,700 MW of new renewables by 2015, an addition of
21% to its fleet of power plants. Massachusetts has one of the most ambitious near-term
requirements: it requires that 3.5% of all electricity be renewable this year, with a half percent
increase every year (the requirement is not being met, and utilities are paying penalties that they
pass through to customers).
This magnitude of power plant building is not unprecedented, but it is not common. With the
exception of the natural gas plant boom-and-bust construction cycle in 1999-2001, these building
rates have not been achieved in any seven-year period in a quarter century. Assuming that
current manufacturing and skilled labor shortages can be overcome, land use issues for
renewable generation facilities and transmission are likely to cause delays in meeting RPS
requirement dates. Illinois has mandated that 75% of their RPS be met by wind. This will require
negotiations with the owners and neighbors of 1,000 square miles of land on which to site
turbines.
In keeping with society's impatience to solve electricity's problems, the RPSs mandate
investment that will stretch, or even exceed, industry's ability to meet the goals. For example, a
new wind turbine ordered today may not be delivered for 18 months or more. Negotiating land
leases and permits often takes years. Unless production facilities for wind turbines are expanded
several-fold, the RPS requirements in aggregate cannot be met by the time required in the
statutes. In February 2008, Congress refused to extend the production tax credit for renewable
electricity beyond the end of 2008, discouraging investments in manufacturing capacity.
Getting renewable power to customers will be delayed by the need to extend transmission lines
and get permission to interconnect (in some states, interconnection study delays are projected to
last a decade or more). Getting the right of way and permission to build transmission lines is
notoriously difficult. For lines more than 50 miles long, the median time to obtain permission
and build the line has been 7 years, not acounting the lines that never got permission.
States have passed renewables portfolio standards, but have not grappled with what is required to
implement them: siting of generators and transmission lines in the time required by the RPS. As
currently legislated, many states' RPS deadlines, especially those for 2015 and earlier, are
unlikely to be met unless legislators in Congress and state capitals force change in permitting,
obtaining the land and permission to build wind farms and transmission lines, and provide the
resources to review interconnection applications quickly. While the public appears to support
these goals in the abstract, individuals object vociferously to wind farms in some places and to
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transmission lines nearly everywhere. In a democracy it is hard to imagine that elected
representatives would ignore these intense objections, e.g., the wind farm off Cape Cod.
Cost
Wind is the fastest growing renewable resource. Electricity can be generated by wind turbines
for an unsubsidized cost of 8-8.5 cents/kWh1. Current wholesale daily weighted average power
costs in Texas have ranged from 4-7 cents per kWh, 6-8 in Pennsylvania, 8-10 in New England,
and 7-9 in California2. Thus, the wholesale cost of wind power appears to be competitive in
some locations. However, there are three principal problems with wind. The first is that good
wind sites are generally located far from load centers. Transmitting the electricity 1,000 miles
from wind site to city would double the delivered cost. The second is that the wind generally
doesn't blow when electricity demand is high. The capacity factor of all the wind turbines used to
generate utility power in the United States has been 21% over the past decade (the best wind
locations have a capacity factor of 40-50%). Thus, investment in wind does not lower the amount
of dispatchable capacity needed, i.e., the amount of capacity that can be turned on when the
demand is high. Wind power saves fuel for other generators, but, for example, if wind supplied
15% of the electricity, it would save considerably less than 15% of fuel. The third is that wind is
variable. Rather than wind turbines producing a steady stream of power, electricity from a wind
turbine fluctuates continually. If wind produced much of the power required by an RPS, needed
transmission, backup generation, and storage to control for variability would increase the cost
considerably.
In good locations geothermal power is almost competitive with fossil generation. However, the
best locations are clustered in the Southwest. Even there, transmission lines increase the time and
cost to bring power to cities.
Biomass might cost-effectively supply a few percent of electricity generation, using farm waste,
wood waste and thinnings, and energy crops that used little farm land, if supply chain, delivery,
and processing issues can be resolved. Like geothermal, biomass electricity could be almost
competitive with fossil generation. However, biomass is excluded from some RPS legislation,
generally on the grounds that the most cost-effective use is co-firing biomass with coal, a fuel
unfavored by RPS propenents.
The most popular renewable with the public is solar power, either photovoltaic (PV) or solar
thermal. Current PV has a non-subsidized cost of 33-61 cents/kWh*, almost ten times the cost of
the current electric power generation mix. There are niche applications where solar PV
dominates, but the current cost of PV makes it more a subject for basic research than widespread
deployment. Solar thermal is cheaper, but, without subsidy, is not competitive except in special
applications.
Many current laws assume that public and private R&D will bring down the costs of renewables;
for solar photovoltaic they implicitly assume costs will fall by almost a factor of ten; some
specify a technology, assuming that the legislature can predict the success of future R&D.
*

These costs are without the cost of supplying fill-in power when the solar PV arrays are not producing power. The
lower number assumes 8% capital charge rate, $5400/kW, 20 year life, and 20% capacity factor. The higher cost
changes the capacity factor to 14% and uses a 12% cost of capital.
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Since renewable sources are variable, when they are used at large scale they will be matched
with natural gas turbines to supply steady power. Thus, renewable portfolio standards will
increase natural gas demand and its price, increasing the cost of electricity.
RPSs are designed to speed the introduction of new renewable installations. Without careful
planning, forced speedups can raise costs by requiring equipment makers to pay overtime to
meet demands and by not allowing time for engineers to improve design in the next generation of
facilities. The technology improvements in renewables have been significant. However, forcing
the installation of facilities before they can benefit from R&D will raise costs. Finally, the
current electricity system is not configured to accept rapid deployment of renewables. New
transmission lines and approval for interconnections are needed. The former often take decades
to get approved and built; MISO has indicated that they will not be able to review all the current
applications for connecting wind and other renewables within a decade. The authors favor
continuing to press renewable technologies to ensure that social goals are pursued, but warn that
eagerness to get the benefits of renewables must be tempered with recognition that forcing the
timing increases costs and could reduce reliability.
Conclusion
The authors fear that pressing the introduction of renewables too aggressively would result in
high cost, unreliable electricity, leading to a public backlash against these policies. Less
aggressive policies favoring renewables in the USA and the rest of the world have brought down
the costs of these technologies. The authors favor continuing to press renewable technologies to
attain social goals. Attaining the full range of social goals is important, including having an
electricity supply that is adequate, reliable, and affordable; electricity is essential for our
economy and society. Renewables can help meet the goals, but they are not the only technologies
that can; conservation, increases in generation efficiency, fossil fuels with carbon capture and
sequestration, and nuclear power can help attain the goals. Increased R&D for these technologies
is promising, particularly for bulk storage of electricity. Rather than specifying the technology,
the authors urge Congress and state legislatures to specify the goals: lower air pollution and
greenhouse gas emissions, lower depletion of fossil fuels, increase energy security, and shift to a
more sustainable generation mix that produces an adequate supply of reliable, reasonably priced
electricity. Since no current technology meets all goals, legislators need to consider tradeoffs.
Specifying the goals, rather than the technologies, will lead to a technology race that will serve
society.
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II. Background
Electricity is essential to modern life and economic activity. All of the lighting and equipment
around us depend on electricity, from computers to natural gas furnaces to telecommunication to
elevators and traffic signals. A blackout, such as occurred on August 14, 2003, literally stopped
all economic activity and imperiled the health and well being of 50 million people.
This essential energy has come at a price. Generation, particularly that fueled by coal, has led to
important environmental problems, from air and water pollution to carbon-dioxide emissions.
Shown in Figure 1 is the current fuel-technology mix for USA electricity generation. Through
the Clear Air Act, Clean Water Act, and other environmental legislation, society has been
striving to get the benefit of electricity without paying such a large environmental price.
US Net Electric Generation 2006

Wood
0.97%

Wind
0.64%

Waste Geothermal
0.37%
0.40%
Solar
0.01%

Hydro
7.11%

Other
0.17%

Nuclear
19.42%
Coal
49.03%

Natural and other
gas
20.32%

Oil
1.56%

Figure 1. Fuels used to generate USA Electric power in 2006. Source: U.S. Energy Information Administration
Annual Energy Review 2006 Table 8.2a.

Implementing environmental legislation has been difficult and time consuming. Coal-fired
generation is still producing large quantities of air pollution and the overwhelming dependence
on fossil fuel leads to new problems in controlling carbon-dioxide emissions and concerns about
depleting fossil fuel resources, particularly natural gas. The US has a huge coal resource, enough
to last 100 years or more, depending on how it is used3. Many states that tried deregulation regret
it; investment in generation and transmission in these states isn't keeping up with demand.
Regulatory and financial uncertainty is paralyzing investment in new coal-fired generation and is
delaying investment in transmission. Rapid rises in fuel prices and in the costs of building new
generation have added to uncertainty about when and what generation to build4.
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The energy content of fossil fuels comes principally from the carbon they contain. Burning the
carbon (i.e., combining it with oxygen from air), produces the heat to generate electricity, but
also produces CO2. Burning fossil fuels of all types generates 71% of USA electricity (figure 1).
Before the Clean Air Act, using coal or oil to generate electricity made life miserable for many
people by emitting large amounts of pollution. Generating electricity from renewable resources
has the potential to eliminate electricity related pollution; using renewables can stop depleting
fossil fuel resources and eliminate greenhouse gas emissions. Renewable hydroelectric power
from Niagara Falls and huge dams on the Tennessee River and throughout the west generate
large amounts of electricity. Where it was available, hydroelectric power was seen as
inexhaustible and clean. Proponents argued that dams could provide electricity, store water for
irrigation, prevent floods, control erosion, and provide lakes for recreation. From being a
marvelous, environmentally benign source of electricity, hydroelectric power from large dams
has been downgraded to the point where it is not even classified as a renewable by many states.
Americans no longer ignore the environmental damage that is caused by large dams, and have
turned our attention to other renewable sources.
Electric generation from sources largely free of air pollution has waxed and waned as a
percentage of the total. Beginning with the first Tennessee Valley Authority hydroelectric dam in
1936 and the Bonneville dam on the Columbia River in 1937, large-scale hydro power began to
come on line. In 1949, hydroelectric power accounted for 32% of generation. After 1949,
demand growth outpaced the growth of hydro power and the share of low air emissions
generation fell to 18% before nuclear power began to take up the slack around 1970. Although
the amount of electricity generated from uranium has benefited from increases in plant operating
time and more efficient steam generators, no new nuclear plants have been ordered in the United
States for thirty years. With little new low air emissions generation being built, over the past
decade its share of generation has been diluted by increasing consumption (figure 2).
35%

35%
Percent of US Electric Power With Low Air Emissions

30%

30%

25%

25%

20%

20%

15%
1950

15%
1960

1970

1980

1990

2000

Figure 2. Percentage of net USA electric power generation from hydroelectric, nuclear, geothermal, solar, and wind,
1950-2006. Source: U.S. Energy Information Administration Annual Energy Review 2006 Table 8.2a. Annual
fluctuations are largely due to changes in water available for hydroelectric power.
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15-30% of all generation built each year has used low air emissions technologies, except during
the 1980s when many nuclear plants were completed and during the natural gas generator
building boom of 1999-2001 (figure 3).
80,000

Total Nameplate Capacity (MW)

70,000
60,000
50,000

Initial Year of Operation of
USA Electrical Generating Units Operating in 2006
Hydro, Non-hydro Renewables, and Nuclear (green)
Conventional Coal, Oil, and Natural Gas (grey)

40,000
30,000
20,000
10,000
0
1950

1960

1970

1980

1990

2000

2010

Initial Year of Operation

Figure 3. Low air emissions generation technologies (green) and total generation (grey) that were operating in 2006,
by initial year of operation. The large construction spike in 1999-2001 was natural gas turbines.
Source: U.S. EIA "Existing Generating Units in the United States by State, Company and Plant, 2006".

While CO2 is not the only gas responsible for the greenhouse effect, it is the only one whose
USA emissions are increasing significantly (figure 4).

Figure 4. Greenhouse gas emissions in the United States, 1980-2005. Source: U.S. Energy Information
Administration Annual Energy Review 2006, Figure 12.1, page 340.
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Major air pollutants released by power plants include: oxides of nitrogen (NOx), sulfur dioxide
(SO2), mercury (Hg), suspended particulate matter (PM) and carbon dioxide (CO2). NOx, SO2
and PM emissions in 2006 were still two-thirds of what they had been 16 years earlier while CO2
emissions were a third higher. Mercury emissions have been less well tracked, but they appear to
have remained steady, or increased slightly (figure 5). The EPA analysis of the benefits and costs
of abating air pollution from 1990 to 2010 indicates that the benefits are considerably greater
than the costs, especially for air pollution from power plants.
CO2, SO2, Hg and NOx from US Power Plants
18,000

CO2

16,000

2,500,000

CO2 (thousand short tons)

14,000
12,000

2,000,000
SO2

10,000
1,500,000
8,000
1,000,000

Hg

6,000
4,000

NOx

500,000

SO2, NOx and Hg x 100 (thousand short tons)

3,000,000

2,000
0
1990

1992

1994

1996

1998

2000

2002

2004
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0
2008

Figure 5. Emissions of the four major air pollutants from electric power plants. Source: U.S. Energy Information
Administration Electric Power Annual and Annual Energy Outlook. Data for mercury emissions have been reported
only sporadically.

The pollution control legislation of the 1970s has been continually updated and strengthened.
Emissions of greenhouse gases that cause global climate change have extended the public's
environmental concerns.
Given the limitations of expanding generation from hydro, other renewables, nuclear, oil, and
natural gas, it is hard to see how the nation will generate sufficient electricity if no future coal
plants are built.
New coal plants need not cause the environmental problems of past plants. Modern control
technologies can eliminate over 90% of pollution emissions, and there is demonstrated
technology for separating and sequestering carbon dioxide. There is a pressing need to show that
geological storage of carbon dioxide will keep the carbon out of the atmosphere for many
hundreds of years.
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Natural gas fueled generator are the cheapest and fastest to build. As investment in coal-fired
plants has decreased, investment has focused on natural gas-fired plants and renewables.
Concern for depletion of fossil fuels is particularly evident for petroleum, but also true for
natural gas.
Conservation and Energy Efficiency
In comparison with other developed nations, the USA is a profligate user of energy. For
example, Americans use more than twice as much energy per capita and per dollar of GDP as
Denmark. The comparison across nations or over time for the USA indicates a high potential for
conservation.
Unfortunately, some groups are making unrealistic claims about the ability of conservation and
renewables to satisfy demand over the next two decades. They claim that no new fossil fuel
generation is needed because conservation and renewables can supply our needs. While there is a
huge potential for conservation, the most ambitious and successful programs have not managed
to do more than slow the growth in electricity demand per person. Insisting that renewables and
conservation can eliminate investment in fossil fuel plants is likely to increase the cost of
electricity or undermine the reliability of supply.
From 1980 to 2007, electricity consumption per capita in California grew only 9.3%, while per
capita consumption in the rest of the nation grew 37.9%. However, total electricity consumption
increased 72% in California due to increased population. Since Californians were highly
supportive of energy conservation and the state spent billions of dollars to achieve this
conservation, it seems unrealistic to expect that electricity demand in the nation will fall or even
that demand per capita will fall.
Making Informed Decisions
The authors stress the distinction between the social and the private costs of producing
electricity.5 The private costs don't account for air pollution or greenhouse gas emissions, as well
as other environmental problems, and do not account fully for resource depletion. Environmental
regulations since 1970 internalize much of the air pollution costs, but there remain significant
health and environmental problems. Despite the decline in electric sector emissions, Congress
and states have favored some technologies with large subsidies, such as the production tax credit,
rapid depreciation, loan guarantees, limited liability, and portfolio standards. We focus on social,
rather than private costs here. We attempt to account for the pollution and greenhouse gas
emissions of fossil fuels and the social costs of having structures that people object to, such as
wind turbines on the sea coast and transmission lines. The authors also attempt to eliminate tax
and other subsidies to the generation alternatives because these distort markets and generally
increase social costs.
One of the greatest difficulties is "path dependency." The decision of what to do next depends on
where you are now. For example, if an extensive transmission system had been built, wind in
remote locations would look much more attractive than if no transmission were available near
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the best wind locations. Once a hydroelectric dam has been built, the generation cost is almost
zero and there is little likelihood that the dam will be torn down. This path dependency means
that mapping a path to a "desirable future" is likely to produce a better outcome than just
"muddling through," taking one step at a time without long-term planning.
Renewable Resources
Frustrated with the pace of change on the national level, twenty-five states enacted legislation
requiring that a specified amount of electric power be produced using specific technologies.
Thirteen of these states require that at least 20% of their electricity will be generated from
unconventional technologies, by dates that range from 2010 to 2025 (figure 6).

Figure 6. Top: dates and requirements of state renewables portfolio standards (only states with firm requirements are
shown). Bottom: near-term requirements in selected states. Source: www.dsire.org.
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Proponents of such legislation have argued that the laws will reduce air emissions of CO2, NOx,
SO2, PM and mercury, as well as address fluctuating prices of fossil fuels, energy independence,
diversity of fuel supply, sustainability, and job creation.
Renewable sources are widely favored by the public as a way to improve emissions. In a survey
done to assess willingness to pay for various methods of CO2 emissions control6, the most
favored technologies (in order) were solar, hydroelectric, and wind. A national renewables
portfolio standard that would mandate that 15% of power come from such sources gathered
much support in the Energy Independence & Security Act of 2007, but was removed to avoid a
Presidential veto.
Clearly, renewables can be environmentally attractive technologies in terms of reducing
pollution emissions, reducing depletion of fossil resources, and reducing greenhouse gas
emissions. Unfortunately, renewables can have negative consequences, including changing land
use and ecology, creating visually unattractive structures, and possibly increasing the price or
undermining the reliability of electricity. These negative aspects mean that a sufficiently large, or
unplanned, expansion of renewable resources could give us too much of a good thing.7
For example, Massachusetts's RPS is not being satisfied, forcing generators to pay a compliance
payment of $0.06/kWh over and above the cost of procuring power. An attempt to build a wind
farm in the ocean off Cape Cod has resulted in bitter controversy and delays that may never be
resolved.
The implicit assumption in this legislation is that Congress and some state legislatures know that
the right answer for investing in electricity generation is different from what the market would
invest in. This sort of "technology forcing" has been tried a number of times in the USA with
mixed results. In the case of stringent workplace standards for exposure to vinyl chloride
monomer, the results were entirely salutary. For automobile emissions standards, the goals were
not achieved until long after the original deadline and society paid a high price that might have
been avoided.
Rather than specifying a technology or class of technologies, legislators would be well advised to
specify their goals and let the market find the cheapest way of satisfying them. Conservation,
increased efficiency in generation, fossil fuels with carbon capture and sequestration, and nuclear
power are ways to achieve lower greenhouse gas and pollution emissions, slow the depletion of
fossil fuels, increase energy security, create a more sustainable electricity supply, and provide an
adequate supply of reliable, affordable energy. Unfortunately, no technology satisfies all social
goals. This means that legislators will have to examine the tradeoffs among goals and decide the
importance of each. This is hard work, but is more likely to result in a solution that will satisfy
society's goals by unleashing market forces to find a solution.
All electricity generation technologies have promising R&D opportunities. Many R&D
opportunities exist for bringing down the cost of renewables, particularly photovoltaic. Perhaps
the most productive R&D investment would be in improving bulk storage of electricity, the
single largest barrier to widespread implementation of renewables. Inexpensive bulk storage
would handle both the variability and dispatchability problems with wind and solar technologies.
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A Brief Summary of Renewable Technologies
Our review of RPS and other attempts to promote renewables begins with praise for renewable
resources, recognizing that they have much to contribute now and still more in the future as the
technologies improve. However, the authors seek to avoid costly mistakes, from needlessly high
electricity prices to blackouts that could result from uninformed policies. As we show, these
unfortunate consequences are not just a hypothetical possibility, but are a likely result of some
current policies to force the rapid expansion of renewable resources. Massachusetts has
attempted to meet its RPS by adding biomass, wind, solar photovoltaic, and landfill methane.
They have fallen far short of the mandate to build about 170 MW each year (for example, less
than 5 MW of wind power has been built in the state, and only 3 MW is under construction).
Power producers (and their customers) are paying "alternative compliance payments" (currently
6 cents per kWh, adjusted annually for inflation). Trading renewable credits would lower costs
by utilizing the best wind and solar sites. However, a vast amount of additional transmission still
would be needed and some regulations would have to be changed about where the generation
could be located to count in the RPS.
Renewable energy sources promise to overcome pollution, fossil fuel resource depletion, and
global climate change problems. Wind, solar, solar thermal, geothermal, run-of-the-river hydro,
and ocean tides and currents don’t use fossil fuel resources and so produce no direct emissions of
pollutants or greenhouse gases in generation. Fossil fuels are used and emissions produced in
manufacturing and maintaining the equipment, as well as in dealing with variability and
dispatchability issues. Biomass is one of the most promising renewables at small scale, although
it can produce significant pollution emissions. One of the goals of renewables portfolio standards
is to force electricity generators to reevaluate the role of renewables and to force development of
the technology to make them more competitive.
The authors recognize the inherent attractiveness of renewables and applaud actions to speed
their development and allow them to compete fairly with fossil fuels in an industry that feels less
comfortable with renewables than with the fossil fuel technologies with which they have had
more than a century of experience.
Wind, solar PV, and solar thermal, the most popular renewable technologies, pose unique
problems. Fossil fuel generators can be turned on and off when desired, running when and at the
level desired. In contrast, wind, solar, and similar renewables provide electricity when the wind
blows, the sun shines, the tide comes in, etc. In most locations, intermittent renewables cannot be
depended upon to provide peak power, or any power, when demand is high. As long as
customers want an adequate supply of reliable electricity when they want it, the systems operator
will need dispatchable generation that can be dispatched to meet the peak annual demand
(including a reserve). In most locations, no matter how much wind generation is available, this
does not reduce the need for dispatchable generation (including storage).
Thus, having wind generation will not reduce the investment needed for dispatchable generation
plus storage. Wind and solar generation will reduce fuel consumption by allowing renewable
power to substitute for other generation when the wind is blowing or sun is shining. A recent GE
report for ERCOT8 used actual data from Texas wind farms scaled up to 15,000 MW along with
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actual load data to simulate the system when 30% of power, on average, was provided by wind.
The results (figure 7) show that on one day of the 31 graphed, the wind output fell to zero; on
four other days it fell nearly to zero. The systems operator must have sufficient capacity of
dispatchable generation to satisfy the peak demand. In order to meet RPS requirements that call
for large amounts of variable and non-dispatchable power, natural gas generators must be sited,
permitted, and built at the same time the wind or solar is being built.

Figure 7. Estimation of 30% (15,000 MW) wind penetration in ERCOT scaled using measured data from existing
wind. Wind is the lower curve, and falls to near zero output on five days of 31. Source: ERCOT

Consider the extreme case where wind or solar were the only power available. If so, electricity
would either have to be stored in large quantity or people would have to live without electricity
for much of the time. For example, the nation's largest photovoltaic array, in Arizona, had a
capacity factor† of 19% over 2 years and generated little power between 5 and 6 PM when
demand peaked9. Good wind farms in the East have a capacity factor of 32% while some in the
West have capacity factors up to 49%.
In addition, each system has "must-run" generators that are needed for voltage support and where
transmission capacity is inadequate. Finally, some baseload generators are not turned off because
of the difficulties of shutdown and restart when they will be needed a few hours later. Nuclear
plants are a prime example, although no one would shut down a baseload coal plant that would
be needed later that day to meet demand. Finally, wind tends to be strongest at night and in the
spring and fall, times when electricity demand is low. If the average demand for PJM in 2007 is
indexed at 100, the lowest demand was 69. A RPS of 15% by total energy met by wind would
†

There are 8760 hours in a year. If a 1 MW generator produced 8,760 MWh each year, it would have a capacity
factor of 1. A capacity factor of 19% means that it produces 0.19 x 8760 = 1,666 MWh per year.
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require wind capacity of 45, since the wind capacity factor is only 1/3 in PJM. If the 45 units of
wind power were generating fully, they would produce almost 2/3 of the load at the lowest
demand hour. The variable nature of wind means that gas turbines would be needed to fill in the
gaps in wind generation. Finally, the must-run plants would be generating electricity even if
supply exceeded demand. Thus, generation would exceed demand and a considerable proportion
of the wind power would be wasted at low demand times.
Integrating renewables into the grid gets more complicated as the proportion of renewables
increases. Non-hydro renewables average about 2% of generation across the USA at present,
with half of that from wood, mostly in pulp and paper plant co-generation (so only around 1% of
grid-connected power is from non-hydro renewables). Although the output fluctuates, utilities
treat renewables as reductions in load, rather than generation. Since load is variable, the system
provides for fluctuations of 2% up and down to handle these fluctuations. A small amount of
renewable power, say 1%, just adds to the fluctuation. If wind were uncorrelated with demand
fluctuations, a utility would have to provide for fluctuations of 3% up and down. Load serving
entities seem to have decided that providing 2% for regulation was too conservative and do not
think that adding the current amount of renewables creates a problem. The authors note that
adding the renewable power with increasing provision for fluctuations reduces the ability to deal
with contingencies.
However, as renewables assume a larger role in generation, the system must provide explicitly
for these fluctuations. It can do so with gas turbines or with hydroelectric generation that adjusts
quickly to wind fluctuations. In the future, it should be possible to adjust for variability in
generation with adjustments in load, but that is not possible today for most of the load.
Another difficulty with renewables is that many of the best generation sites are not located close
to the load. For example, the best wind generation sites are located in North Dakota and
Wyoming, 800 miles from the large loads. The best solar sites are in the desert Southwest. Good
geothermal sites are concentrated in the Southwest. Building long transmission lines is expensive
and is opposed by the public. Transmission lines are unsightly, are regarded as a health hazard by
some people, and are opposed by people near the route of a long line on the grounds that they get
no benefit from the line.
For a region such as the Southeast, there are no good wind or geothermal resources, and solar
energy is limited by frequent clouds. Given the costs of other renewable technologies, the only
cost-effective alternative is biomass. Whether generators in the Southeastern states can buy
sufficient biomass at a reasonable price and adapt their boilers to handle it is unclear. If they
have to buy electricity generated from wind, they may have to go a considerable distance to get
it. If the states must actually take delivery of the wind power, large investments would be needed
and public opinion in the states along the way would have to, at least, not strongly oppose the
transmission. If the region need merely buy renewable energy credits, a different problem arises.
In this case, the areas with the best wind resources would sell renewable energy credits while
increasing renewables beyond the RPS. For example, areas like North Dakota and Wyoming
might have wind provide most of their entire average load, with fast ramping fossil generations
to fill the intermittency gaps and the times when the wind is not blowing.
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An RPS generally specifies energy billed to the customer, not capacity (Texas is an exception).
This leads to problems as the following example illustrates. Suppose the average system load
were 50,000 MW, the system peak was 90,000 MW and the system minimum was 30,000 MW.
If the RPS were 15%, wind or solar generation would have to average 7,500 MW (65,7000,000
MWh/yr); if the RPS were 25%, wind or solar generation would have to average 12,500 MW
(109,500,000 MWh/yr). To generate an average of 7,500 MW with a capacity factor of 33%,
wind farms would have to have a capacity of 22,500 MW; to generate 12,500 MW, wind farms
would have to have a capacity of 37,500 MW. Since its capacity factor is only 19% (even in
Arizona), solar PV would require much more capacity: 39,474 MW for a 15% RPS and 65,789
MW for a 25% RPS.
Since both wind turbines and solar PV are variable and generate only a fraction of the time, the
system would need an array of baseload generators and fast-ramping generators. Many of the
baseload generators would be “must-run” and the fast-ramping generators would be needed when
the renewables were generating power. A baseload coal or nuclear unit would not be shut down
when the solar array was generating power because it would be needed in a few hours. Since
system demand falls to 30,000 MW at times and since the must-run and fast-ramping generators
are needed, there would be some times for the 15% RPS when wind, and especially solar,
generation together with the dispatchable generation exceeded demand. For the 25% RPS, there
would be many times when the combination of wind, and especially solar, generation together
with the dispatchable generation exceeded demand. When that occurred, the renewable power
would be spilled. One implication is that still more wind or PV capacity would be needed to
meet the RPS for energy.
Table 1
Effect of an RPS
Wind (capacity factor 33%)

Solar PV (capacity factor 19%)

15% RPS: 7,500 MW

22,500 MW

39,474 MW

25% RPS: 12,500 MW

37,500 MW

65,789 MW

To produce 15% of the annual electricity, renewables would have to generate 65.7 million MWh
during the year. With a capacity factor of 33%, wind would require 22,500 MW of capacity;
with a capacity factor of 19%, solar PV would require 39,474 MW of capacity. To produce 25%
of the annual electricity, renewables would have to generate 109.5 million MWh during the year.
This would require 37,500 MW of wind capacity or 65,789 MW of solar PV capacity.
The system average power demand is 50,000 MW and the lowest demand is 30,000 MW.
Given the must-run generation and the fast-ramping generation, much of the renewable
generation would be spilled, especially for solar PV and most especially for the 25% RPS.
If a state specifies the amount of electricity that must come from renewables, but does not
specify how much a specific renewable must contribute, this is both good and bad. The good
aspect is that the implementers have a relatively free hand, generally unconstrained by what the
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state government assumed the right answer to be. The bad aspect is that it puts the implementers
in the position of persuading the people who must live with new wind turbines and transmission
lines that something they like in the abstract should be located close to them. Government gets to
deal with the issue in abstract generalizations. The implementers must deal with the individuals
who believe their vista is being ruined, who think that the transmission lines harm their health or
degrade their property values, and who don't see why they should be singled out to bear the
burden. Implementation would be helped if the government provided careful, convincing
analysis to support the RPS and data to support a choice of which renewable and where it should
be located.
The impatience of the public to solve current problems has resulted in strict deadlines for
meeting the RPS. The authors favor continuing to press renewable technologies to solve, or at
least mitigate current generation problems, but warn that eagerness to get the benefits of
renewables must be tempered with recognition that forcing the timing increases costs and could
reduce reliability. However, there is a considerable risk that the deadlines will not be met, despite
the best efforts of generators. For example, generators in Massachusetts are forced to buy
alternative compliance payments for part of the 3.5% RPS now in effect. The $0.06/kWh price
for these payments essentially doubles the cost of electricity generation. Despite this
considerable cost incentive, generators have not been able to get regulatory approval for a large
wind farm in the ocean off Cape Cod.
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III. Detailed characteristics of available technologies for low
air emissions
The authors begin with two observations:
1. "Low air emissions" and "renewable" are not synonyms. Some renewable power, such as
burning wood products, can emit significant quantities of air pollutants. Some fossil fuel
generation technologies, such as coal gasification with CO2 capture, can emit less air pollutants
than some renewable generators. Similarly, some non-renewable technologies, such as nuclear,
produce no CO2 emissions, do not deplete fossil fuels, and contribute to energy security.
2. What differentiates technologies that may look great in a laboratory or in a Sunday supplement
article but not make a significant contribution from those that can is scalability: the ability to be
deployed at large scale at affordable cost and with acceptable environmental and social
consequences. One efficient wood-burning stove looks cozy; a city full of them would generate
sufficient air pollution to be a health hazard as well as a nuisance.
Wind
Wind power has been deployed in 27 states, and generates about half a percent of USA electric
energy. Wind and geothermal are, on a percentage basis, the fastest growing electric power
sources. At the present rate of growth, wind will supply 2.5 to 10% of USA electric energy in
2020.10.
Public opposition to wind has developed in both the USA and the U.K. even at the present low
penetration of wind power, principally related to land use.11 The American Wind Energy
Association (a wind power trade group) recommends that wind farms be sized for about 60 acres
per megawatt (MW) of wind capacity.12 That compares to about 1 acre per MW for geothermal,
10 for solar photovoltaic, 6 for solar thermal, 0.4 acre for natural gas turbines, and 0.4 acre per
MW for a coal plant if the area used for surface mining is included. While this acreage may be
necessary for sizing wind farms, this does not mean that the land cannot continue to be used for
other purposes, but it closes off some resale options. A wind farm that supplied present USA
electric energy needs would cover an area roughly the size of the state of New York. Both visual
impacts and other land uses have made wind farms controversial in areas such as Cape Cod,
Long Island, and West Virginia.
Of course, the wind does not blow all the time. If a 1-MW wind farm's capacity factor were 21%,
it would generate 0.21(8,760) = 1839 MWh/yr. The capacity factor of all the wind turbines used
to generate utility power in the United States has averaged 21% over the past decade.13
Moreover, the output power of a wind farm varies even on quite short time scales. The variability
of the output power from wind farms can be somewhat reduced by tying the output of widely
separated units together. However, even when that is done, a great deal of variability remains in
the output power (figure 8). By comparison, a new baseload coal plant has a capacity factor of
80% and a nuclear plant has a capacity factor of 90% and each provides dispatchable power with
no variability.
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Figure 8. Summed output power sampled at 10 second intervals from two large wind farms in Texas and Oklahoma
separated by 500 km for 6 days in March 2007.

When wind makes up a small percent of total generation, this variability is of little consequence.
However, if wind is to be used at large scale, other power sources must be used to compensate.
In West Denmark, wind produces 24% of the load, but large transmission lines to Germany and
Scandinavia distribute electricity to other areas when wind generation exceeds local demand; the
transmission lines also allow fast generators to compensate for fluctuations (wind makes up less
than 3% of all electric energy produced in Europe as a whole). When one of the two lines to
Germany was out of service for maintenance, all of the fossil fuel generators in Denmark were
required to be running to provide support for wind fluctuations. Spain (9.8%), Portugal (7.6%),
and Germany (6.8%) have lower contributions from wind, but variability is a concern.14
Compensating for wind's variability is generally feasible, however, there are two consequences.
First, it increases the capital cost of the system, since the fast reacting power generator is
operating below full capacity. To match wind's variability at different time scales, a range of
power sources is needed.15 Fast devices including batteries, fuel cells, or super-capacitors, with
relatively low power would match the short-period fluctuations, while slower ramp rate sources
including gas turbines and coal plants with automatic generation control would match the longer
period, higher amplitude fluctuations. In some areas, additional transmission must be built to get
power from the firm power sources to where it is needed. Second, the non-wind sources are not
operating at their maximum efficiency when they must ramp their power up and down to cancel
out the wind's fluctuations. That means that they use extra fuel, and that their air emissions may
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also increase. Using data from operating wind farms and natural gas turbines, Katzenstein and
Apt at Carnegie Mellon University have shown that because of this effect the reduction in CO2
emissions when wind is introduced into a power system is only 80% of what would be calculated
ignoring the inefficiency caused by ramping the gas turbines up and down.
In most areas of the country, the wind is stronger at night than during the day (figure 9). The
average capacity factor was 40% at night and 27% during the day for the data in figure 9.
Demand for electricity, however, is highest during the day. This means that at night wind
supplies a much larger fraction of energy than its average supply. For example, if wind supplies
15% of power averaged over all hours, it may supply more than half the power at night and only
a small fraction during the peak use period.

Figure 9. Output power from a large Texas wind farm by time of day averaged over 15 days in March 2007.

For most USA customers, the seasonal peak demand for electricity occurs in summer (due to air
conditioning). The National Research Council studied electric demand and wind's capacity factor
in the Allegheny mountain regions of West Virginia, Pennsylvania, Virginia, and western
Maryland, finding that wind power production is strongest during the winter, while demand for
electricity is stronger in the summer (figure 10).
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Figure 10. Monthly electricity demand and wind generation capacity factors in the Mid-Atlantic Highlands.
Source: National Research Council

People do not tend to live where the wind blows strongly, so that long transmission lines are
required to bring wind power to cities. In Texas, for example, the distance from the nearest
windy area to Dallas is 300 km. Constructing a transmission line of that length is a billion dollar
project. And while the median wind farm has been constructed in 3 years (much less time than
required for a coal-fired plant, for example), the median transmission line of over 80 km length
has taken 7 years to build (figure 11).
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Figure 11. Time since public announcement to construct USA transmission lines of over 50 miles since 1990.

22

While a study done for the American Wind Energy Association by American Electric Power16
forecasts that an investment of $60 billion of transmission projects is required to support a 20%
wind RPS, transmission construction is virtually frozen in many states.
New work by Pattanariyankool and Lave at Carnegie Mellon University using actual wind farm
data shows that generating power from wind farm and transmitting it 1,000 miles would cost
about 15 cents/kWh, with half of the cost due to transmission. The 1,000 miles distance is about
the distance from a good wind site in North Dakota to Los Angeles assuming that the
transmission line could be sited. The 2005 Energy Act empowers the USA Department of
Energy to designate "transmission corridors" to minimize delays in siting new lines. To date, the
corridors designated have stirred intense opposition. It is far from evident that it will be possible
to build transmission in these corridors.
NIMBY objections to transmission as being eyesores are more vehement for wind turbines. The
best wind conditions are on the tops of mountains and ridges or in the oceans close to shore.
Many Americans object to seeing a wind turbine in these places, believing that it ruins the
natural beauty of the mountains and sea coast. The difficulties in siting wind turbines are
exemplified by the proposed wind farm off Cape Cod in Massachusetts. Even some leading
environmentalists have objected to siting the turbines in this location on the grounds that they
ruin the natural beauty of the area.
The authors estimate the cost of electricity from a new wind turbine in a good site to be 7-8
cents/kWh. This cost does not include transmission to the customer, technology to correct for
rapid fluctuations, and backup generators for when the wind is not blowing.
The wind resource is not uniformly distributed throughout the country (figure 12). The upper
Great Plains states have very high potential for producing wind, while the southeast has little. As
noted by the National Research Council,17 "93% of potential wind energy capacity occurs west
of the Mississippi river."
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Figure 12. Onshore wind energy potential. Source: National Research Council

Finally, wind energy is a finite resource. At large scale, slowing down the wind by using its
energy to turn turbines has environmental consequences. Locally, wind farms may significantly
slow down the wind and changes the mixing of air near the surface, drying the soil under some
conditions.18 At planetary scales, David Keith and co-workers found19 that if wind supplied 10%
of expected global electricity demand in 2100, the resulting change in wind energy might cause
some regions of the world to experience temperature changes of approximately 1 ºC.
None of the foregoing is meant to imply that wind cannot be a valuable component of future
electric supply. It is not a panacea, but can contribute to reducing air emissions in regions where
the land use for the wind turbines and transmission lines is acceptable to the public and the wind
blows strongly.
Solar
Using the sun's energy has captured people's imagination for many years. The amount of solar
energy that reaches the United States each year is equivalent to approximately 4,000 times the
nation's total electric power needs. Electric power can be supplied by solar photovoltaic (PV)
arrays (semiconductor cells) and by solar thermal systems (the sun heats a fluid that generates
steam, which drives a steam turbine).
Currently the largest solar PV array in the USA is in Arizona, a 4.6 MW system operated by
Tucson Electric Power. Over two years of operation, the capacity factor for that generator has
averaged 19%. Even in Arizona, clouds cause rapid fluctuation in the array's power output
(figure 13).
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Figure 13. Power output of the Springerville, Arizona solar photovoltaic array on February 25, 2007 recorded every
10 seconds. The overall bullet shape is due to the amount of sunlight that falls on this fixed array through the day,
while the rapid power fluctuations are due to clouds passing between the sun and the array. Over two years the
average capacity factor was 19% (see reference 20).

The power fluctuations in the 10 minute to several hour range of four solar arrays studied in
Arizona are relatively larger in magnitude for solar PV than for wind, and the smoothing due to
combining PV sites separated by 300 km is less than for wind sites.20 This implies an increased
need, relative to wind, for other power sources or demand response to compensate for PV
fluctuations in this frequency region. This increased need for quick response is likely to make
compensating for the variability of solar PV more expensive than for wind.
Solar arrays produce more power, and for more hours, in the summer than in the winter. The
capacity factor for three Arizona arrays in July 2006 was 26%; their capacity factor in January
2007 was half that value.21 In the desert southwest, that behavior is a good thing, since the air
conditioning load is highest in the summer. The same would not be true in climates whose peak
electric load is in the winter.
Assume that PV were the only renewable, it had a measured Arizona capacity factor of nearly
20%, and there was a 15% RPS. Assume that the average use was 100 MWh and thus PV had to
contribute 15 MW on average (131,400 MkWh/yr). To get that much generation, utilities would
need to build 75 MW of PV capacity in order to get average generation of 15 MW (131,400
MWh/yr), an extraordinarily high capital cost. At noon on a mild June day, the solar array would
generate 75 MW of power, which would likely exceed demand, considering the must-run
generation and the fast-rampling fossil power needed to fill in the gaps in solar generation. To
achieve the 15% RPS, more than 75 MW of solar capacity would be needed, since some of the
generation could not be used.
Solar PV system costs are the same as they were five years ago, although there is a recent very
slow decrease in module prices. Unsubsidized costs in the best sites can be as low as 35 cents per
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kWh. However, in non-desert sites such as Florida they can be 45-50 cents per kWh. Solar
thermal systems are roughly 2/3 the cost of solar PV systems.

The data from Arizona indicates that the PV is not producing much power at 5-6 PM, the time of
peak demand. Thus, the utility would still need dispatchable capacity sufficient to supply the
highest demand (plus a reserve). There would still need to be gas turbines to smooth the
variability of PV output. However, since the air conditioning demand is highest when the sun is
shining on a hot day, less of the PV generated electricity would be wasted.
Solar thermal systems such as the new 64 MW Nevada Solar One installation should have
smoother output power than solar photovoltaic systems, since the thermal inertia of the oil used
as a working fluid is expected to continue producing electricity despite the fluctuating thermal
input. Since this facility became operational only in June 2007, a full year of data is not yet
available. Published reports22 indicate that it is expected to have a capacity factor of 24%. The
thermal inertia in the system takes care of the momentary fluctuations, but does not allow
generation when the sun is not high. Molten salt energy storage will be used to store energy for a
few hours in order to better match evening load.
The distribution of solar energy depends on the season, location, and cloud cover. The National
Renewable Energy Laboratory has estimated the annual average solar energy that a solar PV or
solar thermal system can make use of (figure 14); the resource is unevenly distributed in the
USA. However, some of the fastest growing regions of the country are located where good
solar resources exist.

Figure 14. Solar Radiation Resource Map for a single axis parabolic trough solar concentrator.
Source: NREL, http://rredc.nrel.gov/solar/old_data/nsrdb/1961-1990/redbook/atlas/

Solar systems are not immune from land use controversy. California's Solar Shade Control Act
has recently been used to force redwood trees to be cut down because they were shading a
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neighbor's $70,000 solar system even though the trees predated the installation of the solar
panels.23
Geothermal
At a good site, geothermal can generate electricity from hydrothermal sources at about 10
cents/kWh. Geothermal doesn’t have intermittency or backup problem, but long distance
transmission may be needed. Geothermal power is often overlooked in policy discussions. At
present, it supplies almost as much power as does wind. It provides a fairly steady supply, called
baseload electricity: the median geothermal plant averaged over a year has a 63% capacity
factor, comparable to that of coal-fired generators. A 2006 MIT report24 estimated that in the
future enhanced geothermal power, obtained by cycling water through warm rocks at depths
between 3 and 10 km, might be able to produce 100,000 MW of electricity in the USA at a cost
of less than 8 cents per kWh. That scale-up would mean that 12% of current USA electric
demand could be met by using the geothermal resource. Like wind and solar energy, the
geothermal resource is unevenly distributed in the United States (figure 15).

Figure 15. Temperature at a depth of 6.5 km. The cost of producing geothermal power is reduced if high temperature
rocks are found at shallow depths. Source: The Future of Geothermal Energy, figure 1.4.

Although many geothermal sites are in the arid western United States, much of the water needed
could be recycled (but may entrain undesirable chemicals such as boron and arsenic as it
percolates through the warm rock before being pumped to the surface). The MIT report states,25
"In the western part of the United States, where water resources are in high demand, water use
for geothermal applications will require careful management and conservation practice." A full
analysis of the water needs and environmental issues of large-scale enhanced geothermal power
remains to be performed.

27

Run-of-the-river hydroelectric
Run-of-the-river hydro can be attractive, but only operates when the river is flowing. To get
much energy, there would have to be a large, fast-flowing river. The potential power from this
source is limited since many of the suitable rivers have already been dammed for high-head
hydro.
Biomass
The USA has embarked on a program of encouraging energy crops. Biomass can be used either
alone or in combination with other fuels to produce electricity, and can be transformed into a
transportation fuel (potentially avoiding electricity that might be used in plug-in hybrid electric
vehicles in the near future). Biomass, such as wood chips and switchgrass can be co-fired up to
10% with coal or can be burned in a specially designed furnace. According to the USDA, farm
waste, mill waste, tree thinning, municipal solid waste, and energy crops could provide about
350 million tons at a price of $60 per ton (roughly equivalent to $120 per ton coal on a BTU
basis) (figure 16). At $90 per ton (roughly equivalent to $180 per ton coal), biomass could
provide about 430 million tons. However, it is expensive to transport biomass and so it is likely
to be useful only near existing coal-fired power plants for up to 10% co-firing or in plants
especially built for biomass. $60 per ton biomass is roughly twice as expensive as current USA
coal prices. Thus, biomass might provide a few percents of generation cost-effectively.
Annual Biomass Supply in the US - by feedstock
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Figure 16. Estimated biomass supply curve (broken down by feedstock). Source: Kumarappan S., S. Joshi, H.
MacLean. and A. Gronowska, 2008. "Evaluation of U.S. and Canadian bioenergy feedstock potential," Working
paper, Department of Agriculture, Feed and Resource Economics, Michigan State University

At small scale the use of waste biomass that would otherwise be left in fields is economically
attractive. However, removing crop residue can make soil less productive and decrease its ability
to store carbon.26 At large scale, recent work27 has shown that the greenhouse gas (GHG)
emissions from clearing land to produce biomass energy crops overwhelms the GHG savings
from using biomass. Although the land must be cleared only once, the GHG debt is not repaid
for a century.
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Ocean
Getting electricity from ocean tides, currents, waves, and thermal gradients are immature
technologies whose costs and environmental effects are not fully known. The estimated global
practical potential from tides and currents totals 70 GW,28 about 2% of current global electric
power generation.
Storage
An electricity storage system can be used to provide continuous power from the variable power
supplied by wind and solar systems. At 38 sites in 18 states water is pumped into a reservoir by
electric motors; when needed, the water flows back through the turbine to produce hydroelectric
power. These pumped storage facilities are expensive to build, and have controversial
environmental impacts; their median age is 40 years29. The combined capacity of these pumped
storage facilities is 19,400 MW, or about 1.8% of the nation's generation capacity. Where they
have available capacity, they are good choices for storing variable power.
In many areas of the country, it is feasible to store electricity by using it to compress air, which is
injected underground into depleted gas reservoirs, abandoned mines, or salt caverns.30 When
electricity is needed (for example, when the wind is not blowing), the compressed air is released,
heated, mixed with natural gas, and burned in a turbine to produce electricity. Many areas of the
country have suitable geology. A 110 MW compressed air energy storage facility of this type has
been operating since 1991 in Alabama, and can provide power for 26 hours. At current natural
gas prices, these storage facilities have capital and operating costs of approximately 8 cents per
kWh of electricity produced.31
Storage batteries are often used in small scale, off-grid solar or wind systems. For large scale
application, sodium-sulfur batteries, based on a high temperature chemical reaction have been
deployed in several USA locations. These remain expensive.32 It is plausible that widespread
use of plug-in electric hybrid vehicles may provide grid storage. With the present cost of
batteries and the degradation of their lifetime when they are subject to additional chargedischarge cycles, it would not be economic for a car owner to offer the vehicle for grid storage33.
However, lithium-ion battery technology may make distributed grid storage more economical.
Demand-side management
Demand in the three main sectors has shifted dramatically in the past fifty years. All three sectors
grew exponentially at a combined rate of 8% annually until 1973, with residential having the
fastest growth rate, followed by commercial (figure 17). It is probable that this was primarily due
to growth in air conditioning. The residential and commercial sectors transitioned to much
slower exponential rates growth following the oil embargo of 1973. Residential growth has
averaged 2.7% yearly, commercial 3.5%. Industrial use of electricity stopped its strong growth in
1980, and its use in 2006 was less than it had been in 1994.
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Figure 17. Sales of electricity for the three largest sectors (transportation is not shown).
Source: U.S. Energy Information Administration Annual Energy Review 2006 Table 8.2a.

While some of the growth in the residential and commercial use of electricity is due to
population increases, a large portion is due to each person using more power. The average person
in the USA used half again as much electricity in their home in 2006 as they had just 25 years
previously, in 1981. Commercial use per capita was up by two-thirds in the same period. Both
residential and commercial use per capita has been growing linearly since the mid-1970's. It is in
this context that the authors consider demand-side management of electric power.
Reducing electricity demand growth reduces air emissions, and has been used effectively in
certain areas. Techniques used include government mandates (e.g. high efficiency appliance
standards, bans on the sale of incandescent light bulbs, building codes), utility demand-side
management programs, consumer education programs, capital equipment decisions by
consumers (e.g. installing a combined heat and power plant) and pricing electricity by time of
use.
A 2004 study34 estimated that electricity demand growth was reduced by 80 billion kWh
annually in the residential sector and 40 billion kWh in the commercial sector by mandatory
appliance standards. The same research estimates that utility demand-side management programs
(such as the air conditioner and pool pump programs offered by Georgia Power and Florida
Power & Light) annually save an additional 60 billion kWh, spread across all sectors. Residential
use has been growing at the rate of 25 billion kWh each year, and commercial use by 30 billion
kWh. Thus, it is possible that very strong appliance standards and utility programs could
counteract the current annual growth in per capita consumption. Although it hardly seems
possible that even stringent standards could counteract rising electricity demand in fast growing
areas, these programs could be an effective part of emissions control.
Experience in Vermont and California shows that aggressive policies can significantly reduce the
growth of electricity demand. Residential per capita use in California grew 4% from 1980 to
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2005, while use for the rest of the USA grew by 89% (figure 18). The per capita demand in the
commercial sector in California grew by 37% over that period, much less than the 228% growth
of the rest of the country. In terms of "electric intensity", kWh per dollar of GDP, California used
4% more electricity per dollar of gross state product in 2005 than in 1980, while the rest of the
country used 40% more.

Figure 18. Electricity consumption per person in California and in the remainder of the country by sector. Source:
U.S. Energy Information Administration Monthly Retail Electric Sales Revenue and California Energy Commission

Population increases have contributed to the growth in overall electricity consumption: the USA
population has grown 20% in the past 15 years and California's by 26%. It is clear that both per
capita demand reduction and control of population are required if demand-side reduction is to
make a large contribution to reducing CO2 emissions from the generation of electric power.
Another instrument for demand-side reduction of electricity use is to change from an average
price charged for power to prices that reflect the actual cost of power at any given time. On hot
summer afternoons expensive generators that supply the last bit of peaking power needed are
turned on; they may run only a few dozen hours in a year and drive the price of power to very
high levels when they are required. If customers pay the actual price at the time they use
electricity, they are likely to use less at that time. However, as pointed out by Holland and
Mansur,35 real-time pricing may increase pollution emissions in certain regions of the country if
customers switch their use from daytime when natural gas is the predominant generation source
on the margin to night when coal dominates. Spees and Lave36 have modeled a range of
consumer behavior, finding that at plausible levels of response to price,37 peak load would be
reduced by 10 to 15% in the Mid-Atlantic states with real-time pricing. However, they find that
total demand would increase by 1 to 2% as consumers took advantage of lower rates at off-peak
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hours and shifted their use to night hours. Thus, real-time pricing would take advantage of wind's
greater nighttime production, but would make solar power somewhat less valuable.
Low emission non-renewable generation
While the nation has focused on renewable sources of electricity so far, using conventional fuels
with low pollution and CO2 emissions has been proceeding.
For a time in the 1990s, electricity generators were switching from coal to natural gas. Natural
gas plants emit about half as much CO2 per kilowatt-hour as do coal plants. They emit less
oxides of nitrogen (NOx) than pulverized coal generators, but still require special systems to
reduce such emissions to satisfy ambient air quality standards. Addition of a post-combustion
CO2 absorption system appears feasible for natural gas plants. The supply of North American
natural gas is limited and additional imports will be minor until huge fleets of liquefied natural
gas tankers ply the seas. The inevitable result of fixed supply and increased demand arising from
vast increases in natural gas generating capacity over the past decade was a four-fold increase in
gas prices. As a result, investment in new natural gas electric generators virtually ceased in 2005
to 2007. Due to current difficulties siting new coal facilities, the industry is once more turning
to natural gas-fired combustion turbines/combined cycle units.
Conventional coal-fired plants, which burn pulverized coal in boilers, emit more carbon dioxide
per kilowatt-hour than any other method of producing electricity. High performance coal
plants, called supercritical plants, and very high performance plants, called ultra supercritical
plants, are more efficient. Replacing an old, inefficient coal plant with a supercritical plant or
ultra supercritical plant can reduce CO2 emissions by one-third.
Emissions can be reduced much more by chemically capturing the CO2 produced during
combustion and injecting it deep underground, a process called carbon dioxide capture and
deep geological sequestration (CCS). The technologies to gasify coal efficiently have been
demonstrated for some coals. Once gasified, the technology for capturing the CO2, transporting it
long distances by pipeline, and injecting it into underground reservoirs exist at commercial scale
today. Technologies for capturing the CO2 from flu gas are being demonstrated at pilot plant
scale. The technologies to inject CO2 for secondary oil recovery exist today and there is limited
experience with injection into saline aquifers.
A few pilot coal-fired plants use a method in which coal is burned, but in the presence of a much
higher percentage of oxygen than is present in ordinary air (95% instead of 20%). This "oxyfuel"
method produces an exhaust gas with much higher concentration of CO2, eliminating the need to
separate CO2 and nitrogen, thus decreasing most CCS costs.
At 130 coal-burning facilities around the world—including some plants that produce
electricity—coal is used in a very different fashion. Instead of being burned in open flames, it is
fed into a refinery vessel along with oxygen. The process results in exhaust streams of CO2,
hydrogen gas, sulfur powder, and a glassy slag containing various other impurities. The CO2 gas
stream can be injected deep underground instead of being released into the atmosphere; these
plants can reduce CO2, emission by up to 90%. When used to produce electricity, these plants are
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called integrated gasification combined cycle (IGCC) plants. Additional experience with a
range of fuels for coal gasification would increase industry operational confidence.
Among low air emissions electricity sources, nuclear power is the largest deployed technology.
If nuclear power is to keep its present 20% share of electricity production—from 104 plants now
operating in the USA—30 new nuclear plants must be brought into service by 2020 to keep up
with increasing demand. After 2020, many existing nuclear plants may close because of age, and
construction will have to reach very high levels if market share is to be maintained. A new
generation of nuclear plants has been designed, and Westinghouse Nuclear, Areva, and GE
Hitachi Nuclear Energy each are seeking orders from utilities in the United States.
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IV. Electric energy policy for low air emissions
Stabilizing atmospheric CO2 at about twice the preindustrial level will require reducing CO2
emissions by roughly 60-80%. Increasingly stringent air pollution regulation will require
dramatic emissions reductions for SO2, NOx, mercury, and particulate matter. Both reductions
could be accomplished with additional costs that are 1% of GDP or less, half again what the
nation spent during the peak years of compliance with the Clean Air Act.
The electric power industry emits approximately 2.5 billion metric tons of CO2 per year. A
number of technologies are available for low emissions generation or demand reduction at $60
per ton of CO2 or less. That totals $140 billion a year, or a 40% increase in what customers pay
for electricity, 1% of GDP.
It is important to achieve low air emissions as well as other goals, specifically low cost. If the
USA mandates technologies that achieve CO2 reduction at, say, $100 per ton, the increase in our
electric bill would be 75%, or nearly 2% of GDP.
Some of the air emissions associated with cars and light trucks may be shifted from their
gasoline or diesel engines to electric power plants, if plug-in hybrid gasoline-electric vehicles
become popular. That would underscore the importance of finding effective ways to lower both
pollution and CO2 emissions, while keeping control costs low cost, since it would cause a
substantial increase in demand for electricity.
Costly mandates that undermine electricity reliability are likely to lead to a public backlash. For
example, Pennsylvania has enacted a requirement that 0.5% of electricity be generated by solar
PV by 2020. Using the fairly modest growth in demand for power projected by the system
operator, that works out to 800 MW of solar PV. The innocuous-sounding half percent
requirement will add 6% to the average electric bill. If wind were allowed to generate the
electricity, wind generation would do the job for $75 million per year for wind vs. $400 million
per year for solar PV.
Solar subsidies in Japan and Germany, as well as solar set-asides in domestic state legislation
have been enacted on the assumption that the prices for solar PV systems will decline as
economies are achieved in manufacturing. At present, solar PV in states such as Pennsylvania
can produce wholesale power at 50 cents per kWh.‡ Costs for the solar PV system (solar cells,
electronics, packaging, installation) would need to fall by a factor of 6 to produce power at rates
competitive with other low-emissions sources, even before considering additional costs due to
the variability of solar power.
The economics may be more favorable for specific power applications. For example, air
conditioning loads in Arizona cause the demand for electricity to peak in the afternoon and early
evening. A solar thermal system with a few hours energy storage matches this load profile well
and can produce power at prices competitive with those of natural gas peaking generators.
Arizona Public Service has recently announced a plan to install a 280 MW system of this type by
‡

Using the following data: installed full system costs of $5400/kW, 20-year life, 15% capacity factor, ½ % of
capital cost for annual operations & maintenance, 10% capital cost.
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2011, and has signed a 30-year power purchase agreement for its electricity at 14 cents per
kWh.38

V. Electric generation as a system
While it is tempting to consider a mandate for a particular technology in isolation, that approach
leads to undesired results. One could argue, for example, that building a particular amount of
wind power in Hawaii displaces old and dirty oil-fired generators (the state produces 78% of its
electricity using oil39). At night the wind blows strongly and demand for power is low, so wind
supplies over a third of the island's nighttime electric energy. Oil generators that are not required
are shut down. On three nights during one week in June 2007 on the Big Island, the variability
of the wind overwhelmed the ability of the single oil generator that remained running to
compensate, as the strength of the wind gradually fell. While the system operators urgently tried
to get a second oil unit warmed up, the frequency of grid power fell from its normal 60 Hz to 58
Hz (emergency procedures are usually implemented in most grids to prevent frequency from
falling below 59.8 Hz).
What was missing on Hawaii was a system that can employ a combination of generators, electric
storage, and curtail customer demand that can protect the electricity system when wind varies.
On February 26, 2008 the power system in Texas was saved by quick action in dropping load. At
3:45 PM, wind power was supplying roughly 4% of demand. But over the course of the next 3
hours an unforecast lull in the wind caused the amount of wind power to fall from 1700 MW to
300 MW just as evening demand was increasing. Grid operators went immediately to the second
of four emergency stages, and called on 1100 MW of emergency interruptible load in a
successful attempt to avoid a system collapse. According to the Electric Reliability Council of
Texas, "This was not the first or even the worst such incidents in ERCOT's area. Of 82 alerts in
2007, 27 were 'strongly correlated to the drop in wind'."40
When a variable generation source (wind or solar) is installed, the size and costs of the required
standby supply or load curtailment have to be accounted for. When variable generators are a tiny
fraction of the total, the standby requirement can be swept under the rug, but that plan is not
scalable when wind or solar make up a large fraction of total generation.
Table 1 illustrates the case for an RPS of 15% or 25% satisfied with wind or solar PV. The
example shows that very large amounts of renewable capacity would be required and that much
of the renewable power would be spilled, particularly for the 25% RPS satisfied with solar PV,
Since neither wind nor PV is dispatchable, the system still needs 100,000 MW of dispatchable
capacity, but will use less fuel since the renewable generation supplies 15% or 25% of the power.
However, since the wind generated power is variable, some gas turbines (or hydro power) will be
required to operate in order to deliver power when the wind drops momentarily. When the
turbines operate this way, they are inefficient and so less than 15% or 25% of the fuel is saved.
If the system did not have vast electricity storage, it would need power for 2/3 of the day when
the sun was not shining or was too low to generate much power. The power would be most
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cheaply supplied by baseload generators. A baseload coal or nuclear unit would not be shut down
when the solar array was generating power because it would be needed in a few hours.
Figure 19a shows the output of four wind farms in Pennsylvania supplying electricity for January
through June, adjusted upward so that it provides 25% of the electricity supplied to PJM. Also
shown is the PJM east demand for each hour during the period. The graph assumes that all the
nuclear and hydro units are operating as baseload capacity, 9.7 GW. The graph shows that there
are some hours where the generation exceeds load. In practice more than 418,031 MWh would
be spilled because some gas turbines would have to run to fill in the gaps in variable wind
generation.
Figure 19b assumes that baseload generation would be 20 GW, reflective of the current nuclear,
coal, and hydro baseload plants in PJM east. The graph shows that generation from the baseload
plants and wind would exceed load for a considerable amount of time. The graph shows that
there are some hours where the generation exceeds load. With the assumption that nuclear and
hydro would run at their 2004 capacity factors, on an annual basis over 800,000 MWh of the
wind power would be spilled (exceed load) if wind was required to supply 25% of the electric
energy in PJM. In practice, some gas turbines would have to run to fill in the gaps in variable
wind generation, leading to more wind power being spilled. Since gas turbines would have to run
to account for wind’s variability, more MWh would have to be spilled in practice.
When wind energy is spilled, an additional complication arises since, for example, the RPS in
California refers to MWh billed to customers, not to renewable capacity or renewable generation.
To satisfy the RPS in many states, still more wind capacity would be needed to provide power
during the times when wind energy was not spilled.
PJM-E load and 25 % wind generation with nuclear and hydro (9.7 GW)
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Figure 19a. Hourly load in PJM in the first six months of 2004 (blue curve) and hourly wind output from 104 1.5
MW wind turbines in 4 locations in PJM scaled to supply 25% of load, with 9700 MW of must-run generation (red).
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Load and wind generation (with 20 GW baseload)
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Figure
Figure 19b. Hourly load in PJM in the first six months of 2004 (blue curve) and hourly wind output from 104 1.5
MW wind turbines in 4 locations in PJM scaled to supply 25% of load, with 20,000 MW of must-run generation
(turquoise).

VI. Conclusion
Radical change is needed if something more than business as usual in the electric power sector is
to achieve the 60-80% reduction in CO2 emissions required to keep global climate change from
causing major harm.
The aspirations of radical change that are embodied in renewables portfolio legislation can both
provide a guide and the social consensus to lead to that "change".
Many people agree that something must be done to lower carbon dioxide emissions. There is
much less consensus about renewability as a goal. Renewability has meant different things at
different times: large-scale hydroelectric power was hailed as a perfect renewable solution half a
century ago. It is still renewable (and supplies seven times as much power as wind, geothermal,
and solar combined), but its adverse effects on the ecosystem have now been recognized. In any
case, renewables portfolio standards do not permit carbon dioxide reduction from energy savings
to count toward satisfying the RPS.
The nation cannot lower carbon dioxide emissions by 60-80% at affordable cost without using
every carbon-dioxide mitigation option. If the nation tries to exclude some technologies that can
reduce air emissions, we tie our hands needlessly. Moreover, if the nation picks technologies that
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turn out to be expensive, we risk having society turn against technologies that are an essential
part of reaching our social goals.
The authors fear that pressing the introduction of renewables too aggressively would result in
high cost, unreliable electricity, leading to a public backlash against these policies. Less
aggressive policies favoring renewables in the USA and the rest of the world have brought down
the costs of these technologies. The authors favor continuing to press renewable technologies to
attain social goals. Attaining the full range of social goals is important, including having an
electricity supply that is adequate, reliable, and affordable; electricity is essential for our
economy and society. Renewables can help meet the goals, but they are not the only technologies
that can; conservation, increases in generation efficiency, fossil fuels with carbon capture and
sequestration, and nuclear power can help attain the goals. Increased R&D for these technologies
is promising, particularly for bulk storage of electricity. Rather than specifying the technology,
the authors urge Congress and state legislatures to specify the goals: lower air pollution and
greenhouse gas emissions; lower depletion of fossil fuels; increase energy security; and shift to a
more sustainable generation mix that produces an adequate supply of reliable, reasonably-priced
electricity. Since no current technology meets all goals, legislators need to consider tradeoffs.
Specifying the goals, rather than the technologies will lead to a technology race that will serve
society.
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November 5, 2009
To the editor,
I would like to thank Representative Drazkowski for taking the time to try to educate
himself on matters that concern our region—specifically, industrial wind and the Cap-x
transmission line. It must be a nightmare trying to represent a district where the
constituents are being torn apart over property rights issues. We, the people of this
country, state, and county, are under attack it seems like from every direction. In the
midst of all this, Representative Drazkowski has made a commendable effort to hear all
sides of the issues and refrain from any knee-jerk emotional response that may have
disastrous consequences. In my experience, he has always been a good listener and easily
available. He is a very strong proponent of individual private property rights. The
problems that people seem to have with Representative Draskowski arise when people
think that they can do whatever they want on their property regardless of the impact it
may have on their neighbors and their property.
I am, of course, talking about the large scale wind project being proposed in the Goodhue
area. In his letter last week, Dean Opsahl attempted to take Representative Drazkowski to
task about his comments on government involvement with industrial wind. Whether it is
construction reimbursements and generation subsidies from the federal government, tax
exemption from the state government, or a questionable move to grant CBED
(Community Based Energy Development) status and then relinquish all community
control by the county government, these are all incentives given, by government, for a
specific agenda that has no support in an unrestricted free market.
I am going to challenge the idea that subsidies are a good thing. Stripped of all the
emotional rhetoric, a subsidy can be defined as the government taking of money by the
threat of force (taxes) and spending it on ideas that would not otherwise be supported by
their own merit. In his letter on October 28, Mr. Opsahl points out that of the $101 billion
spent on energy subsidies from 2002-2008. $72 billion went to fossil fuels and $29
billion went to renewables.
Another way of reading this would be that since renewables account for roughly 1.5% of
the total energy produced but receive 40% of the money spent on energy subsidies, they
are subsidized 27 times more heavily than fossil fuels. According to the Energy
Information Administration in a report in April 2008, nuclear energy is subsidized at the
rate of $1.59 per megawatt, coal is subsidized at $.44 per megawatt, and wind is
subsidized at the mind blowing rate of $23.37 per megawatt. Natural gas peaking plants
needed to fill in the gaps left by the intermittent nature of wind power are only subsidized
at the rate of $.25 per megawatt. With wind power, not only are we paying with our taxes
to make wind competitive with coal, we are paying higher rates so that wind generators
can even be useable on the grid.
I am not defending coal. The mercury and other heavy metals released are polluting air
and surface water, creating a health hazard that we will not fully realize for some time to
come. Those of us in the pro community/ safe wind camp realize this. We wonder why

coal is being subsidized when it is being blamed for all of the problems that wind is
supposed to solve. Instead of making coal plants clean up their mess, or even allowing
private citizens to bring lawsuits against them, our government gives them money! By the
wind company’s own admission, wind power has not led to the shuttering of a single coal
plant. Why does coal generation continue to increase in defiance of the all of the new
wind developments and all of the hype surrounding them?
One basic principle of economics is “the elasticity of demand”. When the price of an item
goes up, the demand for it drops. The elasticity of demand is how much the demand
drops with respect to the price increase. If the price of electricity goes up, we learn to
shut off lights. If the price of electricity continues to climb, we begin to shift to higher
efficiency and alternative sources of energy. If the coal plants were held accountable for
the damage they create, the ecological impact would be reflected in the price of coalgenerated power, and market forces would work to resolve the pollution issues.
When government interferes with the logical prices placed on electricity through subsidy,
we end up paying with our taxes for irresponsible uses of energy by others. My night sky
is shrinking because of an ever present glow from the Twin Cities and Rochester. It burns
me up that my government is squandering my money to light up the night sky. We have
to pay for the light pollution, we have to pay higher electricity rates, we have to get stuck
with the CapX line, and now we have to try to salvage our community from the mess
created by out-of-town wind developers, just so someone else does not have to see the
consequences of his actions.
Mr. Opsahl is right; we should not be subsidizing fossil fuels. We should not be
subsidizing ethanol, and we should not be subsidizing nuclear. The reasons are obvious.
Why then, should we be subsidizing our own destruction with wind?
In his letter, Mr. Opsahl stated that the wind company will provide plans for cleaning up
after themselves when the project is no longer viable. The troubled history of Buffalo
Ridge and the unwanted, unused, and unmaintained crowd of wind turbines polluting San
Francisco’s western horizon should inspire a careful rereading of any wind company
contract. Who will be the owner of the project in fifteen years when the contract states
that the company must begin to set money aside for decommissioning? If the wind
developer does not have the money, where is it going to come from? Wouldn’t it make
sense for the company to be required to place money for decommissioning into an
account before they can be constructed and abandoned? Especially with such an onerous
industrial structure on agricultural land, the eventual cost of deconstruction should be
included in the cost of construction. Not to make such a provision is a disservice to the
landowners hosting the turbines as well as the neighbors who are affected by them.
If this project is built, the turbines will be visible from Red Wing to well south of
Zumbrota, from Hampton to Oronoco; an ever-present monument to our community’s
complacency when Enron style shenanigans literally knocked on our doors.
When you contact your city council, township officers, county commissioners, and state

representatives, remind them that in addition to being an economic disaster, industrial
wind turbines are neither a safe nor clean source of energy.
Paul Reese
Goodhue.
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“Impressive. Interesting. And important.”
—Robert M. May, PhD, Professor Lord May of Oxford OM
AC Kt FRS. President of the Royal Society (2000-05), Chief
Scientiﬁc Advisor to the UK government (1995-2000). Lord
May is currently at the forefront of global warming research
and is considered a pioneer in epidemiological research.

“Dr. Pierpont has clinically deﬁned a new group of human subjects
who respond to low frequency, relatively high amplitude forces
acting upon the sensory and other body systems. Her rigorous
clinical observations are consistent with reports of the deleterious
eﬀects of infrasound on humans, including, but not limited to, the
low frequency sonar eﬀects on divers. There are clinical conditions
(such as dehiscent superior semicircular canals) that might explain
some of Dr. Pierpont’s clinical symptom review, but this relatively
rare condition cannot explain all of her observations.
“Dr. Pierpont’s astute collection of observations should motivate a
well-controlled, multi-site, multi-institutional prospective study.”
—F. Owen Black, MD, FACS, Senior Scientist and Director
of Neuro-Otology Research, Legacy Health System, Portland,
Oregon. Dr. Black is widely considered to be one of the
foremost balance, spatial orientation, and equilibrium clinical
researchers in America.

“Like so many earlier medical pioneers exposing the weaknesses
of current orthodoxy, Dr. Nina Pierpont has been subject to much
denigration and criticism. It is a tribute to her strength of character
and conviction that this important book has reached publication.
Her detailed recording of the harm caused by wind turbine noise

will lay ﬁrm foundations for future research. It should be required
reading for all planners considering ‘wind farms.’”
—Christopher Hanning MD, FRCA, MRCS, LRCP. Dr Hanning,
a founder of the British Sleep Society, is a leading sleep clinician
and researcher. He recently retired as Director of the Sleep
Clinic and Laboratory at Leicester General Hospital, one of the
largest sleep disorder clinics in the UK.

“This is an extraordinary book. It is personal and passionate, which
makes it compelling reading. But it is much more—authoritative,
meticulous, and scholarly. The descriptions of anatomy, physiology,
and the pathophysiology of how noise aﬀects health are bang on. It
clearly takes its place as the leading work on the topic.
“In addition to Dr. Pierpont’s detailed clinical accounts, there is
accumulating evidence of adverse health eﬀects from Japan, New
Zealand, the UK, USA, and Canada. There are also some 357
organizations from 19 European countries demanding an enquiry
by the European Union about health and many other adverse eﬀects
of wind farms. At a minimum, the EU would be wise to consult with
Dr. Pierpont.
“This book is a must-read for all health care professionals, especially
those in clinical practice. One cannot but hope that politicians and
policy makers at all levels heed the wake-up call that there are
serious consequences to precipitant decisions relating to so-called
green energy.”
—Robert Y. McMurtry, MD, FRCS (C), FACS. Former Dean
of Medicine and Dentistry at the Schulich School of Medicine
& Dentistry, University of Western Ontario. Dr. McMurtry
has had a long and distinguished career in Canadian public

health policy at both the federal and provincial level, including
as founding Assistant Deputy Minister of the Population and
Public Health Branch of Health Canada, and currently as a
member of the Health Council of Canada.
“Dr Pierpont has made an important contribution to a debate about
wind turbines that should be conducted not between champions
and opponents of renewable energy, but within the community
of those who want this country to behave in an environmentally
responsible way. That we can and should do.”
—Editorial board of The Independent (UK), August 2, 2009
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This study is dedicated to the memory of Dudley Weider, MD,
Professor of Otolaryngology at the Dartmouth-Hitchcock Medical
Center, who sent me to Alaska, diagnosed and cured my husband,
and taught me about migraine and dizziness. We miss him.
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ONE:

By way of explaining
why on earth I wrote this book
I wrote this report because I saw a medical problem that few
clinicians were paying attention to or, for that matter, seemed to
understand. Dr. Amanda Harry in the United Kingdom led the way
in recognizing the cluster of symptoms people experience around
wind turbines.1 I, myself, began encountering the problem from
numerous e-mails and telephone calls I began receiving in 2004,
shortly after wind developers turned up in my community and my
husband and I started investigating industrial wind turbines.
The uniformity of the complaints quickly became apparent. It didn’t
take long to realize the potential for a relationship between these
complaints, on the one hand, and migraine, motion sickness, vertigo,
noise and visual and gastrointestinal sensitivity, and anxiety which,
taken together, form a coherent and interconnected neurologic
complex in medical practice.
The breakthrough came in early 2006, when I interviewed a couple
who were about to move out of their home because of their own
and their children’s symptoms. The interview supported the
1 Harry,

Amanda. 2007. Wind turbines, noise, and health. 32 pp. www.windturbine

noisehealthhumanrights.com/wtnoise_health_2007_a_barry.pdf
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relationship between turbine-associated symptoms and migraine/
motion sensitivity. Best of all, the interview introduced me to the
curious phenomenon of vibration or pulsation felt in the chest. It
was this element that caught the attention of the National Academy
of Sciences in its 2007 report to Congress, Environmental Impacts
of Wind-Energy Projects. The authors wanted to learn more about
this eﬀect of low frequency noise.2
This study is my answer to their question.
As I have worked to understand these complaints, I have beneﬁted
from new research allowing us to better understand neurologic
phenomena like spatial memory loss and fear reactions in people
with balance problems—symptoms that often “bored and baﬄed”
clinicians, as one of my referees put it.3 Wind developers and
acousticians have been even less charitable.
It’s…worth noting that studies have shown that a person’s
attitude toward a sound—meaning whether it’s a “wanted”
or “unwanted” sound—depends a great deal on what they
think and how they feel about the source of the sound.
In other words, if someone has a negative attitude to
wind turbines, or is worried about them, this will aﬀect
how they feel about the sound. However, if someone has
2

National Research Council. 2007. Environmental Impacts of Wind-Energy
Projects. The National Academies Press, Washington, DC. 185 pp, p. 109
(Prepublication Copy). “Low-frequency vibration and its eﬀects on humans are
not well understood. Sensitivity to such vibration resulting from wind-turbine
noise is highly variable among humans. Although there are opposing views on
the subject, it has recently been stated (Pierpont 2006) that ‘some people feel
disturbing amounts of vibration or pulsation from wind turbines, and can count
in their bodies, especially their chests, the beats of the blades passing the towers,
even when they can’t hear or see them.’ More needs to be understood regarding
the eﬀects of low-frequency noise on humans” (from “Impacts on Human Health
and Well-Being: Noise Levels,” pp. 108-9, Prepublication Copy).
3I

review and discuss this research in the Discussion section, pp. xx.
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a positive attitude toward wind energy, it’s very unlikely
that the sounds will bother them at all.4
Their patients [people living near wind turbines and
reported on by Drs. Osborne and Harry] may well have
been experiencing adverse symptoms, but we have to
keep in mind that people who have failed, for whatever
reason, in strong objections to a development, build up
in themselves a level of unfulﬁlled expectations and
consequent stress, which peaks after the failure and can
overload their coping capabilities. This leads them to
lay the blame on whatever straw they can clutch. This is
especially so in group activities, where mutual support
may turn to a mutual, interacting misery, which worsens
the situation….The very low levels of low frequency noise
and infrasound which occur from wind turbines will not
normally cause problems. If problems have occurred, it is
possibly for some other stress-related reason.5
Brian Howe, a consulting engineer in acoustics for 20
years for HGC Engineering, said Ontario’s guidelines for
turbine noise are adequate and consistent with Health
Canada studies. Most people near wind turbines aren’t
complaining about the noise, Howe said. In some cases,
noise complaints could reﬂect higher anxiety levels
from people who had unrealistic expectations of hearing
virtually no sound, he said.6
4

Noble Environmental Power, LLC. Wind fact sheet #5: Are modern wind
turbines noisy? p. 2. www.noblepower.com/faqs/documents/06-08-23NEPSoundFromWindTurbines-FS5-G.pdf.
5 Leventhall,

Geoﬀ. 2004. Notes on low frequency noise from wind turbines with
special reference to the Genesis Power Ltd. Proposal near Waiuku, NZ. Prepared
for Genesis Power/Hegley Acoustic Consultants, June 4, p. 7.

6

Rennie, Gary. 2009. Wind farm noise limits urged. The Windsor (Ontario,
Canada) Star. February 24.
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Responses like these are a pity. They’re rubbish. There is nothing
“psychosomatic” or malingering about it. The physiologic pathway
ﬂows from physical forces (air pressure changes, noise, vibration)
to physical sensations (chest pulsations, internal vibration, tinnitus,
headache, ear fullness) to brain integration of sensory signals to
distortions of brain functioning (sleeplessness, concentration and
memory deﬁcits, physical symptoms of anxiety)—not the reverse.
Research clearly shows there are precise and deﬁnable neurologic
connections that explain how distorted sensory signals can derail
normal psychological and cognitive function and, in fact, trigger
physical symptoms. (It’s worth pointing out that our understanding
of brain function has progressed by leaps and bounds in the last
25 years, radically changing the landscape of psychology and
psychiatry and, of course, neurology.7 Much of the research on
vestibular function, whereon I draw, is even more recent, conducted
within just the last 10-15 years.)
Leaving the pop psychology behind us, let’s move on to evidencebased science. In the world of medicine my study is properly
called a “case series,” deﬁned as a descriptive account of a series of
individuals with the same new medical problem. Let me be clear: a
case series is a standard and valid form of medical research. New
illnesses are often introduced with case series whose role is to deﬁne
an illness, suggest causation, and alert the medical and research
profession to its existence. (This being one of the chief reasons
for this report.) After an illness is deﬁned and awareness raised,
it becomes more feasible to do larger, more expensive studies to
explore etiology (causation), pathophysiology, and epidemiologic
characteristics.
7

See, for example, Schore, Allan N. 1994. Aﬀect Regulation and the Origin of
the Self: The Neurobiology of Emotional Development. Lawrence Earlbaum
Associates, Hillsdale, NJ. 700 pp.
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meetings, on the Internet, in Letters to the Editor, in courtrooms—
it is routinely ridiculed. I speak from experience.
Wind energy is being promoted by every state and national
government I know of, under intense lobbying by wind development
companies generally owned or otherwise capitalized by powerful
investment banks which in turn take large tax write-oﬀs and reap
large government subsidies for their wind farm projects. These
companies turn around and sell carbon credits (green credits).
Perhaps this helps explain why no provision is made for clinical
caution?
And perhaps this goes some way toward explaining why a
pediatrician in rural NYS and a general practitioner in Cornwall,
England—along with a handful of rank-and-ﬁle, community
physicians elsewhere in the UK, USA, Australia, and who knows
where else—are the ones funding this research and writing these
reports.
Then so be it.
Three poems by Gail Atkinson-Mair, who has lived every page in
this book.

The Moles
You call me to the window, not quite sure,
“I really get the feeling we’ve got fewer moles
—must be the cat.” An end to an unending war,
you grin and raise your glass. You’re right. The holes
that spotty-dicked the grass and made me think
of crazy golf have by some miracle grown rare. I
frown and look away, then crash the dishes in the sink
and fumble, ill at ease. Alarm bells ring—but why?
There’s something not quite right today—
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a smooth expanse of light rich green and not one
mole hill to be seen; a thousand velvet diggers gone.
We look at one another and although
our mud-ﬁlled brains urge us to stay
our guts tell us—it’s time to go.

Home
She’s like the ﬂies that buzz around inside
the house, alight on window, table, chair
and then take oﬀ. She stands, she sits, she looks
around a moment, then she‘s oﬀ. Eyes wide
she searches, checks, then stops. Smoothes hair
from face, swipes dust from books.
She’s pulled the plugs and ﬁxtures out,
switched oﬀ the mains, “Not there,” she said.
She’s gone outside and come back in,
It isn’t there. You know it’s not! I want to shout
and make her stop. The buzzing in her head
will drive her mad. She grabs the radio and plugs it in
then plugs her ears. Her face is grey
“Stop it now,” she screams at me, “and make it go away.”

My Back Yard
I had to come before I go insane.
The plant you built has side eﬀects: I vomit, weep,
have dizzy spells and I’m depressed. The pain
from pressure in my ears keeps me from sleep—
I wake up drenched, have jitters, palpitations.
Your “silent” noise impairs my concentration—
I think you call that torture.
I no longer have a garden or a view, your
symphony of turbines has drowned the song of nature.
You say you’ve done what is required by law
but tell me where do people feature?

Why I wrote this

How old are you, Ms May? Aha, the menopause…
We call this problem, “NIMBY,” I think you’ll ﬁnd…
Damn right, you are. It’s not in your back yard—it’s mine.
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TWO:

THE REPORT, for clinicians
Abstract
This report documents a consistent and often debilitating complex
of symptoms experienced by adults and children while living near
large industrial wind turbines (1.5-3 MW). It examines patterns
of individual susceptibility and proposes pathophysiologic
mechanisms. Symptoms include sleep disturbance, headache,
tinnitus, ear pressure, dizziness, vertigo, nausea, visual blurring,
tachycardia, irritability, problems with concentration and memory,
and panic episodes associated with sensations of internal pulsation
or quivering that arise while awake or asleep.
The study is a case series of 10 aﬀected families, with 38 members
age <1 to 75, living 305 m to 1.5 km (1000 to 4900 ft) from wind
turbines erected since 2004. All competent and available adults and
older teens completed a detailed clinical interview about their own
and their children’s symptoms, sensations, and medical conditions
(a) before turbines were erected near their homes, (b) while living
near operating turbines, and (c) after leaving their homes or
spending a prolonged period away.
Statistically signiﬁcant risk factors for symptoms during exposure
include pre-existing migraine disorder, motion sensitivity, or inner
ear damage (pre-existing tinnitus, hearing loss, or industrial noise
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exposure). Symptoms are not statistically associated with preexisting anxiety or other mental health disorders. The symptom
complex resembles syndromes caused by vestibular dysfunction.
People without known risk factors are also aﬀected.
The proposed pathophysiology posits disturbance to balance and
position sense when low frequency noise or vibration stimulates
receptors for the balance system (vestibular, somatosensory,
or visceral sensory, as well as visual stimulation from moving
shadows) in a discordant fashion. Vestibular neural signals are
known to aﬀect a variety of brain areas and functions, including
spatial awareness, spatial memory, spatial problem-solving, fear,
anxiety, autonomic functions, and aversive learning, providing a
robust neural framework for the symptom associations in Wind
Turbine Syndrome. Further research is needed to prove causes
and physiologic mechanisms, establish prevalence, and to explore
eﬀects in special populations, including children. This and other
studies suggest that safe setbacks will be at least 2 km (1.24 mi), and
will be longer for larger turbines and in more varied topography.

Introduction and Background
Policy initiatives in the United States and abroad currently
encourage the construction of extremely large wind-powered
electric generation plants (wind turbines) in rural areas. In its
current format, wind electric generation is a variably regulated,
multi-billion dollar a year industry. Wind turbines are now
commonly placed close to homes. Usual setbacks in New York State,
for example, are 305-457 m (1000-1500 ft) from houses.1 Developer
statements and preconstruction modeling lead communities to
1

Town of Ellenburg, NY, wind law—1000 ft (305 m); Town of Clinton, NY, wind
law—1200 ft (366 m); Town of Martinsburg, NY, wind law—1500 ft (457 m).
For other examples in and outside NY State, see Wind Energy Development: A
Guide for Local Authorities in New York, New York State Energy Research and
Development Authority, October 2002, p. 27. http://text.nyserda.org/programs/pdfs/
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believe that disturbances from noise and vibration will be negligible
or nonexistent.2,3,4 Developers assure prospective communities
that turbines are no louder than a refrigerator, a library reading
room, or the rustling of tree leaves which, they say, easily obscures
turbine noise.5
Despite these assurances, some people experience signiﬁcant
symptoms after wind turbines are placed in operation near their
homes. The purpose of this study is to establish a case deﬁnition
for the consistent, frequently debilitating, set of symptoms
2 “The

GE 1.5 MW wind turbine, which is in use in Fenner, New York, is generally
no louder than 50 decibels (dBA) at a distance of 1,000 feet (the closest we would
propose siting a turbine to a residence). Governmental and scientiﬁc agencies
have described 50 dBA as being equivalent to a ‘quiet room.’ Please keep in mind
that these turbines only turn when the wind blows, and the sound of the wind
itself is often louder than 50 dBA. Our own experience, and that of many others
who live near or have visited the Fenner windfarm, is that the turbines can only
be heard when it is otherwise dead quiet, and even then it is very faint, especially
at a distance.” Letter from Noble Environmental Power, LLC, to residents of
Churubusco (Town of Clinton), New York, 7/31/2005.

3

“Virtually everything with moving parts will make some sound, and wind
turbines are no exception. However, well-designed wind turbines are generally
quiet in operation, and compared to the noise of road traﬃc, trains, aircraft, and
construction activities, to name but a few, the noise from wind turbines is very
low....Today, an operating wind farm at a distance of 750 to 1,000 feet is no noisier
than a kitchen refrigerator or a moderately quiet room.” Facts about wind energy
and noise. American Wind Energy Association, August 2008, p. 2. www.awea.org/
pubs/factsheets/WE_Noise.pdf
4 “In

general, wind plants are not noisy, and wind is a good neighbor. Complaints
about noise from wind projects are rare, and can usually be satisfactorily resolved.”
Facts about wind energy and noise. American Wind Energy Association, August
2008, p. 4. www.awea.org/pubs/factsheets/WE_Noise.pdf
5

“Outside the nearest houses, which are at least 300 metres away, and more
often further, the sound of a wind turbine generating electricity is likely to be
about the same level as noise from a ﬂowing stream about 50-100 metres away
or the noise of leaves rustling in a gentle breeze. This is similar to the sound level
inside a typical living room with a gas ﬁre switched on, or the reading room of a
library or in an unoccupied, quiet, air-conditioned oﬃce....Even when the wind
speed increases, it is diﬃcult to detect any increase in turbine sound above the
increase in normal background sound, such as the noise the wind itself makes and
the rustling of trees.” Noise from wind turbines: the facts. British Wind Energy
Association, August 2008. www.bwea.com/ref/noise.html

Report for Clinicians

29

experienced by people while living near wind turbine installations,
and to place this symptom complex within the context of known
pathophysiology. A case deﬁnition is needed to allow studies of
causation, epidemiology, and outcomes to go forward, and to
establish adequate community controls.
This set of symptoms stands out in the context of noise control
practice. George Kamperman, P.E., INCE Bd. Cert., past member of
the acoustics ﬁrm Bolt, Beranek and Newman (USA), wrote, “After
the ﬁrst day of digging into the wind turbine noise impact problems
in diﬀerent countries, it became clear that people living within
about two miles from ‘wind farms’ all had similar complaints and
health problems. I have never seen this type of phenomenon [in]
over ﬁfty plus years of consulting on industrial noise problems. The
magnitude of the impact is far above anything I have seen before
at such relatively low sound levels. I can see the devastating health
impact from wind turbine noise but I can only comment on the
physical noise exposure. From my viewpoint we desperately need
noise exposure level criteria.”6
I named this complex of symptoms “Wind Turbine Syndrome” in a
preliminary fashion in testimony before the Energy Committee of
the New York State Legislature on March 7, 2006. My observation
that people can feel vibration or pulsations from wind turbines,
and ﬁnd it disturbing, was quoted in the brief section, “Impacts
on Human Health and Well-Being” in the report Environmental
Impacts of Wind-Energy Projects of the National Academy of
Science, published in May 2007. No other medical information
was cited in this report. The authors asked for more information to
better understand these eﬀects.7
6 George

Kamperman, personal communication, 2/21/2008. See www.kamperman.

com/index.htm.
7 National Research Council. 2007. Environmental Impacts of Wind-Energy
Projects. The National Academies Press, Washington, DC. 185 pp, p. 109.
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In a continuation study that involved interviewing participants,
Pedersen found that some people had moved out of their homes,
rebuilt their homes in an attempt to exclude turbine noise, or begun
legal proceedings because of problems associated with turbine
exposure.212 Pedersen and Persson Waye also found informants
who were sensitive to both noise and blade motion, felt violated or
invaded by turbine noise, and found their houses to be places where
they could no longer ﬁnd restoration213—qualitative similarities to
the current study.
Van den Berg, Pedersen, and colleagues conducted another survey
study of noise and annoyance in the Netherlands in 2007.214 They
mailed questionnaires to 1960 households within 2.1 km (1.3 mi) of
at least two adjacent 0.5 to 3 MW turbines, with 725 responses (37%
response rate). The questionnaire asked about visual and auditory
perceptions, economic beneﬁt, annoyance, chronic diseases,
current symptoms, psychological stress, and sleep disturbance, and
looked at variation in these factors (as in the Swedish study) against
modeled A-weighted noise levels.
Though it contained several questions about health, this study was
not properly constructed to sample health in an accurate or realistic
way. The evidence for this is found in the study results themselves,
which contain signiﬁcant bias or skew relative to known health
parameters.
For example, 2% of respondents in this study indicated that they
had chronic migraine disorder.215 The population prevalence of
migraine disorder is remarkably stable across countries and time
212 Pedersen

2007

213 Pedersen

and Persson Waye 2007

214 van

den Berg et al. 2008b

215 van

den Berg et al. 2008b, p. 48.
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when controlled for age, sex, and deﬁnition of the disease, being
5-6% for males and 15-18% for females.216,217 A ﬁnding of 2% is an
underestimate, indicating that something about this study’s method
of sampling migraine prevalence was awry.
Sampling and sampling error occur at several levels, such as
the level of selecting respondents and the level of sampling the
respondents’ thoughts through questioning. Potential ﬂaws at each
level can be identiﬁed in this study.
First, the researchers attempted to elicit objective health
information with just two questions in this survey, one on past
or underlying health and one on current symptoms. (Separate
questions addressed sleep disturbance). This is the single question
about underlying health:
37. Do you have any long term/chronic disease? (no → 38,
yes). If yes, which chronic disease do you have? (diabetes,
high blood pressure, tinnitus, hearing impairment,
cardiovascular disease, migraine, other viz:)218
This is a very brief and superﬁcial question, and it is not surprising
that it failed to capture all the diagnoses of migraine that should
have been present in a random population sample. In medical
research, in contrast, the presence or absence of a diagnosis in a
subject is established by multiple proven and validated questions
directly tied to the formal deﬁnition of the illness, administered
by a trained interviewer. Even in clinical practice, which is less
216

Lipton RB, Bigal ME, Diamond M, Freitag F, Reed ML, Stewart WF; AMPP
Advisory Group. 2007. Migraine prevalence, disease burden, and the need for
preventive therapy. Neurology 68(5): 343-49.

217

Stewart WF, Simon D, Shechter A, Lipton RB. 1995. Population variation in
migraine prevalence: a meta-analysis. J Clin Epidemiol 48(2): 269-80.

218 van

den Berg et al. 2008b, Appendix p. 5.
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formal, an accurate review of systems still requires a series of
speciﬁc screening questions and the knowledge of when and how
to question in further depth. No clinician or health researcher
would rely on a question like the above to elicit full and accurate
information about the past health history.
The same question also failed to elicit accurate prevalence ﬁgures
for tinnitus. Tinnitus prevalence among survey respondents
was 2%, whereas 4% is the likely population-level ﬁgure for the
respondents’ average age of 54.219 Tinnitus prevalence also did not
show age diﬀerences in this sample,220 whereas in reality tinnitus
has a well-documented pattern of increasing prevalence with
advancing age.221
The question’s time frame is also unclear. Were the authors trying
to ﬁnd out about baseline susceptibilities (health conditions before
turbines) or did they hypothesize that exposure to wind turbines
might alter the prevalence of these chronic conditions? Though
they never state it explicitly, their analysis makes it clear they
hypothesized that health eﬀects due to wind turbines, if they exist,
would present as higher levels of the listed chronic diseases closer
to wind turbines.222 To think that they might ﬁnd such an eﬀect
with this type of sample size and mode of study verges on silly, it is
so far outside the parameters of how such issues are studied (see,
for example, studies cited in footnotes 171-177 , above). As a result,
this study’s failure to ﬁnd such an eﬀect is meaningless.
219

National Institute on Deafness and Other Communication Disorders, USA,
website, “Prevalence of chronic tinnitus.” 2009. www.nidcd.nih.gov/health/statistics/
prevalence.htm
220 van

den Berg et al. 2008b, p. 47.

221

National Institute on Deafness and Other Communication Disorders,
“Prevalence of chronic tinnitus.” 2009.
222 van

den Berg et al. 2008b, p. 50.

114

Wind Turbine Syndrome

There were also sampling problems at the level of subject selection.
First, the study has no control population that is not exposed to
turbine noise. It samples within 2.1 km (1.3 mi) of turbines, using
the unspoken assumption that the people at the outer edge of this
radius will not be exposed to signiﬁcant amounts of turbine noise
and can therefore act as a control group. An epidemiologic study,
in contrast, would have a control group of households subjected to
all the same procedures for household selection, questioning, and
noise modeling as the study group, but without turbines present.
Second, uncontrolled subject selection processes occurred at the
level of the household. Once questionnaires reached households,
what happened? Nearly 2/3 of households declined to respond. The
researchers studied a subset of non-responders using a very brief
questionnaire that yielded a modestly higher (48%) response rate.
The brief questionnaire showed that non-responders were similar
to responders in their average degree of annoyance at wind turbine
noise, but did not address the issue of whether non-responders
diﬀered from responders in health parameters.
An additional process of self-selection occurred within responder
households, since only one individual replied and only answered
questions about himself. The householders chose who replied. On
a very mundane and human level, we can imagine how this process
might have selected against migraineurs in the sample, if the person
with a headache the day the survey arrived asked someone else to
ﬁll it out.
The survey’s second question about health concerned current
symptoms, as follows:
38. Have you been troubled by the following symptoms
during the last months? ((almost) never, at least once a
month, at least once a week, (almost) daily) [sic]
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Headache
Undue tiredness
Pain and stiﬀness in the back, neck or shoulders
Feeling tense or stressed
Depressivity
Not very sociable, wanting to be alone
Irritable
Resigned
Fearful
Concentration problems
Nausea
Vertigo
Mood changes
Other, namely: (please indicate what)223
This is an odd list of “symptoms”—an undiﬀerentiated mix of
physical and psychological, with a few simple “feeling words”
thrown in. It does not make sense as a symptom list—not without
more detail and structuring into symptom groups. As with the
chronic disease question, above, medical researchers and clinicians
know that accurate and complete information cannot be elicited in
this format, especially about delicate subjects like mood states and
health. This question, too, is unclear about timing—pre-existing vs.
during exposure, while near turbines or away from them.
This question in fact yielded little information that was useful to
the researchers. In their analysis, the only reference to the health
symptoms question is as follows:
Respondents who did not beneﬁt economically from
wind turbines reported more chronic diseases and health
symptoms than those who beneﬁted….The observed
223 van

den Berg et al. 2008b, Appendix p. 6.
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diﬀerences between the sub-samples regarding chronic
diseases and health symptoms could be due to age eﬀects;
respondents who did not beneﬁt economically were older
than those who beneﬁted.224
Otherwise, through a long and detailed statistical analysis of stress,
sleep disturbance, noise, annoyance, and chronic disease, the health
symptoms question does not appear again.
The researchers expanded their questioning on mood states by
incorporating a screening interview for mental illness used in general
medical practice, called the General Health Questionnaire.225
Despite the name, it is not a health questionnaire, nor is it a measure
of psychological stress (which is how the authors use it). The GHQ12 is a screening tool for mental illness, used to help a physician
ﬁgure out which of his presenting patients need assessment for
psychiatric illness. It was validated (meaning compared against
other eﬀective means of diagnosis to see if it identiﬁed the right
people) for its declared purpose, not as a measure of psychological
stress. The authors present it as a “validated instrument” for
“measuring ‘perceived health,’”226 then use it in their analysis as a
measure of “psychological stress,” morphing the question set from
one purpose to another to another without justiﬁcation.227
In the Dutch survey study results, owners of turbines lived the
closest to turbines and were able to turn them oﬀ if they or their
224 van

den Berg et al. 2008b, p. 49.

225

Goldberg DP, Hillier VF. 1979. A scaled version of the General Health
Questionnaire. Psychol Med 9(1): 139-45. The 28-item GHQ may be found at
http://scholar.google.com/scholar?hl=en&rlz=1T4GGIH_enUS225US225&q=author
:%22Goldberg%22+intitle:%22General+health+questionnaire%22+&um=1&ie=UTF8&oi=scholarr and the 12-item GHQ (used by van den Berg et al.) at www.webpoll.
org/psych/GHQ12.htm
226 van

den Berg et al. 2008b, p. 20.

227 van

den Berg et al. 2008b, p. 47.
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neighbors were bothered by the noise—a key diﬀerence between
the Netherlands and other countries. These closer respondents
tended to be farmers and to beneﬁt economically from the turbines.
They were on average younger, healthier, and, as it happens, better
educated than the respondents living farther from turbines.
Sleep disturbance, annoyance, and questionnaire measures of
stress were correlated with noise levels among people who did not
beneﬁt economically from turbines. Annoyance occurred at lower
dBA noise levels than for road, rail, or air traﬃc noise, as in the
similar Swedish study. Being awakened from sleep was associated
with higher noise levels, and diﬃculty falling asleep and higher
stress scores were associated with annoyance. “Respondents with
economic beneﬁts reported almost no annoyance,”228 though they
lived closest to the turbines and experienced the highest modeled
noise levels. If turbine owners were turning the turbines oﬀ when
they were bothered or during sleep, then the modeled noise levels
would not have accurately represented real noise levels close to the
turbines.
Despite health being inadequately sampled in this study, the authors
still draw conclusions that are interpreted popularly as evidence
against health eﬀects by wind turbines, in sentences like this one
from the authors’ summary: “There is no indication that the sound
from wind turbines had an eﬀect on respondents’ health, except
for the interruption of sleep.”229 Though it is downplayed in this
sentence, sleep interruption is in fact of great signiﬁcance to health.
The authors are remiss in failing to acknowledge that the study
methods do not have the power to detect other health eﬀects.
228 van

den Berg et al. 2008b, Summary, p. ii.

229 van

den Berg et al. 2008b, Summary, p. ii.
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The authors would have more accurately captured the survey’s
health results had they written, “Sleep disturbance or interruption,
an eﬀect of profound importance to health, was correlated with
turbine noise levels. Unfortunately, the survey could not eﬀectively
address other health questions due to bias introduced at the
level of data collection. An important ﬁnding is the possibility of
biased responses from respondents beneﬁting economically from
turbines, yet it is equally possible that turbine owners are in the
habit of turning turbines oﬀ at critical times, thus avoiding both
annoyance and sleep disturbance.”
Recommendations
For physicians practicing near wind turbine installations, I suggest
incorporating proximity to turbines into the personal and social
history in a neutral and non-suggestive way, especially for the types
of symptoms described in this report.
With regard to turbine setback from dwellings: In Table 1B we see
that the subjects in the current study lived between 305 m (1000
ft) and 1.5 km (4900 ft or 0.93 mi) from the closest turbine. There
were three severely aﬀected families at 930-1000 m (3000-3300 ft)
from turbines. This study suggests that communities that allow
305-457 m (1000-1500 ft) setbacks from homes, like those in New
York State, may have families who need to move after turbines go
into operation.
All turbine ordinances, I believe, should establish mechanisms
to ensure that turbine developers will buy out any aﬀected family
at the full pre-turbine value of their home, so that people are not
trapped between unlivable lives and destitution through home
abandonment. By shifting the burden of this expense to turbine
developers, I would hope that developers might have a stronger
incentive to improve their techniques for noise prediction and
to accept noise level criteria recommended by such agencies as

Family Table A2 (page 1 of 2)

Pre-exposure

During exposure*

Post exposure **

Person
Mrs. A

Sleep

Normal. Sleeps through noises
other than children.

Frequent awakening

Normal, resolved

Age
33

Headache

Rare, mild

Occasional headache

At baseline

Cognition

Concentration “great,” works as
accountant

Noticed concentration
problem at work when
training someone; working to
focus; trainee had to help

Resolved

Mood

Good, including during
and after ﬁrst pregnancy

Irritable

Resolved

Balance/
equilibrium

Gets seasick but not carsick

Slight unsteadiness

Resolved

Ear/hearing

Normal hearing. Persistent
middle ear ﬂuid in late 20’s,
resolved. Tinnitus in past when
emerging from noisy plant.

Repetitive popping in ears and
decreased hearing for ﬁrst 3
weeks, then tinnitus began.
Tinnitus varied with exposure
and worsened over time.

Tinnitus resolved, but has
new diﬃculty
understanding
conversation in a noisy
room. Has to watch
speaker’s face.

Eye/vision

Wears glasses. Eyes
water if strained.

No change

No change

Other
neurological

Normal, no concussion

No change

No change

Cardiovascular

Normal except h/o temporary
stress-related hypertension at
age 22.

Normal

Normal

Gastrointestinal

Nausea and GER during
pregnancy

No change

Resolved after delivery

Pre-exposure health status
Good. Pregnant during
exposure and delivered at term
4 days before moving.
Health history
Polycystic ovarian syndrome and
metabolic syndrome. Caesarian
section for ﬁrst delivery.
Previous noise exposure
Worked at biomedical chemical
plant for 5 yrs with 1-2 hrs/wk
exposure to noisy areas.
Time to onset of symptoms
Immediate with progression

FOUR:

THE REPORT all over again, in plain
English for non-clinicians
Abstract and Background
I interviewed 10 families living near large (1.5 to 3 MW) wind
turbines, all of which were built since 2004. This gave me 38 people,
from infants to age 75. Their symptoms formed a cluster. (See
Glossary for clinical terms.)
1) sleep disturbance
2) headache
3) tinnitus (pronounced “tin-uh-tus”: ringing or buzzing in the
ears)
4) ear pressure
5) dizziness (a general term that includes vertigo,
lightheadedness, sensation of almost fainting, etc.)
6) vertigo (clinically, vertigo refers to the sensation of spinning,
or the room moving)
7) nausea
8) visual blurring
9) tachycardia (rapid heart rate)
10) irritability
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11) problems with concentration and memory
12) panic episodes associated with sensations of internal
pulsation or quivering, which arise while awake or asleep
People in these families noticed
that they developed new symptoms
after the turbines started running
near their homes. They noticed that
when they went away, the symptoms
went away. When they came back,
the symptoms returned. Eight of
the 10 families eventually moved
away from their homes because
they were so troubled by the
symptoms, sometimes abandoning
their homes.
Hence the deﬁnitive result of my report is that wind turbines cause
the symptoms of Wind Turbine Syndrome (WTS). I show this in
the common-sense way described above.
Let’s clarify something immediately. Not everyone living near
turbines gets these symptoms. As a solo, unfunded researcher I
could not get the samples needed to ﬁgure out what percentages
of people at what distances get the symptoms. This needs to be
done next. But I could (and did) look at the question of why some
people are susceptible and others not, plus who is susceptible, and I
used these patterns to explore the pathophysiology of Wind Turbine
Syndrome (what’s going on inside people to cause these speciﬁc
symptoms).
I would like readers to look at this study—including the detailed
accounts I provide of people’s experiences around turbines and
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their health backgrounds—and be able to make their own decisions
about whether they should be exposed to these machines.
That said, I was able to prove mathematically that people with
pre-existing migraines, motion sensitivity (such as car-sickness or
seasickness), or inner ear damage are especially vulnerable to these
symptoms. Equally as interesting, I was able to demonstrate that
people with anxiety or other preexisting mental health problems
are not especially susceptible to these symptoms.
This contradicts wind industry literature, which
argues that people who worry about or otherwise
dislike the turbines around their homes are
the ones getting ill. I show this to be complete
nonsense.
Here is what’s going on, as I piece together the evidence. Low
frequency noise or vibration tricks the body’s balance system into
thinking it’s moving. Like seasickness. (It’s vital to understand that
the human balance system is a complex brain system receiving
nerve signals from the inner ears, the eyes, muscles and joints, and
inside the chest and abdomen. Because the eyes are involved, visual
disturbance from the blades’ shadow ﬂicker adds to the balance
disturbance.)
Let me repeat this, because its signiﬁcance is huge. Low frequency
noise or vibration from turbines deceives the body into thinking it’s
moving. So what, you say? Not so fast! Research within the last
10 years has demonstrated conclusively that the way our bodies
register balance and motion directly aﬀects an astonishing array of
brain functions.
How? By direct neurologic linkages connecting the organs of
balance to various, seemingly unrelated brain functions.
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I’ll rephrase this, since it’s critical to the argument of this report.
The way our bodies perceive balance and motion in turn inﬂuences
a host of brain functions which at ﬁrst glance might appear to be
entirely unrelated to balance and motion. As I said, this is what the
latest “balance” research tells us—more accurately, balance research
combined with psychiatric, neurologic and cognitive research.
Incidentally, the people specializing in this kind of research are
called otoneurologists (Europe) and neurotologists (United States).
(From oto for ear, and neuro for brain.)
And what are these seemingly unrelated brain functions aﬀected by
our perception of balance and motion?
a) Automatic or reﬂex muscle movements. These are the wellknown vestibulo-ocular reﬂex, which makes eye movements
compensate automatically for head movements, and
the vestibulo-collic and vestibulo-spinal reﬂexes, which
dynamically adjust muscle tone in the neck and back to
maintain posture during movement.
b) Alerting: attention, alarm, and awakening.
c) Spatial processing and memory. Spatial processing is the
image-based or pattern-based thinking we use constantly
to:
a. picture things,
b. remember where things are or where they go,
c. remember how to get somewhere,
d. understand how things work,
e. picture how we want something to turn out,
f.

ﬁgure out how to put something together or ﬁx it,
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g. ﬁgure out the most eﬃcient order and timing of
something (such as work around the kitchen, farm,
ﬁshing boat, property, or a series of errands),
h. remember what we’re looking for when we get
someplace (such as errands in town),
i.

understand math concepts,

j.

and a host of other critical thinking functions.

d) Physiologic manifestations of fear. This means fast-pounding
heart, increased blood pressure, sweating, nausea, trembling,
and hyper-alertness.
e) Aversive learning. This is a type of reﬂex learning whose
function is to make creatures avoid potentially harmful
things. A classic illustration in both animals and people is
vomiting after eating a particular kind of food. We avoid
that food for a long time afterwards, even if the food itself
was not the cause of the vomiting, and even if it happened
only once. (Remember that experience as a child?) This
type of learning is so imprinted and automatic that even
the environment associated with this experience can trigger
the feeling of nausea—like smelling or seeing the particular
food, or even approaching the same restaurant. It’s an
old evolutionary reﬂex, designed to keep mammals and
birds from eating toxic things (with some very interesting
consequences for butterﬂy evolution, but that’s another
story). What is important here is that we are hard-wired to
avoid things that make us nauseated.
Okay. Muscle contractions in eyes and neck and spine, alerting/
awakening, spatial processing and memory, the physiological
manifestations of fear, and aversive learning. All ﬁve brain functions
are profoundly aﬀected by our sense of balance and motion. All ﬁve
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get messed up when our sense of balance and motion is thrown
oﬀ.
Back to wind turbines. Open any online newspaper article discussing
Wind Turbine Syndrome and you almost invariably discover that
someone has posted a comment ridiculing the whole idea for the
obvious reason that there’s no conceivable way such a disparate
range of health problems—memory deﬁcits, spatial processing
deﬁcits, anxiety and fear and panic, and aversive learning—could
possibly be triggered by a wind turbine, of all things. Preposterous!
Clearly, continues our brilliant blogger, people who live near
turbines and report these symptoms are making them up (probably
because they don’t like the darn things), and just as clearly the
doctor who takes these seriously (that would be me) is a piker and
huckster.
To which I respond: Clearly the authors of these brilliant gems
of logic are neither neurobiologists nor clinicians—nor are they
experiencing the symptoms which are clearly, unambiguously
reported by many people living in the shadow (as it were) of
industrial wind turbines.
Back to real medicine. The symptoms outlined above occur together
because humans are hardwired to exhibit this precise constellation
of symptoms when their balance and motion sensors are disregulated—as happens to many people living near wind turbines.
It’s important to emphasize, these symptoms are not psychological
(as if people are fabricating them); they are neurological. People
have no control whatsoever over their response to the turbines.
It happens automatically. One can’t turn on and turn oﬀ these
symptoms.
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We can be emphatic about this because balance signals (called
vestibular signals) are the one kind of sensory signal we simply
cannot tune out. You can tune out (ignore) what you see and hear,
but not what comes in from your sense of balance. Call it a law of
nature, if you like.
And what provides our sense of balance? I’m glad you asked.
Balance comes from a combination of signals. I’ll rephrase this:
balance comes from clusters of signals from diﬀerent body organs.
One source being, of course, the inner ear.
Stop. We need to review the anatomy of the inner ear. It’s essential
to understanding Wind Turbine Syndrome.
Start with the weird ﬂap of skin on the side of your head , necessary
for holding up your glasses and earrings. This is not the outer
ear; it’s the pinna. (Boxers get cabbage pinna.) The outer ear is
where you put Q-Tips and where your two-year-old stores beads
and other treasures. It’s where earwax lives and where water gets
lodged when you shower, and you have to shake it out. The outer
ear is a blind pouch ending at the eardrum, sealing oﬀ the pouch at
the inner end.
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Next comes the middle ear. The place between the eardrum and
what’s called the oval window. This is the part of the ear that
gets infected in little kids. (Moms, remember all those times you
took Johnny to the doctor and she said, “Yup, Johnny has an ear
infection.” This, after Johnny woke up screaming in the night, after
having a cold for three days.) The middle ear is open to the air,
through the Eustachian tube (pronounced “U-station”) from the
back of the throat (up behind the nose).
The middle ear houses those three wonderful little bones, incus
(“ink-us”), malleus (“mal-ee-us”), and stapes (“stay-peas”), that are
linked in a chain. Incus, malleus, and stapes transmit the energy of
the vibrating eardrum to the inner ear.
This brings us to our destination. The inner ear (or membranous
labyrinth), which consists of the semicircular canals (which you
remember from high school biology) and the so-called otolith
organs (which you probably don’t remember from high school
biology).
The otolith organs are key to understanding Wind Turbine
Syndrome. They consist of two little membranous sacs, the utricle
(“you-trick-ul”) and saccule (“sack-ule”), which are attached to the
cochlea (“coke-lee-ah,” the spiral-shaped, membranous organ that
transduces the mechanical energy of sound into neural signals)
and to the semicircular canals (membranous organs which make
a semi-circle in each of the three planes of movement—vertical
forward, vertical sideways, and horizontal—and transduce angular
acceleration: when your head is nodding or turning, they detect it).
Embedded in the two otolith organs are—believe it or not—rocks.
(Oto = ear and lith = rock. Remember when your teacher declared
you must have rocks in your head?) Well, not really rocks. They’re
tiny. In fact they’re microscopic crystals of calcium carbonate
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(like calcite or oyster shells), called otoconia (“oto-cone-ia”), stuck
together in a mass on top of the patch (macula, pronounced “mackyou-la”) of movement-sensing hair cells. The weight and mass
of these stones allows the hair cells to detect gravity and linear
acceleration.

Things now get truly beautiful. Imagine God “with his broad
sculptor-hands leaf[ing] through the pages in the dark book of the
beginning,” showing us the blueprints for the semicircular canals
and otolith organs.1 Structures so fundamental to brain function
that they are shared by ﬁsh, amphibians, and (so-called) higher
vertebrates. Yes, including us. In each of these creatures these
organs perform a function not only older than the mind can grasp,
but so profound it has come to deﬁne what mind itself is. (Note:
The cochlea, the organ we use for hearing, evolved much later in
mammals.)
We are in the presence of a master key to the mammalian mind.
(Not just mammalian, but the entire backboned animal world.)
1 Rilke, Rainer Maria. 1991. “The Angels,” trans. Snow. The Book of Images: A
Bilingual Edition, rev. ed. North Point, NY, p. 31.
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It is this master key, dear reader, that is counterfeited by the low
frequency noise from the massive, spinning wind turbine outside
your window.
We’re in the presence, here,
of truly ancient anatomical
structures. Many millions of
years old. Fish, amphibians, and
“higher” vertebrates all have
semicircular canals and otolith
organs.
Consider this. Teleost ﬁsh,
such as cod, hear with their
otolith organs. Their otolith
organs are their detectors of
sound and vibration, such as
the movements of nearby predators or prey. Their otolith organs
also detect gravity (which way is up) and acceleration (if the ﬁsh
moves or turns). Atlantic cod otolith organs are so sensitive to
water perturbations from infrasound (at 0.1 Hz, or one wave every
10 seconds) that the ﬁsh may be able to use seismic sounds from
the Mid-Atlantic Ridge or the sounds of waves breaking on distant
shores to guide them during migration, hundreds of miles away.
Consider this. In frogs, the saccule (one of the otolith organs)
remains the part of the ear most sensitive to substrate-borne
vibration. Both the saccule and a newly evolved part of the frog ear,
the basilar papilla, detect both sound and vibration, with the saccule
capturing lower frequencies and the papilla higher frequencies.
All by way of laying the groundwork for the idea that our own
otolith organs have been, ancestrally, detectors of sound, vibration,
and low-frequency sound, in addition to detecting gravity and

134

Wind Turbine Syndrome

body movements. Human otolith organs have retained some of
these functions, it turns out: they respond to noise or vibration by
sending out vestibular signals.
If stimulated by a loud click or abrupt tone, normal human
vestibular organs trigger a measurable, specialized reﬂex: an
electrical signal to muscles in the front of the neck (called the
“vestibular evoked myogenic potential” or VEMP). Let me rephrase
this, since it’s important: a noise, delivered to the ear without any
movement of the head or body, sets oﬀ a rapid (neural) chain of
events that changes neck muscle tone. This neck muscle signal
is part of the vestibulo-collic reﬂex (collic meaning “neck,” like
collar). The purpose of the vestibulo-collic reﬂex is to stabilize the
head during body or head movement. A noise, albeit a loud and
distinctive type of noise, sets oﬀ a reﬂex chain of events showing that
the vestibular system thinks the body or head is moving, even when
it is not. Yes, in normal, healthy adult humans. (Wind developers,
are you reading this?)
Noise doesn’t necessarily come in via the air, eardrum, and middle
ear, however. Vibrations or “bone-conducted sound” can reach
the inner ear directly through the bone in which the inner ear is
sculpted. To do this in experiments or as a clinical test, a vibrating
object is put against the skin over the mastoid bone behind the ear.
It takes less energy (a lower decibel level) to trigger the vestibular
response when the signal comes in through bone conduction than
when it comes in through the air-middle ear route. Bone conduction
also works better at lower sound or vibration frequencies.
Most exciting, it was shown in 2008 that the normal human
vestibular system has a ﬁsh- or frog-like sensitivity to low-frequency
vibration. In this experiment, a vibrating rod was applied to the skin
over the mastoid bone, using carefully calibrated force. Subjects
could hear the vibrations as tones, and the researchers detected
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vestibular responses by measuring electrical signals coming from
the subjects’ eye muscles. Interesting that this response has a
distinct tuning peak at 100 Hz, meaning there is a much bigger
vestibular-eye muscle response at 100 Hz than at higher or lower
frequencies. (By way of comparison, 100 Hz is equivalent to G-G#,
1½ octaves below middle C. That is, keys 23-24 on a piano.) At this
tuning peak the vibration still produced a measurable vestibular
response (eye muscle electrical signals) when the vibration intensity
had been reduced so much that the subjects could no longer hear the
tones. In fact, the power of the vibration that produced a vestibular
response was only about 3% of the power the subjects could hear (15
dB lower).
This means that some part of the vestibular organs in the inner ear
is more sensitive to vibration or bone-conducted sound than the
cochlea is. The authors of this study think it’s the utricle, one of the
two otolith organs, and some special, vibration-sensitive hair cells
and nerve ﬁbers that occur mixed in with the other hair cells in the
utricle and other vestibular organs.
This is amazing. (It would be heretical if it hadn’t been shown in a
well-conducted experiment). It has been gospel among acousticians
for the past 70 years that if a person can’t hear a sound, it’s too weak
for it to be detected or registered by any other part of the body. We
can now write this as follows: If a person can’t hear a sound, it’s
too weak for it to be detected or registered by any other part of
the body. Because it turns out it’s wrong. (It also means that using
the A-weighted network for community noise studies is probably
outdated. See below.)
And silent be,
That through the channels of the ear
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May wander like a river
The swaying sound of the sea.
—W.H. Auden, from “Look, Stranger.”
Back, now, to what provides us with our sense of balance. I said
balance comes from a combination of signals, and I just explained
how some of them originate in the inner ear. Besides the inner ear,
the eyes also send motion and position signals to the brain. So, too,
do muscles and joints all over the body, involving what are called
“stretch” receptors, telling us where we are in space.
And lastly, we maintain our balance by newly discovered stretch and
pressure receptors in the chest and abdomen. These tiny receptors
use various organs, including blood vessels and the blood in them,
as weights or masses to detect the body’s orientation to gravity and
other forms of acceleration.
The foregoing is the proper context for studying
people’s health complaints from wind turbines.
Health complaints that are routinely dismissed
by the wind industry as nonsense. (Not unlike the
tobacco industry dismissing health issues from
smoking.) The wind industry, however, is not
composed of clinicians, nor is it made up of people suﬀering from
wind turbines.
My hope is that researchers will soon be able to measure and
correlate wind turbine audible and sub-audible noise, and vibration,
with the symptoms people experience in real time—that is, while
they’re actually experiencing the symptoms. (This has been done
for similar complaints in published cases, as described below.)
Until that happens, I oﬀer this report as a pilot study.
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Introduction and More Background
Developers
say
turbines
are quiet. No louder than a
household refrigerator. With
this patently false claim,
they easily convince local
governments it’s okay to erect
turbines mere hundreds of feet
from people’s homes. Nearly
in their backyards, in many
instances.
Wind turbine setbacks, in other words, are wind industry-driven.
There is virtually no government regulation.
This is where my phone (and email) starts ringing. People from
around the world contacting me to say, often with great emotion in
their voice, that they haven’t slept well (if at all) since the turbines
were installed 1500 feet (and more) from their back door. Not just
insomnia, but a host of health issues, again, since the turbines in
the neighbor’s ﬁeld began operation.
For over four years I’ve been listening to these complaints. People
describing symptoms that are remarkably consistent, person to
person. Consistent and, often, debilitating. Symptoms, I began
realizing, that suggest people’s balance systems are getting
scrambled.
I realized what’s needed is a clinical deﬁnition of the way people
are getting sick when they live near wind turbines. If the symptoms
form a coherent cluster that makes physiologic sense, we’re in a
better position to ﬁgure out,
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a person has or does not have tinnitus when exposed to turbines.
I compare that to whether they do or don’t have a history of
industrial noise exposure. I discovered, in this particular example,
that a signiﬁcant relationship does exist.
We’ll come back to this in the Results section, below.

Results
My study demonstrated the following to be the core symptoms of
Wind Turbine Syndrome.
1) First, almost everyone had disturbed sleep. Two particularly
interesting patterns emerged in the disturbed sleep.
a. The ﬁrst was a “fear” pattern of arousal or awakening,
including childhood night terrors and adults waking
up alarmed and hyper-alert. These adults felt they had
to check to see if someone had broken into the home,
even though they knew they had been awakened by
turbine noise. Some adults woke up with a racing
heart at night or feeling not able to breathe.
b. The second was a tendency to urinate a lot at night.
For adults this meant getting up frequently, and for
one child it involved bed wetting (which resolved
whenever she was away from the turbines).
I didn’t look for risk factors for sleep disturbance since
virtually everyone interviewed had disturbed sleep.
2) Headaches. Slightly more than half the study subjects had
headaches that were worse than what that person normally
experienced before and after turbine exposure (what we
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call “at baseline”). The headaches were more frequent,
more severe, and lasted longer than that individual’s usual
headaches (the person’s baseline headaches).
Half of the subjects who had worsened headaches were
people with pre-existing migraine disorder (i.e., a hereditary
tendency to get severe headaches along with dizziness,
nausea, visual changes, or avoidance of light, noise, or
movement during headaches). All the children in the study
who got headaches during turbine exposure either had
migraine disorder themselves or were the children of parents
with migraine disorder.
About half the adults who got headaches during exposure
had no risk factors for headache that I could identify. This
suggests that anyone can get severe headaches when exposed
to turbines.
3) Ear symptoms. Tinnitus was a dominant symptom during
exposure. Tinnitus: ringing, a tone, buzzing, or a waterfall
noise from one or both ears, or even a buzzing that seems to
be inside the head. Risk factors for tinnitus during exposure
were:
a. having some tinnitus before exposure (the tinnitus
during exposure was worse)
b. having some hearing loss before exposure
c. a previous industrial noise exposure
All these suggest previous damage to the inner ear, which
could come from noise exposure, chemotherapy, certain
antibiotics, or other causes.
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People also experienced pain and popping and a feeling of
pressure in their ears, and some shifts in hearing.
4) The fourth core symptom I am calling VVVD, for Visceral
Vibratory Vestibular Disturbance. This is a new symptom
to medicine, I believe. Before reading further, you should
read the VVVD symptom accounts in the Report for
Clinicians (pp. xxx) , so you have a mental picture of what
people say they experience. Once you’ve looked over those
accounts we can move on to consider how the symptoms of
VVVD can occur together, the symptoms being:
a. A feeling of internal pulsation, quivering or vibration.
For some, breathing feels controlled or restricted.
b. Nervousness or jitteriness. Fear. The urge to ﬂee. The
urge to check the house for safety.
c. Shaking
d. Rapid heartbeat
e. Nausea
VVVD is essentially the symptoms of a panic attack
associated with feelings of movement inside the chest in
people who have never had panic attacks before (none of my
subjects had).
Because VVVD is so similar to panic attacks, I looked for
a correlation between VVVD and a history of any other
kind of anxiety or depression or mental health disorder.
I found no such relationship. However there was a highly
signiﬁcant correlation between VVVD and pre-existing
motion sensitivity (i.e., people who get car-sick, seasick, or
had a history of repeated episodes of vertigo).
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Out of the 21 adults (age 22 and up) in the study, 14 had
VVVD. The two toddlers in the study looked like they had
something similar. Though we don’t know exactly what they
felt, they woke up screaming several times per night, and
were inconsolable and hard to get back to bed or to sleep.
The two 5-year-olds in the study also awoke fearful in the
night.
5) Concentration and memory. Almost everyone in the study
had some kind of problem with concentration and memory.
The more severe concentration problems were linked with
a general loss of energy and motivation. What’s noteworthy
among many of my subjects is the degree to which they lost
basic skills they had prior to turbine exposure, and the way
teachers noticed new problems with kids’ schoolwork and
sent notes home. (Be sure you read the Concentration and
Memory symptom accounts in the Report for Clinicians,
pp. xxx, and the accounts of recovery from these symptoms,
pp. xxx.)
For some people, these problems with thinking resolved
as soon as they got away from the turbines, or even if the
turbines turned in another direction. For others, they did
not resolve immediately but improved gradually over time.
Sleep deprivation undoubtedly plays a large role in the
memory and concentration diﬃculties, but these patterns of
recovery suggest an additional inﬂuence, which may be the
direct inﬂuence of vestibular disturbance on various forms
of thinking (see the Discussion, below).
6) The remaining core symptoms were irritability and anger,
which occurred in most of my subjects, including the
children. Often it was the children’s behavior and school
problems, their irritability and loss of social coping skills,
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that drove families to move out of their homes and away
from the turbines.
7) Most subjects had fatigue—sometimes a distinctly leaden
feeling—and loss of enjoyment and motivation for usual
activities. For most this cleared up soon after they got away
from the turbines.
8) Finally, I listed clusters of symptoms that subjects told me
about, but would require other modes of study (including
physical exams and testing, and a case-control format) to
ﬁnd out if they are connected to turbines. These symptoms
occurred in low numbers in my study. They included lower
respiratory infections (bronchitis, pneumonia, pleurisy)
that were unusual for the people who got them, worsened
asthma, unusual middle ear ﬂuid or infections, and ocular
stroke.
Though my study cannot prove a connection, I think they
are worth attention in a large-scale study of wind turbine
health eﬀects.

Discussion
This section is about how I think Wind Turbine Syndrome works,
and the ideas I got from the medical literature and my referees. This
is the most interesting section—where we join the dots.
I originally recognized the symptoms of Wind Turbine Syndrome
as being something coherent—something that hangs together—
because I already knew about what’s called migrainous vertigo or
migraine-anxiety associated dizziness.
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motion sickness. Balance testing tends to be abnormal in people
with migraine disorder compared to people who get other kinds
of headaches, especially if the migraine patient is one who gets
dizziness or vertigo. The balance problems in migraine disorder,
incidentally, are sometimes based in the inner ear vestibular organs
and sometimes in the brain.
Anxiety problems are also associated with migraine, sharing a
common thread in the serotonin systems of the brain. Space and
motion discomfort is common in people with anxiety disorders.
Balance testing shows that anxiety patients have higher vestibular
(inner ear) sensitivity than people without anxiety problems. When
balance testing is done in people diagnosed with panic attacks or
agoraphobia (fear of leaving the house), a high number are found
to have abnormalities of vestibular (inner ear) function—more
than 80% in some studies. This is especially true if the people have
episodes of dizziness between panic attacks.
In sum, there is a robust clinical and experimental literature
supporting a biological connection between balance disturbance
and anxiety, and between balance problems and panic attacks. Thus
it makes eminent clinical sense that disturbing a person’s balance
system can lead to fear, alerting, and panic, including physical
symptoms like fast heartbeat.
Next, thinking and memory.
Current research demonstrates
that these, too, depend on
coherent vestibular signaling. If
you don’t know which way is up,
literally, at all times, your brain
can’t ﬁgure out a multitude of
things related to position in
space. This can be:

Report for Non-Clinicians

171

a) position in real space, like
a. remembering how to get somewhere or
b. ﬁguring out how to put something together, or
b) position in conceptual space, like
a. the distance between two numbers or
b. the position of events in time or
c. the categorization of objects in memory
Neuroscientists have recently shown that nerves from the vestibular
system follow a direct, two-neuron path to the hippocampus, a
brain structure critical for memory in general and spatial learning
in particular. People with no inner ear input to the brain at all (the
nerves having been cut years before to remove tumors) cannot
do experimental tasks involving navigation and spatial memory,
and their hippocampi (plural of hippocampus) are smaller than
normal. (Conversely, taxicab drivers in London have extra-large
hippocampi, the size depending on how many years they have
been driving and storing in their brains their personal map data of
locations, shortcuts, and one-way streets.)
Functional MRI and PET scans
(PET scans don’t scan your pet,
just as CAT scans don’t scan
your kitty ; see Abbreviations)
now allow researchers to see
which parts of the brain are
used for diﬀerent tasks by
awake humans while they are
doing things. Stimulating the
vestibular (inner ear balance) system lights up many areas in the
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brain, including those used for mental representations of space and
mathematical thinking.
If the vestibular input is distorted (for example, by putting ice water
in one ear), people make more mistakes in purely mental spatial
tasks like imagining a certain object in detail or imagining rotating
it. These people were sitting still when they were tested, eyes closed,
just thinking, not trying to keep their balance or having to judge
where they were in space at all. Nonetheless, when signals came
from one inner ear indicating movement—signals out of whack
with all the other signals their balance centers were receiving—they
remembered the objects less accurately and made mistakes when
imagining them in diﬀerent positions.
In other words, disordered signaling from the inner ear degrades
both spatial memory and the eﬃciency and accuracy of spatial
thinking. We call the quality of eﬃciency and accuracy of thinking
concentration.
A cluster of brain centers that receive signals from the inner ear
(meaning, they become active on functional MRI or PET studies
when the vestibular organs are stimulated) are in the parietal
(“par-rye-et-al”) lobes of the brain. There can be some very weird
outcomes if the right-sided parietal centers are lost to a right-sided
stroke. Called “hemineglect” (hemi = “half ” + neglect: meaning
neglect of half the body and half of space), these poor souls can
have so much unawareness of the left side of space that they can be
unaware that their left arm is paralyzed or the left side of their body
undressed. Vestibular stimulation, however, temporarily reverses
the neglect, so that they become aware of the left side again in a
more normal way.
People with hemineglect make certain types of errors on visual
search and visual memory tasks, with answers biased away from
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owners are in the habit of turning turbines oﬀ at critical times, thus
avoiding both annoyance and sleep disturbance.”

Recommendations
George Kamperman and Rick James, two independent American
noise control engineers with decades of experience working with
industrial noise and communities, recommend a noise standard
based on quietest background ambient noise, using C-weighted
as well as A-weighted measurements so that the low frequency
components are controlled. Their speciﬁc recommendations—for
how noise measurements should be done and how procedures
should be spelled out in a local ordinance—were presented at the
annual conference of the Institute of Noise Control Engineering/
USA in 2008 and are posted on the Wind Turbine Syndrome
website at www.windturbinesyndrome.com/?p=925. An important
outcome of Kamperman and James’s method is that as turbines get
larger, setbacks will have to be greater.
The simple answer is: Keep wind
turbines at least 2 km (1¼ miles)
away on the ﬂat, and 3.2 km (2 miles)
in mountains. These are minimum
distances. Kamperman and James’s
methods will likely recommend larger setbacks, especially in rural
areas that are very quiet at baseline. Secondly, all wind turbine
ordinances should hold developers responsible for a full price (preturbine) buy-out of any family whose lives are ruined by turbines—
to prod developers to follow realistic health-based rules and prevent
the extreme economic loss of home abandonment.
A 2 km setback would have prevented this.3
3 Personal

communication, April 6, 2009.
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My husband is seeing a doctor for depression. I have a
daughter who is seeing a specialist for serious stomach
problems. I have had endless sleepless nights since the
wind turbines went up. I constantly have feelings of
anxiety. My children have complained of headaches and
not sleeping well.
Let me ask you, What would you do?
What would I do? I admit I’d be driven into doing what she has
done:
I have been forced to make a decision I never thought I’d
have to make. My husband and I have decided to walk
away from our property. I can’t stand it here for another
day. I can’t leave soon enough. You may be able to put
turbines up behind our home, but that doesn’t mean I am
going to do nothing when it aﬀects my family’s health and
my animals’ well-being.
It’s too late for me to take any more chances. I have kids I
need to get through college. I don’t know how I’ll do it. I
just know it’s not good to live in this house any more. This
property I once loved and was so proud to own is of no
use to me.
I have worked 60 hours a week for years, only to ﬁnd
myself with nothing. But my health as well as my family’s
cannot be sacriﬁced.
So, as you read this, I do not know where we are going
to live, but I do know it won’t be under a wind turbine
or anywhere near one. The safest bet would be to ﬁnd a
house right next door to the people who determine these
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setbacks, because no matter what they decide, it seems
they are never the people aﬀected.
She closed her letter: “Ann Wirtz, N11957 Highway YY, Oakﬁeld,
Wisconsin 53065 (temporarily).”
Consider the pain of that ﬁnal word. Temporarily. In parentheses.
Like quiet despair. “The heaviness of life,” oﬀered Rilke, “is heavier
even than the weight of things.”4
4

Rilke, Rainer Maria. 1981. “The Neighbor.” Selected Poems of Rainer Maria
Rilke: A Translation from the German and Commentary by Robert Bly. Harper
& Row, NY, p. 93.
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Referee Reports
Dr. Pierpont’s report deserves publication. Although the case
numbers are not large, the careful documentation of serious
physical, neurological, and emotional problems provoked by
living close to wind turbines must be brought to the attention of
physicians who, like me, were unaware of them until now.
By a well devised questionnaire/interview the author has been able
to obtain data demonstrating the correlation of symptoms induced
by active wind turbines, the improvement/resolution of symptoms
when the interviewees have moved away, and the re-emergence
of the same symptoms when returning to their homes near the
turbines.
With the pressure on our governments to go “green,” eliminating
coal-powered sources of electricity, the United States Environmental
Protection Agency in conjunction with Dr. Pierpont and this
report should expand this investigation and establish the necessary
guidelines for creating wind turbine “farms” and protect those near
to them.
JEROME S. HALLER, MD, Professor of Neurology and
Pediatrics (retired 2008), Albany Medical College, Albany,
New York. Dr. Haller is a member of the American Academy
of Pediatrics, the American Academy of Neurology (Child
Neurology Section), and the Child Neurology Society.
June 10, 2008

Dr. Pierpont’s study addresses an under-reported facet of Noise
Induced Illnesses in a fashion that is detailed in its historical
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documentation, multi-systemic in its approach and descriptions,
and painstakingly and informatively referenced.
The study provides a scientiﬁc underpinning for viewing symptom
complexes that are generally unappreciated and diﬃcult to
comprehend for the great majority of medical practitioners who
have to rely, in their daily practice, on identifying anatomical or
chemical abnormalities in order to establish a diagnosis. This
approach opens up an avenue to diagnosis and comprehension
that was exciting to me, and, I feel, would excite the interest of a
large group of practitioners who are open to looking at the patient
as a person, rather than as a machine. It will encourage physicians
to listen carefully to their patients and place their patients in the
environment rather than the lab.
Dr. Pierpont’s study is particularly important because of the present
energy crisis (and the role of environment-changing technologies to
address it), it is very readable, extremely well referenced and most
informative. The patients described are true “suﬀerers” (the root of
the word patient) whose lives have been seriously disrupted. As I
mentioned above, it is particularly relevant at a time when wind
energy technology and its applications are growing worldwide. It
alerts the medical profession to the potential for illness caused by
low frequency vibrations. It encourages the medical profession to
scrutinize other, new energy technology for potential side eﬀects.
It is my hope that this study, when published, will stimulate research
not only on the deleterious eﬀects of low frequency vibration on
the human species, but also on its eﬀects upon the animal world
in general. I would also hope that the symptom complexes that
are described will be studied more intensely so as to gain a greater
understanding of the human body as regards its physiology and
pathophysiology. I am convinced that successful analysis of the
physical forces that impact on humans will add an important
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dimension to our understanding of physiology and disease states.
This study opens up the area of low frequency vibration to the
medical community. Other physical forces, both mechanical and
electrical, could play a role in certain human diseases. This study
could encourage recognition of the research accomplishments in
analyzing disease states through analysis of these physical forces.
Since the analysis of these forces is presently outside of the medical
model of disease diagnosis, many of these suﬀerers have been
labeled as having a purely psychological problem. The author has
provided a basis to describe such a group of symptom complexes as
pathophysiological, and I applaud her.
JOEL F. LEHRER, MD, Fellow of the American College of
Surgeons, Clinical Professor of Otolaryngology, University
of Medicine & Dentistry of New Jersey. Formerly Professor
of Otolaryngology, Mt. Sinai School of Medicine, New York,
New York.
June 29, 2008

I congratulate you on your case-series investigation on Wind
Turbine Syndrome. That is, the conception, the data gathering, the
analysis and the write-up. As an epidemiologist I fully appreciate
your truly remarkable eﬀort, one that smacks of being well done and
with a full respect for honest inquiry. Given your initial suspicions
on this matter, your high level of scientiﬁc integrity is revealed both
in your design decisions and in your writing, both of which are of
the highest order.
What you have accomplished is, at once, both remarkable and
limited (as you fully appreciate). I see several noteworthy outcomes
of your admirable and remarkable presentation of this case-series
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report on Wind Turbine Syndrome from your perspective as a
concerned, practicing physician from the community.
1) Creation of a case-deﬁnition for Wind Turbine Syndrome.
You have initiated a critical ﬁrst step needed to convert “an
issue of concern” into a “researchable topic” by your putting
forth a clear case-deﬁnition of Wind Turbine Syndrome,
including the recognition and development of a newly
deﬁned symptom which you document and call Visceral
Vibratory Vestibular Disturbance (VVVD).
2) Creation of a thoughtful list of future research suggestions
into Wind Turbine Syndrome. By your deep and obvious
commitment to get at the truth of this matter, you have
proposed a thoughtful and rich list of directions for others
to pursue in this line of inquiry, something that involved
investigators can uniquely do as a result of the depth of their
intellectual investment in the line of inquiry.
3) Candidly presented an insightful list of the limitations of
your case-series study. It instills conﬁdence in the reader
that you, indeed, conducted a study aimed at discovering
the truth of the matter, which always demands candor and
insights from the investigator who best knows the range of
limitations, from minor up to major (if any), in one’s own
study.
As you fully appreciate, the biggest overall limitation of your
work is the lack of “generalizability” of the speciﬁc ﬁndings to
broader populations due to the speciﬁc (but both appropriate and
necessary) eligibility criteria for subjects in your case-series. This is
nothing to worry about, merely something to appreciate and build
upon, as this limitation is inherent to any early-stage epidemiologic
investigation into an evolving subject area.
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You have laid a remarkable, high quality, and honest foundation for
others to build upon with the next stages of scientiﬁc investigation.
In doing so, you have made a commendable, thorough, careful,
honest, and signiﬁcant contribution to the study of (what we can
now call) Wind Turbine Syndrome.
RALPH V. KATZ, DMD, MPH, PHD, Fellow of the American
College of Epidemiology, Professor and Chair, Department
of Epidemiology & Health Promotion, New York University
College of Dentistry
October 5, 2008

Dr. Pierpont has gathered a strong series of case studies of
deleterious eﬀects on the health and well being of many people living
near large wind turbines. Furthermore she has reviewed medical
studies that support a plausible physiological mechanism directly
linking low frequency noise and vibration, like that produced by
wind turbines, which may not in itself be reported as irritating, to
potentially debilitating eﬀects on the inner ear and other sensory
systems associated with balance and sense of position. Thus the
eﬀects are likely to have a physiological component, rather than
being exclusively psychological.
More extensive and statistically controlled observations may be
needed to discover just how far from the turbines the deleterious
eﬀects occur, and in what proportion of the population. However,
it is already clear that many people are aﬀected at far greater
distances than the minimum set-backs currently allowed between
turbines and residences. Accordingly, it would be prudent to
establish much longer set-backs from houses as a criterion for siting
new turbines, pending further studies on this newly documented
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“wind turbine syndrome.” Documentation of the syndrome itself is
strong evidence that current set-backs are woefully inadequate.
HENRY S. HORN, PHD, Professor of Ecology and Evolutionary
Biology, and Associate of the Princeton Environmental
Institute, Princeton University
October 17, 2008
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About the Author
I am a New Englander by many generations, growing up in a family
of teachers and writers. My grandfather, like me, was a physician
and ecologist. After being blessed by a ﬁne elementary school (New
Canaan Country School, 1970) and high school (Milton Academy,
1973), I attended Yale on a National Merit Scholarship, graduating
in 1977 with a B.A. in biology. I earned a Ph.D. (1985) in behavioral
ecology at Princeton (training that I use substantially in my work in
behavioral pediatrics), did a post-doctoral fellowship in ornithology
at the American Museum of Natural History (NYC) and, as an overthe-hill woman of thirty-two, went to the Johns Hopkins University
School of Medicine, where I earned the M.D. degree (1991).
I wanted to give my ecology training a human face. I chose the
face of a child, becoming a pediatrician by completing internship
at the Children’s National Medical Center, Washington, D.C., and
residency at the Dartmouth-Hitchcock Medical Center, Lebanon,
NH (because my husband, a country lad, detested Washington).
Despite his feelings toward Washington, and his improbable name
(Calvin Luther Martin), my husband is a respectable man (retired
Rutgers University professor and author of well-known scholarly
books). Our two children (my stepchildren) are grown and have
made us grandparents.
I am 54 years old.
I am an unabashed lover of wildness. I did my Ph.D. research living
in a tent in the Amazon jungle for several years, studying bird
behavior. In pursuit of wildness and native cultures, my husband and
I lived for another several years with Yup’ik Eskimos on the Alaska
tundra, near the Bering Sea, where I became chief of pediatrics at
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a native-run hospital. Likewise, we spent a summer living on the
Navajo reservation, as I did a sub-internship in medical school.
For three years I ran a general pediatrics practice in Malone,
Franklin County, NY (poorest county in the state), where I
was, as well, the pediatrician for the St. Regis Mohawk Nation
(Hogansburg, NY). For the next three years (2000-03) I was Senior
Attending in Pediatrics at Bassett Healthcare, Cooperstown, NY
(and, must confess, never darkened the door of the Baseball Hall of
Fame). Bassett is a teaching hospital of Columbia University, and I
was Assistant Clinical Professor of Pediatrics at Columbia’s College
of Physicians & Surgeons.
I am a board certiﬁed pediatrician licensed in the State of New
York and Fellow of the American Academy of Pediatrics. These
days I limit my practice to behavioral medicine, seeing both adults
and (chieﬂy) children, drawing my patients from an extensive area
of rural upstate New York. I have had considerable post-graduate
training in behavioral medicine, which I have been able to integrate
with my doctoral training in behavioral ecology.
My research on Wind Turbine Syndrome is the oﬀspring of
behavioral medicine married to behavioral ecology.
Most of all, I love what I do. I believe in compassion and grace and
get tremendous pleasure and joy out of my patients. (To children’s
delight, I carefully count their toes.) I run my practice out of my
home as an old-fashioned doctor’s oﬃce. Cheerful, light, airy,
perhaps the faint smell of my husband’s burnt toast wafting through
the house. Norman Rockwell’s America.

Goodhue landowners want more info
about wind projects

Residents check out information displayed Wednesday at an informational wind energy
meeting put on by concerned landowners. Jen Cullen photo
GOODHUE - Tom Schulte thought he discovered his paradise.
Then wind company officials came knocking.
"We thought we found our Shangri-La," Schulte, a rural Goodhue landowner, told about
90 people gathered Wednesday for an informational wind energy meeting. "If I would
have known the (wind) project was in the works, I would not have bought this property."
Schulte bought land four miles west of Goodhue more than two years ago. He said many
landowners like himself - those who don't own enough property to house wind turbines
but will live directly in their shadows - have been left out of the loop by Geronimo Wind
and Goodhue Wind.
The companies are wooing landowners to sign lease agreements allowing large wind
turbines to be built on their property.
Both companies want to construct wind farms across rural Goodhue County, though
neither has filed an official application with the Minnesota Public Utilities Commission,
the state agency charged with regulating and permitting projects larger than 5 megawatts.
Both projects have been marketed as Community-Based Energy Developments, which
are supposed to guarantee some level of local project ownership.
"Nobody's contacted me to this day," said Steve Groth, a rural Goodhue County
landowner. "I'm directly in the footprint and I've heard my stuff from everyone else.
"It's not the right way to do it."

Charlie Daum, project developer for Geronimo Wind, said Thursday he has gone out of
his way attempting to talk to landowners about Geronimo's project - including those
against it.
He said landowners interested in housing a turbine "are probably more in the loop" but he
does not agree the rest of the community is being kept in the dark.
"I don't feel like we've been cryptic or are hiding details," he said.
Daum said Geronimo has sent out letters and made calls to residents throughout their
project footprint, regardless of how much land they own.
"We are not keeping people out of the loop," he said. "I don't agree with that."
Daum said he's made multiple offers to talk with concerned residents but "no one has
ever taken me up on that."
Goodhue Wind's Chuck Burdick said the company - managed by Twin Cities-based
National Wind - has created a citizens advisory board to harvest community feedback.
Along with competing Geronimo Wind, Burdick said he and other officials have attended
community forums and have even led a bus tour this summer.
"If I were in a resident's shoes, I would be craving information as well," Burdick said.
"We're continually working on ways to improve our outreach. We want to provide as
much information as possible to the community."
The group that set up Wednesday's meeting encouraged concerned residents to write
local and state lawmakers as well as the Minnesota Public Utilities Commission.
Group members, according to their Web site www.goodhuewindtruth.com, are not
against wind power development. They just want it done responsibly and honestly.
"Unless you're a large parcel owner you probably have not heard from the wind
companies and we're a year into this thing," Schulte said. "This concerns folks like
myself who really have no say in this.
"We want to protect our fellow residents and our land."
Geronimo and Goodhue wind officials have given overviews of their projects and
answered public questions during several meetings over the last year.
But landowners who attended Wednesday's informational session said they still have
unanswered questions.

Dan Schleck, a Twin Cities environmental lawyer, said residents need to know the right
questions to ask and not be afraid of being forceful with wind energy officials.
"It appears a lot of people have only gotten half the data," he said.
Schleck said little information is available regarding property values and health and
safety issues related to turbines because harvesting wind for energy is a relatively new
concept.
"If (a wind farm) goes in here, you're almost going to end up being guinea pigs," he said.
"There's a lot of money to be made ... but is it worth it?"

A Visit to the Grand Meadow, Minnesota Area
Presented on
May 19, 2009
Wind Power Meeting
Goodhue High School, Goodhue, MN
I am Steve McNamara. I live on 170 acres, in Section 2, in Belle Creek Township, in Goodhue County.
I’m a farmer, producing dairy and beef. I also have a small construction company with my son, Matt.
I’ve been on the town board since 1984.
I will try to address the actual physical construction end of the project. None of us here, that I know,
have ever lived in, or been part of, a wind farm, including me. So, that being the case, you have to rely
on the experiences of others who have already been through it.
So, Bruce went to one of the wind farms in Fondulac County, WI. And my wife, Helen, and our two
younger children went to the wind farm by Dexter.
Stopping at a number of Farms and rural residences, most of the responses were—if you’re being paid,
you put up with all that goes along with it. If you’re not being paid, it’s a total waste.
One of the biggest promoters was a fellow who had ten turbines on his land. But, he lived in Austin,
away from all the noise, flicker, and other problems.
They came across a Supervisor from Grand Meadow township—a farmer who lived just across the
road—out of the footprint. His biggest complaint was the actual construction and how it affected their
township: the roads, the residences, and the fields.
In the first project the actual construction was started in May, 2008, right after the road restrictions went
off. That project lasted from May through September, and about sixty-five turbines were put in during
that time.
The second project started in October, and went through the winter. Another sixty turbines were put in.
There are still trucks hauling rock on the access roads as of yesterday, May 18, 2009, when I spoke to
him. From his farm, he can see over 300 turbines.
When construction started in May, just after road posting came off, the roads were still soft, and it is the
most susceptible time of the year for damage from heavy trucks. With numerous turbines being worked
on at once, the amount of trucks was staggering. He estimated each turbine was at least 200-250 truck
loads hauling cranes, dozers, construction rebar, turbine parts, crushed rock, breaker rock, and dirt.
There was so much hauling going on, they turned their roads into one way streets, with all traffic going
one way. Corners were filled in, so the long trucks carrying turbines and blades could make it around.
Road graders, and watering trucks were continually used to keep the dust down and keep the roads
drivable.

We were told by this Supervisor: Our three supervisors were continually being called by assistants, and
one of us should have been out supervising on a daily basis.
One incident this township Supervisor relayed was after a big rain. He called the foreman the next
morning and the foreman said; today it was too muddy to do anything except to pump the water out of
the holes and trenches. Not long after I hung up, the Supervisor related: here comes the rubber tired
crane down the road and making huge ruts. I blew my cool and stopped the driver, and chewed him out.
The driver had to sit there and listen to my five minute outburst. The driver said, this was planned from
yesterday and nobody called him to cancel.
This township Supervisor said, “We used to pride ourselves on our built up roads that it took the last
twenty years to acquire, --and it took a couple of months to ruin them.”
After the main construction was done, the supervisors had a road tour and took with them the contractor
who normally does their work. Damage was estimated at over $400,000.
Developers agreed to pay $100,000. The difference is still not settled.
I just wanted to give you a little insight as to what will happen if this project goes through.
Some projects go better. The second project in Grand Meadow started in fall and went into winter.
Much less damage was done this time. So, the question comes up, should all of the township be
required to put up with the downside of the wind farm, so a few may benefit?
The residents that have small acreage have nothing to gain and everything to lose. They moved here to
get away from big city industry and will now have to deal with it again. The rest of us who have lived
here all our lives will unfortunately have to put up with it.
As far as putting turbine money aside for retirement, --there probably won’t be any left after you pay
increased health care cost, lowered property values, and what is the cost of grief?
Wind is free. Wind energy isn’t.
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1.0 INTRODUCTION
Authorities and politicians in Ontario have been repeatedly warned that industrial wind turbines are
having an adverse effect on the health of those living nearby.
Health complaints are not peculiar to this province but are consistent throughout the world
wherever large industrial wind turbines have been installed.
Contrary to the claims of the industry, there is a growing body of peer-reviewed research
substantiating these health claims. This report attempts to catalogue the most recent.
A generally acknowledged major concern about wind turbine disturbance centres around the low
frequency noise projected from this heavy industrial machinery. Until recently measurements of this
type of noise have seldom been carried out near wind turbines.
There is already ample scientific evidence that low frequency noise is a cause of sleep disturbance
in humans. The evidence also suggests that long term exposure normally leads to serious health
problems.
Reinforcing this body of knowledge is the research that has been conducted on animals. Long term
studies by European biologists indicate that habitat disturbance and abandonment takes place
around wind turbine developments. Further research on animals indicates that basic survival
functions such as hunting, self protection and reproduction are interrupted by low frequency noise
exposure.
The only effective mitigation is to adequately separate wind turbine developments from sensitive
wildlife habitats and human dwellings.
It should be no great surprise to policy makers that failure to do so exposes the rural population to
a serious health threat. The only mystery is why public health authorities, Members of Provincial
Parliament and the wind industry have not yet accepted their responsibility to exercise due
diligence in protecting human health and already done this.
This report is intended to bring together the most recently published literature so that decision
makers can now go forward and act preventatively before any further human suffering needlessly
occurs.
1.1. Background
It is often claimed that there are health benefits in developing industrial wind energy contained in its
ability to curtail excessive CO2 emissions, eliminate unacceptable pollution from coal fired
electricity generating plants, provide inexpensive, renewable electricity and avert the crisis of global
warming.
Indeed, such arguments have been used by the Ontario Ministries of Energy and Infrastructure,
Environment, and Natural Resources as well as the commercial wind industry in an attempt to
counter public health concerns. However, even a superficial investigation of the reality of
commercial wind power soon challenges the acceptability of such assertions.
1.2. Public Cost
International experience to date has demonstrated that industrial wind power is unviable without
heavy government subsidies and inflated feed-in tariffs. In addition it relies on massive taxpayer
funding for the necessary back-up support which has to be added to existing infrastructure. $5
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billion is estimated as the cost of new transmission lines needed to facilitate wind power in Ontario
and $1.2 billion for each additional back-up gas plant.
1.3. Corporate Profits
The beneficiaries of this public largess are the wind developers which, in Ontario, include large
multinational oil and gas producers (Suncor, Trans-Alta and Enbridge). Developments are also
being proposed by foreign energy corporations including Florida Power and Light (successors to
Enron). Equipment suppliers are also foreign multinationals: (Siemens, General Electric and
Vesta).
1.4. Political Influence
Wind turbine developers have long exerted considerable influence over government decision
making through well funded lobbying of politicians. The wind energy industry enjoys close ties with
the Liberal Party.
1.5. Feasibility
In every country where wind turbines have been installed, they have failed to demonstrate
economic feasibility, viability as a solution to global warming, significant CO2 reduction, efficient
electricity production or protection of the environment.
In countries where industrial wind power has been added to the grid in any volume, consumer
electricity costs have skyrocketed. The two countries with the highest number of installed
commercial wind turbines, Germany and Denmark, now have the highest electricity rates in
Europe. In Ontario, one MPP has estimated the needed additional transmission lines will add 30%
to every electricity bill. Ontarians, however, are already paying more than double the market price
for electricity produced by wind turbines even when it is not required and electricity rates will be
even higher still once additional gas plants are built.
But most alarmingly, health issues have already arisen for many rural Ontario residents living near
wind power installations.

2.0 THE SCOPE AND NATURE OF DISSENT WORLDWIDE
An increasingly well-informed public has questioned their governments’ policies in promoting the
rapid installation of wind turbines in the United States, Great Britain, Europe, Australia, New
Zealand, and most recently Japan.
A number of professional reports, based on actual operating experience, have challenged the
raison d’être of the wind turbine enterprise.
•

As early as 2005, the German electricity supplier E-ON Netz Report warned: “Wind energy
is only able to replace traditional power stations to a limited extent. Their dependence on
the prevailing wind conditions means that wind power has a limited load factor even when
technically available. It is not possible to guarantee its use for the continual cover of
electricity consumption. Consequently, traditional power stations with capacities equal to
90% of the installed wind power capacity must be permanently online in order to guarantee
power supply at all times”.

•

The Tallinn Report from the Tallinn Technical University of Estonia challenged the CO2
reductions that were claimed by the industry:
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“Participation of thermal power plants in the compensation of fluctuating
production of windmills eliminates the major part of the expected positive effect
of wind energy. . . . In some cases the environmental gain from the wind energy
use was lost almost totally. . . . It seems reasonable to ask why wind-power is
the beneficiary of such extensive support if it not only fails to achieve the CO2
reductions required, but also causes cost increases in backup, maintenance
and transmission, while at the same time discouraging investment in clean, firm
generation capacity.” 1

2.1.

•

Der Spiegel reported in 2008 that despite all the wind turbines in Germany (more than
20,000) “German CO2 emissions haven't been reduced by even a single gram” and even
the Green Party has recognized the problem. 2 Additional coal burning facilities have been
built in Germany to support wind power.

•

In the United Kingdom the introduction of destabilizing wind energy to the grid has meant
extensive resort to gas burning facilities and greatly increased consumption of gas so that
its price in the UK has risen dramatically over the last few years. 3

•

Energy Minister Smitherman has indicated that the construction of new gas plants in
Ontario will be necessary to back up renewable energy. 4 But particulate waste from new
gas plants will make a new and substantial contribution to smog pollution in Ontario.
Running these plants on stand-by mode will decrease their efficiency and increase CO2
emissions. 5
Economic Feasibility

The economic feasibility of industrial wind power has been questioned on a wide scale.
In Denmark electricity costs are now the highest in Europe. The Danish experience suggests wind
energy is expensive, inefficient and most importantly not even particularly green. Jytte Kaad
Jensen, chief economist for ELTRA, Denmark’s biggest electricity distributor laments: “In just a few
years we’ve gone from some of the cheapest electricity in Europe to some of the most costly.” And
the Danish Member of Parliament, Aase Madsen who chaired energy policy admits: “For our
industry it has been a terribly expensive disaster”.
Contrary to North American wind industry spin, the Danish people have not accepted wind energy
enthusiastically. Danish wind developers are now obligated under law to compensate nearby
property owners for loss of real estate value. And now the Danish people have been so adamant in

1
A technical paper presented by the Tallinn Technical University of Estonia at the
International Energy Workshop at Laxenburg, Austria in 2003. Estimation of real emissions reduction caused by
wind generators. O. Liik, R. Oidram, M. Keel Tallinn Technical
University, 5 Ehitajate tee, Tallinn 19086, Estonia.
2
Anselm Waldermann. “Wind Turbines in Europe Do Nothing for Emissions-Reduction Goals”. Der Spiegel. Feb 11
2009. http://www.spiegel.de/international/business/0,1518,606763,00.html.ca
3
The Wall Street Journal explained in September 2008 that in order to cover the inconsistencies of the wind power
now on the German grid, “Germany's gas consumption for power generation more than doubled between 1990 and
2007.” Edgar Gartner. “Wind Fuels Gas”. Wall Street Journal, 11 September 2008. In the U.K., the newly installed
wind technology is also backed up by gas. Figures released in November by the OECD indicate that “in the past
year alone, prices for electricity and natural gas in the U.K. have risen twice as fast as the European Union
average”.
4
Minister Smitherman’s remark was made on the Focus Ontario television show.
5
“Thermal power stations constantly have to keep additional spinning [standby] reserve capacity equal to the
maximum total power of windmills (e.g. for the case when too high wind speed stops full power operating windmills).
This makes the thermal plants run inefficiently and increases fuel consumption (emissions)”. (Tallinn Report. Op.
cit.)
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their objections to any further onshore wind developments that the government is going to restrict it
to off-shore projects.
In Spain, a recently published economic study from Juan Carlos University has laid the blame for
Spain’s worsening economic crisis (reported to be in serious depression) at the doorstep of the
government for its policy of subsidizing the wind industry. It points out that as a result of the
unparalleled rise in electricity prices that resulted from the introduction of wind energy onto the grid,
most intensive energy consuming manufacturers have left the country.
2.2. Quotes From Electricity Generation Experts
“Electricity differs from other forms of energy, and cannot be stored directly on an industrial scale.
Any calculation of the CO2 emissions reduction from wind must take into account the quantity of
conventional generating capacity that has to be in the grid. . . In fact, analysis of data from the UK,
Denmark, Ireland, Germany and the USA shows that a substantial part of the theoretical CO2
saving does not accrue in practice. In some circumstances there may be only minimal benefit. The
evidence shows that as the level of wind capacity increases, the CO2 emissions actually increase
as a direct result of having to cope with the variation of wind-power output.”
-- U.K. energy expert, David White: Reduction in Carbon Dioxide Emissions: Estimating the
Potential Contribution from Wind Power, published in December 2004 by the Renewable Energy
Foundation in the U.K.
“It has been estimated that the entire benefit of reduced emissions from the renewables
programme has been negated by the increased emissions from part loaded plant.”
-- From a paper given at the British Institution of Mechanical Engineers, by David Tolley.
“The tax breaks and subsidies for the wind industry are at the expense of ordinary taxpayers and
electricity customers whose interests are not well represented in government circles. The practical
effects of the tax breaks and subsidies are to:
•

“Misdirect hundreds of millions of investment dollars into energy projects that produce only
small amounts of low value, low quality electricity.

•

“Transfer substantial wealth from ordinary taxpayers and electricity customers to “wind
farm” owners by shifting tax burden from “wind farm” owners to ordinary tax payers, and
passing along the high priced electricity from “wind farms” to electricity customers.”

--From: “Big Money” Discovers the Huge Tax Breaks and Subsidies for “Wind Energy” While
Taxpayers and Electric Customers Pick up the Tab. 2004, by Glenn R Schleede (a graduate of
Harvard Business School’s Advanced Management Program. and former Vice President of New
England Electric System (NEES) former Associate Director (Energy and Science) of the White
House Domestic Council).
2.3. Grass Roots Public Activism And Online Document Sources
The last two years has seen phenomenal growth in public dissent on the basis of all these
objections as well as adverse health effects. Wherever industrial wind turbines have been
introduced, citizens’ groups have been formed to fight them.
“I have not seen anything like this before,” says Chris Forrest, vice president of
communications and marketing at the Canadian Wind Energy Association (CanWEA).
“Groups are coordinating fully orchestrated media campaigns with a ferocity and an
intensity that has really taken us by surprise,” he says.
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Local groups all over the world have formed coalitions with others to create national and
international organizations.
2.3.1 The European Platform Against Windfarms (EPAW) http://www.epaw.org/ now has 364
signatory organizations in 19 different European countries. Recently the second annual march on
the Elysée Palace took place in Paris, and public protests are on the increase throughout Europe.
Health issues and economic concerns are among the most important objections raised by these
groups. They insist:
•
•
•

that hundreds of associations, local initiatives and other groups are totally dissatisfied
with wind farms;
that intermittent, uncontrollable energy does not solve any of humanity's problems,
even in part;
that the only thing wind turbines do is cause considerable harm to people, the economy,
national budgets and the environment.

2.3.2 Country Guardian is a UK-wide conservation group which has warned about wind turbines
for nearly 20 years, since the first UK wind developments appeared in the Lake District. Initially it
campaigned mainly about landscape damage, but it soon became clear that a) the technology of
wind turbines was seriously flawed and b) the environmental damage extended far beyond the
landscape. The group provides one of the most useful web sites for research and documentation:
www.countryguardian.net
2.3.3 In the United States, there are three major coalitions, each maintaining highly respected
sources of information through their web sites:
•

Industrial Wind Action Group http://www.windaction.org/;

•

National Wind Watch http://www.wind-watch.org/

•

Industrial Wind Energy Opposition http://www.aweo.org/

2.3.4 In Ontario, Wind Concerns Ontario has grown at an impressive rate over the last year,
largely out of a feeling of injustice and loss of local democratic input on planning decisions
legislated by the Green Energy Act and outrage at government indifference to those suffering
adverse health effects from the turbines. It is now comprised of 39 citizens’ groups and extends to
26 counties and districts throughout Ontario. The web site is an invaluable source of information on
the Ontario situation. http://windconcernsontario.wordpress.com/
Familiarity with these sites is essential to understanding the depth and extent of opposition to
industrial wind development and the degree of concern over health issues.
It should however, be added that while North Americans seem to consider the aesthetic
appearance in the landscape of wind turbine developments as a matter of individual judgment,
older European societies still value the importance of beauty, architecture, and unspoiled nature as
their cultural heritage—part of the value of a viable tourism resource. 6

6

One of the public protests currently underway in France is to save Mont Ste. Michel from an adjacent wind turbine
development. There, artists are looked to for aesthetic judgments based on their training and experience. Artists
from around the world opposed to defacing the rural landscape with wind turbines have contributed to a web site
based in England:
http://www.artistsagainstwindfarms.blogspot.com/; http://www.artistsagainstwindfarms.com/pinboard.html.
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3.0 THE HEALTH ISSUE
3.1. Available Research On Adverse Health Effects
Legislators in Ontario were warned of emerging health problem as early as April 22, 2009 by one of
the province’s most prominent physicians. Dr Robert McMurtry, M.D., F.R.C.S (C), F.A.C.S, is a
former Dean of Medicine at the University of Western Ontario and in 1999, he became the first
Cameron Visiting Chair at Health Canada - a post carrying the responsibility for providing policy
advice to the Deputy Minister and Minister of Health for Canada. In December 2003, he was
appointed to the Health Council of Canada and is Chair of the Wait Times and Accessibility Work
Group. Dr. McMurtry is the founding Assistant Deputy Minister of the Population and Public Health
Branch of Health Canada. He was appointed to Roy Romanow's Commission on the Future of
Health Care in Canada in 2002 as a Special Advisor to Commissioner Romanow.
In his Deputation to the Standing Committee on General Government Regarding Bill C-150
presented at the Ontario Legislature, Dr. McMurtry stated:
“There have been many reports of adverse health events. At the outset it must be made
clear that there has not been any systematic epidemiological field study that could yield
authoritative guidelines for the siting of wind turbines. Secondly no epidemiological study
has been conducted that establishes either the safety or harmfulness of Industrial Wind
Turbines. In short there is an absence of evidence. Accordingly until more authoritative
information is available it is important to consider the growing number of reports of cases
and case series of adverse health effects that are emerging.”
The McMurtry report has disclosed that the number of people in Ontario reporting adverse health
affects due to industrial wind turbines continues to rise. The new total as of September 13, 2009 is
now 98 which is a disturbing 85% increase from 53 as reported earlier this year. Some families
have been driven from their homes. See www.windconcernsontario.org
It has to be emphasized that as with all public health issues, precautionary regulation are
preferable to allowing an avoidable health risk to spread. In the words of Dr. McMurtry, “When
uncertainty exists and the health and well-being of people are potentially at risk, assuredly it is
appropriate to invoke the precautionary principle.”
It also has to be underlined that there is no credible research to back up industry claims that wind
turbines do not threaten human health.
The wind industry often states that “there is no peer-reviewed scientific evidence indicating wind
turbines have an adverse impact on human health”. (This statement is taken directly from actual
applications for approval to build industrial wind turbines).
Health Canada disagrees. In a letter dated August 6, 2009 from Health Canada Safe Environments
Program (Halifax), Allison Denning, Regional Environmental Assessment Coordinator Health
Canada, Atlantic Region pointed out:
“Health Canada advises that this statement be revised to indicate that there are peer reviewed
scientific articles indicating that wind turbines may have an adverse impact on human health. In
fact, there are peer reviewed scientific articles indicating that wind turbines may have an
adverse impact on human health.
For example, Keith et. al. (2008), identified annoyance as an adverse impact on human health that
can be related to high levels of wind turbine noise. In addition, there are several articles by
Pedersen (and others) related to wind turbine annoyance (as referenced below). The relationship
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between noise annoyance and adverse effects on human health is also further investigated in the
manuscript by Michaud et. al (2008)”. 7
Like the wind industry today, the tobacco industry denied for many years that there were any
adverse health effects from their products. Corporate denial of a health problem is generally a
delaying tactic not in the best interest of the public.
3.2. Serious Warnings Already Issued By Credible Institutions
A number of cautions have already been provided by some of the most eminent medical authorities
around the world. These should alert decision makers at once to their responsibility:
3.3.

The National Institutes Of Health (NIH)

In 2008 the NIH (part of the US Department of Health and Human

Services) warned:

‘Wind energy will undoubtedly create noise, which increases stress, which in turn increases the
risk of cardiovascular disease and cancer.’ (Environmental Health Perspectives, volume 116,
pg A237 – 238, 2008).
3.4.

French National Academy Of Medicine

In 2006, the French National Academy of Medicine issued a report that concludes:
“The harmful effects of sound related to wind turbines are insufficiently assessed. . . The
sounds emitted by the blades being low frequency, which therefore travel easily and vary
according to the wind, constitute a permanent risk for the people exposed to them.. The
Academy recommends halting wind turbine construction closer than 1.5 km from
residences”. 8
3.5.

The Maine Medical Association

On September 12, 2009, the Maine Medical Association passed a Resolution to ‘work with health
organizations and regulatory agencies to provide scientific information of known medical
consequences of wind development in order to help safeguard human health and the environment;
and to ‘work with other stakeholders to encourage performance of studies on health effects of wind
turbine generation by independent qualified researchers at qualified research institutions’; and to
‘ensure that physicians and patients alike are informed of evidence-based research results.’
3.6. Minnesota Department of Health

7

References listed by Health Canada include:
Keith, S. E., D. S. Michaud, and S. H. P. Bly. 2008. A proposal for evaluating the potential health effects of wind
turbine noise for projects under the Canadian Environmental Assessment Act. Journal of Low Frequency Noise,
Vibration and Active Control, 27 (4):253-265.
Michaud, D.; S.H.P. Bly, and S.E. Keith. 2008. Using a change in percentage highly annoyed with noise as a
potential health effect measure for projects under the Canadian Environmental Assessment Act. Canadian
Acoustics, 36(2): 13-28.
Pedersen E. and Halmstad, H.I. 2003. Noise annoyance from wind turbines – a review.
Swedish Environmental Protection Agency, Report 5308.
Health Canada’s response to the Digby Wind Power Project Addendum,
Digby, Nova Scotia. Author: Safe Environments Program, Regions and Programs Branch, Health Canada
8

Chouard, C-H. Le retentissement du funtionnement des eoliennes sur la sante de l’homme. (Repercussions of
wind tubine operations on human health). Panorama du Medecin, 20 March 2006.
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On May 22, 2009, the Minnesota Department of Health released a report evaluating the health
impacts from wind turbine noise and low frequency vibrations. The conclusions noted that wind
turbines generate a broad spectrum of low-intensity noise. The low frequency may affect some
people in their homes, especially at night:
“The most common complaint in various studies of wind turbine effects on people is the impact on
quality of life. Sleeplessness and headache are the most common health complaints and are highly
correlated (but not perfectly correlated) with annoyance complaints. Complaints are more likely
when turbines are visible or when shadow flicker occurs. Most available evidence suggests that
reported health effects are related to audible low frequency and with increasing outside noise levels
above 35 dB(A)”.
“Low frequency noise from a wind turbine is generally not easily perceived beyond ½ mile.
However, if a turbine is subject to aerodynamic modulation because of shear caused by terrain
(mountains, trees, buildings) or different wind conditions through the rotor plane, turbine noise may
be heard at greater distances”.
“Unlike low frequency noise, shadow flicker can affect individuals outdoors as well as indoors, and
may be noticeable inside any building”.
3.7. Government of The State Of Victoria, Australia
In Australia, the Government of the State of Victoria has now committed to investigating the health
concerns of Victorians who live near wind farms. Some landholders near the Waubra wind farm,
west of Ballarat, say a low frequency hum from the turbines is making them sick. An investigation
will now be conducted by WorkSafe, the Department of Human Services and the Environment
Protection Authority.

4.0 A BRIEF SURVEY OF EVIDENCE BASED LITERATURE
The June 2009 report on Sleep disturbance and wind turbine noise by the British physician
Christopher Hanning, BSc, MB, BS, MRCS, LRCP, FRCA, MD provides a useful survey of up-todate evidence-based literature by a physician who is more qualified than most to carry out this peer
review. The report can be seen in pdf form at http://www.windaction.org/documents/22602
Dr. Hanning’s credentials and experience are beyond dispute. He is one of the world’s foremost
specialists on noise, sleep disturbance and its consequent effect on health. Dr. Hanning founded
and ran the Leicester Sleep Disorders Service, one of the longest standing and largest services in
the United Kingdom. The University Hospitals of Leicester NHS Trust named the Sleep Laboratory
after him as a mark of its esteem. 9
His report concludes:
“In weighing the evidence, I find that, on the one hand, there is a large number of reported
cases of sleep disturbance and, in some cases, ill health as a result of exposure to noise
from wind turbines, supported by a number of research reports that tend to confirm the
9

Trained at St. Bartholomew’s Hospital Medical School in London England and a Fellow of the Royal College of
Anaesthetists, he is honorary Consultant in Sleep Disorders Medicine to the University Hospitals of Leicester NHS
Trust, (England) based at Leicester General Hospital having retired in September 2007 as Consultant in Sleep
Disorders Medicine. In 1996, he was appointed Consultant Anaesthetist with a special interest in Sleep Medicine to
Leicester General Hospital and Honorary Senior Lecturer to the University of Leicester.
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validity of the anecdotal reports and provide a reasonable basis for the complaints. On the
other, we have badly designed industry and government reports which seek to show that
there is no problem. I find the latter unconvincing.
“In my expert opinion, from my knowledge of sleep physiology and a review of the available
research, I have no doubt that wind turbine noise emissions cause sleep disturbance and ill
health.”
Dr. Hanning has also stated: “There can be no doubt that groups of industrial wind turbines
(“wind farms”) generate sufficient noise to disturb the sleep and impair the health of those
living nearby.”
He noted that “families whose homes were around 900m from wind turbines found the
noise, sleep disturbance and ill health eventually drove them from their homes.”
Hanning emphasizes that “inadequate sleep has been associated not just with fatigue,
sleepiness and cognitive impairment but also with an increased risk of obesity, impaired
glucose tolerance (risk of diabetes), high blood pressure, heart disease, cancer and
depression. Sleepy people have an increased risk of road traffic accidents.”
His report is examined in detail below because it represents one of the most professional reviews
of the available literature. Hanning also analyzes and disputes the acceptability of several industry
sponsored studies because of flawed methodologies and researchers working outside their area of
competence.
CLINICAL EVIDENCE
4.1. England
Throughout the history of public health, our initial awareness of health threats has always come
from clinicians working with patients in the field. One of the first MDs to report on wind turbine
difficulties was Dr. Amanda Harry in England. Those who would dismiss the work of Dr Harry as
“anecdotal” and of no significance do not understand the role played by the clinician in our
understanding of pathology. (Harry, Amanda. February 2007. Wind turbines, noise, and health. 32
pp. http://www.windturbinenoisehealthhumanrights.com
Dr. Hanning points out: “Dr Amanda Harry (2007), a UK GP, conducted surveys of a number of
residents living near several different turbine sites and reported a similar constellation of symptoms
from all sites. A study of 42 respondents showed that 81% felt their health had been affected, in
76% it was sufficiently severe to consult a doctor and 73% felt their life quality had been adversely
impacted. This study is open to criticism for its design which invited symptom reporting and was not
controlled. While the proportion of those affected may be questioned it nevertheless indicates
strongly that some subjects are severely affected by wind turbine noise at distances thought by the
industry to be safe.”
4.2. United States
Another physician with actual clinical experience dealing with patients affected by wind turbines is
Nina Pierpont in the United States. (Nina Pierpont, MD, PhD, Wind Turbine Syndrome: A Report on
a Natural Experiment. 2009. www.windturbinesyndrome.com)
According to Dr. Hanning, her work is “a very detailed, peer-reviewed case-control study of 10
families around the world who have been so affected by wind turbine noise that they have had to
leave their homes, nine of them permanently. The turbines ranged from 1.5 to 3MW capacity at
distances between 305 to 1500m. The group comprised 21 adults, 7 teenagers and 10 children of
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whom 23 were interviewed. While this is a highly selected group, the ability to examine symptoms
before, during and after exposure to turbine noise gives it a strength rarely found in similar casecontrol studies. The subjects described the symptoms of wind turbine syndrome outlined above and
confirmed that they were not present before the turbines started operation and resolved once
exposure ceased.”
“There was a clear relationship between the symptoms, even in children, and the noise exposure.
She reports also that all adult subjects reported ‘feeling jittery inside’ or ‘internal quivering’; often
accompanied by anxiety, fearfulness, sleep disturbance and irritability. Pierpont offers compelling
evidence that these symptoms are related to low frequency sound and suggests very plausible
physiological mechanisms to explain the link between turbine exposure and the symptoms.”
“Of particular concern were the observed effects on children, including toddlers and school and
college aged children. Changes in sleep pattern, behaviour and academic performance were noted.
7 of 10 children had a decline in their school performance while exposed to wind turbine noise
which recovered after exposure ceased. In total, 20 of 34 study subjects reported problems with
concentration or memory.”
“Pierpont’s study mostly addresses the mechanism for the health problems associated with
exposure to wind turbine noise rather than the likelihood of an individual developing symptoms.
Nevertheless, it convincingly shows that wind turbine noise does cause the symptoms of wind
turbine syndrome, including sleep disturbance. She concludes by calling for further research,
particularly in children, and a 2km setback distance.”
A recently published paper on low-frequency vibration further elucidates Pierpont’s work: Research
from Neuroscience Letters 444 (2008) 36–41 by medical researchers McAngus Todd, Sally M.
Rosengren, James G. Colebatch, demonstrates Dr. Pierpont’s contention that low frequency noise
and infrasound can harm the vestibular apparatus of the inner ear. The research illustrates the
premise that what you cannot hear can harm you.
4.3. Dr. Michael Nissenbaum (USA)
Another group of clinicians in the USA who have studied symptoms experienced by their patients
living near wind turbines have called for a moratorium on wind turbine installation until proper
studies are completed. In March 2009, Dr. Michael Nissenbaum of the Northern Maine Medical
Center presented his findings to the Maine Medical Association. His study, which he characterized
as “alarming”, suggests that his patients are experiencing serious health problems related to
shadow flicker and noise emissions from the turbines near their homes. The onset of symptoms
(including sleep disturbance, headaches, dizziness, weight changes, possible increases in blood
pressure, as well as increased prescription medication use), all appear to coincide with the time
when the turbines were first turned on in December 2006.
Dr. Nissenbaum has written: “There are many issues that need to be worked out. A moratorium is
logical, unless we quickly move to adopt more stringent European and Australian standards.
Otherwise, the state’s failure to act responsibly on this issue is the equivalent of abandoning its
responsibility to protect public health, which would leave the people with few options other than
seeking remedy and redress through the courts”.
4.4. Japan
In Japan, in February, 2009, 70 cases of adverse health effects from wind turbines were reported.
The Japanese call this “Wind Turbine Disease”. Their Minister of Environment fears a public health
issue and is investigating low frequency sound as being of concern.
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The ministry is concerned that reports of ill health could spread as more wind turbines are built near
residential areas. Bouts of dizziness and inability to sleep properly were reported. When victims
spent time away from the house, the symptoms quickly dissipated. But as soon as they returned,
they would flare up again. 10
So far, more than 70 people living near wind turbines have reported ill health. They include
residents in Ikata, Ehime Prefecture; Higashi-Izu, Shizuoka Prefecture; Toyohashi, Aichi
Prefecture; and Minami-Awaji, Hyogo Prefecture.
4.5. Ontario
Researchers and victims in Ontario have reported altered living conditions and ill health. Sleep
disturbance is the most common complaint. Other symptoms include inner ear problems, cardiac
concerns such as arrhythmias and palpitations, headaches and cognitive and mood disturbances.
Several suffered acute hypertensive episodes which are most concerning. Some have had to leave
their homes in order to protect their health 11 . These reports are consistent internationally.
There are unanswered questions about infants, children, and the unborn whose mothers are
exposed, family members and workers such as farmers and technicians who live and work in close
proximity to the wind turbines.
The reports of symptoms are consistent with the work of Dr. Amanda Harry, U.K., Dr. Nina
Pierpont, U.S.A. and are remarkably similar to other work quoted above and to the just released
study by Dr. Michael Nissenbaum in Maine who reports on 15 further cases.
Virtually always the commonest complaint is sleep disturbance. The number of sleep disturbances
with the September survey results is 67 of 98 victims. Already thirty-nine individuals indicate that
their health has been affected as a consequence of what they are experiencing. The number is 81
of 98 with affected health. One person has had to be admitted to hospital with an acute
hypertensive episode, another experienced a cardiac arrhythmia (atrial fibrillation), 30 of 98
experienced heart palpitations. Reports of health problems are still coming in. The survey will be
ongoing and results will be updated periodically.
In his literature search, Low Frequency Noise and Infrasound (Some possible causes and effects
upon land-based animals and freshwater creatures): A literary comment; 2006, Ivan Buxton notes:


“There are a great number of articles that include reference to the effects of infrasound and
vibration upon humans. It is evident from these papers that the effect of low frequency
noise on humans goes much deeper than subjective “annoyance” as has been asserted by
wind proponents. On the contrary, it has already been demonstrated that cardiovascular
risks and chronic endocrine effects including increased cortisol production. (As indicated by
Harlow et al. (1987), chronically elevated blood cortisol may adversely impact the efficiency
of animal production by reducing weight gain and otherwise affecting animals in captivity
(Van Mourik and Stelmasiak 1984, Van Mourik et al. 1985) and decreasing antibody
production, thereby inhibiting or suppressing the body's ability to resist disease (Roth 1984,
Jensen and Rasmussen 1970, Huber and Douglas 1971, Revillard 1971, Paape et al.1973,
Hartman et al. 1976, Stein et al. 1976)”.

10

Something in the wind as mystery illnesses rise BY TSUYOSHI TAKEDA ASAHI SHIMBUN SENIOR STAFF
WRITER 2009/2/6 http://www.asahi.com/english/Herald-asahi/TKY200902060054.html
11
Canadian Hydro Developers who operated the wind turbine facility in Melancthon Township near Shelburne
appear to have tacitly recognized the seriousness of these symptoms and their legal implications by purchasing six
homes from those unable to remain in them. However, In order to sell and get away, the beleaguered owners had to
sign agreements not to speak publicly of the transactions.
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“These impacts, particularly if chronic, can result in: increased sickness, disease, and
death; a decrease in animal productivity (Knight and Cole 1991, Anderson and Keith 1980);
and ultimately result in population declines [in wild animal populations] (Anderson and Keith
1980)”.

These investigations offer an explanation of the reason for the symptoms that have been observed
among those suffering from wind turbine effects. 12
It should also be emphasized that there is widespread agreement on the fact that wind turbines
create intrusive noise and there are many existing peer reviewed studies on the adverse health
effects of noise. For example, World Health Organization, Noise and Sound, Bergland et al, 2000;
Health Council of the Netherlands (HCN). 2004 The Influence of Night-time Noise on Sleep and
Health. The Hague: Health Council of the Netherlands, 2004; publication no. 2004/14E; Human
Rights section 9 EU June 2007 www.windturbinenoisehealthhumanrights.com
According to Buxton, “the frequency ranges are recorded in many of these studies and the overall
result always appears to depend upon the exposure time when coupled with the dB and Hz levels.
A few seconds is all it takes at very low Hz and high dB levels before severe problems arise”.
“Very low frequency sound can travel long distances, penetrate buildings and vehicles and does
not significantly diminish its properties when it changes mediums such as from air to tissue. This is
because unlike ultrasound it travels ‘in band’ more effectively due to the propensity of low
frequency sound waves to travel in a straight line”.

5.0 EFFECTS OF WIND TURBINES ON WILDLIFE, LIVESTOCK AND DOMESTIC ANIMALS
Animal studies are an important tool used in modern medicine to determine harm to human health.
Reports of adverse effects on animals are considered to be cautionary.
There is growing evidence that animals are affected even more severely than humans by the low
frequency noise and vibrations from industrial wind turbines. This has serious implications for our
treaty obligations to protect endangered and threatened species which depend on ever shrinking
sensitive natural habitats. It also reinforces and provides further caution on the human health
issues already listed above.
5.1.

Heightened Sensitivities Of The Animal Kingdom

12

i) “Selected Health risks caused by long term, whole body vibration” by Seidel H. Federal Inst. Of Occupational
Health, Berlin. (Am J. Med. 1993 Apr. 23(4) ; 589 – 604.)
ii) “Characterising the effects of airborne vibration on human body vibration response”
by Smith S.D. Air Force Research Lab., Wright – Patterson AFB, USA. (Aviation. Space Environment. Med. 2002
Jan; 73 (1); 36 – 45
iii) “Low frequency noise enhances cortisol among noise sensitive subjects during work performance” by Kerstin
person-Waye. J Bengtsson, R. Rylander, F. Hucklebridge. P. Evans, A. Clow. (Dept. Environ. Medicine, Univ. of
Gothenburg. (Life Science 2002 Jan 4; 70(7) 745 – 58. . [See also by same team “Effects of night time LFN on the
cortisol response to awakening and subjective sleep quality)
iv) “Noise induced Endocrine Effects & Cardiovascular Risks” by H. Ising, W Babisch, B. Kruppa, Federal Environ.
Agency, Inst. Of Water, Soil & Air Hygiene, Berlin.(Noise Health 1999; 1 (4); 37 – 48.
v) “Coping with stress; Neuroendocrine Reactions & Implications for Health” by U. Lundberg, Dept. of Psycchology,
Stockholm. (Noise Health 1999; 1 (4); 67 – 74
vi) “Possible health effects of noise induced cortisol increase” by M. Spreng. Dept. Physiology, Univ. Erlangen,
Germany (Noise Health 2000; 2(7); 59 – 64
vii) “Acute and chronic endocrine effects of noise”: Review of the research conducted at the Inst. For Water, Soil &
Air Hygiene, Berlin. H. Ising, C. Braun (Noise Health 2000;2(7) 7 – 24.
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It appears that animals are even more susceptible to low frequency noise than humans. The animal
kingdom relies upon a wide range of sound frequencies inaudible to humans. It has to be
remembered that within these sensitive habitats where almost no background noise is experienced,
the low frequency noise and vibration projected (and transmitted through the earth) by industrial
wind turbine operation is most certainly threatening or confusing to wildlife. The hearing and
vibration sensitivity of most creatures in the wild is far more acute than human sound perception.
Confusion by sound emanations can lead to the failure of hunting success, self defense and
ultimately survival. Snakes, for example, which rely extensively upon their perception of vibration,
are particularly sensitive to habitat disturbance from industrial developments. The noise pollution at
higher frequencies may explain the catastrophic effect wind turbines are having on bats, a
significant keystone species within the balance of nature. Permeating a large area of natural habitat
with extraneous noise pollution will have obvious repercussions for the survival of species
dependent on the special characteristics of these unique refuges and, as has been observed by
biologists, lead to permanent abandonment.
5.2. Shadow Flicker Concerns
Similarly the shadow flicker with its widespread emanations is another phenomenon that alerts the
wild creature to danger. Confusion and avoidance are caused by both these disturbances and they
may contribute to abandonment of the habitat thus affected. When such disturbance affects an
already threatened species forcing it to abandon one of the last remaining suitable specialized
habitats, the consequences can be catastrophic. But it has to be remembered that the ecology
within any Natural Heritage System is completely inter-related and seemingly insignificant effects
have major repercussions because of the interdependency of all the species within the system.
Buxton concluded: “there is a case to answer when land based animals and freshwater creatures
are exposed to noise at low Hz levels. Because of the limitations of our hearing it would be easy to
suppose that noises beyond our receiving range do not exist and should therefore be of no concern
to us. Yet both very high and extremely low inaudible sounds may be harmful to us and other
animals with similar but not identical ranges of hearing”.
“Other creatures have lower acceptance levels, as their survival is more reliant upon instinct and
interpretation of unusual sounds as a source of danger.
A few seconds is all it takes at very low Hz and high dB levels before severe problems arise. There
is reason to suppose that similar effects would also occur with wild animals if exposed to the
sounds for long enough periods. The presumption must be that as soon as they felt uncomfortable
they would move away from the zone of discomfort-- term more properly described as, disturbance
and displacement, which in the case of protected species would be contrary to appropriate
legislation”.
“Laboratory studies upon animals have been reviewed with quite chilling results, as it clear that
deformities, damage and impairment occur to the subjects with regularity. Admittedly the animals
were contained and subjected to exposure times of several hours per day at moderate to high
intensity levels of LFN and infrasound. Yet fish and aquatic creatures contained in ponds and lakes
would certainly be unable to escape whatever the level of sound intensity or duration of exposure”.
Buxton cites as examples of the effect of noise on animals: the reduction of egg laying by domestic
poultry; injury and loss involving livestock; goats with reduced milk production; pigs with excessive
hormonal secretion as well as water and sodium retention; sheep and lambs with increased heart
rates, respiratory changes and reduction in feeding.
“There is clearly a cause for concern because of the likely effects upon wildlife and current
protective measures seem inadequate”.
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5.3.

Habitat Loss: European Studies

There is a growing body of evidence from European biologists who have now completed decadelong studies of the effect of wind turbines on wildlife.
Scientists have concluded that wind turbine developments placed near important wildlife areas
have a long term, irreversible destructive effect upon these habitats. The effect is cumulative, and
increases the longer the wind turbines remain in place.
Many European studies have documented habitat degradation and avian collision mortality. The
U.S. Fish and Wildlife Service guidelines were based on peer-reviewed scientific avian studies
written by biologists. Important studies include Orloff and Flannery 1992, Leddy et al. 1999,
Woodward et al. 2001, Braun et al. 2002, Hunt 2002 as well as studies of bats: Keeley et al. 2001,
Johnson et al. 2002, Johnson et al. 2003, Manes et al. 2002, and Manville 2003.
Biologists are concerned not only with collision mortality which seems to be critical when turbines
are sited on migratory flyways (and takes a greater toll on raptors, waterfowl and songbirds), but
even more with long-term habitat disturbance, degradation and abandonment.
5.4. Livestock
Farmers in Ontario have observed health problems with their livestock which began shortly after
the wind turbines were installed. Awareness of the research cited by Buxton (above) indicating
endocrine and cardiovascular effects from noise would certainly support the symptoms observed by
Ontario farmer Ross Brindley who lives near the Kingsbridge wind turbine development near
Goderich. According to a report in the December 2008 Better Farming Magazine, his cattle
exhibited aggressive and erratic behaviour, “including the kicking of newborn calves, prolapsed
birthing, weight loss, decline in fertility, a high incidence of mastitis, calves being deformed at birth
and a high incidence of stillbirths.” After being driven out of business as a result of problems
suffered by his beef cattle herd, Brindley is suing Hydro One Networks Inc. and Edmonton Power
Corporation (EPCOR).
5.5.

Goats

In the same context, the BBC recently reported that 400 goats in Taiwan had died after eight wind
turbines were installed close to their grazing land. "The goats looked skinny and they weren't
eating. One night I went out and the goats were all standing up; they weren't sleeping”, the farmer
reported. The Council of Agriculture suspects that noise may have caused the goats’ demise
through lack of sleep. The power company, Taipower has offered to pay part of the cost of building
a new farmhouse elsewhere.

6.0 EVALUATING WIND TURBINE NOISE
Hanning disputes the claim that continual exposure to noise results in habituation.
“It is often claimed that continual exposure to a noise results in habituation, i.e. one gets used to
the noise. There is little research to confirm this assertion and a recent small study (Pirrera et al.
2009) looking at the effects of traffic noise on sleep deficiency suggests that it is not so.”13
He points out the flaws of using averaged noise levels, or measuring wind speed at a single low
height.
13

Hanning 2.2.8.
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Hanning notes that “sleep disturbance has been experienced by people living within 1km to 1600
km of wind turbines. . . . The experiences of the Davis (2008) and Rashleigh (2008) families from
Lincolnshire whose homes were around 900m from wind turbines make salutary reading. The
noise, sleep disturbance and ill health eventually drove them from their homes”.
“Surveys of residents living in the vicinity of industrial wind turbines show high levels of disturbance
to sleep and annoyance. A 2005 survey of 200 residents living within 1km of a 6 turbine, 9MW
installation in France showed that 27% found the noise disturbing at night (Butre 2005)”.
The Ontario WindVOiCe health survey found that 81 of 98 report their health affected’. The
distances for survey results range up to 5k (2 respondents) with most under 1000m. This
emphasizes the need for more 3rd party, multi-disciplinary, health studies including that of
epidemiology’.
Buxton advises: the measurement methods should be reviewed to embrace ‘C’ Weighting and ‘G’
Weighting as well as the usual ‘A’ Weighting so that a proper appreciation of the extent of LFN and
infrasound is achieved before, during and after the noise source is installed.
Dr. McMurtry points out that: “Quite simply national regulations do not exist in Canada. According
to a November 2008 letter from Morel Oprisan, (Deputy Director S&T, Renewable Energy
Technologies, Government of Canada) in an electronic mail to Professor John Harrison (Queens
University) he stated:
“As you correctly noted in your letter, the issue of the wind turbine set-back from a residence, is
regulated locally (municipally or provincially).”
“’As part of the work done by the federal government in this area, we have worked together
with CSA and, internationally with IEC, to bring international standards to Canada.
However, these standards, at this time, are not mandatory and their use is voluntary.’”
“To add to my concern regarding this regulatory uncertainty is the fact that this Provincial
Ministry of the Environment has regulations with many flaws. One of these is the failure to
measure for low frequency noise (LFN). Instead regulations . . . measure in A Weighted
decibels or dBA only. To measure for LFN it is necessary to screen with C Weighted
decibels or dBC. It is not possible to develop authoritative guidelines for set-backs and
monitoring of industrial wind turbines specifically if LFN is not taken into account”.
For example, “the wind developer IPC Energy contracted Avalon Consulting to do Environmental
Screening. I contacted Avalon who indicated to me on 2 occasions that it is ‘not necessary’ to
monitor for LFN. The wind industry at large agrees as they also deny the need to monitor for LFN.
The Ministry of the Environment of Ontario concurs as all its regulations are based on dBA
(Decibels with A weighting) which is relatively insensitive to LFN. dBA however is adequate for
higher frequency noises such as the characteristic ‘swoosh, swoosh, swoosh’ of turbine blades
which are in the mid-frequency range”.
“How important is LFN? The World Health Organization in a 2000 publication (“Community Noise”
by Berglund et al) made the following observations:
•

"Since A-weighting underestimates the sound pressure level of noise with low frequency
components, a better assessment of health effects would be to use C-weighting’".

•

"It should be noted that a large proportion of low frequency components in a noise may
increase considerably the adverse effects on health’".
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•

"The evidence on low frequency noise is sufficiently strong to warrant immediate concern’".

•

“Styles et al observed that there is ‘. . . clear evidence that wind turbines generate low
frequency sound (infrasound) and acoustic signals which can be detected at considerable
distances (many kilometres) from wind farms on infrasound detectors and low-frequency
microphones.’”

In July, 2008, U.S. acousticians Kamperman and James introduced a set of proposed sound limits
to prevent health risks from wind turbines. They emphasized that “the simple fact that so many
residents complain of low frequency noise from wind turbines is clear evidence that the single Aweighted (dBA) noise descriptor used in most jurisdictions for siting turbines is not adequate. The
only other simple audio frequency weighting that is standardized and available on all sound level
meters is the C-weighting or dBC.” They proposed the following limits:
“Proposed Wind Turbine Siting Sound Limits”
1. Audible Sound Limit
a. No Wind Turbine or group of turbines shall be located so as to cause an exceedance of the
pre-construction/operation background sound levels by more than 5 dBA.
b. The background sound levels shall be the L90A sound descriptor measured during a preconstruction noise study during the quietest time of evening or night. All data recording
shall be a series of contiguous ten (10) minute measurements. L90A results are valid when
L10A results are no more than 15 dBA above L90A for the same time period. Noise
sensitive sites are to be selected based on wind development’s predicted worst-case sound
emissions (in LeqA and LeqC) which are to be provided by the developer.
c. Test sites are to be located along the property line(s) of the receiving nonparticipating
property(s).
d. A 5 dB penalty is applied for tones as defined in IEC 61400-11.
2. Low Frequency Sound Limit
a. The LeqC and L90C sound levels from the wind turbine at the receiving property shall not
exceed the lower of either:
1) LeqC-L90A greater than 20 dB outside any occupied structure, or
2) A maximum not-to-exceed sound level of 50 dBC (L90C) from the wind turbines
without other ambient sounds for properties located at one mile or more from State
Highways or other major roads or 55 dBC (L90C) for properties closer than one
mile.
b. These limits shall be assessed using the same night time and wind/weather conditions
required in 1.a. Turbine operating sound emissions (LeqA and
c. LeqC) shall represent worst case sound emissions for stable nighttime conditions with low
winds at ground level and winds sufficient for full operating capacity at the hub.
3. General Clause
a. Not to exceed 35 dBA within 30 m. (approx. 100 feet) of any occupied structure.
4. Requirements
a. All instruments must meet ANSI or IEC Precision integrating sound level meter
performance specifications.
b. Procedures must meet ANSI S12.9 and other applicable ANSI standards.
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c. Measurements must be made when ground level winds are 2m/s (4.5 mph) or less. Wind
shear in the evening and night often results in low ground level wind speed and nominal
operating wind speeds at wind turbine hub heights.
d. IEC 61400-11 procedures are not suitable for enforcement of these requirements except for
the presence of tones”.
6.1. WHO Guidelines
The World Health (WHO) 2007 reference recommends a night time limit outside a
home(Lnight,outside) of 30 dBA.
The 2007 WHO guidelines state:
"Therefore, Lnight, outside 30 dB is the ultimate target of Night Noise Guideline (NNGL) to
protect the public, including the most vulnerable groups such as children, the chronically ill and
the elderly, from the adverse health effects of night noise."
The full report can downloaded at
http://ec.europa.eu/health/ph_projects/2003/action3/docs/2003_08_frep_en.pdf

7.0 LOW FREQUENCY NOISE AS A WEAPON
Those engaged in political torture have long been aware that low frequency noise is a powerful
“weapon” with devastating effects upon human beings.
The Israeli army used the sound weapon to disperse a crowd by causing dizziness and nausea.
“Professor Hillel Pratt, a neurobiologist specializing in human auditory response at Israel’s
‘Technion Institute’, says ‘It doesn’t necessarily have to be a loud sound. The combination of low
frequencies at high intensities, for example, can create discrepancies in the input to the brain.’
Later he explained, ‘that by stimulating the inner ear, which houses the auditory and vestibular
(equilibrium) sensory organs with high intensity acoustic signals that are below the audible
frequencies (<20Hz), the vestibular organ can be stimulated and create a discrepancy between
inputs from the visual system and somatosensory system (that report stability of the body relative to
the surroundings) and the vestibular organ that will erroneously report acceleration (because of the
low-frequency inaudible sound). This will create a sensation similar to sea or motion sickness. Such
cases have been reported and a famous example is workers in a basement with a new airconditioning system that all got sick because of low frequency noise from the new system.’ 14

8.0 FLAWED PUBLIC CONSULTATION PROCESS IN ONTARIO
The government of Ontario has been advised of health problems being experienced in Ontario and
has not responded to widespread requests to stop building more wind turbines until the 3rd
party evidence based health studies are conducted in order to determine authoritative noise levels.
Many requests have also been made for realistic cost/benefit accounting but the Government has
not disclosed the real cost or actual benefit of wind power.
There have been substantial sums invested in extensive social marketing and lobbying in order to:
• enable rapid policy action in favour of the industry
• convince the public of the benefits of industrial wind turbines while ignoring the health risks
and cost/benefits
14

Toronto Star, 6 June, 2005.
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•

stereotype as NIMBYs those concerned about the serious consequences of industrial-scale
wind turbines so that people who have fallen victim to the technology are invalidated at the
outset.

Public input critical of Bill 150, the Green Energy Act has been almost entirely disregarded.
Hundreds of submissions to the EBR and MOE have never been made public nor have those on
the proposed regulations.
Of the 300 applications to present information to the Standing Committee on Government Affairs
reviewing the legislation, less than half were allowed to speak. Selection of speakers was carefully
manipulated by the Government to allow mostly those in support of the bill. Some of those opposed
were invited to present their concerns at Sault Ste. Marie, a journey of 8-10 hours for people living
in Southern Ontario.
Facilitation notes on MOE workshops have never been produced. Requested corrections of policy
have not been implemented.
Elevation requests for full environmental screening for all 19 existing wind turbine projects currently
installed in Ontario have been categorically denied. A host of project approvals has been passed
during the interim between the passing of the GEA and the establishment of new regulations.
Detailed public requests for review of these proposals have similarly been denied.
An application to install a wind turbine at the Canadian Autoworkers Centre in Port Elgin has
recently been allowed even though it is well within the new regulation 550 metre setback—by a
“special amendment” of the regulations.
In short, Bill 150, the Green Energy Act, designed to facilitate rapid installation of industrial wind
turbines across Ontario was railroaded through the legislature in so short a period of time that no
meaningful public discussion was allowed to take place—an unprecedented situation for a bill that
amended so many other acts and removed democratic rights from local communities.
8.1.

In Review

1. Evidence-based health studies were not conducted prior to the implementation of the provincial
policy to determine authoritative setbacks and noise levels for installation of industrial wind
turbines.
2. Provision for vigilance monitoring was not provided.
3. Provision for long term post-market surveillance was not provided to monitor adverse health
effects and post-traumatic stress consequences.
4. The Green Energy Act, Bill 150 removes rights of Ontarians including the ability to protect their
health.
5. There are many flaws and inadequacies regarding the approval process.
6. The government of Ontario has been advised of these issues and has continued development
at a rapid pace.
7. Indications are there is no authoritative oversight or detailed review of the health information
cited in the community response.
On November 24, 2004, the Ontario Government announced the results of its Request for
Proposals for 300 megawatts of renewable energy. Noise guidelines were developed from the

- 21 -

suggestions of the wind energy industry; however, there were no authoritative guidelines
determined for setbacks.
In a May 2004 letter to the Ontario Government, the Canadian Wind Energy Association (CanWEA)
lobbied for higher noise limits “as noise regulations can have a significant impact on wind turbine
spacing, and therefore the cost of wind generated electricity.”
Prior to June 2004 wind turbine noise may have been limited to 40 dBA. In June 2004 the limit was
increased to 53 dBA. In October 2008 the limit was reduced to 51 dBA for new projects possibly in
response to ongoing problems. Less than 9 months later, on Tuesday June 9, 2009 the Ministry of
the Environment (MOE) released new draft setback regulations which according to the Minister Mr
Gerretsen “… best protect the health and safety of Ontarians”. The MOE’s draft setback
regulations propose a wind turbine noise limit of 40 dBA. This reduction is very significant as a 10
dBA increase is subjectively heard by the human ear as an approximate doubling in loudness.
The new draft setback regulations had provisions to monitor and address low frequency noise,
which has been known for many decades in the medical and health care community as causing
adverse health effects.
The proposed regulations contained a matrix for setbacks with respect to multiple IWTs (Industrial
Wind Turbines). If these proposed setbacks were applied to existing Ontario wind turbine projects
some IWTs may have been set back up to three times further than they currently are. Under the
proposed setback matrix one of the victims in Ontario would likely have the closest wind turbine at
about 1.5 km as opposed to slightly more than 450 m.
Researchers are stating it is important to ensure sufficient set-backs. Some set-backs of up to 1.5
miles (about 2.5 km) are being proposed in the references dealing with health risks. In New
Zealand, suggestions are that set-backs should be 1.9 miles (3.1 km) in order to reduce the impact
on people. Dr. Pierpont says it could be 2 to 3.5 km based on recent studies. It is important that
the set-backs do not overlap property lines so that property owners who do not have turbines can
still enjoy their property to the full area that they own.
Time is needed for the researchers and clinicians to study the effects of wind generation on people.
Time is needed for the decision-makers and the public to understand the consequences of
introducing these industrial complexes into areas where people live.
Once these giant turbines are built, they will be here for a long time so great care needs to be
exercised in order to protect the health and quality of life of our population.
It is clear that the final regulations are not adequate to protect human health. These regulations are
not founded on evidence-based medical research and are lacking studies on humans. They are
based on conservative computer-modeling which in other parts of the world is used only in worse
case scenarios.
A growing number of health care professionals and many organizations and rural Ontario families
are urging that independent evidence-based studies (epidemiology) be conducted to determine
authoritative set backs and noise levels, including that of low frequency/infrasound.
The final Regulations which state they are ‘unofficial’ 15 were released September 24, 2009.
References to the promised 40 dBA noise limits for wind turbines and low frequency / infrasound
monitoring are lacking. Solar energy will limit noise to 40 dBA.

15

They are not Gazetted yet and until they are, they are unofficial.

- 22 -

While it is obviously unproductive even to speculate on a setback that would satisfy 100% of those
who are complaining of adverse health effects from wind turbines, it is certainly not impossible to
determine ways to protect a significant number of those affected.

9.0 MITIGATION
“The only mitigation for wind turbine noise is to place a sufficient distance between the turbines and
places of human habitation.” – Dr Christopher Hanning

10.0

CONCLUSION

10.1 There is widespread consensus that wind turbines cause noise pollution which frequently
leads to sleep disturbance for those living nearby.
10.2 There is growing documentation from medical professionals about the related adverse health
effects on humans and animals living within affected areas.
10.3 The Ontario Agency for Health Protection and Promotion has an obligation under its mandate
for Health promotion, chronic disease prevention, and injury prevention to thoroughly investigate
the growing number of complaints being received from people in Ontario living near wind turbines.
Elected members of the legislature have a responsibility to exercise due diligence to protect the
health or rural Ontarians.
10.4 Researchers are stating it is important to ensure sufficient set-backs. Some set-backs of up to
1.5 miles (about 2.5 km) are being proposed in the references dealing with health risks.
To repeat Dr. Nissenbaum’s warning:
“There are many issues that need to be worked out. A moratorium is logical, unless we
quickly move to adopt more stringent European and Australian standards. Otherwise, the
state’s failure to act responsibly on this issue is the equivalent of abandoning its
responsibility to protect public health, which would leave the people with few options other
than seeking remedy and redress through the courts”.
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My name is Wendy Todd and I am from Mars Hill, Maine. I grew up in Mars Hill,
on a farm that has been in my family for generations. After getting married, my
husband Perrin and I moved to southern Maine. About five years ago we moved
back to the County to raise our children and enjoy the rural living that we both
grew up with. Shortly after moving into our new home at the base of Mars Hill
Mountain, construction began on the Mars Hill Wind Farm. The entire project
went on line in March of 2007.
The wind turbines have changed our lives forever.
There are 18 families who live under a mile and downwind of the Mars Hill wind
project who have been negatively impacted by these massive turbines. We all
want for people to understand what is at stake when turbines move into your
community. The 28, GE 1.5 megawatt turbines here in Mars Hill have destroyed a
way of life that many have cherished for generations. It is an industrial facility
that covers over 3 miles. It has destroyed wildlife habitat, breathtaking views, and
property values. It has forever scarred the mountain. It has disturbed streams,
ponds and wetlands. Safety issues with ice throw, risks of fire and tower collapse
are all things that neighbors have to consider.
The noise created by the turbines can be unbearable at times. It causes disruption
to sleep patterns, stress and anxiety to most who live downwind of the project.
For some it causes headaches, pressure or ringing in the ears, inability to
concentrate, feelings of unease, and dizziness. Others who suffer from migraines
are saying that their migraines are worse and that their medications are no longer
as effective in relieving the pain. Some of my neighbors have turned to
medications and other therapies to cope. Most of us have had to alter something,
either in our homes or personal lives, to cope with how the turbines have changed
the environment. I am not talking about a simple nuisance, this is about life
altering changes to the environment that can literally make people sick and

change the way you live in your home and use your land. A large number of the
families affected have considered leaving their homes.
Many in the acoustic and medical communities are calling for a 1.5 kilometer or
greater set back for industrial wind turbines from homes, schools, and medical
facilities for reasons of health and well being. Proper setbacks are the only way to
provide protection.
I truly believe it is only a matter of time before the scientific data will be there to
force more stringent regulation on this industry, but for now you have to protect
yourselves because no one else is able to do so. Your friends in Mars Hill are
begging that you listen and heed our warnings before you too find yourself in this
nightmare.
Many promises were made to our town through the information period before
construction began. Talk of job creation, reductions in carbon emissions, and
reductions in our taxes were all very appealing. Many inaccurate, false statements
were given about the noise issue. We were told that we would have to be within
500 feet of the project to hear anything at all from the turbines and that there
would be no noise at all at the base of the mountain. Shadow flicker was never
discussed.
The extent of how huge the construction phase would be or what kind of
disruption we as citizens should expect was not discussed either. The Mars Hill
project was supposed to reduce carbon emissions by 65 million tons, yet when
asked to show confirmation of that, they cannot show where any regional power
plants have stopped or slowed production that would realize any carbon
reductions at all.

The promise of jobs went mostly to large corporations and their employees from
mid to southern Maine. Most local crews did not have the expertise to meet the
needs of the developer.
They told us that property values tend to go up when turbines move in, but
appraisals show a 20 percent to 50 percent devaluation of property depending on
proximity and visibility of the turbines. One appraiser even said that some of our
properties might never sell.
Mars Hill was the first project of its kind in our state but there should be no
excuse for how little the people of Mars Hill knew about this process. Maine
Department of Environmental Protection and the developer had a good
understanding of what was going to take place but it was never communicated
properly to the people of Mars Hill. One can only imagine how different things
would be if the truth had been known. The state of Maine has not adopted rules
that will protect its residents from this kind of project. At this point in time,
individual communities must take action to protect their families because there
are no wind industry guidelines that will. The developers hope that they can get
in and operational before you understand the facts about wind. They make you
feel that you would be a fool not support such a wonderful project. We were naïve
and believed what the developer told us.
You are in a different place. So much new information is becoming available to
communities who are considering wind. You are not alone. You have the chance
and the responsibility to listen to all the information and choose wisely for your
town. Any of the 18 families here in Mars Hill are willing to answer any questions
or concerns that you may have regarding what life is like under industrial wind
turbines. If you are not going to be affected personally ask yourself if a friend or
neighbor will be. Protect each other. Ask lots of questions and use caution when

listening to the developer. They are there to sell their project, not tell you all the
negative things that can happen.
What can you do to learn more? Attend local meetings, listen, and visit a few Web
sites on the impacts of industrial wind and wind turbine syndrome. Educate
yourselves now before it is too late. Defend your ridgelines, your homes and your
way of life. No one else will do it for you. Once the project is approved there is no
hope and no turning back.
·
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2 Responses to Letter from Mars Hill (Maine)
1.

Art Giacalone says:
November 6th, 2009 at 11:56 am
My thanks to Wendy Todd for sharing this information, and to Dr. Nina Pierpont
for ensuring that Wendy’s all-too-accurate depiction of the travesty that
accompanies industrial-scale wind development is disseminated as widely as
possible. Wind developers have been irresponsible and deceptive when selling
their projects, and woefully negligent when addressing the problems endured by
nearby residents once the “farms” are operating. Government officials and
agencies alone have the power and resources to prevent these horror stories.
Sadly, they have failed miserably when it comes to protecting families, the
character of rural America, and the environment.
Editor’s note: For those who don’t know, Art Giacalone is a Harvard-trained
lawyer living in western NY State. He has been heavily involved for years in
trying to protect individuals like Wendy Todd, and their communities, from Big
Wind. He is a man of tremendous courage and moral fiber. A man whom Nina
& I admire enormously. Click here for his website.

2.

John Gilbert says:
November 6th, 2009 at 5:06 pm
I’m a summer resident of South Marysburgh on the eastern area of the south
shore region of Prince Edward County (PEC) Ontario. From age 12 in my various
sailboats I’ve seen all islands and coastline from Toronto to Brockville, Ontario
and Rochester to Alexandria Bay, NY. In 1995 I bought a cottage there because I
had learned in my voyages that The Point Traverse area of South Marysburgh was
the the most remote location.
Three years ago my brother Barrie a retired wildlife professor chose to settle on
Wolfe Island for the same wildlife / remote reasons, but his dreams are now
buried under 86 monster wind turbines. Wolfe Island now an Industrial Park is
called “Freak Island”.

Notice The following are excerpts from the study that relate to preventing adverse health effects from
nighttime noise and sleep disturbance. In some cases sections have been rearranged for this summary. 1

“Introduction
“Policies and legislations aiming at night noise control are often based on sleep disturbance in European
countries. However, the impacts of noise-induced sleep disturbance on health, either short-term or longterm, have not been investigated comprehensively to support policy-makers. From June 2003 until
December 2006, WHO Regional Office for Europe European Centre for Environment and Health (Bonn
office) implemented the Night Noise Guideline (NNGL) project co-sponsored by the European
Commission.
“The goal of the NNGL project was to provide expertise and scientific advice to the European
Commission and its Member States in developing future legislations in the area of night noise exposure
control and surveillance. The key objectives of the project was to reach a consensus of experts and
stakeholders on the following subjects: (a) guideline values for night noise to protect the public from

1

© World Health Organization 2007
This project was co-sponsored by the European Commission. The views expressed in this report can in no way be taken to reflect the official
opinion of the European Commission or the World Health Organization. The designations employed and the presentation of the material in this
report do not imply the expression of any opinion whatsoever concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. The World Health Organization does not warrant that the information
contained in this publication is complete and correct and shall not be liable for any damages incurred as a result of its use.
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adverse health effects, (b) an agreement on the night penalty factor to be allocated to night time noise in
the calculation of Lden.2

“10 Relation to the 2000 WHO Guidelines for Community Noise
“The WHO Guidelines for Community Noise, published in 2000, also address night noise. As they are
based on studies carried out up to 1995 (and a few meta-analyses some years after), important new studies
have become available since then, together with new insights into normal and disturbed sleep.
“The currently recommended guideline values of
Lnight,outside = 30 dB, 40dB, 55 dB are not
directly comparable with the 2000 guideline
value of LAmax,inside = 45 dB(A) because the
sound level units are different. However, it is
clear that new information since 2000 has made
more precise assessment of the risk from night
noise. The thresholds for a number of effects are
now known, and this is much lower than an
LAmax,inside of 45 dB.
“One important recommendation still stands:
there are good reasons for people to sleep with
their windows open, and to prevent sleep
disturbances one should consider the equivalent
sound pressure level and the number of sound
events. The present guidelines allow relevant
authorities and stakeholders to do this. Viewed in
this way, the present guidelines may be
considered as an extension to, as well as an update of, the 2000 WHO Guidelines for Community Noise.
That also means that the recommendations contained in the sections on noise management and control of
2000 document can be applied to the guideline values of this document.
“5 Noise, sleep and health
“There is plenty of evidence that sleep is a biological necessity, and disturbed sleep is associated with a
number of health problems. Studies of sleep disturbance in children and in shift workers clearly show the
adverse effects.
“Sufficient evidence: A causal relation has been established between exposure to night noise and
a health effect. In studies where coincidence, bias and distortion could reasonably be excluded,
the relation could be observed. The biological plausibility of the noise leading to the health effect
is also well established.
“Limited evidence: A relation between the noise and the health effect has not been observed
directly, but there is available evidence of good quality supporting the causal association. Indirect
evidence is often abundant, linking noise exposure to an intermediate effect of physiological
changes which lead to the adverse health effects.”
”Noise disturbs sleep by a number of direct and indirect pathways. Even at very low levels physiological
reactions (increase in heart rate, body movements and arousals) can be reliably measured. Also, it was
shown that awakening reactions are relatively rare, occurring at a much higher level than the
physiological reactions.
“The methodology of developing night noise guidelines was based on the WHO publication EUR/00/5020369 “Evaluation and use of
epidemiological evidence for environmental risk assessment” that can be accessible at http://www.euro.who.int/document/e68940.pdf.
2
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“The working group agreed that there is sufficient evidence that night noise is related to self-reported
sleep disturbance, use of pharmaceuticals, self-reported health problems and insomnia like symptoms.
These effects can lead to a considerable burden of disease in the population. For other effects
(hypertension, myocardial infarctions, depression and others), limited evidence was found: although the
studies were few or not conclusive, a biologically plausible pathway could be constructed from the
evidence.
“An example of a health effect with limited evidence is myocardial infarctions. Although evidence for
increased risk of myocardial infarctions related to Lday is sufficient according to an updated metaanalysis, the evidence in relation to Lnight,outside was considered limited. This is because Lnight,outside
is a relatively new exposure indicator, and few field studies have focused on night noise when considering
cardiovascular outcomes. Nevertheless, there is evidence from animal and human studies supporting a
hypothesis that night noise exposure might be more strongly associated with cardiovascular effects than
daytime exposure, highlighting the need for future epidemiological studies on this topic.
“The review of available evidence leads to the following conclusions.







Sleep is a biological necessity, and disturbed sleep is associated with a number of adverse impacts
on health.
There is sufficient evidence for biological effects of noise during sleep: increase in heart rate,
arousals, sleep stage changes, hormone level changes and awakening.
There is sufficient evidence that night noise exposure causes self-reported sleep disturbance,
increase in medicine use, increase in body movements and (environmental) insomnia.
While noise-induced sleep disturbance is viewed as a health problem in itself (environmental
insomnia) it also leads to further consequences for health and well-being.
There is limited evidence that disturbed sleep causes fatigue, accidents and reduced performance.
There is limited evidence that noise at night causes clinical conditions such as cardiovascular
illness, depression and other mental illness. It should be stressed that a plausible biological model
is available with sufficient evidence for the elements of the causal chain.

“6 Vulnerable groups
“Children have a higher awakening threshold than adults and therefore are often seen to be less sensitive
to night noise. For other effects, however, children seem to be equally or more reactive than adults. As
children also spend more time in bed they are exposed more and to higher noise levels. For these reasons
children are considered a risk group.
“Since with age the sleep structure becomes more fragmented, elderly people are more vulnerable to
disturbance. This also happens in pregnant women and people with ill health, so they too are a group at
risk.
“Finally, shift workers are at risk because their sleep structure is under stress due to the adaptations of
their circadian rhythm.

“7 Thresholds for observed effects
The (no) observed adverse effect level (NOAEL) is a concept from toxicology, and is defined as the
greatest concentration which causes no detectable adverse alteration of morphology, functional capacity,
growth, development or lifespan of the target organism. For the topic of night noise (where the adversity
of effects is not always clear) this concept is less useful. Instead, the observed effect thresholds are
provided: the level above which an effect starts to occur or shows itself to be dependent on the exposure
level. It can also be a serious pathological effect, such as myocardial infarctions, or a changed
physiological effect, such as increased body movement.
Threshold levels of noise exposure are important milestones in the process of evaluating the health
consequences of environmental exposure. The threshold levels also delimit the study area, which may
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lead to a better insight into overall consequences. In Table 1, all effects are summarized for which
sufficient or limited evidence exists. For the effects with sufficient evidence the threshold levels are
usually well known, and for some the dose-effect relations over a range of exposures could also be
established.

Biological effects

Sleep quality

Effect

Indicator

Threshold,
dB

Change in cardiovascular activity

*

*

EEG awakening

LAmax,inside

35

Motility, onset of motility

LAmax,inside

32

Changes in duration of various stages of sleep, in sleep
structure and fragmentation of sleep

LAmax,inside

35

Waking up in the night and/or too early in the morning

LAmax,inside

42

Prolongation of the sleep inception period, difficulty
getting to sleep

*

*

Sleep fragmentation, reduced sleeping time

*

*

Increased average motility when sleeping

Lnight,outside

42

Self-reported sleep disturbance

Lnight,outside

42

Use of somnifacient drugs and sedatives

Lnight,outside

40

Lnight,outside

42

Well-being

Medical conditions

Environmental insomnia

1

* Although the effect has been shown to occur or a plausible biological pathway could be constructed, indicators or
threshold levels could not be determined.

Table 1. Summary of effects and threshold levels for effects where sufficient evidence is available.3

9 Recommendations for health protection
Sleep is an essential part of human functioning and is recognized as a fundamental right under the
European Convention on Human Rights.2 Based on the evidence of the health effects of night noise, an
overall summary of the relation between night noise levels and health effects, and stepwise guideline
values are presented as shown in Table 3 and 4, respectively.
Table 3. Summary of the relation between night noise and health effects in the population
Especially in the range Lnight,outside from 30 to 55 dB, a closer look may be needed into the precise
impact as this may depend much on the exact circumstances. Above 55 dB the cardiovascular effects
become the dominant effect, which is thought to be less dependent on the nature of the noise.
3

Please note that “environmental insomnia” is the result of diagnosis by a medical professional whilst “selfreported sleep disturbance” is essentially the same, but reported in the context of a social survey. Number of
questions and exact wording may differ.
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From Table 1, it is clear that a number of instantaneous effects are related to threshold levels expressed in
LAmax. The health relevance of these effects cannot be easily established. It can be safely assumed,
however, that an increase in the number of such effects over the base line may constitute an subclinical
adverse health effect.
For the primary prevention of subclinical adverse health effects in the population related to night noise, it
is recommended that the population should not be exposed to night noise levels greater than 30 dB of
Lnight,outside during the night when most people are in bed. Therefore, Lnight,outside 30 dB is the
ultimate target of Night Noise Guideline (NNGL) to protect the public, including the most vulnerable
groups such as children, the chronically ill and the elderly, from the adverse health effects of night noise.

End of WHO 2007 Guideline Excerpts
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An Amendment to create a Code of Conduct for Wind Farm
Development in Wisconsin
Wind companies doing business in the state of Wisconsin agrees to
implement the following Code of Conduct to govern its future conduct
in connection with Wind Farm Development in Wisconsin.
CONFLICTS OF INTEREST- PROHIBITED
1. General Standard: The Wind Company shall not directly or
indirectly offer to, or confer on, a Municipal Officer, his or her Relative,
or any third party on behalf of such Municipal Officer any benefit under
circumstances in which it could reasonably be inferred the benefit
would induce such Municipal Officer to commit an official act or to
refrain from performing an official duty in connection with Wind Farm
Development, unless such Municipal Officer recuses him or herself
from any official duties in connection with Wind Farm Development.
2. No Gifts: The Wind Company shall not give any Municipal Officer,
his or her Relative, or any third party on behalf of such Municipal
Officer, any gift or gifts totaling more than ten dollars ($10.00) in the
aggregate during any one-year period.
3. No Compensation for Services: The Wind Company shall not
employ, hire, retain or compensate, or agree to employ, hire,
retain or compensate, any Municipal Officer whose official duties
involve Wind Farm Development in connection with the Wind
Company, or his or her Relative, within two years of the time that
such Municipal Officer had such duties, unless such Municipal
Officer first recuses him or herself from any official conduct in
connection with such Wind Farm Development. Accordingly, any
compensation provided by the Wind Company to such Municipal
Officer, his or her Relative, or third party on behalf of such
Municipal Officer or Relative, shall be contingent on such prior
recusal. The Wind Company shall disclose in writing to the Office
of the Attorney General and the Public Service Commission any
agreement that is contingent on such recusal.
4. No Contingent Compensation: The Wind Company shall not
provide or agree to provide compensation to any Municipal Officer or
his or her Relative that is contingent upon such Municipal Officer’s
action before or as a member of any Municipal agency.
5. No Honorarium: The Wind Company shall not confer on any

Municipal Officer or his or her Relative any honorarium during the
Municipal Officer’s public service, or for a period of two years after
termination of such Municipal Officer’s service.
6. Restrictions on Easements/Leases with Municipal Officers:
The Wind Company shall not enter into any agreement with any
Municipal Officer that requires the Municipal Officer to support or
cooperate with Wind Farm Development in any manner that
relates to the Municipal Officer’s official duties.
7. Confidential Information: The Wind Company shall not solicit,
use, or knowingly receive confidential information acquired by a
Municipal Officer in the course of his or her official duties.
8. Restrictions on Legal Representation: The Wind Company
shall not agree to pay legal fees for any Municipal Officer or
Municipality in connection with any investigation by any law
enforcement agency.
II. PUBLIC DISCLOSURE
For events transpiring after the date that this Code of Conduct is
signed, the Wind Company shall make the disclosures as set forth in
this section.
For any financial interest held by a Municipal Officer or his or her
Relative in any property Identified for Wind Farm Development
prior to the date of this Code of Conduct, the Wind Company shall
make the disclosure of the Municipal Officer and the nature and scope
of the financial interest by a chart submitted to the Office of the
Attorney General and displayed on a website hosted by the Wind
Company. The format of the chart shall be subject to the approval of
the Office of the Attorney General.
1. The Wind Company shall publicly disclose the full names of any
Municipal Officer or his or her Relative who has a financial interest in
any property Identified for Wind Farm Development, and the nature
and scope of the financial interest in the following manner:
a. Submit the information in writing for public inspection to the Clerk
of such Municipality.
b. Publish the information in a newspaper having a general
circulation in such Municipality.

c. Display the information on a website hosted by the Wind
Company.
d. Submit the information in writing to the Office of the Attorney 3
General.
2. All Wind easements and leases shall be in writing. The Wind
Company shall promptly file, duly record, and index an abstract or
memorandum of such agreements in the Office of the County Clerk for
the county in which the subject property is located; if property owner
is a Municipal Officer or his or her Relative, then the Wind Company
also shall post an abstract or memorandum of any such agreement on
a website hosted by the Wind Company.
3. The abstract or memorandum of such agreements shall, at a
minimum, include:
a. the full names and addresses of the parties;
b. a full description of the property subject to the agreement;
c. the essential terms of the agreement, including the rights
conveyed by the property owner and, if the property owner is a
Municipal Officer or his or her Relative, which of the following ranges
encompasses the actual monetary consideration offered by the Wind
Company or, if the actual monetary consideration is not fixed, the
Wind Company’s estimate of the monetary consideration:
i. Under $5,000
ii. $5,000 to under $20,000
iii. $20,000 to under $60,000
iv. $60,000 to under $100,000
v. $100,000 to under $250,000
vi. $250,000 to under $500,000
vii. $500,000 to under $1,000,000
viii. $1,000,000 or higher.

III. EDUCATION AND TRAINING
1. The Wind Company shall promptly provide a copy of this Code of
Conduct and a written statement of its intention to comply with this
Code of Conduct to the government of any Municipality in which it
engages in Wind Farm Development.
2. Within one week of the announcement of this Code of Conduct, the
Wind Company shall publish this Code of Conduct on a website hosted
by the Company and on any internal computer network (intranet) site
that can be accessed only by its officers or employees, distribute
copies of this Code of Conduct among its officers and employees, and
post copies in its main office and at any local Wind Farm Development
office.
3. Within thirty days of the announcement of this Code of Conduct,
the Wind Company shall conduct a seminar for all officers and
employees, except those who perform solely administrative/clerical,
accounting, or building maintenance functions, about identifying and
preventing conflicts of interest when working with Municipal
Officers.
4. Within thirty days of the seminar, the Wind Company shall obtain
acknowledgement forms from each of its employees, certifying that
they have: (i) attended the seminar required by paragraph 3 of this
section, unless they fall into the exception therein, and (ii) have read
and agree to comply with this Code of Conduct. If, due to exceptional
circumstances, an officer or employee is unable to attend the seminar
required in paragraph 3 of this section, alternative arrangements
should be made as soon as is practical for such officer or employee to
receive the training described in paragraph 3 and sign the
acknowledgement form. The Wind Company shall discontinue
employment of anyone who fails to attend the seminar, or its
equivalent, or sign the acknowledgment form.
5. The Wind Company shall distribute to all its employees and post
prominently in all its work locations as well as on its website or
intranet system the Wisconsin Attorney General’s
contact information with instructions that any misconduct, violation of
the law, or corruption of any sort in connection with Wind Farm
Development; or any violation of this Code of Conduct shall be
promptly reported to the Wisconsin Attorney General.

6. Upon discovery by the Wind Company that a Municipal Officer or
his or her Relative has entered into a lease or easement with the Wind
Company, the Wind Company shall (i) notify the attorney for the
Municipality and (ii) recommend to such Municipal Officer that he or
she consult with the Municipality’s attorney concerning his or her legal
obligations, including any obligation to recuse him or herself.
IV. ENFORCEMENT AND COMPLIANCE
1. The Office of the Wisconsin State Attorney General shall establish
the A Task Force to provide oversight of Wind Farm Development and
monitor compliance with this Code. The Task Force shall include,
among others, local elected officials, including District Attorneys, and
others designated by the Office of the Attorney General. The Task
Force shall report only to the Office of the Wisconsin State Attorney
General. The Office of the Wisconsin Attorney General shall establish
responsibilities and guidelines for the Task Force.
2. For three years following the Wind Company’s agreement to this
Code of Conduct or until the Wind Company ceases operations in
Wisconsin, whichever is earlier, the Wind Company shall contribute a
proportional share of the reasonable administrative costs of the Task
Force, in an amount to be determined by the Task Force. So long as
the Wind Company operates in Wisconsin, it shall fully cooperate with
the Task
Force.
3. Should the Wind Company discover any conduct in violation of the
provisions of this Code, the Wind Company shall promptly disclose
such information to the Office of the Wisconsin State Attorney General.
The Wind Company shall fully cooperate with the Office of the
Wisconsin Attorney General in any investigation arising out of such
violation.
4. The Task Force shall give notice of any complaints relating to the
Wind Company to the Office of the Wisconsin Attorney General. The
Task Force may decide not to refer such a complaint, if it determines
that it involves a matter relating to this Code of Conduct that can be
resolved by the Task Force. The Task Force may refer such
complaints to the Office of the Wisconsin Attorney General. With
respect to any complaint referred to the Office of the Wisconsin
Attorney General by the Task Force, the Office of the Wisconsin
Attorney General shall advise the Wind Company of the complaint and
give the Wind Company a reasonable opportunity to

obtain and submit to the Office of the Wisconsin State Attorney
General information relevant to the complaint. After providing such
opportunity, the Office of the Wisconsin State Attorney General shall
determine, in its reasonable discretion, and based on a reasonably
comprehensive factual investigation including any information provided
by the Wind Company, whether a preponderance of the evidence
establishes that the Wind Company has violated this Code of Conduct
in any material respect.
In the event that a violation of any provision set forth in this Code is
found, the Wind Company shall pay a civil penalty of up to $100,000
for the first violation, and up to $500,000 for any subsequent violation.
In setting any penalty amount, the Office of the Wisconsin
State Attorney General shall consider the relative severity of, and the
relative harm to public integrity occasioned by, the violation.
Any payment shall be made by certified check made payable to the
“State of Wisconsin.” The Wind Company shall have the right to
challenge the Office’s finding of a violation and determination of
penalty amount before a court of competent jurisdiction, but shall pay
any assessed penalty to the State of Wisconsin pending the resolution
of any such court challenge.
4. The Wind Company and the Office of the Wisconsin State Attorney
General shall meet to review the terms of this Code both four
months and one year from the date on which this Code is signed.
6
V. DEFINITIONS
Unless otherwise stated or unless the context otherwise requires,
when used in this Code:
1. “Gift” means any thing having more than a nominal value whether
in the form of money, service, loan, investment, travel, entertainment,
hospitality, or in any other form and includes an offer to a charitable
organization at the designation of the Municipal Officer or at the
designation of his or her Relative.
2. “Honorarium” means any payment made in consideration for any
speech given at a public or private conference, convention, meeting,
social event, meal or like gathering.
3. “Identified” means that the Wind Company has begun to pursue

the purchase or lease of, or an easement on, real property in which
the Wind Company knows, or through the exercise of reasonable
diligence should have known, that a Municipal Official or his or
her Relative has a financial interest in the property.
4. “Municipality” means a county, city, town, village, public authority,
school district, or any other special or improvement district, but shall
have no application to a city having a population of one million or
more or to a county, school district, or other public agency or facility
therein.
5. “Municipal Officer” means any officer or employee of a
municipality, whether paid or unpaid, and includes, without limitation,
all members of any office, board, body, advisory board, council,
commission, agency, department, district, administration, division,
bureau, or committee of the municipality. It also includes any entity
that is directly or indirectly controlled by, or is under common control
with, such officer or employee.
a. "Municipal Officer" shall not include:
i. A judge, justice, officer, or employee of the unified court system;
ii. A volunteer firefighter or civil defense volunteer, except a fire
chief or assistant fire chief; or
iii. A member of an advisory board of the municipality if, but only if,
the advisory board has no authority to implement its recommendations
or to act on behalf of the municipality or to restrict the authority of the
municipality to act.
6. “Relative” means a spouse, domestic partner, child, step-child,
sibling, or parent of the Municipal Officer, or a person claimed as a
dependent on the Municipal Officer's latest individual state income tax
return.
7
7. “Wind Farm Development” means any stage of past, present or
future development or siting of wind farms, wind turbines, wind power
and related facilities or wind power projects; whether considered
planned, attempted or completed, including but not limited
to permitting, licensing, construction and energy production.

VI. FORMS
The following forms shall be used to comply with the disclosure
requirements in Sections II and
III above.
1. Disclosure under paragraph II.1.a. above shall be made with the
following form:
PROPERTY INTEREST OF MUNICIPAL OFFICER
FOR FILING WITH CLERK OF MUNICIPAL ENTITY
Please take notice that a Municipal Officer has a financial interest in a
property identified for Wind Farm Development by the Wind Company
as set forth below:
Name of Municipal Official:
Name of Municipality and Position that Municipal Official Holds:
Name of Wind Company:
Address of Wind Company:
Description of Property:
Street Address:
Town/City:
Section/Block/Lot #:
2. Disclosure under paragraph II.1.b. and c. above shall be made
with the following form:
PUBLISHING ABSTRACT
NOTICE OF CONVEYANCE OF PROPERTY INTEREST
BY MUNICIPAL OFFICER TO WIND COMPANY
Please be advised that [Name of Municipal Official] who holds that
position of _________ with the ____________ of ____________,
Wisconsin, has conveyed a _________________ to [Name
of Wind Company] for property with the following street address and
section/block/lot number in the ________ of _________, Wisconsin.
An abstract with more information concerning the transfer is available
with the ______ Clerk of the _______ of _________.

3. Disclosure under paragraph III.6. above shall be made with the
following form:
NOTICE TO MUNICIPAL OFFICER
Dear Municipal Official:
It has come to our attention that either you and/or one or more of
your relatives may be a Municipal Officer or Employee that has
transferred or otherwise conveyed an interest in real property to a
wind company.
We strongly recommend that you contact your municipality’s attorney
to discuss possible obligations, including, but not limited to the
obligation under certain laws to recuse yourself from certain matters
involving that wind company.

WIND CONCERNS ONTARIO
Website: windconcernsontario.org
Contact: windconcerns@gmail.com

POSITION STATEMENT
On Renewable Energy Approval Regulations
Under the Environmental Protection Act
EBR Registry Number: 010-6516
9 July, 2009
SUMMARY:
The position of Wind Concerns Ontario on the proposed regulation is as follows:
1.
While the government plans on conducting health studies in regards to proximity to
industrial wind power projects, these third-party independent studies must be done before any
more such projects are installed.
2.
Any proposed setbacks for industrial wind turbines must be from property lines of
residential lots, not homes/receptors.

3.
There is no evidence that 550 – 1500 meter setbacks for wind turbines are adequate to
protect the health of people living near them. A health effects study is required before finalizing
the proper setbacks.
4.
Wind Concerns Ontario is concerned that the proposed regulations do not appear to be
talking in terms of decibels in 'C' measures for low frequency sound which we believe is of vital
importance.
5.
Wind Concerns Ontario demands to know what is happening with existing wind turbine
developments and most importantly the people who live near them. These Ontario citizens are
now experiencing serious adverse health effects. What is the strategy to deal with this? What are
the government’s intentions in that direction? There should be no new installations until the
existing problems are addressed.
6.
Premier McGuinty says he will fund an academic research chair to examine the potential
public health effect of renewable energy projects. Wind Concerns Ontario expects that Mr.
McGuinty will carry through on this promise. However, we believe that the mandate for
establishment of this position should include a transparent public consultation process. We
require citizen input into the criteria of what is researched.
7.
Setbacks of 120 meters from significant natural heritage features are inadequate and will
do nothing to prevent long term degradation of Ontario’s diminishing significant wetlands and
forested habitat areas. Destruction of threatened and endangered species for which sensitive
habitat is critical is unacceptable.

DETAILED CONSIDERATIONS:
Wind Concerns Ontario is supportive of a number of points in the proposed regulations:
a) That sound power emissions for wind turbines be based on 95% rated power output, rounded
up to the nearest whole number, to remove variables such as wind shear, background noise, and
turbine hub height. This is very important to calculate sound at receptors, and must be
maintained. Some turbines actually produce more noise above the maximum rated output, and

for them the sound power emissions should be based on 95% of the maximum rated sound
output.
b) That sound calculations be based on all wind turbines within a 3 km radius of each point of
reception, including those turbines by other proponents either existing or planned.
c) That the government commits to fund a university chair to study the health effects from wind
turbines. However, Wind Concerns Ontario believes that the mandate for establishment of this
position should include a transparent public consultation process.
d) In addition to health studies, realistic cost/benefit studies of installed wind facilities are needed.
Formulae for incentives, subsidies, and rate guarantees need to be explored which will relate
them to actual measured reductions in CO2 emissions after taking into account additional
emissions incurred during fossil fuelled back up.
The placement of wind turbines should be justified by evidence based on facts, not theoretical
calculations:

1. Requirement of Independent Evidence Based Epidemiological Study of Health Effects
Wind Concerns Ontario has already provided a brief to the Government underlining the
importance of no turbines being placed until the completion of an independent evidence based
epidemiological study of health effects. The regulations propose setbacks as near as 550 metres,
without conducting health studies.
European studies conducted to date do not show evidence that the Ontario setbacks are
adequate. In a letter to Ms. Garcia Wright of EAAB, Dr. John Harrison of the Department of
Physics, Queen’s University noted that “turbulence behind a turbine extends out to about 9x the
blade diameter. That is, about 800 metres. That bolsters my argument, that some of the most
distressing noise could be coming from the aerodynamic noise of a blade turning in the
turbulence from neighbouring turbines.”

2. Setbacks
Setbacks from wind turbines can be broken into two categories: safety and noise:
A safety setback needs to be assured from the boundary of any location to which the public has
access. As a minimum this needs to be 500 metres.
Blade failures in Ontario indicate that a safety setback of 125 metres is inadequate. Wind
Concerns Ontario has already provided a brief to the Government showing that a safety setback
of less than 500 metres to lot lines, roads, and anywhere people are not restricted from access
places them at increased risk of harm from physical injury or death, higher than acceptable for
other generating means. The regulations propose a safety setback of 125 metres from roadways,
railways, and lot lines. This is not based on science or actual Ontario wind turbine blade failures
to date.

3. Noise Setback
A noise setback is required from any location where members of the public may be taking
recreation or trying to rest (which could be at any hour of the day.) This setback needs to be
determined by a health effects study. Until such a study is carried out, a setback of 1500 metres
is called for from any location where a residence might be constructed. In general terms this
means a 1500 metre setback from lot lines where residences exist or might build.

4. Cyclic or Tonal Sounds
The Ministry of the Environment must incorporate the 5 dBA penalty for the cyclic or tonal sounds
produced by wind turbines as prescribed in the MOE regulation NPC-104
Government Public Information Sessions describe the noise to be permitted by the proposed
regulation at the nearest point of reception as "about as loud as a quiet library" but fail to
acknowledge that research suggests that the cyclic nature of the wind turbine sound and the tonal
characteristics of some turbines makes them more intrusive and disturbing than a steady sound.
Wind Concerns Ontario states that the Ministry of the Environment must incorporate the 5 dBA
penalty for the cyclic or tonal sounds produced by wind turbines as prescribed in the MOE
regulation NPC-104.

5. Requirement for Low Frequency Monitoring Needs to Be Developed Further, To
Recognize the Use of dBC Monitoring
Wind Concerns Ontario notes that the proposed regulations fail to recognize that the low
frequency sound from wind turbines requires the use of dBC monitoring. The proposed dBA
monitoring de-emphasizes sound at low frequency. The requirement for low frequency monitoring
needs to be developed further, to recognize the use of dBC monitoring, and the recognition of the
negative impacts of tonal and cyclic sounds. How will you compensate for low frequency noise
once the turbine is installed, when it is too late? Significant allowance must be made for this
ahead of time.

6. Limits for Offshore Wind Energy Facilities Need To Be Established In the Regulations
Research shows that sound from wind turbines traveling over lakes, wetlands, or frozen fields is
propagated more easily than over rough ground. Wind Concerns Ontario does not accept that
the proposed regulations only make a statement that the Ministry of the Environment and Ministry
of Natural Resources "are working together to develop future setbacks related to off-shore wind
energy facilities." These limits need to be established, or a conservative setback multiplier of at
least 5 applied until limits based on science are developed.

7. Table of Setbacks Needs to Be Extended
Table of setbacks should be extended to include at least all currently applied wind turbines and
not just refer to a "noise study required”
The proposed regulations that show varying setbacks from 550 metres to 1500 metres from wind
turbines are not inclusive of turbines currently being installed in Ontario. For example the Vestas
V82 turbines, installed in at least 4 Ontario wind power developments, have a sound power rating
of over 109 dBA at their maximum that would produce sounds of 48.9 dBA using the Ministry of
Environment calculation method at a setback of 550 metres for 5 turbines, which the proposed
regulation shows is the minimum. The table of setbacks should be extended to include at least all
currently applied wind turbines and not just refer to a "noise study required".
It is proposed that, if the wind turbine project proponent should be interested in obtaining a lower
setback than indicated for turbines, it would have the option to complete a site-specific noise
study consistent with the Ministry of the Environment’s Noise Guidelines for Wind Farms (October
2008) and the noise level limit of 40 dBA at the nearest Point of Reception. Under no
circumstances can a site-specific study result in a setback lower than the minimum 550 metres
(No 16, Part II, P 14). Wind turbine project proponents should not be allowed to obtain a lower
setback than indicated in the matrix.

8. Setbacks from Significant Natural Heritage Features are Totally Inadequate
Wind Concerns Ontario believes that the proposed setbacks of 30 metres (with a study) or 120
metres (without a study) from lakes, provincially significant wetlands, migratory bird staging areas
or significant natural heritage features and Natural Heritage Systems are entirely insufficient. The
impacts from wind turbines on the natural environment and on wildlife habitat far exceed 120
metres. There is no reason to believe that ecological function of these sensitive habitats would
not be disrupted if setbacks any less than those calculated to minimize the impact of noise on
human receptors were considered.
These setbacks must be re-worked based on the body of scientific information from long-term
studies of European wind installations. The recalculation must consider the impact of noise,
habitat fragmentation and disturbance, flicker shadow, safety lighting, accompanying
transmission lines and transformers and their contribution to abandonment through the
degradation and loss of threatened and endangered wildlife habitat. Constraints must also be
required to keep industrial wind turbine development outside the sight lines of areas of significant
tourism activity to prevent devaluation of long-term public investment.
Studies of significant natural habitats should be carried out before installation, be multi-seasonal,
conducted by professional biologists with input from local expertise and independent of proponent
influence.
Siting within setbacks is totally unacceptable since there are no mitigation measures that could
offset the devastation on these precious remaining wildlife retreats now known to be caused by
wind turbine developments.
No. 3, Part II, Page 3 regarding the Renewable Energy Approval application form should include
the requirement that the proponent identify and address risks to plant life, animal life, human
health or safety of the natural environment. Are ESR’s no longer required? If so, what is replacing
them?

9. Application of New Regulations to Existing Projects
Industrial wind energy complexes that have already been approved but are not yet under
construction, must be stayed until new regulations are in place. Criteria must be specified for the
shut-down conditions for land-based wind energy facilities. Operation of existing wind turbine
facilities must be suspended, in accordance with public health principles of caution when
suspected of causing health issues for nearby residents until the findings of a comprehensive
province-wide independent epidemiological health study by medical professionals are known.

10. Mandatory Vigilance
There must be mandatory vigilance and long-term surveillance protocols (up to 30 years) for
issues related to health. There are many unanswered questions about long-term exposure for
infants, children, the unborn whose mothers are exposed, families, workers such as technicians
and farmers who work near wind turbines. Proponents must be required to report all health
complaints to the Minister of Health.

11. Resolution of Existing Problems
Wind Concerns Ontario firmly holds the position that before any further wind turbine approvals
are issued in Ontario, the pre-existing problems already created by previously approved wind
turbine installations must be resolved. It is absolutely unacceptable to continue to install wind
turbines when the problems that have already been identified are not understood or
resolved. Resolution of existing concerns must be complete before further wind turbines are

approved. This would suggest that establishment of the university research chair should be of the
highest priority.
There must be a mandatory dispute or issue resolution protocol. A provincial hot line mechanism
for reporting noise problems and other health issues should be put in place to correct people’s
widespread frustration at not being able to find any authority to pay attention to their concerns.

12. Development of Shutdown Criteria Is Required For Non-Compliant Wind Turbines
Mechanisms are also needed to deal with electrical pollution (stray voltage) and shadow flicker.
The regulations must require proponents to use "Best Available Technology" (BAT) i.e. the use of
remote noise monitoring stations that are located at strategic points along the adjacent property
lines that can alter operating parameters such as blade angle, rpm, etc. to maintain compliance
with the criteria.
“It is anticipated that in appropriate circumstances shut-down conditions for land-based wind
energy facilities may also be addressed through conditions of approval”. (No 24, Part II, Page 15)
Definition of the appropriate circumstances for shut-down conditions for land-based wind energy
facilities must be detailed.

13. Public Consultation and Information
The requirement for proponent consultation with the public must be made so that the public
actually has meaningful input into the planning of the project. The open house format currently in
use by proponents does not meet this need nor does it qualify as “consultation”. Only town hall
meetings with question and answer sessions and microphones will address this requirement. The
Ministries must record and disposition all comments received, the current method requires no
disposition of comments and this is unacceptable, as there is no indication that the points have
been understood and addressed. When communities believe that projects will jeopardize their
existing assets such as eco tourism or outdoor recreational facilities, for example, there should be
a mechanism requiring developers to remove their projects from such areas or show evidence
why it will not.
“A third party must request an appeal within 15 days of the notice of the decision respecting the
Renewable Energy Approval being posted on the Environmental Registry” (No.7 Part II, p 5). But
a third party may not be aware of a Renewable Energy Approval being posted on the
Environmental Registry. The public would have to monitor the Environmental Bill of Rights
Registry on a daily basis.
“It is proposed that renewable energy project proponents will be required to provide public notice
within no less than a 1.5 km radius of the proposed renewable energy generation facility at a
preliminary stage of project planning”. (No.8, Part II, p.5) It should be required to provide public
notice within no less than a 3.0 km radius of the proposed renewable energy generation facility at
a preliminary stage of project planning since this is the area being measured for noise
disturbance.
“The proponent will be required to provide documentation of all community consultation efforts,
and explain how it attempted to address issues raised during the community consultation” (No.9.
Part II. P.5). No minimum documentation is specified for this community consultation. There is
however minimum documentation specified for Municipal Consultation and Aboriginal
Consultation (see Part II page 6 and 7). This minimum documentation requirement should apply
to the general public as well.

14. Decommissioning
The proposed Decommissioning Plan which would address site restoration should also specify
removal of the concrete base and replacement with topsoil equivalent to that excavated. It should
also address the problem of change of ownership of the wind turbine facility or bankruptcy, both
common occurrences in the wind energy field. A financial deposit or bond should be made with
the local municipality to cover the considerable expense of decommissioning. A similar deposit or
bond should also be made with the local municipality to cover damage to roads, during
installation and maintenance.

15. Future Regulations
Public comment on future regulations that are not yet developed as detailed in the ‘specific
issues’ portion of this document cannot be commented on. This must be rectified.
=====================
Respectfully Submitted By:
WIND CONCERNS ONTARIO, A Coalition Of 33 Citizen’s Groups From Across 21
Counties/Districts Of Ontario
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

APPEC – Alliance to Protect Prince Edward County
Beckwith Responsible Wind Action Group
Blue Highland Citizens Coalition
CALEWT – Citizens Against Lake Erie Wind Turbines
CKWAG – Chatham Kent Wind Action Group
Concerned Caledon Citizens
Creemore Group
CREW – Citizens for Responsible energy from Wind
CORT – Coalition of Residents Tiny Township
CPAI – Coalition to Protect Amherst Island
East Garafraxa Coalition
ECWAG – Essex County Wind Action Group
EZT Wind Concerns- East Zorra-Tavistock Township
Dawn Euphemia Sydenham Wind Action Group
Friends of Arran Lake
Grand Valley Wind Action Group
HEAT – Huron East Against Turbines
Innisfil Windwatchers
Keep Whitney Wild
Madawaska Valley Wind Action Group
Melancthon-Amaranth Citizen’s Group
Middlesex Wind Action Group
North Gower Wind Action Group
ORW – Ontarians for Responsible Wind in Georgian Bay
Oxford Wind Action Group
Preserve Grey Highlands
Ripley Area Victims
Save our Skyline (S.O.S.) – Renfrew County
Save the Bluffs – Scarborough
Wainfleet, Niagara Wind Action Group
Wind Action Group for Bruce County
WIRE – Wolfe Island Residents
Young HEAT – Huron/Perth

