Appendix:

World Health Organization (WHO), Government and Non-Governmental Organization (NGO) Noise Reports Related to Wind Turbines

This part of the review addresses governmental and non-governmental organization (NGO) reports on environmental noise and human health. The 2009 World health Organization’s (WHO) position paper on nighttime noise exposure will be reviewed in the context of noise from wind turbines.

World Health Organization (WHO)

The WHO produced the WHO Night Noise Guidelines for Europe (2009), an extension and update of the previous WHO Guidelines for Community Noise (1999).  WHO has also produced an omnibus volume entitled The Burden of Disease from Environmental Noise 2011, of which chapter 4, Environmental Noise and Sleep Disturbance and especially chapter 6, Environmental Noise and Annoyance have relevance to wind turbine noise.  Chapter 7 contains the conclusions.  All of these works were written primarily for transportation noise, not wind turbine noise.  Nevertheless, these authoritative documents provide a great deal of useful information and analytical methodology broadly applicable to noise from any source. 

The Night Noise Guidelines for Europe is a comprehensive document in five chapters (Methods and Criteria, the Relation Between Noise and Health, Effects of Night-time Noise on Sleep, Effects of Night-time Noise on Health and Well-being, Guidelines and Recommendations).  For the primary prevention of subclinical adverse health effects related to night noise, it is recommended that the population not be exposed to night noise levels greater than 40 dB of Lnight, outside during the part of the night when most people are in bed. The lowest observed adverse effect level (LOAEL) of night noise, 40 dB Lnight, outside, can be considered a health-based limit value of the night noise guidelines necessary to protect the public, including most of the vulnerable groups such as children, the chronically ill and the elderly, from the adverse health effects of night noise.  This is considered by some to be applicable to wind turbine noise and is certainly a conservative and desirable sound limit, although many jurisdictions are satisfied with a 45 dB limit and some North American noise limiting by-laws allow up to 55 dB.

The WHO report Burden of Disease from Environmental Noise 2011 examines healthy life years lost in Europe due to noise exposure.  Serious and life threatening health effects due to noise exposure begin to manifest at sustained noise levels over 60 dB, which is considerably greater than sounds at receptors produced by modern upwind wind turbine designs and greater than permitted by the noise limiting standards in virtually all industrialized countries and the WHO Night Noise Guidelines for Europe.

1. Government Reports

a) E. Pedersen for Swedish Environmental Protection Agency 2003

This was one of the first reviews of noise annoyance attributed to wind turbines.  Acknowledging that noise from wind turbines was not as well studied as noise from road traffic and that the number of studies was low, the conclusions were as follows:  Annoyance from wind turbine noise a) Is to a degree correlated to noise exposure. b)  Occurs to a higher degree at low noise levels than noise annoyance from other sources of community noise such as traffic. c) Is influenced by the turbines’ visual impact on the landscape.  d) Does not directly cause physical health problems. 

b) R. Ramakrishnan (Aeiolos Engineering Corporation) for Ontario MOE 2007

The Ontario Ministry of the Environment (MOE) commissioned this external report to assess the appropriateness of its regulatory approach to the noise impacts of wind turbines.  From a literature review the report concluded that annoyance was an effect on humans.  The Ontario standards were evaluated by comparison to other countries and WHO guidelines and were affirmed as appropriate.

c) Institut National de Santé Publique du Quebec 2008

This report was produced to provide regional public health authorities in Quebec with information regarding the potential health impact of wind turbines.  The main findings were: a) The levels of sound generated do not have any direct impact on the auditory health of individuals living nearby. b) The sound levels were associated with sleep disturbance and annoyance. c) Despite accounts from residents living nearby that wind turbines can disrupt sleep, scientific evidence has yet to be established. d) Annoyance to wind turbine sound has been linked to sound levels and to other factors, specifically wind turbine visibility and the attitude of individuals toward wind energy. e) Infrasound produced by wind turbines does not seem to constitute an annoyance or threat to the health of residents. f) The low frequency sound produced by modern wind turbines is of moderate intensity and at normal separation distances, would be near the human detection limit. g) There is no evidence that the low frequency sound has health effects when it is below the human detection limit. h) It cannot be concluded that the low frequency wind turbine sound causes annoyance, but the amplitude modulation of mid frequency sound could be mistaken for low frequency sound.

d) Chatham-Kent Public Health Unit 2008

This literature review was prepared for the municipal council of Chatham-Kent.  It was an expansion of a previous report to Council by the Medical Officer of Health which was one of the first reports to suggest the nocebo response may be the explanation for health complaints.  The review affirmed the existing Ontario MOE regulations for setbacks and noise, and concluded “…opposition to wind farms on the basis of potential adverse health consequences is not justified by the evidence.”
e) Minnesota Department of Health, Environmental Health Division 2009

The report Public Health Impacts of Wind Turbines noted that the low intensity broad spectrum noise produced by wind turbines is attenuated at higher frequencies by typical setback distances and structures, but attenuation of low frequencies is limited within half a mile or longer depending on terrain or different wind conditions.  The report concluded that audible low frequency noise may affect some people in their homes, but is not generally a problem for businesses, public buildings or for people outdoors.  The most common complaint was “annoyance or impact on quality of life”, and the most common health complaints were sleeplessness and headache, which were highly correlated with annoyance complaints.  Complaints appear to rise with increasing outside noise levels above 35 dBA, but urban and even rural environments much of the time exceed this level in the absence of turbines. (Mackintosh A, Downie C, 2006)
f) National Collaborating Centre for Environmental Health (Canada) 2010

The authors conclude that overall sound levels from wind turbines are below established health and safety limits. They state that annoyance and sleep disruption are common when sound levels at receptor sites are 30 to 45 dBA, but note that noise perception is co-mingled with perception of visual impact, lack of direct economic benefit and negative attitudes toward turbines.  This sound range is comparable to rural sites without wind turbines. (Macintosh A, Downie C, 2006)
g) Ontario Chief Medical Officer of Health 2010

The report summary states “The review concludes that while some people living near wind turbines report symptoms such as dizziness, headaches and sleep disturbance, the scientific evidence to date does not demonstrate a direct causal link between wind turbine noise and adverse health effects.  The sound level from wind turbines at common residential setbacks is not sufficient to cause hearing impairment or other direct health effects, although some people may find it annoying.”

h) Australian National Health and Medical Research Council

There are two current reports from NHMRC.  The NHMRC Public Statement Wind Turbines and Health 2010 (still under review) concludes “While a range of effects such as annoyance, anxiety, hearing loss, and interference with sleep, speech and learning have been reported anecdotally, there is no published scientific evidence to support adverse effects of wind turbines on health.”

The comprehensive NHMRC  Systematic review of the human health effects of wind farms (2014) concludes “The evidence considered does not support the conclusion that wind turbines have direct adverse effects on human health, as the criteria for causation [modified Bradford Hill] have not been fulfilled.  Indirect effects of wind farms on human health through sleep disturbance, reduced sleep quality, quality of life and perhaps annoyance are possible.  Bias and confounding could, however, be possible explanations for the reported associations…”
i) B. Howe (HCG Engineering Ltd.) for MOE 2010

This paper reviews the technical and jurisdictional aspects of low frequency noise and infrasound.  It addresses the broadband nature of wind turbine sound and the inaudibility of infrasonic noise from wind turbines.  The author indicated that the 45 dBA noise criterion recommended by Health Canada is associated with a percentage of people being annoyed, but noted that that there are no direct health impacts of low frequency or infrasonic wind turbine noises.  

j) Australian Senate Community Affairs Committee Report on the Social and Economic Impact of Rural Wind Farms 2011

The report concluded “Adverse health effects may be caused by wind turbines but they may be caused by factors other than noise and vibration, such as stress related sleeplessness or perceptions of harm.”

k) Massachusetts Department of Environmental Protection and Massachusetts Department of Public Health 2012

A panel of independent experts assessed attributes of concern, including noise, infrasound and vibration, to identify any scientifically documented or potential connection between health impacts and wind turbines.  The consensus of the expert panel, backed by extensive technical appendices, concluded: a) The limited epidemiologic evidence suggesting an association between wind turbine noise and annoyance is insufficient to rule out whether the annoyance is actually from seeing a wind turbine. b) There is not enough evidence to construct a dose-response relationship between sound pressure levels and sleep disruption. c) There is insufficient evidence that noise from wind turbines is directly (i.e. independent from an effect on annoyance or sleep) causing health problems or disease. d) Claims that infrasound from wind turbines directly impacts the vestibular system have not been demonstrated scientifically. e) There is no evidence for a set of health effects that could be characterized as “Wind Turbine Syndrome”. f) The weight of the evidence suggests there is no association between wind turbine noise and psychological distress or mental health problems. g) None of the evidence suggests an association between wind turbine noise and pain/ stiffness, diabetes, high blood pressure, tinnitus, hearing impairment, cardiovascular disease or headache/migraine.

l) Oregon Health Authority 2012

This report, issued as a draft entitled “Strategic Health Impact Assessment on Wind Energy Development in Oregon”, concluded that “Sound from wind energy facilities… could potentially impact people’s health and well-being if it increases background sound levels by more than 10 dBA, or results in long term outdoor community sound levels above 35-40 dBA.  These impacts could range from moderate disturbance to serious annoyance, sleep disturbance and decreased quality of life.  Chronic stress and sleep disturbance could increase risk for cardiovascular disease, decreased immune function, endocrine disorders, mental illness and other effects.  Many of the possible long-term health effects may result from or be exacerbated by sleep disturbance from night-time wind turbine sound.”  Nevertheless, the report also concluded “Wind energy facilities…can indirectly result in positive health impacts by reducing emissions of GHGs (greenhouse gas) and harmful air pollutants.  Communities near fossil-fuel based power plants that are displaced by wind energy could experience reduced risks for respiratory disease, cardiovascular diseases, cancer and premature death.” A final report has not been released.

m) South Australian Environmental Protection Authority 2013

Two studies compared the levels of infrasound and low frequency noise respectively between wind farm environments and urban and rural environments distant from wind farms.  Human activity and traffic appeared to be the primary sources of infrasound in urban locations, while localized wind conditions appeared to be the primary source of infrasound in rural locations. One of the houses near a wind farm had the lowest infrasound levels measured of any of the 11 study locations.  This study concluded that the G-weighted level of infrasound near wind turbines was no greater than that in other urban and rural environments, and was significantly below the human perception threshold. 
Low frequency noise measurements at seven urban locations suggested that indoor levels at offices and residences are affected by road and aircraft traffic, mechanical plants (such as air conditioning systems) and daily activities within the home or office.  This low frequency noise was accompanied by a higher level of overall noise within the urban environment. Measurements of low frequency noise at four rural locations indicated that there was typically a lower level compared to the urban locations.  The levels of low frequency noise at the two wind farm locations were low in comparison to the urban areas, but were not noticeably higher than two other rural locations without wind turbines. 
n) UK Health Protection Agency 2010
The Report on the health effects of exposure to ultrasound and infrasound states that “Infrasonic wavelengths exceed the dimensions of the human body by more than an order of magnitude and so the human body acts as an acoustic scattering centre in an infrasonic field.” The report concludes “Overall, there is little evidence to suggest that acute exposure to infrasound at levels commonly experienced in the environment [below the hearing threshold] is capable of causing any consistent physiological or behavioural effect, although there is a general paucity of high quality research in this area.”                      

o) UK Department for Environment, Food and Rural Affairs 2010

The Noise Policy Statement for England sets out a long term vision for government noise management policy in the context of sustainable development.  It applies to all kinds of noise except occupational noise exposure.   The statement draws a distinction between subjective ‘quality of life’ (emotional, social and physical well being) and ‘health’ (physical and mental well being) but recognises that the two are connected. The three aims for government noise policy are: 1. Avoid significant adverse impacts on health and quality of life 2. Mitigate and minimise adverse impacts on health and quality of life 3. Where possible, contribute to the improvement of health and quality of life.

p)  US National Research Council 2007
The extensive Environmental Impacts of Wind Energy Projects 2007 report, Chapter 4, Impact of wind energy development on humans, pp 97-120, which outlines framework principles for analysis, assessment, and recommended practices for coordination of wind energy policy in the context of the multilevel US regulatory system.  Electricity production benefits and limitations, environmental impacts and impacts on humans are considered separately.  The report advocates integration of systematic and established assessment methodologies for application to regulatory assessment of wind energy projects with a view to developing an evaluation guide. 

2. NGO Reports

a) AWEA/CanWEA 2009

The American Wind Energy Association and the Canadian Wind Energy Association assembled an international panel of independent experts and provided them with an unrestricted mandate to examine the peer reviewed literature on sound and health with particular reference to wind turbine sounds.  The panel produced a comprehensive report with technical appendices and recommendations intended to serve as a reference document.  It concluded that there was no evidence that audible or sub-audible sounds emitted by wind turbines have any direct adverse physiological effects, that the ground-borne vibrations from wind turbines are too weak to be detected by or to affect humans and that there was no reason to believe that the sounds from wind turbines could plausibly have direct adverse health consequences.  The report expanded on the nocebo response as an explanation for the health complaints.
b) McMaster Institute of Environment & Health 2010

The report Wind Energy Power Plants (Wind Farms) Review and Analysis was prepared at the request of the town of Wasaga Beach, Ontario to examine the “controversy” of expressed concerns and scientific evidence regarding wind turbines.  

c) Sierra Club Canada 2011

In its report The Real Truth About Wind Energy, the Sierra Club of Canada reviewed the evidence regarding wind turbines and health effects and the economic rationale for wind energy. The report concluded “With a full review of available data, including that referenced by wind opposition groups, Sierra Club Canada adds its voice to the overwhelming majority of governmental, non-governmental, scientific and environmental groups in saying that a link between wind turbines and health concerns is unfounded.”

3. Tribunal and Tort Actions: Anti-Wind Turbine Litigation
Ontario Canada, Australia and New Zealand have become flash points between anti-wind turbine activists and wind power developers.  Cases have been acrimonious, often with government agencies responsible for project approvals being named as defendants or co-defendants.  Legal confrontations are much less common in Europe but there have been actions in the UK.  Opposition to wind energy projects is usually driven by health concerns or fears about erosion of property values.  Actions have been framed around harm to human health, plant or animal life or the natural environment, aboriginal rights, perceived erosion of property values, charters of rights and freedoms, esthetic concerns and nuisance.

a) Harm to Human Health

Ontario’s courts and especially its Environmental Review Tribunal (ERT) have heard a number of appeals of renewable energy approvals on the basis of alleged health effects.  No Ontario wind farm has been approved without having to face litigation.  To be successful, appellants must prove, on the balance of probabilities, the wind project will cause “serious harm to human health”, a term without a precise medical or legal definition.  All decisions to date have held that no serious health effects from wind turbines have been proved (Erickson v. Director, Ministry of the Environment (MOE), Middlesex-London Wind Action Group v. Director, MOE, Alliance to Protect Prince Edward Country (“APPEC”) v. Director, MOE).  Cases have focused on minimum distances from wind turbines to the exterior of homes, described as “setbacks.” (Ontario has 550 M to non-participating receptors) (Hanna v. Ontario Attorney General, Ontario Superior Court), the nocebo effect (Chatham-Kent Wind Action Group v. Director, MOE) and possible future wind farm approval (Wiggins v. WPD Canada Corp., Ontario Superior Court) but these were also dismissed.  A similar dismissal on the basis of health claims occurred in a class action lawsuit at the Court of Queen’s Bench in Saskatchewan (McKinnon v. Martin no. 122, Moosomin no. 121 (Rural Municipalities) and Red Lily Wind Energy Partnership 2010).
Another recent Ontario ERT decision (Bovaird v. Director, MOE) not only upheld that serious harm to human health remained unproved, it clarified that wind turbine annoyance has not been proved to be a health effect.  The Tribunal ruled that “…annoyance…is a subjective psychological state”, not a “serious and profound” interference with mental integrity, comparable to “ordinary stress or anxiety.”  

b) Harm to Plant Life, Animal life or the Environment

The Ontario ERT requires appellants to prove serious and irreversible harm to plant life, animal life or the natural environment to be successful.  In Erickson v. Director, MOE, these pleadings were dismissed, but in APPEC v. Director, MOE, the ERT found that although there was insufficient evidence that the project would harm birds, bats, monarch butterflies or plant life, it ruled that the presence of roads to build and maintain the wind turbines would cause increased mortality (due to vehicular traffic, predators and access by poachers) to irreparably harm the local population of the Blanding’s turtle, a species that is globally endangered and threatened in Ontario, and revoked the approval. This ruling was successfully appealed.

c) Aboriginal Rights

In Monture v. Director, MOE, a First Nations appellant tried to appeal a wind project Renewable  Energy Approval (REA) by arguing that treaty rights (including hunting and fishing rights) were not respected and that the project would harm birds, wildlife, trees and agricultural land. The Tribunal ruled that aboriginal claims were beyond its jurisdiction, which is limited by the Ontario Environmental Protection Act on the balance of probabilities whether serious harm to human health or serious and irreversible harm to plant life, animal life or the natural environment would occur.  Mr Monture‘s evidence consisted of traditional knowledge about habitat loss, respect for the natural environment, medicinal plants and other information of a general nature. The Tribunal dismissed the appeal because the suggestion of possibility without proof was insufficient to meet the legal test.

d) Property Values
In Kenney vs. Municipal Property Assessment Corporation (MPAC), the appellants appealed their property tax assessment on the basis that the proximity of the wind farm threatened their health and their right to quiet enjoyment of their property and that this would have a significant negative effect on the value of their property.  The Appeal Board found there was no credible evidence for a loss in value and dismissed the appeal.

A decision by the Tipton County Board of Zoning Appeals, Indiana and Dekalb County, Illinois to approve a conditional use permit for a wind farm was made following contentious discussion over health effects and whether property values could be eroded.  Approval was made on the condition that the turbines are built at least 1,500 feet from property lines and to require the wind farm developer to guarantee property values near the wind farm.  The only county in the US with a guaranteed property value provision for the placement of wind farms is Dekalb County, Illinois.  If a property owner there can’t sell their property for the appraised value, the wind energy company must provide the difference between sale price and the value at closing.

e) Rights Charters

In view of the difficulty in meeting the legal test under the Ontario Environmental Protection Act (EPA) to prove wind farms cause serious harm to human health or the environment, charter actions attack the legal test itself.  In Drennan v. K2 Wind Ontario Inc., the plaintiffs sought an injunction in Ontario Superior Court to prevent a wind farm developer from obtaining a renewable energy approval from the Ontario MOE on the basis of nuisance (nuisance claims, a cause of action recognized at common law, can be instituted before the threatened harm occurs). The plaintiffs argued the requirement for opponents of wind farms to prove serious harm to human health or the environment (rather than requiring wind farm developers to prove the wind farm is safe) violated their right to security of the person under section 7 of the Canadian Charter of Rights and Freedoms and that they should not have been required to provide proof of harm or provide undertakings of damages.  The court upheld the ERT process and deferred the Charter challenge until after the ERT process was completed.  The Drennan ERT appeal was subsequently dismissed.  The constitutionality of the ERT process itself was tested in Bovaird v. Director, MOE, where the plaintiff had also argued that reversal of the burden of proof as required by the Ontario EPA (the ERT process) violated the plaintiff’s section 7 Charter rights (security of the person).  The Tribunal ruled, for the first time, that the EPA rules do comply with the Charter.

f) Esthetics and Nuisance
In one of the first nuisance lawsuits filed against a commercial wind farm (2005), Rankin v. FPL Energy LLC, several landowners in Taylor County, Texas filed suit against FPL Energy alleging that a wind project constituted a public and private nuisance on the basis of being an eyesore and being noisy. The plaintiffs sought to enjoin the operation of the wind farm and also to recover damages.  The trial court granted summary judgment in favor of FPL Energy on the visual impact issue but the case went to jury trial on the noise issue.  The jury found in favor of the defendant and entered a take-nothing judgment.  The plaintiffs appealed but the appellate court upheld the trial court’s decision.

In 2006, landowners in Jack County Texas filed suit to enjoin construction of a wind farm on the grounds of nuisance (William and Susan Bruck v. Gamesa Wind US, LLC).  The suit alleged that wind turbines would be noisy, that the blinking red lights at night would have a negative visual impact, that there would be a “strobe and flicker effect” at sunrise and sunset, that the construction would damage wildlife habitats and that the turbines might create electromagnetic fields injurious to their health.  The plaintiffs also sought damages if the project went forward.  Gamesa Wind US filed motions for partial summary judgment seeking to eliminate esthetics as an issue, and to preclude arguments that wind developments were misguided public policy.  In 2007 the court granted both motions, and the plaintiffs ended the action by filing a nonsuit.

Paltridge & Ors v. District Council of Grant & Anor 2011 was an appeal of a proposal approved by the local Council to construct a wind farm in South Australia.  Issues were a) the interpretation of the development plan, b) whether the development was merely hypothetical, c) whether the development was noncomplying, d) whether it would be energy efficient, e) noise, f) infrasound, g) visual amenity, h) health and the precautionary principle, i) shadow flicker, reflection and blade glint, j) electromagnetic interference with telecommunications and k) impact on flora and fauna.  The court found in favor of the defendants in all issues except visual amenity: “…we are of the opinion that the introduction of 46 turbines into the landscape of this locality will be seen as incongruous.  In terms of their height, scale and number the turbines will introduce additional, prominent and foreign elements into the locality which will detract from the existing character and level of visual amenity, to an unacceptable degree.  Accordingly, we uphold the appeal and reverse the decision of the Council.”

A wind farm was planned near an unfinished 17th century English summer house and garden listed as a Grade I National Trust property.  This proposal had failed to win approval from the local Council in 2010 but this was overturned by a planning inspector who approved the project.  That decision was appealed to the High Court on the basis of visual intrusion to the heritage landscape (East Northamtonshire District Council, English Heritage and National Trust v. Secretary of State for Communities and Local Government and Barnwell Manor Wind Energy Ltd. 2013).  The appeal was upheld on the basis that the planning inspector had failed to properly interpret and apply the relevant policies for heritage sites.

In Drennan v. K2 Wind Ontario Inc., the Ontario Superior Court deferred the nuisance claim until after the wind farm was built.
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