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Report from Specialist Advisor Ursula Walsh
Overview – keypoints
LAeq,T is the ‘average’ of the total sound.
LA90,T is the background sound when the loudest elements are ignored
LAeqT and L90 do not take account of the type of the sound.
Sound reduces with increasing distance from the source and is affected by weather and the
landscape. At a distance of 1km you mainly only hear the low pitch (frequency) sounds.
Mechanical noise from wind turbines is generally the result of faults or wear and tear. Most
wind turbine noise is not mechanical, it is aerodynamic noise ie ‘swish’. The sound from
turbine blades is not steady, it fluctuates, this is called amplitude modulation (AM).
Wind turbine noise can also contain noticeable tones. Generally, sounds containing tones are
more annoying. Wind turbine noise is more annoying than transport noise or noise from other
industries.
Reasons for recommendation that ETSU-R-97 is updated
Modern wind turbines are considerably larger now than those that were in place in 1997, this
can result in more lower frequency noise and an increased risk of AM due to high level wind
fluctuations.
ETSU - R - 97 The Assessment and Rating of Noise from Wind Farms’ is influenced by
BS4142 Method for rating industrial noise affecting mixed residential and industrial areas.
BS4142 is currently being updated. The draft revised BS4142 includes further emphasis on
the annoyance from tones and fluctuations. The draft proposes that when both characteristics
are present the two should individually be taken into account.
The WHO guidance for indoor noise levels at night was 35dB when ETSU-R-97 was published
in 1997, it has now been revised to 30dB
ETSU-R-97 advises using the LA90,10min noise index for both turbine and background noise.
Most other relevant standards use LAeq for source noise. LA90 was adopted by ETSU-R-97
as it was assumed at the time of drafting that wind turbine noise was relatively steady and
characterless. Evidence and knowledge since 1997 has highlighted that certain wind farms/
single wind turbines produce AM and hence the original assumption within ETSU-R-97 that
wind turbine noise was relatively steady and characterless no longer holds true. ETSU-R-97
needs to be updated to take account of much greater understanding of the acoustics of large
wind turbines and the annoyance/health effects of wind turbine noise.
In particular, consideration of the following content of ETSU-R-97 is recommended:
■■ The statement that it is not necessary to use a margin above background approach in lownoise environments
■■ The use of LA90 for both the background noise and the wind farm noise
■■ Night time limit of 43dBA bearing in mind the revised WHO guidelines
■■ The assumption that background noise rises with increasing wind speed
■■ The consideration of fluctuations and tones.
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Specific issues
More recent designs of wind turbines are much quieter than older designs. Many industries
are required to apply Best Available Techniques (BAT) to prevent noise disturbances. The
enquiry may wish to consider the age and type of turbines being proposed for installation in
Northern Ireland. Anecdotally, many “new” wind turbines installed in Northern Ireland (NI) are
in fact reconditioned turbines.
On-going, long term monitoring by the developer would enable the continuing noise exposure
of the nearby residents to be determined and increases in noise, beyond the predicted and
permitted levels, to be identified and remedied.
It is common practice for local planning authorities to set planning conditions to control or
reduce noise levels, or to mitigate the impact of noise. Examples relating to wind turbine
noise are provided in the IOA Good practice guide to the application of ETSU-R-97.
There is a great deal of expertise within the Environmental Health profession in Northern
Ireland’s district councils. There is a considerable burden, on individual councils, associated
with contributing to planning applications regarding wind turbines.
It is suggested that a more strategic approach to both single turbine and wind farm
applications would be beneficial, as opposed to the ad hoc approach currently employed in
Northern Ireland.
Danish policy
The Danish policy includes
■■ a replacement Scheme for Wind turbines on land
■■ a recent emphasis on a planned and coordinated development of offshore wind farms
■■ a loss of value scheme for dwellings
■■ the option to purchase scheme. Erectors of large wind turbines shall offer for sale at least
20% of the wind turbine project to the local population.
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Executive summary
Noise management is a complex issue. Unlike air quality, there are currently no
European or national noise limits which have to be met.
PART A - Acoustic terms and theory
To accommodate the very large range of pressures that the human ear can detect,
the loudness of noise levels is measured using the decibel (dB) scale. A change of 3
dB is noticeable, 6 dB obvious and a change of 10 dB is significant and corresponds
approximately to halving or doubling the loudness of a sound.
In addition to loudness, frequency (or pitch) is also important. One aspect of the
frequency content of sound, is the presence or otherwise of recognisable notes or
tones. Generally, sounds containing distinguishable tones are more noticeable, and
potentially more annoying than sound without such features. BS4142 suggests that
this should be penalised in assessments of noise impact, usually by adding 5 dB to
the measured level.
A Weighting LA. The human ear has a relatively poor response to low frequencies.
To give a sound reading that better reflects how the human ear responds, a
frequency weighting is applied to most environmental noise measurements. The
most commonly used one is the ‘A’ weighting. ‘A’ filter takes off up to 26 dB off in the
lower frequencies.
LAeqT, (Equivalent continuous sound pressure level) is ‘an average’ of the total sound
energy level over a specified time period. It is the most widely used parameter for
assessing environmental noise.
LA90,T. The LA90,T, is the level that is almost always there in between intermittent
noisy events.
LAeq has been found to be around 2dB higher than the L90.
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The LAeqT and LA90,T do not take account of the frequency character of the sound.
Even for steady sounds, a wide range of character can result from differing
frequency content: for example, sounds with predominantly low frequency content
might be described as ‘rumbling’ or ‘booming’.
Low frequency noise has been recognised by the World Health Organization as
meriting special attention, requiring lower environmental limits than those of other
noises, as it presents particular problems to those people who are sensitive to its
effects

The effects of low frequency noise on health follow from the stress and

frustration which sufferers experience in attempting to find a solution to their
problem, which is often worse at night and affects sleep.
Low–frequency noise and A weighting. The 1995 Guidelines for Community Noise
state that the A-weighted sound pressure level does not reflect the true impact of the
noise load, “When prominent low frequency components are present, noise
measures based on A-weighting are inappropriate"
Sound levels reduce with increasing distance from the source. Generally, doubling
the distance from a point source produces a reduction in sound level of 6dB.
However atmospheric absorption, ground effect, reflections and screening also affect
how sound travels. Higher frequencies are absorbed in air much more significantly
than lower frequencies. At a distance of 1km there is little air absorption of low
frequency sound and a substantial absorption of the high frequency components.
Meteorological (weather) conditions fluctuate and can influence sound propagation.
Night time, or cloudy conditions, can result in sound carrying over distance. Over
large distances this can give rise to variations in sound level up to 20dB

At high

altitude, downwind of a source, wind causes sound waves to bend downwards
towards the ground leading to higher noise levels in that direction. Topography also
is of importance when predicting how sound will travel over distances, convex and
concave ground contours must be taken into consideration.
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PART B - Noise generation from wind turbines
Mechanical noise issues may arise if there is a fault. In the absence of mechanical
fault, noise emission from modern wind turbines tends to be dominated by
aerodynamic noise.
Aerodynamic noise accounts for the majority of the noise from wind turbines.
Aerodynamic noise generation is very sensitive to the speed of the blade. To limit its
generation, modern, large wind turbines restrict the rotor speeds.
A condition known as stall may occur and indeed is used to regulate rotational speed
and power generation for some designs. This can generate noise up to 10 dB higher
than without stall; however, manufacturers are increasingly moving away from stallregulated machines.
Another possible cause of noise is flow over imperfections in the blade surface. For
example, damage due to holes in blades has been known to cause strongly
noticeable tones.
Other means of reducing aerodynamic noise are associated with the design of the
blade which has become more efficient in recent designs, causing a greater
proportion of the wind energy to be converted into rotational energy and less into
acoustic noise.
Many of the noise issues mentioned above are more associated with older turbines.
Anecdotally, “new” wind turbines installed in Northern Ireland are in fact often
reconditioned turbines. Therefore NI may not be benefitting from more modern lower
noise emitting design. Furthermore the blades may have signs of wear (such as
blade surface irregularities, holes or slits) also increasing noise levels beyond those
expected of new turbines. The enquiry may wish to consider age and type of turbines
being proposed for installation in Northern Ireland.
The sound level from turbine blades is often not completely steady, but is modulated
(fluctuates) in a cycle of increased and then reduced level, sometimes called ―blade
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swish. It was thought that in the majority of installations the modulation depth may be
up to 2-3 dBA, which was regarded as being acceptable by the ETSU-R-97 working
group. In some situations, however, the modulation depth increases to the point
where it can become more pronounced and potentially give rise to increased
annoyance. This phenomenon is known as amplitude modulation (AM). Findings of
several authors concluded that:
•

Amplitude variations can occur downwind from single wind turbines and wind
farms, and can be observed at distances up to approximately one km and
perhaps more.

•

The low-frequency character of wind turbine sound is a possible cause of
increased annoyance.

Research shows significant variations in the lower

frequencies of approximately 8 dB
Low frequency wind turbine noise
As wind turbines get larger, the turbine noise moves down in frequency and that the
low-frequency noise would cause annoyance for the neighbours. The relative
amount of low-frequency noise is larger for large turbines (2.3–3.6 MW) than for
small turbines (≤ 2 MW).
At long distances higher frequencies are reduced compared to low frequencies. Due
to the air absorption, the low-frequency content becomes even more pronounced.
One researcher concluded that “it is beyond any doubt that the low-frequency part of
the spectrum plays an important role in the noise at the neighbours.”
PART C – Noise and health
Annoyance is probably the most widespread adverse effect of noise. There is a wide
range of how people respond to noise due to variations in individual sensitivity to
noise and/or susceptibility to annoyance. These variations are not well understood in
physiological or psychological terms.
Adverse feelings aroused by the wind turbine noise have been found to be
influenced by feelings of lacking control, being subjected to injustice, lacking

2395

Report on the Committee’s Inquiry into Wind Energy

influence, and not being believed. The risk of annoyance from wind turbine noise is
increased in quiet areas. The general trends show that:
•

annoyance increases with noise level,

•

sleep disturbance was associated with annoyance

•

Descriptors of the turbine noise characteristics including swishing, whistling,
pulsating/throbbing and resounding were highly correlated with noise
annoyance

Several studies suggest that wind turbine noise is more disturbing than
transportation and industrial noise sources.

PART D - Relevant standards, policy and guidance
In the absence of a Northern Ireland Noise policy, it is useful to refer to Noise Policy
Statement for England, 2010 (NPSE). The second aim of this Noise Policy is to
“Mitigate and minimise adverse impacts on health and quality of life from
environmental, neighbour and neighbourhood noise within the context of
Government policy on sustainable development.”

It requires that all reasonable

steps should be taken to mitigate and minimise adverse effects on health and quality
of life while also taking into account the guiding principles of sustainable
development. This does not mean that such adverse effects cannot occur.
World Health Organization (WHO) Guidelines.

The WHO (1999) Guidelines

recommends noise limits for both the inside and outside of dwellings during day and
night time periods. During the daytime levels should be at or lower than 35 dB
LAeq,16h inside dwellings and 50 dB LAeq,16h outside.

In 2009, the WHO (2009)

revised the guidance for night time noise to a guideline limit for bedroom LAeq,8h
(Lnight) with the window open of 30 dB, stating “It is particularly important if the
background level is low”.
The NI Environment Agency Integrated Pollution Prevention and Control (IPPC)
requires installations to be operated in such a way that all appropriate preventative
measures are taken against pollution, in particular through the application of Best
Available Techniques (BAT). This guidance refers to the application of BS4142.
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Statutory nuisance. The Environmental Health departments, within district councils,
have a duty to investigate complaints of statutory nuisance including noise. The law
recognises that a defendant should not be held liable for the existence of a nuisance
due to the fact that he has taken “the best practicable means” to either prevent the
nuisance or counteract its effects.
BS4142 (1997) provides a method for assessing whether noise from sources of an
industrial nature is likely to give rise to complaints. The standard depends on the
margin by which the industrial noise level of interest exceeds the background noise
level after making an appropriate allowance for acoustic features of the noise (i.e. a
5 dB penalty for noise that has specific characteristics such as tones or fluctuations).
The standard warns that the guidance may not apply where background noise levels
are very low (below 30 dB) and rating levels very low (below about 35dB).
A draft revised BS4142 was published for comment in February 2014. This draft
specifies that the standard is not applicable to the measurement and rating of sound
levels from the several sources including wind farms. In addition, this standard is not
applicable to situations where the background and rating sound levels are both very
low. It is noteworthy that draft revised BS4142 includes potentially much greater
consideration of tonality and impulsive corrections.
Planning Policy Guidance PPG24 Planning and Noise. PPG24 (now withdrawn
following the NPPF however still referred to in the absence of subsequent detailed
guidance) suggests that BS 4142:1997 should be used to assess the likelihood of
complaints from industrial sources. PPG 24 states that noise need not be considered
as determining factor in granting planning permission for new dwellings where the
external night time noise from road, rail and mixed industrial sources is <45dB
although at the high end of the category (near 45dB) should not be considered
desirable.
ETSU - R – 97. The ETSU-R-97 guidance states that:
· The guidance advises using the LA90,10min noise index for both turbine and
background noise;
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· Noise limits set relative to the background noise are more appropriate in the
majority of cases;
· It is not necessary to use a margin above background noise levels in particularly
quiet areas. This would unduly restrict developments which are recognised as having
wider national and global benefits.
· Noise from the wind farm should be limited to 5dBA above background for both dayand night-time, remembering that the background level of each period may be
different, subject to a lower limit of 35 to 40 dBA during the day and 43 dBA at night.
· The LA90,10min index should be used for both the background noise and the wind
farm noise, and that when setting limits it should be borne in mind that the LA90,10min
of the wind farm is likely to be about 1.5-2.5dBA less than the LAeq measured over
the same period.
· A fixed limit of 43dBA is recommended for night-time. This is based on a sleep
disturbance criterion of 35dBA with an allowance of 10dBA for attenuation through
an open window (free field to internal) and 2dBA subtracted to account for the use of
LA90,10min rather than LAeq,10min
· In low noise environments the day-time level of the LA90,10min of the wind farm noise
should be limited to an absolute level within the range of 35-40dBA.

PART E International perspective
Separation distances (or sometimes referred to as setback) between turbines and
residential areas vary greatly between countries in term of the distances, the
reason for their establishment and the weight that is given to them i.e. whether
they are recommendations or more of a statutory requirement.
Danish policy includes a move towards off-shore wind turbines, a turbine
replacement scheme and a loss of value scheme.

PART F Specific Issues
Noise monitoring by the developer
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On-going, long term monitoring would enable the public, developers, planners and
the LA to determine the continuing noise exposure of the nearby noise sensitive
receptors. In addition, this would identify where WT noise has increased beyond the
predicted and permitted levels. This would also enable action to be taken to reduce
noise where it is deemed necessary.
Planning consent conditions
Local planning authorities should consider whether it is practicable to control or
reduce noise levels, or to mitigate the impact of noise, through the use of conditions
or planning obligations. An Example Planning Condition is provided in the IOA Good
practice guide to the application of ETSU-R-97 for the assessment and rating of wind
turbine noise (2003).
Expertise of council environmental health officers
There is a great deal of expertise with the Local Authority employed Environmental
Health profession in Northern Ireland with numerous having post graduate
qualifications in Acoustics and Noise Control. In addition Environmental Health
Officers within LA are routinely consulted regarding planning applications in relation
to industrial developments including wind farms. There is a considerable burden
associated with contributing to planning applications regarding wind turbines.
The cumulative impact of wind developments
It is suggested that a more strategic approach to both single and wind farm
applications would be beneficial, as opposed to the ad hoc approach currently
employed in Northern Ireland.
Adequacy of ETSU-R-97
Some of the members of the original Noise Working Group on wind farm noise,
which drafted ETSU-R-97, gathered in order to build on experience and knowledge
gained during the period since the adoption of ETSU-R-97. Their thoughts can be
summarised as follows:
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•

Under specific wind shear conditions the hub height wind speed may be
underestimated, and as a result the wind turbine source noise levels may also
be underestimated at any given 10m height wind speed.

•

The background noise levels should be correlated with derived (not
measured) 10 m height wind speeds. One method for doing this (described in
the IoA article) effectively adjusts the background noise level at the receptor
downwards to reflect the influence of wind shear on the turbine noise
propagation.

Work more recent than ETSU-R-97 suggests that amplitude modulation (AM) of 3 dB
to 5 dB from multiple turbines has been detected, and postulates that AM of
potentially 6 to 10 dB is possible from multiple turbines in very stable atmospheric
conditions
ETSU-R-97 recognises a potential for AM of up to 3 dBA (i.e. the noise level goes up
and down by 3 dBA in each blade rotation) and states that it takes such a degree of
blade swish into account in the noise limits it recommends However the document
does not include a specific penalty for AM, beyond a 2 dBA adjustment in setting the
fixed noise limit for low wind speeds.
ETSU-R-97 advises using the LA90,10min noise index for both turbine and background
noise; and that the LA90,10min of turbine noise is typically 2 dBA less than the
equivalent LAeq,t value. ETSU-R-97 measures wind turbine noise and background
noise differently from most other guidance regarding industrial noise sources.
ETSU is unique in its use of LA90,10min for both wind turbine noise and background
noise. This may have the effect of recording a lower noise level than if LAeqT were
used. Most other standards refer to the equivalent continuous A-weighted sound
pressure level as a basic quantity.
The BS4142 assessment procedure compares the source noise level (LAeq) to the
background level (LA90,T) measured in the area in the absence of the source of
interest.
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Whilst in the UK ETSU-R-97 advises use of the statistical method (LA90) for the
measurement of noise from wind farms, most other countries use the Equivalent
Continuous method (LAeq). Additionally most other EU countries have fixed limits, the
lowest being Sweden and Ireland (40 LAeq,t ) and the highest being Spain (65 LAeq,t )
Further consideration of some parts of ETSU-R-97 would be useful as there is some
ambiguity regarding the rationale of some recommendations. The evidence base has
expanded significantly since 1997 with much greater understanding of the acoustics
of large wind turbines and the annoyance/health effects of wind turbine noise, AM
and reaction to the low frequency content. There has also been further research on
the propagation of wind turbine noise.
It is recommended that further consideration of the following content of ETSU-R-97
would be desirable:
•

It is not necessary to use a margin above background approach in such lownoise environments

•

The LA90 used for both the background noise and the wind farm noise

•

Night time limit of 43dBA in view of the revised WHO guidelines

•

The statement that background noise rises with increasing wind speed

•

The penalties regarding the character of noise and tones.

The WHO guidance for indoor noise levels at night was 35dB when ETSU-R-97 was
published in 1997, it has now been revised to 30dB
Modern wind turbines are considerably larger now than in 1997, this can result in
more significant lower frequency noise and an increased risk of AM due to wind
shear and other high level wind fluctuations.
ETSU-R-97 is influenced by BS4142. BS4142 is currently being updated to bear in
mind the advances made in current knowledge of industrial noise and annoyance
(although it will most likely exclude wind turbine noise and areas with very low
background noise levels). The proposed revisions to BS4142 should be borne in
mind when considering whether ETSU-R-97 should be updated.
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The appliance of L90 rather than LAeq in ETSU-R-97 requires further consideration as
L90 is usually a few decibels lower than LAeq.
As noted above, L90 was adopted by ETSU-R-97 to aid post completion
measurements as it was assumed at the time of drafting ETSU-R97 that wind turbine
noise was relatively steady and characterless i.e. the L90 was used as a proxy for the
LAeq.

Evidence and knowledge since 1997 has highlighted that certain wind

farms/single wind turbines produce amplitude modulation and hence the original
assumption within ETSU-R-97 that wind turbine noise was relatively steady and
characterless no longer holds true.
Excessive wind turbine noise can be the result of mechanical fault, wear and tear
and older designs. Anecdotally it is common for refurbished turbines to be installed
in Northern Ireland. This may be an issue with regard to annoyance and complaints
in relation to wind turbine from noise. The law relating to industrial permits requires
‘Best available technology’ and the statutory nuisance legislation refers to best
‘available techniques’. The committee may wish to consider these principles in
relation to wind turbine noise.
The acoustic impact on neighbouring properties cannot be adequately gauged as a
desk exercise, in advance of the installation and operation of a wind turbine. A desk
top exercise can predict the likelihood of ETSU-R-97 limits being complied with, it
cannot predict amplitude modulation.
Set-back distances
From a noise perspective, separation distances are irrelevant, noise levels are the
relevant parameter. Whilst a set-back distance is easier to measure, it provides no
substitute for a robust noise impact assessment. For example a single wind turbine
500m from a resident will produce significantly less noise that a 20 turbine wind farm
scheme at a similar distance.
Local topography can provide barrier effects (e.g. turbine on one side of a hill and
the resident on the other) but these are limited to only 2dB, whilst valleys can
increase the noise impact (e.g. wind farm on one side of the valley and the resident
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on the other side). Set back distances are more appropriately applied to visual
impacts than noise impact.

1. Specialist acoustician remit
This report is in response to the Committee's request that a specialist acoustician be
engaged to review all evidence already provided to members in the course of the
inquiry and, taking into account the Terms of Reference, to use his or her specialist
knowledge to assist the Committee in its understanding of the issues before it.
In particular the following emerging Issues in relation to Wind Turbine Noise were
highlighted:
•

Many residents living close to turbines feel that the level and type of noise
emanating from turbines is having a detrimental impact on their day to day
lives and their longer-term health.

•

The ETSU-97 regulations which set out acceptable levels of day- and nighttime noise are deemed to be in need of revision.

Representatives of the

industry, however, believe that the existing regulations are still sufficiently
robust to deal with the latest technology.
•

Complaints regarding noise may be investigated by local Environmental
Health Officers, but such investigations place a considerable strain on existing
resources.

The following specific issues were raised as requiring clarification:
It would be beneficial for the Committee to receive specialist advice in order to
properly assess their significance and meaning:
The type of noise generated by wind turbines.
•

The units of measurement used for noise:

•

Comparative measurements of noise

•

The cumulative impact of wind developments.

•

The current guidelines (ETSU-R-97) have been deemed outdated by
many stakeholders and described as ‘vague, open to interpretation and
unenforceable’ immeasurable, and inadequate to deal with modern and

2403

Report on the Committee’s Inquiry into Wind Energy

emerging technology.

Developers have defended the guidelines as

being robust and appropriate
•

The measurement of appropriate set-back distances to minimise noise
disturbance has given rise to a great deal of concern.

As far as possible this report was written in straightforward clear non-technical style
however many of the issues are technical in nature and also at times the evidence is
regarding certain issues is not conclusive.
See full specification in appendix 1

2. Introduction
Noise management is a complex issue and at times requires complex solutions.
Unlike air quality, there are currently no European or national noise limits which have
to be met. Furthermore, sound only becomes noise (often defined as “unwanted
sound�) when it exists in the wrong place or at the wrong time such that it causes or
contributes to some harmful or otherwise unwanted effect, like annoyance or sleep
disturbance. Unlike many other pollutants, noise pollution depends not just on the
physical aspects of the sound itself, but also the human reaction to it.
This report provides explanations regarding sound, wind turbine noise and Northern
Ireland and UK policy and guidance in light of the evidence base. It also provides
some international comparisons. This report contains extracts from the sources listed
in the references section.

3. PART A - Acoustic terms and theory
4.1 Units of measurement used for noise
The human ear is a very sensitive system with an extensive dynamic range. To
accommodate this very large range, noise levels are measured using the decibel
(dB) scale. This is a logarithmic scale rather than a linear scale
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It is commonly accepted that for the average person a change of 1 dB is just
perceptible under controlled conditions. A change of 3 dB is noticeable, 6 dB obvious
and a change of 10 dB is significant and corresponds approximately to halving or
doubling the loudness of a sound.
Combining decibels
Since the decibel system is based on logarithms, when more than one noise source
is operating at once the combined decibel level (sound pressure level SPL also
written as Lp or just L)) is not simply the sum of the SPLs of the individual sources.
The addition of decibels requires the use of a formula. However a useful
approximate is that the doubling of sound energy, power or intensity corresponds to
an increase of 3dB so if two wind turbines each individually produce a SPL of 50dB
at a certain point then when both are operating together the combined SPL is
expected to be 53dB and four such wind turbines can be expected to produce a SPL
of 56dB. However it is important to also consider the type of noise (character), its
frequency, the time of day, the duration of the noise and nature of the area
(background noise levels) as explained below.
4.2 Frequency
Noise is usually made up of a wide range of different frequencies. Bass notes are
low frequency and high pitched sounds are high frequency. The spread of noise
energy across the human audible frequency “spectrum” (about 20Hz – 20kHz) is one
factor that helps to make it identifiable to the human ear. Often the sound energy will
be spread over a wide band of frequencies (“broad-band” noise).
Sounds like distant thunder with a predominantly low frequency content might be
described as ‘rumbling’ or ‘booming’, whereas sounds with high frequency content,
might be described as ‘screeching’, ‘squealing’, ‘hissing’ etc.
4.3 Tones
Another aspect of the frequency content of sound that has a pronounced effect on
character is the presence or otherwise of recognisable notes or tones. Notes or
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4.4 A Weighting LA
Explanation of the term dBA. The upper case ‘A’ (appears in most measurements of
environmental sound) indicates that the measurement has been ‘A’-weighted. The
‘A’-weighting is applied to mimic the frequency response of the human ear, so that
the contribution of sounds at frequencies (pitches) to which we have lower sensitivity
are reduced and those to which we are most sensitive are emphasised.
The human ear has a relatively poor response to low frequencies, whilst it is more
responsive in the range 1– 5kHz, with a peak response at 2 – 3kHz. Put simply, our
hearing of low pitch sounds is relatively poor, we hear relatively high pitched sounds
better. In descriptive terms, sound at 100Hz has to be around 20 dB louder than a
sound at 1kHz before it can be heard. Hearing deteriorates with age, the higher
frequencies being most affected. In assessing the subjective impact of noise on
individuals, both the sound pressure level and the frequency need to be taken into
account, so weighting networks are used.
To provide a figure that better reflects how the human ear perceives sound, a
frequency weighting is applied to most environmental noise measurements. The
most commonly used one is the ‘A’ weighting. The ‘C’ weighting is sometimes used
to assess high decibel sound (very high noise levels) with low–frequency content,
such as fan noise, and for peak noise.

All weightings have a flat response at

1000Hz, that is, no correction is applied, since the ear’s response can be regarded
as equal to that of the sound level meter at that frequency. However, in the 63Hz
centre–frequency band, for example, the ear’s response is down by around 26 dB,
so the ‘A’ filter takes off 26 dB in that centre–frequency band. Although each
frequency is considered independently in terms of its weighting, the levels can be
logarithmically added to give an overall ‘A’-weighted figure that best represents the
response of the ear. This concept is widely used in environmental measurement and
acoustic engineering.
4.5 LAeqT, (Equivalent continuous sound pressure level)
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LAeq,T is the average of the total sound energy measured over a specified time
period. It is the level of a steady continuous noise which has the same total energy
as the real fluctuating noise over the same time period.
LAeqT, is the equivalent continuous sound pressure level and is an average energy
level of all the sampled levels. To take account of the logarithmic nature of the
decibel scale of sound, however, it is the logarithmic average and not the more
familiar arithmetic average. The ambient sound level is usually measured as an LAeqT
and is made up of all the sound in an area from sources near and far.
LAeqT, is the sound level, that, if generated continuously, would give the same energy
content over a specified time period T as the fluctuating sound being measured. It is
the most widely used parameter for assessing environmental noise.
The LAeqT, can be heavily influenced by the short duration loud incidents, selecting
an appropriate duration for ‘T’ will depend on a number of factors including the
nature of the source being measured, the time of day and the purpose of the
measurement.
It can be helpful to think of it as an average level (although strictly speaking this is
not quite correct). The measurement period, T, must be stated, so for example we
have LAeq,16h(07.00-23.00)
Sounds with identical LAeqT, may differ considerably in their capacity to cause
annoyance or disturbance because of the character of the sounds. Two of the main
elements contributing to the character of a sound are its time structure and
frequency content. For example, a series of short impact sounds has a very different
time structure to a continuous sound, such as that from a fan, and in most cases
would be more disturbing for the same LAeq,T.
The LAeqT does not take account of the frequency character of the sound.
Clearly, only part of the noise climate is being quantified when using LAeq as this
parameter does not provide a description of the content or character of the sound.
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(LeqT is defined in BS7445-1:2003 (British Standard Institution, 2003)
4.6

LA90,T

The most commonly used percentile level is the LA90,T , is the level exceeded for 90
per cent of the time, T. It has been adopted as a good indicator of the “background”
noise level. It is specified in BS 4142:1997 as the parameter to assess background
noise levels. Whilst it is not the absolute lowest level measured in any of the short
samples, it gives a clear indication of the underlying noise level, or the level that is
almost always there in between intermittent noisy events. BS 4142:1997 advises that
the measurement period should be long enough to obtain a representative sample of
the background level.
The LAeqT and Ln,T s (for example, LA90,T, LA10,T ) do not take account of the
frequency character of the sound.
4.7 Distance attenuation
The sound level falls with increasing distance from the source. The principal reason
is the wave front spreading and for a point source the “inverse square law” applies —
doubling the distance from a point source produces a reduction in sound level of
6dB.
ISO 9613:1996 Acoustics – Attenuation of sound during propagation outdoors, offers
detailed advice on distance attenuation and provides algorithms for the effects of
atmospheric absorption, ground effect, reflections and screening, as well as the
geometric divergence or wave–front spreading.
Higher frequencies are absorbed in air much more significantly than lower
frequencies, as shown in the example below (ISO 9613:1996).
At a temperature of 200C and a relative humidity of 50% the predicted attenuation is:
•

0.5dB/km at 500Hz

•

1.5dB/km at 1KHz

•

6dB/km at 4kHz
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Note The inverse square law as described above is the principle measurement of
how sound decreases with distance. Atmospheric absorption must be considered
after the inverse square law is applied.
It is clearly that at a distance of 1km there is little air absorption of low frequency
sound and a substantial absorption of the high frequency components.
Meteorological (weather) conditions fluctuate and can influence sound propagation.
Wind and air temperature have a noticeable effect over large distances. These
conditions are difficult to predict. As temperature increases sound velocity also
increases. During inversion conditions, where the air at higher level is warmer than
that at ground level (as occurs at night or in cloudy conditions) sound waves tend to
bend towards low temperature areas. In an inversion, wavefronts return to earth
some distance from the source giving the effect of sound carrying over distance.
Over large distances this can give rise to variations in sound level up to 20dB (Peters
et al, 2011).
Wind speed is higher at high altitude than at ground level. This causes a distortion of
the wavefront where downwind of the source sound waves tend to bend downwards
towards the ground leading to higher noise levels in that direction
Topography is of importance when predicting how sound will travel over distances,
convex and concave ground contours must be taken into consideration.
Topographical conditions at sites also have importance for the degree to which the
noises from wind turbines are masked by the wind. Dwellings that are positioned
within deep valleys or are sheltered from the wind in other ways may be exposed to
low levels of background noise, even though the wind is strong at the position of the
wind turbine (Hayes MacKenzie 1996). The noise from the turbine may on these
conditions be perceived at lower sound pressure levels than expected. (Pedersen
2003)

PART B - Noise generation from wind turbines

5.1

Mechanical and aerodynamic noise
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The following relates mainly to modern large wind turbines and the main source is
DEFRA 2011.
Mechanical noise issues may arise if there is a mechanical fault, such as worn
bearings within the gear box/generator, worn teeth within the gear box, or
misalignment of the generator drive shaft. In the absence of mechanical fault, noise
emission from modern wind turbines tends to be dominated by aerodynamic noise.
Aerodynamic noise, which is typically the dominant component of noise from modern
wind turbines, originates from the flow of air around the blades and is generally
broadband in character. It is directly linked to the production of power and therefore
its generation is, to some extent, inevitable - even though it may be minimised by
altering the design of the blades. More recent designs of wind turbines have
improved performance regarding aerodynamic noise with improved design of the
blade – such as lower angles of attack and the use of modified trailing edges causing a greater proportion of the wind energy to be converted into rotational
energy and less into acoustic noise.
Aerodynamic noise generation is very sensitive to speed of translation at the tip of
the blade. To limit its generation, modern, large wind turbines restrict the rotor
speeds to ensure that the tip speed remains below 65 m/sec or thereabouts. Large,
variable speed wind turbines often rotate at slower speeds in low winds, increasing
in higher winds until the limiting rotor speed is reached. This results in much quieter
operation in low winds than a comparable constant speed wind turbine.
The principal mechanisms for the generation of aerodynamic noise are divided into
three groups:
i. Low Frequency Noise - This type of noise is generated when the rotating blade
encounters localized flow deficiencies due to the flow around a tower for downwind
turbines, wind speed changes, or wakes shed from other turbines.
ii. Inflow Turbulence Noise - Atmospheric turbulence results in local pressure
fluctuations which enter into the blade region and generate inflow turbulence noise
as the blades chop through them.
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iii. Airfoil Self Noise - As air flows over the surface of the blades, turbulence is
generated close to the surface at the boundary layer. This boundary layer turbulence
generates noise, particularly when it interacts with the trailing edge of the blade,
which is therefore known as trailing edge noise - this is often the principal noise
generating mechanism on wind turbines.
Other types of turbulence are the vortices shed from the tip which generate ‘tip noise‘
or from the trailing edge of the blade. Trailing edge vortices are stronger for blunt
trailing edges and the associated noise is therefore called blunt trailing edge noise.
These noise sources are typically broadband in nature, although tonal components
may occur due to blunt trailing edges, or flow over slits and holes.
Of the above mechanisms, inflow turbulence, trailing edge noise, tip noise and blunt
trailing edge noise, account for the majority of the noise from wind turbines, although
on modern design blunt trailing edge noise is not a significant effect.
Other types of turbulence may also generate noise, but can be avoided. A condition
known as stall may occur and indeed is used to regulate rotational speed and power
generation for some designs. This can generate noise up to 10 dB higher than
without stall; however, manufacturers are increasingly moving away from stallregulated machines, particularly for those of higher power - one of the main reasons
for this trend being the higher noise levels they generate.
Another possible cause of noise is flow over imperfections in the blade surface. For
example, damage due to holes in blades has been known to cause strongly
noticeable tones. There have even been cases of materials (nuts and bolts) being
left in the blade to rattle around and of ―whistling from openings in the blades being
left exposed (screw fixing holes). For large wind turbines with good manufacturing
quality control, such imperfections would be considered a fault condition.
The frequency of the noise generated depends on the size of the turbulent eddies;
broadly speaking large eddies produce low frequency noise and small eddies
generate higher frequencies. Aerodynamic noise is generally both broadband i.e. it
does not contain a distinguishable note or tone, and is of random character, such as
exhibited in white noise. The dominant character of the combined aerodynamic noise
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as described above is therefore ‘swish‘, which is familiar to most people who have
stood near to a large wind turbine.
The enquiry may wish to consider age and type of turbines being proposed for
installation in Northern Ireland. Many of the noise issues mentioned above are more
associated with older turbines. Anecdotally, “new” wind turbines installed in Northern
Ireland are in fact often reconditioned turbines. Therefore NI may not be benefitting
from more modern lower noise emitting design. Furthermore the blades may have
signs of wear (such as blade surface irregularities, holes or slits) also increasing
noise levels beyond those expected of new turbines.
5.2

Amplitude Modulation of Aerodynamic Noise (AM)

The sound level from turbine blades is often not completely steady, but is modulated
(fluctuates) in a cycle of increased and then reduced level, sometimes called ―blade
swish , typically occurring at a rate of around once or twice per second. It was
thought that in the majority of installations the modulation depth may be up to 2-3
dBA, which was regarded as being acceptable by the ETSU-R-97 working group. In
some situations, however, the modulation depth increases to the point where it can
become more pronounced and potentially give rise to increased annoyance. This
phenomenon is known as amplitude modulation of aerodynamic noise or more
succinctly by the acronym AM.

However work more recent than ETSU-R-97

suggests that AM of 3 dB to 5 dB from multiple turbines has been detected, and
postulates that AM of potentially 6 to 10 dB is possible from multiple turbines in very
stable atmospheric conditions - Van Den Berg, 2005 and Pedersen and PerssonWaye, 2004
It has been suggested that the effect of the passage of the blade past the tower is
relatively small in comparison to that attributable to the downward sweep of the
blade as it approaches the observer, according to the data on which the study was
based (Oerlemans and Lopez, 2005) indicating that the latter can give rise to a
modulation of some 12 dB in certain one-third octave bands.
Salford University 2007 study focused specifically on the issue of AM of wind farm
noise and concluded that this was an infrequently occurring phenomenon tending to
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arise under very specific meteorological conditions. This research found that out of
133 operational wind farms investigated, 27 were associated with complaints; but
AM was considered to be a factor in noise complaints at only four sites and a
possible factor in a further eight locations.
Amplitude modulation and frequency
However, Van Den Berg (2009) in commenting on the findings of other authors
concluded that:
· Amplitude variations can occur downwind from single wind turbines and wind farms,
and can be observed at distances up to approximately one km and perhaps more.
· Spectral analysis of the variations in the sound level at dwellings due to a single or
to multiple wind turbines show that the variations occur in frequency bands from 100
to 2000 Hz, but are strongest at 500 to 1000 Hz. (Van Den Berg F 2006)
· The dominant source at these frequencies is turbulence at the trailing edge of the
blades. Di Napoli 2009 found similar variations at a position 530 m downwind from a
single wind turbine.

Hayes MacKenzie (2006) investigated the low-frequency character of wind turbine
sound as a possible cause of increased annoyance at three wind farms, but
concluded that the regular variations of the sound level were a more likely cause. He
showed that the variations in broad-band A-weighted sound level (approximately 2
dB) were less pronounced than the variations in the 250, 315 and 400 Hz 1/3 octave
band level (approximately 8 dB), with a modulation frequency equal to the blade
passing frequency. Variations in other 1/3 octave bands were less strong. This
means that when the sound is measured overall, the frequencies adjusting it for
human ear there is not a great deal of fluctuation however there are large
fluctuations at certain lower frequencies.
The Salford University AM study (Moorhouse et al 2007) reports with regard to 4
sites where AM was identified as a factor in complaints that they found modulation in
noise levels as follows:
―Measurements of the internal noise levels during these periods of wind farm
operation indicate that A-weighted noise levels are subject to amplitude modulation
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levels of between 3 – 5 dB(A). Analysis of these periods using third octave band
analysis indicates that between 200 – 800 Hz, noise levels in specific frequency
bands may change between 8 – 10 dB. External measurements indicate that, for
external A-weighted changes in level of 3 – 4 dB(A), third octave band levels may
change by between 7 – 9 dB. Measurements indicated that third octave band levels
when complaints were received before the implementation of wind turbine control
features, indicated level changes of 12–15dB. (All the above figures are ranges from
peak to trough).
Useful information on which frequency bands it might be helpful to concentrate
investigation of possible AM is provided by the DTI report into low frequency noise
and wind turbines (Hayes Mackenzie, 2006), which indicates that ―the dominant
audible noise associated with wind turbine operation is acoustic energy within the
250-800 Hz frequency region which originates from the aerodynamic modulation of
the wind turbine noise. Whilst the Salford AM study advises that ―The finding that
this modulation is concentrated between the frequency bands of 200 – 800 Hz is
significant in that this is generally generated by the trailing edge of a wind turbine
blade.
ETSU-R-97 recognises a potential for AM of up to 3 dBA (i.e. the noise level goes up
and down by 3 dBA in each blade rotation) and ETSU-R-97 states that it takes such
a degree of blade swish

into account in the noise limits it recommends

(recommendation 27 in the ETSU-R-97 summary). However the document does not
include a specific penalty for AM, beyond a 2 dBA adjustment in setting the fixed
noise limit for low wind speeds.
The Hayes MacKenzie 2006 report concludes that ―some wind farms clearly result
in modulation at night which is greater than that assumed within the ETSU-R-97
guidelines. i.e. excess AM. The report then goes on to suggest that in conditions of
high aerodynamic modulation it may therefore be appropriate for a correction for the
character of the noise to be applied.
Amplitude Modulation & Meteorology
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A case study carried out in the Netherlands (Van den Berg, 2004) showed that
aerodynamic modulation can be stronger under certain meteorological conditions
and that periodic swishes are louder in a stable atmosphere associated with night
time than in daytime, and residents can use words like ―clapping, beating or
thumping to describe the character or the sound. In the case of the Rhede wind park,
the beating could be heard clearly at distances up to 1 km, and at night the beat of
the noise could be used to determine the rotational speed of the turbine. When the
atmosphere becomes more stable, which is usual during the night when there is a
partial clear sky and a light to moderate wind (at ground level), there is an important
change in the wind profile affecting the performance of modern, tall wind turbines.
The airflow around the blade then changes to less than optimal, resulting in added
induced turbulence. It was suggested that this effect is strongest when the blades
pass the tower, causing short lasting higher sound levels at the rate of the blade
passing frequency. The synchronisation of these pulses from multiple turbines can
give rises to additive effects at a distance and the repetitive pulses may be expected
to cause added annoyance.
5.3

Low frequency wind turbine noise

Moller 2011 investigated whether, as wind turbines get larger, the turbine noise
would move down in frequency and that the low-frequency noise would cause
annoyance for the neighbors. The noise emission from 48 wind turbines with nominal
electric power up to 3.6 MW was analyzed and discussed. The relative amount of
low-frequency noise was found to be larger for large turbines (2.3–3.6 MW) than for
small turbines (≤ 2 MW), and the difference was statistically significant. The
difference can also be expressed as a downward shift of the spectrum of
approximately one-third of an octave. A further shift of similar size was suggested for
future turbines in the 10-MW range.
Modern up-wind wind turbines tend to produce broad band (rather than infrasound or
low frequency dominated noise) however at long distances higher frequencies are
reduced compared to low frequencies due to differential attenuation from air and
ground absorption etc. In addition higher frequencies can be less readily masked by
ambient noise. It is therefore conceivable that lower frequencies may become the
distinguishing feature of turbine noise under some circumstances. Such a
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phenomenon has been found with sound from some outdoor pop concerts, as noted
in guideline 3.4 of the noise council code of practice on environmental noise from
outdoor pop concerts and its underpinning research. Here differential attenuation of
different frequencies sound caused a frequency imbalance at 2 Km distance from the
venue which led to complaints of low frequency noise; whereas there was less of a
problem with low frequency dominance closer to the venue, although overall noise
levels were higher, as the frequency balance was less skewed towards low
frequency sound.
Due to the air absorption, the low-frequency content becomes even more
pronounced, when sound pressure levels in relevant neighbour distances are
considered. Even when A-weighted levels are considered, a substantial part of the
noise is at low frequencies, and for several of the investigated large turbines, the
one-third-octave band with the highest level is at or below 250 Hz. Moller (2011)
concluded that it is beyond any doubt that the low-frequency part of the spectrum
plays an important role in the noise at the neighbors.
5.4

Suitability of A weighting for wind turbine noise

A number of studies (Persson et al 1990) have established that conventional
methods of assessing noise impact, typically based on A-weighted equivalent level,
can be inadequate for characterising noise with a strong low frequency component
and lead to incorrect conclusions by regulatory authorities.
There have been a large number of laboratory measurements of annoyance by low
frequency noise, each with different spectra and levels, making comparisons difficult,
but the main conclusions are that annoyance of low frequencies increases rapidly
with

level.

Additionally

these

studies

confirm

that

the

A-weighted

level

underestimates the effects of low frequency noises. However, validation of those
criteria that have been developed has been for a limited range of noises and
subjects.
Professor Geoff Leventhall produced a comprehensive review of Infrasound and low
frequency noise for DEFRA in 2003 (Contract ref: EPG 1/2/50) 24, extracts of which
he used in a paper published in 200425, and which are reproduced below
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“There have been a large number of laboratory determinations of annoyance of low
frequency sounds. Whilst they are adequate studies, and have shown some general
factors in low frequency noise annoyance, they are limited in that their results apply
only to the particular noises investigated, often with a small number of subjects. It is
unlikely that continued studies of this kind will result in step changes in our
understanding of low frequency noise annoyance.”
The criteria have been compared under laboratory conditions for some specific
noises (Poulsen, 2002; Poulsen and Mortensen, 2002). The noises were judged by
18 ontologically normal young listeners and by four older people (41-57 years) who
had made complaints of annoyance by low frequency noise. Judgements were made
under assumed listening circumstances of day, evening and night. The complaint
group rated the noises to be more annoying than the other group did. Overall, the
Danish method gave highest correlation between objective and subjective
assessments, but only when a 5dB penalty for impulsive sounds was included.
2005 DEFRA released the report and findings from a study into low frequency noise
by Salford University Contract NANR 4526 which developed:
• Proposed criteria for the assessment of low frequency noise disturbance;
• Procedure for the assessment of low frequency noise complaints, and;
• Field trials of proposed procedure for the assessment of low frequency noise
complaints.
The enquiry may wish to consider or refer to this procedure ( Salford University
Contract NANR 45 procedure) for the assessment of low frequency noise into
assessments of wind turbine noise.

PART C – Noise and health
6.1

Annoyance – Environmental Noise

Annoyance is probably the most widespread adverse effect of noise. In general
terms the likelihood of, and strength of, annoyance can be related to indicators of
sound exposure. This observation has led to the development of dose-response
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curves that express the relationship graphically: mathematical descriptions of the
relationships are also available. It is important to note that around the average
response of a group of people there is a wide scatter of responses due to variations
in individual sensitivity to noise and/or susceptibility to annoyance. These variations
are not well understood in physiological or psychological terms.
That sleep can be affected by noise is common knowledge. Defining an exposureresponse curve that describes the relationship between exposure to noise and sleep
disturbance has, however, proved surprisingly difficult. Laboratory studies and field
studies have generated different results. In part this is due to habituation to noise
which, in the field, is common in many people.
Exposure to noise has been shown to be associated with increased levels of stress
hormones in the blood. These include the adrenal cortico-steroids and also
adrenaline and noradrenaline which reflect activity of the sympathetic system.
Whether such increases in concentrations are harmful is uncertain but some authors
have linked such changes with the possibility of long-term effects on blood pressure
and on cardiovascular disease.
It has been suggested that exposure to environmental noise is associated with an
increased likelihood of development of mental illness. This assertion has attracted
some attention but the evidence is by no means clear cut. In our view it has not been
established that exposure to environmental noise is linked to the likelihood of
developing mental illness, although further research is recommended.
Exposure to environmental noise has been shown to be linked with impairment of
cognitive performance amongst children exposed to raised sound levels. A number
of well-conducted studies have confirmed this. Less clear are the long-term
implications of this finding.
6.2

Low frequency noise and health

Low frequency sound (10 Hz to 200 Hz), from sources such as transport or building
ventilators, has been linked to changes in the respiratory rate and heart and
gastrointestinal functions (Maschke, 2004).
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The evidence on health effects of low frequency noise is ambiguous; there are
suggestions that some people are more susceptible to this type of noise and there
may be learned aversive responses to low frequency noise (Leventhall, 2004) and
possibly sleep disturbance (Persson-Waye, 2004).
Low frequency noise covers the range from about 10 Hz to 200 Hz, although the limit
frequencies are not rigidly fixed (Leventhall et al, 2003). Low frequency noise has
been recognised by the World Health Organization as meriting special attention,
requiring lower environmental limits than those of other noises, as it presents
particular problems to those people who are sensitive to its effects (WHO, 1999). For
example:
'If the noise includes a large proportion of low frequency components, values even
lower than the guideline values will be needed, because low frequency components
in noise may increase the adverse effects considerably. When prominent low
frequency components are present, measures based on A-weighting are
inappropriate.' (WHO, 1999)
Often low frequency noise complained of is a very low decibel level and, perhaps,
cannot be measured separately from general environmental low frequency noise,
which is always present. It then becomes difficult to distinguish between an external
low frequency noise and low frequency tinnitus, so that tinnitus is often used as an
explanation of last resort, after noise measurements have failed to detect a source
(HPA 2010).
The effects of low frequency noise on health follow from the stress and frustration
which sufferers experience in attempting to find a solution to their problem, which is
often worse at night and affects sleep. Claims that their lives 'have been ruined' by
their persistent low frequency noise, which cannot be traced to a source, are valid.
Increasing exposure to the low frequency sound may lead to development of a
general decrease in tolerance to all sounds.
Many sufferers are, understandably, resentful of the noise and of whoever might be
responsible for the source. They become tremendously stressed and aggrieved by
their situation (Leventhall et al, 2008).
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Infrasound
Infra Sound is generally regarded as sound with a frequency of <20 Hz. Normally
sound of frequency less than 20 Hz is considered not audible to most people, as the
average human hearing threshold is typically substantially above ordinary
environmental noise levels at these frequencies. However, should sound levels at
frequencies below 20 Hz be abnormally high, then especially sensitive persons can
perceive the sound, and as levels at these frequencies increase then persons with
normal hearing may be able to detect the sound. However, ―there is no reliable
evidence that infrasounds below the hearing threshold produce physiological or
psychological effects.

However in certain circumstances, low frequency noise,

typically defined as sound in the frequency range from about 20 Hz to 200Hz, has
been recognised as a special environmental noise problem (WHO 1995)
There are four main subjective factors in response to high levels of infrasound and
low frequency noise: auditory perception, pressure on the eardrum, perception
through vibration of the chest and more general feeling of vibration. Analysis of these
responses shows that auditory perception was the controlling factor. That is,
although high levels of low frequency noise may produce other sensations, the ear is
the most sensitive receptor.
At high levels infrasound and low frequency noise can have similar effects as higher
frequency sound e.g. sleep and activity disturbance, annoyance and other health
effects. Among the more consistent findings in humans of the effects of infrasound
and low frequency noise are changes in blood pressure, cardiac and respiratory rate,
endocrine (hormone) response and balance.
Low–frequency noise and A weighting
The ‘A’-weighting frequency network applies the highest attenuation to low
frequencies (for example, 39 dB in 31.5Hz centre–frequency band) ie the A
weighting makes the lower frequency sounds worth less than the higher frequency
sounds, the actual dB measurement at low frequencies is higher when the A
weighting is not applied. When measuring noise with a high content of low–
frequency energy, ‘A’-weighting can give non-representative results. In other words,
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it may not give sufficient emphasis to the “annoyance” value of the low frequencies.
Consequently there is a growing trend to use “linear” noise levels (that is, with no
frequency weighting at all) when quantifying a low–frequency noise source. This is a
valid technique, but generally requires specialist advice.
The 1995 Guidelines for Community Noise edited by Berglund & Lindval and advise
that ―The general use of the A-weighting filter attenuates the low frequencies so
that the A-weighted sound pressure level does not reflect the true impact of the noise
load.; Whilst the WHO guidelines for Community Noise from 2000 advise that "
When prominent low frequency components are present, noise measures based on
A-weighting are inappropriate"
6.3

Annoyance and wind turbine noise

Several studies suggest that it may be the case where wind turbines are regarded as
an unwelcome, dangerous or avoidable intrusion that the response of some people
to the noise may be more than in circumstances where such factors do not apply.
Pedersen (2007) suggests that negatively appraising the impact of the wind turbines
on the landscape scenery was highly associated with noise annoyance. The risk of
noise annoyance increased when the wind turbines were visible i.e. residents who
could see at least one turbine from their home were more negative of the impact of
wind turbines on the landscape.
Adverse feelings aroused by the wind turbine noise were influenced by feelings of
lacking control, being subjected to injustice, lacking influence, and not being
believed. Appraising an exposure to noise as an unfair social situation has, in
experimental studies, been shown to increase the risk of noise annoyance (Maris et
al 2007). Surprisingly, noise sensitivity was only correlated to response to wind
turbine noise to a low degree.
Type of Area
An increased risk of perception of wind turbine noise was found (Pedersen, 2007) in
those areas that were rated as quiet compared with non-quiet areas. Also, the risk of
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annoyance was increased in quiet areas, indicating that the contrast between the
wind turbine noise and the background noise could make the turbine noise more
easily detectable and subsequently more annoying; although confounding factors
such as expectation of peace and quiet, effects of visual impact and attitude to wind
turbines could have an influence on annoyance response, and be more marked in
quiet compared with non-quiet areas.
Pedersen 2007 found dose-response relationships for perception of noise and for
noise annoyance in relation to A-weighted sound levels derived in accordance with
the Swedish Environmental Protection Agency (2001) Guidelines.

This report

suggests that the reported dose responses are formulated for the LAeq,T noise
index. Whilst in the UK ETSU-R-97 advises use of the statistical method (LA90) for
the measurement of noise from wind farms, most other countries use the Equivalent
Continuous method (LAeq). Additionally most other EU countries have fixed limits,
the lowest being Sweden and Ireland (40 dB(A) LAeq,t and the highest being Spain
(65 dB(A) LAeq,t – although care should be taken when comparing advice from
different countries as noise index, time period and definition of night and day periods
can vary substantially.
However, several notes of caution are given in regard to the above study as several
assumptions, uncertainties and other limitations have been identified.
The Pedersen 2007 study indicates that mere audibility of wind turbine noise is not
sufficient to provoke annoyance in most of the respondents; as there is a significant
difference in the percentage perceiving the wind farm noise and those who are
annoyed, with a smaller differential at lower noise levels compared to higher values.
This study shows clear differences in the degree of response, which suggests that
the response rate is influenced by location specific factors.
However the general trends show that:
· annoyance increases with noise level,
· sleep disturbance was associated with annoyance (although only phase 1 showed
an association between noise level and sleep disturbance),
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· Descriptors of the turbine noise characteristics including swishing, whistling,
pulsating/throbbing and resounding were highly correlated with noise annoyance
More recent (Janssen et al 2009), work from two surveys in Sweden (n=341, n=754)
and one survey in the Netherlands (N=725) published wind farm noise dose
response compared to industrial noise, concluding that:
· At outdoor exposure levels higher than 40 dBA, the expected percentage of
annoyed persons indoors due to wind turbine noise is higher than due to industrial
noise from stationary sources at the same exposure level.
· Besides noise exposure, various individual and situational characteristics were
found to influence the level of annoyance.
· Having economic benefit from the use of wind turbines, or being able to see one or
more wind turbines from within the home are two particularly influential situational
factors [with positive and negative effects respectively]
· The economic benefit factor is reminiscent of earlier findings that being employed at
the noise source (e.g. airport or industry) attenuates the annoyance reported.
· Also, visibility from the home (e.g. living room, bedroom) has been reported earlier
to affect annoyance from stationary sources.
· In addition, noise sensitivity and age had similar effects on [increasing] annoyance
to those found in research on annoyance by other noise sources.
The conclusion from these studies is that wind turbine noise appears to have a
higher annoyance rate than industrial noise.
Annoyance and characteristics of wind turbine noise
In 2006 DTI (now BERR) published a study which investigated claims that infrasound
or low frequency noise emitted by wind turbine generators was causing health
effects (Hayes MacKenzie 2006). This report concluded that there was no evidence
of health effects arising from infrasound or low frequency noise generated by wind
turbines. The report went on to note that Aerodynamic Modulation (AM) was in some
isolated circumstances occurring in ways not anticipated by ETSU-R-972, which is
the DTI's definitive report on wind turbine noise. DTI took the view that more work
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was required to determine whether or not AM is an issue requiring attention for
noise assessment and rating advice.
The Pedersen 2009 field study referred to earlier found that the sound characteristics
of wind turbine noise, generated by the rotation of the blades, were found to be
especially annoying. Noise from rotor blades was noticed more than noise from
machinery. Descriptors of sound characteristics relating to sound from the rotor
blades were highly correlated with noise annoyance. Sound characteristics
describing the aerodynamic modulation were appraised as the most annoying
(swishing, whistling and pulsating/throbbing).
6.4

Health effects of wind turbine noise

Eja Pedersen carried out a review of health effects from wind turbine noise in 2003.
She found that there is no scientific evidence that noise at levels emitted by wind
turbines could cause health problems other than annoyance. However, she suggests
that sleep disturbance should be further investigated. As noise from wind turbines
can have special characteristics (amplitude / aerodynamic modulation and swishing
sounds). As with any noise that has temporal and spectral characteristics different
from the prevailing soundscape it may be detected when near to or even below
background noise levels and this may increase the probability of annoyance and
sleep disturbance.

Pedersen commented that the combination of different

environmental impacts e.g. intrusive sounds, visual disturbance and the inability to
avoid the source in the living environment, could lead to a low-level stress-reaction,
which should be further studied.
These findings were confirmed in the 2007 study conducted by Pedersen. In phase I
of the study, the A-weighted sound pressure level was correlated with sleep
disturbance; however this result was not replicated in the phase III survey. In the first
survey 16% of the respondents exposed to noise levels above 35 dBA stated in an
open question that they were disturbed in their sleep by wind turbine noise. Only a
few respondents reported impaired health and social well-being and no association
between wind turbine noise and health was found.
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The absence of strong evidence on the existence of health effects from wind turbine
noise should not be taken as proof that such effects do not occur. However, it would
appear that the self-reported health effects associated with wind turbine noise are
significantly weaker compared with other types of noise, for example the findings
reported for domestic noise (Van den Berg 2004).
Pedersen has updated her work with a 2009 published paper and reports that:
· Based on data from two Swedish studies and one Dutch study in which selfreported health and well-being were related to calculated wind farm A-weighted
sound pressure levels outside the dwelling of each respondent. The main adverse
effect was annoyance due to the sound, and the prevalence of noise annoyance
increased with increasing sound pressure levels.
· Disturbance of sleep was related to wind turbine noise; the proportion of residents
reporting sleep disturbance in one of the Swedish studies due to noise increased
significantly at sound levels close to those recommended as the highest acceptable
levels in Sweden (Maximum recommended external level for houses, educational
establishments, nursing homes/hospitals = 40 dBA Leq,t - Swedish EPA report 78.5
– As amended) while the Dutch study showed this at a higher level (45dBA).
· No other clear associations between sound levels and self reported health
symptoms have been found.
· However, a statistically significant association between annoyance and symptoms
of stress was found.
Nissenbaum (2012) compared sleep and general health outcomes between
participants living close to industrial wind turbines (IWTs) and those living further
away from them, participants living between 375 and 1400 m (n = 38) and 3.3 and
6.6 km (n = 41) from IWTs The results showed that participants living within 1.4 km
of an IWT had worse sleep, were sleepier during the day, and had worse SF36
Mental Component Scores compared to those living further than 1.4 km away.
Significant dose-response relationships between sleep and Mental Component
Score, and log-distance to the nearest IWT were identified after controlling for
gender, age, and household clustering. The adverse event reports of sleep
disturbance and ill health by those living close to IWTs are supported
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None of the above effects are unique to wind turbine noise, although it is unclear
whether the dose-response for wind turbine noise is the same as for other noise
sources; as several of the studies referenced above suggest that wind turbine noise
is more disturbing than transportation and industrial noise sources.
6.5

Wind Turbine Syndrome (WTS) & Vibro-acoustic Disease (VAD) DEFRA

Some campaign groups and activists have raised the issue of a wind turbine
syndrome and vibro-acoustic disease in regard to wind farm schemes in the UK.
These alleged health effects are largely rebutted in a review by the American Wind
Energy Association and the Canadian Wind Energy Association which highlights the
poor science and weak methodologies used by the researchers making claims in
regard to these effects., although it must be borne in mind that the AWAEA review
was not a systematic literature or robust epidemiological study; and that it
recognised that noise can have both direct and indirect effects on health.
Additionally; the National Health Service has commented on the study alleging wind
turbine as follows:
―No firm conclusions can be drawn from this study as the design was weak and
included only 38 people. Participants were asked about their symptoms before they
were exposed to wind turbines to provide a control for their symptoms after
exposure. This was not a sufficient control as many of the participants were
reportedly already convinced that wind turbines caused their symptoms and were
actively trying to move out of their homes or had already moved.
The DEFRA 2011 report considers that the evidence currently put forward for WTS
and VAD in regard to wind turbines is not sufficiently robust to support its use in
regard to Statutory Nuisance. Instead this study advises that some of the direct and
indirect health effects of noise from many sources are already well established and
that knowledge in these areas continues to grow. The current evidence base of the
health effects of noise in general is significantly better established and more widely
accepted and reported than for wind turbine and VAD specifically in regard to wind
turbines; and attempting to bring a case based on such unproven hypotheses as
wind turbine and VAD is considered unlikely to succeed.
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PART D – Relevant standards, policy and guidance

7.1

IEC 61400-11:2012(E)

IEC 61400-11:2012(E) Wind turbines: Acoustic noise measurement techniques
presents measurement procedures that enable noise emissions of a wind turbine to
be characterised. This involves using measurement methods appropriate to noise
emission assessment at locations close to the machine, in order to avoid errors due
to sound propagation, but far away enough to allow for the finite source size. The
procedures described are different in some respects from those that would be
adopted for noise assessment in community noise studies. They are intended to
facilitate characterisation of wind turbine noise with respect to a range of wind
speeds and directions. Standardisation of measurement procedures will also
facilitate comparisons between different wind turbines. This standard is based on
LAeq.
7.2

BS 7445-1:2003 Description and measurement of environmental noise. Guide

to quantities and procedures measurement of environmental noise
This guidance defines the basic quantities to be used for the description of noise in
community environments and describes basic procedures for the determination of
these quantities. The methods and procedures described in this British Standard are
intended to be applicable to sounds from all sources, individually and in combination,
which contribute to the total noise at a site. At the present stage of technology this
requirement is best met by adopting the equivalent continuous A-weighted sound
pressure level as a basic quantity. Based on the principles described in this British
Standard, acceptable limits of noise can be specified and compliance with these
limits can be controlled. This British Standard does not specify limits for
environmental noise
7.3

ISO 9613-1:1993 Acoustics -- Attenuation of sound during propagation

outdoors -- Part 1: Calculation of the absorption of sound by the atmosphere
This standard specifies an analytical method of calculating the attenuation of sound
as a result of atmospheric absorption for a variety of meteorological conditions. For
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pure-tone sounds, attenuation due to atmospheric absorption is specified in terms of
an attenuation coefficient as a function of the frequency of the sound (50 Hz to 10
kHz), the temperature (- 20 °C to + 50 °C), the relative humidity (10 % to 100 %) and
pressure (101,325 kPa) of the air. Formulae are also given for wider ranges (e.g.
ultrasonic frequencies, lower pressure) and for other than pure tones.
7.4

ISO 9613-2:1996 Acoustics -- Attenuation of sound during propagation

outdoors -- Part 2: General method of calculation
Describes a method for calculating the attenuation of sound during propagation
outdoors in order to predict the levels of environmental noise at a distance from a
variety of sources. The method predicts the equivalent continuous A-weighted sound
pressure level (as described in ISO 1996) under meteorological conditions.
7.5

Noise Policy Statement for England, 2010 (NPSE).

In the absence of a NI Noise policy, it is useful to refer to Noise Policy Statement for
England, 2010 (NPSE). The vision of this policy is to promote good health and a
good quality of life through the effective management of noise within the context of
Government policy on sustainable development.
The first aim of the Noise Policy Statement for England is to “Avoid significant
adverse impacts on health and quality of life from environmental, neighbour and
neighbourhood noise within the context of Government policy on sustainable
development.”
The second aim of the Noise Policy Statement for England
Mitigate and minimise adverse impacts on health and quality of life from
environmental, neighbour and neighbourhood noise within the context of
Government policy on sustainable development.
This aim of the NPSE refers to the situation where the impact lies somewhere
between Lowest Observed Adverse Effect Level (LOAEL) and Significant Observed
Adverse Effect Level (SOAEL).*
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*A single objective noise-based measure that defines SOAEL that is applicable to all
sources of noise in all situations is not possible. Consequently, the SOAEL is likely to
be different for different noise sources, for different receptors and at different times.
It requires that all reasonable steps should be taken to mitigate and minimise
adverse effects on health and quality of life while also taking into account the guiding
principles of sustainable development. This does not mean that such adverse effects
cannot occur.
The phrase, “Within the context of Government policy on sustainable development”
is explained as follows: “Sustainable development is a core principle underpinning all
government policy. For the UK Government the goal of sustainable development is
being pursued in an integrated way through a sustainable, innovative and productive
economy that delivers high levels of employment and a just society that promotes
social inclusion, sustainable communities and personal wellbeing. The goal is
pursued in ways that protect and enhance the physical and natural environment, and
that use resources and energy as efficiently as possible.

There is a need to

integrate consideration of the economic and social benefit of the activity or policy
under examination with proper consideration of the adverse environmental effects,
including the impact of noise on health and quality of life. This should avoid noise
being treated in isolation in any particular situation, i.e. not focussing solely on the
noise impact without taking into account other related factors.”
7.6

WHO guidelines

The WHO (1999) Guidelines are the outcome of a meeting of an expert task force in
London in 1999 based on a report ‘Community Noise’ produced in 1995 by authors
at Stockholm University and the Karolinska Institute. The WHO (1999) document
offers guidelines that relate to health effects from overall long term exposure to noise
including noise from road traffic, aircraft and neighbourhood sources. It does not
consider site-specific industrial noise and, in particular, noise with identifiable
characteristics. The document recommends noise limits for both the inside and
outside of dwellings during day and night time periods. During the daytime (defined
as 07:00 to 23:00) noise levels should be at or lower than 35 dB LAeq,16h inside
dwellings and 50 dB LAeq,16h outside. If the source is not continuous, sleep
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disturbance correlates best with LAmax. During night time (the 8 hours between
23.00 – 7.00), it was recommended that the levels should be below 35 dB LAeq,8h
inside and 50 dB LAeq,8h outside, with recommended values of LAmax of 45dB
inside and 60dB outside.
However in 1999 the WHO (2009) revised the 1999 conclusions about night time
sleep disturbance by noise on the basis of more evidence concerning the health
effects of noise-induced sleep deprivation. If the intruding noise is continuous then
the recommended guideline limit for bedroom LAeq,8h (Lnight) with the window open
is 30 dB. It is particularly important if the background level is low. Moreover the
guideline limits for internal LAmax proposed in 1999 were reduced from 45 dB to 42
dB.
7.7

The Northern Ireland Environment Agency Integrated Pollution Prevention

and Control (IPPC) Horizontal Guidance for Noise
This guidance was produced in 2004 by the Environment Agency for England and
Wales in collaboration with the Scottish Environment Protection Agency (SEPA) and
the Northern Ireland Environment and Heritage Service (EHS).
Integrated Pollution Prevention and Control (IPPC) is a regulatory system that
employs an integrated approach to control the environmental impacts of certain
industrial activities. It involves determining the appropriate controls for industry to
protect the environment through a single Permitting process.

To gain a Permit,

Operators will have to show that they have systematically developed proposals to
apply the Best Available Techniques (BATs) and meet certain other requirements,
taking account of relevant local factors.
IPPC requires installations to be operated in such a way that all appropriate
preventative measures are taken against pollution, in particular through the
application of Best Available Techniques (BAT). BAT includes both the technology
used and the way in which the installation is designed, built and operated. In
deciding what level of control constitutes BAT for a given installation, a number of
factors need to be considered and balanced. These include:
• costs and benefits
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• the technical characteristics of the installation concerned
• geographical location
• local environmental conditions
The EA guidance states that application of BS4142 should be applied.
7.8

Statutory nuisance

Under the Clean Neighbourhoods and Environment Act (NI) 2011, Environmental
Health departments have a duty to investigate complaints of statutory nuisance
including noise emitted from any premises so as to be prejudicial to health or a
nuisance. A premises includes land. In the case of machinery, equipment, trade or
business, it is a defence to prove ‘Best Practicable Means’. The law recognises that
a defendant should not be held liable for the existence of a nuisance due to the fact
that he has taken “the best practicable means” to either prevent the nuisance or
counteract its effects.
“Best Practicable Means” Defence
The defence that best practicable means (bpm) were used to prevent or counteract
the effects of a nuisance is available for prosecutions involving a breach of an
abatement notice for certain types of nuisance including industrial premises
The term can be summarised as:(a)

reasonably

practicable

having regard

to

local

conditions

and

circumstances, the current state of technical knowledge and to the financial
implications;
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(b) the means to be employed include the design, installation, maintenance
and operation of plant and machinery, and the design, construction and
maintenance of buildings and structures;
(c) the test is to apply only so far as compatible with any duty imposed by
law and safe working conditions, and with the exigencies of any emergency
or unforeseeable circumstances.
The means to be used are the best available not only those currently accepted in the
business concerned. The costs of compliance are an important but not over-ruling
principle. The lack of finance available to the person served with the notice is not to
only factor in cost assessment nor is the increased cost and impact on profitability.
The location of a nuisance is also of importance as it has been held that the test
should be applied to the existing location of an activity and cannot require the
relocation to another site as this was too onerous.
The key issue when determining BPM usually relates to the interpretation of
“practicable”. It should be noted that definition of “practicable” is not exhaustive as
the legislation details issues that “among other things” should be taken into account.
The definition includes cost consideration but clearly cost is not necessarily the
decisive factor.”
This guidance regarding refers to PPG24 and the principles described in BS4142
7.9

British Standard 4142: 1997 - Method for rating industrial noise affecting

mixed residential and industrial areas
BS4142 (1997) provides a method for assessing whether noise from factories or
industrial premises or fixed installations or sources of an industrial nature in
commercial premises, whether measured or predicted outside a building, is likely to
give rise to complaints from people living within that building. It is not based on
substantive research but rather on accumulated experience. The outcome of
applying the standard depends on the margin by which the industrial noise level of
interest exceeds the background noise level after making an appropriate allowance
for acoustic features of the noise (i.e. a 5 dB penalty for noise that has specific
characteristics such as an irregular noise). The assessment procedure compares the
source noise level (LAeq) averaged over an hour during the day and 5 minutes at
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night to the background level (LA90,T) measured in the area in the absence of the
source of interest. Methods for measuring the source noise level and the background
level are detailed in the standard. According to BS4142 paragraph in the case of a
new source, the background noise should be measured “on days of the week and at
times of the day when the new source is likely to be operating.” The standard
suggests that:
(i)

complaints are likely if the specific (i.e. character corrected) noise level is
10 dB or more above the background level.

(ii)

complaints are unlikely if this the source level is 10 dB or more below
background level

(iii)

the likelihood of complaints is marginal if the difference is around + 5dB
but increases with increasing (positive) difference.

The standard warns that the guidance may not apply where background noise levels
are very low (below 30 dB) and rating levels very low (below about 35dB).
More detail on this method, including definitions, is given in Appendix 3
7.10 Updates on BS4142
A study by the National Physical Laboratory in 1995 showed that the rating method
of BS 4142:1990 generally gives a good indication of the likelihood of complaint (in
80 per cent of the cases reported), However, this implies that the method was wrong
in the remaining one in five cases. Also the study showed that under–prediction of
complaints occurred in some cases including low–frequency noise, impulsive noise
and tonal new noise. Adopting the +5 dB “marginal” case as acceptable may be
inappropriate if there is a likelihood of other future developments adding to ambient
noise levels.
Draft revised BS4142
A draft revised BS4142 was published for comment in February 2014. This standard
specifies methods for rating and assessing industrial and/or commercial sound. It is
applicable to the determination of the following sound levels at outdoor locations:
a) sound levels from industrial and/or commercial sources; and
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b) background sound levels and residual sound levels, for the purposes of:
1) investigating industrial and/or commercial noise complaints at existing private and
commercial premises used for residential purposes;
2) planning for new, modified or additional industrial or commercial developments
that can affect people at existing private and commercial premises used for
residential purposes;
3) planning for new premises used for existing private and commercial residential
purposes that can be affected by existing industrial and/or commercial sources.
The methods specified in this British Standard use outdoor sound levels to assess
the likely effects of the sound on people who might be outdoors or within a building
where sound is incident.
This draft specifies that the standard is not applicable to the measurement and rating
of sound levels from the several sources including wind farms. In addition, this
standard is not applicable to situations where the background and rating sound
levels are both very low.
NOTE: Background sound levels below approximately 25 dB and rating levels below
approximately 30 dB are considered to be very low. However the proposed revisions
should be borne in mind when considering whether ETSU-R-97 should be updated.
The draft revised BS4142 includes new methods to assess tonal and impulsive
characteristics. It also includes further detail on tonality and impulsive corrections.
The draft proposes that when both characteristics are present the two should both be
taken into account and added linearly.
The IOA responded to this draft revised BS4142 stating
“In general some of the additional detail in the standard is welcomed e.g. clarification
of its scope and the reinforcement of use of the typical background, because it will
help ensure practitioners carry out thorough noise investigations that yield sensible
results. However, in a some areas we feel that the standard has become too
prescriptive e.g. reproducing rather than referencing the advice of other standards,
and some of the areas of good practice that have been described may not be
relevant in all cases and would be better included in the annexes. This IOA is
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concerned that, when planning a new industrial noise source it is rarely possible to
predict tonality or impulsiveness to the degree expected by the requirements of the
draft standard. Furthermore, applying a worst case scenario by giving a 16 dB
cumulative rating penalty to a predicted level would very often result in an
unnecessarily restrictive outcome for new development.” The IOA response also
included concerns regarding the potential for large penalties when both tonal and
impulsive noise are present, possible. In addition, the IOA stated that it was not clear
why it is proposed to change the meaning of “very low” noise levels in the Scope of
the standard.
7.11

Planning Policy Guidance PPG24 Planning and Noise

PPG24 (now withdrawn in England following the NPPF however still referred to)
suggests that BS 4142:1997 should be used to assess the likelihood of complaints
from industrial sources. BS4142: 1997 describes a method for determining industrial
and background noise levels outside residential properties and for assessing
whether the industrial noise is likely to give rise to complaints from residents.
PPG24 outlined the Government’s view on noise and planning and focuses on the
planning of new noise-sensitive development in already noisy environments. It
establishes Noise Exposure Categories (NECs) that are applicable when planning
new residential developments affected by transport noise or by mixed noise sources
in which industrial noise does not dominate. However, these NECs cannot be used
for assessing noise impacts of new or existing noise sources on existing housing. In
the case of proposed noise-producing development affecting existing noise sensitive
premises, PPG24 advises that BS 4142:1997 can be used, within its own terms of
reference, to predict the likelihood of complaints, and hence assist in the
assessment. However, many planning authorities adopt more stringent standards
than are implied in PPG24, which really only discusses the likelihood of complaints.
PPG24 does not offer a single set of criteria, but introduces the concept of Noise
Exposure Categories (NECs) that provide flexibility to take account of local
conditions and the needs of the local community and economy.
There are four NECs:
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· Noise limits set relative to the background noise are more appropriate in the
majority of cases;
· Generally, the noise limits should be set relative to the existing background noise at
the nearest noise-sensitive properties and that the limits should reflect the variation
in both turbine source noise and background noise with wind speed;
· It is not necessary to use a margin above background noise levels in particularly
quiet areas. This would unduly restrict developments which are recognised as having
wider national and global benefits. Such low limits are, in any event, not necessary in
order to offer a reasonable degree of protection to wind farm neighbours.
· Separate noise limits should apply for day-time and for night-time as during the
night the protection of external amenity becomes less important and the emphasis
should be on preventing sleep disturbance.
· Absolute noise limits and margins above background should relate to the
cumulative effect of all wind turbines in the area contributing to the noise received at
the properties in question. Any existing turbines should not be considered as part of
the prevailing background noise. (DEFRA 2011)
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· Noise from the wind farm should be limited to 5dBA above background for both
day- and night-time, remembering that the background level of each period may be
different, subject to a lower limit of 35 to 40 dBA during the day and 43 dBA at night.
· The LA90,10min index should be used for both the background noise and the wind
farm noise, and that when setting limits it should be borne in mind that the
LA90,10min of the wind farm is likely to be about 1.5-2.5dBA less than the LAeq
measured over the same period. The use of the LA90,10min index for wind farm
noise allows reliable measurements to be made without corruption from relatively
loud, transitory noise events from other sources.
· A fixed limit of 43dBA is recommended for night-time. This is based on a sleep
disturbance criterion of 35dBA with an allowance of 10dBA for attenuation through
an open window (free field to internal) and 2dBA subtracted to account for the use of
LA90,10min rather than LAeq,10min.
· Both day-and night-time lower fixed limits can be increased to 45dBA to increase
the permissible margin above background where the occupier of the property has
some financial interest in the wind farm.
· In low noise environments the day-time level of the LA90,10min of the wind farm
noise should be limited to an absolute level within the range of 35-40dBA. The actual
value chosen within this range should depend upon: the number of dwellings in the
neighbourhood of the wind farm; the effect of noise limits on the number of kWh
generated; and the duration of the level of exposure.
· For single turbines or wind farms with very large separation distances between the
turbines and the nearest properties, a simplified noise condition may be suitable. If
the noise is limited to an LA90,10min of 35dBA up to wind speeds of 10m/s at 10m
height, then this condition alone would offer sufficient protection of amenity, and
background noise surveys would be unnecessary.
7.13

The IOA Good practice guide to the application of ETSU-R-97 for the

assessment and rating of wind turbine noise (2003)
This guide has been approved by the IOA Council for use by IOA Members and
others involved in the assessment and rating of wind turbine noise using ETSU-R97. It describes methods for Background Data Collection, Data Analysis & Noise
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Limit Derivation and Noise Predictions. The references list at the end of this
publication also provides sources of further information on the on:
•

Analysis of how Noise Impacts are considered in the Determination of Wind
Farm Planning Applications

•

Farm Noise Predictions and Comparison with Measurements

•

Comparison of predicted and measured wind farm noise levels and
implications for assessments of new wind farms,

•

Comparison of compliance results obtained from the various wind farm
standards

•

Development of a Wind farm Noise Propagation Prediction Model

•

Measurement and Evaluation of Environmental Noise From Wind Energy

ETSU-R-97 was originally published in 1996 and has been used extensively since
then. The Working Group suggested that the report and its recommendations be
reviewed 2 years after publication. A formal review did not occur but it is understood
that ETSU-R-97 is kept under consideration by the government. The Government
accepted the document when PPS 22 was adopted in England; and equivalent policy
and advice has been adopted in the devolved administrations.

PART E International perspective
8.1

Separation distances (Set back distances)

Separation distances (or sometimes referred to as setback) between turbines and
residential areas vary greatly between countries in term of the distances, the reason
for their establishment and the weight that is given to them i.e. whether they are
recommendations or more of a statutory requirement.
Current situation in Northern Ireland
In Northern Ireland, there is no statutory separation distances stipulated in
legislation. Recommendations or suggestions for separation are made through
planning policy and guidance. Planning policy and guidance influence and inform
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decisions made on applications, therefore it is good practice for a developer to
adhere to the recommendations made, however, they are not obligated.
Planning Policy Statement 18 (PPS18) suggests that turbines are a safe technology
and that even in the rare event of structural damage occurring incidents of blade
throw are most unlikely. Distances are calculated on the basis of noise levels so as
to reduce nuisance: The minimum desirable distance between wind turbines and
occupied buildings calculated on the basis of expected noise levels and visual
impact will usually be greater than that necessary to meet safety requirements. Fall
over distance (i.e. the height of the turbine to the tip of the blade) plus 10% is often
used as a safe separation distance.

The Department of the Environment for Northern Ireland’s best practice guidance on
PPS18 goes on to state that: As a matter of best practice for wind farm development,
the Department will generally apply a separation distance of 10 times rotor diameter
to occupied property (with a minimum distance of not less than 500m).
Haugen’s

(2011)

report

on

the

International

Review

of

Policies

and

Recommendations for Wind Turbine Setbacks from Residences: Setbacks, Noise,
Shadow Flicker, and Other Concerns, examined separation distances in over 14
countries and about 25 local planning jurisdictions, excluding the USA. The report
attempted to identify and clarify existing governmental requirements and
recommendations regarding wind turbine setbacks from residences. This included
identifying the rationale for setbacks and analysing whether or not they were based
on public opinion or research findings. Haugen’s (2011) report found that:
Setbacks are claimed to be developed out of public concern for possible impacts to
the landscape, health and quality of life, historical and cultural areas, the
environment, and tourism.
However, the evidence trail to support these setback distances is often lacking or
unclear, with no statements of justification provided.

There is no worldwide

agreement on appropriate setback distances from homes.

There was limited

awareness of wind turbine setbacks in many countries, or why a particular setback
distance was chosen. Frequently, separation distances were set not based on visual
impacts, but on noise limits, health and shadow flicker concerns.
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From the same report, it is clear that the leading on-shore wind generating countries
such as Denmark and Germany do not have a standardised approach to setting
separation distances. In Denmark, which has the highest wind energy capacity per
capita, per land area, and per GDP in the world, a new regulation related to low
frequency noise recommends a measured setback of 4 times the total height of the
turbine (see also Mills and Manwell, 2012). In Germany, there is no national
requirement or recommendation for wind turbine setback distances from residences;
although the German states and local governments are responsible for guidelines
determining setbacks. Five states in Germany use 1,000m, whilst the others used
between 300 and 500m. However, state policies cannot be overly restrictive and
must allow 20% of areas favourable to wind energy to remain open for wind facility
development. In Germany, the average lower setback distance is approximately
450m and the average upper setback distance is approximately 700 meters.
However, the turbine heights associated with the separation distances are not
provided anywhere in the report.
In 2013, a report was commissioned by the Madison Wind Advisory Committee,
USA, to review the siting of wind power facilities in relation to negative impacts. The
report concluded that the larger the setback from residences and other structures,
the less the negative impacts. Accordingly, they advised that a setback requirement
for a large turbine is 3,560 feet (1,078m) from the property line of any nonparticipating owner, and 2.5 times the turbine height from any other turbine or house
of a participating member. The rationale provided is that this is the minimum distance
that would be safe in the event of potential equipment failure, ice throw and similar
dangers. The review report was based on a relatively small sample of policy and
empirical studies, mainly focusing on socio-economic factors. The turbine heights
are not mentioned and, as in other reports, visual impact is not mentioned in the
rationale.
In Canada, setbacks are decided at the provincial rather than federal level. The
Canadian Wind Energy Association developed some guidelines regarding setback
distances (Canadian Wind Energy Association, CanWEA, 2007) for Ontario
province. The aim was to provide guidelines for setbacks for various stakeholders in
the wind energy industry, based on broad input from the industry technical experts
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and international research. CanWEA (2007) concluded that comprehensive setback
guidelines for large-scale wind turbines should address a series of objectives
including ensuring public safety, minimizing on and off-site impacts, and promoting
good land use planning and practices while balancing the economics and viability of
the wind project. It also stated that the definition of appropriate setbacks, at least for
Ontario for which the report was commissioned, revolved around four main issues:
public safety, noise levels, impact on radio, radar and telecommunications, and
ensuring minimal impact on sensitive environments. However, the report also
admitted to the challenges of setting fixed separation distances and recommended
that setbacks be defined on a case by case basis through a site-specific study. The
report also offered some definitions and tried to clarify the issue of rationale for
separation distances. For example, it defined “the minimum distance requirement” to
mean the necessary distance between the wind turbine generator and residential
premises. Furthermore, in a wind farm, the minimum distance requirement would
apply to each wind turbine individually. It also defined “setback” as: the shortest
horizontal distance measured at grade between a residential building, lot line, public
roadway, or other identified feature and the nearest part of the wind turbine structure.
In England, North Yorkshire County Council commissioned a study to review
setbacks in the UK and come up with evidence-based recommendations for policy
options on separation distances in their planning jurisdiction (Bryant, 2012). The
study was motivated by the existence of an earlier consensus seeking to secure a 2
kilometre minimum separation distance within North Yorkshire, a figure that was
based on the Scottish national policy (Scottish Government, 2010). Further
evidence-based research into the 2 km criterion was therefore requested. The
published report in 2012, Renewable Energy Policy – Proximity of Homes to Wind
Turbines, summarised approaches to minimum separation distances throughout the
UK. Only three English authorities, i.e. Cherwell and Torridge District Councils and
Milton Keynes Council, had introduced specified minimum separation distances to
protect residential amenity. These minimum separation distances do not hold any
formal planning status and are “encouraged rather than enforced”.
The

report

states

that

“…the

most

reasonable

updated

evidence-based

recommendations at this point in time can be summarised thus: at least 400m for
visual amenity”. It is however not shown how the 400m is arrived at, neither is a
further narrative or rationale provided. In the end, the report’s recommendation on
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the separation distance was not adopted at least in part due to the absence of robust
evidence for setting separation distances.
UK Position
Planning practice guidance for renewable and low carbon energy policy on siting of
wind turbines differs across the UK (Department for Communities and Local
Government 2013) states that: ‘The assessment and rating of noise from wind farms’
(ETSU-R-97) should be used by local planning authorities when assessing and
rating noise from wind energy developments. Good practice guidance on noise
assessments of wind farms has been prepared by the Institute Of Acoustics. The
Department of Energy and Climate Change accept that it represents current industry
good practice and endorses it as a supplement to ETSU-R-97.
The Scottish Planning Policy states:
A separation distance of up to 2km between areas of search and the edge of cities,
towns and villages is recommended to guide developments to the most appropriate
sites and to reduce visual impact, but decisions on individual developments should
take into account specific local circumstances and geography. Development plans
should recognise that the existence of these constraints on wind farm development
does not impose a blanket restriction on development, and should be clear on the
extent of constraints and the factors that should be satisfactorily addressed to enable
development to take place. Planning authorities should not impose additional zones
of protection around areas designated for their landscape or natural heritage value.
Welsh Planning Policy on separation distance is set out in Technical Advice Notice
(TAN) 8: Planning for Renewable Energy. This states that:
500m is currently considered a typical separation distance between a wind turbine
and residential property to avoid unacceptable noise impacts, however when applied
in a rigid manner it can lead to conservative results and so some flexibility is advised.
Republic of Ireland
Irish Planning guidelines are similar to ETSU. They consider a number of issues
around the siting of wind turbines but noise is the primary consideration. Planning
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Erectors of wind turbines with a total height of at least 25 metres, including offshore
wind turbines erected without a governmental tender, shall offer for sale at least 20%
of the wind turbine project to the local population.
Noise limits
In accordance with the Danish Ministry of the Environment’s Order, the noise in the
open land immediately outside the neighbour’s house and in open spaces up to 15
metres from the house may not exceed 44 dB(A) at a wind speed of 8 metres per
second. This corresponds roughly to the noise of soft speech. In more densely
builtup areas, summer home areas and noise-sensitive recreational areas, the noise
may not exceed 39 dB(A). The limits are lower for lower wind speeds see further
detail below.
Statutory Order on Noise from Wind Turbines (Translation of Statutory Order no.
1284 of 15 December 2011)
The total noise impact from wind turbines may not exceed the following limit values:
1) At the most noise-exposed point in outdoor living area no more than 15 metres
from dwellings in open countryside:
(a) 44 dB(A) at a wind speed of 8 m/s.
(b) 42 dB(A) at a wind speed of 6 m/s.
2) At the most noise-exposed point in areas with noise-sensitive land use:
(a) 39 dB(A) at a wind speed of 8 m/s.
(b) 37 dB(A) at a wind speed of 6 m/s.
It should be borne in mind that the topography of Denmark differs significantly from
that of Northern Ireland ie Denmark is mainly flat topography with rolling plains.

PART F - Specific issues requiring clarification:

9.1

Monitoring of noise by the developer
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Bearing in mind the issues discussed above in relation to the noise associated with
wear and tear on wind turbine mechanics and blades, on-going, long term monitoring
would enable the public, developers, planners and the LA to determine the
continuing noise exposure of the nearby noise sensitive receptors. In addition, this
would identify where wind turbine noise has increased beyond the predicted and
permitted levels. This would also enable action to be taken to reduce noise where it
is deemed necessary and follows the ‘polluter pays’ principle.
The Danish model places a duty on wind turbine developers to monitor noise.

9.2

Conditions of planning consent

It is common practice for local planning authorities to set planning conditions to
control or reduce noise levels, or to mitigate the impact of noise.
Examples provided in (the now withdrawn) PPG24 include:
“The level of noise emitted from the site shall not exceed [A] dB between [T] and [T]
Monday to Friday and [A] dB at any other time, as measured on the [specified
boundary/boundaries] of the site at [location(s) of monitoring point(s)].
Specify: A - noise level expressed as LAeq,T over a time period X (eg 1 hour)
T - time of day
The rating level of the noise emitted from the site shall [not exceed] [be lower than]
the existing background noise level [determined to be [A] dB] by [more than] [at
least] [B] dB between [T] and [T] Monday to Friday and [B] dB at any other time. The
noise levels shall be determined at [the nearest noise-sensitive premises] [specified
locations)]. The measurements and assessment shall be made according to BS
4142:1990.”
An Example Planning Condition is also provided in the IOA Good practice guide to
the application of ETSU-R-97 for the assessment and rating of wind turbine noise
(2003). This includes: “The assessment of the rating level of noise emissions shall
be undertaken in accordance with an assessment protocol that shall previously have
been submitted to and approved in writing by the Local Planning Authority.”
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9.3

Local councils expertise and resources

There is a great deal of expertise with the LA employed Environmental Health
profession in Northern Ireland with numerous having the IOA post graduate
qualification, the Diploma in Acoustics and Noise Control. In addition Environmental
Health Officers within Local authorities are routinely consulted regarding planning
applications in relation to industrial developments including wind farms. They review
planning applications and provide comments to regarding noise impact assessments
against Planning Policy Statement 18 (i.e. compare predictions against ETSU-R-97
limits and IOA GPG). Their expertise is shared within a CEHOG sub-group pollution
group. Several members of this group are members of the IOA and one of the group
contributed to the IOA Good Practice Guide to the application of ETSU-R-97.
However, although new councils within Northern Ireland from 2015 onwards will be
larger, there is still a considerable burden associated with contributing to planning
applications regarding wind turbines. This process is resource intensive and has the
potential to result in a considerable impact on smaller councils.
9.4

The cumulative impact of wind developments.

Planning Policy guidelines including ETSU-R-97 are applied for both wind farms and
single wind turbines. Smaller singer turbines are typically sited closer to residential
dwellings that larger turbines. For example, a 250kW single wind turbine is typically
sited 300m from a neighbouring dwelling. At this distance, it will effectively use up
the full ETSU-R-97 limits. If at a later stage a developer wished to install a 10MW
wind farm on the hill 1km from the same dwelling, it would be refused due to
cumulative impacts, as the single wind turbine has used up all of the limit.
A large wind farm produces more noise that a single wind turbine, but single wind
turbines under planning policy are allowed to be sited a lot closer to dwellings. It
would appear that a more strategic approach to both single and wind farm
applications, as opposed to the ad hoc ‘build where you like’ approach currently
employed in Northern Ireland.
9.5

Is ETSU-R-97 in need of revision?
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Some of the members of the original Noise Working Group on wind farm noise,
which drafted ETSU-R-97, and others who have often advised on opposing sides
during public inquiries, gathered in order to build on experience and knowledge
gained during the period since the adoption of ETSU-R-97. They also aimed to settle
a number of disputes about the factors that should be taken into account when
assessing wind farm noise. Their thoughts were published in an article in the Institute
of Acoustics Bulletin, Vol 34 No 2, March/April 2009; which can be summarised as
follows:
Wind naturally exhibits a shear effect. That is, wind speeds increase with increasing
height above the ground. Thus the wind speed at a typical wind turbine hub height of
more than 50m can be higher than that at 10m. This height is used here as an
example because the various standards used to assess wind farm noise and wind
turbine sound outputs, including ETSU-R-97, tend to relate all results to the wind
speed at 10m height. Typically this is done by assuming a standardised wind shear
to convert between turbine hub height wind speeds and the wind speed at 10m
height. Consequently, under specific wind shear conditions the hub height wind
speed may be underestimated, and as a result the wind turbine source noise levels
may also be underestimated at any given 10m height wind speed. However, the
actual wind shear seen on any specific site may deviate from the assumed
‘standardised’ shear. The actual shear will depend both on the roughness of the
ground (influenced by, for example, vegetation or topography) and also the ‘stability’
of the atmosphere (influenced by the cooling/heating effect of the ground on the air
above it).
Due to potential difference in wind speed at different heights above the ground, the
background noise levels should be correlated with derived (not measured) 10 m
height wind speeds. One method for doing this is described in the IoA article.
Effectively, the result of adopting this procedure is to reference all noise levels (both
background and turbine) to the wind speed at turbine hub-height. The effect of such
a procedure is to move the derived background noise regression curve to the left i.e.
for any given wind speed, the correlated turbine noise level will be higher than the
equivalent value for wind speed measured at 10m height. It should be noted that the
scatter of data is often greater compared to the ETSU-R-97 method of referencing
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background noise levels at the receptor to 10 m height wind speeds at the scheme
site; because wind speed at hub height will have less influence on background noise
levels at the receptor compared to wind speeds at a height of 10 m or lower. This
method effectively adjusts the background noise level at the receptor downwards to
reflect the influence of wind shear on the turbine noise propagation. However, the
method detailed in the IOA article relies on wind shear data gathered during the
background noise survey; the duration of which may be appropriate to establish
prevailing background noise levels, but may not be long enough to gather
representative data about wind shear. It is important to note that whilst the article
only describes one method for dealing with wind shear in detail, it specifically allows
for other methods to be used to account for wind shear, provided they are fully
explained and justified by the user. One alternative that has been accepted by
planning inspectors is to use historical data regarding wind shear from any long term
i.e. 6 to 18 months, wind resource survey at the site, typically utilising a 60m mast
and multiple anemometers. This data is then used to correct the noise output of the
turbine to account for typical wind shear at the site.
Work more recent than ETSU-R-97 suggests that AM of 3 dB to 5 dB from multiple
turbines has been detected, and postulates that AM of potentially 6 to 10 dB is
possible from multiple turbines in very stable atmospheric conditions - Van Den
Berg, 2005 & Pedersen and K. Persson-Waye, 2004

It should be borne in mind that wind turbine noise has been found to be more
annoying that traffic noise.

ETSU-R-97 advises using the LA90,10min noise index for both turbine and background
noise; and that the LA90,10 min of turbine noise is typically 2 dBA less than the
equivalent LAeq,t value. It is interesting that ETSU-R-97 measures wind turbine noise
and background noise differently from all other guidance regarding industrial noise
sources.

Further consideration of some parts of ETSU-R-97 would be useful as the evidence
base has expanded regarding wind turbine noise considerable since 1997 and there
is some ambiguity regarding the rationale of some recommendations. It is
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recommended that further consideration of the following content of ETSU-R-97
would be desirable:
•

It is not necessary to use a margin above background approach in such lownoise environments

•

The LA90 used for both the background noise and the wind farm noise

•

Night time limit of 43dBA

•

The statement that background noise rises with increasing wind speed

•

The penalties regarding the character of noise and tones.

In summary, ETSU-R-97 is in need of revision for the following reasons.
The WHO guidance for indoor noise levels at night was 35dB when ETSU-R-97 was
published in 1997, it has now been revised to 30dB
Modern wind turbines are considerably larger now than in 1997, this can result in
more significant lower frequency noise and an increased risk of AM due to wind
shear and other high level wind fluctuations.
The evidence base has expanded significantly since 1997 with much greater
understanding of the acoustics of large wind turbines and the annoyance/health
effects of wind turbine noise, AM and reaction to the low frequency content. There
has also been further research on the propagation of wind turbine noise.
PPG24 has now been withdrawn; the enquiry may wish to bear in mind the principles
outlined in NPSE.

ETSU-R-97 is influenced by BS4142. BS4142 is currently being updated to bear in
mind the advances made in current knowledge of industrial noise and annoyance
(although it will most likely exclude wind turbine noise and areas with very low
background noise levels).

The appliance of L90 rather than LAeq in ETSU-R-97 requires further consideration as
L90 is usually a few decibels lower than LAeq. The L90 measurement was used in
order to discount any infrequent louder noise events such as aircraft however in
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absence of significant short duration louder noise events L90 will simply result in a
lower dB reading the LAeq.
As noted above, L90 was adopted by ETSU-R-97 to aid post completion
measurements as it was assumed at the time of drafting ETSU-R97 that wind turbine
noise was relatively steady and characterless i.e. the L90 was used as a proxy for the
LAeq.

Evidence and knowledge since 1997 has highlighted that certain wind

farms/single wind turbines produce AM and hence the original assumption within
ETSU-R-97 that wind turbine noise was relatively steady and characterless no longer
holds true.
A desk top exercise can predict the likelihood of ETSU-R-97 limits being complied
with, it cannot adequately predict AM.
9.6

Appropriate set-back distances

From a noise perspective, separation distances are irrelevant, noise levels are the
relevant parameter. Whilst a set-back distance is easier to measure, it provides no
substitute for a robust noise impact assessment. For example a single wind turbine
500m from a resident will produce significantly less noise that a 20 turbine wind farm
scheme at a similar distance.
Local topography can provide barrier effects (e.g. turbine on one side of a hill and
the resident on the other) but these are limited to only 2dB, whilst valleys can
increase the noise impact (e.g. wind farm on one side of the valley and the resident
on the other side).
Set back distances are more appropriately applied to visual impacts than noise
impacts.
10

Conclusions and recommendations

It is important to also consider the type of noise (character), its frequency, the time of
day, the duration of the noise and nature of the area (background noise levels).
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Sounds with a predominantly low frequency content might be described as ‘rumbling’
or ‘booming’.
Generally, sounds containing distinguishable tones are more noticeable, and
potentially more annoying than sound without such features. Notes or tones at low
frequencies would often be described as ‘humming’,
Tonal noise is generally more noticeable and BS4142 suggests that is should be
penalised in assessments of noise impact, usually by adding 5 dB to the measured
level.
‘A’-weighting is applied to mimic the frequency response of the human ear, so that
the contribution of sounds at frequencies (pitches) to which we have lower sensitivity
are reduced and those to which we are most sensitive are emphasised. In the 63Hz
centre–frequency band, for example, the ear’s response is down by around 26 dB,
so the ‘A’ filter takes off 26 dB in that centre–frequency band..
LAeq,T is the ‘average’ of the total sound. Sounds with identical LAeqT, may differ
considerably in their capacity to cause annoyance or disturbance because of the
character of the sounds.
The most commonly used percentile level is the LA90,T is the level exceeded for 90%
of the time, T. It has been adopted as a good indicator of the “background” noise
level. It is specified in BS 4142:1997 as the parameter to assess background noise
levels.
The LAeqT and L90 do not take account of the frequency character of the sound.
Sound reduces with increasing distance from the source and is affected by
atmospheric absorption, ground effect, reflections and screening, as well as the
geometric divergence or wave–front spreading.
Higher frequencies are absorbed in air much more significantly than lower
frequencies. At a distance of 1km there is little air absorption of low frequency sound
and a substantial absorption of the high frequency components.
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Meteorological (weather) conditions fluctuate and can influence sound propagation.
Wind and air temperature have a noticeable effect over large distances.
Topography is of importance when predicting how sound will travel over distances,
convex and concave ground contours must be taken into consideration.
Wind turbine mechanical noise issues may arise if there is a mechanical fault. In the
absence of mechanical fault, noise emission from modern wind turbines tends to be
dominated by aerodynamic noise. The dominant character of the combined
aerodynamic noise as described above is therefore ‘swish‘, which is familiar to most
people who have stood near to a large wind turbine.
More recent designs of wind turbines have improved performance regarding
aerodynamic noise with improved design of the blade.
Modern large wind turbines restrict the rotor speeds. This results in much quieter
operation in low winds than a comparable constant speed wind turbine.
Tonal noise may occur due to blunt trailing edges, or flow over slits and holes.
A condition known as stall may occur, this can generate noise up to 10 dB higher
than without stall; however, manufacturers are increasingly moving away from stallregulated machines.
Another possible cause of noise is flow over imperfections in the blade surface.
The enquiry may wish to consider age and type of turbines being proposed for
installation in Northern Ireland. Many of the noise issues mentioned above are more
associated with older turbines. Anecdotally, “new” wind turbines installed in Northern
Ireland are in fact often reconditioned turbines. Therefore NI may not be benefitting
from more modern lower noise emitting design. Furthermore the blades may have
signs of wear (such as blade surface irregularities, holes or slits) also increasing
noise levels beyond those expected of new turbines.
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The sound level from turbine blades is often not completely steady, but is modulated
(fluctuates) in a cycle of increased and then reduced level, sometimes called ―blade
swish. It was thought that in the majority of installations the modulation depth may
be up to 2-3 dBA, which was regarded as being acceptable by the ETSU-R-97
working group. In some situations, however, the modulation depth increases to the
point where it can become more pronounced and potentially give rise to increased
annoyance. This phenomenon is known as amplitude modulation of aerodynamic
noise or more succinctly by the acronym AM. Work more recent than ETSU-R-97
suggests that AM of 3 dB to 5 dB from multiple turbines has been detected, and
postulates that AM of potentially 6 to 10 dB is possible from multiple turbines in very
stable atmospheric conditions.
Amplitude variations can occur downwind from single wind turbines and wind farms,
and can be observed at distances up to approximately one km and perhaps more.
Aerodynamic modulation of the wind turbine noise has been found to be significant in
the lower frequencies.
ETSU-R-97 recognises a potential for AM of up to 3 dBA (i.e. the noise level goes up
and down by 3 dBA in each blade rotation) and ETSU-R-97 states that it takes such
a degree of blade swish into account in the noise limits it recommends
(recommendation 27 in the ETSU-R-97 summary). However the document does not
include a specific penalty for AM, beyond a 2 dBA adjustment in setting the fixed
noise limit for low wind speeds.
The Hayes MacKenzie 2006 report concludes that ―some wind farms clearly result
in modulation at night which is greater than that assumed within the ETSU-R-97
guidelines. i.e. excess AM. The report then goes on to suggest that in conditions of
high aerodynamic modulation it may therefore be appropriate for a correction for the
character of the noise to be applied.
As wind turbines get larger, the turbine noise moves down in frequency and that the
low-frequency noise would cause annoyance for the neighbors.
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At long distances higher frequencies are reduced compared to low frequencies due
to differential attenuation from air and ground absorption etc. In addition higher
frequencies can be less readily masked by ambient noise. It is therefore conceivable
that lower frequencies may become the distinguishing feature of turbine noise under
some circumstances.
Suitability of A weighting for wind turbine noise
A large number of studies confirm that the A-weighted level underestimates the
effects of low frequency noises.
In 2005 DEFRA released a report from a study by Salford University Contract which
developed:
• Proposed criteria for the assessment of low frequency noise disturbance;
• Procedure for the assessment of low frequency noise complaints.
The enquiry may wish to consider or refer to this procedure (Salford University
Contract NANR 45 procedure) for the assessment of low frequency noise into
assessments of wind turbine noise.
Low frequency noise has been recognised by the World Health Organization as
meriting special attention, requiring lower environmental limits than those of other
noises, as it presents particular problems to those people who are sensitive to its
effects (WHO, 1999). For example:
'If the noise includes a large proportion of low frequency components, values even
lower than the guideline values will be needed, because low frequency components
in noise may increase the adverse effects considerably. When prominent low
frequency components are present, measures based on A-weighting are
inappropriate.' (WHO, 1999)
The general trends show that:
·

annoyance increases with wind turbine noise level,

·

sleep disturbance was associated with annoyance
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·

descriptors of the turbine noise characteristics including swishing,
whistling, pulsating/throbbing and resounding were highly correlated with
noise annoyance

Wind turbine noise appears to have a higher annoyance rate than industrial noise.
Disturbance of sleep has been found to be related to wind turbine noise;
In 2009 the WHO revised its night time noise guidelines. If the intruding noise is
continuous then the recommended guideline limit for bedroom LAeq,8h (Lnight) with
the window open is 30 dB. It is particularly important if the background level is low.
As wind turbine noise is not continuous then a lower limit may be suitable
On the question of whether older models and/or refurbished wind turbines should be
permitted in Northern Ireland, it may be useful to refer to the IPPC guidance
regarding Best Available Technology and the statutory nuisance defence of Best
Practicable Means.
·

Integrated Pollution Prevention and Control (IPPC) is a regulatory system that
employs an integrated approach to control the environmental impacts of
certain industrial activities. IPPC requires the application of Best Available
Techniques (BAT). BAT includes both the technology used and the way in
which the installation is designed, built and operated including: costs and
benefits;

the

technical

characteristics

of

the

installation

concerned;

geographical location; local environmental conditions.
·

It is a statutory nuisance defence to prove ‘Best Practicable Means’. The term
can be summarised as:- (a) reasonably practicable having regard to local
conditions and circumstances, the current state of technical knowledge and to
the financial implications; (b) the means to be employed include the design,
installation, maintenance and operation of plant and machinery

A study by the National Physical Laboratory showed that under–prediction of
complaints occurred in some cases including low–frequency noise, impulsive noise
and tonal new noise.

2457

Report on the Committee’s Inquiry into Wind Energy

A draft revised BS4142 was published in February 2014. This draft specifies that the
standard is not applicable to the measurement and rating of sound levels from the
several sources including wind farms. In addition, this standard is not applicable to
situations where the background and rating sound levels are both very low.
However the proposed revisions should be borne in mind when considering whether
ETSU-R-97 should be updated. The draft revised BS4142 includes new methods to
assess tonal and impulsive characteristics. It also includes further detail on tonality
and impulsive corrections. The draft proposes that when both characteristics are
present the two should both be taken into account and added linearly.
ETSU - R - 97 The Assessment and Rating of Noise from Wind Farms
•

advises using the LA90,10min noise index for both turbine and background noise;
and that the LA90,10min of turbine noise is typically 2 dBA less than the
equivalent LAeq,T value.

•

Noise from the wind farm should be limited to 5dBA above background for
both day- and night-time, remembering that the background level of each
period may be different, subject to a lower limit of 35 to 40 dBA during the day
and 43 dBA at night.

•

A fixed limit of 43dBA is recommended for night-time. This is based on a
sleep disturbance criterion of 35dBA with an allowance of 10dBA for
attenuation through an open window (free field to internal) and 2dBA
subtracted to account for the use of LA90,10min rather than LAeq, 10min.

ETSU-R-97 was originally published in 1996 and has been used extensively since
then. The Working Group suggested that the report and its recommendations be
reviewed 2 years after publication. A formal review did not occur but it is understood
that ETSU-R-97 is kept under consideration by the government.
The use of LA90 of is interesting bearing in mind that the following standards are
based on LAeq
·

IEC 61400-11:2012(E) Wind turbines: Acoustic noise measurement
techniques presents measurement procedures that enable noise emissions of
a wind turbine to be characterised.

·

ISO 9613-2:1996 Acoustics -- Attenuation of sound during propagation
outdoors.
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·

BS 7445-1:2003 Description and measurement of environmental noise. Guide
to quantities and procedures measurement of environmental

In addition, BS 4142: 1997, Method for rating industrial noise affecting mixed
residential and industrial areas, compares the source noise level (LAeq) to the
background level (LA90,T). This standard also makes an appropriate allowance for
acoustic features of the noise (i.e. a 5 dB penalty for noise that has specific
characteristics such as an irregular noise).
Some of the members of the original Noise Working Group on wind farm noise,
which drafted ETSU-R-97, published in an article which can be summarised as
follows:
·

ETSU-R-97, tend to relate all results to the wind speed at 10m height.
Consequently, under specific wind shear conditions the hub height wind
speed may be underestimated, and as a result the wind turbine source noise
levels may also be underestimated at any given 10m height wind speed.

·

Work more recent than ETSU-R-97 suggests that AM of 3 dB to 5 dB from
multiple turbines has been detected, and postulates that AM of potentially 6 to
10 dB is possible from multiple turbines in very stable atmospheric conditions

It should also be borne in mind that wind turbine noise has been found to more
annoying that traffic noise.
Further consideration of some parts of ETSU-R-97 would be useful as the evidence
base has expanded regarding wind turbine noise considerable since 1997 and there
is some ambiguity regarding the rationale of some recommendations. It is
recommended that further consideration of the following content of ETSU-R-97
would be desirable:
•

It is not necessary to use a margin above background approach in such lownoise environments

•

The LA90 used for both the background noise and the wind farm noise

•

Night time limit of 43dBA bearing in mind the revised WHO guidelines

•

The statement that background noise rises with increasing wind speed

•

The penalties regarding the character of noise and tones.
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In summary, ETSU-R-97 is in need of revision for the following reasons
The WHO guidance for indoor noise levels at night was 35dB when ETSU-R-97 was
published in 1997, it has now been revised to 30dB
Modern wind turbines are considerably larger now than in 1997, this can result in
more significant lower frequency noise and an increased risk of AM due to wind
shear and other high level wind fluctuations.
The evidence base has expanded significantly since 1997 with much greater
understanding of the acoustics of large wind turbines and the annoyance/health
effects of wind turbine noise. There has also been further research on the
propagation of wind turbine noise.
The enquiry may wish to bear in mind the principles outlined in NPSE.
ETSU-R-97 is influenced by BS4142. BS4142 is currently being updated to bear in
mind the advances made in current knowledge of industrial noise and annoyance
(although it will most likely exclude wind turbine noise and areas with very low
background noise levels).
The appliance of L90 rather than LAeq in ETSU-R-97 requires further consideration as
L90 is usually a few decibels lower than LAeq.
As noted above, L90 was adopted by ETSU-R-97 to aid post completion
measurements as it was assumed at the time of drafting ETSU-R97 that wind turbine
noise was relatively steady and characterless i.e. the L90 was used as a proxy for
the LAeq. Evidence and knowledge since 1997 has highlighted that certain wind
farms/single wind turbines produce AM and hence the original assumption within
ETSU-R-97 that wind turbine noise was relatively steady and characterless no longer
holds true.
The enquiry may wish to consider some aspects of Danish policy, including:
•

In 2004 a replacement Scheme for Wind turbines on land was introduced.
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•

The cross-ministry committee work has placed its emphasis on a planned and
coordinated development of offshore wind farms

•

A loss of value scheme for dwellings. Any party erecting new wind turbines
with a height of 25 metres or more, including offshore wind turbines erected
without a government tender procedure, must pay for any loss of value on real
property if the erection of the wind turbines results in a loss of at least 1% of
the property value.

•

The option to purchase scheme. Erectors of wind turbines with a total height
of at least 25 metres, including offshore wind turbines erected without a
governmental tender, shall offer for sale at least 20% of the wind turbine
project to the local population.

Monitoring of noise by the developer
Bearing in mind the issues discussed above in relation to the noise associated with
wear and tear on wind turbine mechanics and blades, on-going, long term monitoring
would enable the public, developers, planners and the LA to determine the
continuing noise exposure of the nearby noise sensitive receptors. In addition, this
would identify where wind turbine noise has increased beyond the predicted and
permitted levels. This would also enable action to be taken to reduce noise where it
is deemed necessary and follows the ‘polluter pays’ principle.
Conditions of planning consent
It is common practice for local planning authorities to set planning conditions to
control or reduce noise levels, or to mitigate the impact of noise. Examples are
provided in the IOA Good practice guide to the application of ETSU-R-97.”
Local councils expertise and resources
There is a great deal of expertise with the LA employed Environmental Health
profession in Northern Ireland. There is still a considerable burden associated with
contributing to planning applications regarding wind turbines. This process is
resource intensive and has the potential to result in a considerable impact on smaller
councils.
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Appendix 1

Northern Ireland
Assembly
Committee for the Environment
Wind Energy Inquiry
SPECIALIST ADVISOR BRIEFING PAPER

Background
•

The Committee for the Environment received correspondence from
Windwatch NI, an umbrella group which opposes the siting of wind turbines in
populated rural areas, and had a formal briefing in June 2013 both from
representatives of this group and from the Strabane/ Omagh Councils
Working Group on Wind Energy. In September 2013 the Committee invited
representatives from the Northern Ireland Renewables Industry Group
(NIRIG) to respond on behalf of wind energy suppliers and developers. The
evidence presented at these two meetings led the Committee to agree to
carry out a short focussed Review, to take place over four weeks in October
and November 2013.

•

In the course of this Review the Committee commissioned a number of
research papers from the Assembly in-house facility (RaISe) on issues which
members believed required further clarification, especially in relation to
separation distances of wind turbines from dwellings. The Committee also
heard formal evidence from Professor Geraint Ellis, School of Planning,
Architecture and Civil Engineering, Queen’s University, Belfast, who outlined
the key issues in strategic planning for renewable energy.

•

After making an initial consideration of the evidence before it at that point, the
Committee agreed that the Review should be replaced by a formal Inquiry and
that evidence already received in connection with the Review would also be
accepted. The Committee agreed a formal Terms of Reference which were to
reflect the issues directly within its remit; other relevant issues, such as the
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higher cost to the consumer of renewable energy, were not included as these
related more closely to the area of scrutiny of other Assembly committees.
Terms of Reference
•

The agreed Terms of Reference were as follows:

•

To assess the adequacy of PPS18 and related supplementary guidance in
regulating proposals for wind turbines on a consistent and strategic basis, with
due regard for emerging technologies and independent environmental impact
assessment;

•

To compare the perceived impact of wind turbine noise and separation
distances with other jurisdictions and other forms of renewable energy
development; and

•

To review the extent of engagement by wind energy providers with local
communities and to ascertain how this engagement may best be promoted.

Written Submissions
•

A Call for Evidence for the Inquiry closed on 28 February 2014, and 98
submissions were received. These submissions have been published on the
Assembly website.

•

The breakdown of submissions received was as follows:
Energy companies/ developers/planning consultants

21

Local councils

8

Professional representative bodies

7

Statutory agencies/ public bodies

9

Voluntary/ charitable

4

Community groups

9

Individuals

40

Total

98

Further evidence
•

At its meeting on 6 May 2014 the Committee agreed a plan for its inquiry.
This included taking evidence from the Chartered Institute for Environmental
Health, the Northern Ireland Authority for Utility Regulation, Northern Ireland
Electricity and DOE Planning Division. The plan also included a stakeholder
event to consider the community engagement aspect of the inquiry – all these
briefing sessions were recorded by Hansard.
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•

In addition, the Committee agreed to carry out a fact-finding visit to wind
farms; this took place on 26 June 2014 at Crighshane and Church Hill near
Castlederg in West Tyrone, and Committee members also met with local
residents both opposed to, and in favour of, wind turbine developments in the
area.

•

The final element of the inquiry plan was to secure the services of a specialist
acoustician to provide further information and clarification on the issue of the
types and level of noise generated by wind turbines. Noise disturbance is one
of the key issues emerging from the inquiry and, in particular, the relationship
between turbine noise and separation distance. It is an area which is both
contentious and complex, and one where the Committee believes that
appropriate specialist advice would be invaluable in informing its scrutiny.

Emerging Issues
Regulation of Wind Turbine Noise
•

A number of submissions highlighted the noise generated by wind turbines.
As anticipated, many residents living close to turbines feel that the level and
type of noise emanating from turbines – particularly the newer, more powerful
turbines – is having a detrimental impact on their day to day lives and their
longer-term health.

•

The ETSU-97 regulations which set out acceptable levels of day- and nighttime noise are deemed to be in need of revision by many of those who made
submissions, including a number of local councils, so that the noise output
from more modern and more powerful turbines can be appropriately
regulated. Representatives of the industry, however, believe that the existing
regulations are still sufficiently robust to deal with the latest technology.

•

Complaints regarding noise may be investigated by local Environmental
Health Officers, but such investigations place a considerable strain on existing
resources – a number of local councils have highlighted this in their
submissions.

Specific issues requiring clarification:
•

The following issues have arisen and are of such a technical nature that it
would be beneficial for the Committee to receive specialist advice in order to
properly assess their significance and meaning:
•

The type of noise generated by wind turbines. This has been
variously described as ‘low frequency noise’; ‘vibrational pulsating’
noise; ‘amplitude modulation (a loud beating or slapping noise)’;
‘infrasound’; noise ‘of a different character’ produced by taller and more
powerful wind turbines; noise of an ‘impulsive, intrusive and incessant’
nature; ‘blade swish’; ‘noise created and magnified by the interaction of
varying air velocities’; noise ‘enhanced by excessive wind shear and
varying upland topography’; ‘noise resonating within the building
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structure’. What type of noise has been objectively recorded as being
produced by wind turbines? Does the type of noise vary with the size or
number of turbines? Does the type of noise emitted relate to the
topography?
•

The units of measurement used for noise: ‘LA90 10min dB’; ‘LAeq’. What
do these mean in layman’s terms? What is the significance of the use
of different measures?

•

Comparative measurements of noise: for example, how does the
volume of noise permitted by ETSU-R-97 compare with traffic noise or
aircraft noise? How does the ambient environmental noise impact on
the measurement?

•

The practical measurement of wind turbine noise seems problematic.
How should this be carried out? Is there a sufficient level of expertise
available to local councils? Are council environmental health officers
adequately experienced/ resourced for this type of monitoring? Should
there be on-going/ long-term monitoring of noise by the developer to
build up a complete record of the noise levels? Is it practical to suggest
that this is introduced as an enforceable condition of planning consent?

•

The cumulative impact of wind developments. The Committee has
heard some evidence that a single turbine can produce almost as
much noise as a cluster of turbines, thereby ‘using up’ the available
noise limit: how is the cumulative noise produced measured? How
does this differ from the noise produced by a single turbine?

•

The current guidelines (ETSU-R-97) have been deemed outdated by
many stakeholders and described as ‘vague, open to interpretation and
unenforceable’ immeasurable, and inadequate to deal with modern and
emerging technology. Developers have defended the guidelines as
being robust and appropriate; the Minister has also endorsed the use
of this guidance in his submission to the Committee. In layman’s terms,
what do these guidelines say? Is ETSU-R-97 in need of revision? Can
the higher noise limits for night-time be justified? Can the acoustic
impact on neighbouring properties be adequately gauged as a desk
exercise, in advance of the installation and operation of a wind turbine?

•

The measurement of appropriate set-back distances to minimise
noise disturbance has given rise to a great deal of concern. Should a
minimum linear separation distance be specified (current guidance
recommends 500m)? How does the local topography impact on the
set-back distance? Should a more appropriate measurement be
specified in terms of 10 or 12 times the rotor blade diameter?

Duties of the Specialist Advisor
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•

The Committee would require the advisor to review all evidence already
provided to members in the course of the inquiry – all of this information has
been published and is available on the Assembly website – and, taking into
account the Terms of Reference, to use his or her specialist knowledge to
assist the Committee in its understanding of the issues before it. The
Committee Clerk will provide further clarification as required.

•

The advisor will produce a written report for the Committee based on the
issues outlined above. This should be completed and made available to the
Committee by 1 September 2014, for oral presentation at its meeting on 11
September 2014. The Committee may also require the advisor to provide
further information in response to any issues arising from the oral
presentation.

•

It is envisaged that this will require up to five days, i.e. 5 x 8 hours, 40 hours’
work as follows:
•

3 to 4 days to provide a written brief; and

•

1 day to attend the Committee meeting and to provide follow-up
information.

The specialist advisor will, as far as possible, avoid the use of technical terms and
will draft the report in a clear and structured way to maximise the Committee’s
understanding of the issues outlined

Appendix 2 — Glossary of acoustic terminology
1/3 octave band analysis:
Frequency analysis of sound such that the frequency spectrum is subdivided
into bands of one–third of an octave each. An octave is taken to be a
frequency interval, the upper limit of which is twice the lower limit (in Hertz).
Ambient noise *
The totally encompassing sound in a given situation at a given time, usually
composed of sound from many sources near and far. Unlike the residual
noise, the ambient noise includes the contribution from the specific noise.
Background Noise Level, LA90,T *
The ‘A’-weighted sound pressure level of the residual noise in decibels
exceeded for 90 per cent of a given time and is the LA90,T.
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dB (decibel)
The scale in which sound pressure level is expressed. It is defined as 20
times the logarithm of the ratio between the root-mean-square pressure of the
sound field and the reference pressure (0.00002 N/m2).
0 dB is the threshold of hearing, 140 dB is the threshold of pain. A change of
1 dB is detectable only under laboratory conditions. A change of 10 dB
corresponds approximately to halving or doubling the
loudness of sound.
dBA
A measure of the overall noise level of sound across the audible frequency
range (20Hz - 20,000Hz) with a frequency weighting (i.e. ‘A’ –weighting) to
compensate for the varying sensitivity of the human ear to sound at different
frequencies. The background noise level in a living room may be about 40
dBA, normal conversation about 60 dBA, heavy road traffic at 60mph about
80 dBA, the level near a pneumatic drill about 100 dBA.
dB(C )
A measure of the overall level of sound across the audible frequency range
with the ‘C’ frequency which is virtually linear between 50Hz and around
5kHz.
Façade Level
Noise levels at locations 1m from the façade of a building are described by
the term Façade Levels and are subject to higher noise levels than those in
open areas (free-field conditions) due to reflection effects.
Hz (Hertz)
The unit of sound frequency in cycles per second
Impulsive noise
A noise that is of short duration (typically less than one second), the sound
pressure level of which is significantly higher than the background.
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LAeq,T *
The equivalent steady sound level in dB containing the same acoustic energy
as the actual fluctuating sound level over the given period, T. T may be as
short as 1 second when used to describe a single event, or as long as 24
hours when used to describe the noise climate at a specified location. LAeq T
can be measured directly with an integrating sound level meter.
Noise
Unwanted sound. Any sound, that has the potential to cause disturbance,
discomfort or psychological stress to a subject exposed to it, or any sound,
that could to cause actual physiological harm to a subject exposed to it, or
physical damage to any structure exposed to it, is known as noise.
NR
Noise Rating curves, similar to Noise Criteria (NC) curves, form a set of noise
criteria given in octave bands.
GLOSSARY OF TERMS
Noise–sensitive location
Any dwelling, hotel or hostel, health building, educational establishment, place
of worship or entertainment, or any other facility or area of high amenity,
which for its proper enjoyment requires the absence of noise at nuisance
levels.
Rating level LAr T *
The equivalent continuous ‘A’ –weighted sound pressure level of an industrial
noise during a specified time interval, plus specified adjustments for tonal
character and impulsiveness of the sound.
Residual noise *
The noise level in the area in the absence of the noise source under
investigation.
Sound power level and sound pressure level
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Any source of noise has a characteristic sound power, a basic measure of its
acoustic output, but the sound pressure levels it gives rise to depend on many
external factors. These include the distance and orientation of the receiver,
the temperature and velocity gradients in the medium, and the environment.
Sound power, on the other hand, is a fundamental physical property of the
source alone, and is therefore an important absolute parameter, which is
widely used for rating and comparing sound sources.
Specific noise level *
The equivalent continuous ‘A’ –weighted noise level produced by the source
under investigation (that is, the specific noise source *) over a period (T) as
measured at the assessment point (usually a noise–sensitive receptor) LA eq,T.
Peak particle velocity
The rate of change of displacement of the particles in a solid medium. It is the
term usually used to describe vibration in relation to activities involving
blasting. Velocity will vary from zero to a maximum value — the peak particle
velocity, and the units used are millimetres per second (mm/sec).
Pure tone
A sound in which the sound pressure varies regularly, at a single frequency,
over time.
Vibration Regularly repeated movement about a fixed point.
VDV
Vibration Dose Value — vibration measurement parameter that combines the
magnitude of vibration and the time for which it occurs. The measurement is
based on a form of acceleration that is frequency weighted to reflect human
sensitivity to various frequencies (see BS6472).
*Note: More information on the definitions above marked with an asterisk can
be found in BS4142: 1997.
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Appendix 3
BS 4142:1997
Ambient noise
Totally encompassing sound in a given situation at a given time usually composed of
sound from many sources near and far.
Background noise level LAeq,T. The ‘A’-weighted sound pressure of the residual noise
at the assessment position that is exceeded for 90 per cent of a given time interval,
T, measured using the time weighting, F, and quoted to the nearest whole number of
decibels.
Measurement time interval, Tm
The total time over which measurements are taken.
Rating level LAr,Tr
The specific noise level plus any adjustment for characteristic features of the noise.
Reference time interval Tr
The specified interval over which an equivalent continuous ‘A’-weighted sound
pressure level is
determined.
Residual noise
The ambient noise remaining at a given position in a given situation when the
specific noise source is suppressed to a degree such that it does not contribute to
the ambient noise.
Residual noise level, LAeq,T
The equivalent continuous ‘A’ –weighted sound pressure level of the residual noise.
Specific noise level, LAeq,Tr
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The equivalent continuous ‘A’-weighted sound pressure level at the assessment
position produced by the specific noise source over a given reference time interval.
Specific noise source
The noise source under investigation for assessing the likelihood of complaints.
Relationship between different BS 4142 parameters
The BS4142: 1997 assessment methodology involves the following procedure:
•

measure the background (LA90,T) sound level, in the absence of the new
noise source, at the noise sensitive receptors

•

measure the noise levels attributable to the source of interest to the sensitive
receptor as an LAeq,T (using the procedures set out in the standard)

•

correct the noise levels for duration and character, to produce the rating level
(LAar,T). (The correction for tonal, impulsive or any distinctive character in the
noise source is +5dB)

•

assess the likelihood of complaints by subtracting the measured background
noise level from the rating level.

The interpretation of the difference between the rating level and the background
noise level is shown in but can only be done after carrying out the steps detailed in
Section 10 of the standard. The greater the positive difference, the greater the
likelihood of complaints.
Difference in noise level (dB) Significance
•

Around +10 Complaints are likely

•

Around +5 Marginal

•

10 Positive indication that complaints are unlikely

Appendix 4
Comparisons with traffic noise
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Information from Roads: traffic noise - Parliament
Wind turbine noise management (ETSU) is broadly related to the management of
industrial noise, Road traffic, however, is managed in the UK using a different
framework than industrial noise i.e. surface noise reduction, sound insulation of
dwellings and mapping followed by action plans.
Roads, railways and airports are the main sources of ambient noise, which can affect
the quality of people’s lives. Around half the UK’s population may be exposed to
levels above the World Health Organization (WHO) guideline of 50-55 decibels
which aims to protect the majority of people from serious annoyance during the
daytime. However, the UK does not have national limits on ambient noise, although
there are limits on individual aircraft and road vehicles. Local authorities can also
impose local limits.1 RCEP, The urban environment (twenty-sixth report), Cm 7009,
March 2007, para 2.34
Noise mapping and action plans
The EU Environmental Noise Directive (2002/49/EC) requires noise levels to be
assessed from road traffic, railways, major airports and industry. The Directive was
implemented in the UK by the Environmental Noise (England) Regulations 2006 (SI
2006/2238). Regulation 7 requires the Secretary of State to make strategic noise
maps for agglomerations, major roads, major railways and major airports.
In March 2010 Defra published noise action plans; there was a specific plan for road
traffic noise outside agglomerations (i.e. specific urban areas). This explains how
Defra has identified ‘important areas’ and ‘first priority locations’, where it will work
with the relevant highways authorities to investigate how best to deal with noise
impacts at those locations. Noise mitigation measures
The March 2010 Noise Action Plan for road traffic noise outside agglomerations sets
out the measures available to highway authorities to alleviate road traffic noise
impacts:
Control of Noise at Source
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Noise from individual vehicles is controlled under mandatory EU noise emission
standards which apply to all new road vehicles. These have been implemented in
regulations made under the Road Traffic Acts. These requirements must be met by
all models, or in the case of heavier vehicles, by engine types, before vehicles are
permitted to enter into service. In addition, once in service, silencers and exhaust
systems are required to be maintained in good condition and not altered so as to
increase noise. Noise made by the contact of tyres with road surfaces when in
motion is also controlled through an EU directive which since 2005 has mandated
noise limits that all tyres fitted to newly manufactured vehicles have to meet. This
directive has also been implemented in regulations made under the Road Traffic
Acts. By 2011 through a phased introduction, all replacement tyres will have to meet
the same noise limits as tyres fitted to newly manufactured vehicles. Further
reductions in tyre noise limits will take effect from 2016 under new legislation.
Planning controls
When proposing the construction of a new road, or an additional carriageway to an
existing road, a noise impact assessment must be carried out. For large scale
projects, an Environmental Impact Assessment is required by law, which would
include a noise impact assessment. In addition, the Highways Agency requires a
noise impact assessment to be undertaken if there is an expected increase of 1 dB
LA10,18h as a result of any works it carries out on its network, including
maintenance. The process which tends to be followed is set out in the Design
Manual for Roads and Bridges. Mitigation such as optimising the route alignment
and the use of noise barriers, either through landscaping or purpose built walls or
fences, is included in the design to minimise any adverse noise impact. This process
also has regard to the protection of tranquil areas in general through consideration of
the impact on landscape. Once the basic data regarding the potential impact of the
proposals has been obtained (including predicting the noise from the new network),
an estimate of the likely numbers of people to be affected is made. In addition,
through the Transport Appraisal Guidance, the noise impact is monetised as a
means of evaluating the overall merits of the proposal.
Through the operation of the land use planning system, a noise assessment would
normally be carried out for any proposed residential development that may be
affected by road traffic noise. Planning Policy Guidance 24 provides guidance
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regarding the suitability or otherwise of the site for such development. Guidance is
also given about the type of mitigation that might be needed in order to achieve
appropriate internal noise levels within homes. The approaches used to achieve
these levels include designing appropriate façade insulation or optimising the
proposed layout of the buildings.
Compensation and insulation
For new or improved highways, the Land Compensation Act 1973 allowed
regulations to be promulgated to provide compensation for dwellings affected by
increased noise. These regulations are the Noise Insulation Regulations 1975, as
amended 1988. If certain criteria are met, the highway authority must offer
secondary glazing and alternative ventilation for habitable rooms of dwellings so
affected.
In addition, Part 1 of the Land Compensation Act provides for monetary
compensation to those home owners affected by the new or improved highway
recognising any loss in value of the home that has occurred by the opening of the
new or improved highway. This assessment is purely subjective, carried out by
surveyors, and claims have to be made within a certain time period.
Maintenance
It is the Highways Agency’s current policy that when a length of highway requires a
replacement road surface (due to wear and tear) the opportunity is often taken to lay
a low noise road surface, one that assists in reducing the noise generated by the
tyre/road interface. Other highway authorities adopt a similar policy to varying
extents.
Specific Initiatives
From time to time a highway authority will undertake a specific noise abatement
initiative. Arguably the most notable example is the work being carried out by the
Highways Agency, where it is addressing sites on the motorway and trunk road
network that have been identified as having the most pressing noise problems.
Around 60 sites across that network have benefited from additional noise mitigation
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either through the application of low noise road surfaces or by the use of noise
barriers since around 1999/2000. Additional sites are already under consideration for
noise abatement works during the next few years.
Limit values
There are no relevant formal noise limit values in force in England with regard to
environmental noise levels from major roads. However, the Noise Insulation
Regulations 1975 (as amended in 1988) define a threshold level as part of the
eligibility criteria. Furthermore, there are guideline levels to be found in Planning
Policy
Under the respective legislation, occupiers of property within 300m of a new road are
entitled to be offered appropriate insulation if the noise from traffic on it reaches a
specified level at the property. The entitlement to insulation is governed by the Noise
Insulation Regulations which refer to the method of noise prediction to be used
The occupier of a property may also claim monetary compensation for any loss in
value of the property caused by the presence of the road. Compensation may be
payable even where the noise at a property does not reach the qualifying level and
whether or not it is situated within 300m of the road. Careful consideration of road
alignment options and mitigation measures can avoid noise and visual intrusion on
properties, with consequential savings in compensation costs.
Highway authorities are empowered to carry out “works for mitigating any adverse
effect which the construction, existence or use of a highway has or will have on its
surroundings”. They are also given the power to acquire land additional to that
needed for construction of the road itself to permit landscaping or the creation of
earth mounds. The interpretation of “works” in this context is fairly broad and
includes amenity treatment such as grassing and planting of trees and shrubs on
landscape areas. In this context both noise and visual intrusion are adverse effects
which can properly be mitigated by the use of earth mounds, barriers and planting.
Properties affected by new roads may in extreme cases be acquired at the discretion
of the highway authority where mitigation cannot prevent living conditions becoming
intolerable either during construction or after the road is opened. In certain
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circumstances affected properties (within 100m of the centre line) may be acquired
in advance of construction.18
Compensation
The Land Compensation Act 1973, as amended, specifically excludes the claiming of
compensation where there has been intensification of use of an existing road
although it can provide for compensation to be paid where the value of a property is
adversely affected by physical factors, such as noise, vibration, smell, fumes, smoke
and artificial lighting. There is no statutory requirement for compensation to be paid
to those who live next to public works, such as roads and railways, purely because
traffic has increased. The view is taken that those who purchase property near
existing roads or railways do so in the knowledge that traffic can change in
composition or volume, and that it would not be right to require the relevant
authorities to pay compensation solely because traffic patterns have altered in this
way.
When a new road is built a calculation is made of future noise levels. The highway
authority then offers those eligible help with insulation. It may also install sound
barriers to help avoid reaching the projected levels and these may be used in
conjunction with earth mounding to hide traffic as it is recognised that continuous
passing traffic can be stressful. The rules state that a dwelling within 300 metres of
road works would be eligible for help if it is calculated that within 15 years from the
opening of the new or altered road:
•

the traffic noise level at one or more facades will increase by at least 1dB(A) and

will be not less than the specified level of 68 dB(A) L10 (18 hour);21 and
•

noise caused or expected to be caused by traffic using the new or altered section

of road will contribute at least 1dB(A) to the noise level.
The Highways Agency’s general view is that if a property was eligible for
compensation under the 1973 Act then noise levels would have been taken into
account and any further noise mitigation once compensation has been settled would
be double counting. For this reason it will not install acoustic fencing on motorways
that have already been completed. However, in exceptional circumstances help may
be given to those suffering from noise under section 282 of the 1980 Act, usually by
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the construction of noise barriers on the highway as opposed to insulating an
individual's property.
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Report: ‘Wind Turbines in Denmark’
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Windwatch – Comments on UU survey ‘Living with
wind turbines’
This response by a member of Windwatch NI to the University of Ulster survey ‘Living with
Wind Turbines’, June 2012, has been anonymised to protect the identity of the respondent
who is employed in the energy industry.
It should be noted that the organisers of the survey refused to reveal the locations involved.
The actual and proposed wind farms were discovered to be Garves at Dunloy and the
proposed one is at Loughguile. It was discovered that most of the people who had indicated
opposition to the proposed wind farm were not invited to participate in the survey or even
knew of its existence. Those that did participate were not made aware of the purpose of the
survey.
It is remarkable that there were over 90 objections against the proposed wind farm and a
further Petition against signed by over 200 residents, while only three letters supported the
proposal, two with a financial involvement, and the third a person unknown. That the survey
should attempt to represent such a positive attitude to the proposal by the same community
at the same time, is simply not credible.
My comments on the “Living with Wind Turbines Survey”:
1.

I took part in the survey and do not remember being told that it was being funded by the NIEA,
and I do not remember the Chartered Institute of Environmental Health being mentioned..
Neither do I remember being advised that the NIEA Challenge Fund was set up to facilitate
study of:
■■ the sustainable use and protection of our natural resources,
■■ improved conservation and management of our natural heritage,
■■ improved conservation and protection of our built heritage,
■■ better public awareness and understanding of the environment.
In the interests of a fair assessment of the community’s views, perhaps the other highlighted
elements above should also have been assessed by the NIEA with respect to Wind Farm
Development, and perhaps the Chartered Institute of Environmental Health should carry out a
more detailed and objective study of the environmental health of those living closest to wind
farms, instead of a generalised and diluted study such as this one which draws very broad
conclusions from a very small information base.

2.

I believe the greatest flaw in the survey is the conclusion that has been drawn; ref the
Executive Summary: “The research findings indicate that the presence of wind turbines had
little impact on the resident’s perception of their neighbourhood as both sites rated their area
as ‘good’ or ‘very good’.
I think it is ludicrous to come to this conclusion, as it assumes that the residents at the
Proposed site would, in the case of development, be affected in exactly the same way as the
residents of the operational site had been. It should be obvious that this would only be the
case if the turbines were exactly the same size, the same distances from occupied dwellings,
with the same predominant wind directions and capacity factors in relation to the residents
who took part in the survey, and furthermore, if they were located in such a way that the
impact on the character of the local landscape was also the same.

3.

There is almost no detail provided in the survey results. We have no idea whether the
respondents lived on the outer edge of the 3km limit or within 1 km of the Site. Those living
towards the outer boundaries would probably not be subject to any noise impact, while those
living within 1km could – literally – have their quality of life destroyed by noise from the wind
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turbines. Those living towards the outer boundaries may not even have direct line of sight
to the turbines, in which case they would hardly be expected to complain strongly against
visual impact, while those living within 1km usually cannot escape the visual impact. Those
living towards the outer boundaries may not foresee of suffer ay devaluation in their property
values, while those living on the edge of the wind farm sites could find that their properties
are unsalable. Surely it is obvious that such a survey does not truly represent the views of
a local community, since it covers such a relatively large area and provides absolutely no
indication of where the respondents are located within that area. These flaws are inherent in
the reports (Warren et al (2005) and Braunholtz et al 2003) to which this survey refers;
The question of how representative the survey was is also highlighted by the statement that:
“ In total, 241 questionnaires were completed over the course of the 3 days – 131 from Site
2 (operational) and 110 from Site 1 (proposed). The approximate response rate from Site 2
was 19.9% and from Site 1, 43.8%, taking into consideration the number of properties within
3km of the wind farm or proposed site”. Can a survey of 19.9% of potential respondents, with
no knowledge of where those respondents live in relation to the wind farm, be considered
representative?
4.

The survey interpretations are not at all objective and the authors draw and/or imply
conclusions in a very dismissive way; e.g. “Although the respondents from Site 1 were
generally positive towards wind farms and wind power generation, a substantial proportion
of people thought that their area would be less satisfactory to live in due to the proposed
wind farm, which is suggestive of a NIMBY attitude”. As one of the respondents, I take strong
issue with this statement. In general, if someone was supportive of wind power but believed
for example that wind turbines should not be installed within 2 km of any residential homes
or located in areas where they will change the landscape character of the area, those views
would pertain to any wind farm development in the country, not just those in that persons own
back yard. In the case of the proposed site
a.

There are numerous residents within 1 km of the proposed wind farm. Having seen
the devastating impact of other wind farm developments so close to dwellings (where
people have had to leave their homes), why is it unreasonable to have a view that
nobody – whether in the respondents back yard or not – should be subject to that
treatment?
Even local councils and Ministers in other jurisdictions have accepted that those
living in the immediate vicinity have a right to be listened to, without being dismissed
as ‘NIMBY’s’. For example, in rejecting plans for the Newburgh Wind Farm in Fife,
Scotland, Fife Council stated that the wind farm: “would create an overbearing effect
on the virtually undeveloped surrounding rural landscape, and would detrimentally
affect the visual amenity of the occupiers of properties within the immediate locality”;
similarly, in rejecting the Spittal Wind Farm near Greenock Scottish Ministers had
“considered the residential receptor assessment, included in the application, which
identified 89 existing or nearly completed properties within 2 kilometres of the nearest
turbine, 16 of these within 1 kilometre and the remaining 72 properties lie between 1
and 2 kilometres. The Reporter examines these effects in paragraphs 9.58 to 9.68 of
the report and found that overall at least 5 non-stakeholder properties would become
unpleasant places to live in and that a number of others would suffer from adverse
visual impacts.

b.

the NIEA themselves (Chief Landscape Architect) had stated repeatedly that they
have concerns “Landscape Architects Branch has significant concerns regarding the
potentially adverse impacts which this wind farm would have on both the visual amenity
and landscape character of this area. The proposed development will impact on key
views of the AONB from the lowland landscapes to the west and will be seen in the
context of the distinctive skyline of Slieveanorra. Landscape Architects Branch also
has concern at the cumulative impact of the proposed development which will extend
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the influence of wind farm development further to the north and will undermine the
integrity of the landscape”. Again, I would have thought it reasonable for any right
minded person to support a view that no wind farm should be developed anywhere in
the country where the applicable Environment Agency has formed such an opinion.
I strongly resent the fact the survey has drawn or implied potentially false conclusions from
answers provided by respondents.
5.

In Chapter 2 “Introduction and Policy Background”, some very broad and subjective
statements are made in relation to energy policy and no mention is given to the fact that
there are numerous opposing views, in most cases from professional and industry sources
whose opinions should not be dismissed so casually, for example:
■■ ”A shift to renewable energy for electricity generation will also contribute significantly
towards reducing NI’s greenhouse gas emissions”. This may not be the case; Dr. Fred Udo,
a graduate of the Technical University of Delft, has carried out a study of the Irish Grid
using real-time, ¼ hr data published by Eirgrid. (i.e. not a theoretical simulation). His study
revealed that the supposition that 1 MW of wind energy can displace 1 MW of fossil fuel
energy and its associated CO2 (i.e. a 1:1 ratio) is false. In fact, the ratio in 2010-2011
was 0.6, and he further found that the greater the wind energy percent on the grid, the
lower the ratio, i.e., adding still more wind energy becomes less and less effective for CO2
emissions reduction. - at very high wind energy percent on the grid, the ratio will ultimately
go to zero and then become negative, i.e., adding still more wind energy to the grid will
actually INCREASE CO2 emissions.
■■ Graph 1 included in this section also highlights one of the fallacies of the renewable
energy approach. This survey follows the now standard approach of suggesting that
renewable energy is the only way of meeting greenhouse gas emissions targets (which
are of course, the primary concern). In fact, a growing number of experts are concluding
that wind energy is neither the quickest or the least cost way of reducing greenhouse
gas emissions. For example, AF-Mercados, a global energy consultancy reported that, in
relation to UK Renewable Energy Targets “Our modelling indicates that in order to meet
our 2050 target for carbon reduction emissions for power we need to spend around 25%
more than we would if we had no such target. To achieve exactly the same amount of
carbon reduction – but with the renewable targets as well – would add around another
15%, or about 40% extra overall costs compared to no targets ….. If our only policy driver
is to reduce carbon emissions, then the lowest cost way of meeting our emissions targets
requires a mixture of gas and nuclear new build”. It’s interesting that Graph 1 shows that
in Northern Ireland, a large proportion of electrical power is generated in low efficiency
and high emission coal and oil fired plants. Moving these generations sources to modern
CCGT would have saved more CO2 than all the wind farms installed on the island of
Ireland.
■■ This Section also ignores scientific concern about the release of CO2 from peat bogs
when they are disturbed. In 2006, New Scientist reported that ‘Mike Hall from the
Cumbria Wildlife Trust had developed assessment methods for estimating CO2 release
from degrading peat. The first is a baseline figure calculated simply from the amount of
peat excavated in construction. The second “minimal scenario” includes emissions from
degraded peat up to 50 metres around areas of disturbance such as foundations and
service roads. This figure was being used by wind farm developer AMEC in Scotland. A
third “high scenario” extends that range to 100 metres. Hall believes this is closest to the
actual level of disruption, citing Lindsay’s research, which indicates that damage to peat
can extend for as much as 250 metres on either side of tracks or drainage ditches, as
water drains from the affected area.
To calculate carbon savings, Hall uses the developers’ own predictions, which generally give
figures for overall electricity generation of about 30 per cent of the maximum rated capacity
of a turbine. The average achieved output for existing wind farms is actually lower than this
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- 25.6 per cent according to industry figures. Using the conservative “minimal scenario”,
Hall calculates that a 2-megawatt turbine built on peat moorland 1 metre deep will take 8.2
years to pay back its CO2 cost. The figure for the “high scenario” is a whopping 16 years.
Even the minimal figure is a substantial portion of a turbine’s normal lifespan of 25 years,
and considerably higher than the industry’s own figures, which range between three and 18
months.’
For the “Living with Wind Turbines” survey to be taken seriously, it should either refrain
from making subjective statements or at least point out to the reader that other views and
opinions exist.
6.

In Chapter 2.2 “Introduction and Policy Background –Potential Health Impacts of Wind
Turbines”, the survey again makes a series of sweeping and subjective statements which I
don’t believe provide an objective view. Even the references to source material are selective;
for example, the Knopper et al study referred to in this Section actually states that: “A
number of governmental health agencies agree that while noise from wind turbines is not loud
enough to cause hearing impairment and are not causally related to adverse effects, wind
turbines can be a source of annoyance for some people. Ultimately it is up to governments to
decide the level of acceptable annoyance in a population that justifies the use of wind power
as an alternative energy source” and also states: “Assessing the effects of wind turbines on
human health is an emerging field, as demonstrated by the limited number of peer-reviewed
articles published since 2003. Conducting further research into the effects of wind turbines
(and environmental change) on human health, emotional and physical, as well as the effect of
public consultation with community groups in reducing preconstruction anxiety, is warranted”.
So not quite as dismissive as the survey might suggest.
The Living with Wind Turbines survey and the sources it references would have us believe
that any symptoms of ill health derive solely from the “stressed condition induced in some
of those living near wind farms”. Yet in an article published in February 2012, Renewable
Energy World, a publication which is advertised as being :” The World’s #1 Renewable
Energy Network for News & Information”, Jim Cummings from the Acoustic Ecology Institute
stated that “there have been some reliable reports from non-residents (i.e., not coping with
stress or annoyance from living near turbines) who experienced physical and mental effects
shortly after arriving in the vicinity of operating turbines. Among these are two acousticians
who recently experienced a dramatic loss of concentration and focus within a half hour of
arriving to do measurements of a turbine in Massachusetts, something that had never before
occurred in decades of field work
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Rare Earths and Other Chemicals Damaging the Environmental Value of Renewables
The old adage about how you don’t want to see how laws or sausage is made applies to
so-called renewable energy. Specifically, you don’t want to know the environmental cost of all
those rare earth minerals that the technology requires.
The wind power industry produces a great deal of toxic waste because mining rare earth
minerals, which are essential for wind turbines, is a dirty business.
Is it worth the cost?
Wind Energy: About Those Rare Earths...
Wind energy seems so clean -- gentle breezes quietly spinning sleek blades, generating
energy. What could be dirty about that? According to The Data Center Journal, for one, the
answer is, “Plenty.” Why? To get those supposedly clean and green turbines, one needs
a rather large quantity of rare earth minerals (which, despite their name, are not so rare).
Mining and processing these rare earths generates a tremendous amount of “hazardous and
radioactive byproducts,” the DCJ reports, which “can cause tremendous harm to both people
and the environment.”
In fact, the environmental effects of rare earth mining can be literally sickening. In the
Mongolian town of Baotou, the epicenter of Chinese rare earths production, the mining has
literally killed off the local farming, The Guardian reports: “The soil and groundwater are
saturated with toxic substances. Five years ago (local farmer) Li had to get rid of his sick pigs,
the last survivors of a collection of cows, horses, chickens, and goats, killed off by the toxins.”
The irony is rather hard to miss -- proponents of wind power demand stringent environmental
standards on our domestic coal and nuclear industry, but seem strangely unconcerned at the
appalling environmental conditions necessary to supply their rare earths habit.
In fact, it’s rare earths which account for a great deal of the overall carbon footprint of wind
energy, but this carbon debt is not calculated as part of the assessment of the value of a
wind energy application. It’s an almost-ironic situation where carbon-intensive production
and mining methods are used to manufacture products claimed to lower the overall
carbon footprint. Danish wind turbine producer Vestas writes on its website, “The rare
earth elements are used in the magnets found in the tower and in the permanent-magnet
generators in some of the newer models… to improve the performance of turbines by making
the generators more efficient and more grid-compatible…”
At the Hong Kong conference on rare earths JLMag projected that global demand for rare
earth permanent magnets from wind would increase from 4500 tonnes in 2012 to 8000
tonnes in 2014 assuming stable neodymium, praseodymium and dysprosium pricing.
Traditional wind generators are less efficient at low wind speeds, while direct drive wind
turbines which use neodymium-iron-boron magnets can operate at low wind speeds and
improve wind farm economics. A 3 MW wind turbine can use up to 2,700 kg of NdFeB
magnets. While the increase in demand from rare earth turbines is still dependent on
government subsidies, they will be increasingly favoured over their less efficient counterparts
if rare earth prices are low.
Rare Earths Not So Eco-Friendly, Either.
A major concern surrounding China’s practice of mining rare earth elements is the negative
impact it has to the environment due to lax mining practices. There are a number of potential
environmental implications to mining rare earth elements if not done properly. Unfortunately,
because of the revenue potential, many rare earth mines have been operating illegally, with
no regulation, causing severe environmental hazards, which exacerbates the problem.
According to an article published by the Chinese Society of Rare Earths, “Every ton of
rare earth produced, generates approximately 8.5 kilograms (18.7 lbs) of fluorine and
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13 kilograms (28.7 lbs) of dust; and using concentrated sulfuric acid high temperature
calcination techniques to produce approximately one ton of calcined rare earth ore generates
9,600 to 12,000 cubic meters (339,021 to 423,776 cubic feet) of waste gas containing
dust concentrate, hydrofluoric acid, sulfur dioxide, and sulfuric acid, approximately 75 cubic
meters (2,649 cubic feet) of acidic wastewater, and about one ton of radioactive waste
residue (containing water).” Furthermore, according to statistics conducted within Baotou,
where China’s primary rare earth production occurs, “all the rare earth enterprises in the
Baotou region produce approximately ten million tons of all varieties of wastewater every
year” and most of that waste water is “discharged without being effectively treated, which not
only contaminates potable water for daily living, but also contaminates the surrounding water
environment and irrigated farmlands.”
The disposal of tailings also contributes to the problem. Tailings are the ground up materials
left behind once the rare earth has been extracted. Often, these tailings contain thorium,
which is radioactive. Generally, tailings are placed into a large land impoundment and stored.
In the U.S. strict controls are put into place and permits are required to store tailings.
According to Wang Caifeng, China’s Deputy Director-General of the Materials Department of
the Ministry of Industry and Information Technology, producing one ton of rare earth elements
creates 2,000 tons of mine tailings. Wang said that China has sacrificed greatly in its
extraction of rare earths. However, according to a study on behalf of the United States Army
by Cindy Hurst of The Institute for the Analysis of Global Security, the people of China are still
being made to pay a terrible price so that wind turbines can have permanent magnets.
For example, the ore mined in Bayan Obo is transported to Baotou via open railway carts, where
it is then processed. Unfortunately, the waste finds its way into the Yellow River, which passes
by the south side of Baotou and travels about another 1,300 miles, through mountainous
terrain as well as through heavily populated areas before finally dumping into the Yellow Sea.
In 2005, Xu Guangxian wrote that thorium was a source of radioactive contamination in the
Baotou area and the Yellow River. According to a local source, “In the Yellow River, in Baotou,
the fish all died. They dump the waste – the chemicals into the river. You cannot eat the fish
because they are polluted.” Some 150 million people depend on the river as their primary
source of water.
Under traditional technology means, refining rare earth elements requires such
chemicals as ammonium bicarbonate and oxalic acid. The potential health hazards of
ammonium bicarbonate include: Irritation to the respiratory tract if inhaled, irritation to the
gastrointestinal tract if ingested, redness and pain if it comes in contact with the eyes, and
redness, itching, and pain if it comes in contact with the skin. Oxalic acid is poisonous and
potentially fatal if swallowed. It is also corrosive and causes severe irritation and burns to the
skin, eyes, and respiratory tract, is harmful if inhaled or absorbed through the skin, and can
cause kidney damage. These and other chemicals often find their way into the Yellow River.
The grim trade-off between obtaining power from wind and the methods required to make
that happen leave those within the industry uncomfortable. “Executives in the $1.3 billion
rare-earths mining industry say that less environmentally damaging mining is needed, given
the importance of their product for green energy technologies,” The New York Times wrote
back in 2009, adding that Nicholas Curtis, the executive chairman of the Lynas Corporation
of Australia, in a speech to an industry gathering in Hong Kong said, “This industry wants
to save the world. We can’t do it and leave a product that is glowing in the dark somewhere
else, killing people.”
So, in short, it is best not to talk about it – and that is exactly what the industry has done!
DRK 16 October 2014
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1990sOne tonne of CO2 claimed per MWh of electricity generated (see PowerGen CRR);
Mid-1990s. Reduced to reflect displacement of coal to 0.86 tonnesCO2/MWh. But the DTI
(now BERR) stated that grid-average mix should be used rather than the coal displacement
figure (Wind Energy Fact Sheet 14). At that time this was 0.654 tCO2/MWh based on a 1993
blend of power stations. Since then many dirty coal plants have been replaced by cleaner gas
power stations.1
2004. DEFRA use grid average mix of 0.43 tCO2/MWh 2. Also used by the Carbon Trust3 and
Ofgem for converting ROCs into Emissions Trading Scheme Credits 4;
December 2005 onwards. The use of 0.43t/MWh was confirmed by the Advertising
Standards Authority (ASA) in several rulings against Renewable Energy Systems Ltd and
NPower Renewables for calculating the lifetime savings of a wind farm.
mid-2007. BWEA negotiating with ASA to try to agree a figure acceptable to the industry.
May 2005. Sustainable Development Commission refers to a figure of 0.36t/MWh by 2020. 5
Autumn 2007. Press release from BERR, Malcolm Wicks, the Energy Minister, used a figure of
0.37t/MWh for savings expected from the Fullabrook Down wind farm (Devon). This became
the norm for BERR as confirmed in replies to parliamentary questions January 15th 2008.6
2005. In its Climate Change Review, DEFRA 7 used a figure of 0.27 tCO2/MWh for the year
2010, confirmed in a written answer by the Energy Minister8.
November 2008. BWEA agreed with ASA, figure of 0.43t/MWh should be used for CO2
emissions saving calculations.
March 2013. Analysis of Irish grid based on Eirgrid data by Dr Joe Wheatley, identifies
savings from wind of 0.28 tonne CO2/MWh,
These figures make no allowance for electricity consumed by the wind turbines for functions
such as:
■■ Yaw control (maintaining the direction of the blades into the wind) and pitch control (the
angle of the blades)
■■ Lighting
■■ Heating and de-icing
■■ Lubricating pumps
■■ Controls
■■ Exciting the stator
■■ Blade and shaft turning in light wind to prevent warping.
Unless measurements are made of electricity consumed by wind turbines, it is not possible
to determine what the net electricity production is and therefore what the CO2 emissions
savings are. It is my understanding that the electricity produced is sold and metered for
calculating and claiming ROCs whereas the electricity used to operate the turbines is bought
back. Thus gross electrical output rather than net electrical output is used to claim ROCs,
which are used in official calculations of achieved capacity factors.
Need for an independent assessment of the effect of wind turbines on the CO2 emissions
of conventional power stations and a realistic calculation of the pay back time for CO2
emissions during fabrication, transport, erection and maintenance of the turbines and
infrastructure.
Erroneous aassumption that wind output would allow conventional plant to be shut down,
whereas certain transmission constraints exist. For example, the “Transmission Constraint
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Groups” published by Eirgird and SONI and effective from 17th May 2012 includes the
following SONI TCG:
“Coolkeeragh CCGT must remain on load when the N/system demand is above 1000 MW to
ensure system security in the North West”. This TCG will apply at the moment regardless of
whether any further wind farms are built.
The Intergovernmental Panel on Climate Change gives figures for natural fluxes between the
biosphere and the atmosphere of 120GtC/yr and between the oceans and atmosphere of
70GtC/yr. Thus the total fluxes are 190GtC/yr. This equates to 697Gt CO2/year. Burning of
fossil fuels accounts for an additional 6.4GtC/yr (23.5Gt CO2/yr), i.e. about 3.4% of the total
flux.
The recently rejected Drumadarragh wind farm application would therefore reduce the world’s
fossil fuel derived CO2 emissions by 2,649/ (23.5 x 109) = 0.00000011 or 0.000011%. To
put this into context, it would require the construction of more than 90,000 wind farms of the
size of Drumadarragh to reduce the world CO2 emissions from fossil fuels by 1%.
Drumadarragh would reduce the world’s total CO2 emissions by 2,649/ (720 x 1 09) =
0.0000000035 or 0.00000035%. To put this into context, it would require the construction
of more than 2,760,000 wind farms of the size of Drumadarragh to reduce the world’s total
CO2 emissions by 1%.

2527

Report on the Committee’s Inquiry into Wind Energy

Windwatch – 20 questions for the wind industry
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Windwatch – briefing paper by Prof. Alun Evans
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Appendix
Alun Evans
Current Position
Professor Emeritus, Senior Visiting Research Fellow, Centre for Public Health, The Queen’s
University of Belfast, Institute of Clinical Science B, Grosvenor Road, Belfast BT12 6BJ, UK
Qualifications
1968 MB, BCh (IInd Class Hons)
1971 MRCP (London)
1973 Dip Soc Med (Edinburgh)
1974 MFCM (London)
1984 MD (QUB)
1987 FRCP (London)
1989 FFPHMI (Dublin)
Medals
1967, Houston, 1968, Thompson, Sinclair, 1995 Hickey, 2005 Campbell
Previous Position
1990–2009 Professor of Epidemiology (Personal Chair), Department Of Epidemiology and
Public Health, QUB
Teaching Experience
I have lectured to societies and in universities in this country and in many countries across
the world. I have acted as a WHO Consultant on numerous occasions and this has also
involved lecturing. I have acted as External Examiner to UCD, TCD and the University of
Aberdeen.
Research Interests
My main interest for the past 35 years has been the Epidemiology of CVDs. I initially trained
as a physician with an interest in Cardiology. I subsequently did some Family Medicine in
Western Canada and in Co Donegal. In the late 1970s I was involved in clinical trials and
community studies of coronary heart disease. In 1982, I became the Principal Investigator
of the WHO MONICA Project in Belfast. I was elected to the Steering Committee of MONICA
in 1990 and chaired it from 1994-97. At the time, MONICA was the largest epidemiological
study in the world, comprising 38 centres in 26 countries. I have been in receipt of numerous
grants, and I have coordinated two major EU funded projects, and have been a partner in 17
others. I have taken part in an extensive research program with France, through the ECTIM
and PRIME Studies. I have published several hundred papers, and many book chapters. I
established and coordinated a large European pooling project of CVD cohorts. This study,
which is called MORGAM (MOnica Risk Genetics Archiving and Monograph) formed part of
ENGAGE (European Network for Genomics and Genetic Epidemiology) and is currently part of
CHANCES and BiomarCaRE. A present main focus is on Medical History with an emphasis
on Social and Public Health. I became concerned over the adverse health effects of wind
turbines, particularly in relation to CVD, around five years ago.
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Publications
I have published around 700 papers and several book chapters. I am a
co-author of the World Health Organization Monograph: Cardiovascular Survey Methods, WHO
Monograph (IIIrd Edition) Geneva, 2004.
I co-wrote the Editorial ‘Wind Turbine Noise’ in the British Medical Journal in 2012.
Illustrative additional research papers not included above:
Guang Yang et al, Sleep promotes branch-specific formation of dendritic spines after learning,
Science 344, 1173, 2014.
Timo Heidt,Hendrik B Sager, Gabriel Courties, et al, Chronic variable stress activates
hematopoietic stem cells, Nature Medicine 2014.
Kugler K,Wiegrebe L, Grothe B, et al, Low-frequency sound affects active micromechanics in
the human inner ear, R. Soc. open sci. 1: 140166, 10 July 2014.
Claire E. Sexton, Andreas B. Storsve, Kristine B. Walhovd, Heidi Johansen-Berg, Anders M.
Fjell, Poor sleep quality is associated with increased cortical atrophy in community-dwelling
adults, Neurology 83, 9 September 2014.
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Windwatch – briefing paper Pat Swords
By Pat Swords BE CEng FIChemE CEnv MIEMA


October 2014

Biography: Pat Swords is a Fellow of the Institution of Chemical Engineers and a Chartered
Environmentalist, who graduated from University College Dublin in 1986. Pat has been active
in the design and development of industrial projects in the chemical, pharmaceutical, food
and energy sectors both in Ireland and abroad. For over a decade he helped implement the
EU’s environmental legislation concerning environmental assessment, industrial pollution
control and major accident hazards into the then accession states of Central and Eastern
Europe. As such he was responsible for training regulators, industry and, in later years,
members of the public and NGOs in the implementation of the Environmental Acquis, the EU
legislative framework in the environmental sector.
It was these skills he applied to the EU’s and Ireland’s renewable programme to fund and
install several thousand wind turbines and thousands of kilometres of new high voltage lines
into the Irish rural landscape. This lead to a legal case with the legal tribunal at the United
Nations Economic Commission for Europe’s (UNECE) Aarhus Convention in Geneva, the
Compliance Committee ruling that the implementation of the EU’s National Renewable Energy
Action Plans (NREAPs), particularly in Ireland, was in non-compliance with the requirements of
the Convention. The NREAPs having by-passed the mandatory steps in relation to assessment
and public participation in decision-making. These findings and recommendations have
since been endorsed by the UNECE Meeting of the Parties in July 20141, which is the formal
Governing Body of the 47 Parties (countries) to the Convention, and are as such a declaration
in International Law and binding on Community Law. UNECE are now engaged in formal
compliance proceedings with the EU in relation to their recommendation that the NREAPs
should be completed in a compliant manner with the active public participation before their
adoption, while the matter is also subject to on-going proceedings in the High Court2.
Pat also helped prepare and present a second case at the Compliance Committee taken
by a Community Council in Western Scotland. This lead to the findings by the Compliance
Committee in that the UK had failed to comply with the Convention in the manner in which it
had adopted its NREAP. These findings were also endorsed by the Meeting of the Parties in
July 2014 and currently are part of a Judicial Review, which is on-going in Scotland.
“The state exists for man, not man for the state. The same may be said of science. These are
old phrases, coined by people who saw in human individuality the highest human value. I would
hesitate to repeat them, were it not for the ever recurring danger that they may be forgotten,
especially in these days of organisation and stereotypes.” Albert Einstein

1

As formally adopted by ECE/MP.PP/2014/CRP.9/Rev.1 on the 2 July 2014: http://www.unece.org/fileadmin/DAM/
env/pp/mop5/Documents/Category_I_documents/ECE_MP.PP_2014_L.16_ENG.pdf

2

http://irishplanningnews.ie/high-court-challenge-to-national-renewable-energy-action-plan/ Proceedings to
recommence on the 11th November 2014
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Why Public Participation
Elections are only a ‘roll call’ to select public representatives and not put ‘rulers’ into
place with unlimited powers by diktat. The environment of N. Ireland does not belong to
administrators of the UK or of the EU to do what they want with it, such as filling it with wind
turbines and pylons. Instead, the environment of Ireland belongs to its people and they have
defined rights in law, which must be respected. History teaches us that populist trends and
fashions come and go; as a result that is why a defined legal structure and associated rights
have been put in place. This legal structure and associated rights are there for a reason, as
part of the necessary checks and balances.
So let’s look at those rights and the legal structure, which was put in place to control such
matters. Principle 10 of the United Nations Rio Declaration of 1992 spelt it out3:
■■ Environmental issues are best handled with participation of all concerned citizens, at
the relevant level. At the national level, each individual shall have appropriate access
to information concerning the environment that is held by public authorities, including
information on hazardous materials and activities in their communities, and the
opportunity to participate in decision-making processes. States shall facilitate and
encourage public awareness and participation by making information widely available.
Effective access to judicial and administrative proceedings, including redress and remedy,
shall be provided.
Information has to be generated and provided, public participation in decision-making has to
occur and proper access to justice provided.
In the region of the United Nations Economic Commission for Europe (UNECE), this became
the Aarhus Convention on Access to Information, Public Participation in Decision-Making and
Access to Justice in Environmental Matters4, in many respects influenced by the unfortunate
environmental legacy, which was left behind by the planned economies of Eastern Europe
and Central Asia. The EU ratified the Convention in February 2005 in Decision 2005/370
and it became a binding part of Community Law5. As the EU clarified in their first National
Implementation Report to UNECE6:
■■ International agreements concluded by the European Community are binding on the
institutions of the Community and on Member States. In accordance with the European
Court of Justice’s case-law, those agreements prevail over provisions of secondary
Community legislation. The primacy of international agreements concluded by the

3

http://www.unep.org/Documents.Multilingual/Default.asp?DocumentID=78&ArticleID=1163

4

http://www.unece.org/env/pp/welcome.html

5

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32005D0370

6

http://ec.europa.eu/environment/aarhus/pdf/sec_2008_556_en.pdf

2562

Other Papers

Community over provisions of secondary Community legislation also means that such
provisions must, so far as is possible, be interpreted and applied in a manner that is
consistent with those agreements.
■■ Such provisions constitute rules of Community law directly applicable in the internal legal
order of the Member States, which can be relied on by individuals before national courts
against public authorities.
However, the principles behind this are nothing new or radical.
“I not only use all the brains that I have, but all that I can borrow” - Woodrow Wilson, US
President, 1913-1921.
Gathering opinions and information from interested parties is an essential part of the policydevelopment process, enhancing its transparency and ensuring that proposed policy is
practically workable and legitimate from the point of view of stakeholders. Furthermore, civil
society is not without considerably talented people. It is not by any means uncommon that
members of the public may be more competent and knowledgeable in the subject matter than
designated public officials, in particular where it concerns matters in their locality. A modern
democracy is about being inclusive and bringing out the talents of the public, not suppressing
them in the manner which George Orwell so aptly described in Animal Farm, where the pigs
decide and the animals have to toil building windmills:
■■ No one believes more firmly than Comrade Napoleon that all animals are equal. He would
be only too happy to let you make your decisions for yourselves. But sometimes you might
make the wrong decisions, comrades, and then where should we be?
1.2

The Principles of Public Participation
As the ‘Aarhus Convention: An Implementation Guide’7 points out in relation to the first pillar
on access to information:
■■ Under the Convention, access to environmental information ensures that members of the
public are able to know and understand what is happening in the environment around
them. It also ensures that the public is able to participate in an informed manner.
Obligations are placed on public authorities not only in relation to providing access to
environmental information on request, but also to possessing and updating environmental
information which is relevant to their function, ensuring that it is transparent and effectively
accessible. The latter relates to the general obligation of the Convention of:
■■ Recognizing the importance of fully integrating environmental considerations in
governmental decision-making and the consequent need for public authorities to be in
possession of accurate, comprehensive and up-to-date environmental information.
These measures were adopted through Directive 2003/4/EC on public access to
environmental information and the N. Ireland Environmental Information Regulations.
As regards the principles of public participation the Implementation Guide further clarifies:
■■ Public participation in decision-making is the second “pillar” of the Convention. Public
participation cannot be effective without access to information, as provided under the first
pillar, nor without the possibility of enforcement, through access to justice under the third
pillar.
■■ In its ideal form, public participation involves the activity of members of the public in
partnership with public authorities to reach an optimal result in decision-making and
policymaking. There is no set formula for public participation, but at a minimum it requires
effective notice, adequate information, proper procedures and appropriately taking account
of the outcome of the public participation. The level of involvement of the public in a

7

http://www.unece.org/fileadmin/DAM/env/pp/Publications/Aarhus_Implementation_Guide_interactive_eng.pdf
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particular process depends on a number of factors, including the expected outcome,
its scope, who and how many will be affected, whether the result settles matters on a
national, region or local level, and so on. In addition, different persons may have different
status in connection with participation on a particular matter.
■■ Those who are most affected by the outcome of the decision-making or policymaking
should have a greater chance to influence the outcome. This is behind the distinction
between “public” and “public concerned”.
The Convention differentiates between the public participation requirements for permit
approvals, such as planning or pollution control, which is Article 6 of the Convention and
public participation for plans, programme or policies related to the environment, which
is Article 7 of the Convention. At the EU level Article 6 was transposed by updating the
Directives on Environmental Impact Assessment (EIA) and Integrated Pollution Prevention and
Control (IPPC) legislation. However, Article 7 was never properly transposed. The EU has a
2001 Directive on Strategic Environmental Assessment, which is applicable in certain cases,
such as programmes related to energy. While this is more specific in content than Article 7 of
the Convention, the UK Parliament’s January 2006 briefing paper8 on the implementation of
the Convention was accurate when it pointed out:
■■ Implementing the second pillar has been problematic. Given the many discrete
policy areas involved and the need to meet EU time limits, the competence for public
participation has been split between different legal instruments and thus different
government departments. With public participation legislation mainly focusing on EIA, IPPC
and planning, it provides insufficient coverage for other areas affected.
■■ Problems have to be highlighted early “when all options are open and effective participation
can take place”. At the moment, however, consultations, which do not have to take
account of the opinions given, remain the key instrument used by decision makers.
This needs some further explanation, if a project is an isolated entity, such as a ‘one off’ new
power station to replace an aging one, it will be assessed at the project level through Article
6 of the convention and the EIA Directive. If instead it is power generation connected to an
overall programme, such as a plan related to renewables, then tiered decision making applies
and prior assessment of the plan or programme should have also occurred to Article 7 of the
Convention and the interlinked Directive on Strategic Environmental Assessment.
At the UNECE Meeting of the Parties in July 2014, the Maastricht Recommendations on
Public Participation were adopted, which are both highly informative and readable9. As regards
the ‘step by step’ procedures in relation to ‘when all options are open’ and ‘taking due
account of the public participation’, these were clarified in the Maastricht recommendations
with respect to the ‘case law’ of the Convention, in particular:
■■ 2(b). The “zero option” means the option of not proceeding with the proposed activity, plan
or programme at all nor with any of its alternatives.
■■ 16. In line with the Convention’s requirement for the public to have an opportunity to
participate when all options are open,10 the public should have a possibility to provide
comments and to have due account taken of them, together with other valid considerations
required by law to be taken into account, at an early stage of decision-making when all
options are open, on whether the proposed activity should go ahead at all (the so-called
“zero option”).11 This recommendation has special significance if the proposed activity
concerns a technology not previously applied in the country and which is considered to be
8

Parliamentary Office of Science and Technology- Postnote January 2006 Number 256 (available on internet)

9

http://www.unece.org/fileadmin/DAM/env/pp/mop5/HLS/ece.mp.pp.2014.crp.7_ece.mp.prtr.2014.crp.1_e_.pdf

10

Article 6, paragraph 4 of the Convention.

11

Compliance with regard to Lithuania, ECE/MP.PP/2008/5/Add.6, para. 74; Compliance with regard to the European
Commission, ECE/MP.PP/2008/5/Add.10, para. 51; Compliance with regard to Slovakia, ECE/MP.PP/2011/11/
Add.3, ECE/MP.PP/2011/11/Add.3, para. 61 and 63.

2564

Other Papers

of high risk and/or to have an unknown potential environmental impact. The opportunity for
the public to provide input into the decision-making on whether to commence use of such a
technology should not be provided only at a stage when there is no realistic possibility not to
proceed.12
■■ 19. Irrespective of how the framework for decision-making is structured, the public should
have a possibility to discuss the nature of and need for the proposed activity at all (the
zero option, see para.16 above). In order to satisfy the requirements of the Convention
and to meet the legitimate expectations of the developer, this possibility should be
provided at the earliest stage of the entire decision-making, when it is genuinely still open
for the project not to proceed.
■■ 78(c) Information about the decision-making in the earlier tiers should be available in
order for the public to understand the justification of those earlier decisions – including
the rejection of the zero option and other alternatives.
Article 6(8) of the Convention requires that:
■■ Each Party shall ensure that in the decision due account is taken of the outcome of the
public participation.
As the ‘Implementation Guide’ clarifies: In its findings on communication ACCC/C/2008/24
(Spain), the Committee found that:
■■ It is quite clear to the Committee that the obligation to take due account in the decision
of the outcome of the public participation cannot be considered as a requirement to
accept all comments, reservations or opinions submitted. However, while it is impossible
to accept in substance all the comments submitted, which may often be conflicting, the
relevant authority must still seriously consider all the comments received. The Committee
recalls that the obligation to take “due account” under article 6, paragraph 8, should be
seen in the light of the obligation of article 6, paragraph 9, to “make accessible to the
public the text of the decision along with the reasons and considerations on which the
decision is based”. Therefore the obligation to take due account of the outcome of the
public participation should be interpreted as the obligation that the written reasoned
decision includes a discussion of how the public participation was taken into account.
... The Committee notes that a system where, as a routine, comments of the public were
disregarded or not accepted on their merits, without any explanation, would not comply
with the Convention.
In a similar fashion the EU’s Directive on Environmental Impact Assessment, requires that the
following information shall be made available to the public:
■■ Having examined the concerns and opinions expressed by the public concerned, the main
reasons and considerations on which the decision is based, including information about
the public participation process.
As the case law of the European Court confirms with regard to the Environmental Impact
Assessment Directive13 in that it:
■■ Prescribes an assessment of the environmental impact of a public or private project, but
does not lay down the substantive rules in relation to the balancing of the environmental
effects with other factors or prohibit the completion of projects which are liable to have
negative effects on the environment.
It therefore informs the final decision on a project, rather than directs it, but it must be
completed in a ‘transparent and fair’ manner in accordance with the public participation
requirements of the Convention including proper ‘reasons and considerations’ on which the
decision is based.
12

Compliance with regard to Lithuania, ECE/MP.PP/2008/5/Add.6, para 74

13

http://ec.europa.eu/environment/eia/pdf/eia_case_law.pdf
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1.3

The UK and Northern Ireland’s Failure to Transpose the Environmental Impact Assessment
Directive
The DOE and NIEA’s own website on Environmental Impact Assessment state:
■■ Environmental Impact Assessment (EIA) is a process undertaken by developers when it is
considered that a development proposal may have a significant environmental impact.
This is not correct; the Environmental Impact Assessment is the responsibility of the
competent authority for the planning decision, which he must make available to the public on
request as part of the decision-making process. This requirement on the competent authority
has been defined in Article 3 of the Environmental Impact Assessment Directive since 1985.
To explain, the below taken from the same website is accurate:
■■ An Environmental Statement (ES) is a developer’s assessment of the environmental impact
of a project. It will contain suggestions for mitigation (taking protective measures to
reduce or remove this impact).
In addition members of the public through the public participation process can submit
their assessments of environmental impact and other observations. This can also be
supplemented by other relevant documentation produced public authorities, such as a
Strategic Environmental Assessment.
The March 2011 European Court ruling against the Republic of Ireland in case C-50/09 for
failure to properly transpose Article 3 of the Environmental Impact Assessment Directive14,
states in Points, 37, 38 and 40:
■■ 37. “In order to satisfy the obligation imposed on it by Article 3, the competent
environmental authority may not confine itself to identifying and describing a project’s direct
and indirect effects on certain factors, but must also assess them in an appropriate manner,
in the light of each individual case”.
■■ 38. “That assessment obligation is distinct from the obligations laid down in Articles
4 to 7, 10 and 11 of Directive 85/337, which are, essentially, obligations to collect and
exchange information, consult, publicise and guarantee the possibility of challenge before
the courts. They are procedural provisions which do not concern the implementation of the
substantial obligation laid down in Article 3 of that directive”.
■■ 40. “However, that obligation to take into consideration, at the conclusion of the decisionmaking process, information gathered by the competent environmental authority must
not be confused with the assessment obligation laid down in Article 3 of Directive
85/337. Indeed, that assessment, which must be carried out before the decision-making
process (Case C-508/03 Commission v United Kingdom [2006] ECR I‑3969, paragraph
103), involves an examination of the substance of the information gathered as well as a
consideration of the expediency of supplementing it, if appropriate, with additional data.
That competent environmental authority must thus undertake both an investigation and an
analysis to reach as complete an assessment as possible of the direct and indirect effects
of the project concerned on the factors set out in the first three indents of Article 3 and the
interaction between those factors”.
This legal requirement is for “as complete an assessment as possible of the direct and indirect
effects of the project concerned on the facts set out in the first three indents of Article 3 and
the interaction between those factors”, where the factors comprise:
(a) human beings, flora and fauna,
(b) soil, water, air, climate and the landscape,
(c) material assets and the cultural heritage, and;

14

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:62009CJ0050:EN:NOT
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(d) the interaction between the factors mentioned in paragraphs (a), (b)
and (c).
However, if we consider the Planning (Environmental Impact Assessment) Regulations
(Northern Ireland) 201215, which is similar to other UK regulations, there is a requirement in
Section 4 that:
■■ The Department or the Commission, as the case may require, shall not grant planning
permission or subsequent consent pursuant to an application to which this regulation
applies unless they have first taken the environmental information into consideration, and
they shall state in their decision that they have done so.
This is important, Northern Ireland planning decisions are based solely on a very weak
obligation to take environmental information into consideration. The more stringent obligation
on the decision maker to properly assess the impacts of the development on human beings,
as to what the climate change impacts are, what the landscape impacts are, etc. and to take
ownership and responsibility for them in justifying the decision to the public is simply bypassed.
1.4

The Systematic Failures of Northern Ireland Planning to comply with the legal framework
when approving wind farms
In the Planning Appeals Commission decision on Case 2013/A0169 on the Drumadarragh
Windfarm in Point 14 it is stated:
■■ Performance of Wind Turbines: General criticisms of wind power in general were raised
by objectors. However, such criticisms are inappropriate for consideration in the context
of this individual appeal. For example, the question of whether wind turbines are more or
less efficient or cost effective relative to other power sources is a matter of national and
regional policy review. General concerns about wind farms; ‘green credentials’ and carbon
release impacts are similarly beyond the scope of this appeal. The economic viability of
the proposal is a matter of the developer.
This has to be considered quite remarkable given the legal context previously outlined ‘of
effective public participation when all options are open’ and the requirement of the competent
authority for the planning decision to actually produce an assessment of the impact on
climate, i.e. what the alleged benefits of the development were. Naturally the public should
be entitled to see a demonstration that those alleged benefits actually outweigh the
considerable known and documented negative impacts of the wind farm.
If we go back to the origin of this, the EU failed to evaluate what exactly was to be built in
each Member State, where it was to be built, what its costs and benefits would be, what
were the alternatives to the programme, etc. It therefore reached the position that its
20% renewable energy by 2020 target had to be implemented in the following manner, as
described in Recital 15 of the 2009/28/EC Directive16:
■■ The starting point, the renewable energy potential and the energy mix of each Member
State vary. It is therefore necessary to translate the Community 20 % target into individual
targets for each Member State, with due regard to a fair and adequate allocation taking
account of Member States’ different starting points and potentials, including the existing
level of energy from renewable sources and the energy mix. It is appropriate to do this by
sharing the required total increase in the use of energy from renewable sources between
Member States on the basis of an equal increase in each Member State’s share weighted
by their GDP, modulated to reflect their starting points, and by accounting in terms of gross
final consumption of energy, with account being taken of Member States’ past efforts with
regard to the use of energy from renewable sources.

15

http://www.legislation.gov.uk/nisr/2012/59/contents/made

16

http://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:32009L0028
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In other words, the 20% renewable energy target was ‘dished out’ to the Member States
based on what level of renewable energy resources they already had, some like Sweden
having considerable existing hydro sources, and a ‘fudge factor’ based on GDP. Neither were
the proper public participation procedures followed in the development of this Directive, as
not only was there an absence of environmental information on what was to be built, why it
was to be built and where it was to be built, but also the public concerned were not contacted
and provided with an opportunity to participate in this decision-making.
This completely dysfunctional and legally non-compliant approach, evident in the development
of the 20% renewable energy programme and the associated Directive 2009/8/EC, continued
throughout its implementation. Member States were given little more than a year to adopt a
National Renewable Energy Action Plan (NREAP) defining how their allocated National Target
would be met. However, EU legislation which implements Article 7 of the Aarhus Convention17
requires that such plans or programmes related to Energy, which lead to future development
consent of projects regulated by the Environmental Impact Assessment Directive, must
undergo a Strategic Environmental Assessment before adoption.
This did not happen, not only in the UK and Ireland, but also in the other Member States. The
NREAPs were adopted by by-passing the Strategic Environmental Assessment and associated
public participation. As a result the assessment of the objectives of the plan, the alternatives
to reach those objectives, the likely state of the environment without implementation of the
plan, the significant environmental impacts of the plan, the necessary mitigation measures,
the monitoring for unforeseen adverse environmental impacts, all of this was bypassed and
ignored.
Really it’s not in the least bit surprising that UNECE has issued two rulings against both the
EU and the UK for the implementation of the NREAPs being non-compliant with Article 7 of
the Convention.
The same renewables Directive provides at Recital 44 that:
■■ “The coherence between the objectives of this Directive and the Community’s other
environmental legislation should be ensured. In particular, during the assessment,
planning or licensing procedures for renewable energy installations, Member States should
take account of all Community environmental legislation and the contribution made by
renewable energy sources towards meeting environmental and climate change objectives,
in particular when compared to non-renewable energy installations.”
In further provides at Recital 90 that:
■■ “The implementation of this Directive should reflect, where relevant, the provisions of
the Convention on Access to Information, Public Participation in Decision-Making and
Access to Justice in Environmental Matters, in particular as implemented through Directive
2003/4/EC of the European Parliament and of the Council of 28 January 2003 on public
access to environmental information.”
As regards to Northern Ireland, the planning decision referred to previously provides in Point 7
reference to the UK’s renewable energy target of 15% and the document “First Steps Towards
Sustainability – a Sustainable Development Strategy for Northern Ireland (SDS)”18. The latter
set in 2006 a 40% target beyond 2025 of all electricity consumed in Northern Ireland being
obtained from indigenous renewable energy resources.
So here we had a classic example in 2006 of what the UK Parliamentary was ‘calling foul’
about, namely rushing in plans and programmes without the necessary public participation.
Article 7 of the Convention is clear in that the ‘necessary information’ has to be provided
17

See Section on Article 7 in EU Implementation Report to UNECE: http://www.unece.org/fileadmin/DAM/env/
documents/2008/pp/mop3/ece_mp_pp_ir_2008_EC_e.pdf
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to the public, in which ‘necessary’ is understood within the context of effective public
participation. Yet when at a ‘downstream’ project approval stage, i.e. the next tier in the
tiered decision making, when members of the public appealing a decision raise fundamental
questions that there is an absence of critical environmental information to support the basis
of the project, they are told to essentially ‘feck off’. We have our plan and if you don’t like it
take us to Court.
However, as any environmental lawyer will point out, the clear intent of Recitals 44 and 90 of
the Renewables Directive, taken together, is that implementation of the Directive (including
preparation of the NREAP) should allow for public participation in the process of preparing the
NREAP, and for the NREAP itself to be based on information which is up to date and accurate,
and which considers the contribution made by renewable energy sources towards meeting
environmental and climate change objectives, in particular when compared to non-renewable
energy installations. Such contribution cannot be assessed in the absence of reliable
environmental data verifying the expected CO2 reductions from wind power as compared with
fossil fuels. In failing to subject the NREAP to proper public consultation the United Kingdom
denied interested parties the opportunity to comment on or query such matters as the extent
to which claimed savings in CO2 emissions associated with wind power were substantiated
by the available “up to date and accurate” information relating to claimed CO2 savings.
It follows that planning decisions taken to assist the achievement of renewables targets
should be taken in pursuance of planning policies, which have themselves been promulgated
pursuant to the NREAP, and pursuant to public consultation based upon up to date and
accurate environmental information.
Furthermore, in accordance with established case law in the European Court, the fact that
Northern Ireland has allocated considerable resources to its 40% electricity target from 2006
above, means that it engaged the legal requirement in the 2001 Strategic Environmental
Impact Assessment Directive, which required a detailed environmental report and public
participation before that programme could be adopted. However, all of this was by-passed.
So not only is there no information on the justification of this programme in terms of CO2
savings, but there was also no proper consideration of alternatives, assessment of impact on
human beings, monitoring for unforeseen adverse environmental impacts, etc.
In the planning appeal mentioned, on the basis of considerable scientific evidence presented
by the appellant in relation to the adverse impacts of noise, the development in question was
refused. However, the appellant shouldn’t have had to go to that level of detail; it is not his
responsibility to prove a negative, but the authorities to prove a positive. This they had failed
to do, they had never assessed the 40% Northern Ireland renewable programme in terms of
impact on population and human health, plus once the programme was adopted completed
the monitoring for unforeseen adverse environmental impacts.
Take your pick; ‘don’t know’,’ don’t care’, ‘an entitlement to act ultra vires’; but either way
from a legal perspective, it is a god awful mess.
1.5

How the EU’s Renewable Targets won’t be met, particularly by the UK
Not only are there serious legal issues related to the validity of the EU’s renewable Directive,
but because it was conceived in such a dysfunctional manner, is it no wonder it is going
completely off the rails, as can be seen below:
The EU Commission published a “Renewable energy progress report COM(2013) 175 final” in
March 201319. It also published a Staff Working Document accompanying this report, entitled
SWD(2013) 102 final20. As the latter pointed out:
■■ These findings are based on data from the period 2008-2010. Since then, as set out in
the Report mentioned above, the economic climate has changed significantly and, as a

19

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52013DC0175&from=EN

20

http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52013SC0102&from=EN
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result, the overall prospects of Member States meeting their targets for 2020 are less
evident.
It then further pointed out:
■■ In the electricity sector, 12 Member States (Belgium, Bulgaria, the Czech Republic, Estonia,
Finland, Germany, Hungary, Italy, the Netherlands, Romania, Spain and Sweden) exceeded
their planned targets for renewable energy electricity in 2010, whilst the remaining 15
missed their targets. The “planned” targets for 2010 were also the indicative targets for
the share of renewable energy in the electricity mix as submitted by Member States under
Directive 2001/77/EC. Thus 15 Member States failed to meet their legally agreed indicative
2010 targets.
■■ The Commission has also undertaken a qualitative assessment of Member States’ policies
and measures described in their progress reports of 2011 and made a comparison with
the commitments contained in the national renewable energy action plans (“Plans”). This
assessment indicates that few Member States have vigorously implemented their planned
short term measures and many have not honoured their commitments.
■■ In addition, modelling-based analysis was undertaken for the Commission, considering the
current and planned policy initiatives of Member States, their current implementation rates
and the various barriers to renewable energy development. This conservative analysis points
to the possibility of an even less optimistic outlook for 2020.
■■ In the majority of countries, currently implemented renewable energy policies appear
insufficient to trigger the required renewable energy deployment, at least under such
conservative assumption. Generally this reflects the inadequacy of both the current, existing
measures necessary to mitigate the non-economic barriers that hinder renewable energy
growth and support. The financial crisis also affects these developments more than was
anticipated by Member States in their national renewable energy action plans; EU countries
face a different financial risk rating today and that has had a further negative impact on
investments in renewable energy.
If we consider the main “Renewable energy progress report” itself, the same issues are to be
seen. Indeed as presented in the following graphs
Planned (blue) versus estimated (red/dotted) trend in EU renewable energy

■■ The failure to comply with national plans is most evident in the wind sector. According to
Member State plans, wind capacity is expected to reach 213 GW in 2020 (169 GW onshore
and 44 GW offshore). Electricity generation from offshore capacity is planned to reach 140
TWh (roughly 12 Mtoe). However, according to the Commission’s analysis, it may only reach
43 TWh (3.7 Mtoe) due to reduced national efforts and infrastructure difficulties.
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Planned (blue) versus estimated (red/dotted) trend in EU offshore wind energy

■■ Despite the recent strong growth in the onshore wind industry of recent years, Member
States’ plans for onshore wind production 354 TWh may fall short. Further efforts will be
needed to reinforce measures and improve infrastructure, or only an estimated 210 TWh
might be achieved.
Planned (blue) versus estimated (red/dotted) trend in EU onshore wind energy

■■ Total wind generation may therefore fall short of expectations. Whereas Member State
plans foresee wind generation of almost 500 TWh, current trends point to the risk of
achieving only half of it, i.e. 253 TWh.
There is a website funded by the EU’s Intelligent Energy Europe Programme ‘Keep on Track21’,
whose function is to track the progress towards the EU’s 20% renewable energy by 2020
programme, namely the implementation of Directive 2009/28/EC. It is therefore considerably
more up to date than the latest EU Commission’s documentation of March 2013 above.
Indeed, the website’s press release of 6th October 2014 couldn’t be clearer: “14 EU Member
States will fail to meet their 20% renewables target by 2020, as progress stands today22”.
■■ According to the 2020 RES (Renewable Energy Sources) Scenarios for Europe Report, as
it stands today, 14 Member States will fail to meet their 2020 RES targets and there are
doubts about 4 other Member States reaching their target.

21

http://www.keepontrack.eu/

22

http://www.keepontrack.eu/contents/mediapressreleases/scenario-2020-press-release.pdf
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Consideration of this report23 shows the results in the figure below of the quantitative
analysis of a Member State’s ability to meet its 2020 target given the current ‘business as
usual’ scenario:

Note: The traffic light colours of the figure on the left hand-side show an achievement or shortfall of
2020 RES targets by Member State after possible adjustments through RES cooperation.

An examination Member State by Member State then follows in the report, some points to
note being:
France is not well on track with respect to its 2020 RES target.
For Germany it can be expected that the given 2020 RES target (18%) can be achieved under
baseline conditions, i.e. if currently implemented RES policy measures are kept in place and
framework conditions may not change to the worse in forthcoming years. Note: Not included
in this report was the reform of Germany’s renewable supports (EEG) in August 2014, which
reduced significantly the previous generous renewable subsidies, given soaring electricity
prices amounting to a doubling of electricity rates, since these renewable supports were
introduced in 2000.
Poland is a Member State where the achievement of its 2020 RES target cannot be expected
under baseline conditions. Note the report predicts a renewable energy share of 12.1% under
the business as usual case versus a target of 15% set in the EU Directive. 90% of Poland’s

23

http://www.keepontrack.eu/contents/publicationsscenarioreport/kot--2020-res-scenarios-for-europe.pdf
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electricity comes from coal and the Polish Prime Minister Donald Tusk has it made it clear
that the Polish economy will continue to be based on coal24. Poland has never implemented
generous support schemes for renewables.
In terms of stagnating RES deployment in previous years Spain is expected to fail in achieving
its 2020 RES target under baseline conditions. Note the report predicts a renewable energy
share of 15.6% under the business as usual case versus a target of 20% set in the EU
Directive. Generous renewable energy subsidies in Spain had to be slashed due to soaring
electricity costs and worsening economic conditions.
For the UK it is not expected that its 2020 RES target can be achieved under baseline
conditions. Note the report predicts a renewable energy share of 7.8% under the business as
usual case versus a target of 15% set in the EU Directive.
It is also necessary to point out that the 20% renewable energy by 2020 Directive (2009/28/
EC) contained a target that at least 10 % of the final consumption of energy in transport in
a Member State had to come from renewable sources. As a consequence, this lead to a
massive roll out of biofuels with associated seriously adverse impacts in relation to global
food prices and biodiversity. As a result, the situation was reached in summer 2014, where
the EU Energy Ministers have had to agree the 10% renewable target in transportation should
now be capped25. As Oxfam are quite rightly putting it, such biofuels are a:
■■ “Brazen assault on common sense. In a starving world, phasing out the use of food for
fuel is the only sensible thing to do”.
The European Environment Agency has also had to call a ‘spade a spade’26:
■■ “The overambitious 10 % biofuel target is an experiment, whose unintended effects are
difficult to predict and difficult to control. Therefore the Scientific Committee recommends
suspending the 10 % goal; carrying out a new, comprehensive scientific study on the
environmental risks and benefits of biofuels; and setting a new and more moderate longterm target, if sustainability cannot be guaranteed”.
1.6

The Lawyers move in
Currently in the High Court in Dublin there are seven Judicial Reviews in relation to approvals
of renewable projects, plus one case in relation to the validity of the Irish NREAP. The Access
to Justice Pillar of the Convention, Article (9), bestows the right of “access to administrative
or judicial procedures to challenge acts and omissions of private persons and public
authorities, which contravene provisions of its national law related to the environment”.
These procedures must be fair, equitable, timely and not prohibitively expensive. In addition,
the Charter of Fundamental Rights of the Lisbon Treaty make binding the Right to Good
Administration and the Right to have damages made good. In areas of Community legal order,
such as failures of a Member State or an institution of the EU, there is legal liability.
This is an established part of case law of the European Court since 1991, when Senor
Francovich won his case, in relation to Italy failing to implement EU legislation for the
protection of employees in the event of insolvency of the employer. The European Court found
the Italian State liable to financially compensating the workers for the breach in legislation.
This principle of Member State liability has been well established in further cases since
taken. Indeed, the EU Commission has seen it as an effective mechanism for the public to
themselves enforce Community law in the Member States. They have published a specific
guidance document on the case law concerning damages in relation to breaches of EU law by
Member States27.
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http://www.thenews.pl/1/12/Artykul/146850,-Poland-will-stick-with-coal-PM-pledges
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http://www.reuters.com/article/2014/06/13/us-eu-biofuels-idUSKBN0EO14L20140613
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http://www.eea.europa.eu/highlights/suspend-10-percent-biofuels-target-says-eeas-scientific-advisory-body
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http://ec.europa.eu/eu_law/infringements/infringements_dommages_en.htm
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The current legal cases in relation to validity of planning decisions, will undoubtedly be
followed in time by claims for damages, owing to a breach in rights and a causal relationship
between those rights and the damage caused, such as in relation to unacceptable noise
impacts and loss of residential amenity.
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Presentation on Aarhus Convention and Irish
Renewable Energy Programme




Biography: Pat Swords is a Fellow of the Institution
of Chemical Engineers and a Chartered
Environmentalist. Since graduation from University
College Dublin in 1986, Pat has worked in
developing the high technology manufacturing
industry in Ireland.
His work experience has also included projects in
over a dozen other countries throughout Europe and
North America. Since 1999 he has worked
extensively on EU Technical Aid Projects in Central
and Eastern Europe helping to implement EU
Industrial Pollution Control and Control of Major
Accident Hazards legislation.

20% Renewable Energy EU Target –
through Directive 2009/28/EC




Never worked out; what was to be built,
where it was to be built, what were the
impacts, etc.
20% overall target ‘shared out’ to Member
States based on existing level of renewables
and factor based on GDP.





Ireland 16%, UK 15%, Austria 34%, Sweden 49%,
etc

National Renewable Energy Action Plans
(NREAPs) to be adopted by June 2010
Legally binding environmental assessments
and public participation by-passed.
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Principle 10 of UN Rio Declaration of 1992






Environmental issues are best handled with
participation of all concerned citizens, at the
relevant level.
At the national level, each individual shall have
appropriate access to information concerning the
environment that is held by public authorities,
including information on hazardous materials and
activities in their communities, and the opportunity to
participate in decision-making processes.
States shall facilitate and encourage public awareness
and participation by making information widely
available. Effective access to judicial and
administrative proceedings, including redress and
remedy, shall be provided.

UNECE – Aarhus Convention (~ 1998)




The Aarhus Convention grants the public rights
and imposes on Parties and public authorities
obligations regarding Access to Information,
Public Participation in Decision-Making and
Access to Justice in Environmental Matters.
The subject of the Convention goes to the
heart of the relationship between people and
governments. The Convention is not only an
environmental agreement, it is also a
Convention about government accountability,
transparency and responsiveness.

2576

Other Papers

Findings and Recommendations of Aarhus
Convention Compliance Committee


ACCC/C/2010/54 16th August
2012:


EU did not comply with the
provisions of the Convention
in connection with its 20%
renewable energy by 2020
programme (Directive
2009/28/EC) and its
implementation throughout
the 27 Member States by the
National Renewable Energy
Action Plans (NREAPs).

Aarhus Convention – Compliance
Mechanisms






Meeting of the Parties (MoP) approx. every 3
years – 47 Countries met in July 2014.
Findings and recommendations of Compliance
Committee endorsed by the MoP.
Express its concern ...“a proper regulatory
framework and/or clear instructions for
implementing article 7 of the Convention with
respect to the adoption of NREAPs” and that it
remains unclear how the Party concerned will
“adapt the manner in which it evaluates NREAPs”
in accordance with the recommendations of the
Committee.
EU to report to Geneva this December and at
regular intervals – NREAPs have to be redone!
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Scottish Communication in Geneva –
ACCC/C/2012/68 Oct 2013




The UK NREAP for its
national renewable energy
programme did not comply
with the public participation
requirements of Article 7 of
the Convention.
Article 7 requires the
‘necessary information’ to
be provided to the public
and effective public
participation when all
options are open.

Aarhus Convention and EU Law







The Convention is an integral part of
Community legal order since 2005:
Under European Community law, an
international agreement concluded by the
Community is binding on the Community
institutions and the Member States, and takes
precedence over legal acts adopted by the
Community.
A failure to comply with an International
Treaty, such as compliance with the Aarhus
Convention, is a breach of EU law.
Current legal case in Irish High Court and
forthcoming Judicial Review in Scotland.
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Irish Renewable Energy Programme
Proportionate / Reasonable?






The only reason why we have got so far with it is that
buzz words have sufficed and legal assessments bypassed – public authorities don’t have the information
they are required to posses by law.
Once assessed it is nothing but completely
disproportionate and dysfunctional.
UNECE Compliance Committee in Geneva Dec 2012
– Position of Jean-Francois Brakeland of the EU:
“If we were to take instead of a 110 m high wind
turbine a 110 m high metal statue of Mickey Mouse,
you would not be expected to do a detailed carbon
assessment on that, so why do you expect a detailed
carbon assessment for the wind turbine?"

PAC Appeal on Drumadarragh Windfarm
- so much for ‘when all options are open’




Performance of Wind Turbines: General
criticisms of wind power in general were raised
by objectors. However, such criticisms are
inappropriate for consideration in the context of
this individual appeal.
For example, the question of whether wind
turbines are more or less efficient or cost
effective relative to other power sources is a
matter of national and regional policy review.
General concerns about wind farms; ‘green
credentials’ and carbon release impacts are
similarly beyond the scope of this appeal.
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Even EU’s own documentation recognises
these targets won’t be met




For the UK it is not
expected that its
2020 target can be
achieved under
baseline conditions.
Predicts a renewable
energy share of 7.8%
versus a target of
15% set in the EU
Directive.
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NIRIG follow up letter from briefing on
23rd October 2014
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Appendix 8

List of Witnesses

List of Witnesses

List of Witnesses
Ms Joy Hargie

Department of the Environment

Ms Deidre McSorley

Department of the Environment

Mr Scott Symington

Department of the Environment

Mr Simon Kirk

Department of the Environment

Fiona McGrady

Department of the Environment

John Murphy

Department of the Environment

Dr. Chris Jordan

Chartered Institute of Environmental Health

Mr Paul McCullough

Chartered Institute of Environmental Health

Mr Gary McFarlane

Chartered Institute of Environmental Health

Mr Raymond Smith

Chief Environmental Health Officers Group NI

Mr Sean Clarke

Cookstown District Council

Mr Michael Harris

Department of Enterprise, Trade and Investment

Ms Mary Lavery

Department of Enterprise, Trade and Investment

Ms Lynda Hutton

Fermanagh District Council

Mr Desmond Reid

Fermanagh District Council

Mr Graeme Dunwoody

Fermanagh Trust

Mr Lauri McCusker

Fermanagh Trust

Ms Victoria McCabe

First Flight Wind Ltd

Ms Sacha Workman

First Flight Wind Ltd

Ms Helen Harrison

Juno Planning

Ms Oralith Kirk

Juno Planning

Ms Shanti McCallister

Landscape Institute Northern Ireland

Mr Pete Mullin

Landscape Institute Northern Ireland

Mr Jason Devine

Lisnaharney Area Residents Group

Ms Shauna Ward

Lisnaharney Area Residents Group

Ms Tanya Hedley

Northern Ireland Authority for Utility Regulation

Mr Michael Atkinson

Northern Ireland Electricity

Mr Denis Kelly

Northern Ireland Electricity

Mr Jonathan Bell

Northern Ireland Environment Link

Mr Gary Connolly

Northern Ireland Renewables Group

Ms Meabh Cormacain

Northern Ireland Renewables Group
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Ms Lucy Whitford

Northern Ireland Renewables Group

Dr Matthew Cassidy

Northern Ireland Renewables Group

Mr Michael Gordon

Northern Ireland Renewables Group

Mr Patrick McClughan

Northern Ireland Renewables Group

Councillor Charles Chittick

Omagh District Council

Councillor Sean Clarke

Omagh District Council

Prof. Geraint Ellis

Queen’s University Belfast

Ms Suzie Cave

RaISe

Ms Lucy Whitford

RES

Mr Fergal O’Donnell

Rural Community Network

Ms Gail Hitchins

SKM Enviros

Ms Vicky Boden

SSE Renewables Ireland

Mr David Manning

SSE Renewables Ireland

Councillor Daniel Kelly

Strabane District Council

Councillor Kieran McGuire

Strabane District Council

Mr Patsy Kelly	Strabane and Omagh District Council Wind Farm
Working Group
Ms Ann McAleer	Strabane and Omagh District Council Wind Farm
Working Group
Mr Adam Larkin

Strategic Planning

Mr Ryan McBirney

Strategic Palnning

Ms Aine Coyle

TCI Renewables

Mr Peter Craig

TCI Renewables

Mr Gary Preston

TCI Renewables

Mrs Ursula Walsh

University of Ulster

Prof. Alun Evans

Windwatch

Dr. Dan Kane

Windwatch

Mr John Peacocke

Windwatch

Mr Peter Sweetman

Windwatch

Mr Owen McMullan

Windwatch

Mr Pat Swords

Windwatch

Mr Mervyn Keys

Windwatch

Mr Keith Graham

Windwatch

Ms Pauline Graham

Windwatch
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