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1 Introduction 
The Proposed Development is located 11km south east of Thurso, Scotland and 

approximately 4km north of Loch Watten, near Hoy. This report describes the baseline 

noise measurements that have been undertaken, and the derivation of appropriate 

noise limits. 

Baseline noise measurements were carried out at three locations agreed with The 

Highland Council (THC) in line with ETSU-R-97, The Assessment and Rating of Noise from 

Wind Farms, and the Institute of Acoustics document, A Good Practice Guide to the 

Application of ETSU-R-97 for the Assessment and Rating of Noise from Wind Turbines. 

Measured noise levels have been correlated with hub height wind speeds 

(standardised to 10 m) calculated from the two closest heights measured using a 

SoDAR wind measurement unit situated within the Proposed Development Site. 

Noise limits have been derived according to ETSU-R-97, The Assessment and Rating of 

Noise from Wind Farms. 

The baseline measurements have been re-analysed for low wind speed conditions (less 

than 5m/s) to determine representative background sound levels suitable for a BS4142 

assessment.  This has been compared with worst-case predicted noise levels from the 

proposed Battery Energy Storage System(BESS) facility at the nearest residential 

properties. 
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2 Policy and Guidance 
Baseline noise measurements were carried out in accordance with the methodology 

prescribed by ETSU-R-97 The Assessment and Rating of Noise from Wind Turbines, and 

the accompanying guidance produced by the Institute of Acoustics (IOA) in their 

document, A Good Practice Guide to the Application of ETSU-R-97 for the Assessment 

and Rating of Noise from Wind Turbines. 

Additionally, assessment of the proposed BESS facility requires baseline measurements 

to be analysed in an alternative way according to methodology set out in BS 4142:2014 

+ A1:2019. These guidance documents are discussed below. 

2.1 The Assessment and Rating of Noise from Wind Farms: 

ETSU-R-97 

ETSU-R-97, The Assessment and Rating of Noise from Wind Farms, presents the 

recommendations of the Working Group on Noise from Wind Turbines, set up in 1993 by 

the Department of Trade and Industry (DTI) as a result of difficulties experienced in 

applying the noise guidelines existing at the time to wind farm noise assessments. The 

group comprised independent experts on wind turbine noise, wind farm developers, DTI 

personnel and local authority Environmental Health Officers. In September 1996 the 

Working Group published its findings by way of report ETSU-R-97. This document 

describes a framework for the measurement of wind farm noise and specifies noise 

limits, which were derived with reference to existing standards and guidance relating to 

noise emission from various sources. 

ETSU-R-97 recommends that, although noise limits should be set relative to existing 

background and should reflect the variation of both turbine and background noise 

with wind speed; this can imply very low noise limits in particularly quiet areas, in which 

case;  

“it is not necessary to use a margin above background in such low-noise 

environments. This would be unduly restrictive on developments which are 

recognised as having wider global benefits. Such low limits are, in any event, not 

necessary in order to offer a reasonable degree of protection to the wind farm 

neighbour.” 

For daytime periods, the noise limit is 35-40 dB LA90 or 5 dB(A) above the 'quiet daytime 

hours' prevailing background noise, whichever is the greater. The actual value within 

the 35-40 dB(A) range depends on the number of dwellings in the vicinity; the impact of 

the limit on the number of kWh generated; and the duration and level of exposure. 

For night-time periods the noise limit is 43 dB LA90 or 5 dB(A) above the prevailing night-

time hours background noise, whichever is the greater. The 43 dB(A) lower limit is based 

on an internal sleep disturbance criteria of 35 dB(A) with an allowance of 10 dB(A) for 

attenuation through an open window and 2 dB(A) subtracted to account for the use of 

the LA90 rather the LAeq noise measurement index ((see Paragraph 0 (below)). 

At properties that are occupied by residents with a direct financial benefit from the 

wind farm, the daytime and night-time lower limiting values are increased to 45 dB LA90. 

It is stated that the LA90,10min noise descriptor should be adopted for both background 

and wind farm noise levels and that, for the wind farm noise, this is likely to be between 
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1.5 and 2.5 dB less than the LAeq measured over the same period. The LAeq,t is the 

equivalent continuous 'A' weighted sound pressure level occurring over the 

measurement period ‘t’. It is often used as a description of the average ambient noise 

level. Use of the LA90 descriptor for wind farm noise allows reliable measurements to be 

made without corruption from relatively loud, transitory noise events from other sources. 

With regard to multiple wind farms in a given area, ETSU-R-97 specifies that the absolute 

noise limits and margins above background should relate to the cumulative impact of 

all wind turbines in the area contributing to the noise received at the properties in 

question. Existing wind farms should therefore be included in cumulative predictions of 

noise level for proposed wind turbines and not considered as part of the prevailing 

background noise. 

2.2 A Good Practice Guide to the Application of ETSU-R-

97 for the Assessment and Rating of Wind Turbine Noise 

In May 2013, the IOA published A Good Practice Guide to the Application of ETSU-R-97 

for the Assessment and Rating of Wind Turbine Noise. This was subsequently endorsed 

by the Scottish Government and is referenced in Web Based Planning Advice, Onshore 

Wind Turbines. The publication of the Good Practice Guide (GPG) followed a review of 

current practice carried out for the Department of Energy and Climate Change 

(DECC) and an IOA discussion document which preceded the GPC. 

The GPG includes sections on the following: 

• Context;  

• Background Data Collection;  

• Data Analysis and Noise Limit Derivation; 

• Noise Predictions; 

• Cumulative Issues;  

• Reporting; and  

• Other Matters (including Planning Conditions, Amplitude Modulation, Post 

Completion Measurements and Supplementary Guidance Notes).  

The Context section states that the guide; 

“presents current good practice in the application of the ETSU-R-97 assessment 

methodology for all wind turbine development above 50 kW, reflecting the 

original principles within ETSU-R-97, and the results of research carried out and 

experience gained since ETSU-R-97 was published”.  

It adds that “the noise limits in ETSU-R-97 have not been examined as these are a matter 

for Government”. 

2.3 BS4142:2014 + A1 2019, Methods for Rating and 

Assessing Industrial and Commercial Sound 

BS 4142:2014 + A1:2019 provides an assessment methodology for rating noise immission 

levels from industrial and commercial sources at residential properties. The standard 

describes a method for determining the noise impact based on the difference 

between the existing background sound level (without the noise source), measured 

using the LA90 measurement index, and the noise immission level of the source at a 
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receiver location (known as the specific sound level), measured or predicted using the 

LAeq index.  If the specific sound level exhibits an identifiable character such as tonality 

or impulsiveness, then a variable penalty of up to 6 dB or 9 dB respectively is added to 

give the ‘rating level’.  

The difference between the background sound level and the rating level (rating minus 

background) is then used to assess the noise impact, according to Table 1 below. BS 

4142:2014 + A1:2019 states that; 

‘the lower the rating level is relative to the measured background sound level, 

the less likely it is that the specific sound source will have an adverse impact or a 

significant adverse impact’. 

Table 9-1-1: BS 4142 Guidance on Noise Impact 

Difference Assessment 

Around +10 dB or more Indication of a significant adverse impact 

Around +5 dB Indication of an adverse impact 

<0 dB Indication of a low impact 

Whilst BS 4142:2014 + A1:2019 gives an indicative assessment of the impact on 

residential amenity, there are no specific guidelines on what may be acceptable in a 

given situation and, in this respect, the standard is left open to interpretation.  

Section 7 of the standard provides guidance on determination of the specific sound 

level. It is noted that, where measurement of the specific noise level is not possible, then 

this can be determined by calculation. It also describes how the specific noise level is 

quantified as an LAeq over the ‘reference time interval’ which means that, where it is not 

continuous, it is necessary to correct the measured noise level, taken during periods 

when the source is operating, for the percentage ‘on-time’ within the relevant 

reference time interval. The standard details different reference time intervals for the 

day-time and night-time of 1 hour and 15 minutes respectively.  

Section 8 provides guidance on determination of the background sound level. It is 

noted that there is no ‘single’ background sound level as this is a fluctuating parameter. 

As a result, it is recommended that a series of sequential or disaggregated 

measurements, of duration not normally less than 15 minutes, are carried out to 

determine a ‘representative’ level which is then used as the basis of the assessment. It is 

noted that the data should suitably represent the particular circumstances and periods 

of relevance to the assessment, and that weekday and weekend periods may need to 

be considered separately.  Levels are to be reported as integer values to reflect the 

variability of such measurements. 
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3 Consultation 
THC were consulted regarding baseline monitoring locations and appropriate noise 

limits for the proposed wind turbines. In March 2023 a letter (HMPL ref. 3569_L01_EXT1), 

was sent to THC environmental health department to suggest initial noise monitoring 

locations and to confirm adoption of methodology set out in their scoping response.  

The correspondence summarised above is included at Appendix A.  It should be noted 

that, as part of the scoping response, THC confirmed their policy to adopt lower night-

time noise limits than recommended in ETSU-R-97 derived according to the greater of 

38 dB LA90 or 5 dB above background.  
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4 Baseline Noise Measurements 
Baseline noise measurements have been carried out to characterise the existing noise 

environment and to allow for appropriate noise limits to be derived for the Proposed 

Development in line with the agreements with THC. 

4.1 Noise Survey Methodology and Instrumentation 

Rion NL-52 sound level meters corresponding to the Class 1 standard in BS EN 61672, 

were used for the noise measurements. The calibration certificates for the sound level 

meters and the Brüel and Kjær 4231 Class 1 sound level calibrators used for the survey 

are given in Appendix  9-1-2. 

The microphones were fitted with double skin windshields based on the recommended 

design in ETSU W/13/00386/REP and mounted on a tripod at a height of approximately 

1.5 m. Wind speeds and noise measurements were collected for successive 10-minute 

measurement intervals. 

Wind speeds were measured at a number of heights between 40 and 200 m using a 

Triton SoDAR wind measurement device sited within the wind farm proposed 

development boundary (located at OS grid reference: ND 21060 63220). To monitor 

rainfall over the duration of the noise measurements, an acoustic rain gauge was 

installed at the Lower Bowertower baseline measurement location.  

The noise survey covered a three-week period from 10th May to 31st May 2023. 

4.2 Noise Survey Measurement Locations 

The measurement locations were selected based on noise predictions for a preliminary 

turbine layout. The locations of these dwellings suggested these properties would be 

the nearest and therefore subjected to the highest noise levels. The measurement 

locations are shown at Figure 9-1 which also shows the location of the proposed wind 

turbines (in yellow, numbered). 

The measurement positions and equipment used at each location are described at 

Table 9-1-2. 

Table 9-1-2: Baseline noise measurement details 

Location Name 1 Easting Northing 

Meter serial 

number 

Date of last calibration 

(Valid for 2 years) 

Hoy 321138 964002 00921232 28/07/2022 

Lower Bowertower 322124 962801 00821102 23/03/2023 

Oakwood 322090 962435 01032423 20/01/2022 

The sound level meters were calibrated at installation and collection, and at an interim 

visit when the batteries were changed, and data was downloaded. The GPG states 

that a calibration drift of no greater than 0.5 dB during the survey period is within an 

acceptable tolerance. A drift of no greater than 0.1 dB was measured at any of the 

locations on collection of the equipment which is within the allowable tolerance. 

A description of the noise environment at each measurement location is provided at 

Appendix  9-1-3.  
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4.3 Baseline Measurement Results 

The measured acoustic data has been correlated with the standardised 10 m height 

wind speed derived from the data measured using the on-site SoDAR in order to 

determine the prevailing background noise level during the night and quiet daytime 

periods. 

The hub height wind speed was calculated from the measured 100 m and 80 m height 

wind speeds based on the wind shear exponent between the two measurement 

heights using the formula; 

 

  

where:  Vh is the hub height wind speed at height Hh, and V1 is the upper measured 

wind speed at height Hu  

and: m is the shear exponent according to: 

 

 

 

where:  U1 is the wind speed at height H1 and U2 is the wind speed at height H2. 

The standardised 10 m height wind speed was calculated by correcting the calculated 

hub height wind speed at 82.9 m, assuming a logarithmic wind shear profile as 

described by the following formula; 

 

 

where:  V10 is the 10 m wind speed 

 Vh is the wind speed at hub height h 

 z0 is the reference ground roughness length of 0.05 m 

Appendix 9-1-4 shows the wind speed and direction data measured throughout the 

night and quiet daytime periods of the background noise. 

 

4.4 Data Filtering 

The measured noise data was filtered into the relevant time periods for night-time and 

quiet daytime hours, and any period where rainfall was measured at any of the rain 



 

 

 

 

Swarclett Wind Farm 

June 2024  │  Swarclett Wind Energy Limited 10 

gauges was excluded from the derivation of the average baseline noise levels at all 

locations. 

Manual exclusions were carried out to exclude periods at the beginning and the end of 

the survey (at all locations) which may have been affected by activity associated with 

installing and collecting the equipment. 

4.5 Baseline Results – ETSU-R-97 

Appendix 9-1-5 shows the measured background noise level over a range of wind 

speeds for each measurement location during the quiet daytime hours and night-time 

periods, with respect to the standardised 10 m height wind speed.  A 3rd order 

polynomial regression line has been plotted through the measured noise data to derive 

the prevailing background noise levels. 

The resulting derived prevailing background noise levels at each location are 

summarised in Table 9-1-3. 

Table 9-1-3: Prevailing background noise levels at each measurement location (dB LA90) 

Location Name Time Period 

Standardised 10m height wind speeds 

2 3 4 5 6 7 8 9 10 11 12 

Hoy 

 

Night-time 23 24 26 28 31 33 36 40 42 45 47 

Quiet Day 29 29 30 32 34 38 41 45 49 52 55 

Oakwood 

 

Night-time 21 22 23 25 27 29 31 33 35 38 40 

Quiet Day 24 25 26 27 29 32 34 37 41 44 48 

Lower Bowertower 

 

Night-time 22 23 24 26 29 31 34 37 40 43 45 

Quiet Day 25 26 27 30 32 36 39 43 46 50 52 

 

4.6 Baseline Results – BS 4142 

The baseline measurements described above have been reanalysed to determine 

representative background sound levels for the purposes of a BS 4142 assessment.  It 

should be noted that using a 10-minute measurement period is likely to give generally 

similar results to using a 15-minute measurement period (recommended minimum 

period duration in BS 4142) but it provides a greater number of samples over the same 

survey period allowing statistical analysis of more data.   

Any 10-minute period where rainfall was recorded has been removed from the 

derivation of the representative background sound levels.  Similarly, and in accordance 

with recommendations in BS4142, any periods where average wind speeds 

(standardised 10m height) exceed 5 m/s have also been removed from the analysis.  It 

should be noted that typically, for the purposes of BS4142 assessments, wind speed 

measurements are made at a similar height to the height of the measurement 

microphone or higher (in the region of 1.5 – 2 m above ground).  Using the standardised 

10m height wind speeds measurements collected for the purposes of the ETSU-R-97 

assessment ensures a conservative assessment since vertical wind shear dictates that 

these wind speeds would be greater than wind speeds measured at 1.5 – 2 m above 

the ground. 
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Statistical analyses of the daytime and night-time background sound level results, at 

Hoy, are shown at Appendix 9-1-6.  A representative value for the background sound 

level to be used in the BS4142 assessment must be derived by taking into account these 

frequency distribution plots of the background sound measurements.  Review of the 

distribution plots indicates that the most commonly occurring background sound levels 

during the day and night) are 30 and 18 dB LA90 at Hoy for daytime and night 

respectively. 
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5 Derivation of ETSU-R-97 Noise Limits 
The night and daytime noise limits have been derived from the prevailing background 

noise levels in line with ETSU-R-97 whereby the limits are set at the greater of the lower 

limiting value or 5 dB above the prevailing background noise level. THC stipulated in 

their scoping response that the appropriate lower limiting value at night should be 38 

dB LA90, whilst during the daytime the lower limiting value is 35 dB LA90 for non-financially 

involved properties.  For financially involved properties the lower limiting value is 45 dB 

LA90. The resultant noise limits are shown in Appendix 9-1-5 along with the background 

noise levels. The resultant night and daytime derived noise limits are shown below in 

Table 9-1-4. 

Table 9-1-4: Derived noise limits at each location (dB LA90) 

Location Name Limit Period 

Standardised 10m height wind speeds (m/s) 

2 3 4 5 6 7 8 9 10 11 12 

Hoy (financially 

involved) 

Night-time 45 45 45 45 45 45 45 45 47 50 52 

Quiet Day 45 45 45 45 45 45 46 50 54 57 60 

Oakwood 

 

Night-time 38 38 38 38 38 38 38 38 40 43 45 

Quiet Day 35 35 35 35 35 37 39 42 46 49 53 

Lower Bowertower 

 

Night-time 38 38 38 38 38 38 39 42 45 48 50 

Quiet Day 35 35 35 35 37 41 44 48 51 55 57 
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6 Conclusions 
Baseline noise measurements were undertaken at 3 residential receptor locations in the 

vicinity of the Proposed Development. 

The results of the baseline noise measurements were used to derive appropriate noise 

limits in line with ETSU-R-97, The Assessment and Rating of Noise from Wind Farms, the 

Institute of Acoustics document, A Good Practice Guide to the Application of ETSU-R-97 

for the Assessment and Rating of Noise from Wind Turbines and the methodology 

agreed with The Highland Council. 

Baseline noise measurements were reanalysed for 1 location (Hoy) according to 

BS4142:2014 + A1 2019 methodology in order to determine representative background 

sound levels during the day and night periods under low wind speed conditions. 
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Annex 9-1-1 Correspondence with The Highland 

Council 
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Annex 9-1-2 Calibration Certificates 
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Annex 9-1-3 Baseline Measurement Location 

Details 
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Hoy 

Description of Measurement Position 

Hoy is a farm located to the north of the Proposed Development and there are two 

houses at this location, both of which are considered to be financially involved. The 

noise monitoring equipment was located on a grass paddock between the 2 houses 

away from any trees and at least 2.5m from a low garden wall. 

Description of Local Noise Environment 

The site visits the predominant noise sources affecting the local environment included 

distant road traffic noise, birdsong, farm vehicles and wind in the trees. 

Plate 9-1-1: Hoy noise monitoring photos 
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Source: Hayes McKenzie 
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Lower Bowertower 

Description of Measurement Position 

Lower Bowertower is to the east of the Proposed Development. The noise monitoring 

equipment was installed in a free-field location approximately 23 m to the southwest of 

the main house in the middle of the garden at least 20 m away from any of the trees at 

boundary edge. The rain gauge was installed on a fencepost. 

Description of Local Noise Environment 

At the site visits the predominant noise sources affecting the local environment 

included birdsong, wind in the foliage and very distant road traffic and machinery 

noise. 

Plate 9-1-2: Lower Bowertower noise monitoring photos 
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Source: Hayes McKenzie 

 

Oakwood 

Description of Measurement Position 

Oakwood is located to the east of the Proposed Development. The noise monitoring 

equipment was installed at the edge of sheltered garden area off of the main lawn as 

requested by the resident. 

Description of Local Noise Environment 

At the site visits the predominant noise sources affecting the local environment 

included wind in the trees, road traffic noise from local roads and birdsong. 

Plate 9-1-3: Oakwood noise monitoring photos 
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Source: Hayes McKenzie 
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Annex 9-1-4 Wind Conditions During Survey 
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Plate 9-1-4: Variation of wind speed and direction during night hours 

 

Source: Hayes McKenzie 

Plate 9-1-5: Variation of wind speed and direction during quiet daytime hours 

 

Source: Hayes McKenzie 



 

 

 

 

Swarclett Wind Farm 

June 2024  │  Swarclett Wind Energy Limited 33 

Annex 9-1-5 Baseline Measurement Results and 

Derived Limits 
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Plate 9-1-6: Baseline measurement results at Hoy; night  

 

Source: Hayes McKenzie 

 

Plate 9-1-7: Baseline measurement results at Hoy; quiet daytime 

 

Source: Hayes McKenzie 
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Plate 9-1-8: Baseline measurement results at Lower Bowertower; night 

 

Source: Hayes McKenzie 

 

Plate 9-1-9: Baseline measurement results at Lower Bowertower; quiet daytime 

 

Source: Hayes McKenzie 
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Plate 9-1-10: Baseline measurement results at Oakwood; night 

 

Source: Hayes McKenzie 

 

Plate 9-1-11: Baseline measurement results at Oakwood; quiet daytime 
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Annex 9-1-6 Baseline Frequency Distribution Plots 
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Plate 9-1-12: Background Sound Level Frequency Distribution, Hoy, Day 

 

Plate 9-1-13: Background Sound Level Frequency Distribution, Hoy, Night 

 

 


