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Summary 

A wind farm operatorôs obligations to carry out noise compliance monitoring at newly 
constructed wind farms is an increasingly significant aspect of a wind farmôs 
acceptance by a community, particularly in Australasia, where wind farm noise 
commissioning measurements are common place. 
 
The significance of wind farm commissioning works can be demonstrated, for 
example, by the submission to the Australian Federal parliament of the Renewable 
Energy (Electricity) Amendment (Excessive Noise from Wind Farms) Bill 2012.  
Whilst the proposed amendment was ultimately not passed by the parliament, wind 
farm noise monitoring remains an area of active interest to members of the 
community and politicians in Australia.  Further, the content of the proposed bill 
represented an intriguing challenge for wind farm operators, to continuously 
monitoring noise from a wind farm, with the potential requirement that the collected 
information be displayed in real time.  Such an approach to monitoring draws obvious 
comparisons with some continuous noise monitoring circumstances, for example the 
monitoring that occurs around major airports to assess noise impacts from aircraft.   
 

                                            
1
 Bridget Ryan formerly worked for Pacific Hydro and specifically worked on the establishment phase 

of this research project.  

mailto:melbourne@marshallday.com
mailto:arichards@pacifichydro.com.au
mailto:bridge.consultingadvisory@gmail.com


 

WTN2015  Page 2 of 23 

However, noise from wind farms at neighbouring residential properties can often 
occur at levels close to or lower than the ambient noise generated by sources such 
as traffic, birds, rain, wind in vegetation and farming activities.  Conversely, during 
part of the night-time period, background noise levels can often be much lower than 
the level of the wind farm.   
 
As a result, extensive assessment can often be required to determine the 
contribution of wind farm noise at a residential property located at moderate to large 
distances away from a wind farm and, in some cases, the assessment may ultimately 
be inconclusive. 
 
This paper reports on recent field research of a proposed continuous wind farm noise 
monitoring system, discussing the obstacles encountered in presenting real time 
wind farm noise information, along with the innovations by which they may be 
overcome.  In particular, the proposed system relies on intermediate monitoring 
locations between the wind farm and neighbouring residences.  The technical 
challenges associated with full implementation of such a system are discussed, as 
well as the implications the system may have on a wind farmôs social licence to 
operate and its general perception by the community and, in turn regulators and law-
makers. 

Forward by Pacific Hydro 

The Cape Bridgewater (CBW) wind farm is located on the south west coast of 
Victoria, Australia and has been operating since 2008.  Across the broader 
community the wind farm has been well received and the company enjoys a positive 
reputation.   Additionally, the CBW wind farm continues to operate within all current 
government noise guidelines and regulations. 
 
However, during this time Pacific Hydro had become aware of some resident 
dissatisfaction with the wind farm and of a number of claims they have made about 
negative impacts of living near it.  In most cases, these residents had objected to the 
wind farm before construction and in some cases had been part of a protest that saw 
the original planning approval by Energy Equity overturned by the Victorian Civil and 
Administrative Tribunal in 1998. 
 
External to the CBW environment, the anti-wind movement had begun to gain 
traction including in some cases via well-funded, professionally organised groups 
from Victoria and New South Wales. More recently anti-wind issues have been 
picked up by a number of prominent radio shock jocks, some federal conservative 
politicians and a number of independent Senators.  
 
A number of affected CBW residents have become deeply involved in these anti-wind 
groups as an outlet for their frustrations and to seek support, emotional and 
otherwise.   
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It is also clear that the issues faced by Pacific Hydro are not unique to CBW as other 
wind farm developers seem to be facing a similar situation.  This would indicate to 
Pacific Hydro that as the wind industry matures in Australia, community expectations 
of social performance will increase.  If the industry does not respond to this increase 
in expectations, we face the risk of an ever expanding regime of regulation and 
potentially a moratorium such that is currently affecting the coal seam gas industry in 
New South Wales and Victoria. 
 
While we can lay blame on others for ñwhipping upò concerns about wind farms and 
health and for having political or ideological motivations for their attacks on wind 
energy the company came to the realisation some 12 months ago that a revised 
approach to community engagement was required that has both meaningful 
interaction with the community and greater transparency of our operations at its core.  
 
It is this revised approach that guided the companyôs decision to engage Marshall 
Day Acoustics to conduct the research outlined in this paper. 
 
While there appears no immediate plans to reintroduce the Excessive Noise Bill into 
the federal parliament, that does not signal the end to community desire for greater 
transparency and accountability from the wind industry. 
 
Pacific Hydro feel that this research has greatly assisted our, and hopefully the 
broader industries understanding of what is possible and improved our readiness 
should the bill be reintroduced. 
 
An argument could also be mounted for voluntarily adopting such an approach as 
there appears to be several wind farm management applications that could prove 
useful.  Such a move would also send a very strong signal to all stakeholders that the 
wind industry takes its responsibilities seriously and has nothing to hide.   

1. Introduction 

1.1 The Excessive Noise Bill 

Australiaôs wind farm noise laws and reporting requirements are managed by state 
governments and usually administered by each stateôs environment agency.  During 
2013, Australiaôs national parliament was presented with proposed legislation [1] to 
require the collection and reporting of wind farm noise data in addition to existing 
state requirements.  . This bill serves to emphasise the potential of a continually 
expanding regulatory structure impacting on the Australian wind industry.  It included 
penalties for breaches of conditions and outlined an approach to data capture and 
reporting which was potentially untested.  The bill included the following provisions: 
 

For the purposes of this Act, a wind farm creates excessive noise if the level of noise 
that is attributable to the wind farm exceeds background noise by 10  dB(A) or more 
when measured within 30 metres of any premises:  
(a) that is used for residential purposes; or  
(b) that is a personôs primary place of work; or  
(c) where persons habitually congregate. 

 
[...] 
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The nominated person for an accredited power station that is a wind farm must ensure 
that information prescribed by the regulations relating to the following is published on 
the internet:  
(a) noise attributable to the wind farm;  
(b) wind speed and direction at the wind farm;  
(c) weather conditions at the wind farm;  
(d) power output of individual turbines at the wind farm. 

 
The bill was criticised by many groups on various grounds and eventually was not 
passed into law by Australiaôs parliament.  In part, its inception appears to have been 
motivated by a lack of publicly available information about wind farm noise data 
collection and reporting. It is a requirement of planning permit conditions for most 
Australian wind farms to undertake post-construction compliance noise monitoring 
and submit a report to the relevant authority [2] [3] [4].  Rightly, or not, a number of 
Senators and members of the Australian community felt that access to noise data 
and operational information from wind farms was insufficient, inaccessible and/or 
deliberately hidden from the public.  

1.2 Research project 

During the public submission phase of the billôs reading, a number of wind farm 
operators commented on the proposed monitoring requirements.  In their submission 
to the committee [5], Pacific Hydro opposed the adoption of the bill stating the 
following reasons: 
 

The bill seeks to add a layer of regulatory burden to the Renewable Energy Electricity 
Act for an issue (noise) which is most appropriately addressed by state planning and 
environmental regulations; not the federal Renewable Electricity Act. 
The bill seeks to apply an arbitrary and unscientifically based noise limit to wind farms 
in particular despite existing guidelines being in place for industrial noise sources and 
wind farms. 
The proposed noise limit cannot be measured on a real-time basis and hence would 
impose an unworkable requirement on generators. 
If adopted, this bill would set a precedent for all forms of infrastructure which will have 
significant impacts for ongoing investment in Australia, potentially for any noise 
generating source ï be it a quarry, road, mine, processing plant, factory, or other 
electricity infrastructure. 

 
While Pacific Hydro had concerns about the practical implementation of the 
requirements of the bill, it acknowledged the potential need for additional information 
that is publicly accessible, but equally that the provision of such information should 
be technically robust, efficient (in terms of cost and time), administratively 
manageable and meet community needs.  At the point in time when the bill was 
tabled, no workable, tried, tested, agreed approach was known of. 
 
To examine the feasibility of a practical system designed to achieve outcomes 
consistent with the intent of the bill, Pacific Hydro began a collaborative research 
project with Marshall Day Acoustics.  The aim of this project was to test a proposed 
approach to continuous wind farm noise monitoring, data capture and reporting that 
could be used to provide information to regulators and to the public about wind farm 
noise.  Importantly, the project needed to consider and respond to the presentation of 
data to a general audience in a timely and cost effective manner.  



 

WTN2015  Page 5 of 23 

1.3 Noise monitoring concept 

A core aspect of the Excessive Noise Bill was that wind farm noise levels be provided 
publically in real-time.  In Australia, wind farm noise assessment typically requires 
medium to long term unattended background noise (LA90,10min, LA95,10min) monitoring at 
residential locations, with a subsequent regression analysis of noise levels and wind 
speeds to estimate a trend of wind farm noise.  This process can additionally require 
corrections to account for pre-construction background noise levels, periods of rain 
and periods of high local wind speeds (at the microphone).   
 
While real-time monitoring of noise levels is used for some types of noise sources, 
such as airports, its application to wind farm noise may not give an accurate 
representation of wind farm noise levels: 

¶ Noise from wind farms at neighbouring residential properties can often occur at 
levels close to or lower than the ambient noise generated by sources such as 
traffic, birds, wind in vegetation and farming activities [6].  Therefore, while 
collecting real-time data with conventional noise monitoring equipment could be 
informative as a measure of total noise levels at the monitoring location at a 
given time, it would be challenging to determine the contribution of wind farm 
noise to the total noise level.   

¶ Real-time estimates of wind farm noise are likely to be less accurate than the 
regression based analysis of longer-term unattended monitoring data and are 
unlikely to be suitable for regulatory review or compliance assessment 

 
In light of these factors, it seemed that the emphasis of a real-time monitoring system 
would be better suited to the general provision of information to the public rather than 
formal assessment with regulatory requirements and evaluation of compliance with 
noise limits.  With this in mind the concept of a continuous noise monitoring process 
with periodic presentation of data was seen as the most likely outcome. 
 
Concurrently, the method of acquiring noise level data required consideration.  
Several noise monitoring methods are available including: 
1. Conventional (omnidirectional) outdoor noise monitoring systems 
2. Directional monitoring equipment 

3. Conventional systems (see 1) with a complex filtering regime2  

 
It was considered that the task of continuous monitoring, including general system 
maintenance issues and the presentation and explanation of the system to end users 
(regulators and the general public), would be well suited to a simpler style of 
measurement system such as System 1 above.   
 
On the balance of this range of factors, particularly the emphasis on informing 
communities rather than formally assessing regulatory compliance, it was 
conjectured that reliable results could be achieved by an unattended noise 
monitoring system at a location intermediate between wind turbines and residential 
locations, where the signal to noise ratio is comparatively greater.   
 

                                            
2
 For example, with filtering based on multiple one-third octave band thresholds, narrow band analysis or 

fine resolution time history analysis 
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This type of approach to measurement is commonly used for other types of 
environmental noise assessments [7] and has been proposed as an alternative way 
of assessing compliance in some recent wind farm documents [8] [9] [10].   
 
Therefore intermediate locations were proposed as the basis of a field study of a 
continuous noise monitoring system.  The following selection criteria were proposed 
to identify suitable intermediate measurement locations: 

¶ A predicted wind farm noise level higher than 45 dB LAeq, to provide an improved 
signal to noise ratio 

¶ A separation distance of at least 300 m to 400 m from the nearest turbine(s), to 
avoid measured noise levels being overly influenced by the noise contribution of 
a single wind turbine. 

 
Monitoring at intermediate locations was anticipated to provide a more reliable 
quantification of wind farm noise, which could potentially prove useful as an on-going 
source of up-to-date information to help inform wind farm neighbours about a farms 
operation and for wind farm data tracking for correlation with any complaints.  It 
would also reduce the burden on wind farm neighbours from having monitoring 
equipment installed near the dwellings for extended periods of time. 
 
Concurrently, as noise limits for Australian wind farms typically apply at residential 
dwellings, the results of monitoring at intermediate locations could not be directly 
compared with any existing residential limits.  Some degree of interpolation would be 
required for data collected at intermediate locations to be compared with limits.  For 
example, by correcting measured levels for the predicted wind farm sound level 
difference between the intermediate location and a residential location or, conversely, 
by determining a derived noise limit for the intermediate location.  
 
To validate the reliability of the intermediate locations, additional measurements were 
proposed at locations representative of neighbouring residential dwellings.   
 
It should also be noted that in the context of longer term environmental monitoring 
óreal-timeô may refer to immediate display of acquired data or, alternatively, display of 
data within a short time from its acquisition, for example one to two hours or one to 
two days depending on the context.  For the purposes of a feasibility study it was 
determined that acquiring noise data every twenty-four hours would be sufficient to 
demonstrate the ability for a continuous noise monitoring system to operate 
successfully.  If this target was achieved, subsequent works could investigate the 
practicality of a more regular supply of information. 
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1.4 Overview 

The key contextual aspects of the research project are summarised in Table 1. 
 
Table 1: Overview of relevant aspects of the research project 

Aspect Description 

Context An increased level of anxiety from some near neighbours to some 
wind farms resulted in the federal government considering new 
regulations for ongoing monitoring of wind farm noise. However 
there is no determined standard or methodology 

Stakeholders State & federal governments 
State regulators, such as Planning departments and Environmental 
Agencies 
Some local community members, particularly those who live in close 
proximity of a wind farm 
Industry and those interested in renewable energy 

Objectives To demonstrate to stakeholders a higher degree of transparency 
and accountability 
To investigate a new methodology with the aim of informing any 
new regulatory regime 

Scope Set up a research project with a field study of continuous noise 
monitoring at locations near turbines and near dwellings to 
understand the relationship between audible wind turbine noise and 
existing background noise (Methodology informed by the recent 
work [6] to test the collection and interpretation of noise data and 
prepare regular reports) 
Conduct monitoring at a number of locations 

Output An assessment of the suitability of real-time noise monitoring 
systems for wind farms 
Presentation of research outcome to the local community living near 
the surveyed wind farm and other stakeholders 

2. Study site and measurements 

2.1 Monitoring locations 

Pacific Hydro nominated one of their wind farms, the Cape Bridgewater Wind Farm 
(Stage 2 of the Portland Wind Energy Project), as a site for the research. 
 
Five monitoring locations were selected: 

¶ Two intermediate locations within the 45 dB LAeq predicted noise contour and 
within 300-400m from the wind farm (IL1 and IL2) 

¶ Three locations selected to be representative of residential dwellings nearby the  
intermediate monitoring positions (HL1, HL2 and HL3) 

 
The five (5) monitoring locations are presented in Figure 1 together with the 45 dB 
LAeq predicted noise contour and dwellings in the vicinity of the Cape Bridgewater 
Wind Farm. 
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Figure 1: Noise monitoring locations 

2.2 Equipment 

As the focus of the field study was to conduct an outdoor assessment of audible A-
weighted wind farm noise, a conventional outdoor noise monitoring system was used 
for measurements at all five (5) selected locations.   
 
For each location the noise monitoring system comprised of one 01dB DUO Smart 
Noise Monitor, one NetComm outdoor 3G router (to provide a boosted 3G mobile 
reception) and a solar panel and associated battery pack.  Additionally, a Vaisala 
WXT520 weather station was installed at each of the intermediate monitoring 
locations, IL1 and IL2.  A typical noise monitoring system is presented in Figure 2. 
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Figure 2: Typical noise monitoring system 
 
Microphones were installed approximately 1.5m above ground level (AGL).  
Associated weather stations, where installed, were also positioned approximately 
1.2-1.5m AGL, and approximately 2-3m away from the sound level meter.  Where 
required, an electric fence was installed around equipment to prevent disturbance 
from livestock and wild life. 

2.3 Sound level measurements 

Sound level meters were configured to measure broadband and one third octave 
band LAeq noise levels in 1 second intervals (LAeq,1s), including one-third octave band 
frequencies in the range 6.3Hz and 20kHz. 

2.4 Local weather data 

Weather data local to the sound level meters was collected at the two intermediate 
locations (IL1, IL2).  Six parameters are recorded simultaneously in 1 second 
intervals: wind speed; wind direction; rain intensity; air temperature; relative humidity, 
and; atmospheric pressure. 

2.5 Wind farm data 

Weather measurements from the wind farm site, including wind speeds and 
directions referenced at 10m AGL and hub height were provided from Pacific Hydroôs 
SCADA system along with selected turbine performance data including generated 
power and generator rotational speed. 

2.6 Data transfer 

Noise and local weather data was transferred from the sound level meter to a central 
database via the 3G network.   
 
Wind farm data was generally collated on a weekly basis with email transfer.  
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2.7 Monitoring period 

Monitoring spanned two consecutive periods: 

¶ An initial monitoring period of 3 months from December 2013 until March 2014.   

¶ A review of results indicated that while the proposed noise monitoring concept 
was working suitably, at some locations there was insufficient data for some 
weather conditions.  Monitoring was therefore extended for a further 3-4 month 
period, until approximately mid July 2014. 

2.8 Web interface 

During the field study phase of the project, a web interface was developed which 
could: 

¶ Manage data transfer from noise monitoring equipment to a central database 

¶ Display monitoring results use pre-determined assessment and display method  

¶ Present information to relevant stakeholders in an efficient and timely manner. 
 
The website is currently in the final-prototype phase of development. 

3. Data analysis and filtering 

 
In common with the measurement parameters detailed in the relevant noise 
assessment guideline for the project [11], LA95,10min sound levels were calculated from 
the measured LAeq,1s sound levels at each monitoring location.  These calculated 
noise levels were then correlated with the averaged hub height wind speeds 
collected at the nacelle of the three (3) nearest wind turbines over the same time 
period.  Each pairing of 10 minute LA95 noise level and average hub height wind 
speed is referred to as a data point in the following sections. 
Selected turbine performance data, together with local weather data, was used for 
basic filtering of correlated data points to remove periods where wind farm noise was 
less likely to be a dominant noise source.  Data points were filtered using the 
following criteria: 

¶ Average 10 minute power output from the three (3) nearest wind turbines of at 
least 150 kW, to remove data collected at or below cut-in wind speed 

¶ Average 10 minute wind speeds less than 5 m/s measured at the nearest 
intermediate monitoring location, to remove noise data potentially influenced by 
excessive wind induced noise on the microphone [12] [13] 

¶ Average 10 minute rain intensity equal to 0 mm/hr, to remove noise data 
potentially influenced by rain fall 

¶ Wind direction sectors representative of downwind conditions, to reduce the 
potential influence form extraneous noise sources. 
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The number of data points captured during the field study, including the amount of 
data points included in analysis after filtering, is presented in Table 2. 
 
Table 2: Number of analysed data points 

Monitoring 
location  

Number of 
collected data 

points 

Number of filtered 
data points 

Number of 
analysed 

data points 

IL1 30,255 26,943 3,312 

HL1 30,044 28,803 1,241 

IL2* 25,185 20,986 4,199 

HL2 21,243 20,184 1,059 

HL3 30,573 29,003 1,570 

* It should be noted that noise data was not collected at IL2 for six weeks due to power 
supply failure. 

 
Table 3 details the percentage of data points identified for filtering for each of the 
filtering variables detailed above together with the cumulative percentage of data 
points removed through the filtering process.  Data points were removed from the 
analysis when at least one of the filtering thresholds was exceeded. 
 
Table 3: Percentage of data points outside the filtering thresholds 

Monitoring 
location  

Power 
output 

Local wind 
speed 

No local 
weather 

data 

Rainfall Wind 
direction 

Cumulative 

 

IL1 28% 26% 9% 4% 68% 89% 

HL1 28% 26% 10% 4% 88% 96% 

IL2 31% 10% 20% 3% 57% 83% 

HL2 28% 7% 48% 2% 83% 95% 

HL3 31% 26% 10% 4% 81% 95% 

4. Outputs 

4.1 Binned analysis 

Correlated data points have been analysed for each integer wind speed bin to 
examine the relationship between measured noise levels and wind speeds. As an 
example, the 8 m/s bin includes all data captured at hub height wind speeds between 
7.5 m/s and 8.5 m/s.  The measured LA95,10min noise levels in each bin are then 
averaged arithmetically and the standard deviation is calculated.   
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For each noise monitoring location a chart is presented below with the following 
information: 

¶ Measured data points removed by filtering for power output, local wind speed 
and rainfall (light grey points) 

¶ Measured data points removed by filtering for wind direction sectors not 
representative of downwind conditions (black points) 

¶ Analysed data points (green points) 

¶ Binned average noise levels (red bars) with error bars indicated ± one standard 
deviation  

 
Binned average noise levels are only been displayed for wind speed bins containing 
a minimum of 20 data points. 
 

 
Figure 3: Measured LA95 noise levels at IL1 vs. hub height wind speed  
 

 
Figure 4: Measured LA95 noise levels at HL1 vs. hub height wind speed  
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Figure 5: Measured LA95 noise levels at HL3 vs. hub height wind speed  
 

 
Figure 6: Measured LA95 noise levels at IL2 vs. hub height wind speed  
 


