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Variable community responses Are concerns about turbine noise
to wind farm noise hurting wind’s brand?
Suburban or rural & more populated: 40-45dB is ”too Ioud” R Siting controversies can undermine wind energy

Not so simple! : - o in the minds of citizens and local decision-makers

Bird and bat mortality have long been a key public concern
As with bats and birds, noise IS being ralsed as an issue nearly everywhere,

_Kingston, Rl &




Are concerns about turbine noise
hurting wind’s brand?

Two things to stress:

/ NOT talking here about health effects claims
L Just looking at community acceptance
of audible turbine noise as a new presence
in local soundscapes

Post-construction noise issues occur in only a
small minority of new wind projects
Most wind farms are far from

Are concerns about turbine noise
hurting wind’s brand?

No matter how common or how unusual noise problems may be,
building closer to more homes creates a need to
reduce the sound output of turbines

“It’s on the top of the minds for all manufacturers.
‘We're all doing things to reduce the amount

Are concerns about turbine noise
hurting wind’s brand?

In towns with issues, how many people are actually upset?

Broad community acceptance is not the whole story
Commonly find 70-85% wind approval in town or county as a whole

How do those living close to the new source of community noise react?
Within a half mile or so, 20-40% of residents can be upset about the noise

This is the seedbed for the backlash we’re now dealing with

Even the Gold Standard of community annoyance surveys shows this dichotomy:

Pedersen et al: 3 studies, 1700 people
(Scandinavia 2000-2007; annoyance = 4 or 5, on 5 point scale)

8-9% noise annoyance among all those surveyed (out to 1 or 1.5mi.)
But: 22% of those who can hear turbines
In rural areas: 30-40% of those who hear 40dB or more

So: How is the industry addressing
concerns about wind turbine noise?

Operational
adjustments

Research/innovation

Photo: Charlotte Goodhue
Courier-Gazette, Rockland, ME

Graphic: M. Churchfield, 2012 Eddy simulation, Lillgrund wind farm



Working with communities:
creating realistic expectations

“You won’t hear it”

Residents 1/2 - 3/4 mile away
(Turbines routinely clearly
audible, sometimes intrusive)

Wind in trees equal to

or louder than turbines

(yet: masking requires similar
frequency spectrum; often
less wind noise on ground)

Experience tells us people

live even closer with ease
(yet: steadier winds in ranch

country, more turbulence and
low clouds here; more noise
sensitive than turbine hosts)

Cummings: Addressing Wind Farm Noise Concerns / Renewable Energy World North America, 12/12/2012

Working with communities:
understanding averages & peaks

Projects can operate in compliance......
generally based on average sound levels

....yet generate widespread community complaints
triggered by peak sound levels

David Hessler: Best Practices Guidelines, 2011
National Association of Regulatory Utility Commissioners
“Extensive field experience measuring operational projects indicates
that sound levels commonly fluctuate by roughly +/- 5 dBA about the
mean trend line and that short-lived (10 to 20 minute) spikes on the
order of 15 to 20 dBA above the mean are occasionally observed”

We can expect peaks of 10dB over the mean will thus occur
somewhere between “commonly” and “occasionally”

Cummings: Addressing Wind Farm Noise Concerns / Renewable Energy World North America, 12/12/2012

Working with communities:
creating realistic expectations

Record Hill Wind Farm, Roxbury ME

“l don’t think you’ll hear it most of the time”
Residents 1 to 1 % miles away
(Turbines faintly audible on still mornings and winter days, never intrusive)
Takes into account variability/uncertainties
Ridge to valley wind/ambient noise factors
Variability of source levels and propagation

Cummings: Addressing Wind Farm Noise Concerns / Renewable Energy World North America, 12/12/2012

Working with communities:
adapting to population density
Some annoyance appears as turbines become audible (30-35dB)

(in the more noise-sensitive communities)
and becomes more widespread as noise levels approach 45dB

Annoyance rates can reach 20% or more when mean sound levels are 40-45dB
When there are relatively few homes in this range, noise issues are minimal

When 100 - or 200 — homes are in this range, dozens of complaints can ensue
(Hardscrabble, Falmouth)

Hessler thus recommends an ideal design goal of 40dB (24-hr mean)
or less at residences in more populated areas,
and feels 45dB offers a good balance “as long as the number of
homes within the 40-45 dBA range is relatively small.”
(i.e., aiming to assure that relatively few people live in the higher annoyance zone)

David Hessler (2011). Best Practices Guidelines for Assessing Sound Emissions From Proposed Wind
Farms and Measuring the Performance of Completed Projects. Prepared for the Minnesota Public
Utilities Commission, under the auspices of the National Association of Regulatory Utility

Cummings: Addressing Wind Farm Noise Concerns / REW NA, 12/12/2012 Commissioners (NARUC). October 13, 2011.



Operational adjustments

Reducing the sound levels of turbines
in more populated areas

Post-construction noise mitigation
in areas where complaints arise

Operational adjustments
Aerodynamic blade noise

NRO: Noise Reduced Operation

Maximizing power by constraining noise

Computer controlled adjustment 5
of blade pitch and RPM

Options allow choice of noise
reduction, typically from 1-5dBA

power loss [%]

= normal operation

—& — max 105 dB(A)

=% - max 103 6B(A)

: ; —6— max 101 dB(A)

0 1 12 13 14 15
wind speed [m/sec]

G. Leloudas, et al 2007; NRO applied on a 2.3MW turbine

Operational adjustments
Aerodynamic blade noise

Serrated edges

Sandia research suggests

3-8dBA reductions
(Barrone, 2011)

‘Fox Islands Wind

Turbulence research:
noise reduction as secondary benefit of innovation

inflow turbulence / turbine wakes / directional wind shear

Primary drivers for turbulence research:
Reducing blade loads (system wear/fatigue; facilitating longer blades)
Minimizing power losses

Many of the most troublesome aspects of turbine noise for neighbors
seem to be associated with likely turbulence effects W——
“Knocking”  “Banging”  “Sneakers in drier”
Deep rumbling low frequency noise



Turbulence research:
noise reduction as secondary benefit of innovation

Adaptive blade design to reduce transient loads in turbulence
Sandia National Lab / NREL/ turbine manufacturers

Active Aerodynamic
Load Control (AALC)
Electronic sensors
instantly trigger discrete
blade flaps

Passive Load Mitigation

Modern materials

Carbon fiber integrated as

targeted component in blade
~ coredesigns

Bhotoisandia.National Lab

Turbulence research:
noise reduction as secondary benefit of innovation

ENERGY | fon WIND PROGRAM

2012 DOE report
What we know
What we need to know

Complex Flow
Workshop Report

Working groups summarize January 17-18, 2012

scurrent state of knowledge University of Colorado, Boulder

MAY 2012

ns with blades!

Turbulence research:
noise reduction as secondary benefit of innovation

Turbine wake research

Sandia SWiFT facility

Lubbock, TX

Being built to study turbine wake
interactions; will include acoustic data

NREL wake research

Horns Rev, Denmark

Working with communities:
place identity

“one size fits all” siting becoming more difficult

Wide range of recent local wind farm ordinances
From the familiar and generally accommodating (1000-1700 ft)
To the effectively exclusionary (2 miles)

With many attempts at a “happy medium” (2500-4000 ft)

Why such a variability?




Working with communities:
adapting to local differences

Developers willing to work with a variety of setback
and noise limits will have far more opportunities

Focus on less contentious regions Seek sites with few homes

close enough to hear
Work with towns to forge a

Most new wind farms are still built far from
non-partic
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The extended paper on this topic in the REW NA
proceedings includes much more detail and full references
This presentation and paper are available at the link below

AEI Wind Farm Noise Resources
AcousticEcology.org/wind
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