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Then… 

• Limited early acceptance and 
understanding of potential impacts 

• Limited engagement with local 
stakeholders 

• High degree of corporate green 
energy complex and mistrust. 

705-megawatt Tehachapi Pass Wind Farm. Photo by David 
Hicks, NREL 18455-C  

Red-tail hawk taking off from a non-working wind turbine in Altamont 
Pass, California. Photo by Shawn Smallwood, NREL 17329  

• Large numbers of small wind 
turbines installed in tightly 
packed rows 

• Limited deployment experience 
with high deployment drive 

• High corporate turnover 
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Now… 

Cedar Creek Wind Farm in Grover, Colorado. Photo by Dennis 
Schroeder, NREL 30590  

• Much better understanding of 
potential impacts (but still 
improving) 

• Expanded engagement with local 
stakeholders 

• Better-defined regulations 
• Expanded collaboration among 

industry, environmental, and 
regulatory communities. 
 

Forward Wind Energy Center in Fond du Lac and Dodge Counties, 
Wisconsin. Photo by Ruth Baranowski, NREL 21208 

• Much larger wind turbines with 
wide spacing 

• Widely dispersed installations  
• Much more experience in siting 

and deployment 
• Smaller number of industry 

leaders 
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First Decade of Wind Energy   
10,000 turbines (about 1 gigawatt) were installed in California by 1985  
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Lessons Learned  
• Use a collaborative approach involving the key stakeholders. 

o Engage early and often with all parties represented – build trust and collaboration 
o Share data on impacts while respecting IP and issues around sharing 
o Employ quantitative, science-based methods with independent, science-based 

oversight 
o Good examples: Bats and Wind Energy Cooperative and American Wind Wildlife 

Institute. 
• Technology needs to evolve to become competitive. 

o Controlled, small-scale testing allows technology advances. 
• Use baseline studies to measure and prioritize impacts to wildlife. 

o Developing an “understanding” of impacts from single units is very hard to do; a solid 
number of units (up to 100?) with enough geographic diversity to allow analysis is 
required. 

• Look at avoidance and mitigation options early in the process. 
o Utilize biological and device engineering capabilities to develop lower-impact devices or 

new avoidance and mitigation solutions 
o Support and fund field-testing of mitigation options. 

• Company size and market potential make a huge difference. 
• A strong federal role exists in supporting ongoing science, education, and 

collaboration. 
o An independent third-party collaborator 
o Ability to look across the whole industry. 
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Bats and Wind Energy Cooperative 

Broad Oversight Committee 

Partners and Funders 
• Acciona 
• Adele M. Thomas Charitable Foundation, Inc. 
• AES Wind Generation 
• American Wind Energy Association 
• American Wind Wildlife Institute 
• Bass Foundation 
• BP Alternative Energy 
• Beneficia Foundation 
• Clipper Windpower 
• Community Foundation for the Alleghenies 
• Department of Energy 
• Donors to Bat Conservation International 
• Duke Energy 
• Edison Mission 
• Edward Gorey Charitable Trust 
• Energy and Environmental Ventures II, LLC 
• Erdman Family Foundation 
• First Wind 
• Gamesa 
• General Electric 
• Horizon Wind Energy (formerly Zilkha Renewable Energy) 
• Iberdrola Renewables (formerly PPM Energy) 
• Invenergy 
• Massachusetts Technology Collaborative 
• Merrill Foundation 
• National Fish and Wildlife Foundation 
• National Renewable Energy Laboratory 
• NedPower 
• New York State Energy Research and Development Authority 
• NextEra Energy Resources (formerly FPL Energy) 
• Noble Environmental 
• Offield Family Foundation 
• PPM Atlantic Renewable 
• Rhode Island Renewable Energy Fund 
• Suzlon 
• The Hulebak-Rodricks Foundation 
• The Leo Model Foundation, Inc. 
• The New York Community Trust 
• Trans Alta Corporation 
• TRF - Sustainable Development Fund 
• U.S. Fish and Wildlife Service 
• U.S. Forest Service 
• U.S. Wind Force 
• Vestas 
• Wiancko Charitable Foundation Inc. 

• American Wind Energy 
Association  

• U. S. Fish and Wildlife Service  
• U.S. Department of Energy 
• National Renewable Energy 

Laboratory  
• Bat Conservation International  
• U.S. Geological Survey. 

Scientific Advisory Committee 
Technical Advisory Committee 
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Lessons Learned  
• Use a collaborative approach involving the key stakeholders. 

o Engage early and often with all parties represented – build trust and collaboration 
o Share data on impacts while respecting IP and issues around sharing 
o Employ quantitative, science-based methods with independent, science-based 

oversight 
o Good examples: Bats and Wind Energy Cooperative and American Wind Wildlife 

Institute. 
• Technology needs to evolve to become competitive. 

o Controlled, small-scale testing allows technology advances. 
• Use baseline studies to measure and prioritize impacts to wildlife. 

o Developing an “understanding” of impacts from single units is very hard to do; a solid 
number of units (up to 100?) with enough geographic diversity to allow analysis is 
required. 

• Look at avoidance and mitigation options early in the process. 
o Utilize biological and device engineering capabilities to develop lower-impact devices or 

new avoidance and mitigation solutions 
o Support and fund field-testing of mitigation options. 

• Company size and market potential make a huge difference. 
• A strong federal role exists in supporting ongoing science, education, and 

collaboration. 
o An independent third-party collaborator 
o Ability to look across the whole industry. 



8 

 
 The Technology Has Evolved over Time 
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Rapid TRL Advancement through Effective Design Loop Iterations 
 (Design, Simulate, Build, Test, Validate, Refine, Implement, Maintain Repeat)  

TRL 10 

TRL 1 
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Lessons Learned  
• Use a collaborative approach involving the key stakeholders. 

o Engage early and often with all parties represented – build trust and collaboration 
o Share data on impacts while respecting IP and issues around sharing 
o Employ quantitative, science-based methods with independent, science-based 

oversight 
o Good examples: Bats and Wind Energy Cooperative and American Wind Wildlife 

Institute. 
• Technology needs to evolve to become competitive. 

o Controlled, small-scale testing allows technology advances. 
• Use baseline studies to measure and prioritize impacts to wildlife. 

o Developing an “understanding” of impacts from single units is very hard to do; a solid 
number of units (up to 100?) with enough geographic diversity to allow analysis is 
required. 

• Look at avoidance and mitigation options early in the process. 
o Utilize biological and device engineering capabilities to develop lower-impact devices or 

new avoidance and mitigation solutions 
o Support and fund field-testing of mitigation options. 

• Company size and market potential make a huge difference. 
• A strong federal role exists in supporting ongoing science, education, and 

collaboration. 
o An independent third-party collaborator 
o Ability to look across the whole industry. 
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The Industry Continues to Learn about Bat Impacts 

• Initial notice of extensive bat impacts in 2001-2, 30 years after initial deployments in 
California 

• Impacts first noticed in projects in Appalachian Mountains; industry remained quiet 
• Bat Conservation International formed the Bats and Wind Energy Cooperative in 

2003  
• Ongoing assessments revealed a national (and international) issue 
• Research continues to develop an understanding of the root cause as well as siting, 

avoidance, and mitigation options. 

Photo from Velaia (ParisPeking) (Flickr) 
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Bird Mortality at U.S. Wind Sites 

Bat Mortality at U.S. Wind Sites 

Source: NWCC Wind Turbine Interactions with Birds, Bats  
and their Habitats, 2010 

The average is about 3 birds/MW/year 

The average is about 8 bats/MW/year 
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Lessons Learned  
• Use a collaborative approach involving the key stakeholders. 

o Engage early and often with all parties represented – build trust and collaboration 
o Share data on impacts while respecting IP and issues around sharing 
o Employ quantitative, science-based methods with independent, science-based 

oversight 
o Good examples: Bats and Wind Energy Cooperative and American Wind Wildlife 

Institute. 
• Technology needs to evolve to become competitive. 

o Controlled, small-scale testing allows technology advances. 
• Use baseline studies to measure and prioritize impacts to wildlife. 

o Developing an “understanding” of impacts from single units is very hard to do; a solid 
number of units (up to 100?) with enough geographic diversity to allow analysis is 
required. 

• Look at avoidance and mitigation options early in the process. 
o Utilize biological and device engineering capabilities to develop lower-impact devices or 

new avoidance and mitigation solutions 
o Support and fund field-testing of mitigation options. 

• Company size and market potential make a huge difference. 
• A strong federal role exists in supporting ongoing science, education, and 

collaboration. 
o An independent third-party collaborator 
o Ability to look across the whole industry. 
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Impact of Different System Designs  

19-meter diameter blades on a 100-kW turbine. 
Photo by Lee Jay Fingersh, NREL 16392 Clipper 2.5-MW wind turbine with a 93-meter 

diameter. Photo by Alan Laxson, NREL 13886 

Older Technology Current Generation Scale 
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Lessons Learned  
• Use a collaborative approach involving the key stakeholders. 

o Engage early and often with all parties represented – build trust and collaboration 
o Share data on impacts while respecting IP and issues around sharing 
o Employ quantitative, science-based methods with independent, science-based 

oversight 
o Good examples: Bats and Wind Energy Cooperative and American Wind Wildlife 

Institute. 
• Technology needs to evolve to become competitive. 

o Controlled, small-scale testing allows technology advances. 
• Use baseline studies to measure and prioritize impacts to wildlife. 

o Developing an “understanding” of impacts from single units is very hard to do; a solid 
number of units (up to 100?) with enough geographic diversity to allow analysis is 
required. 

• Look at avoidance and mitigation options early in the process. 
o Utilize biological and device engineering capabilities to develop lower-impact devices or 

new avoidance and mitigation solutions 
o Support and fund field-testing of mitigation options. 

• Company size and market potential make a huge difference. 
• A strong federal role exists in supporting ongoing science, education, and 

collaboration. 
o An independent third-party collaborator 
o Ability to look across the whole industry. 
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Industry Market Differences 
MHK 
• Small companies 
• Diverse technology 
• Short timeframe needs 
• Lack of a defined market. 

Offshore Wind 
• Large, diverse companies 
• “Understood” technology 
• Long development lead times 
• Understood market potential. 

OPT PowerBuoy®.  
Photo from Ocean Power 
Technologies, NREL 22857 REpower 5-MW test turbine. 

Photo from Gary Norton, NREL 27360 
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Lessons Learned  
• Use a collaborative approach involving the key stakeholders. 

o Engage early and often with all parties represented – build trust and collaboration 
o Share data on impacts while respecting IP and issues around sharing 
o Employ quantitative, science-based methods with independent, science-based 

oversight 
o Good examples: Bats and Wind Energy Cooperative and American Wind Wildlife 

Institute. 
• Technology needs to evolve to become competitive. 

o Controlled, small-scale testing allows technology advances. 
• Use baseline studies to measure and prioritize impacts to wildlife. 

o Developing an “understanding” of impacts from single units is very hard to do; a solid 
number of units (up to 100?) with enough geographic diversity to allow analysis is 
required. 

• Look at avoidance and mitigation options early in the process. 
o Utilize biological and device engineering capabilities to develop lower-impact devices or 

new avoidance and mitigation solutions 
o Support and fund field-testing of mitigation options. 

• Company size and market potential make a huge difference. 
• A strong federal role exists in supporting ongoing science, education, and 

collaboration. 
o An independent third-party collaborator 
o Ability to look across the whole industry. 
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Photo by Dennis Schroeder, NREL 18891-C 


	Marine Hydrokinetic Energy

Regulators Workshop:

Lessons from Wind
	Then…
	Now…
	First Decade of Wind Energy  �10,000 turbines (about 1 gigawatt) were installed in California by 1985 
	Lessons Learned 
	Bats and Wind Energy Cooperative
	Lessons Learned 
	The Technology Has Evolved Over Time
	Design Loop Process to Maximize Advancement
	Rapid TRL Advancement through Effective Design Loop Iterations
	Lessons Learned 
	The Industry Continues to Learn about Bat Impacts
	Bird Mortality at U.S. Wind Sites and 
	Bat Mortality at U.S. Wind Sites
	Lessons Learned 
	Impact of Different System Designs
	Lessons Learned 
	Industry Market Differences
	Lessons Learned 
	Contact Information


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails true

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 200

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.40

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages false

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 150

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects true

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputCondition ()

  /PDFXRegistryName (http://www.color.org)

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /ENU ([Based on '[StdWeb150]'] Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice





