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A Major Shift to Renewables in the United States Will 
Depend on an Even Higher Percentage of  Wind 

The Renewable 
Electricity Futures (REF) 
Study examined high 
renewable penetration 
(by 2050) 

• Wind must supply 40% 
of electricity in the long 
term for an 80% 
renewables scenario 

80% REF scenario 
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20% Scenario for U.S. Electricity – Update 
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Historical Levelized Cost of Energy (LCOE) and Wind 
Turbine Size 

Federal Aviation Administration  Blade Tip  Height Barrier 

kW: kilowatt 
MWh: megawatt-hour 
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Summary of Transportation and Logistics Barriers 

Exceeding Federal 
Aviation 
Administration (FAA) 
blade-tip height 

Trucking large-
diameter towers 

Hoisting larger nacelles onto taller 
towers 

Trucking larger blades with wider 
chords 

Trucking longer blades 

Trucking larger blades with 
bigger root diameters 

Trucking heavier nacelles 

 
         Impacts U.S. turbine installations today 
 

         Potentially impacts U.S. turbine installations today 
 

         Potentially impacts future U.S. turbine installations  
 

  
 
 
 

Photo by Iberdrola 
Renewables, Inc., NREL  
16114 
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Potential Impacts of Mitigating Barriers  
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An Extendible Wind Turbine Blade and Integrated Control 
System that Reduces the Cost of Electricity by 31% 

Captures up to 71% more 
energy than a conventional 
turbine at a low wind speed site 

Proposed Targets 
Metric State of the Art Proposed 

Levelized cost of energy at a low wind 
speed site $112/MWh $77/MWh 

Blade length 62 meters (m) (fixed length) 62–100 m (variable length) 

Economically viable land area (United 
States) 2.9 million km2 4.6 million km2 

5,000 GW of additional wind energy technical potential 

Illustration by 
Josh Bauer, 
NREL 
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Shifting the Research and Development (R&D) Focus 
to Plant Optimization 

Yesterday 
(Individual Turbines) 

2015–2021 (and beyond) 
(Smart Wind Plants) 

Individual wind turbine R&D 
 Significant investment in developing core 

competencies 
 Turbine and rotor scaling driving LCOE reductions 
 Well-defined design process and value engineering 
 What role is industry asking the U.S. Department of 

Energy (DOE) to play? 

Wind plant optimization R&D 
 Resolving the underlying physics affecting wind 

plant performance 
 Design for operation at optimal project profitability 

and internal rate of return (IRR) 
 Develop new technologies that exploit interactions 

among turbines, resource, and operating 
environment. 

Illustration by Al Hicks, NREL 
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Systems Engineering Perspective – End-to-End 
Optimization 

Plant Performance & 
Cost of Energy 

Balance-of-
Station Costs 

Plant Layout & 
Energy Production 

Grid Integration 

Community & 
Environmental Impacts 

Operations 
Expenditures 

Complex Wind 
Inflow 

Turbine Capital 
Costs 

Turbine Design & 
Performance 

Illustration by Al Hicks, NREL 
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Wind Plant Aerodynamics are a New Focus of Research  

• Subject of DOE focus area for the Wind Power Program 
• Building high-performance computing resources to facilitate 

progress. 

Lillgrund Offshore Wind Farm, Sweden. 
Siemens Press Picture, NREL 27851 

Simulation of array effects 
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U.S. Multimegawatt Research Facilities for Grid 
Integration of Renewable Energy Technologies  

Energy Systems Integration Facility (ESIF) 

The Energy Systems Integration Facility at NREL. Photo by Dennis 
Schroeder, NREL 26217 

National Wind Technology Center (NWTC) 

1+MW  7 MVA 

• DOE Wind Program investment in 
world-class testing facilities 

• Component, wind turbine, plant levels 
• Key enabler for wind technology 

validation and commercialization 
• Specific focus on testing ancillary 

service controls 
 

Clemson SCE&G Energy Innovation Center, 
eGRID Facility 

 Clemson University’s 15-MW test rig. Photo courtesy of Clemson 

15 MW 

The National Wind Technology Center in Boulder, Colorado. Photo by Dennis 
Schroeder, NREL 30771 
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Transforming National Wind Technology Center (NWTC) for 
Renewable Energy System Integration Testing 

 

Transmission-Level Grid Integration Research Facility  
NWTC location leverages staff expertise and research facilities, enabling an 

integrated research environment for system to full-scale testing of renewable 
energy systems at transmission and distribution grid integration levels. 

Illustration by Josh Bauer, NREL 
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Two New Ways to Get More Involved 
Institute for Advanced Composites Manufacturing Innovation (IACMI)  

 

• Fifth institute in the National Network of Manufacturing Innovation 
 

• Committed to increasing domestic production capacity, growing manufacturing, 
and creating jobs across the U.S. composite industry 
 

• Development efforts will focus on low-cost, energy-efficient manufacturing and 
recycling fiber-reinforced polymer composites 
o Composite materials and processes  
o Compressed gas storage 
o Design, modeling, and simulation 
o Vehicles 
o Wind turbines 

 

• Projects up to $600k 
o First round deadline September 30, 2015 
o 50% cost share 

http://iacmi.org/  

 

http://iacmi.org/


14 

DOE Small Business Voucher Program 
• Increase small business accessibility to lab capabilities 
• First round of awards due October 23, 2015 

o $1 M available for wind 
o $1.5 M available for marine and hydrokinetic 
o $0.8 M available for hydro 
o 20% cost share requirement. 
 
 
 
 

 



Thank You for Your Attention!  
 
 Jason Cotrell 
 303-384-7056 
 Jason.Cotrell@nrel.gov  

 


	Technologies Taking Us There
	A Major Shift to Renewables in the United States Will Depend on an Even Higher Percentage of  Wind
	20% Scenario for U.S. Electricity – Update
	Historical Levelized Cost of Energy (LCOE) and Wind Turbine Size
	Summary of Transportation and Logistics Barriers
	Potential Impacts of Mitigating Barriers 
	An Extendible Wind Turbine Blade and Integrated Control System that Reduces the Cost of Electricity by 31%
	Shifting the Research and Development (R&D) Focus to Plant Optimization
	Systems Engineering Perspective – End-to-End Optimization
	Wind Plant Aerodynamics are a New Focus of Research 
	U.S. Multimegawatt Research Facilities for Grid Integration of Renewable Energy Technologies 
	�Transforming National Wind Technology Center (NWTC) for Renewable Energy System Integration Testing�
	Two New Ways to Get More Involved
	DOE Small Business Voucher Program
	Thank you


<<

  /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





