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Background

The purpose of the Small Wind Site Assessor manual
is to provide:

e Aresource on how to conduct a small wind site
assessment, in lieu of a small wind site assessor
certification which may be available in the future

* Avresource for stateincentive managers (i.e.,
Interstate Turbine Advisory Council, or others)

* Aresource for consumers.

The intent is to serve as a:

* Resource for small wind site assessment,
highlighting the impacts on installation and
productivity and the guiding principles using
currently available tools and experience

* Guide for small wind turbine selection and siting
decisions based on costs, benefits, and risks.

Bergey Excel 10, 10-kW turbine,

. Klickitat County, Washington
What the manual is NOT: Photo by Gwen Bassetti, NREL 26429

* Training for site assessment (although it could be
a resource for a training program)
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Document Development Process

Completed
o Workshop held at end of SWC 2013

— 20+ attendees

— Reviewed/modified draft outline
— Solicited volunteers

— ldentified experts team

o Contractor developed 1t draft

o Experts team reviewed 1% draft

o Contractor developed 2" draft

In progress

o Complete peer review of 2"¢ draft

o Develop final document

o Post on OpentEl Entegrity EWS50, 50-kW turbine,
Kittery, Maine

Photo by Donald Doval, NREL 28427
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Endurance E3120 turbine; 50-kW turbine,

: Appleton, Wisconsin
Sa m p l € Ch ec kl ISt Photo by Kettle View Renewable Energy, LLC, NREL 28428

- X =

Sample Report Outline
M. Case Studies and Lessons Learned

NATIONAL RENEWABLE ENERGY LABORATORY 4



Primary Resources

o Small Wind Site Assessor Job Task Analysis developed for the
North American Board of Certified Energy Practitioners (2011)

o A Siting Handbook for Small Wind Energy Conversion Systems
(PNNL, 1980)

o Wind Power Basics (Chiras, D., 2010)
o Expertteam

Northwind 100, 100-kW wind turbine; Hempstead, New York
Photo courtesy of the Town of Hempstead, NREL 28963
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Site Description

* Land use considerations

* Site information and administrative data
* Safety and environmental concerns
 Topography

* Vertical wind shear
* Obstacles

[-- 2H --I--l 10-15H

Airflow near a shelterbelt?!

1. Harry Wegley, James Ramsdell, Montie Orgill, Ron Drake. A Siting Handbook for Small Wind Energy Conversion Systems, US
DOE/Pacific Northwest Laboratory/Battelle Memorial Institute, Contract DC-AE06-76 RLO 1830, 1980
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Wind Characteristics

e Wind characteristics and
analysis

 Wind maps
 Wind data

e Wind measurement
instruments

D Percent of Total Wind Energy (Wh/m2)
I Percent of Total Time

Center Point = 0%
Each Quter Circle = +5%

Example of wind rose




Micrositing and Analysis

* Micrositing (site selection)

* Wind resource data and analysis (example: remote and/or low resolution wind
information)

o Source Wind Data: Use map estimates or actual wind data sets as described
above.

o Topography Adjustment: Derive a factor and rationale to adjust wind speeds
from source data.

o Wind Direction Adjustment: Derive an angle in degrees and rationale to adjust
wind rose from source data.

o Roughness Adjustment: Derive a factor and rationale to adjust wind speeds.

o Wind Shear Adjustment: Apply displacement height, vertical wind shear
exponent, data height, and hub height to adjust wind speeds.

o Wind Shade Adjustment: Set up a wind direction sector analysis to derive the
effects of each nearby obstacle by applying its shade factor with a weighting
for the amount of wind in that direction from the obstacle to the turbine.
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Micrositing and Analysis (continued)

o Adjusted Wind Speeds: Summarize the composite results of the steps above to
produce new estimates for average wind speed, range, distribution, Weibull
parameters, turbulence intensity, and other parameters at the selected site.

o Gross Annual Energy Production Estimate (GAEP): Apply this estimated wind
distribution to the wind turbine power curve (and possibly multiple options) to
estimate monthly and annual energy production.

o Loss Estimation: Determine or estimate other factors that could further reduce
the actual energy produced, including downtime for faults and servicing, blade
soiling, turbulence intensity causing control error/hysteresis and yaw error
losses, icing losses, grid outages, wire losses, inverter losses, and possibly
several others.

o Net Annual Energy Production Estimate (NAEP): Reduce the gross annual

energy production by the estimated losses to estimate the net annual energy
production.

o Uncertainty Analysis: Apply composite uncertainty estimates. Because each
step of this process introduces uncertainty to the estimated results, these
uncertainties also need to be estimated so that a composite uncertainty can be
calculated and applied to the final results for winds peed and energy
production.
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Wind Speed Estimates

Wind data was both
measured and estimated
for the project site
_ _ (Hempstead). These data
NW100 turbine S were validated using
atHempstead B : . )

_ A . —— historical long term average
MERRA data 40.5N .ow -tl " i MERRA data 40.5N 73.33W and one-year average data

LT mean WS @ 50m: 5.96m/s [ LT mean WS @ 50m: 7.05 m/s

LT mean WS @ 37m: 5.74m/s LT mean WS @ 37m: 6.84 m/s from two MERRA sites.

~14 miles
JM0o0o1 4

~\ Hempstead - Estimated Wind Speed

\

Using MERRA Data
The graphic shows the synthesized mean : | — —— y.
monthly averaged wind speed from two 5 N P/
nearby MERRA' sites at 37 m for the period 3 ° K// \ /
1999-2013 (green) and for the period since & s{— %’ S
the NW100 was installed (blue). The yellow- MERRA Mean ve. Syn 201213 T
dotted area is the 12-month period used for | At R
the Wind Analysis Summary Report SRS RIREREREE SR A RS RR T
prepared for the Town of Hempstead. A

1 MERRA: Modern-Era Retrospective Analysis for Research and Applications — a NASA reanalysis (http://gmao.gsfc.nasa.gov/research/merra/)
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Terrain Influence on Wind Flow

enhanced

Strong
_shear

} Speed

»
LT

Extreme -
turbulance.

high turbulance

Acceleration of wind over a ridge

Source: A Siting Handbook for Small Wind Energy Conversion Systems, US DOE/Pacific Northwest Laboratory/Battelle Memorial
Institute, Contract DC-AEQ06-76 RLO 1830, 1980
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Obstructions — Case Study Example

o

Photo courtesy of Northern Power Photo source: Google Maps

Aerial photo of the Hempstead NW100 turbine site. Pre-installation (left) with obstructions. Post-
installation (right) with obstructions removed and turbine installed.
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Obstructions — Case Study Example

 Same turbine; different locations.
e Performance differences:
o Left: 500 kWh actualannual compared to 8,000
kWh estimated
o Right: Averaging 17 MWh annuallycomparedto §
16 MWh estimate "
* No on-siteanemometry data was collected at either
site

Bergey Excel 10, 10-kW turbine;
Ellensburg, Washington
Photo by Randy Brooks, NREL 29553

" Bergey Excel 10, 10-kW turbine; Peshastinshingto,
Photo by Abigail Krich, NREL 13495
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Next Steps

* Revisit need/timing/options for small wind
site assessor credential

* Monitor manual on OpenEl — update as
appropriate

Associated activity:
* Revisit need/timing/options for small wind
installer credential

o North American Board of Certified Energy
Practitioners suspended program
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(303) 384-6946

> y 24 —— S : ” L R
3~ ,_'__; ﬁ '
[ e | 3 -;
K < Eh ae |
) s P >
a 1 EC 7| W
gt a N~ AN 3\ o ———

T|m Olsen Advanced EnergySystems
LLC and AnemErgonics

tolsen@windtechnology.com
(303) 777-3341

Frank Oteri — NREL
Frank.oteri@nrel.gov
(303) 384-6952



mailto:Karin.sinclair@nrel.gov
mailto:tolsen@windtechnology.com
mailto:Frank.oteri@nrel.gov

	An Update on NREL’s
Small Wind Site Assessor
Guidance Document
	Background
	Document Development Process
	Document Content
	Primary Resources
	Site Description
	Wind Characteristics
	Micrositing and Analysis
	Micrositing and Analysis (continued)
	Wind Speed Estimates
	Terrain Influence on Wind Flow
	Obstructions – Case Study Example
	Obstructions – Case Study Example
	Next Steps
	Contributors
	Contacts


<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /PageByPage

  /Binding /Left

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

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 150

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 150

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /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.)

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 0.76000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 15

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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 \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements true

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive true

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

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

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

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages 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

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



