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United States - Wind Resource Map (1987)

Wind Power Classification
Resource  Wind Power Wind Speed® Wind Speed®
Potential Densityat 50 m at 50 m at 50 m _—
W/m?2 m/s mph of the

Poor 0- 200 0.0- 56 0.0-125

Marginal 200 - 300 56- 6.4 12.5-143

Fair 300 - 400 64- 7.0 14.3- 157

Good 400 - 500 7.0-75 15.7 - 16.8

Excellent 500 - 600 7.5- 8.0 16.8-17.9

Outstanding 600 - 800 8.0- 8.8 17.9-19.7

Superb > 800 >8.8 >19.7 —
4Wind speeds are based on a Weibull k value of 2.0

e e R-2000 1.1.5




Why Use Power Density Instead of Speed
for Mapping Wind Resources?

Comparison of Annual Average Wind Power
at Four Sites with Identical Annual Average
Wind Speeds at 10 m

Annual Average Annual Average
Wind Speed, Wind Power Density, Wind Power
Site m/s (mph) W/m?2 Power Class
Constant Wind Speed (hypothetical) 6.3 (14) 150 2-3
Culebra, Puerto Rico 6.3 (14) 220 4
Tiana Beach, New York 6.3 (14) 285 5
San Gorgonio, California 6.3 (14) 365 6

Wind power varies with distribution of wind speeds, and air density
(elevation, air temperature and pressure) 3
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Comparison of Digital Wind Map from 1987 U.S. Wind Atlas
and New (2000) High-Resolution (1-km?) Wind Map
North and South Dakota

Wind Power Classification

Wind Resource Wind Power Wind Speed® Wind Speed®
Power Potential %:iiw at50m at50m at 50 m

Class m/s
2 Marginal - 56-6.4
3 Fair 300- 400 6.4- 7.0
4 Good - 7.0-75
5 Excellent 00 - 600 7.5- 8.0
6 Outstanding 600- 800 8.0-8.8
7 Superb 800 - 1600 8.8-11.1

®Wind speeds are based on a Weibull k value of 2.0
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The annual wind power estimates
for this map were produced by
TrueWind Solutions using their
Mesomap system and historical
weather data. It has been validated
with available surface data by NREL
and wind energy meteorological
consultants.

. Wind
104° Power

Class
1
2
Indian : g
Reservation . 6
["1'] Ute Mountain 7

| 2 | Southern Ute

2Wind speeds are based on a Weibull k of 2.0 at 1500 m elevation.

Wind Power Classification

Resource
Potential

Poor
Marginal
Fair
Good
Excellent

Wind Power
Density at 50 m
W/m2

0- 200
200 - 300
300 - 400
400 - 500
500 - 600

Outstanding 600 - 800

Superb

> 800

Wind Speed® Wind Speed®

ats50m
m/s

0.0- 59
5.9- 6.7
6.7- 7.4
74-79
79- 84
84-93
>93

at50 m
mph

0.0-13.2
13.2-15.0
156.0 - 16.6
16.6 - 17.7
17.7-18.8
18.8 - 20.8
>20.8

26-MAR-2004 2 1.4
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42°

The wind power resource data for this map was
produced by TrueWind Solutions using the
Mesomap system and historical weather data.

It has been validated with available surface data
by the National Renewable Energy Laboratory
and wind energy meteorological consultants.

Wind Power Classification

Wind Resource  Wind Power Wind Speed® Wind Speed?®

Power Potential Densityat50m at50m
Class W/m?2 m/s
2 Marginal 200 - 300 56- 6.4
3 Fair 300 - 400 6.4-70
4 Good 400 - 500 7.0- 7.5
5 Excellent 500 - 600 7.5- 8.0
6 Outstanding 600 - 800 8.0- 8.8
7 Superb >800 >88
& Wind speeds are based on a Weibull k value of 2.0

at50m
mph

125-1
14.3-1
15.7 -1
16.8-1
1
9

~J O~

17.9 -

>1
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7

d 440
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High-Resolution Wind Mapping Approach

 Produces finer than 1 km? horizontal resolution wind
resource maps

« Combination of numerical (AWS Truewind), empirical
and analytical methods (NREL validation)

* Does not depend on high-quality surface wind data
* Preliminary maps are validated and modified

— Formal validations limited to 50 m speed and
power maps

« Many states re-mapped as part of Wind Powering
America
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United States - Updated Wind Resource Assessment Status

Puerto Rico ar;a
the Virgin Islands

I NREL Validated Map
[] To Be Validated by NREL

[ Other Maps

http://www.eere.energy.gov/windandhydro/ 8
Wl nd powe I’I nqamerl Ca/W| nd maps . asp g‘yhl?EL National Renewable Energy Laboratory




Status of State Wind Mapping and Validation
(August 2007)

« 50-m maps for 36 states and territories have been
validated by NREL for Wind Powering America (\WWPA)

— FYO7 maps validated include Arkansas and Puerto
Rico/Virgin Islands

« Methodology is being developed to validate 70 m to
100 m (modern turbine hub-heights) wind resource
maps

— “Available” measurements from these heights are uncommon
and not likely to substantially increase in near future

* First two states for 70 m to 100 m map validation are
Indiana and Ohio
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Idaho - Wind Resource Map

48° |

116° 114° 112° 110°
| ' —
- Wind Power Classification
| Wind Resource  Wind Power  Wind Speed® Wind Speed®
| Power Potential DenszltyatSOm atSOmpeed at50m
| Class Wim mis m|
]2 Marginal  200- 300 56- 6.4 125-143
| 13 Far 300 - 400 64-7.0 143-15.7
4 Good 400 - 500 70-75 15.7-16.8
B 5 Excellent  500- 600 75- 80 168-17.9
Dot s 6 Outstanding 600 - 800 80- 8.8 17.9-19.7
| 7 Superb 800 - 1600 88-11.1  197-248
| “Wind speeds are based on a Weibull k value of 2.0
|
| Transmission Line
Vi
| oltage (kV) Indian
69 Reservations
| AV 115-161 [1] Coeurd Alene
| AV 2% (2] Duck Valley
Mog N 245 Fort Hall
| N - (4] Kootenal
¢ i Source: POWE| 2002 Platts, (5] Nz
rce:
- _l Aﬁ\ﬁsinnufﬂlsmﬂiIICmrpariw | 46°

46°

The win‘flvpuwar for this map was uced
by TrueWind Solutions using the Mesomap
system and historical weather data. It has
been validated with available surface data by
the National Renewable Energy Laboratory
and wind energy meteorological consultants.
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Indian
Reservation

Flathead
Blackfeet
3 | Rocky Boy
4 | Fort Belknap
;_5 Fort Peck
6 | N.Cheyenne
7 | Crow

B0 3 ke
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Transmission Line*

Voltage (kV)

— <100
- 100-161
— 230
= 500

*Composite of RDI, Montana
Dept. of Environmental Quality,

and WAPA data

Wind Power Classification

Wind Resource
Power Potential
Class

2 Marginal
3 Fair
4 Good

5 Excellent
6 Outstanding 600 - 800

7 Superb

Wind Power
Density at 50 m
W/m2

200 - 300
300 - 400
400 - 500
500 - 600

> 800

Wind Speed® Wind Speed?®

at50m ats50m
m/s mph

5.6- 64 125-14.3
64-7.0 14.3-15.7
7.0-75 15.7-16.8
7.5- 8.0 16.8-17.9
8.0- 88 179-19.7

>8.8 >19.7

Wind speeds are approximate and based on a Weibull k value of 2.0
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Montana
Wind Power Resource Estimates

The wind power resource estimates were produced b
TrueWind Solutions using their Mesomap system an
historical weather data. This map has been validated with
available surface data by the National Renewable Energy
Laboratory and wind energy meteorological consultants.
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102°

Nebraska - 50 m Wind Power

100° 98° 96°

Reservation
Winnebago
[ 4] sacand Fox
42° 42°
The annual wind power estimates
for this map were produced by AWS
Truewind using their Mesomap
system and historical weather data.
It has been validated with available 40°
surface data by NREL and wind
energy meteorological consultants.
TOSF 102° 100° 98° 96°
Wind Power Classification
Resource Wind Power Wind Speed® Wind Speed®
Potential Densityat 50 m at 50 m at50 m
Wim?2 m/s mph Transmission Line*
Voltage (kV)

Poor 0- 200 0.0- 5.7 0.0-12.8

Marginal 200 - 300 57-65  128-146 35 o — % 100 150 200 Kilometers

Fair 300 - 400 6.5- 7.2 14.6 - 16.1 — 115-161 50 0 50 100 Miles

Good 400 - 500 72-78 16.1-17.5 — D30 —— —

Excellent 500 - 600 7.8- 8.2 17.5-18.4 —— 345 o

Outstanding 600 - 800 82-90  184-202 P e *;Na=|

Sgeo | cew o »e0 a2 | | oucemes s ooy O
2Wind speeds are based on a Welbull k of 2.0 at 800 m elevation. Compa o U.S. Department of Energy ™

peed Hil Companies National Renewable Energy Laboratory

08-APR-2005 1.1.1




46°

100°

South Dakota - Wind Resource Map

102°

9g°
| 46°

440

Wind Power Classification

Wind Resource Wind Power
Power Potential Density at 50 m at 50 m
Class Wimé m/s
=] > Marglnal 200- 300 5.6- 6.4
| |3 Fair 300- 400 6.4- 7.0
4 Good 400 - 500 7.0- 75
5 Excellent 500- 600 7.5- 8.0
6 Outstanding 600- 800 8.0- 8.8
7 Superb 800- 1600 8.8-11.1

®Wind speeds are based on a Weibull k value of 2.0

Wind Speed® Wind Speed®

at 50 m
mph

Indian

Reservations

0|/ ~|o o & wno] -

Standing Rock

Cheyenne River |
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Lower Brule
Crow Creek
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Yankton
Flandreau

44°

* Meteorological Station with Wind Data
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NREL's High Resolution Wind Mapping and Validation Projects
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High-resolution (1 km? or finer) Afghanistan El Salvador Mongolia
regional or national wind resource Armenia Ghana Nicaragua U.S. Department of Energy
maps have been produced or are Belize Guatemala Pakistan National Renewable Energy Laboratory
in progress for: Chile - specific areas Honduras Philippines
China - specific areas Indonesia - specific areas  Russia - specific areas
Cuba Maldives Sri Lanka
Dominican Republic Menxico - specific areas United States - specific areas
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Validation Process

» Collaborative process among AWS Truewind, NREL,
and private consultants

« Validators -- NREL and expert consultants
— consultants have access to proprietary data
— use own methods and data

— provide both quantitative scores via a spread sheet
and qualitative comments

— provide validation results to NREL/AWS Truewind

« AWS Truewind
— produces preliminary map
— reviews validation results to improve map
— produces final validated map

A,
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Major Data Sets Used in Validation

Federal, state, and utility wind measurement
programs

Developer wind data (proprietary sources)
Meteorological station data from NOAA/NCDC

— Airports and military bases
— Coast guard stations, lighthouses, buoys

Other wind data

— Highway (State DOT)

— Forest Service (RAWS)

— Anemometer loan programs

A,
=, -
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Accuracy Issues with Wind Measurement Data

« Surface meteorological station wind data issues

— Surface wind speeds (at or near 10-m height above ground) may be
obstructed by nearby buildings, trees, or obstacles

— A particular station’s wind climate may not represent the wind climate at a
turbine site

— Changes in anemometer location, surroundings, or equipment can cause
the wind speeds to change over time

* For example, at airport stations, discontinuities in annual average wind speeds
due to changes in equipment have occurred since 1992

» Lack of metadata (such as exact locations and long-term history of measurement
equipment) for many locations complicate the issue

« Tower wind data issues

— Wind data collected on towers at heights of 20m to 50m+ for wind energy
prospecting may be available for some locations

— Flow around the tower may effect the wind speed and direction
measurements

— Missing and questionable quality data may make it difficult to obtain
accurate estimates of the annual average wind speed

* Questionable data can be due to icing, weather conditions, and sensor problems
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Wind Speed vs. Height for Different Shear Exponents
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Online Wind Information Availability

High resolution mapping status and static
maps

— Wind Powering America web site

Interactive map server

— U.S. Renewable Energy Atlas

— Non-NREL state and regional applications are also
available (New England, Northwest, Texas, etc.)

GIS wind resource map data

Wind measurement data
— Various sources

A,
G=9. -
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Address Ejhth::,","n"n"d\'.eere.energy.gov;"windandhydrofwindpoweringamerica,"u\'ind_maps.asp b .Go Links * @ -

5, LS. Department of Energy
/ Energy Efficiency and Renewable Ellerg? EBringing you a prosperous future where energy is

clean, abundant, reliable, and affordable EERE Horne

Wind & Hydropower Technologies Program

About the Program | Program Areas

Home

Search Help »  More Search Options »
EERE Information Center

Information Resources | Financial Opportunities | Technologies

Wind Powering America

R O State Wind Resource Maps
One of Wind Powering America's key activities for states is to provide validated
About state wind maps. Below is a color-coded map, which indicates which states have
Wind Powering America validated wind resource maps, which states are planned, and other wind maps that
have not been validated. Click on a state to go to its wind resource map or you can

R use the drop down lists below to get to state wind resource maps.

State

Regional

Siting wind Turbines
Native Americans

United States - Updated Wind Resource Assessment Status

Agricultural Sector -

Srmall Wind

Public Lands

Public Power pE
Economic Development

Palicy

Schools

Awards

Perspectives

»
T

Resources & Tools

Google |G+ v Goo g B~ 9 Bookmarksw B 4blocked %P Check » 'y Autolink = 2 () settings=

Ey

wind Maps .
Wideos Pusrto Rico ond

. ] tha Vingin iziands
Publications
News ‘--,_‘
Events » B MREL Validated High Resalution Map

. ] HREL Planned High Resoluion Map | -
Past Events 1 Other High Resolution Map
[ to High Rasalution Mag
View an enlarged map (not clickable) I
&] # Internet

Online Maps

WPA site shows
current high
resolution maps

Links provided to
NREL validated
and other (non-
validated) wind
maps

http://www.eere.energy.gov/windandhydro/windpoweringamerica 21
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a Wind Powering America: Colorado Wind Resource Map - Microsoft Internet Explorer

JNL=TEY
| & |

Wind & Hydropower Technologies Program

About the Program | Program Areas | Information Resources | Financial Opportunities | Technologies Home

Search Help

Wind Powering America

wind Powering Armerica
Hame

Colorado Wind Resource Map
The Department of Energy's Wind Program
and the Mational Renewable Energy
Labaratary {MEEL) recently published a new
wind resource map for the state of Colorado.
This resource map shows wind speead
estimates at 50 meters above the ground and
depicts the resource that could be used for
utility-scale wind development. Future plans
are to provide wind speed estimates at 30
meters, which are useful for identifying small
wind turbine opportunities,

About
Wind Powering America
Program Areas

State

Regional

Mative Americans

This map of Colorado
shows the wind resource
at 50 meters,

Agricultural Sector
Srall Wind
Public Lands

) Yiewing Options
Public Power Larger Jpeqg: Click Ma
Printable:{PDF 5.0 MB)
Cownload Acrobat

Reader
Interactive Map

Economic Developrent &5 a renewable resource, wind is classified

according to wind power classes, which are
based on typical wind speeds. These classes
range from class 1 {the lowest) to class 7
{the highest). In general, wind power class 4 or higher can be useful
for generating wind power with large turbines. Class 4 and above are
considered good resources,

Policy
Perspectives

Resources & Tools
wind Maps
Software
Fublicati ' T . . .

HRliEatens This map indicates that Colorado has wind resources consistent with

satilida

Mews

R B T e T R R T |

File Edit Wiew Fawaorites Tools  Help
GBack + = - i) il | ‘Qhsearch [E]Favorites lfMedia ¢4 | N S
Address @http:,l',l'www.eere.energy.gl:uv,l'windandhydrl:u,l'windpl:nweringameril:a,l'maps_template.asp?stateal:u=|:|:| j ﬁGD Links **
IR T, e
& L% U.S.Department of Energy —
Tr/ ; EIIEI'Q}' EﬂiﬂlEnﬂf ﬂl'ld REI’IE’WEME E“Efﬂl" Eringing you a prosperous future where energy is
W B clean, abundant, reliable, and affordable EERE Homme

%

More r

Link to
Detailed
PDF

Link to |
interactive
map
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Presenter
Presentation Notes
Look of state pages varies.


Interactive Maps Online

] P-n.ited Sates Atlas of Rene:wable Resources - Microsoft Internet Explorer ® AI I OW S u S e r'S to :
s — Zoom in to area

A Al Layers

[:”Ig Biomass .
3| (0] Geathermal f t t
-1 10km Solar O I n e re S
-1 40km Solar

-2 200m to 1km Wind

- N [A5=Fobs — Turn on/off map
-1 Reference Data

O Tanmotaen layers (county

[ 1[0 Alaska Elevation

T tower 55 e bounds, roads,

| -3 shaded Relief

- Zip code, etc.)
* Full U.S. including
tomemn s Alaska and Hawaii

* Other interactive
maps are available
for specific areas

A visible group/layer, dlick to hide,
A visible Layer, but not at this scal

An inactive lzyer, dick to make 2%

>

~ OERDDLL

http://www.nrel.gov/gis

- Interactive zoom tool e
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GIS Wind Resource Map Data

@Back M > |ﬂ @ _;\J /'._\J Search ‘{'\? Favarites Q‘;t - kf; ] - _] ﬁ ffi
@bl http:/fwwvew.nrel.gov /gis/data_analysis. html V| Go Links * '@ -
Got;gle Gl “ | Go oé‘j_;' Efi‘ - * Bookmarks 5]4blocked "? Check = % Autolink » ** OSetI:ings~

o2

Address

5

ABOUT NREL

SCIENCE & TECHNOLOGY
Dynamic Maps, GIS Data, & Analysis Tools

MREL GIS Horme

Data and Analysis Tools
Gl (RIAEL E1E NREL's GIS Team develops technology-specific GIS data maps for a variety of areas,
Maps including biomass, geothermal, solar, wind, and renewable hydrogen. Maps for these
technology-specific areas are available in either high resolution or low resolution in
most cases. High-resolution maps are available for specific states. Low-resolution
maps are available for Alaska, Hawaii, and the lower 48 states.

Data & Analysis Tools

NREL's GIS Team provides an analysis tool, the Geospatial Toolkit, a map-based
software application with predefined queries that can be used for decision-making

Geospatial Toolkit is available for select countries.

The process for downloading data and tools from the GIS server is to first fill out a
form with contact information, then read and accept a disclaimer statement before
proceeding to download data.

National Wind Resource

conterminous United States, with a resclution of 1/3 degree of latitude by 1/4 degree
of longitude. For more information, please refer to the Wind Energy Resource Atlas of
the United States.

High Resolution Wind Data

These datasets are geographic shapefiles generated from the original raster data.
The original raster data varied in resolution from 200 m to 1000 m cell sizes. The data
provides an estimate of annual average wind resource for specific states or regions.
The data are separated into two distinct groups: NREL produced, and TrueWwind
produced/NREL validated.

The MRFI -nrodiiced man data nanly annlies tn areas nf lnw surface ronchness e

http://www.nrel.gov/gis/data_analysis.html

File Edit View Favorites Tools Help :;‘ P

« »NRZ=L National Renewable Energy Laboratory Innc °

and policy analysis in addition to planning for future renewable energy projects. The ‘ o

This data provides an estimate of the annual average wind resource for the [ }

NREL validated
wind data only
Geographic
shapefiles of

annual wind
power class

ESRI ArcGIS and
ArcView format

Importable to
many other GIS
packages
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GIS Data Viewer - ArcExplorer

<, ArcExplorer - Untitled o=l © F ree frO m E S R I

JJEiIe Edit Wiew Theme Tools Help |

INEEIERELE o I
lglglvaame-lonsalas @ Allows you to view
and query

v [
shapefile data

* Will not come with
any reference data
(roads, cities, etc)

* Displaying scale
bar will show

v CO_wPCHOFIMCLP [GRI

_ | latitude/longitude
Zoom |n tool activated o o |.-'-‘u:tive Th::ne: ED_WF'ISZEEIFINELF' - o COO rd i n ates
http://www.esri.com/software/arcexplorer/ S UNREL st et gyt =




/3 http:/ /www.undeerc.org/wind /winddb/framespage.asp?states =ND&DisplayName=Killdeere:

File Edit Wisw

4= Back ~ = - @ at | @Search [Ge] Favorites @Media @ | %v =0

Address I@ htkp: f fwae, undeere. argiwindiwinddbframespage . asp?states=ND&DisplayMame=Killdeer&T ablerame=tbikildeer

Tools  Help

Favarites

B

| @0 |Links =

Killdeer Wind Monitoring Site
{Data available from 1/3/2001 to 5/31/2004)

Latitude: N47 27.193"  Longitude: w102 27,1068" Elevation(fth: 2430 Back to ND Wind Sit

The Killdeer monitoring site is operated and maintained by the Dunn County Jobs Development Authority, The North Dakota Division of
Community Services provided partial funding for this effort.

=
4| | »

Wind Speed Statistics: 1/3/2001 - 4/3/2001 =
Select a Date Range
[Start date and Stop date defaults to the Earliest and Latest dates awailable)
Start date (mm/dd/pen) I1f3;‘2001 Description WI::‘U
s
Stap date (mm/ddiyyy) |5 /31/2004
Average 7.31
Select Parameter
Wind Speed Wind Direction Air Temperature Idax | Min 22271040
semsar height sensar height sensar height
V40 meters [ 40 meters [T 3 meters
Maometers 710 meters Killdeer Hour
7 10 meters 1/3/2001
22.3—
Select Units (wind speed and temperature) ..
" English * Metric -
Data Display AT
[T include Standard Deviation fields = 15617
[T include Data Quality Infor mation 3 e 15.4-1
W - :
- E
Display Data | Cint sl
Graph Data ; 8.8
& Time Series (For wind speed, direction, and temperature graphs) 5.7 | i I
i palar [Far wind direction graphs only) -
™ Include Suspect Data 39l

o | | | | |
Drave Graph A T N N N TR T
s 5 &5 & © o oS

4| |

=T

|§'| Done I_ l_ l_ |0 Internet Al

http://www.undeerc.org/wind/

Wind
Measurement
Data

EERC web site
data shown
here

NREL has
select data sets
available on
request

Datasets are
also available
from other

SOUrces
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Wind Resource Assessment Handbook

ssEssuevenionoee | ¢ Handbook provides

Fundamentals for Conducting . . .
a Successful Monitoring g u I d e I I n eS fO r p I a n n I n g a n d
Program

conducting a wind resource
| measurement program

f

i

T
= cl

Prepared By:
AWS Scientific, Inc. )
CESTM, 251 Fuller Road We b S lte
Albany, NY 12203
April 1997

NREIL Subcontract No. TAT-5-15283-01

Prepared for:
National Renewable Energy Laboratory

" Gotden, €O $0401 e http://www.nrel.gov/wind/
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