
PNL-SA--21606

DE93 011905

UNITEDSTATESAREALWIND
RESOURCEASSESSMENT

eL

_m _ M.N. Schwartz: = _ = = _ o o"E

:= _ _ _ =.:. o; _ _ D.L. Elliot

._}_ _=__=_

:.._-_°:.o __._ _
_=._._ _ _ _ = :_ March 1993 BEG El

_£=oo E

" _=__ _ == " APR22 1993

_ "" "_-_._ Presented at the
._-_ Alternate Fuels and the
.._ ,_ = =-.=m _:_ :__"_=o__= Environment Symposium

March 28 - April 2, 1993
Denver, Colorado

Prepared for
the U.S. Department of Energy
under Contract DE-ACO6-76RLO1830

PacificNorthwestLaboratory
Richland,Washington 99352

MASTER
OtSTRtBUTION OF THIS DOOUMENT IS UNLIfVIr't"Et'3



"PREPRINTEXTENDEDABSTRACT"
Presented Before the Division of Environmental Chemistry

American Chemical Society
Denver, CO. March 28 - April 2, 1993

UNITEDSTATESAREALWINDRESOURCEASSESSMENT

M. N. Schwartz, and D. L. Elliott

Pacific Northwest Laboratory
Richland, Washington

Estimatesof the electricitythat could potentiallybe generatedby wind power
and of the land area availablefor wind energy developmenthave been calculatedfor
the contiguousUnitedStates,in supportof the U.S. Departmentof Energy'sNational
Energy Strategy. These estimateswere based on the wind resourcedata publishedin
a national resource atlas (I). Estimatesof the wind resource in this atlas are
expressed in wind power classesranging from class I to class 7, with each class
representinga range of meanwind power densityor equivalentmean speed at specified
heightsabovethe ground (TableI). Areas designatedclass 4 or greaterare suitable
for most wind turbineapplications.Powerclass 3 areas are suitablefor wind energy
developmentusing tall (50-mhub height)turbines. Class 2 areas are marginal and
class 1 areas unsuitablefor wind energydevelopment. A map of the areal (percentage
of landarea) distributionof thewind resourcedigitizedingrid cells (I/4° latitude

by I/3° longitude;Figure I) shows that exposed areas with moderate to high wind
resource(class3 and greater)are dispersedthroughoutmuch of the contiguousUnited
States.

Several factors determinethe amount of land area suitable for wind energy
developmentwithin a particulargrid cell in a regionof high wind energy potential.
The importantfactorsincludethe percentageof landexposedto the wind resourceand
land-useand environmentalrestrictions.The land area exposedto the wind for each
grid cell was estimatedbased on a landformclassificationand ranged from 904 for
relativelyflat terraindown to 54 for mountainousterrain. Estimatesof land area
excludedfrom wind energydevelopmentwere made for varioustypes of land-use(e.g.,
forest, agricultural,range, and urban lands). Environmentalexclusionareas were
defined as federal and state lands (includingparks, monuments, wilderness areas,
wildlife refuges,and other protectedareas) where wind energy developmentwould be
prohibitedor severelyrestricted.Finally,additional!andexclusionswere estimated
to accountfor transportationright-of-ways,locallyadministeredparkland,privately
administeredareas,and proposedenvironmentallands.

The wind electric potentialper grid cell was calculated from the available

windy land area and the wind power classificationassignedto each cell. The amount
of potential electricitythat can be generated is dependent on several factors,
includingthe spacingbetweenwind turbines,the assumedefficiencyof the machines,
the turbinehub height,and the estimatedenergylossescaused by wind turbinewakes.

A study in 1991 (2) used a varietyof land exclusionscenariosto estimatethe
availablewindy land and resultantwind electricpotentialfor severallevelsof wind
resource,bothfor the contiguousUnitedStatesas a whole and for each of the 48 con-
tiguous states. Figure 2 shows the overallpotentialwind energy based on terrain

and several land exclusion scenarios. Even under the most restrictiveexposure
(severe)land exclusionscenario,the wind energy potentialfor areas with power
class 3 and above is greaterthan total U.S. electricityconsumptionwas in 1990.
Figure3 shows the contributionthat wind energyof each state could make to meet the
totalelectricalneeds of the nation. North Dakotaalonehas enoughpotentialenergy



from windy areas of class 4 and higher to supply 364 of the total 1990 electricity
consumption of the 48 contiguous states.

A study in 1992 (3) recalculated estimates of windy land area and wind electric
potential based on a more accurate mapping of environmental exclusion areas and a
moderate land exclusion scenario. These new estimates were about I to 24 higher than
the preliminary estimates made in 1991 based on the same land exclusion scenario.
Overall, even with land being excluded from wind energy development for environmental
and land-use considerations, the amount of windy land available and potential electric
power from wind energy is surprisingly large. The amount of windy land available for
power class 4 and above is approximately 460,000 square kilometers, or about 6.04 of
the total land area in the contiguous United States. The potential average power from
areas with class 4 and higher is estimated at 500,000 MW. If advanced wind turbine
technology is utilized to take advantage of areas with wind resource class 3 and
higher, than the amount of windy land available is over 1,000,000 square kilometers,
or almost 144 of the land area in the contiguous United States. Moreover, the esti-
mates show that a group of 12 states in the midsection of the country have enough wind
energy potential to produce nearly four times the amount of electricity consumed by
the nation in 1990. This potential has not been tapped before because the wind
turbine technology was not able to utilize this resource. However, during the past
decade, increased knowledge of wind turbine behavior has led to more cost-effective
wind turbines that are more efficient in producing electricity. The price of the
electricity produced from wind by these advanced turbines is estimated to be competi-
tive with conventional sources of power, including fossil fuels. Because of the
increasing competitiveness of wind energy, wind resource assessment _vill become
essential in incorporating wind energy into the nation's energy mix. For example,
the 1992 study (3) also produced gridded maps of wind electric potential and windy
land area for the 48 contiguous states that show the distribution of these features
within individual states, thus enabling utilities and wind energy developers to
identify promising areas for wind energy. The importance of accurate wind resource
assessment is also recognized in other parts of the world.

Detailed wind resource assessments have been proposed or are being considered
as part of a plan to increase the use of wind energy in Europe, Asia, Latin America,
and other regions. The decreasing cost of wind power and the growing interest in
renewable energy sources should ensure that wind power will become a viable energy
source in the United States and worldwide.
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Percent Land Excluded Assumptions: 50-m hub height, 10D by 5D Spacing,25% Efficiency, 25% Losses
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Fig. 2. Wind Energy Potential of the Contiguous United States



Fig. 3. Percentage of the Total 1990 Electricity Consumptionof
the Contiguous United States that Each State Could Produce
(Assumptions: areas designated class 4 and above, hub
height of 30 m, moderate land exclusion scenario)

Table i. Classes of Wind PowerDensity

10 m (33 ft)_'1 30 m (98ft)c'l 50 m (164 ft)¢'1

Wind Power Wind Power SpeedC% Wind Power Speedl% Wind Power Speed*b_,
- Class Density,Wire2 m/s (mph) Density, W/m= m/s (mph) Density,W/m= m/s (mph)

0 0 0 0 0 0
I

100 4.4 (9.8) 160 5.1 (11.4) 200 5.6 (12.5)
2

150 5.1 (11.5) 240 5.9 (13.2) 300 6.4 (14.3)
3

200 5.6(12.5) 320 6.5 (14.6) 400 7.0 (15.7)
4

250 6.0 (13.4) 400 7.0 (15.7) 500 7.5 (16.8)
5

300 6.4(14.3) 480 7.4 (16.6) 600 8.0 (17.9)
6

400 7.0 (15.7) 640 8.2 (18.3) 800 8.8 (19.7)
7

1000 9.4 (21.1) 1600 11.0 (24.7) 2000 11.9 (26.6)

L')Vertic_iextrapolation of wind power densityand wind speed are based on the 1/7 power law.
Cb)Meanwind s ed is estimated .assumingaRayleigh distribution of wind speedsand stanaard sea-level0%

air density. _h; actual mean wandspeed maydiffer from these estimated valuesby as much as 2 ,
depending on the actual wind speeddistribution and elevation above sea level.
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