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WIND ENERGYPOTENTIALIN THE UNITEDSTATES

D. L Elliottand M. N. Schwartz
PacificNorthwestLaboratory

P,O.Box999
Richland,WA 99352, USA

ABSTRACT

Estimatesofthe electricitythat couldpotentiallybegeneratedbywindpowerandof the landarea
availablefor wind energy developmenthave been calculatedfor the contiguousUnitedStates. The
estimatesare basedon publishedwindresourcedata andexcludewindylandsthat are not suitablefor
developmentas a resultof environmentaland land-useconsiderationsl Despitethese exclusions,the
potentialelectricpowerfromwindenergy is surprisinglylarge. Goodwind areas,whichcover6% of the
contiguousU.S. land area, havethe potentialto supplymore than one and a half times the current
electricityconsumptionof the UnitedStates. Technologyunderdevelopmenttoday willbe capableof
producingelectricityeconomicallyfrom goodwindsites in many regionsof the country.

INTRODUCTION

A windenergy resourceatlasof the United States[1] showsthat areaspotentiallysuitablefor
wind energyapplicationsare dispersedthroughoutmuchof the United States. Estimatesof the wind
resourceinthisatlasare expressedinwindpowerclassesrangingfromclassI to class7. witheachclass
representinga rangeof meanwindpowerdensityor equivalentmeanspeedat specifiedheightsabove
the ground (Table 1). Areas designatedclass4 or greaterare suitablewith advancedwind turbine
technologyunderdevelopmenttoday. Powerclass3 areasmaybe suitablefor future generationtech-
nology(year2000 andbeyond). Class2 areasaremarginalandclass1 areasunsuitableforwindenergy
development.Maps of the areal (percentageof landarea) distributionof the windresourcedigitizedin
gridcellsof 1/4° latitudeby 1/3° longitude(Figures1 and2) showthat exposedareaswithmoderateto
highwindresourceare dispersedthroughoutmuchof the contiguousUnitedStates.

METHODOF CALCULATINGTHE WIND ELECTRICPOTENTIAL

Severalfactors determinethe amountof land area suitableforwindenergy developmentwithin
a particulargrid cell in a region of high wind energy potential. The importantfactors includethe
percentageof landexposedto thewindresourceand land.useandenvironmentalrestrictions.The land
area exposedto thewindforeachgridcellwas estimatedbasedon a landformclassificationandranged
from90% for relativelyflat terraindownto 5% formountainousterrain. EstimatesOf landarea excluded
fromwindenergydevelopment,in percentper gridcell,weremade for varioustypesof land-use(e.g.,
forest,agricultural,range,andurbanlands). Environmentalexclusionareasweredefinedas federaland
state lands(includingparks,monuments,wildernessareas,wildliferefuges,and otherprotectedareas)
where wind energydevelopmentwould be prohibitedor severelyrestricted. Finally,additionalland
exclusionswere estimatedto accountfor transportationright-of-ways,locallyadministeredpark land,
privatelyadministeredareas,and proposedenvironmentallands.

The windelectricpotentialper gridcellwascalculatedfromthe availablewindylandarea andthe
windpowerclassificationassignedto eachcell. Theamountof potentialelectricitythatcan begenerated
isdependenton severalfactors,Includingthe spacingbetweenwindturbines,the assumedefficiencyof
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the machines,the turbine hub height, and the estimated energy losses(causedby wind turbine wakes,
blade soiling, etc.). The assumptions used for calculatingthe wind energy potential per unit of windy land
area is given inTable 2. (Estimatesof wind turbine efficiencyand power lossesare based on data from
existingturbines. Foradvanced turbines,efficiencyis projected to be 30.35%and power losses 10-15%).

RESULTS

A studyin 1991[2] useda varietyof landexclusionscenariosto estimatethe availablewindyland
and resultantwindelectricpotentialfor severallevelsof windresource,both for the contiguousUnited
Statesas a whole and for each of the 48 contiguousstates. Figure3 showsthe overallwind energy
potentialbasedonterrainexposureandseverallandexclusionscenarios.Evenunderthe mostrestrictive
(severe)land exclusionscenario,the wind energypotentialfor areaswith powerclass3 and aboveis
greaterthantotalU,S.electricityconsumptionwasin 1990. Figure4 showsthe contributionthatthe wind
energyof each statecouldmake to meetthe totalelectricalneedsof the nation,assuminga moderate
land exclusionscenario. NorthDakotaalone hasenoughpotentialenergyfromwindyareasof class4
and higher to supply 36% of the total 1990electricityconsumptionof the 48 contiguousstates.

A studyin 1992 [3] recalculatedestimatesof windyland area and windelectricpotentialbased
on a moreaccuratemappingof environmentalexclusionareasand a moderateland exclusionscenario.
Thesenewestimateswereabout 1 to 2% higherthanthe preliminaryestimatesmade in 1991 basedon
thesamelandexclusionscenario.Overall,evenwithlandbeingexcludedfromwindenergydevelopment
forenvironmentaland land-useconsiderations,the amountof windylandavailableand potentialelectric
powerfromwindenergyis surprisinglylarge. Theamountof windyland availablefor powerclass4 and
aboveis approximately460,000squarekilometers,orabout6.0%of thetotalland area inthecontiguous
UnitedStates. The potentialaveragepowerfromareaswith class4 and higher,whichare suitable for
developmentwithadvancedwindturbinetechnology,is estimatedat 500,000 MW. If future generation
technologyisutilizedtotake advantageof areaswithwindresourceclass3 and higher,thanthe amount
of windy land availableis over 1,000,000 square kilometers,or almost 14% of the land area in the
contiguousUnitedStates. Moreover,the estimatesshowthat a groupof 12 statesin the midsectionof
the country haveenough wind energypotentialto producenearlyfourtimesthe amountof electricity
consumedbythe nationin 1990.

Althoughthe nation'swindpotentialis very large,onlypart of it can be exploitedeconomically.
The economicviability of wind powerwill varyfrom utility to utility. Importantfactorsnotaddressed inthis
studythat influenceland availabilityand wind electric potential includeproduction/demandmatch
(seasonaland daily),transmissionand accessconstraints,publicacceptance,and othertechnological
andinstitutionalconstraints.

Toprovide20%of the nation'selectricity,onlyabout 0.6%of the landof the lower48 stateswould
have to bedevelopedwithwindturbines. Furthermore,lessthan 5% of this land wouldbe occupiedby
windturbines,electricalequipment,and accessroads. Most existingland use, such as farmingand
ranching,couldremainas itis now.



CONCLUSION

The considerable wind electric 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
competitive with conventional sources of power, including fossil fuels. Because of the increasing com-
petitiveness of wind energy, wind resource assessment will 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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