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Abstract

Selectingoptimalwindturbinegeneratorsforwindfarmsitesinthecapacityfactorpointofviewisperformed

inthisstudy.Aprogramtodeterminethebestwindturbinegeneratorforthemaximumcapacityfactorforasite

wasdeveloped.Theprogram usesboththewindcharacteristicsofthesiteofinterestandthepowercurvesof

thewindturbines.Theprogram developedwasappliedtofindoutoptimalwindturbinegeneratorsofthree

differentsitesincomplexterrainandsuccessfullyyieldedthebestsitedependentwindturbinegenerators.Itwas

alsousedtodeterminethebestwindturbinegeneratorofthewindfarmcurrentlyoperatinginKoreaandproved

itsusefulness.Theprogram andmethodologydevelopedinthisstudyconsideredtobeveryusefulattheinitial

designstageofthewindfarm todeterminethebestwindturbinegeneratorsforthesiteofinterest.
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1.Introduction

Sincemodernwindturbinescameout,

thewindturbinegeneratorsandwindfarms

havebecomelargerandlargerandsohas

been the budgetfortheirconstruction.

Because building a wind farm requires

greatamountofbudget,interestsonthe

efficienciesofthewindfarm andhow to

maximizethemhavebecomeveryimportant

issueinwindindustry[1].Inordertoachieve

ahighefficiencyfrom awindfarm,one

veryimportantthingistoinstallwindturbine

generatorsthatareoptimalfortheparticular

siteandwindcharacteristics[2,3].

Toselectoptimalwindturbinegenerators

forawindfarm,economicevaluationshould

beconsidered.Accurateeconomicevaluation

requirescomprehensiveinvestigationson

alltheexpendituresforconstructionand

maintenanceofawindfarm during the

lifetimeofwindturbinegenerators.Therefore,

itisvery difficulttohavean accurate

economicevaluationattheinitialdesign

stageofawindfarm.Alsoanotherthing

tomaketheaccurateeconomicevaluation

difficultisthatitdependsonthetime

whentheevaluationismadebecausethe

expenditureforconstructionandmaintenance

ofawindfarm largelyvarieswithtime.

Thereforeforaroughestimationofproper

windturbinesforaparticularwindfarm

siteattheinitialdesignstage,theefficiency

ofthewindfarm knownasaCapacity

Factor(CF)maybeanalternativetobe

usedasacriterion[4].

CF representshow wellwind turbine

generatorsproducepowercomparedtotheir

ratedpowers.Mathematically,itisdefined

asaratiooftheannualenergyproduction

(AEP)ofawindfarm tothetotalcapacity

ofthewindfarmmultipliedby8,760hours.

Therefore,inordertocalculatetheCFofa

windfarm,itisessentialtoknowtheAEP

ofthewindfarm.

Sofar,whenavalidationstudyiscarried

outforafuturewindfarm site,windfarm

designprogramshavebeenmainlyused.

Windfarm designprogramsprovidetools

forfindingoptimalwindfarm layoutsand

yieldtheAEPandCFwhenparticularwind

turbinegeneratorsareselectedbyusers.

Theydon’t,however,provideanytoolsto

determineproperwindturbinegenerators

forthewindfarmsiteofinterest.Without

suchtools,itisverytimeconsumingand

difficultjobtoselectproperwindturbines

fortheparticularsite.

Thereforetheobjectiveofthispaperisto

developamethodtoautomaticallydetermine

properwindturbinesforparticularsitesin

theperspectiveoftheCFofthewindfarm

site.Although,theeconomicevaluationisnot

includedinthemethod,thisisconsidered

veryusefulatthedesignstageofawind

farm.

2.Methodology

2.1WindResource 

Todetermineproperwindturbinesfora

regionofinterest,itisnecessarytoknow

thewindcharacteristicsofthewholeregion.

Thiscanbedoneusingcommercialsoftware

forwindresourceestimation.

TheWeibullProbabilityDistribution(WPD)

functionthatrepresentsawindcharacteristic

ofasiteismathematicallydefinedby[3]
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whereCisthescalefactorinm/s,andk

istheshapefactor.

2.2PowerCurve

Thepowercurvedataofwindturbine

generatorscommerciallyavailablecanbe

foundasaformoftextfile.Inthetextfile,

thepowerofthewindturbineinkW is

listed with respectto the wind speed.

Table1showsanexampleofsuchpower

curvedata.Thelowestandhighestwind

speeds in the table thatcan generate

electricityarecalledthecut-inandcut-out

windspeeds,respectively.

WindSpeed

(m/s)

Power

(kW)

WindSpeed

(m/s)

Power

(kW)

1 0 14 2,000

2 0 15 2,000

3 0 16 2,000

4 88 17 2,000

5 204 18 2,000

6 371 19 2,000

7 602 20 2,000

8 990 21 2,000

9 1,229 22 2,000

10 1,555 23 2,000

11 1,835 24 2,000

12 1,967 25 2,000

13 1,967

Table1.Exampleofpowercurvedataofawindturbine

2.3AEPandCF

UsingtheWPDfunctionandthepower

curvesofthewindturbinesdescribedin

Secs.2.1and2.2,theAEPandtheCFcan

beestimated.TheAEPismathematically

definedas[5]

 ××  (2)

where, AEP is the annual energy

production in kWh,P(V)isthepower

productionforwindspeedsinkW,f(V)is

thefrequencyofoccurrenceofwindspeed.

AsdescribedinIntroduction,theCF is

expressedby[5]

×


× (3)

wherePr istheratedpowerofwind

turbinesinkW.

2.4ComputerCode

A program wasdevelopedusingMatlab

tofindoutwindturbinegeneratorsthat

yieldthehighestcapacityfactorateach

site(refertoFig.1)ofaregionofinterest.

Figure2showsaflowchartoftheprogram

developedforthisstudy.Asexplainedin

theprevioussections,thewindresource

dataareobtainedfrom acommercialwind

resourcepredictionprogram[6-8].Inthis

study,WAsP[9.10]wasused.TheWeibull

parametersCandkarethenextractedfrom

the wind resources data forthe whole

regionofinterestsandusedasoneofthe

inputsintheoptimizationprogram.Forall

thewindturbinegenerators,theCF’sare

estimatedusingtheWeibullparametersand

powercurvedatalocationsby locations

overtheentireregionandcompared.Finally,

thebestwindturbinegeneratoryieldingthe

highestCFateachlocation(gridpoint)is

determinedanddisplayed.
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Fig1.Windresourcemapofaregion

++

Fig2.Flowchartoftheoptimizationprogram

3.AnalysisandResults

Thesimulation program basedon the

methodologydescribedinSection2was

appliedtofindoutproperwindturbinesfor

threedifferentregions,A,BandC,andthe

resultsareshowninFig.3.Allthethree

sitesaremountainousasshown in the

figure.Thehighestandlowestaltitudesof

thesitesarelistedinTable2.

Fig3.MapofoptimalwindturbinesforregionsA,BandC

Highestaltitude(m) Lowestaltitude(m)

SiteA 925 175

SiteB 823 225

SiteC 1,395 499

Table2.HighestandlowestaltitudesofregionsA,B,andC

Inthisstudy,atotalofeighteenwind

turbinesfromelevendifferentwindturbine

manufacturerswereconsidered.Allofthem

havethesamehubheight,80m.Thewind

turbines have various rated powers

between1.5MW and2.75MW.Thetotal
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windturbinesanalyzedarelistedonTable3.

No.
Manufactu
rer

Rated
Power
(kW)

Rotor
Diameter
(m)

Cut-in
Speed
(m/s)

1

A

1,800

90.0 4.02 2,000

3 3,000

4 B 2,000 82.0 3.0

5

C

1,500 80.0 4.0

6 2,000 87.0 4.0

7 2,500 90.0 4.0

8

D

1,500 77.0
3.5

9 1,500 82.5

10 2,500 88.0 4.0

11 E 2,500 90.0 4.0

12 F 2,750 92.0 4.0

13 G 2,000 84.0 4.0

14 H 2,500 80.0 4.0

15 I 2,500 80.0 4.0

16 J 2,000 80.0 3.5

17
K

2,300 92.6
4.0

18 2,300 82.4

Table3.Listofwindturbinesconsideredintheoptimization

The simulation results for the three

regionsarepresentedinFig.3.Asshown

inthefigure,afew variouswindturbines

wereselectedfordifferentsites.Forregion

A,threedifferentwindturbineswerefound

tobethebestfortheCF fordifferent

locations.TheyweretheNo.1windturbine

ofcompanyA (Referto Table3),No.10

wind turbineofcompany D,and No.17

windturbineofcompanyK.ForregionB,

the No.3 and No.7 wind turbines of

companiesAandCwerethebest,andthe

No.1andNo.7windturbinesofcompanies

AandCyieldedthebestCFforregionC.

4.Application

Toprovetheusabilityoftheoptimization

program developed,itwasappliedtofind

outthebestwindturbineforanexisting

windfarm inKorea.AsshowninFig.4,

thewindfarm islocatedinamountainous

area,andhasatotalof49windturbine

generators.Thetotalcapacityofthewind

farmis98MW.Thewindturbinesalready

installedinthewindfarm aretheNo.2

windturbinesofcompanyAhavingahub

heightof60m.

Fig4.Satellitephotoofthewindfarm analyzed

Inordertofindoutthewindresourceof

the wind farm region,the wind data

obtainedfromanearbyAWSwereusedas

aninputtotheWindAtlasAnalysisand

ApplicationProgram (WAsP).WAsPisa

PC program thatisusedextensivelyto

estimatewindenergyresources.

TheAWSisabout2.6kmawayfromthe

closestwindturbineinthewindfarm and

9.2kmawayfromthefarthest.ThentheA

andkparametersoftheregionincludingall

the wind farm locations were obtained.

Themeasurementperiodofthedataused

wasfrom Jan.12009toDec.312009.

Thesimulationresultsarepresentedin

Fig.5.Ascanbeseenfromthefigure,the

No.1windturbineofcompanyAwasfound

tobethebestformostspotsintheregion.

Forsomeportionoftheregion,theNo.17

windturbineofcompanyKwaspredicted

tobethebest.
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Tovalidatetheresult,thecapacityfactors

ofthewindfarm predictedusingWAsP

before and afterthe optimization were

comparedeachother.Thepredictionswere

alsocomparedwiththemeasuredCFofthe

windfarm [11].Table4showstheresults.

Firstofall,beforeoptimization,theWAsP

predictionoftheCFofthewindfarm is

veryclosetothemeasuredCF.Thisproves

thattheWAsPcanbeusedtopredictthe

CFofthewindfarm.Alsoasexpected,forthe

predictedCF’sbeforeandafteroptimization,

thepredicted CF afteroptimization was

1.1% higherthanthatbeforeoptimization.

Thismeansthatifthewind farm had

chosentheNo.1windturbineofcompany

A,itsefficiencywouldhavebeenslightly

higherthanthatofthecurrentwindfarm.

Thiscanleadtohighereconomicefficiency

ofthewindfarm.

Fig5.Mapofproperwindturbinesforthewindfarmregion.

Table4.Measuredvs.predictedCFofthewindfarm

beforeandafteroptimization.

Measured

Predicted

(Before

Optimization)

Predicted

(After

Optimization)

Capacity

factor(%)
25.1 27.0 29.3

5.Conclusion

A program todetermineaproperwind

turbinegeneratorforthemaximumCFata

sitehasbeendeveloped.Theprogramuses

boththewindcharacteristicsofthesiteof

interestandthepowercurveofwindturbine

generators.Itwasappliedtothreedifferent

regionsincomplex terrainandyielded

site-dependentproperwindturbinegenerators.

Foravalidation,theprogramwasappliedto

findoutproperwindturbinegeneratorsof

thewindfarmcurrentlyoperatedinKorea.

Itsuccessfullydeterminedthewindturbine

generatorswhichcouldyieldtheCFwhich

isabout1.1%higherthantheCFofthecurrent

wind farm.Theprogram and methodology

developedinthisstudyconsideredtobe

veryusefulattheinitialdesignstageofthe

windfarmtodetermineproperwindturbine

generatorsforthesiteofinterest.
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