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Abstract

Long-termvariationsinwindspeedandcapacityfactor(CF)onSeongsanwindfarmofJejuIsland,SouthKorea

werederivedstatistically.TheselectedareasforthisstudywereSubji,havingayearwinddataat30m above

groundlevel,Sinsan,having30-yearwinddataat10m abovegroundlevelandSeongsanwindfarm,where

long-term CFwaspredicted.TheMeasure-Correlate-PredictmoduleofWindPROwasusedtopredictlong-tem

windcharacteristicsatSeongsanwindfarm.Eachyear’sCFwasderivedfromtheestimated30-yeartimeseries

winddatabyrunningWAsPmodule.Asaresult,forthe30-yearCFs,Seongsanwindfarmwasestimatedtohave

8.3% forthecoefficientofvariation,CV,and-16.5% ∼ 13.2% fortherangeofvariation,RV.Itwaspredicted

thattheannualCFatSeongsanwindfarm variedwithinabout±4%.

Keywords:풍력에 지 (Windenergy),바람데이터 (Winddata),설비이용률 (Capacityfactor,CF),측정-상 -

측 (Measure-Correlate-Predict)

Nomenclature

maxV :Themaximum ofyearlyaverage

windspeeds[m/s]

minV :Theminimum ofyearlyaverage

windspeeds[m/s]

y :Windspeedaveragedover30years

[m/s]

s :Standarddeviation
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1.Introduction

Theimportanceofdevelopmentofnew

and renewableenergy needsno further

elaboration.Windenergytechnologyisone

ofthefastestgrowingtechnologiesinnew

andrenewableenergy.Attheendof2010,

totalglobalwind power capacity was

approximately 200GW withthebiggest

installed capacity ofChina,followed by

UnitedStates.1)Itispredictedthatabout

2,500GW worldwidewindpowercapacityis

expectedby2030,whichwouldcorrespond

to17%oftotalglobalelectricityconsumption.2)

Itisveryimportanttoselectstrongerwindy

sitesinacountryforthepurposeofproducing

moreelectricity.Sincewindspeedvaries

fromyeartoyear,particularcareshouldbe

takentoassesswindenergyinagivensite.

Namely,itcouldhavehighuncertaintiesto

estimatepotentialwindenergyinasite

usingthewinddataforjustoneyearor

less.

Earlierinvestigationshavepointed out

thattheyearlyaveragewindspeedvaries

from yeartoyearbutwithin±10% ofthe

long term mean.However itis more

importantfortheprospectiveownerofa

windfarm tounderstandthevariabilityin

annualCF than thatin yearly average

windspeed.Weisseretal.
3)
showedthatin

theircasestudywindvelocitysignificantly

fluctuatedseasonallyanddiurnally,which

shouldbeconsideredwherespecificelectricity

loadsarerequired.Basedonmodellingof

windspeeddatameasuredfrom66onshore

sitesacrosstheUnitedKingdom,Sinden
4)

reportedthatthecapacityfactorwasinthe

rangebetween 24.1% and 35.7% for34

yearsfrom 1970to2003.Yoreleyetal.
5)

showedyearlyaveragewindspeedvaried

withyearsandregions.InGermanyand

Denmark,the wind index which is an

energy delivery index within a certain

period,hasbeenanalyzedsinceabout1990,

becausethereisaneedtoassesswind

energyfluctuationwithyears.
6)

JejuIslandisknowntobeoneofthe

windiestregionsinSouthKorea.Although

therewassomeresearch
7,8)
oninter-annual

variationsinwindspeedinJejuIsland,no

studyonvariabilityinCFhasbeencarried

outfortheIsland.Thatisbecauseitis

verydifficulttocollectwinddataatreal

windturbinehubheightforalong-term

period.However,someresearchershave

been applying Measure-Correlate-Predict

(MCP)methodtoobtainlong-termpredicted

wind dataformorereliableanalysisof

windregime.

Inthisstudy,thewinddatafor30years

atSeongsanwindfarmofJejuIslandwere

predictedusingMCPmethod.Thisinvestigation

aimstoclarifythecoefficientofvariation

andtherangeofvariationforannualCF

aswellasannualwindspeedatSeongsan

wind farm.In addition,the values are

comparedwiththoseintheUnitedKingdom

tounderstandthedifferenceininter-annual

variationsofCF betweenSeongsanand

theUnitedKingdom.

2.Sitesdescriptionandmethod

JejuIslandislocatedoffthesouthern

coastofmainlandKorea.Figure1shows

JejuIslandandlocationsofthreesitesfor

thisstudy,whicharealllocatedoneastern
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partofJejuIsland.Seongsanwindfarm is

situatedinland,whiletheothertwosites,

Subjiand Sinsan,are located nearthe

coastline.

Fig.1JejuIslandofSouthKoreaand locationsof

threesitesforthisstudy

WindPRO softwarethatwasdeveloped

byEMDinternationalA/SofDenmarkwas

usedforthisstudy.Roughnessmapfor

indicatingtopographicalconditionsispresented

inFigure2.Roughnessclassesweredrawn

fromclass0correspondingtowaterareato

class3correspondingtosmalltown.
9)
Subji

site,wherehourlywinddataforoneyearof

1998wascollectedat30m aboveground

level,and Seongsan wind farm,where

annualCFsarepredicted,arealsoshownin

Figure2.

AtSinsansiteoftheFigure,thereisan

AutomatedSynopticObservationSystem(ASOS)

whichisoperatedbyKoreaMeteorological

Administration.Ithasbeenmeasuringmeteorological

dataforalongtime.The30-yearhourly

winddatafrom1981to2010wasmeasured

at10m abovegroundlevelandcollected

from ASOS.Meteorologistshavepointed

outthatthe30-yearwinddataisneededto

determinelong-termvaluesofclimate.
10)
In

otherwords,the reliable conclusion on

windenergyatasitecanbederivedfrom

theanalysisonthebasisofthe30-year

winddataatthesite.

Fig.2Roughnessmap

Inthisinvestigation,the30-yearhourly

winddataatSubjiispredictedusingMCP

technique.Theneachyear’sCFatSeongsan

isobtainedbyrunningWAsPmoduleof

WindPRObasedoneachyear'stheWind

StatisticsatSubji.Boththecoefficientsof

variationsandtherangesofvariationsare

calculated from annualCFs to clarify

inter-annulvariationsinCF.

3.Resultsanddiscussion

3.1Windconditionsatmeasurement

andreferencesites

Thewinddataatmeasurementsiteof

Subjiand referencesiteofSinsan was

analyzedtoclarifywindcharacteristicsat

thetwosites.Figure3displaysWeibull

distributionat30m abovegroundlevelat

Subjisite.Two parameters ofWeibull

distributionwere7.39m/sforscaleparameter

and1.90forshapeparameter,respectively.

Theannualaveragewindspeedwas6.57m/s.
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Fig.3Weibulldistributionat30m abovegroundlevel

atSubji

Fig.4Windroseat30mabovegroundlevelatSubji

Windroseat30m abovegroundlevelat

SubjisiteisshowninFigure4.Prevailing

winddirectionisfromthenorth-north-west,

whichaccountsfor21.9% oftotaltime.The

windrarelyblew from thewestandthe

south.

Figure5representsinter-annualvariations

inwindspeedandwindpowerdensityfor

30yearsat10m abovegroundlevelat

Sinsansite.Itcanbeseenthatfluctuation

inyearlyaveragewindspeedsandwind

powerdensityoccursatthesite.Alsowind

speedandwindpowerdensityaveraged

over30yearswere3.1m/sand38.7W/m
2
,

respectively.Theyearlyaveragewindspeed

andwindpowerdensityhadrandom trend

withoutanyincreasingordecreasingtrends.

Fig.5Inter-annualvariationsinwindspeedandwind

powerdensityat10m abovegroundlevelat

Sinsan

3.2Applicationofmatrixmethodof

MCPtechnique

MCPtechniqueiswidelyusedforestimating

long-term windstatisticatatargetsite

havingtheshort-term winddatabasedon

thelong-term winddataatamoreorless

nearbysite,thatis,thereferencesite.The

long-term winddataatatargetsiteis

predictedfrom thetransfermodelderived

fromconcurrentwinddataatthetwosites.

WindPROhasfourtypesofMCPmodules

thatareRegression,Matrix,WeibullScale

and Wind Index.The Regression and

Matrix methodswererecommended
11)
in

casethewinddatawasavailableashigh

qualityanddetailedtimeseriesatboththe

measurementandthereferencesites.In

thisstudy,sincethewinddataatSinsan

andSubjimettherequirements,Regression

andMatrixmethodswereappliedtopredict

long-term winddataatSubji.Thewind

speeddatapredictedbymeansofRegression

andMatrixmethodswascomparedwith

themeasuredwindspeeddata.Thecorrelation
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coefficientwasderivedfromthecomparison.

Thecorrelationcoefficientonthebasisof

Regressionmethodwasabout74%,which

wasalmostthesameasthatbasedon

Matrixmethod.Meanwhile,itwasreported

thatMatrixmethodwasbettertoestimate

long-term winddatamoreaccurately in

JejuthanRegressionmethod.
12)
Accordingly

Matrixmethodwasadoptedinthisstudy.

Figure6showsanexampleofconcurrent

windspeeddataatSubjiandSinsansites.

Althoughthereisdifferenceinvaluesof

windspeedsbetweenthetwosites,two

typesofwindspeedshaveasimilarpattern

inshapewithelapsingtime.

Fig.6Anexampleofconcurrentwindspeeddataat

SubjiandSinsansites

Thescatterplotwasobtainedfrom the

measuredwindspeeddataatthetwosites,

whichisshowninFigure7.Thecorrelation

coefficientwas81.4%,whichisgoodfor

applyingMCPtechnique.
9)

The30-yearwind dataatSubjiwas

predictedbyrunningMatrixMCPmodule.

Thepredictedwindspeeddatafortheyear

1998 was compared with the measured

windspeeddata.Theresultisrepresented

in Figure 8.The correlation coefficient

betweenthetwowas73.6%,whichwas

consideredtobeacceptable.
9)

Fig.7Scatterplotofmeasuredwindspeeddataat

SinsanandSubjisites

Fig.8Scatterplotofthemeasuredandtheestimated

windspeeddataatSubjisites

Each year’swind data wasextracted

from thepredicted 30-yearhourly wind

dataset.Theneachyear’swinddatawas

inputintotheWAsPinterfacemoduleof

WindPROtocreatetheWindStatisticsat

Subji,whichwasusedforcalculatingeach

year'sCFatSeongsan.ThoughSeongsan

isabout10km awayfrom Subji,itwas

consideredthattheWindStatisticsofSubji

couldbeusedin Seongsan becausethe

WindStatisticscreatedbyrunningWAsP

module is available within a maximum

radiusof100km from theoriginalsite.
9)

Althoughtheheightofthemetmastat

Subjiwasdifferentfrom the78m-hub

heightofVESTASV-80turbineatSeongsan,

theerrorcausedbywindshearextrapolation

wasneglectedbecausetheerrorrateof

eachyearwasconsideredtobethesame,

andthepurposeofthisinvestigationwasto
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clarify inter-annualvariations in wind

speedandCFatSeongsan,nottoclarify

windspeedandCFthemselves.

3.3Inter-annualvariationinCFatSeongsan

windfarm

ByrunningtheWAsPinterfacemodule,

annualaveragewindspeedandCFcanbe

obtained.SinceVESTASV-802MW wind

turbinesarebeingoperatedinSeongsan

windfarm,thesametypeofwindturbine

wasusedforcalculatingCF.

Figure9showsestimatedvariabilityof

normalizedannualaveragewindspeedand

normalizedannualCF atSeongsanwind

farm.Itisclearthatboththeyearlyaverage

windspeedandtheCFvaryyearbyyear.

TheCFincreaseswithanincreaseofannual

averagewindspeed.TheannualCF for

Seongsanwindfarmwasestimatedtovary

withinabout±4%.Also,itwaspredicted

thatthefluctuationoftheannualaverage

windspeedattheturbinehubheightof

78m wasintherangebetween±0.5m/s.

InordertoquantifyvariabilityintheCF,

thecoefficientofvariation,CV,andthe

rangeofvariation,RV,werecalculatedby

thefollowingequations:

Fig.9Predictedvariabilityofnormalizedannualaverage

windspeedandnormalizedannualCFatSeongsan

windfarm

%100
y

CV
s

=
(1)

%100minmax

y

yVorV
RV

-
=

(2)

where,s is the standard deviation for

yearlyaveragewindspeedsand y isthe

windspeedaveragedover30years. maxV

and minV arethemaximum andthe

minimum ofyearlyaveragewindspeeds,

respectively.

TheCVandtheRVarelistedinTable1.

TheCVandtheRVforthe30-yearCFsat

Seongsanwindfarm wereestimatedtobe

8.3%and-16.5%∼13.2%,respectively.Considering

thattheyearlyaveragewindspeedgenerally

varieswithin±10% ofthelong-termmean,

whichresultsinvariationof±30% inwind

powerdensity
13)
,theRV andtheCV for

thoseatSeongsanwindfarmareslightlysmall.

Forthecomparativestudy,theCV and

theRVfortheCFintheUnitedKingdom

wereintroduced
4)
,whicharealsopresented

inTable1.ItcanbeseenthattheCVand

theRVfortheCFinSeongsanwindfarm

are slightly smallerthan those in the

UnitedKingdom.Theresultshowsthat

Seongsanwindfarm isanormalonefor

inter-annualvariationinwindspeedandCF.

Table 1.Coefficientofvariation,CV,and range of

variation,RV

Items CV(%) RV(%)

Averagewindspeed 4.0 -7.6∼6.5

Windpowerdensity 9.6 -20.2∼16.0

CF 8.3 -16.5∼13.2

CFintheUnited
Kingdom

4) 9.5 -19.1∼21.3

*CF:capacityfactor
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4.Conclusions

UsingMCPtechniqueprovidedinWindPRO

software,annualaveragewindspeedsand

CFsinSeongsanwindfarmwerepredicted

toclarifyvariationofthewind.TheVESTAS

V-802MW windturbinewasusedfor

calculatingtheCFs.Theresultsareasfollows.

(1)TheCV andtheRV forthe30-year

CFs atSeongsan wind farm were

estimatedtobe8.3%and-16.5%∼13.2%,

respectively.

(2)Seongsanwindfarm wasestimatedto

benormalforinter-annualvariationin

windspeedandCF.

(3)ItwasestimatedthattheannualCFand

the annualaverage wind speed for

Seongsan wind farm varied within

about±4% and±0.5m/s,respectively.
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