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Executive summary

QOutcome

Theprojecthas

Developededtniquesandon-linetoolsfor forecastingwind farm production

Thesetechniquesndtools

are beingusedby utilities in day-to-daydispatd
havebeenevaluatedto quantifythe financialbenefitoof wind powerforecasting

havebeenappliedinternationally

In the following a brief overview of the projectwill be givenandatthe endanumber
of otherachievementsarelisted.

The Project Partners

The projectpartnerswverethefollowing:

(o]

Risg National Laboratory Denmark:model development,model implementation,
modelverification,co-ordination.

Elsam/EltraDenmark:modelusagewind farmdata

Elkraft, Denmark:modelusagewind farmdata

SEAS/NESA Denmark:modelusage

RutherfordAppletonLaboratory UK: modelverification
NationalObsenatoryof Athens,Greecemodeldevelopmentmodelverification

DanishMeteorologicalnstitute, Denmark:operateHIRLAM modelanddeliveron-
line predictionsto partners

Institute of MathematicalModeling, Denmark:modeldevelopment,modelimple-
mentationmodelverification(sub-contractoto Elsam/Eltra)

ElectricalPoverResearchnstitute,USA: modelverification(sub-contractetb WECTEC,
USA)

Brief Technical Description

The projectconsistedf the following partsall of which will be describedn the follow-

ing:

Model development
Modelimplementation

Model evaluation

Model development

Two modelsweredeveloped:

1. TheRisgmodel
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2. ThelIMM model

Thetwo modelsbothuseweathempredictiondrom NumericalWeathePrediction(NWP)
(herethe DanishMeteorologicalnstituteHIRLAM model)modelsasinput. Thewaythis
inputis usedis differentfor thetwo models:

The Risgmodelusesmainly physicalrelationsto transformthe predictedwind into
predictedpower: the geostrophiadrag law, the logarithmicwind profile, WASP correc-
tionsfor localinfluencesPARK calculationdor actualwind farmoutput.Theresultsare
correctedusing a mathematicafilter (a MOS filter). The model predictsfor individual
wind farmsor groupsof wind farmsrepresentingnarea.

In the IMM modelstatisticalmethodsare appliedfor predictingthe expectedwind
power productionin a larger areausingon-line datacovering only a subsetf thetotal
populationof wind turbinesin thearea.Theapproachs to divide the areaof interestinto
sub-areagachcoveredby a wind farm. Predictionsof wind power with a horizonfrom
half an hour up to 39 hoursarethenformedfor the individual wind farmsusinglocal
measurementsf climatic variablesaswell as meteorologicaforecastsof wind speed
anddirection. The wind farm power predictionsfor eachsub-areare subsequentlyip-
scaledto cover all wind turbinesin the sub-areaeforethe predictionsfor sub-areasire
summarizedo form a predictionfor theentirearea.

Model implementation

The two modelswereimplementedn two ways: The Risg modelwasimplementedn
anon-lineversionwherepredictionswereautomaticallyfed to the Internet,via a WWW
sener. The DanishElkraft and NESA utilities usedthesepredictions.Predictionswere
madefor Denmark,UK, Greeceand Germaly (at a later stage).The IMM modelwas
implementedon-siteat the Elsamutility, wherethe predictionswere usedin the daily
dispatch.

Thewind farmsfor which predictionsweremadeareshowvn in the mamgin.

TheRisgmodelwasalsousedn aoff-line versionto make predictiongor severalwind
farmsin theUS.

Model evaluation

Themodelswereevaluatedn threeways:
1. utilities usingthe modelsin the daily dispatch.

2. usingthe predicitonsin the RAL National Grid Model, to give economicvaluesto
thesavingsresultingfrom usingthe modelin a dispatchsetting.

3. by directly comparingthe predictionsto obsenationsfor a greatnumberof wind
farms.

In thefollowing eachof thesewill beexplainedin somedetail.

Results

Theresultsof the aborementionedhreeevaluationsare:

1. Themodelswereusedby thetwo major Danishutilities in their daily dispatchwith
goodresults the predictionswereusedfor tradingandplanning.

2. Usingthe NationalGrid Model it wasshowvn thattheforecastgyave improvedfossil
fuel savings over persistencédor the England& Walesgrid - at least13% betterat
40% penetration.

3. Comparingthe predictionsto actualobsenationsrevealedthatthe predictionswere
very accurateSeverestormswerealsopredictedwell.
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The Project

Theprojectranover 36 monthsandwasfinishedon time with all tasksfulfilled. Thetotal
projectcostswerekEUR 1333 of which the Commissiorof the EuropeartCommunities Total cost: MEUR 1.3
coveredkEUR 694 (52%).

The projectwasa continuationof two JOULE projects:‘Short-termpredictionof lo-
cal wind conditions’(JOUR-0091-MB(C)rnd‘Wind Power PredictionTool in Central
DispatchCentres'andfurthermore a continuationof the DanishMinistry of Eneigy EFP
project‘ImplementingWind Forecastingata Utility’ (ENS—-1363/94—0005)

Further Information

Thefull technicalcontentsof the projectaredescribedn thereport:

L Landbeg, et al, 1999:Implementingshort-termpredictionat utilities. Final reportto
the EuropearCommission.

andthefollowing papers:

e L Landbeg, A JoensenG Giebel,SJWatson,H Madsen, TS Nielsen,L LaursenJU
JogensenpP Lalas,J Tgfting, H Ravn, E McCarthy E Davis, JChapman1999:Imple-
mentingshort-termpredictionat utilities. Proceedingérom EWEC99,Nice(FR).

e Landbeqg, L, 1999: Short-termpredictionof the powerproductionfromwind farms J.
Wind Eng.Ind. Aerodyn.,80, 207-220.

e L Landbeg, 1999:Opemtional Resultform a PhysicalPower PredictionModel Pro-
ceedinggrom EWEC99,Nice(FR).

e TSNielsen,H Madsen197: Statisticalmethoddor predictingwind power Proceedings
from EWEC97,755-758.

¢ TS Nielsen,H Madsen,andJ Tgfting, 1999: Experiencesith statisticalmethodsor
predictingwind power. Proceedingéorm EWEC99,Nice(FR)

e TS Nielsenet al., 1999: StatisticalMethodsfor Wind Power Prediction Elsam1999
(To bepublished)

e SJWatson,M Tombrou,S PesmajoglouD P LalasandN Salellariou, 1997: Investi-
gationof the economidenefitgo utilities fromwind speedorecastingat wind parksin
Crete ProcEWEC,Dublin, October1997,86—-89

e SJWatson,G GiebelandA Joensen1999: The EconomicValue of Wind Power Fore-
castingto Utilities. ProcEWEC, Nice, March 1999

For furtherinformation,pleasecontact:

LarsLandbeg Furtherinformation
RisgNationalLaboratory

DeptWind Enegy andAtmospheridPhysics

POBox 49

DK-4000Roskilde

DENMARK

e:lars.landbeg@risoe.dk
t: +4546 775024
f: +4546775970
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Abstract

Project objectives

To predictthe power producedrom grid-connecteavind farmsby usingmeteorological
forecastingandto implementthis predictionat electricalutilities. Thetime-frameis from
0 to 48 hoursahead.This is doneby extendingandapplyingthe resultsof the JOULE
project: “Short-termpredictionof local wind conditions”and of the JOULE2 project:
“Wind Power PredictionTool in CentralDispatchCentres”, andEFP (Enegy Research
Program)project:“Using MeteorologicaPredictions”.

Themaingoalis to developthe modelsto suchanextentthatit canbe demonstrated
thatany utility with acertainamountof installedwind enegy capacitycanusethemodels
with economidbenefits.

A furthergoalis to shav thatthesemethodsandtechniqueslevelopedn Europecanbe
usedworld-wideandtherebycreatefurtheropportunitiesor the EU wind powerindustry

In the projectfour areashave beenchosen:Denmark;England,Scotlandand Wales;
GreecgCrete);andlowain the USA.

Technicalapproach

By usingpredictionmodelsbasedon the forecastdrom NumericalWeatherPrediction
(NWP) models.In the presenprojecttheHIRLAM modelof the DanishMeteorological
Institutewill be used.This modelis anoperationaimodelgeneratingorecast#48 hours
aheadfour timesaday Theoutputof this modelis thenmadevalid locally by oneof two
methods:

¢ aphysicalmodelwherethelocal effectsarecorrectedor by the WASP programand
the productionof thewind farmis calculatedakingthe shadaving of wind turbines
into accountby usingthe PARK program.

e astatisticalmodel,wherethe statisticalrelationshipsbetweenthe historical obser
vationsandthe outputfrom the NWP modelare beingestablishedandusedin the
forecasting.

Expectedachievementsand exploitation

A userfriendly modelthatutilities (in cooperatiorwith meteorologicainstitutes)canuse
to predictthe enegy producedoy wind farmswith arangeof up to 48 hoursahead.The
modelwill have beenimplementedandevaluatedatanumberof Europearutilities with a
high penetratiorof Wind Enegy from the generallyhigh wind areasof NorthernEurope
to thelow wind areasof the Mediterranean.

JOR3-CT95-000&ublishabldinal report 1



1 The Partnership

The projectconsistedf thefollowing partners:

e RisgNationalLaboratory(Risg,coordinator)DK)

ELSAM (Danishutility) (DK)

ELKRAFT (Danishutility) (DK)

o DanishMeteorologicalnstitute(DMI) (DK)
¢ NationalObsenatoryof Athens(NOA) (GR)
¢ RutherfordAppletonLaboratory(RAL) (UK)

IMM (DK) actedasa sub-contractoto ELSAM developingandimplementinga pre-
diction modeland Renavable Enegy SystemgqRES) (UK) actedasa sub-contractoto
RAL providing wind farm data. NESA (and later SEAS) (DK) actedas a minor sub-
contractorto Risg.

TheUS partof theprojectinvolved3 contractorsRisg(co-ordinator) NOA andRAL.
Finally, the Electric Ponver Researchnstitute (EPRI) (US) suppliedthe dataand con-
tributedsignificantlyto theresearch.

2 Objectives

Theprojectwill beextendingandapplyingtheresultsof the JOULE project(“Short-term
predictionof local wind conditions”)andof two projects(JOULE 2: “Wind Power Pre-
diction Tool in CentralDispatchCentres”and EFP (Eneigy ResearchProgram):*Using

MeteorologicalPredictions”).The main goalis to developthe modelsto suchan extent
thatit canbedemonstratethatary utility with a certainamountof installedwind enegy

capacitycanusethe modelswith economichenefits A furthergoalis to show thatthese
methodsandtechniqueslevelopedin Europecanbe usedworld-wide andtherebycreate
opportunitiefor the EU wind powerindustry In theprojectfour areashave beenchosen:

1. Denmark

2. England,ScotlandandWales
3. GreecgCrete)

4. USA (lowa)

3 TechnicalDescription

Two predictionmodelswere developed:the Risg and the IMM models.Thesemodels
wereimplementedand evaluatedin a numberof ways describedn the following. The
two modelsboth use weatherpredictionsfrom Numerical WeatherPrediction(NWP)
(herethe DanishMeteorologicalinstitute HIRLAM model,cf [5]) modelsasinput. The
way this input is usedis differentfor the two modelsandthe differencesaandtheimple-
mentationwill bedescribedn thefollowing.

Themaindifferencebetweerthetwo modelsis thatthe Risgsmodelwasdevelopedwith
autility in mindwith noon-lineaccesso wind farmproductionswhereagheIMM model
was developedwith a utility with on-line wind farm productionsavailable. Predictions

2 JOR3-CT95-000&ublishabldinal report



were madefor a numberof locationsshavn in Figure 1. Furthermorethe Risg model
wasrunin anoff-line modefor threesitesin the US.

Thetotal sumof findingsandresultsform the projectcanbe foundin thefinal report
written to the EuropearCommission11].

Figure 1. Thelocation of the wind farms.Bladk dotsare the wind farmsfor which Risg
predicts,and gray are the onesIMM predictsfor. The wind farmsin Germanyare not
includedin the presenfproject,but in a sisterproject.

3.1 Risgmodel

The Risgmodelusesmainly physicalrelationsto transformthe predictedwind into pre-
dicted power: the overall HIRLAM-predicted wind is transformedo the surfaceusing
the geostrophiaraglaw andthe logarithmicwind profile, the surfacewind is corrected
for local influencesusingthe WASP model[6, 8], andthe PARK program[7] is usedfor
calculationsof actualwind farm output. The resultsare correctedusinga mathematical
filter (aMOSfilter). For detaileddescriptionandanalysisof the modelsee[2, 3, 4, 1].
The on-lineimplementatiorof the Risgmodelis shavn in Figure2. An exampleof

JOR3-CT95-000&ublishabldinal report 3



the predictionsasseenon the World Wide Web (WWW) is shavn in Figure3. The Risg
modelhasbeenon-lineservingpredictionsto the WWW sinceJanuaryl997.

To give an exampleof the Risgmodel’s ability to predictstormsFigure4 shaws the
developmenbf a stormandhow well the predictionsagreedwith the obsenations.

DMI
HIRLAM
Internet
Risg
A
Prediktor
Www
A\ 4
Utility A HTML-

pages Utility B
< 1\

i

Utility C

i

Figure 2. Theideabehindthe on-lineimplementatiorof the Risgmodel.
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Figure 3. Thepage viewableon the WWWshowingthe Risgpredictions.
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Figure 4. Thestormonthe27thFebruaryasseerfromthe Avedge Wnd Farm. Solidline
is the observedroductionanddashedinesare the predictionsusingthe Risgmodel.
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3.2 IMM model

IntheIMM modelstatisticaimethodsareappliedfor predictingthe expectedwind power
productionin a larger area,using on-line datacovering only a subsetof the total pop-
ulation of wind turbinesin the area.The approachis to divide the areaof interestinto
sub-areagachcoveredby awind farm. Predictionsof wind power with a horizonfrom
half an hour up to 39 hoursarethenformedfor the individual wind farmsusinglocal
measurementsf climatic variablesaswell as meteorologicaforecastsof wind speed
anddirection. Thewind farm power predictionsfor eachsub-areare subsequentlyp-
scaledto cover all wind turbinesin the sub-areaeforethe predictionsfor sub-areasire
summarizedo form apredictionfor theentirearea.Themodelis describedn greatdetail
in [9].

Theideabehindthe implementatioris shavn in Figure5. The overview screerof the
predictionsystemat Elsamis shown in Figure6.

Total area

Sub-area 2

Sub-area 1

- 0

Wind farm

Wind farm

WPPT

[ Data check] [ Data check] [ Data check}

v v v

Total area predictions

N
T

Figure 5. Theideabehindthe on-lineimplementatiorof the IMM model.
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=i WPPT, Udviklet af ELSAM og IMM (1998) |« iJ
Vindue M&lt Prognose Meldeliste
‘ Sidste prog, beregning 57,11,08 00300 ‘
‘ Sidste DHI prognose 97,1107 19;00 |
Installeret effekt 870 Hi |
‘ Malt effekt (5 min,? 621 Hl |
‘ Halt effekt (30 min.) 625 MM ‘
‘ 20 min, prog, BO1 il |
‘ 1 times prog. 570 HH ‘
‘ 2 timers prog, 430 Hil |
‘ 3 timers prog. 413 Hil ‘
‘ & timers prog, 231t |
‘ 12 timers prog, 153 Hi ‘
‘ 18 timers prog. 224 Ml ‘
‘ 24 timers prog, 161t ‘
‘ 30 timers prog. 149 Hi ‘
‘ 36 times prog, 202 il ‘
Dette er TOT's tekst fil, £
| i
=T 1=

Figure 6. Theoverview screenof theIMM modelasseenat the Elsamutility.
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4 Resultsand Conclusions

Theresultscanbe catayorisedin threecatayories:

1. Themodelswereusedby thetwo major Danishutilities in their daily dispatchwith
goodresults the predictionswereusedfor tradingandplanning.

2. Usingthe NationalGrid Model it wasshavn thattheforecastgyave improvedfossil
fuel savings over persistencdor the England& Walesgrid — atleast13% betterat
40% penetration.

3. Comparingthe predictiongto actualobsenrationsrevealedthatthe predictionswere
very accurateSeverestormswerealsopredictedwell.

Eachof thesewill beexplainedin thefollowing.

4.1 Elkraft implementation

Elkraft Paver Compaly coordinategnegy cooperatiorin the easterrpartof Denmark.

In theZealandareatherearenow installedwind turbineswith atotal capacityof around
300 MW. This figure will doubleor triple within the next decade The influenceof the
fluctuationsof the wind power is alreadybeingfelt in the daily controlandoperationof
thesystem.Thereforeefforts arebeingundertalento predictthewind power production.

In the presentversionof the wind power predictionsystemthe dataflows may be
sketchedasfollows. The DanishMeteorologicallnstitute producesredictionsof wind
speeddor a numberof specifiedlocations,15 in total, wheremajor wind farmsarelo-
cated.The prognosesrerepresentedsvaluesfor every third hour, with atime horizon
of 36 hours.

The prognosesretransmittedio Risg National Laboratory wherethe predictionsof
wind speedare automaticallytransformedo predictionsof power production,basedon
WASP analyse®f thespecificwind farms.Thesepredictionsnaybeseeratthehomepage
atRisgNationalLaboratory

Elkraft Pover Compaly takesthe predictionsfrom Risg NationalLaboratoryvia the
Internet. The predictionsare then combinedwith the available knowledgeto produce
a prognosisfor the whole areaof interest.In particular the wind turbines,for which
individual prognosesre not made,areincludedby usingan up-scalingfactor Further
tuning of the prognosess made,for instanceto accountfor major wind farmsunder
constructioror revision. Longertime biasedn the prognosesredetectedy comparison
with the availablemeasurementgjivenashourly or monthly productionvalues.

The prognoses&ndonline measurementaredistributedvia the local areanetwork to
the relevant personsjn particularto thosein the control room andto thosethat trade
power on short-termbasis.

The systemwasintroducedmid-1998,andhasbeenfunctionalduringthe lastquarter
of 1998.An exampleof the userinterfaceat Elkraft is shavn in Figure?.

JOR3-CT95-000&ublishabldinal report 9
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Figure 7. The predictionsas displayedin the Elkraft dispatd and control cente. The
columnsare hourly measuedwind powerproduction,the straight horizontalline corre-
spondgo maximunyproduction(i.e installedcapacity)andthe curvedline is the predic-
tion. It is possiblefor the dispatder to choosebetweercurrentand previouspredictions
andproductionsandwhich turbinesto havedisplayed.
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4.2 Elsam/Eltra implementation

In thewesternpartof DenmarkElsamis responsibldor theeconomicaloaddispatchof
the productionfrom the primary power stations whereasEltra controlsthe transmission
grid andhasthe systenresponsibility The power productionset-upconsistof 6 primary
power stationsequippedwith 4250 MW of CHP (CombinedHeatand Pawver) units, a
large numberof local CHP units with a total installed power of 1400 MW andfinally
wind turbineswith atotal ratedpower of approximatelyLOOOMW. The productionfrom
thelocal CHP unitsandthewind turbinesis treatedaspriority productionwhichimplies,
thatthe availablepower from thesesourceshasto be acceptedy the systenmresponsible
operator On a yearly basisthe load in the Elsam/Eltraarearangeshetween1200 MW
and3700MW. It is obvious,thatthe managementf 1000MW of wind power in sucha
setupwill haveto rely onthe availability of dependablevind power predictions.

The IMM modelis implementedn a software packagecalled WPPT (Wind Power
PredictionTool). WPPT wasinstalledin the control centresof ElsamandEltra in Oc-
tober1997andhasbeenusedoperationallysinceJanuaryl998. The assessmerity the
operatords that WPPT generallyproducegeliable predictionswhich areuseddirectly
in the economicload dispatchandthe day-to-dayelectricity trade.In periodswith un-
stableweatherthe operatorsnay chooseto modify the predictions(typically smooththe
patternof the prediction)beforefurtherusagehough.The economicalvalueof thewind
power predictionss difficult to evaluatedirectly, mainly dueto the problemof assessing
the courseof actionhadthe predictionsnot beenavailable.Insteadtwo caseshave been
analysedn orderto illustratehow the predictionsareusedandwith which consequences:

e Casel. On 17 October1998thewind power productionwascharacterizedby large
fluctuations(seeFigure 8). The deviation betweenthe actual productionand the
predictiongiven at 10.30 am the day beforewastoo large to be coveredby the
runningresene in the periodfrom 5 pm to 7:30 pm andthe missingpower would
have hadto be purchasedrom NordPoolat a total price of approximatelyDKK
16,000.The predictiongiven at 4.30 pm the day beforewas so much better that
the deviation could be counteredby the normal meansof regulationwithout ary
additionalcostscomparedo a perfectforecast.

e Case2. On November9th thewind power productionvariedfrom 350 MW at mid-
night on the 8th increasingup to 800 MW at noonbeforedecreasinglown to 100
MW at midnight on the 9th. This courseof the wind power productionwasaccu-
rately predictedthe day beforeand consequenthydid not imply ary costsfor the
operationseeFigure9.

As indicatedby the examplesabove the operatorgely on the wind power production
from WPPTin thedaily planningsincethe predictionsaremarkedly betterthanwhatcan
be derivedfrom othersourcesThisis notto say thatthereis no roomfor improvement,
andthus WPPT is subjectto continuousimprovementbasedon the experienceof the
operators.
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Figure 8. Casel (October17th 1998) predictedby the IMM model. Solid line is the
observedproduction,dashedinesare the predictions.

400 600 800 1000
| | |

200
1

00:00 06:00 12:00 18:00 24:00

Figure 9. Case2 (November9th 1998) predictedby the IMM model.Solid line is the
observedgroduction,dashedinesare the predictions.
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4.3 RAL calculations

TheNationalGrid Modelwasrun for the England& Wales,Creteandlowagridsandthe
resultswere:

e Theforecastgive improvedfossil fuel savings over persistencédor the England&
Walesgrid - atleast13% betterat 40% penetratior(cf Figure10).

e Theresultsfor Cretearepoorbecausehesiteforecastsarepoor.

o Cretehasalot of fastresponsglantandsoforecastings not so beneficialanyway
unlessmodelscan significantly improve upon persistencet up to 4 hoursahead.
Also a studyof Cretewould benefitfrom a hybrid of the RAL NGM andthe RAL
islandsmodel(which cansimulatedieselstart-upon a minuteby minutebasis).

e Thelowaresultsaredisappointingthis is probablybecausef the crudetemporal
resolutionof theforecastgsix-hours).
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Figure 10. Fossilfuel savingsduring the calendaryear 1994for differentinstalledwind
powercapacitiesinto the EnglandandWalesgrid usingdifferentforecastingmethods.
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4.4 USresults

The Risg forecastingmodel was appliedto selectedsitesin the US. The generalgoal
of this applicationwasto understandvhetherthe approactusedsuccessfullyin Europe
could be transferredo facilities in the US. Whenthe EPRI programmewas begun in
1996,it wasthoughtthatdataeitherfrom the EPRImanagecdightstationNorth Dakota
Wind ResourcéAssessmerfrogramor thefirst large EPRI/DOETVP (TurbineVerifica-
tion Programmeprojectat Ft. Davis, Texaswould be used.The availability of datafrom
thesetwo projectswaslimited, forcing EPRIto look elsevhere.

Datasetdrom regions wherewind enegy projectswere either operationalor being
consideredvasa significantconsideratiorin the choiceof sites.In addition,areasvhere
theterrainwasnottoo comple, thatis, hilly or mountainousandareasvherenumerical
weathermredictionmodelsmight have sufficient valid datato performsuccessfullyThe
GreatPlainswas the prime areaas the terrain is principally flat or rolling farm- and
grasslandsin addition,thereis a sufficient obsenationaldatabaseupwind of the Great
Plainswhich shouldallow for goodperformancef numericaweathempredictionmodels.
The projecteddevelopmeniof largewind electricgeneratingacilitiesin theupperGreat
Plainsof Minnesotaandlowa alsofocusedEPRIon this region.

EPRIobtaineddatafrom thefirst operationalvind plantontheBuffalo Ridgein South-
westernMinnesotafor usein the forecastingapplication.This 25MW wind plantcame
on-line in mid-1994and power datawas madeavailable by the wind plant owner for
slightly over a 2-yearperiod. Wind speedandwind direction datawere also available
for wind resourceassessmermgrogramsconductedn lowa duringthe sametime period.
Thesemeteorologicablatawerealsoobtained.

Application of the Risgmodelrequiresthe useof numericalweatherpredictiondata.
The availability of historicaldatafor the concurrentime period,mid 1994to mid 1996,
wasresearchedl'he National Centerfor AtmosphericResearcfNCAR) wascontacted
andtheir archiveswerereviewed. Theonly completepredictiondatasetavailablefor the
US atthattime wasfor the NestedGrid Model, the operationalveathempredictionmodel
usedby the NationalCenterfor EnvironmentalPrediction(NCEP). Thesedatasetswere
assemble@ndprovidedto RisgNationalLaboratoryfor testingtheir modelingapproach
onUSsites.

TheRisgmodelwasappliedto theBuffalo RidgeWind Plant,themeteorologicasiteat
Alta, andthemeteorologicasiteat Sibley. For thewind plant,preparatiorfor application
of themodelincluded:

o Creationof adigitizedterrainfile. Thisfile includedall terraincontourswithin a10
km radiusof thewind plant.

e Creationof aroughnesslatafile. Thisfile includedanestimateof theterrainrough-
nesgfor eachof twelve 30 degreesectors.

e Creationof the PARK datafiles. Thesefilesincludethe power curve for theKVS33,
a thrustcurve for the KVS33, a meteorologicabatafile consistingof shapescale
andfrequeng of occurrencef thewind speedn twelve 30 degreesectorsandthe
locationof each(73) KVS33turbine.

For thetwo meteorologicatower sites,aroughnesséile is theonly requiredinputsince
thesearesinglesites,wind speeds thepredictandandthefiles for WAsPandPARK are
notrequired.

Fromthe numericalweatherpredictiondatafile, the 10 meter 950 hPa, 850 hPa and
700hPawind speedwvereextracted.The datafor a matrix of four sites,coordinatepoint
42,43,51,and52 areextrapolatedseparatelyo the Buffalo Ridge,Alta, andSibley sites.
This forms the basisfor the predictedwind speed.For example,the predictionsfrom
the modelrun of 12159412(Decemberl5, 1994 at 1200GMT)would consistof wind
speedandwind directionvaluesfor 8 time periodsat six hourintervals,outto 12179412
(Decembed7,1994at 1200GMT).
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The modelwasfirst appliedto the meteorologicaldataat the Alta site. Predictions
of averagewind speedat eight differenttime periodsin the future twice eachday are
madeusingthe model. Thesepredictionsare basedon the numericalweatherprediction
model. Thesepredictionsarethencomparedo the obsenedvaluesfrom the Alta tower.
A matrix is then createdcomparingthe predictedand obsened values.This matrix is
plottedin Figurel1l. The poor correlationandpronouncedack of linearity betweerthe
predictedandactualvaluesaredisappointing.

2l sp700 - il
Sp8s0

10 -

| - sp9so _

8 - ° -

Predicted wind [m/s]
T

0 2 4 6 8 10 12 14 16 18
Real wind [m/s]

Figure 11. ScatterPlot of the ForecastWnd SpeedversusActual\Wind Speedht the Alta
Site

The reasonfor this is not yet clear The dataset, consistingof predictedvaluesand
actualvalues eitherwind speedAlta andSibley) or wind power (Buffalo Ridge)is still
being analyzedby staf at Risg. It is possiblethat the large grid spacingin the NGM
model,comparedo thesmallergrid spacingn the HIRLAM model,couldbeoneof the
causatie factors.

5 Exploitation Plans

This sectionwill describethe differentwaysthe resultsof this projectare plannedto be
usedin future projectsandcommercialapplications.

In Denmarkthe Enegy Ageng via the EFP99researchprogrammehas funded a
projectwherethe Danish utilities will be provided with a predictionsystemwhich is
a combinationof the Risgandthe IMM predictionsystemsdescribedn this report.It is
plannedthatat the endof the projectall Danishutilities with a high penetratiorof wind
enegy will have this predictionsystemintegratedin the daily dispatchandscheduling.

In theUSit is hopedthata EPRI/DOE-fundegbrojectwill startin 1999.Themaingoal
is to implementthe Risg predictionsystemin the US, predictingfor a numberof wind
farmsin the US.

Therearealsonumerougpossiblecommercialapplicationspoth for companiesnter-
estedn sellingpowerto aenegy markedandutilities with balanceobligations.
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