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EXECUTIVE SUMMARY

Commercial-scalewind/dieselsystemsfor pumpingwatershouldbe promotedand

developedin Hawaii. Wind energyis theState’smostavailableand cost-effectiverenew-

ableenergyresourcenext to existing biomasssystems. Semi-autonomouswind/diesel

systemsoffer sufficienteconomicandefficient incentivesto encouragethevarious

DepartmentofWaterSuppliesto purchaseby contractthe systems’power.

TheMolokai wind/dieselsystem’sreliability andsystemperformancehasexceeded

projections. Projectionsin May 1990were744,600kWhs/yearfrom thewind/dieselsys-

tem. Availability of theMolokai wind/dieselduringthe first year(February1992 through

February1993)averagedabove98%. The annualcapacityfactorwas29.3% Thesystem

produced768,756kWhsfor thefirst yearwith a 16.7 mph annualaveragewind speed.

Thedieselportionwas9,566kWhs. Total productionwas 1,435,829throughNovember

30, 1993. Costsof installationwereapproximately$ 1,483/kW. Totalprojectcostswere

$593,017,which includes300 kW of wind, 100 kW diesel. Generallyspeaking,wind en-

ergyprojectsof themulti-megawattsizerunaround$ 1,200/kWin Hawaii anddiesel

projectsofsimilar sizerun about$ 1,000kW. Thecombinationrequiredextraconstruc-

tion, connection,controller,andauxiliary hook-ups. Costsfor theprojectwerealso

higherdueto theproject’ssmall sizeandMolokai’s remotenessandthushigherdevelop-

mentcosts. Theprojectreceiveda$ 0.0685 floor price, which exceededthe$ 0.063

annualaverageavoidedcostpriceavailablefrom MECO/Molokai.

Fuel savingsto MECO/Molokai werealmost 60,000gallonsat MIECO low price

of$ 0.77 pergallon or $ 43,320.00.

Theautomaticcontrolsand SCADAcommunicationoperatedvery effectively with

no majorproblemsencounteredfrom thecontroller. Thereweresomephoneline prob-

lemsthatweredueto the line beingunshielded,aswell asthefailure ofthe coolingfan of

theMECO dispatchcomputer.

Computersimulations,including actualeconomicand performancedata,show

greatpotentialfor commercialscalewind/dieselsystems. All efforts shouldbe madeto

evaluate,andperhapsdevelop,awind/dieselprojectat Alealoaon Maui andLalamilo on

theBig Island.

Operatinga remotewind/dieselsystemwith automaticcontrolshassuccessftilly

beenaccomplishedby Zond on Molokai. Physicalmaintenanceprovedto be timely and

costly. Thesizeoftheprojectdoesnot warranta full- or part-timeemployee,but rather

requiresintermittentmaintenanceif a problemarisesthatcannotbe curedby remote



control,i.e., soft fault, servicemaintenancewascalledon. Thesitebeingremoterequired

aminimum 1.8 hoursservicecharge. As exampleof highermaintenanceefficiency, two

full-time wind smith’s canmaintain 100 wind turbines. Building largerscaleandmultiple

projectsshouldhelpreducethesemaintenancecosts.

Wind/dieselsystemshavegreattechnologytransferandadaptabilityto small scale

islandutilities. Othermarkets,including desalinization,wastewaterpumping,or charging

electricvehicles,shouldbe studiedfurther.

2
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INTRODUCTION

Noting thesignificanceof reducingourdependenceoffossil fuels for pumpingand

processingwater,theThirteenthLegislatureof theStateof Hawaii, 1986, adoptedSenate

ResolutionNumber187, S.D.I. Theresolutionrequeststhat theDepartmentofBusiness

andEconomicDevelopmentandtheDepartmentof LandandNaturalResourcesinvesti-

gatethe technicaland economicfeasibility ofdevelopingHawaii’s renewableenergyre-

sourcesin conjunctionwith the developmentof thestate’swaterresources.

As growthcontinuesat a rapidratein Hawaii, theneedto manageandplanfor our

waterresourcesbecomesevenmorepredominant.Onepurposeofthis projectwasto

demonstratetheeconomicandtechnicalfeasibility ofpumpingwaterwith wind-generated

electricity. Theotherwasto evaluateanddemonstratetheautomatic,multi-component,

remotecontrolsystem. In orderto competewith conventionalfossil fuel methods,we

developedawind/dieselelectrichybrid systemto offer a“semi-firm” dispatchablepower

sourcethat maximizesour indigenousenergyresourcesfirst.

It is necessarythat thedieselcomponentinitially usefossil fuels, yet it is desirable,

whencommerciallyavailable,to utilize ethanolor methanolasthefuel source.

Thetradewind resourcethat regularlypassesover theHawaiianIslandscontainsa

vastamountof kineticenergy. It is very reliableandconsistent,yet to dateis under-

utilized. Although therearedaysoflow or no tradewinds, theconsistentnortheasterly

“trades” areavailablemorethan70%of thetime(onanannualbasis). When utilizing

wind-generatedelectricenergy,it’s the intermittenceof theresourcewhich needsto be

betterunderstoodandmanaged.More experienceandapplicationof wind energywill

allow more ability to supplywind energyto theutility or otherenergyusecustomers.

Wind energy,asan electricpowersupplierby itself is a relativelymatureindustry.

Todaytherearethousandsofwind energyconversionsystemsofvarioustypesand sizes

worldwide. Theyoperatecommerciallyandmost operatevery reliably. Mostwind energy

developmentssell their powerproductionto utilities. Most utilities arelargeenoughto

absorbor acceptthewind energy’sfluctuatingcharacteristicswith no majorproblems.

Issuessuchaspowercurtailmentandpenetrationlimits havenotbeena problem

on themainland. If a utility wereto receivetoo muchwind energyon its system,it could

“wheel” ortransportexcesspowerto adjacentutilities.

Hawaii’s utilities on eachisland arenot interconnectedor intertiedto eachotheror

to any otherutility grid, andhaveto operateautonomously.Thereforetherearelimits as

to how muchwind energyany separateislandutility canaccept. Theoretically,theutilities
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haveestablisheda5%to 10%limit on wind penetrationassetby turbineratedcapacity.

If penetrationis too high, theutility maycurtail purchasesofwind energybasedon “good

engineeringand safetypractices.” A priority ranking requiresthatthe latestenergyplant

to sign ongetsshutdownfirst. High priority rankingis key to successfullyfinancingany

wind powerproject.

Purpose

Theutilities in Hawaii arevirtually totally dependenton fossil fuel for electric

powergeneration.Theypurchasesomerenewableenergiesfrom a handful of independent

powerproducers,the largestbeingthesugarcompaniesthat providebiomassandhydro

power.The Stateof Hawaiiwould like to seelargeruseofalternativeandrenewable

energyresources.

Waterpumpingin Hawaii is amajorpowerconsumer.Theindividual countries

controlthedomesticwaterdevelopment,pumping,transmissionanddistribution. Fresh

wateris typically pumpedfrom thebasallensthatsits undereachisland. To obtainquality

water,pump systemsarelocatedawayfrom thecoastalareaswheresaltandbrackish

waterarepredominant.Deepwell pumpsarethussituatedat higherinland elevations,

typically abovethe800-footlevel. Pumpswill vary in sizedependingon theresourceand

demand.Most countywaterpumpsfor largevolumesare 150 horsepowerup to 750

horsepower.Dependingon thebend,pipesize, and pipe length, thesepumpscanmove

350 to 2,500gpm. Utilizing wind energyto pumpwateris Hawaii’s mostviablealterna-

tive to fossil fuel pumping.

History

TheMolokai Wind/DieselElectric Hybrid Systemwasdevelopedasa progressive

follow-up to two previouswind energyandwater pumpingstudies. Thefirst studyveri-

fied thepotentialofpumpingwaterin Maui Countywith wind energy. Variouscriteria

wereanalyzedaswell ascertaintheoreticalassumptionsproposed.This first study, Wind

Energyand WaterPumpingfor theCountyofMaui, validatedwind energyasaviable

alternativefor pumpingwateron Maui andthroughoutthestate.Thenextactionsre-

quired furtherstudyandimplementation.

Thefollow-up study,A Wind/DieselHybridElectricSystemfor PumpingWater,

examinedthenecessityofdevelopingan electrichybrid to makeeconomicviability ofin-

tegratingintermittentwind energyandwaterpumping,whichfor Hawaii would require

constantpoweror largerstorage. Varioushybrid configurationswerenotedand specific
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theoreticaldesigncharacteristicswererecommendedto build an economicallysoundhy-

brid wind energyproject.

For ourpurposeswe wouldeliminatethecomplexityofelectricstoragewhich

constitutesthe majortechnicalproblemareaofmostwind/dieselhybrid electricsystems.

We would not be concernedwith instantaneousvariableloaddemandsbecausedemand

and storageis in theform ofwater, thereforeeliminatingthecomplexityof electricitystor-

age.Theelectricityit takesto pumpwaterwould be storedindirectly in atank orreservoir

in theform of elevatedwaterstorage.

The studyconcludedwith theneedto cooperativelyfinancea demonstration

wind/dieselhybrid system. TheStateof Hawaiijoined with Zond Pacific, Inc. andZond

Systems,Inc. to build andoperatethesystemto provelong-termreliability andeconomic

viability. Typically, privateandpublic fundsandresourcesmust combine to accomplish

thedevelopmentof prototypeprojectsinto commerciallyusableandfinancibleprojects.

In this casethe projectwould demonstratea reliable,renewable,cost-effectivealternative

for pumpingwaterin a statethat is over90%dependenton fossil fuelsfor electricity.

This would thenattractDepartmentsofWaterSupplythroughouttheStateofHawaii to

confidentlysign on to usingwind energyasaviable alternativeto fossil fuel pumping

water.

Objectives

The objectivesofthis projectareasfollows:

1. To examinetheperformanceofthecombinationofcommerciallyavailablewind

turbinesanda dieselelectricgeneratorfor thepotentialofwater pumpingapplica-

tionsin Hawaii by simulatingthedynamicsof supplyingrequiredelectricityto an

actualwaterpumpingsystemon Maui.

2. To demonstratethe long-termreliability of wind/dieselhybrid operation. To de-

velopan automatic,remotelydispatchedandmonitoredwind/dieselsystemthat

will allow for an economically-feasibleandtechnically-viablealternativefor

pumpingwaterin Hawaii.

3. To primarily examinethepenetrationeffectsofa wind/dieselpowerplant ona

small utility, looking atpenetrationof off-peakutility demandandtheeffectsof re-

activepowerrequirements.
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Scopeof Services

Thescopeofwork consistedof thefollowing servicesprovidedby ZondPacific:

1. Plan,design,engineer,permit,construct,operate,andmaintaina wind/dieselhy-

brid systemconsistingofthree100 kW V17 Vestaswind turbinesand80-foot

towers,a hybrid controller,anemometerstation, and a 100kW dieselgenerator

andaccessories.

2. Provideexpertiseandtraining for assembly,installation, operation,andmainte-

nanceprocedures.

3. Provideconsultationandengineeringfor thehybrid controller andengineeringfor

thehybrid controllerandutility interface.

4. Selectandobtainasite.

5. Gatherwind datafor thesite.

6. Obtain autility powerpurchaseagreement.

7. Managetheproject.

8. Operatethesystemfor atleasta one-yeardemonstrationprogram,during which

time systemperformancewill be evaluated.

9. Submita draftfinal reportto DBEDT atleasteightweeksprior to thecompletion

dateofthecontractand submitfive copiesanda reproduciblemasterofthefinal

reportincorporatingDBEDT’s commentsandconcernsfourweeksafterreview

commentshavebeenreceivedfrom DBEDT. This report shouldinclude, where

applicable,estimatesrelatingto: 1) costper installedkilowatt (capitalcosts)and

2) operatingcostsperkilowatt hour.

Approach
DesignandInstallation

Reliability wasakey considerationin thehybrid designand equipmentselection

process.Molokai’s remoteness,saltyatmosphereand strongwinds provideda greatchal-

lengeto building a successfulwind/dieselpowerplant project. Thehybrid projectemploys

three100-kilowatt, 17-meter,56-foot diameterwind turbines,and one 100-kilowatten-

ginediesel-poweredinductiongenerator.Eachturbinewasmodified by Zond’soperations

groupto addresstheproblemsassociatedwith Molokai’s isolation. Zondprovidedits own

DistributedIntelligenceControl System(DICS) for eachturbineandthedieselgenerator

and installedstainlesssteelcabinetsfor their exposureprotection. A 90-foot meteorologi-

cal tower wasincludedfor wind speedanddirectiondata. All of thewind plant operations

andcontrolsareperformedprimarily by theSupervisoryControlandDataAcquisition
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System(SCADA) speciallydesignedanddevelopedby Zond for this project. Dueto the

isolatednatureof Molokai, theSCADA is theprimaryon-sitemaintenanceandoperation

“technician,” ason-sitehumanoperatorsareonly employedwhena majorfault or break-

downoccurs.

Theprojectreceivedstateapprovalin December1990andconstructionbeganin

September1991. Zond shippedto Molokai all themajorprojectcomponents.Prior to

shipping thethreewind turbines,all componentswere reconditioned,including therotors.

Saltconditionsbeinga primaryconcern,all metalsurfaceswerecheckedfor exposureand

coatedor protected.Thenewturbinecontrollerswereassembledandbuilt into new

stainlesssteelcabinets.Eachturbinewasalsomodified with upgradedcomponentsto

matchthecontrollers’requirements.Zond thenemployedlocal shipping,construction,and

materialsuppliersto assistin theconstruction.

Key Zondsupervisorypersonnelweresuppliedto assistand overseetheproject’s

installation, interconnection,start-up,andtesting. Maui Electric — Molokai Division and

HawaiianTelephone(Molokai) assistedin theutility sideinterconnections.

Severaldelayswereincurreddueto Molokai’s remoteness.Theheavycranere-

quiredshippingfrom Oahu,andcementfor the60-cubic-yardmonolith pouredfoundation

wasunavailablebecausethelocal Molokai supplierwent out ofbusiness. Thephoneline,

themain communicationline, wasold, unshielded,andprovidedunpredictableservice.

The system’sisolatedsiterequiredhigh servicechargesfrom thetime theap-

pointedtechnicianleft theshopuntil hereturned,andtheprojectsitewas 16 miles from

shop,with oversix milesofrough,dirt road. Thereforeavery reliableand sophisticated

approachwas designedinto expectationsofoperation. TheZondengineersdevelopeda

remotewind/dieselhybrid thatperformedto aboveproductionestimatesandover98%

availability for thetestyearandbeyond. Thetestyearran from February18, 1992 to

February18, 1993. Thesystemis still operational.
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ABOUT ZOND AND ZOND PACIFIC

Zond Systems,Inc. (Zond), headquarteredin Tehachapi,California, wasestab-

lishedin 1980 andwasthefirst wind farm developerto obtainautility powersalescon-

tractwith SouthernCaliforniaEdison.

Zond PacificInc. (ZPAC) wasincorporatedin Hawaii in 1984asa wholly owned

subsidiaryofZond Systems. ZPAC over thelast nineyearshasactivelyparticipatedin

manyrenewableenergyinitiatives andagendasfor variouscountiesandthestate. In 1988

ZPAC helpedsponsortheEnhancingRenewableEnergyDevelopmentin Hawaii confer-

ence,which latergavebirth to theHawaii EnergyPolicy (HEP)andthecreationofthe

IntegratedResourcePlan(IRP)for Hawaiianutilities.

Zond’sfirst decadestartedasapioneeringeffort in commercialwind powergen-

erationand hasadvancedto theconstructionof “Sky River,” a 77-megawattstate-of-the

art wind powerfacility. Sky River becamefully operationalin late 1991, bringingZond’s

total installedcapacityto 260 MW. Zondproduced570 million kWhsin 1993. This is

equivalentto the electricityneedsofaresidentialpopulationof250,000people,powered

only by thewind.

Zondhasdedicateditselfto long-termownership,operations,research,develop-

ment, andmanagementofwind powerplantsworldwide. In CaliforniaZond’s facilities,

includingover2,500wind turbines,generatedover 15%ofall wind powerin thestate.

Zond’scapabilitiescoverthefull rangeofwind powerrequirements:

Engineering

Zondpossessesin-houseaerodynamic,civil, electrical,electronics,andmechanical

engineeringcapabilities. ThesecapabilitiesenableZond to planandconstructfacilities,

manageall technicalaspectsofwind-powergeneration,andmaintaina leadershipposition

in wind power.

Siting

The foundationfor asuccessfulwind project is propersitingofthe turbines,which

beginswith a wind-flow analysisoftheproposedlocation. Zond’sextensivecapabilities

include designandmanufacturingof advancedwind-datarecordingdevices,deployment

andmonitoring ofinstrumentsin thefield, andacquisitionandinterpretationof thedatato

accuratelydetermineoptimum sitingandreliable productionestimates.
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Construction
Having installedmorethan2,500wind turbinesin topographicallydiverseloca-

tions, Zond is oneofthemost experiencedwind powerfacility constructioncompaniesin

theworld. Zondhasplanned,engineered,andbuilt five facilities valuedin excessof$450

million with a combinedgeneratingcapacityof275 megawatts.Zond’s wind powersites

rangefrom desertmesasto rocky mountainridgelines. Theseinstallationsinclude

high-voltagetransmissionlinesandsubstationstogetherwith all therelatedwind power

facility infrastructure.

Plant Operations
Thecompanyprovidesoperationandmaintenanceservicesfor wind powersta-

tions with emphasison maximizingelectricalproductionwhile maintaininga balancebe-

tweenshort-andlong-termcosts. This objectiveis achievedby constantplant surveillance

to assurehigh turbineavailability, thoroughpreventiveandscheduledmaintenancepro-

grams,and finally, carefulquality controlto ensurereliableoperations.Zond’s availability

hasaveragedover90%since1982.

Within eachsite, aSCADA (SupervisoryControland DataAcquisition) system

monitorsturbineperformance,recordsoperationaldata,andautomaticallyalertsanddis-

patchesservicecrewsin theeventofaturbine fault. TheSCADA systemutilizesan

HP1000computerand proprietarysoftwaredevelopedby Zond.
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PROJECT DEVELOPMENT

Land Selectionand Acquisition

Long-termland availability,with an adequatewind resource,is oneofthemajor

constraintsto successfulwind energydevelopmentin Hawaii. TheislandofMolokai was

selectedfor the wind/dieselhybrid projectfor severalreasons. (1) Molokaihassomeof

the highestelectricratesto thecustomerin theUnited States;(2) theutility exclusively

usesdieselfired electricgeneration;and(3) wind energy’sdirect impact on sucha system

is the significantreductionin requiredfuel.

Thewind/dieselhybrid wasconceivedto pumpwaterin Hawaii. Mostwater

pumpson countywatersystemsareremotelysituated. Theyalsoutilize electricity from

fossil fuel-fired generatingplants. In Hawaii watercouldbepumpedby wind energy.

Thus, Molokai wasselectedfor its remotenessandits high (100%)dependenceon fossil

fuel for electricity.

Molokai’s systemaveragepeakload is approximately5,700kW andits average

minimumloadis approximately2,700kW. Thesmall electricgrid allows for examination

ofvariablewind turbinecharacteristicsandutility penetrationwhich haspreviouslybeen

examinedin theoryonly.

Molokai wasalsoselectedbecauseofits tremendouswind resourcesandthe

availability of leasableland.

In theearly 1980’s, two sitesweremonitoredfor wind speedanddirection,at Ilio

Point and theMomomi area. Althoughsomedatawaslost, wind speedaveragesexceeded

20 mph at 100 feetover the life ofthestudy. Thesite for thewind/dieselhybrid wasvery

neartheMomomi tower.

Theland is ownedby theMolokaiRanchLtd. and is part ofthe 42,000+acresthe

ranchcontrolsandoperatesfor cattlehusbandry.

Also in theearly 1980’s,apioneeringeffort wasundertakenby Molokai Energy

Inc. to developwind electricpowerattheselectedsite. Two earlyturbines,an ESI 52

anda Merkham,wereerectedandoperatedfor a shorttime. After theoperationof the

earlyturbinesceased,theownersofMolokai energycontinuedto maintaina long-term

“wind rights” ownershipagreement.Thiswind rights conceptis very uniquein the

industryandcanbe only comparedto mineralrights ownership. Thecontrolofthewind

energyrights would requiretwo agreementsto obtaintheland necessaryfor theproject

development.
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Figure1: PROJECTSITE NW MOLOKAI
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A 15-acreuseareawasselectedand an easementroyalty agreementwasexecuted

with Molokai RanchunderMolokai Energy’smasterleasecontract. Simultaneouslya

sublicenseagreementto useMolokai Energy’swind rights wasconcluded.

An importantbenefit to thesitewasthe 12KV transmissionline andtelephoneline

alreadyin placeby Molokai Energy.

PowerPurchaseContract

In 1978, CongresspassedthePublicUtilities RegulatoryPoliciesAct (PURPA).

The purposewasto stimulaterenewableenergypurchasepowerfrom utilities by giving

renewablegeneratedelectricitya priority over fossil fuel generatedpower. This Act has

allowedfor thesteadygrowthandincreasingviability ofrenewableenergygeneration.

On May 24, 1991,Zond PacificInc. andMaui ElectricCompanyLtd. signedaone

megawattPurchasePowerContractfor as-availableenergyfrom aqualifying facility.

Zond Pacific simultaneouslyappliedfor, andreceived,Qualifying Facility (QF) statuswith

theFederalEnergyRegulatoryCommission. In September1991,theHawaii PublicUtili-

tiesCommission(HPUC) approvedthecontractallowing for theproject’simplementation.

The contractrepresentsthe “standard”HawaiianElectric Utility PurchaseContractpar-

ticular to Maui Electric’suniquecharacteristics.

Thestandardcontractprice is basedon theavoidedcostofoil ascalculatedby a

pre-establishedformulaapprovedby theHPUC. Definition ofavoidedcost, andwhat

criteria go into theformulato establishthis critical wholesalepriceofelectricity, is amajor

stumbling block in thedevelopmentofrenewableenergyelectricityprojects. Not typically

includedin theavoidedcostsaretheso-called“externalcosts” attributedto theuseof

fossil fuelsin today’ssocieties.

Proponentsofrenewableenergyhaveproposedthat environmentalandsocialcosts

of processing,transporting,protecting,andburningfossil fuels be included in the avoided

cost.After manyyearsofdiscussionon themethodsofquantifyingexternalcosts,the

rangeofvalueis still wide, yetthereappearsto be agreementthat externalcostsexist and

should somehowbe incorporatedinto thecontractpricing equation.

TheMolokai Zond Pacific/MECOcontractwassignedwithout incorporationof

societalor otherterminologydeemednecessaryby somedevelopersfor a successful

commercialwind plant development.

An avoidedcostpriceminimum, or“floor price,” wassetuponcontractapproval

by theHPUC at $0685 kWh. The floor priceis a lower endpricethat whenestablished
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remainsthelowestpricetheutility canpay for theQualifying Facility (QF) power,

regardlessofthe priceof oil.

A low, flat-rateavoidedcost(powerpurchaseprice)is not a desirableapproachto

financingagencieswhowould preferan established(known)pricescheduleover 25 to 30

years. Wind energydevelopmentbeingespeciallycapital intensivein theearlyyears,

requiresanearlyhigheravoidedcost. Theeconomicbenefit ofwind energycomesfrom

thelong-termoperation. After capitalization,wind plant costsdropconsiderably(due to

no fuel cost),thusofferinggreaterbenefitsandalternativesto theratepayersoverthe

long term.

In orderto developand demonstratethe Molokai wind/dieselproject, theStateof

Hawaii EnergyDivision, the FederalDepartmentofEnergyandZondPacific cooperated

in providingfunding andexpertiseto financetheproject. Thecontractalsodescribesin

detail theQF facilities, interconnectioncomponentsandtheimportanceof“good

engineeringoperatingprocedures.”Theprojecthasoperatedsuccessfullyfrom inception

underthestrict rulesandguidelinesofthePurchasePowerContract. Thecontractalso

wasamendedto allow for a 15-yearterm. Thestandardcontractsareusuallyoneyear,so

ourcontractwas amendedto 15 yearsto allow installationof additionalturbinesover

time.

Fundingand Permits
TheMolokai hybrid demonstrationproject is a cooperativeeffort joining together

public andprivateresourcesto accomplisha viable researchanddevelopmentprojectthat

benefitsthegeneralpopulation. Typically thecostsassociatedwith acommercial

demonstrationprojectarerelativelyhigh, requiringgovernmentsupportofsomekind.

Themajorcompaniesandagenciesinvolvedin this projectsare: 1) theU.S.

DepartmentofEnergy,2) theDepartmentof Business,EconomicDevelopment&

Tourism,EnergyDivision, Hawaii, 3) Zond Pacific Inc., Hawaii, and4) Zond Systems

Inc., California,

Zond Pacific andZond Systemsjoined with theDBEDT EnergyDivision to

developtheMolokai wind/dieselsystem. Zond provided60% oftheprojectdevelopment

valuethroughequipment,design,engineering,installation,administration,operation,and

maintenance.TheEnergyDivision suppliedthecapitalat 40%oftheprojectvalueto

allow thesystemto be installedon Molokai.
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Groupsand individualsassociatedwith thewind/dieselprojecton Molokai:

Zond Systems

Dept. of BusinessEconomicDevelopmentand Tourism(DBEDT)

DepartmentofEnergy(DOE)

Zond Pacific — projectcoordination,systemdevelopment,administration

MolokaiEnergyTask Force— local support

MECO, Maui — planningandinstallation,powercontract

MECO, Molokai — planningandinstallation

HECO — powercontract,negotiationsupport

HPUC — contractapproval

CountyofMaui — building approval

Molokai Ranch— landlease

Molokai Energy— landandwind useagreements

ECM — Engineering

FriendlyIsle Contracting& EquipmentInc.

PetersonConstruction— trucking,concrete,heavyequipment

Molokai Supply— heavyequipment

Matson— shipping,California-Hawaii

YoungBrothers— shipping,Oahu-Molokai

Mike KrochinaEngineering— structuralengineering

CumminsDiesel — dieselgenerator

IslandPetroleum— fuel supply

Pacific Electric Mechanical— maintenance/operation

Permits
Wind energyconversionsystemsareacceptablein agriculturalzonesin Hawaii.

The landparcelmustbe largeenoughto accommodatethetowerandblades,so that if the

tower fell, thestructurewould remainon theproperty. A determinantofbuilding

approvalis theheight limit imposedon theacceptabilityofthetop ofthe windmill, setat

30 feet. Any structureabove30 feetrequiresa height variance. TheCountyofMaui has

the ability, undercertainconditions,to allow a waiverof theheight variance. Otherwisea

public hearingis required. Becauseof theproject’s remoteness,lackofvisual orneighbor

impacts,awaiverwasgranted.

Theprojectthenrequiredthetypical CountyofMaui building permit application

andprocess.Theprojectreceivedpermitsin November1991 afteran insurance
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indemnificationcontractwith theCountyof Maui wasconfirmed. Construction

commencedin earlyDecember1991 andwascompletedin theearlypartofFebruary

1991. After final systemevaluationandtesting, thehybrid begancontinuousoperation

February18, 1991.

Construction, Operation and Maintenance

AlthoughMolokai is centrallylocatedin theHawaiianIslandchain,it is relatively

remoteanddifficult to develop. This provedto be thecaseasZondbegantheconstruc-

tion phaseoftheproject. Therealwaysseemedto bedelaysfor one reasonoranother,

mostpertainingto shipmentsandarrivalsandtheavailability ofsuppliesand equipment.

Thewind turbinesweretuned,retrofitted,andpreparedfor theMolokaienviron-

mentby earlyNovember1991 andshippedby bargefrom California to Oahuandthento

Molokai, scheduledto arriveDecember2, 1991. Most ofthecargoarrivedon schedule.

Certainkey components,including anchorbolts, camea weeklater,being misplacedon

Oahu. By mid-Decemberit wasapparentthat full constructionwouldn’t beginuntil after

theend-of-the-yearholidays.

Full constructionbeganthe secondweekin Januaryandwascompletedby thefirst

weekof February. Themachineswent throughtroubleshoottestingsandwerecommis-

sionedonFebruary18, 1992.

Certainconditionsprolongedthedevelopmentbesidesthelate arrival ofequip-

ment. Someoftheseconditionswere:

1. Building permit approvaldelay.

2. Insuranceindemnificationauthorizationsign-offdelayed.

3. Craneshipmentdelayedoneweek.

4. Cementcompanyclosesoneweekbeforeequipmentarrival.

5. Phonecompanyrefusesto upgradesingleunshieldedphoneline. MECO

wantstwo lineswith onededicatedto Molokai dispatch. HawaiianTele-

phonewants$50,000for upgrade.

6. MECO requiresmoresophisticatedinterconnection. Somedelaysin design

andin partsacquisition.

7. DieselrequiresnewZond controller. Also arriveslate. Cumminsdiesels

all had synchronousgenerators;mistakenlythoughtonewas induction.

8. Zond’smain start-uptechniciangetsblood poisoning,goesto hospital.

Delaysprojecttwo moreweeks.
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Actual construction,installation,execution,andstart-upwent ratherwell onceall

equipmentand materialswereon hand. Zond’steamalongwith the local contractorand

crewmovedvery effectively andtimely throughthe installation.

Thewind/dieselprojectwasverywell plannedandconceived. Costoverrunswere

approximately0.051%.

SystemMaintenance

Maintenancecosts,including training, ran$ 14,102.00in thefirst yearof operation

orapproximately30%. In partialyear 1993, 0 & M ran approximately12%.

In mostcases,whenthesystemsmaintenancerequireda physicalrepair,Pacific

Electro-Mechanical(PEM) ofMolokaiperformedtheservice. Techniciansfrom PEM

weretrainedby Zond to performall necessarymaintenancework. Computermaintenance

wasperformedby PerfectMicro Systemsof Maui. Annualmaintenanceandrepairwas

performedby specializedpersonnelsentfrom California. Dueto theproject’ssmall size,

maintenancecostwasconsiderablyhigher. More timeto repairwasnecessarydueto the

site’s remoteness.A list of maintenanceactionsfollows:
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Date of Total Action/Repair/Maintenance
Action #of Hours

09-Mar-92 7.0 Training on equipment
09-Mar-92 9.0 Troubleshoot generator controls
27-Mar-92 5.0 Troubleshoot shutdown of turbine #03
27-Mar-92 1.0 Hookup generator run signal to SCADA system
27-Mar-92 4.0 Troubleshoot telephone equipment
04-Apr-92 1.5 Read Meters/download data
13-Apr-92 3.0 Troubleshoot control system on diesel generator
13-Apr-92 2.5 Troubleshoot tracking problems turbines #01 and 02
14-Apr-92 1.8 Reset shunt trip
10-May-92 2.0 Fuel delivery
15-May-92 4.5 Troubleshoot cable overtwist turbine #03
19-May-92 2.0 Troubleshoot communication with site
25-May-92 3.5 Install updated programs/troubleshoot generator
16-Jun-92 4.0 Read Meters/download data/replace yellow box on turbine #03
25-Jun-92 12.5 Troubleshoot communications
02-Jul-92 2.0 Troubleshoot diesel generator overcrank
02-Jul-92 2.8 Troubleshoot SCADA system on turbine #01
05-Jul-92 1.0 Reset modem
05-Jul-92 1.0 Reset modem

01-Aug-92 2.5 Read Meters/download data/troubleshoot high water temp fault on diesel generator
03-Aug-92 2.5 Troubleshoot communications failure to computer, test systems
03-Aug-92 2.0 Read Meters/download data
04-Aug-92 6.0 Troubleshoot diesel generator overload
10-Aug-92 2.0 Troubleshoot SCADA system on turbine #01
14-Aug-92 2.5 Troubleshoot diesel generator
28-Aug-92 7.0 Troubleshoot diesel generator and computer
01-Sep-92 2.5 Read Meters/download data/troubleshoot high water temp fault on diesel generator
03-Sep-92 2.5 Troubleshoot communications failure
04-Sep-92 6.0 Troubleshoot loss of signal to diesel generator
29-Sep-92 7.0 Troubleshoot diesel generator GOL shutdown/cooling fan control/computer
02-Oct-92 1.5 Read Meters/download data
04-Oct-92 2.0 Read Meters/download data
08-Oct-92 4.0 Troubleshoot diesel genertor controls test/adjust
16-Oct-92 13.0 Preventative maintenance
27-Nov-92 2.0 Troubleshoot turbine #02 reset disconnect
01 -Dec-92 2.0 Read Meters/download data
07-Dec-92 2.0 Troubleshoot turbine #02 no response
15-Dec-92 2.5 Service oil in diesel engine, troubleshoot LOP fault in turbine #01
18-Dec-92 3.0 Sample gear oil turbine #02
03-Jan-93 2.0 Read Meters/download data
10-Jan-93 2.0 Troubleshoot overspeed all turbines
19-Jan-93 3.0 Provide and install locks, remove external operators form disconnect swithces on turbines
07-Feb-93 2.0 Troubleshoot YOL turbine #01
09-Feb-93 2.0 Reset turbine #01/greased slew rings on all three
28-Feb-93 2.0 Read Meters/download data
09-Sep-93 3.5 Troubleshoot shutdown of turbine #01 Grease slew rings on all turbines

Total 161.0

Table 1: MOLOKAI WIND/DIESEL MAINTENANCE ACTION

This list includesservicecallsanddescriptionsofwork by Pacific Electric

MechanicalofMolokai.
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PROJECT COMPONENTS

The Wind Turbines
TheV17 wind turbineis fabricatedby Vestas-DanishWind TechnologyA/S in

Lem,Denmark. Vestashasbeenaleaderin wind turbine,design,manufacturing,and

quality developmentsince1978

TheVi 7 proveditself to be ruggedanddurableafterits initial performancetesting

on Denmark’sharshNorthSeacoastline.Theturbineis mountedon a 22.5-meter(73.8-

foot) lattice typegalvanizedsteeltower. All componentsareofthehighestquality, with a

life expectancyof 20 to 30 yearswith propermaintenance.Molokai’s corrosiveconditions

couldrequirehigher andmorepreventivemaintenance.

TheV17 is a 17-meter(56-foot)diameter,three-blade,up-wind, stall-regulated,

horizontalaxis wind turbineemploying 108-KVA, 6-pole,480-volt, three-phaseinduction

generator.Thepeakpoweroutputoftheturbinejust beforehigh wind overspeed

shutdownis about 130 kilowatts.

Theturbine includesa three-caliper,low-speedshafthydraulicbrakingsystem,an

activeyawing system,andan assortmentoffault protectionsensors.With a gearbox ratio

of23.93 to i, the hub will rotateat 50.15 rpm during generatorsynchronousoperationof

1,200rpm. Full poweroutputoccursat ageneratorsynchronousspeedof 1235rpm,

correspondingto ahub speedof51.61 rpm.

The Diesel Generator

A newCumminsmodel6CT8.3-GDiesel,water-cooledinductiongeneratorset

wasemployedfor thehybrid project. Thegeneratoris rated100 kW, 125 kva, 480 volts

A-C, 3-phase,3-wire, 60 Hz, 0.8 pf, 1800+rpm. Thesystemincorporatesaunit mounted

radiator,ablower fanwith i-hp, 3-phaseelectricmotor, anda 24-vdcautostart/stop

controlsandbatteryset.

Thegeneratorpanelis equippedwith volt meter,ampmeter,phaseselectorswitch,

engineinstruments,enginecontrolswitch (auto-off-manual),safetyshut-offs(low oil

pressure,high watertemperature,over-speedandover-crank). In addition,Zond

providedacustomDistributed IntelligenceControl (DIC) systemandZond’s Supervisory

ControlandData Acquisition System(SCADA) for thediesel/generator.During

maximumoperationof 125 kW thegeneratormaintains105°C(221°F),with theengine’s

ratedat207 bhp (154bkW) spinningat 1800rpm. Thegenerator/dieselset is mountedon

four spring-typevibration isolators. A residentialexhaustsilencerwith stainlesssteel



Figure2: VESTAS V17 AT MOLOKAI SITE
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looseflex connectorexportsall exhaustgasesto thewestsidebuilding exterior.

Fuel is suppliedby a 50-gallondieselfuel day tank,floor standing,with a 2 gpm

auxiliary pump. Theday tank is fed from a350-gallonexterioraboveground,steel,diesel

fuel tank (singlewall). Thesizeofthestoragecapacitylimited continuouslong-term

operationto approximatelya 55-hoursupply. Fuel is suppliedby Island PetroleumInc. of

Kaunakakai,Molokai. Fuel wasfirst deliveredin December17, 1991 with 396 netgallons

at $1.289/gallonplustax. Fueltype is dieselno. 2 #9905,specificgravityof 380 loaded

at 80°.

Approximately$2,045or 1,587gallonsof fuel wereusedbetweenFebruary18,

1992 andFebruary18, 1993. To minimize fuel costsanddelivery, the dieselwas

automaticallyoperatedonceadayfor approximatelyonehour. Undera waterpumping

situation,the dieselneededto be availablewheneverthewind turbines’combinedoutput

waslessthan95 kW. A commandto automaticallyturn on and off thedieseldaily proved

theindividual componentscould be operatedby thesystemcontrollerby powerdemand

requirements.Only during thesimulationperiodwasthedieselturnedon by automatic

controlwhen95 kW wasnot achievedfrom thewind. Theindividualcomponents

operatedvery successfullyin relationto eachotherandin this hybrid configuration.

The Master Controller/Control Communications

Zondhasdesignedandmanufacturedover3,000electroniccontrol systemsand

over 500 electronicdataacquisitionsystems.Thesesystemshavebeendevelopedfor the

purposeofimproving andmonitoringtheperformanceofwind turbines,wind turbine

siting, upgradingoldersystems,andproviding controlsfor advancedturbinedesigns.

TheMolokai wind/dieselhybrid projectemploysthemost sophisticatedcontrols,

communication,anddataacquisitionsystemavailable,all designedby Zond Systems’

ElectronicResearchandDevelopmentDepartment.

V17 Control SystemHistorical Development
To enhancereliability, basedon Zond’sextensiveexperiencein wind turbine

controlsystemdesign,we havedevelopedan entirely newcontroller. This controller

employssix microcomputerspackagedin small, easilyremovablemodules. Such

technologyachievesdistributedintelligencewithin thewind turbinecontrol environment,

creatinga morereliable,easierto maintaincontroller.

By employingmultiple microcomputersinsteadof a singlemicrocomputer,we

havedevelopedacontrollerthat requiresonly simplemaintenance,small easy-to-debug
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Figure3: COMPLETERETROFITTED CONTROL SYSTEM

IN OPERATION
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programsfor fast development,increasedoverall systemperformance,and increased

reliability. Dueto thereducedcost oftoday’smodernmicrocomputertechnology,

multiple chip designsoffer increasedperformancewithout an increasein expenditures.

Thenewcontrol systememploysahighly efficient soft-startgeneratorcontroller

that eliminatesproblemswith oldersolid stateand contactorcontrol systemsincluding

motoringagainstthebrake.

Zond V17 ReplacementController SystemOverview

ZondV17 replacementcontrolleris a fully solid statesystemthat doesnotusea

main generatorcontactoror a bypasscontactor. Thishasbeenaccomplishedby

employingSilicon ControllerRectifiers(SCRs)alongwith a largeheatsink. TheSCR

firing boardsystem,calledan Auto SynchronousController, or ASC, is manufacturedby

EnerproInc. ofGoleta,California. Thisboardcontrols theSCRsandcommandsall

generatormainsconnectionanddisconnectionautomaticallyaftera simpleenablesignal

from the DistributedIntelligenceControl System(DICS) motherboard’sGeneralControl

Unit Module(GCU 1602). (SeeAppendixIII.)

OneadvantageoftheASC systemis its ability to extractmoreenergyduring light

wind conditionsthan canbe accomplishedwith asimplecontactor. This helpseliminate

therequirementsfor the secondsmallergeneratorthat wasemployedon theoriginal VI 7

turbines.

A secondadvantageof this systemis its inability to allow thegeneratorto be

operatedasa motoragainstthebraking system. Oncegeneratorspeedhasdroppedto

nearsynchronous,theASC allows thegeneratoronly small amountsoftorquethatcan

easilybeovercomeby thebrakingsystem. Evenwhen fully enabledagainstthe brake,

only a small amountofcurrentwill flow andthebrakesystemwill hold theturbine

stoppedeasilyandwithout damage.
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PROJECT PERFORMANCE

Reliability, SystemPerformance
Sincestart-upon February18, 1992 throughFebruary18, 1993 (a surveyperiod

of8,760 hours)thewind turbineshavemaintaineda29.3%plantcapacitywith thepro-

duction, including thediesel,of759,190kWh. Overallgrossavailability for thewind tur-

bineshasbeen98.3%for this sameperiod with machineavailability at98.9%. Diesel

generatorproductionhasbeenlimited andaveragesabout800 kWh per month. Thediesel

is operatedonehourper daywhenthe wind is low to accomplishdieselfuel savings. This

still allows for automaticoperation,simulationandthe demonstrationof its feasibility.

SystemsDescription and Operation
Wind plant operationsandcontrolareperformedprimarily by the electronic

SupervisoryControlandDataAcquisition Systemdesignedanddevelopedby Zond. This

systemallowsoperatorsat thewind park siteandat remotesitesto monitor andcontrol

eachoftheturbinesandthe dieselgeneratorandto monitormeteorologicaldata. Dueto

theremotenatureofMolokai, theSupervisoryControl andDataAcquisition System

(SCADA) is the primaryon-sitemaintenanceand operationtechnician,ason-sitehuman

operatorsarenot employedon afull-time basis.

The SCADA systemconsistsofremotesub-systemcomputerscommunicatingto a

centralcomputerthrougha standardRS-422serialinterface. Eachoftheremote

sub-systemcomputersareusedto communicatewith their respectivecontrol systems,i.e.,

eachindividual wind turbinecontroller, thedieselgeneratorcontroller,and themeteoro-

logicaldatarecordersystem. Thecentralcomputeris usedto gatherdatafrom all ofthe

remotecomputersandto sendcontrolcommandswhenrequired.

TheSCADA systemcentralcomputeranddieselgeneratorarehousedin a small

building a few hundredfeetfrom thewind turbines. This computeris aPC-based,rack

mounted,industrialquality machine. An autonomousprogram,residingin this central

SCADA computer,performsthemain SCADA functions. Thisprogramis “self-booting”

andwill runuponavalid power-upcondition. Therefore,poweroutagesdo not affect the

operationofthe SCADA system. After powerhasbeenreturned,no humanpresenceis

requiredfor resettingor restartingofthe SCADA systemprogramortheturbinecontrol

systems.

The SCADA systemdescribedabovehasseveralfunctions. First, it is designedto

monitor eachturbine,thedieselgenerator,andthemeteorologicaltower. Datareturned
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to thecentralcomputerconsistsof 10 different fault statuspointsperturbine,two braking

systemsstatuspoints,availablehours, line hours,kilowatt hours,andwind speedand

direction. Second,thesystemis designedto deliver(from a centralcomputerlocatedon

thewind turbinesite)commandsfor stoppingeachturbine,thedieselgenerator,resetting

eachoftheturbines’faults, yawing eachturbineboth left and right, and operatinga

sub-stationprimarycircuit breaker. Third, thesystemperformsautomaticstart-upofthe

dieselgeneratorwhenthepoweroutputofthethreewind turbinesdropsbelow a specified

set-point. This set-pointcanbe changedby a remoteoperatorvia thetelephonemodem

orat the centralSCADA computer. Duringthesimulation,a presetof95 kW wasspeci-

fied asthedieselautomaticset-point. (SeeAppendixVI.)

An automaticdialing systemoriginallyplannedandwritteninto thesoftwarefor

this systemhasbeendefeatedsinceinitial startup ofthe site. Theolderexistingphone

line wasa single-lineandutility requirementsofcontinuouslymonitoringvia their remote

computersystemhavepreventedthemain SCADA computerfrom dialing any otherre-

motelocation.However,this featurewastestedandallows automaticdial-upofZond’s

mainoffice followed by variousothernumbersshouldthe main office numberbe inacces-

sibledueto abusysignalorotherproblems.

Two remotePC-basedcomputersystemsarepresentlybeing employedwith this

SCADA system. One is operatedby Zond from Tehachapi,California, and asecondfrom

theutility dispatchin Palaau,Molokai. Control systemintegrationvia thesesystemsis

controlledby threelevelsofpasswords.Utility operationsand monitoringoccursat the

lowestlevel. Wind turbinemonitoringby operationsandmaintenancetechniciansat the

mid-levelandoverall control, monitoringanddatabaserecoveryis accomplishedat the

third (or highest)level of security.

Utility operationsconsistoftheability to bring theturbinesanddieselgeneratorto

a stop. Furthermore,theutility also hastheability to trip a mainsystemcircuit breakerif

required. Theyalsomonitor theperformanceoftheturbinesto determinetheeffectsof

grid penetrationinto thesmall Molokai islandload, which mayrequirecurtailment. If

Molokai’s electric systemis jeopardizedby highwind energypenetration,thecontrol room

dispatchermayshutoff oneor moreturbines. Zond is thencalled,andwhenoperational

conditionsallow, Zond mayreinstatetheturbinesto operation.

Operationsandmonitoringavailablefrom theremainingtwo securitylevelsare

discussedbelow.
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Visualization Software for Real-timeTele-robotic Operations

Theoverall SCADA systemconnectedto eachturbine,dieselgenerator,andthe

maincomputeremploysa totalof six microprocessors.Eachturbinecontrolsystemalso

employssix microprocessors.Countingthedieselgeneratorcontrollerandmeteorological

towercontroller,a total of26 computer(micro-processorandmicro-controller)chipsare

employedto effectautomaticcontrol,supervisorycontrol, dataacquisition,anddial-up

sitemonitoringcapabilities. Althoughcomplex, thishighly distributedsystemis simple in

its operationandextremelyintelligentwithout humanintervention.

Thesuccessofthis projectis duein no smallpart to thequality oftheturbines’

controlsandtheSCADA system. SCADA systemfunctionsandoperationsarevery much

enhanceddueto theuseofvisualizationsoftwareandaudiosynthesizedsound.

Visualizationsoftwarewasemployedto createan accurategraphicalmoving

pictureoftheoverall wind turbineplant in real timeoperation. In addition, this same

softwarewasemployedto generatean accurategraphicalrepresentationof eachturbine’s

controlsystemasit would look to an operatorin thefield. Thedieselgeneratorcontrol

systemis treatedin muchthe samefashion asthemeteorologicaltowerandits displays.

Employingsuchgraphicsgreatlysimplifies theoperatorinterface. It allows

operatorsto monitor andcontroltheparkwith a minimumoftrainingand supervision.

Operatorsnormally employedto operateturbinesin a field environmentcaneasilybe

trainedto operatethis system. Their experiencewith field operationscanbe applied

directly with little computerknowledge.

Figure 1 showsthemain graphicalscreenof theSCADA system. Eachof the

threewind turbinesarerepresentedby a graphicaldrawing on thecomputerscreen. When

thewind is blowing, theturbineswill rotateon thescreenaslong astheyarerotatingin

Hawaii. In theeventthat oneor moreoftheturbinesis downandnot operating,that

turbinewill be depictedasstoppedon thescreenof thegraphicdisplay. This graphical

pictureis normally includedwith sound. A “swishing” soundis synthesizedandoccurs

whentheturbinesareoperating. Theoverall effect ofthis pictureis to producea

two-dimensionalvirtual reality scene. Thescenedisplayedon thescreenofthecomputer

representswhat is occurringin thefield at thewind park.
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Figure5: COMPUTERIMAGE OFMOLOKAI TURBINES

The scenesshownin Figure 5 andFigure6 occuroncecommunicationis
establishedbetweenthecentralSCADA computerandaremotePC-basedcomputer.
Establishingcommunicationis accomplishedby runninga simplemenu-drivenprogram

which allows theoperatorto selecta passwordfor securitylevel entry.

Figure6: COMPUTERIMAGE OFTURBINESIN OPERATION
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Oncedisplayed,othergraphicscanbe selectedthat includethe controlsystemsof

the individual wind turbines. By highlighting thecontrol systemat the baseofthetower,

an operatorcanselecttheturbinehe wishesto observe. Theprocessofselectingthe

particularcontrolleris accomplishedby employingtheTabkey on the computerkeyboard.

Alternately,a computermousecouldalsobe employedfor “point and click” ability.

Figure 7 showstheturbinecontrol systemscreen. Thisgraphicrepresentsthe

main modulesoftheturbine’sDistributedIntelligenceControlSystem. Systemparameters

suchaswind speed,turbinepoweroutputandavailability areshownin theDisplay

Module. Fault informationis displayedin theFaultModule (actuallyanonvolatilefault

datarecorder).Turbinecontroland overallstatusis shownin theControlModule. All

buttonsshownon this displayarefunctionaland operatein thesamefashionastheactual

controller. Theyawbuttons,resetbuttons,andexternalstopbuttoncan be accessedusing

theTabkey. Oncehighlighted,thesebuttonscanbe “depressed”by pressingtheremote

computer’sEnterbutton.

Figure7: TURBINE CONTROL SCREEN
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Oncetherequiredbuttonhasbeenselectedand “depressed,”theturbineselected

will respondaccordingly. Thelampsrepresentedon thegraphicaldisplaywill light ason

theactualcontroller. Thetime lag betweenturbineresponseandgraphicaldisplay

responseis only two to threesecondsIn theoriginal versionofthis software. A newer

versionofthis softwarewill havea markeddecreasein this responsetime, to aboutone

secondor less. However,for most purposesevenathree-secondresponseis verycloseto

a “real time” approximation.

Figure8 showstheDieselGeneratorControlpanel. Two switchesareprovided

for easystart-upof thegenerator.Onceactivated,thedieselenginecanbe observed

runningby theflashingof its outputshaft. This givesan excellentillusion of arotating

shaftusingonly two dimensions. Control lampstell theoperatorwhentheengineis

runningand whenthegeneratoris producing.

Highlighting thegenerator’scontrol enclosureandpressingtheEnterbuttonwill

resultin adisplayofthediesellgenerator’scontrolsystem. SeeFigure9 for details.

Figure8: DIESEL CONTROL PANEL
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Figure9: DIESEL CONTROL PANEL

Finally, themeteorologicaltoweris representedby a view looking downuponthe

wind vaneandanemometer(Figure 10). During wind speedsthatwill causethe

anemometercup to rotate,it will rotateon thescreenofthegraphicaldisplay. Similarly,

thewind vanewill changepositionsslightly in responseto changingwind conditions. The

speedofthesechangesis not tied directlyto changingwind speedsbutratherto average

wind speedanddirectionchanges.However,theeffect is very similar to whatcanbe

viewedfrom thefield by a technicianorturbineoperator. Actual wind speedanddirection

values(five-minuteaverages)arealso displayedfor operatorconvenience.A secondary

screenfor themeteorologicaltower is shownin Figure 11.
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Figure 10: VANE AND ANEMOMETER SCREEN

Figure 11: WIND SPEED AND DIRECTION SCREEN



Dueto theadvancementofcomputertechnology,this typeofsystemcanbe

installedfor remotewind parkoperationsat aminimum of expensecomparedto whatwas

requiredaslittle asthreeyearsago. The operationofthis typeof systemis intuitive and

requireslittle operatortraining, asidefrom thenormalwind turbinetechniciantraining

level. Operatorconfusionwhenfacedwith a largearrayoftabulardatais no longer a

problem. Theamountofdatashownanddisplayedon this systemis easily“captured”and

understoodby thecomputeroperator. This leadsto an increasein wind turbine

performancedueto increasedavailability.

32
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UTILITY PENETRATION

An IndependentPowerProducer(IPP) will havevariouseffectson theutility’s

poweranddistributionsystemwhenit connectsin parallel. Therearevariouscriteriaon

bothsidesofthe line that will change,dependingon thepowerresource,wherethecon-

nectionis made,andtheamountofpowertheIPP plansto produce.

Zond Pacific hasa one-megawattpowerpurchasecontractwith Maui Electric

Companyon Molokai. BecauseMolokai’s systemload is small, certainlimitations exist

regardinghow muchwind energycanbe acceptedby Molokai’s grid at any particulartime.

Molokai’s Systems

TheMECO powerplant on Molokai is locatedat Palaau. It is composedoffour

Cumminsone-megawattdiesellgeneratorsets, individually housed,andtwo 1,200kW

Caterpillardieselgenerators.Thereis alsoa 2.3 MW gasturbinethatoperatedin con-

junctionwith anow extinctbiomassplant. Thegasturbineis operatedin emergenciesand

asback-upduring maintenance,but its efficiencyis low.

Total generatingcapacityis approximately8.7 MW. Annual peakload is almost6

MW, while averageminimum loadwas2.7 MW. Thelowestminimumloadwas 1.32

MW. A projectedpeakloadof6.5 MW is anticipatedby 1995. TheMolokai Power

Systemis manuallydispatchedon a 24-hourbasis.

Wind Diesel SystemDesign and Interconnection

In early 1991,Zond engineersandlocal electricalengineeringconsultantECM,

Inc. negotiatedthe designcriteriaandcharacteristicsof thewind/dieselhybrid intercon-

nectionandassociatedhardwareandsoftware. It wasdeterminedthat MIECO would

provideand install theoverheadmeteringpole,theundergroundriserpole, andassociated

fixtures andequipment. MECO wouldalsoprovide,install, and terminatetheunder-

groundcablefrom theriserpoleto Zond’stransformerin accordancewith its singleline

drawing. This would be paid for by theprojectandturnedoverto MECO/Molokai.

Theinterconnectionpoint would occuratthestraininsulatoron the line sideofthe

primary cross-armofthemeteringpole. Uponinterconnectioncompletion,Zond retained

responsibilityfor themaintenanceof the interconnectingfacilities.

Zondprovidedthehighvoltagetransformerrated12.47kV and 480-V/277-V450-

KVA deltaY configuration. A meteringpackage(including all PT’s and CT’s) wasposi-

tioned on the480 V customersideto monitorkWh!kW andKVARH. A 400-amp, 1 5-ky
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shunttrip recloser,SCADA-controlled,from PalaauPowerPlant,with reclosefeaturedis-

abled,wasprovidedon the480-V sideby MECO andpaidfor by Zond. An undervoltage

devicewasalsoincludedon theZond sideoftherecloserto allow closingon adeadbus

conditiononly.

An enable/disableswitchat PalaauDispatchallows MECO Molokai Division to

disconnectthesystemfrom theline instantaneouslyduringemergencyconditions.

Molokai Dispatchwas equippedwith a dedicatedpersonalcomputerandappropriate

softwareandmodemto monitor all theoperationalcharacteristicsof thesystem24 hours

aday.

Thephoneline connectionwasa weaklink in theproject’scommunicationsystem.

Thephoneline installedin theearly 1980’swasan unshielded,3-wire single-circuitline.

Only oneentity couldcommunicatewith thesystematany onetime. MECO required

24-hourobservation,thus requiringZond to call Dispatchto log off thesystemenabling

Zondto log on andrunthroughits daily systemcheck. Althoughtediousin thebeginning,

thesystemprovedto be extremelyreliable,andearlymultiple daily checksby Zond were

soonreducedto an earlymorningonce-a-daysurveillance.

Penetration

Zond’spurchasepowercontractis for onemegawatt,yet only 300 kW ofwind

energycapacitywere installed. Limits on theprojectsizereflectedthe ability ofthe

Molokai divisionto absorbwind energyeffectively into its system. Allowing maximum

penetrationwith minimal curtailmentis highly desirable. To havethesystemandthewind

resourceavailableandunableto sell powerto theutility constitutesanuncontrolledlossof

revenue.Any lossof potentialrevenueis undesirable.With a curtailmentclausein the

purchasepowercontract,financial institutionsbalk atan undefinedability to not sell

power. Any instantaneoussystemshutdownby autility switch, especiallyif repeated

regularly, createsexcessfatigueon components.

Theconcernsandcriteriarevolvingaroundcurtailmentandpenetrationareguided

by daily loadrequirements,site-specificTransmissionandDistribution(T & D), capacity

ofthe systemrelativeto wind capacity,sitegeographicallocationrelativeto the utility

generationplant, andthe locationanddemandof thesystemloadsthroughouttheutility

system.

An understandingoftheMolokai wind/diesellimits requirestheevaluationof

power(kW andKVAR) flows in theT & D systemandthegenerationsystemduring peak

and off-peakloadconditions,andduring various line, transformer,and generationor load



35

outageconditions. Wind energyis an intermittentor unscheduledsourceofpowerto the

utility. Typical unconstrainedkilowatt outputofwind energywill vary asafunctionof

variablewind speed. Undercertaintheoreticaloperatingconditions,apenetrationlimit

hasbeendeterminedto be between5%to 10%of theHawaii utility systems. Cumulative

wind penetrationup to 5% of theannualutility systempeakloadshouldoperateuncon-

strained.Economicviability andsystemstability aretheconcernsabove5%penetration.

In mostcasesthecurtailmentpenetrationissuefocuseson theminuteto minute coincident

wind farm kilowatt outputfluctuationsduringnormaleverydayoperatingconditions,and

nighttimeoff-peaklow loadperiodswhenpenetrationmaymorethandouble,that

occurringduringtheday or on peakloads. Molokai off-peakperiodis between8:00 p.m.

and 6:00 a.m. Lowestloadsbeginafter 10:00p.m. Overtheyeartestperiod,using

hourly averages,theMolokai wind/dieselproducedover 200 kW or morecontinuous

output201 times, or 2.3%of theyear’s time. The200 kW hourlyaveragewasselected

for nighttimelow loadcomparison. The200 kW reflect theratioof7%to the average

nighttimeloadof2,700kW, which representsthemediumpercentageoftheoreticalload

penetration.At any ofthese201 times, actualpenetrationlimits variedfrom 4.6%to

10.7%. (SeeAppendixVIII.)

Accordingto Maui Electric/Molokai,during theone-yeartest period,no instances

occurredwherehigh wind energypenetrationrequiredwind plantcurtailment. (See

Figure 13, Utility Penetrationgraph.)

Thewind/dieselsystemoccasionallyreachedan unconstrainedpenetrationgreater

than 10%. Tenpercentwasachievedoncein theyear,December4, 1992,and off-peak

penetrationaveraged6.8%for thenighttime low-peakperiodwhentheturbineswere

producingmorethan200 kW.

Thedynamicsofthe induction-typewind turbinedictateits requirementto follow

frequencyand phaseasprovidedby thequality of powerby the utility. Frequencyexcur-

sionsabove.2 Hz maycausefalsetripping on theutility side. Frequencyexcursionsfrom

thenormal60 Hz aretheresultof short-termmismatchesbetweengenerationandload.

Falsetripping hasnot beenexperiencedduring systemsoperation. In mostcases,a load

fluctuationis followed by appropriategovernoractionso that generationagainbalances

load. Molokai’s systemhashandleda 1,300kW load losson the island’seastend. Re-

sponsetime to full recoverywas 1/2 second. Thepowerplant addsanddropsa 500 hp

waterpumptwo timesaday with no problem.
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The CumminsdieselsatPalaauarefairly newandcanrespondvery quickly to

variousloadchangesandthesystemhasnot beenadverselyaffectedby frequencyexcur-

sionsor out of phasesituations.

To enhancepenetrationofintermittentresourcesinto Hawaiianutility systems,the

utility will needto takea moreactiveandcooperativeoperationalrole. Theutility, be-

causeof non-ownershipandliability concerns,will notdispatchthewind plant. Theywill

shut downthesystem,but will not switch backon. A morecooperativerelationshipof

dispatchingbanksormultiple wind turbinescouldallow higherpenetration.Outerisland

utilities, includingMolokai, areall manuallydispatched.Automaticgenerationcontrols

(AGC) arecommonlyusedthroughoutlargeandsmall utilities worldwide. Costfor the

additionof an AGC is high, andwho paysfor thesystemis theconcern. Theutility feels

that if an independentpowerproducer(IPP) benefitsby selling morepowerto theutility

(increasedpenetration),theyshouldpay for theAGC. TheIPPsfeel that any utility of

Hawaii’s size shouldalreadyhavean AGC, allowing for higheroperationefficiency,

systemcontrolreliability, andlowerequipmentfatigue.

Higher wind plant powerpenetrationscanalsooccurby operatingMECO/Molokai

dieselsthat havedroopcontrols,enhancingthesystem’sability to handlerampingfluctua-

tions. This operationalchangewill haveeconomicpenaltiesbasedon the hourly system

fuel costincreasesresulting from alteringtheeconomicdispatchofdifferentgeneration.

Thequestionis then,whopaysfor thecostdifferencesif theIPPpowerpenetrationinto

the utility is significantly increased.

Dueto Hawaiianutility isolation, penetrationwill alwaysbe aconsiderablefactor

in determiningthe quantityofanyunscheduledpowerresourcewhich canbeeffectively

absorbedinto theutility system. A priority methodologyhasbeenestablishedto rank

unscheduledIPPs. Priority to sell poweris determinedby theeffectivestartdatesof

powerpurchaseagreements.Themostrecentlyapprovedcontractis thefirst to be taken

off line if penetrationbecomesa problem.

SystemCurtailment Not Due to Penetration
Threeseparatecurtailmentoccurrenceshaveoccurredduring theoperationofthe

wind/dieselplant. Thefirst wasthelossof thephoneline by HawaiianTelephonedueto

stormdamageto the island’swestsidesystem. Servicewasunavailablefor overone

week, causingMolokai Dispatchto disconnect. The turbineswereableto providepower,

but Dispatch,being unableto monitor thewind/diesel,desiredthedisconnect. Thesecond

curtailmentoccurredfor a few hourson July 22, 1993 aftertheofficial one-yeartest
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period was over. The winds were very high and the wind/diesel was producing over 330

kW. The capacitors on the individual turbines are designed with a nominal pre-set range

of approximately 95 KVAR. As the power output of the turbines increased, the capaci-

tor’s ability to meetpowercorrectionrequirementswaslagging andthe systemrequired

morereactivepowerfrom theutility. Accordingto MECO/Molokai,theutility’s normal

power factor is 95%to 96%, and at this particular time period power factor was lowered

to 92%to 93%. Zond designed a nominal power factor to be approximately 95%.

The third curtailment occurred for atwo-weekperiodbetweenAugust 30, 1993

and September 15, 1993, also after official test period. The fan on the computer power

supply failed, causingthesystemto overheat,losing visualmonitoringofthewind/diesel

plant. Here again, the turbines were available but the communication link was down. The

system was completely repairedand servicedandis againbackon-line.
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PROJECT ECONOMICS

DevelopmentCosts

Many excruciatinghoursare spenton attemptingto establishaproject’soverall

developmentcost. Besidestheactualattributabledevelopmentcosts,therearealways

pre- andpost-developmentcostsassociatedwith theproject. Sometimescostsare

assignedto a generaldevelopmentfund asoneprojectof manyto be developedin a

particularsystemarea.

TheMolokai wind/dieselprojectis a projectthatrequiredseveralyearsof project

studying,feasibility analysis,andapplying for grantsbeforetheprojectbrokeground.

Zond Pacific Inc. over severalmoreyearsandexpensesestablisheditselfasa renewable

energydeveloperin thestate. Yearsofnegotiationswererequiredto acquireland,

negotiatepurchasepowercontractsand becomepartofHawaii’s IndependentPower

Producerscommunity. Thecostsassociatedwith visibility in the industrymarketplaceare

generallynot reflectedin projectdevelopmentcosts.

Zond haslistedits actualdevelopmentcosts.attributedsolely to theMolokai

wind/dieselprojectdevelopment.(SeeAppendixVII.)

With theuniqueproblemsassociatedwith Molokai’s remoteness,Zondcompleted

the projectat 5.6%overbudgeton a $592,000estimateofcost. It is interestingto note

that severalvariationsofcostcategoryoccurredwheresomecostsweremuchmorethan

estimatedwhile othercostswere lessthanpredicted.

Projectcost perkilowatt installedcameto $1,483. Whensupervisoryproject

management,administration,constructionconsultingandsupport,attorneys’fees,andproject

travel, costsexceed$628,017,or $1,570per installedkilowatt. Thesecostsreflect the

project’sremoteness,size,thedieselcomponentand researchanddevelopment.Costsper

kilowatt will vary with thesizeofthesystem. Thedieselcomponentranabout$600kW,

while thewind turbinesinstalledcostwereapproximately$1,775kW. Futurecommercial-

sizewind/dieselshouldreducecoststo approximately$1,200kW.

In 1992, thewind/dieselsystemproducedmorethan760,000kWh, saving59,561

gallonsofDiesel#2 at $0.77/gallonor $43,320. Theseareutility fuel prices. Zond’sfuel

priceis $1.30/gallon. Fuel only avoidedcostsfrom MECO, Molokai division were$0057

kWh.
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RevenueAccounts

UponPUC approvalofthewindldieselPowerPurchaseContract,a “floor price”

of$.0685kWh wasestablished,reflectingtheavoidedcostascalculatedfor thatquarter.

During thesystem’soperation,theactualavoidedcost for Maui Electric/Molokaiwas

$.063 kWh. Thusthepricepaidby MECO/Molokai was$0055 kWh higherthanavoided

cost.

A revenueaccountwasestablishedto receiveutility powerpurchasepayments.

All systemcharges,includingmaintenanceandoperations,werepaidfrom this account.

Table I showstypical maintenanceactivity, action, anddate. PacificElectro-Mechanical

providedall maintenanceserviceduring theproject’soperation.

Therevenueaccountis divided by DBED’s participationportionof$242,000and

ZPAC participationof$351,000. With totalprojectcostsat $593,000,DBED’s pro-rata

portionis equalto 40.8%,while ZPAC’s portionequals59.2%. Thesepercentage

portionswereutilized to allocatecostsandrevenues.

Yearly incomestatementsfor 1992and 1993areshownon Tables3 and4. These

tablesshowkilowatt hoursproduced(combined)aswell asrevenueslesscostsand

expenses.

Figures14 and 15 graphmonthly kilowatt hourproduction.
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All Allocation of Operations
1991 1992 1993 1994 Years State of Zond
Hawaii Systems

Bank Account - Beginning 1,000 3,248 21,267 50,442 1,000 41% 59%

OPERATIONS:

Wind Turbine Electric Revenue-net of usage 0 31,715 51,593 1,396 87,704 34,567 50,136

Maintenance and repair 0 8,095 16,052 4,384 28,532 11,641 16,891 8 ~
Generatorfuel 0 1,651 259 0 1,910 779 1,131 ~

Interconnect - Elec usage 1,096 1,096 447 649 H

H
Total Operations and Maintenance 0 9,746 16,311 5,480 31,537 12,867 18,671

Royalty to Molokai Energy 0 1,435 4,353 565 6,353 2,592 3,761 H
Bank services Fees 154 154 63 91

Total costs and expenses 0 11,181 20,818 6,045 38,044 15,522 22,523

Net Income (Loss) 0 20,534 30,775 (4,649) 46,660 19,046 22,614

INFLOW: State of Hawaii advances 175,906 53,894 0 0 229,800

Outstanding Total (12,200) (12,200)
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Wind Turbine Electricity—net of usage

Total Revenue

AND EEBEBSES:

D~anloaddata

Diesel Generator maintenance & repair

MaIntenance & repair — other

Generator Fuel

Training — persncnel

Total Operatincs & Maintenance

Royalty to Mnlokai Reergy

Acknin costs

Total costs and e~qenses

Net Incase (Lcea)

.

283 3,628 2,220 2,501 4,931 5,572 7,501 5,079 2,097 5,304 4,581 43,697 . 2,464 2,064 . 48,225

283 3,628 2,220 2,501 4,931 5,512 7,501 5,079 2,097 5,304 4,581 43,697 . 2,464 2,064 . 48,225
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0 677 203 508 0 135 169 988 0 271 354 3,306 . 0 0 . 3,306
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Figure14: Monthly kWh Production- 1992
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WATER PUMPING SIMULATION

TheMolokai wind/dieselperformedup to all expectations.Zond believesthe

successoftheMolokai wind/dieselprojectsoperationand performancesignifiesthe

potentialto developacommercialscalewind/dieselprojectin Hawaii. Thewind/diesel

system’savailability at 98.7percentshouldenhancethedesireto build awind/diesel

systemin cooperationwith thedifferent counties’Departmentof WaterSupplyandthe

utilities.

Previouswind energyandwaterpumpingstudieshavedesignatedtheAlealoa

WaterSystemaboveNapili in theWestMaui Mountainsasavery favorablewind/diesel

hybrid projectsite. It is at this sitewith its five waterpumpsthat we will be simulating

waterpumpingcharacteristics.

Maui Land andPineappleCompanyownsall the land surroundingthecounty’s

waterpump stationsin theAlealoaarea. Ofthefive pumpstations,two haveadjacent

100,000-gallon,ferrouscement,above-groundwaterstoragetanks. Theotherthree

pumpsstandalone. All thepumpshavean electriccontrolandmaintenanceshedadjacent

to thepumps.

Zond Pacific hasa long-termleaseon approximately250 acresofpastureland

ideal for wind farmdevelopmentjust about3,000lineal feetabovethevariouspumping

stations.

NegotiatingPowerPurchaseContracts(PPC)with theMaui DWS andan excess

PPCwith MECO, a commercialwind/dieselprojectcouldbe developed.Thesystemwill

providean alternativeto just fossil fuel waterpumpingandwill providelong term

economicandsecuritybenefitsto thewaterconsumersof Hawaii.
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Figure 16: ALEALOA WATER SYSTEM, MAUI



Table 5:

Countyof Maui Boardof Water SupplyMonthly SourceRecord

for AlealoaPumpStations

WaterPumpedin Thousandsof Gallons(000) 1992

Pump\ im~ Nap;li ~ Napilt B NapiliC HonokahuaA lkrnokahuaB

January 10,458 7,392 33,360 0 0
February 28,644 4,158 25,260 0 0
March 20,958 16,758 39,240 0 0
April 19,110 23,604 41,700 0 0
May 30,912 13,062 31,140 0 10,490
June 29,862 27,804 30,660 0 30,024
July 27,248 13,188 37,393 0 31,120
August 8,270 33,345 44,427 0 31,470
September 13,283 17,145 41,115 0 30,025
October 7,785 21,538 44,400 0 31,353
November 11,042 20,590 42,424 0 29,981
December 1,328 15,148 42,542 0 30,472
Year to Date 208,900 213,732 453,661 0 224,935
SameTimeLastYear 18,018 9,996 29,280 0 0
Total Last 12 Months 208,900 213,732 453,661 0 224,935

4:.



PumpName

January

Table6:

Countyof Maui Board of WaterSupplyMonthly SourceRecord

for AlealoaPumpStations

WaterPumpedin Thousandsof Gallons(000) 1993

February 181 14,610 40,008 0 26,680
March 805 17,447 44,340 0 31,405
April 0 19,683 42,386 0 29,957
May 0 15,907 44,220 0 31,015
June 0 22,019 42,180 0 30,581
July 0 23,906 45,500 0 30,980
August 0 24,031 40,626 0 30,173
September 0 15,477 43,140 0 30,125
October
November
December
This Year to Date 8,738 162,310 387,455 0 274,966
SameTimeLastYear 13,283 17,145 41,115 0 30,025
Total Last12 Months 28,804 219,585 586,821 0 306,772

7342 9.259 45,046 0~ 32,040

‘1,
C
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The Alealoa Water Systemand Napili Pumps

The Alealoa water system is located in the Napili area of the West Maui Mountains. Two

water resources are incorporated in the system. The first is a surface flow from the Honokahua

area, and the second resource is via deep well Napili pumps.

The Alealoa intake and settling box receives its surface water from the Honokahua ditch.

The ditch services Maui Land and Pineapple Plantation, the County of Maui, as well as Pioneer

Sugar Plantation. The county of Maui’s portion equals approximately1,000to 1,100gallonsper

minute (gpm). The intake, with a turbidity meter, that automatically shuts off the water flow if

turbidity is too high, is located at 800 feet above mean sea level (msl). During heavy rains the

surface water becomes very silty, causing the shutdown of the ditch service. At this time

additional deep well pumping is automatically added to satisfy water demand. From the intake an

8-inch, cast iron, cement lined transmission pipe travels around 4,000 feet to a 50,000-gallon

mixing tank at 523 feet above msl. Flows are continuous at about 1.5 million gallons per day

unless turbidity shuts the flow off.

The Napili pump station is just north of the Alealoa intake and constitutes the pumped

groundwaterresource.Therearefive Flowayvertical line shaft, oil lubricated,single speed,

deep well centrifugal pumps.

Pump headvariesbetween800 feet above msl to 900 feet above msl.

All the pumpmotorsare480 V, 3-phase,four-wire inductionmotorstransformedto the

1247 KV utility power lines.

Method of Operation
Two pumps, Napili B and C, run 24 hours continuously. During high turbidity when the

surface water intake is closed down, or during high peak demand, a third pump, Honokahua B,

will run simultaneously or as a substitution for Napili B or C. Napili A pump was always the lead

pump station until recently, when the pesticide DBCPwas discovered at higher than acceptable

ratios. The Napili A station will remain off-line indefinitely. Honokahua pump A has been

off-line for repairs for quite some time and re-entry to the system is unscheduled at this time.

Both Napili A and C have 100,000-gallon concrete storage tanks located at 860 feet

above msl and 910 feet above msl, respectively. This Alealoa system supplies more than one

billion gallons of water per year through 6,000 feet of 12-inch ductile iron pipe to the

50,000-gallon mixing tank at the 523 foot above msl elevation. The surface water transmission

line and the Napili pump system line both meet at the mixing tank before flowing to the Alealoa

one million gallon concrete holding tank.



Table7:

SystemComponentCharacteristics

ofAlealoaPumpStations

PumpName Napil; A B NapikC Renoka~u*A H~nc~k~buaB

PumpNo. 569 570 571 572 573
TankNo. 105 -- 111 -- --

TankType Conc. -- Conc. -- --

ElevationAMSL 860 800 900 800 760
PumpBrand Floway Floway Floway Floway Floway
Motor GE GE GE GE GE
Pump SizeH.P. 250 250 350 250 250
Voltage 480 480 480 480 480
GPM 700 700 1,000 500 700
StartAmp 287 288 403 288 403
OperationAmp
RPM 1,800 1,800 1,800 1,800 1,800

N)
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TheAlealoaone million gallon ferrouscementtankat 270 feetabovemsl receivesits

watersourcevia a 16-inch ductile iron, cementlined pipe traveling3,000feetfrom theupper

mixing tank. At themixing tankandagainat theonemillion gallon tank, therewill be various

combinationsofflow from theNapili pumpedgroundwater andtheAlealoa intakesurfacewater,

dependingon turbidity, demand,andpump availability. Variousflow combinationsreflect the

ability to utilize differentcombinationsofaddingmorewind energy,waterstorage,or both to

helpreduceutility powerparticipationasit relatesto PURPAanddemand.Listed in the

following tablearesomepossibleflow combinations.

Table8: VARIOUS FLOW COMI3INATIONS FROM THE
ALEALOA WATER SYSTEM(IN GPM)

500 1,500 2,100
700 1,700 2,300

1,000 1,100 2,400
1,400 1,800 2,800

Theentiresystemis designedto backfill tanksstartingwith the onemillion gallon tankto

shut downthepumpand/orsurfaceflows. Whentheonemillion gallon tankfills, only atnight, if

ever,then backflhlingto the50,000tankoccurs. Whenthe50,000tank is full, backfilling to the

Napili A tank fills andtheNapili A or B pumpshutsoff, andsimilarly with Napili C tankshutting

offNapili C pumpsor theHonokahuapumps. Becauseof high demandson thesystem,

backfihlinghasnot beenoccurring,causingpumpsto work on a 24-houroperationwith pumps

operatingaccordingto continuousdemand.Therearefive pumpson thesystem,oneofwhich is

typically out ofservice. If morestorageandlargerwind energycapacitywereincorporated,the

backfilling processcouldbe utilized effectively. Storagetankswould be filled and backfihled

faster,shuttingdownpumpsandmaximizing storage. Waterstorageis less expensiveandmore

cost controllablethanpurchasingfossil fuel power. Economicanalysiswould be requiredto find

theultimatecombinationof wind powerandstorage.

Diesel hybridadditionincorporatesself-relianceandtheability to removeutility demand

chargeswhile providedwholesalepowerfor systemstart-upand operationwhenwind is

unavailable.



54

TheMolokai Wind/DieselSimulationfor WaterPumping

TheessenceoftheZond designedMolokai wind/dieselsystemwasto ensurereliability

throughasophisticated,remote,andautomaticcontrol system. Thewind portionofthesystem’s

availability atabove98% provestheautomaticremoteoperationpotential ofthewind/diesel

system.

Economicconsiderations,asseenat Lalamilo, Hawaiiand, which would be similar to any

wind only waterpumpingstation, expressthe requirementfor adedicateddieselcomponent.

Becauseofhigh utility demandand/orstandbycharges,thecostsaretoo high to thecustomer. A

dedicateddieselremovesthedemandcharges.Demandchargesarethosechargesthe larger

customerpaysfor theutility to maintainthe supplynecessaryto providepowerto thecustomer’s

highestdemandfor any 15-minuteperiodduringtheyear. Whateverthehighestdemandis, the

customerpaysa fixed rateabove$6.50/kW/monthasan additionaldemandcharge. A single

pump with demandof 185 kW will be chargedapproximately$1,202/month.Utility intertieis

still necessaryto sell any excesspower from thesystem,which is oversizeddueto thewind’s

intermittentnature.

Zondwasunableto identify any small waterpumps,below 100H.P., with landavailable

andin a goodwind regimein theStatethatcould havebeenusedfor thewind/dieseldemonstra-

tion. Therefore,it wasnecessaryto simulatetheactualwaterpumpingrequirementsand charac-

teristics. TheAlealoawatersystemwasselecteddueto its locationandtwenty-four(24) hour

pumpingdemand. It wasalsochosenbecauseofits potentialfor actualcommercialproject

developmentandimplementation.Thesimulationusedis thewind turbinestactualproduction.

(SeeAppendixVI.)

Zondselectedaone-monthoperationaltime in whichthegoalwasto maintaina constant

95 kW. Theoutputcamefrom eitherthewind turbinesalone,thedieselalone,or acombination

ofboth. Theelectricmotorsthat drive thepumpsrequireconstantpower. Thus,whateverthe

pump/motorrequires,thedieselmustbe capableofproducingthatdemand,plus anda little more

for start up. At any time thewind turbinesalone,orthe combinationofthewind andthediesel,

could beproducingmorethanthe95 kW requiredby thepump. All excesspoweris sold to the

utility at avoidedcostorat a “floor price,” whicheveris higher,while theprimary95 kW would

be soldto theDepartmentofWaterSupplyat apre-establishedpricegreaterthanthefloor price

or avoidedcost. Thesystemrequiresthewind turbinesto haveacapacityofthreeto four times

thedemand,asthe annualcapacityfrom thewind is about30%. Excesssalesof powerarean

integralpartofthe project’seconomics.
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Datawascollectedon an hourly basis. Thedieselwould only operatefor onehourata

time owing to thesmall, 350-gallonfuel tankcapacity. In an actualwind/dieselhybrid, this

would not bea limiting factor. A largertankwould be used. Thecomputerwould still showthe

dieselavailableandoperatinguntil thetheproportionofwind energyexceedingcombinationof

wind generationis over 95 kW and thenthedieselwould be shownto be switchedoff In

essence,it wasalreadyoff~unlessits runningtime wasone houror less. ThemonthofJune1992

wasselectedbecauseof goodwinds averagingat 20.54mph.

Thewind plant produced96,990kWh supportedby 15,960kWh from thedieselor

112,950kWh total. Of the 112,950kWhs,44,550wentto theutility or39.4%,asexcess,

exportedfor sale.Thedieselproduced14%ofthetotal kWhsand23.3%ofthe simulatedpump

load. Thewind plantproduced76.6%ofthepumploadandprovidedtherestto utility sales.

Thesepercentagesareimportantin that to remaina QF andfall within PURPA,thediesel

or fossil fuel usagemustnot exceed25%. If wind speedsaverageless, theneithermorewind

turbinesor largerwaterstoragewould be necessaryora biomassderivedfuel could, andshould,

be incorporated. It would havebeenpreferableto usea full year’s operationfor simulationsince

wind speedsvary. This would be moreaccurateto determineQF andeconomicstatus.

AppendixVI showsthehourly outputsof thesystemto producethecontinuous95 kW

hourlyaverage. It shouldbenotedthat this systemdoesnot requireinstantaneousdiesel

responsewhencold starting. TheAlealoasystemhasenoughstoragefor severalhours. The

dieselcomesup to speedandfull outputin approximatelyoneand a halfminutes.

Thefollowing graphsshowthetypical (threeseparatedays)wind/dieselhourly

operationalparticipation. Thenext tableandtwo graphsrepresentmonthly averagesof

componentoperationalparticipation,including wind turbineproduction,thedieselandexcess

powerperformance.Thesimulationcombinedwith theactualavailability ofthewind/diesel

demonstratesthata wind/dieselsystemlike Molokai’s should be economicallyandtechnically

successfulat Alealoa ThesmallestAlealoapump/motorwould require225 kW dieselwith about

2,000gallonsoffuel storageandbetween600 to 800 kW of wind energy. Alealoaalreadyhas

100,000gallonsofwaterstorage,allowing sufficient time for dieselto cold start.

AppendixIX establishesa preliminaryprojecteconomicevaluationusing theMolokai

wind/diesel’sactualperformance.To beginto showpositivecashflow at leastsix V17’s would

beneededto operateone 185 kW demandpump. Alealoa (Napili) Pump “B” wasmodeled.
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3 Turbine
Average Total Diesal Total Excess
Hour KWH KWH KWH KWH

1 20.56 131.96 25.33 157.30 62.30
2 20.04 125.00 28.50 153.50 58.50
3 19.22 115.34 41.17 156.51 61.51
4 18.33 105.63 41.17 146.79 51.79
5 17.99 102.68 44.33 147.01 52.01
6 18.55 109.56 34.83 144.39 49.39
7 18.94 117.23 31.67 148.90 53.90
8 19.08 120.38 41.17 161.55 66.55
9 19.45 124.98 28.50 153.48 58.48

10 20.20 133.53 19.00 152.53 57.53
11 140. 7~ 19.00 159.7~ 64.7~
1~ ;~1..~ 146.~9 1~.61 158.95 6~.95
13 21.59 149.75 1~.67 16~.4~ 67.4i~
14 21.63 150.38 12.67 163.05 68.05
15 21.19 144.90 15.83 160.73 65.73
16 21.13 145.13 15.83 160.97 65.97
17 21.22 144.37 19.00 163.37 68.37
18 21.32 142.16 15.83 157.99 62.99
19 21.46 144.58 12.67 157.25 62.25
20 21.79 148.48 9.50 157.98 62.98
21 21.37 144.37 15.83 160.20 65.20
22 21.97 150.13 12.67 162.85 67.85
23 21.97 150.67 6.33 157.00 I~2.00
24 21.57 144.76 15.83 160.59 65.59

Table9: 24-HOURAVERAGE POWERPRODUCTIONFOR SYSTEMCOMBINATION WIND/DIESEL
‘.0
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CONCLUSIONSAND RECOMMENDATIONS

The State’swaterresourcesarevital to Hawaii’sdaily livelihood. Eachislandon

its own mustlocateor createits domestic,agricultural,andindustrialwater resources.

Similar to electricaltransmission,eachisland is isolatedandindependentin trans-

portingthe waterresourceto its communities. Thereis no alternative,no borrowingin an

emergency,or purchasingfrom anotherstate,ason themainland.

Hawaii’swaterresourcescomefrom rain only. Therain settlesin surfacecatch-

ments,aquifersin themountains,andpercolatesto thebasallensundereachisland. A

significantpercentageofwateris pumpedfrom deepwells tapping thebasallens. These

deepwell pumpsareall drivenby electricmotors. Themajority receivepowerfrom the

utility, andthe utility primarily usesfossil fi.iels for their electricitygeneration.

Throughouttheworld wind energyhasbeenusedto pumpwaterfor hundredsof

years. Early drawingsofHonolulushowwindmills beingused.

The wind energyresourcein Hawaii is largerthanthe utility’s ability to absorbit

into its system(5% to 10%ofannualpeakload,basedon somecalculations). Water

pumpingwill enhancetheuseoflargeramountsofwind energyin theState. Although the

tradewindsblow consistentlythroughoutthe islandchain,certainareason eachisland

receivehigherconcentrationsdueto geography,topography,andthephysicallocationof

eachislandrelativeto its neighbor.

Severallimiting factorswill, andhave,constrainedtheability to developwind en-

ergyevenin themost remoteareas. Theislandshavelimits on landavailability dueto

largeland holdings, resorts,andurbansprawl. Visual impactsmaybe ofmoreconcern

becauseview planesarenarrowerandmorecondensed.

Otherconsiderationsfor wind energyandresourcedevelopmentare: system

reliability andavailability ofpower(intermittency),thecostof thepower,including

transmissionandstorage,and theinstitutionalacceptability. TheMolokai wind/diesel

hybrid systemhasprovenwind energy’ssuitability for providingpowerto waterresource

development.

A cooperativerelationshipbetweenthestate,counties,anda renewableenergyde-

veloperis the key to theintegrationof wind energyandwaterresourcedevelopment.Any

projectcreatedbetweentheDepartmentsofWaterandan IPP will requirea landand

easementagreement,transmissionanddistributionarrangement,andpurchasepowercon-

tractsbetweentheDepartmentsofWater,theIPP, andtheutility. Theutility is neededfor

purchasingexcesspowerandemergencystandbyif all othersystemsfail.
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All that hasbeenlearnedfrom thisdemonstrationnow needsto be commercially

developed. TheAlealoasystemon WestMaui and theLalamilo systemon thebig Island

areperfectcandidatesfor commercialwind andwaterpumpingfacilities.

Lalamilo alreadyuseswind energy,but shouldincorporateadedicateddieseland

newer,moreefficient wind turbines.

Basedonwaterpumpingrequirements,thewholeAlealoa systemshould incorpo-

rateapproximatelytheequivalentof 500-kW rateddieselgeneratorsand two (2) or more

MW ofwind. The500 kW-rateddiesel(s)arerequiredto operatetwo pumpsat any time.

Theratedcapacityofthewind turbinesis approximatelyfour timesthe demanddueto

annualcapacityfactorsbetween25 to 30 percent. All excesswould be sold to theutility.

To remainunderthePURPArules, thedieselenergyusemustbe lessthan25%ofthe

total systemoutput. This maybe accomplishedby additionalwind turbines,largerwater

storage,ortheuseofan alternatenon-petroleum-basedfuel, like ethanol. In orderto

install thesystems,landmustbe leasedandpurchasepowercontractsbetweenthe

respectiveDWS’s, Zond, andtheutilities mustbe signed. As a result ofthis demonstra-

tion, a combinedeffort betweenstateandcountywaterresourcesand landagencies

shouldmoveto developingwind/dieselhybrids on eachisland.

Conclusions
A greatdealhasbeenaccomplishedby thewind/dieselhybrid.

1. A commercialwind energysystemhasprovenreliability.

2. Waterpumpingpotentialhasbeensimulatedandverified.

3. Penetrationlimits with little impactto theutility havebeenaccomplished

above10%.

4. Remoteand automaticcontrolof thesystemhasbeendemonstratedreliable

andefficient.

5. DetailsofHawaii’s atmosphericconditionsaffectingwind turbineoperation

and life spanhavebeenobserved,with further informationto be learned.

6. Detailedwind datahasbeencollectedaddingto Hawaii’s wind resource

databank.
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APPENDIX I

HISTORICAL WiND DATA

Wind speedanddirectionaldatamonitoredandcollectedat
projectsite. Datatoweris anNRG 90-foot,tilt-up tower
approximately100 feetupwind from turbines.



MONTHLY AVERAGES

* INDICATES FILLED VALUE USING AVERAGESFROII OTHER YEARS

MQLOKAI HAWAII
AIR DENSITY: 1.225 K~/i”3

NOV. 1993

MR290 ANEMOMETER HEIGHT: 90 FT.

MONTH 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 AVERAGE

JAN 12.03* 12.03 12.03
FEB 15.78* 15.78 15.78
MAR 17.06

19.58
18.32

APR 12.00 20.31 16.16
MAY 12.08 19.17 15.62
JUN 20.54 19.88 20.21
JUL 20.43 19.78 20.10
AUG 22.87 18.52 20.69
SEP 17.34 14.13 15.74
OCT 15.18 15.60 15.39
NOV 17.27 18.85 18.06
DEC 16.75 16.75* 16.75

~VE: 16.61 17.53 17.07
DEV: 3.514 2.647 2.512

STD. POWER %
DEY. WIND £51 POWER

5.87
7.70

95.22
214.82

2.67
6.02

1.785 8.94 341.27 9.57
5.875 7.89 276.47 7.75
5.011 7.63 240.75 6.75
0.466 9.87 451.90 12.67
0.462 9.81 444.72 12.47
3.077 10.10 500.70 14.04
2.269 7.68 219.95 6.17
0.299 7.51 199.53 5.59
1.116 8.82

8.18
324.10
257.11

9.09
7.21

TableI-I: HISTORICAL WIM) DATA
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Figure I-I: PERCENTWIND POWERDiRECTION

NORTH

0 DEG

Hawaii SC~D~

JUN/92

NOTE D~1TPSORTED INTO 11.25 DEGREE INTERV~LS

NOTE : ONLY D~T~V1~LUES2/. OR GREflTER PRE PRINTED

NOTE : GR~PHSHOWSPERCENTflGE OF TOTPL WIND POWER

270 90

180 DEG.



68

Figure1-2: WINDROSE

NORTH

0 DES

Hawaii SC~D~~

JUN/92

NOTE : D~1T~SORTED INTO 11.25 DEGREE INTERVPLS

NOTE ONLY D~T~V~LUES2% OR GRE~TER~RE PRINTED
NOTE : GRAPH SHOWS PERCENTI~GE OF TOTflL TIME

~70 90

180 DES.



69

APPENDIX II

V17 POWERCURVE

AS FIELD TESTED

FEBRUARY 1992 - FEBRUARY 1993
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Table11-1: TABLE OF ACTUAL V17POWERCURVE

Mc~*k&H~wsH Powstct~v.

Fob. 02 • F.b.93

$p..d Tutbbi..1 Tu,b~n.-2
(MPH) (1(W) (1(W) (1(W)

0 0.00 0.00 0.00
1 0.00 0.00 0.00
2 0.00 0.00 0.00
3 0.00 0.00 0.00
4 0.00 0.00 0.00
6 0.00 0.00 0.00
6 0.01 0.01 0.00
7 0.02 0.01 0.02
B 0.13 0.00 0.11

9 0.66 0.30 0.71
10 1.93 1.48 2.0$
11 4.13 4.00 4.77
12 690 073 7.46
13 10.00 1090 10.71
14 13.72 13.60 1439
18 1799 17.71 18.54
15 21.96 22.01
17 30.57 30.45 27.73
1$ 31.05 31.00 3296

~.oo aG.ea 31.37
20 40.4$ 4090 42.66
21 44.60 46.17 47.21
22 40.22 60.11 52.52
23 5312 64.85 87.24
24 57.01 6090 61.72

30 61.59 03.42 0896
26 66.00 57.23 60.72
27 65.44 7090 7296

28 71.68 7395 75.42
30 74.60 77.00 79.51
30 15.81 7922 82.18
31 70.87 82.54 85.12
32 82.11 86.06 87.87

33 8496 87.63 0090
24 80.97 90.12 92.38
36 80.07 92.21 0490
36 00.06 0893 96.70

27 03.62 0693 0696
38 94.73 07.70 100.00
30 97.72 100.11 103.26
40 01.11 00.06 102.57
41 9090 108.00 107.30
42 0.00 0.00 0.00
43 0.00 0.00 0.00
44 0.00 0.00 0.00
46 0.00 0.00 0.00
40 0.00 0.00 0.00
47 0.00 0.00 0.00
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APPENDIX III

TECHNICAL CONTROL DESCRIPTION

Includingelectronicdescriptionof:

DistributedIntelligenceController(DICS)

AdvancedDataAcquisitionSystem(ADAS)

SupervisoryControlandDataAcquisition System(SCADA)
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ElectronicDescription,Distributed IntelligenceControlSystem(DICS) for V17
ReplacementController

With the exceptionof thegeneratormain’sconnectionandsynchronization,all

otherfault, monitoring, andcontrolrequirementsarehandledby theZond’sDistributed

IntelligenceControlSystem(DICS) motherboard.This boardcontains12 individual

modulesthat makeup its controlandmonitoringfunctions. Faultsstatus,operational

status,andmanualcontrolfunctionsareavailablefrom thesemodules. A thirteenthmod-

ule, the Outof Phasemodule,is locatedin thehigh voltagesectionofthe controller. It

generatesa signalto theDICS motherboarduponan out-of-phasesequencefault.

TheDistributedIntelligenceControlSystemmotherboardis comprisedof 14 indi-

vidual, easily-removablemodules,andonemotherboard.Nine mini-modulesarelocated

in a singlerow at thetop, with thethreelargermoduleslocateddirectly belowthem.

All connectionsbetweenthemotherboardandtheremainingcontrollerarehandled

throughthethreemain terminalblocks(TB 1, TB2, andTB3). All inter-moduleconnec-

tionsareetchedinto this circuit board,eliminatingtheneedfor handwiring between

modules.Shieldedconnectionsarerun with “ground guards”on both sidesoftheetched

tracebetweentheterminalblock andthemoduleto which it is terminated.

Eachmotherboardis conformalcoatedwith amilitary gradehard plasticconformal

coatingto protectit from moistureandhumidity. This coatingalsodecreasescorrosion

dueto humidity ormoisture.

A. Display ModuleDescription

TheDisplay Module is oneofthethreelargemoduleslocatedin the lower,

left-handportionoftheDICS motherboard. ThefunctionoftheDisplayModule (DM) is

to providedisplayof wind speed,availablehoursaccumulated,andbasehoursaccumu-

lated.

B. ControlModule Description

The ControlModule (CM) is locatedin thecenterbottomoftheDICS mother-

board.Its functionis to providemanualcontrolfor thebrake,theyawmotor, andto effect

manualresetof faults. Five bright incandescentlampsprovideindicationoftheseparame-

ters,including turbineyawing left, turbineyawing right, fault, brakereleased,andbrake

applied.TheControl Module alsoincludessnubbingdiodesfor theyawcontactorcoils,

K3 andK4, and for thebrakesolenoid.

The mainmanualcontrol knob, locatedin the centerof themodule, is thebrake

fIrnction switch. It hastwo positionslabeled“Stop” and“Auto.’ Whenthereareno faults

placingthis switch in theAuto positionreleasesthebrakeby applying the brakesolenoid



Figure A-6: THE DISTRIBUTED [NTELLIGENCE CONTROLLER(DICS)
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with a supplyvoltage. Placingtheswitch in theStop positionsetsthebrakeand brings

theturbineto astop. This position alsoremovespowerfrom thebrakesolenoid. Brake

statusis indicatedby thegreenandred incandescentlampswith thered lamp indicating

that thebrakeis appliedandtheturbineshouldbe stopped. Thegreenlamp indicatesthat

thebrakeis releasedandtheturbineis operational.

C. FaultModuleDescription

TheFault Module(FM) is locatedon the lower right-handsideof theDICS

motherboard.Theprimaryfunctionofthis moduleis to indicatefault conditions,remove

powerfrom thebrakesolenoidsuponfault conditions,and memorizethesefault

conditionsin caseofpoweroutages.A secondaryfunctionofthis moduleis to create

faultoutput signalsfor controlof variousfunctionswithin thecontroller.

FaultsaredefinedasHardor Soft. Soft faultswill automaticallybe resetby the

FaultModulewhentheyareno longerpresenton theFM’s input. Hardfaultswill remain

in the faultedconditionuntil an operatorora remotesystemeffectsaResetfunction. The

autoresetperiodfor soft faults is pre-setwithin theFault Moduleat 60 seconds.

D. Lossof PhaseModule Description

TheLossof PhaseModule,orLOP, is oneof theninemini-moduleslocatedin the

upperleft-handcornerof theDICS motherboard.Theprimaryfunctionof this moduleis

to monitorthegeneratorcurrentandprovide a fault outputfor a lossofphasecurrent

situation.Currentsignalsareprovidedby CTA, CTB, andCTC locatedbetweenthe

outputoftheEnerproASC unit andtheMECO line input. Thesearetheoriginal Vestas

currenttransformerswith a currentratioof200 to .4. Theyareterminatedin I ohm

resistors,andthereforehaveaRMS voltageacrossthemof400 millivolts at a generator

currentof 200amperes.

E. AC Mains Module Description

TheAC Module, orACM, is oneof ninemini-moduleslocatedin theupper

left-handportionoftheDICS motherboard.Thefunctionofthis moduleis to measurethe

line voltageandfrequency,andsignaltheFaultModule during outoftoleranceconditions.

It employsa single8-bit micro controller,one8-bit analogto digital converter,anda dual

op-ampto completeits circuitry. Theentirecircuit is containedon a single2.5 x

2.85-inchcircuit board. Signalinput is obtainedfrom thetransformer.

TheACM moduleis designedto measurebothunderand overAC mainsline

voltage. It is alsodesignedto measureboth underand overAC mainsline frequency. The

parametersset for theV17 turbineare: I) + or - 1 hertzoffrequencyvariationfor 16

cycles,and 2) + or - 10%line voltagevariationfor 1/2 second. Eitherof thesefaultswill
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causetheACM LED to light. Furthermore,theACM will signaltheFaultModule, which

will set a latchingsoft fault indicatedby theAC mainsLED. A secondLED on theAC

mainsmoduleis usedto indicatethat poweris appliedto that module.

An AC mainsfault generatedby theACM moduleis considereda soft fault. Sixty

secondsaftertheAC mainsvoltageandfrequencyconditionsreturnto theirnominal

values, this fault will automaticallyreset,returningtheturbineto operationalcondition.

This resettimer is locatedin theFaultModule asdescribedin paragraphC.

F. ExcessPumpingTime Module Description

TheExcessPumpingTimemodule,or EPT, is oneoftheninemini-modules

mountedon themotherboardin theupperleft-handportion. Thefunctionofthemoduleis

to time thebrakepumpcontactorandprovidea fault if this time exceedsa pre-setamount.

TheEPT module employsa dip switch for selectionpumpingtimesbetween5 secondsand

8 minutes.Brake pumpmotor function is monitoredby themoduleand displayedon a

singleLED notedasPUMPon theoutsideofthemodule. Immediatelyfollowing a

pumpingtime thatexceedsthepre-settime, a secondLED labeled“EPT” will alsobe

displayed. A third LED is usedto indicatethat poweris appliedto themodule.

TheEPT module’sfault output(EPT) is connectedto theFaultModulesothat

during an EPT fault, theFaultModule will removetheoperatingpowerto thebrakepump

contactorandcausethepumpmotor to stoppumping.

G. Wind TriggerModuleDescription

TheWind TriggerModule (WTM) is locatedamongthe ninemini-modulesnear

the middle ofthetop of themotherboard.TheWind triggermoduleperformsnearly the

samefunctionsastheolderZond Wind Triggerusedon all VestasV15 and V17 turbines.

TheprimaryfunctionsoftheWind Triggerareto providehigh wind over speedfault

signaling,providemediumwind speedsignaling to theauto-untwistsystemfor disabling

the autountwisting,andfinally to providelow wind speedsignalingto enabletheauto

yaw system.A secondarypurposeis to providea signalfor theControlModulewind

speedmeter.

TheWind triggerModule, ORWTM, employsasingle8-bit micro-controllerand

a simpleanemometeramplifier to monitor thewind speedsignalsoriginating from the

maximumtype40 cup anemometer.Thiscup anemometerprovidesa low frequencysine

wave signalthat is directlyand linearly proportionalto wind speed.

H. Auto Yaw Module Description

TheAuto Yaw Module, or AYM, is one oftheninemini-moduleslocatedin the

centerofthe top of themotherboard.Thefunction ofthis module is to generateyawing
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signalsfor thecontrolleruponerror signalsgeneratedby thewind vane. Thesecondary

functionoftheAYM is to effect a 90°out-of-the-windyawing functionduring any fault

condition. This is accomplishedby selectinga secondpairof wiresfrom thewind vane

that generatesthe90°out-of-wind yawing.

TheAuto Yaw Module outputs,Auto Yaw Left (AYL) andAuto Yaw Right

(AYR), arepassedon to the Auto Untwist Module. During normalconditions,whenthe

cable is not over-twisted,thesesignalsaresimply sentto the yawmotorcontactorsto

effect yawmotoractionin theappropriatedirection. TheAuto Untwist Modulewill

inhibit the functionof thesesignalsduring conditionsrequiringan untwistingofthe

turbine’scables.

TheAuto Yaw Module is enabledby theWind TriggerModule.Whenthewind

speedhasbeenabove7 miles perhourfor oneminute, theAYE, or Auto Yaw Enable,

signalwill enableautoyaw in theAuto Yaw Module. Onceenabled,theAuto Yaw

Module will monitorsignalsfrom thesensorsmountedinsidethewind vane. These

sensorstell theAYM whenthenacelleis out ofpositionwith thewind direction. The

AYM will activateeitheran AYL or AYR output signalwhenoneofthewind vaneerror

signals(Yaw Left orYaw Right) hasbeenpresentfor six seconds.Onceselected(either

AYL orAYR), thesesignalswill remainfor aminimum of 3 secondsevenif thereis no

correspondingsignalfrom thewind vane. Thepurposeofthis algorithm is to help the

wind turbinetrackandstay into thewind without undueoperationoftheyawing motor

andassociatedcontactors.

TheAuto Yaw Module functionsin thesamemannerastheoriginal V15 andV17

VHA4 modulewith Zond’smodificationapplied.

Thewind vaneis manufacturedby NRG systemin Vermontto Zond specifications.

This vaneis fully compatiblewith olderVestasV~5andV17 wind vanesand canbe used

asa direct replacement.Thewind vanehasmanyimprovementsover theVestas’design,

including transientover-voltageprotection,reversevoltageprotection,andincreased

dampingto its yawing response.TheAuto Yaw Moduleprovidesall of the supply

voltagesfor the wind vane.

I. Auto Untwist Module Description

TheAuto Untwist Module, or AUM, is one ofthenine mini-moduleslocatedin

thetop centeroftheDICS motherboard.Thefunctionof this moduleis to monitor cable

twist signalsfrom thecabletwist sensoranduntwist thecableby control oftheyawmotor

whenthecableis overtwisted. Thesecondaryfunctionofthis moduleis to monitor the
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automaticyawing signalsoriginatingfrom theAuto Yaw Module andallow or disallow

themto be usedfor controloftheyawmotorcontactors.

TheAUM consistsof asingle 8-bit Motorolamicro-controller. Thiscomputer

monitorsthreecabletwist signalsoriginating from the nacellemountedcabletwist sensor.

Thesesignalsare: 1) “3 Turnstwisted Right” (3TR), 2) “3 TurnstwistedLeft” (3TL),

and3) “Turns Count signal” (TC). Thefunctionofthe moduleis to causetheyawmotor,

throughtheyawmotorcontactors,to yaw anduntwist thecableonceit hasbecome

twisted.The 3TR and3TL signalstell themodulewhichway thecableis twistedandhow

muchit hasbeentwisted. This function oftheAuto Untwist Moduleis disabledduring

wind speedabove20 miles perhourby a signalappearingon theAUD line originating

from theWind Trigger.

During thetime whenthewind speedis above20 miles perhourandthe untwist

functionofthis moduleis disabled,theturbinecancontinueto twist. To preventexcess

cabletwist, the modulemonitorstheturnscountersignalwhich providesa signalevery 1/2

turn. Therefore,oncethewind speeddropsto below20 miles per hour,the

micro-controllerwill untwist either left or right threeturnsplus thenumberof 1/2 turns

accumulated.

The Auto Untwist Module signalstheFaultModulevia theAuto Untwist (AUN)

line whenit hasbegunan automaticcableuntwistingsequence.This is a soft fault

conditionandoncethe Auto Untwist Module hascompletedtheuntwisting, theAUN line

will againgo high, signalingtheFaultModule that thereis no longer a fault. Oneminute

later theFault Module will resetthis fault andtheturbinewill be allowedto operatein its

normalfashion.

J. GeneratorControlUnit Module Description

The GeneratorControlUnit (GCU) is oneoftheninemini-moduleslocatedin the

upperright-handcorneroftheDICS motherboard. The functionof theGCU is to enable

theEnerprosoft startASC systemcontrolthepowerfactor correctioncapacitor

contactor,generatea fault outputin caseofa generatorover-speed,andfinally, generatea

fault outputin caseofa failed tachometersensor.

The GCU employsan 8-bit micro-controllerwhich very accuratelymeasuresthe

rpm or rotationalspeedofthegenerator.A standardElectromaticDU-lO “Horseshoe

Sensor”is usedcoupledto a steelbarwhich rotatesalong with therotorof theturbines

110-kilowattgenerator.TheGCU measuresthetime requiredfor eachpulseand

determinestheoperatingspeedofthegenerator. At 1150rpm theGCU signalsboth the

EnerproASC unit andthecapacitorcontactorto activate. This is indicatedby a LED
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TheGTM moduleis ahighly accuratetemperaturecompensatedinstrument. Total

accuracyis + or - 1°Covertheentireoperatingtemperaturerangeofthemodule, -25°to
+85°C.It is designedto operatewith 100ohm PTC sensors.Thesesensorshavea

resistancethat varieswith temperaturesuchthat any increasein temperaturewill causean

increasein resistance.Theresistanceat 134°C(273.2°F)will = 149ohms.

L. PropellerControlUnit ModuleDescription

ThePropellerControlUnit module,orPCU, is oneoftheninemini-modules

locatedin theupperright-handcorneroftheDICS motherboard.Thefunctionof the

moduleis to monitor therotationalspeedwind turbineshub (slow speedshaft)and

providefault outputsin caseofoverspeedconditions. A secondfunction ofthemoduleis

to providea brakesolenoidsupplyoutputvoltagein caseofanover speedconditionthat

continuesto accelerateeventhoughthe brakehasbeenappliedor in thecasewherethe

applicationofthebrakedoesnot slow therotordown. During theseconditionsthe

modulewill re-supplythe brakesolenoidwith powerso that thebrakewill re-releaseand

theturbine’s tip flaps canbe actuated,therebyslowing therotor to below an over speed

condition. A third functionofthemoduleis to providea faultoutputcondition in caseof

afailed DU-lO low speedshafttacksensoreitheropenor shortedor internallyfailed.

Error Reduction in Wind Turbine Field Testing UsingtheAdvanced Data

Acquisition System
Zond’s Advanced Data Acquisition System,or ADAS, is a distributed

multi-source,synchronous,multi-channeldatarecorder.By employing remote

multi-channeldataacquisitionmodules,theADAS recordsdataat thesourceofthe

requiredmeasurement.Theseremotemodulesacquiretime synchronizedanalogand

digital dataand communicateto a hostcomputerovera hardwire or radiotelemetry

interface. TheADAS greatlyreducescommondataacquisitionsystemerrorsthroughthe

useofinnovativehardware,software,anddigital signalprocessing.

TheADAS, employinghigh impedanceinstrumentationamplifiers, eliminateslead

length resistancein sensorsignal lines. By employingvoltagesenseleads,theADAS

eliminatesvoltagedropsnormally associatedwith theappliedexcitationvoltage. Careful

aliasfilter designandconstructionleadto low phasedistortion, a commonaffliction of

suchfilters. By employinghigh frequencyintegratingconvertersandhigh performance

instrumentationamplifiers, mostnoiseproblemswithin thealiasfilter passbandare

reducedor eliminatedentirely. Finally, theoverall ADAS accuracyapproachesits

specifiedlinearity (+1- .005%ofFull Scale)throughselfcalibrationand linear regression.
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Recordingdatafrom an operatingwind turbineis no simple task,especiallyon

Molokai. Stringentrequirementsareplacedon theturbine’sdataacquisitionsystem

including: operationoverawide rangeofmeteorologicalvariables,in conjunctionwith an

electricalnoisy environment,andon movingorrotatingequipmentwhile subjectto

vibrations. Complicatingtheseenvironmentalandphysicalrequirementsaretheobvious

needsofaccuracy,resolution,recordingspaceanddataintegrity.

Despitetheadvancesin PC-baseddataacquisitionsystems,mostrecorderssuffer

from cumulativeerrors(McNiff andSimms, 1992, AnalogDevicesStaff, 1986),that

reducetheiroverall effectiveness.Manyrecordersarerelativelyprecisebut lack basic

accuracy,especiallywhenmeasuredoverthewide temperaturerangerequiredby an

operatingwind turbine. Eventhosesystemsthat maintainaccuracyover an extended

temperaturerangecansufferfrom errorsdueto theproblemswith Wheatstonebridge

excitationandmeasurement,electricalnoise,aliaserrors,andsensorlead length

resistance.

Recently,theAdvancedDataAcquisition System,or ADAS, (Simmsand

Cousineau,1992)wasintroduced. This systemfinally satisfiedtherequirementsfor a

relativeinexpensive,environmentalhardened,andhighly accurateinstrumentwith a large

recordingspace. Usingstate-of-the-art32-bit micro-controllertechnology,previous

designapproaches(Cousineau,1989),andNationalRenewableEnergyLaboratory

specifications(SimmsandCousineau,1992),thefirst ADAS units weremanufacturedand

placedinto servicein thefall of 1992.

TheADAS doesnot compromiseits accuracyandprecisionto achieve

environmentalspecifications.It employsboth hardwareandsoftwaretechnologyto

achieveasignificanterrorreductionover conventionaldataacquisitionsystems. Errors

causedby leadlengthresistance,excitationvoltagevariations,spanandoffset calibration,

aliasesand commonmodevoltagesarereducedandmanytimeseliminated.

SupervisoryControland DataAcquisition SystemDescription
TheZond/Molokaiwind/dieselproject,consistingofthreeVestasV17 wind

turbinesand onedieselgenerator,is monitoredvia a SupervisoryControland Data

Acquisition system(SCADA). Thissystemallowsoperatorsat thewind parksiteandat

remotesitesto monitor andcontroleachoftheturbinesandthemeteorologicaltower

from a computerkeyboard. Remotemonitoring andcontrol is accomplishedusing

standardIBM PCtypecomputerscommunicatingwith an electronicmodemover a

standardtelephoneline.
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SystemHardware Description

Main SCADA ComputerSystem

A rackmounted,industrialquality, 16 MHz 80286CentralProcessingUnit

(computer)is usedfor overall monitoringand controlvia two communicationlines, a

RS-422to the sub-systemcomputersandatelephoneline to the remotecomputers.The

main 80286computeris housedin theproject’sdieselgenerator/controlbuilding.

Thiscomputersystememploysa TexasMicrosystemsindustrialquality main frame

employinga passivePCbustypemotherboard.Attachedto the motherboardarethe 16

MHz 80286computer,a 520 kilobyte by 8 bytesolid statedisk drive, aHayescompatible

1200baudmodem,andtherequiredmonitor, floppy andharddrivecards. Thesystem

employsasingle3 1/2 inch high densitydisk drive, and a fast 40 megabyteharddrivefor

datastorage.Thekeyboard,computer,andmonitor areall mountedinsidea 6-foot

industrialrackcabinetfor protection.

TheAC wiring ofthis cabinetincludesadedicatedtransformerandline transient

protectionthroughtheuseofMetal OxideVaristors. This transformeralongwith the

isolatedcommunicationadapterprovidea degreeofelectricalisolationof this computer

systemfrom both theAC line andtheSCADA sub-systemcomputersandtheirassociated

control systems.

A programfor operating,displayingandcontrolofthe SCADA systemis written

in Microsoft Quick Basicandcompiledinto amachinecodeprogram. This programwill

startup andrun independentof anyoperatoroncepowerhasbeenappliedto the Texas

Microsystemcomputer.

All wind turbine,dieselgenerator,andmeteorologicaltowerstatusand

accumulatorpoints aredisplayedon an easy-to-readoverviewscreen. This screenis

updatedeveryfive secondsfor operatorconvenienceandsafety.

SCADA Communications

Communicationto theSCADA sub-systemcomputersat theturbines,diesel

generator,and mettower is accomplishedthroughCOMM1 ofthe 80286’stwin RS-232

serialports. This port is connectedto an electricallyisolatedPhoenixContactRS-232to

RS-422converter.

The outputoftheRS-232to RS-422converteris connectedthroughstandard

direct burial communicationcable. Thiscableconsistsofsix twisted pairswith overall

solid coppershield. Two pairsareusedfor communicationwith fourpairsfor sparesor
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futureexpansions.RS-422consistsof individual transmitandreceivelines, fully

differential andthereforefequiringtwistedpairs for each.

Equipmentprotectionagainstlightningandother transienteventsis accomplished

by the installationof over-voltageprotectorson thecommunicationcableneareachof

their terminations. Theseprotectorsareinstalledin the80286computerrack, andoneat

eachSCADA sub-system.An electricalwiring diagramofthecommunicationsystems

shownin drawing9007A,

Communicationsbetweenthemain SCADA computerandtheSCADA

Sub-systemcomputersis completedeveryfive seconds.Any commandsreceivedby the

main SCADA computer(suchasa commandto shutdownthepark from oneof the

remoteSCADA computers)will be acteduponwithin onesecondandreceivedby the

SCA.DA Sub-systemcomputerswithin five seconds.Actual stoppingtime for aV17

turbinevariesdependinguponthewind velocity, but averagesbetweenthreeandfive

seconds,giving an overall responsetime ofbetweennineand elevenseconds.

All statusand accumulatorpointsmonitoredby theSCADA Sub-system

computersarealsocommunicatedto themain SCADAcomputerevery five seconds.This

allows rapiddisplayofall pertinentdataby systemoperatorswithout waiting for

five-minutevaluesto be accumulated.

SCADA Sub-SystemComputers

A SCADA Sub-systemcomputeris locatedat eachof thefive sites(threewind

turbines,onedieselgenerator,and onemeteorologicaltower). Eachof thesesub-systems

consistsofa PhoenixContactInterbus-RIntelligent Serial110 systemwith optically

isolatedinputsfor fault, statusand pulsetypedatamonitoring, andrelayoutputsfor

control.

TheInterbusR modulesemploy a 16-bit microprocessor(NEC V25) operatingat

an internalclockfrequencyof8 MIHz. This processoroperatesandcontrolstheRS-422

communication,andcommunicationwith theexternal110 modules. With exceptionofthe

meteorologicaltower, eachSCADA Sub-systemconsistsofoneInterbusR module,one

Interbus16-channeloptically isolateddigital input module,andone Interbus8-channel

relayoutputmodule.

Themeteorologicaltower SCADA Sub-systememploysan InterbusR moduleand

a singledigital input module. No relayoutput moduleis requiredfor datacollectionfrom

this tower. Seedrawing9005B.



84

Powerfor eachoftheInterbusR modulesis providedby DC powersupplies. In

eachturbinea single5-volt DC supply is usedfor theR modulepowerwith the 110

modulepowerbeingprovidedform theturbine’scontroller. In the met tower, two

individual DC suppliesarerequired,onefor the110 modulesandZondSCADA 110 board

(seeparagraph1.4)and a secondfor theInterbusR module. Thedieselgenerator

SCADA Sub-systemalsorequirestwo separatepowersupplies.

Sub-SystemComputerto Wind TurbineControllerInterface

InterconnectionbetweenthecontrolsystemsandtheSCADA Sub-systemis all

accomplishedby wiring harnesses.Referto theZond DistributedIntelligenceControl

SystemManualfor moreinformationconcerningoperationofthewind turbinecontrol

system.

SCADA Operations

ZondDistributedIntelligenceControllerInterface

TheInterbusR CPU modulecommunicatesto botha 16-channeldigital input

moduleanda multi-channelrelayoutputmodule. Thedigital input modulehandlesboth

statusandaccumulatorinputs. Accumulatorinputsarerequiredfor Available Hours

(AVH), AC line hours(ACO), andkilowatt hoursgeneratorby the kilowatt hour meter

pulseinitiator Y andZ outputs. Theseaccumulatorsstore5-minutepulsecountsfor the

kilowatt hoursandtotal secondsfor theAVH andACO. Theyarecollectedby the main

SCADA computereveryfive minutes.

Statuspointsarescannedeveryfive secondsby themain SCADA computer.

Thesestatuspointsarestoredin themain SCADAcomputerfor usein caseofa turbine

failure. Twenty-fourhoursofthe last five-secondvaluesarestoredfor turbinefailure

analysisby Zond personnel.Thesevaluesalongwith thefive-minutevaluescanbeusedto

determinethe sequencesof a turbinefailure. Suchasequenceis requiredin orderto

determineif a RESETmustbe initiatedor if an operatormustvisit thesite for repair

andlormaintenance.Thestatusof both kilowatt hourpulsesand ACO/AVH pulsesare

alsorecordedevery five seconds.This allows theoperatorsthechanceto determineif the

turbineis on-linewithout waiting for five-minuteupdates.

The standardcomputerdisplayshowsall of thestatuspointsandthe accumulator’s

presentstatus(high or low). Thedisplayoftheaccumulator’spresentstatusallows the

operatorthe ability to determinethepresentoperationalstatusof thewind turbine,
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includingwhetheror not it is producingpowerwithout waiting for the latestfive-minutes

valuesto change,

A relayout moduleallows remoteormain computeruserstheability to controla

portionof theturbine’soperations.Connectionsto theserelaysconsistofcontrollines

marked,EBR (ExternalBrakeControl),RST (fault ReSeT),YLC (Yaw Left Contactor

Control), andYRC (Yaw Right ContactorControl). A signalsentfrom themain

computerwill activateany oftheserelays. Faultresetcontrolallows remoteoperatorsthe

ability to clear anyfaults that might occurduringoperationoftheturbine. Brakecontrol

oftheturbine is providedby theEBRline, allowing remoteoperatorstheability to start

and stop turbineoperations.Yaw controlover theturbine’syaw systemis alsoprovided.

MeteorologicalTower Interface

TheMeteorologicaltower is locatedupwind by 1-1/3 rotor diametersofthe

number2 wind turbine. This towerhaswind speedand directionsensorsthat are

interfacedthroughtheSCADA systemviaaZond Wind Data110 board. Refer to

drawing9006Cfor interfaceandwiring details.

TheZond Wind DATA 110 boardprovidestwo KYZ outputsthat havebeen

convertedfrom wind speedandwind direction. Theseoutputsarereadby theSCADA

sub-systemcomputerdigital input moduleasshownin 9006C.TheSCADA systemcounts

thesepulsesfor five minutesandis thendownloadedinto the SCADAmain computer

systemfor storageanddisplay ofthesevalues.

Thecompletewind datainterfacesystemis locatedinsidethediesel

generator/controlroom on thesite. A direct burial cableconnectsthemeteorological

tower to this enclosure.

DieselGeneratorInterface

Drawing9006Bshowsthewiring diagramfor thedieselgeneratorinterface

cabinet.As with thewind turbineinterface,kilowatt hoursaredeliveredto the SCADA

sub-systemcomputervia thekilowatt hourmeter’spulseinitiator. TheSCADA

sub-systemcomputer’sdigital input moduleaccumulatesthesepulsesfor a five-minute

periodfor storageand displayby themain computerortheremotecomputers.

Fault statusfor thedieselgeneratoris providedasshown. Four fault statuslines

areusedto monitorlow oil pressure,high watertemperature,motor/generator

over-speed,andover-cranking. Thesestatuspointsareupdated(alongwith thekilowatt

hourpulses)everyfive seconds.



TheSCADA sub-systemcomputeralsoprovidesarelayoutputcontrol for starting

andstoppingofthedieselgenerator.This line is activatedon commandfrom themain

SCADA computeror any remotecomputer.
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APPENDIX IV

DIESEL DESIGNAND SPECIFICATIONS



(No page number  88  in original file copy.) 
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CUMMINSENGINE COMPANY,INC

Columbus. Indiana 47201

ENGINE PERFORMANCECURVE

Basic Mocu. Curve Nuniber
6CTA-8.3G C-4501-C

Dry Exh.Maniiotd Wet Exh.Manitoid Date: By

~CPL: 0831 CPL: N.A. 25Oct90 RMM

Displacement: 504.5 in.
3 (8.3 liter) Aspiration: Turbocharged & Aftercooted Rating:

Bore: 4.49 in. (114 mm) Stroke: 5.32 in. (135 mm) No. of Cylinders: 6 277 HP ( 207 kWm) @ 1800 RPM

Power output curves are based on the engine operating with fuel system, water pump and lubricating oil pump: not included are
battery charging alternator, fan. optional equipment and driven components.

Gross Engine Power Output

Engine Speed

RPM

Standby Power Prime Power

BHP kWm BHP kWm

1800
1500

277
241

207
180

252
219

188
163

-. : - .~ I

50
50~

40 12.0

40

•30 ~ 9.0

t30 I

20~ 6.0~

~ 20
Cu

10
10 3.0

0
0 0.0

I I I

0 50 100 150 200 250 300
GROSS ENGINE POWER OUTPUT — BHP

(ENGINE kWrn = BHP x 0.746)

OUTPUT POWER FUEL CONSUMPTION

% BHP kWm

j1800

U.S.GaI./HR

RPM

htrem

STANDBYPOWER
100 277 207
PRIME POWER
100 252 188
75 189 141
50 126 94
25 63 47
0 0 0

13.6

12.2
9.0
6.2
3.6
1.1

51

46
34
23
14
4

11500 RPM I
STANDBY POWER
100 I 241 180
PRIME POWER
100 219 163
75 164 122
50 110 82
25 55 41

o 0 0

11.7

10.6
7.8
5.3
2.9
0.8

44

40
30
20
11

3

I

Fuel Consumption

Data shown above represent gross engine performance capabilities obtained and corrected in accordance with lSO-3046 conditions of 100 kPa
(29.53. in: Hg.) barometnc pressure (361 ft. (110 m) altitude(, 77F (25~C)air inlet temperature. and relative humidity of 30% with No. 2 diesel or
a fuel corresponding to ASTM 2-D
See reverse side for application rating guidelines.
The fuel consumption data is based on No. 2 diesel fuel weight at 7.1 lbs/U.S. gal (0.85 kg/litre).

~. kJL~LLIECHNICAL DATA DEPT. CERTIFIED WITHIN 5% CHIEFENGINEER
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APPENDIX V

MECO [NTERCONNECTION
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APPENDIX VT

WiND/DIESEL SIMULATION

JUNE 1, 1992 - JUNE 30, 1992

For the month of June a simulation wasrunto showtheautomatic

participationof thevarioussystemcomponents.If thesystemoutput

from thewind waslessthan95 kW, thedieselwouldcomeon. The

dieselwould simulateoperationuntil 95 kW or morewasachievedby

the wind turbines. In actuality,thedieselwould only run one hourto

savefuel, yet it wascapableof continuousoperation.



TableVI-1: WIND/DIESEL SIMULATION FOR JUNE 1992

94

Maintain 95 KUl output

Total
3 Turbine Die~a1 Total Excess

Date Hour MPH KWH KWH KWH KWH

06/01/92 1 10.97 16.83 95 111.83 16.83
06/01/92 2 12.21 23.33 95 118.33 23.33

06/01/92 3 12.38 24.08 95 119.08 24.03
06/01/92 4 10.31 7.08 95 102.08 7.03
06/01/92 5 10.68 9.08 95 104.08 9.03
06/01/92 6 10.30 9.17 95 104.17 9.17
06/01/92 7 3.93 1.58 95 96.53 1.53
06/01/92 9 6.63 0.17 95 95.17 0.17
06/01/92 9 2.98 0.00 95 95.00 0.00

06/01/92 10 6.83 2.00 95 97.00 2.00
06/01/92 11 11.30 15.75 95 110.75 15.75
06/01/92 12 14.06 45.75 95 140.75 ~+5.75
06/01192 13 16.65 79.56 95 174.58 7’~5~
06/01/22 14 17.73 94.33 95 189.33 34.33
06/01/92 15 16.35 73.67 95 168.67 73.67
06/01/92 16 16.02 70.59 95 165.58 70.53
06/01/92 17 15.59 64.50 95 159.50 64.50

06/01/92 18 14.86 34.58 95 I~9.58 34.58
06/01/92 19 13.01 29.08 95 124.08 29.08
06/01/92 20 14.93 56.50 95 151.50 56.50
06/01/92 21 10.18 18.53 95 113.59 18.58
06/01/92 22 9.85 9.00 95 103.00 8.00
06/01/92 23 11.22 17.17 95 112.17 17.17
06/01/92 24 12.46 27.17 95 122.17 27.17
06/02/92 1 14.29 47.92 95 142.92 47.93
06/02/92 2 13.55 39.17 95 134.17 39.17
06/02/92 3 8.62 1.42 95 96.42 1.42
06/02/92 4 8.80 0.17 95 95.17 0.17
06/02/92 5 6.43 0.00 95 95.00 0.00
06/02/92 6 5. 11 0.00 95 95.00 0.00
06/02/92 7 4. 84 0. 00 95 95. 00 0. 00
06/02/92 8 7.18 0.33 95 95.33 0.33
06/02/92 9 9.84 6.33 95 101.33 6.33
06/02/92 10 13.39 36.00 95 131.00 36.00
06/02/92 11 12.82 34.58 95 129.58 34,59

06/02/92 12 13.19 35.50 95 130.50 35.50
06/02/92 13 16.40 72.92 95 167.92 72.92
06/02/92 14 16.64 81.67 95 176.67 81.67
06/02/92 15 17.47 95.92 95 180.92 85.92
06/02/92 16 16.87 79.17 95 174.17 79.17
06/02/92 17 16.04 73.58 95 168.58 73.53
06/02/92 18 17.22 36.08 95 181.08 36.08
06/02/92 19 18.61 106.17 0 106.17 11.17
06/02/92 20 13.83 104.58 0 104.53 9.58
06/02/92 21 16.48 73.50 95 167.50 73.50
04/03/92 22 18.29 97.75 0 97.75 2.75
06/02/93 23 19.14 108.50 0 108.50 13.50

06/02/92 24 19.28 110.83 0 110.83 15.83
04/03/93 1 18.78 102.08 0 102.08 7.08
06/03/92 2 14.89 51.58 95 146.53 51.58



TableVT-I: WIND/DIESEL SIMULATION FORJUNE 1992 (continued) 95

06/03/92 3 14.38 50.75 95 145.75 50.75
06/03/92 4 12.57 28.42 95 123.42 23.49
06/03/92 5 7.17 0.17 95 95.17 0.17
06/03/92 6 7. 37 0.00 95 95.00 o. oo
06/03/92 7 2. 65 0. 00 95 95.00 0. oo
06/03/92 9 0.31 0. 00 95 95. 00 0. 00
06/03/92 9 3. 43 0.00 95 95. 00 0.00
06/03/92 10 6.55 0.00 • 95 95.00 0.00
06/03/92 11 8.05 0.33 95 95.33 0.33
06/03/92 12 7.16 0.83 95 95.83 0.83
06/03/92 13 9.26 6.00 95 101.00 6.00
06/03/92 14 9.38 11.17 95 106.17 11.17
06/03/92 15 5.71 0.00 95 95.00 o.oo
06/03/92 16 5. 88 0.25 95 95. 25 0.25
06/03/92 17 9.65 3.33 95 98.33 3.33
06/03/92 19 12.73 31.00 95 126.00 31.00
06/03/92 19 11.46 19.00 95 114.00 19.00
06/03/92 20 6.81 1.00 95 96.00 1.00
06/03/92 21 5. 86 0. 00 95 95. 00 0. 00
06/03/99 22 9.44 7.42 95 102.42 7.49
06/03/92 23 18.30 95.25 0 95.25 0.25
06/03/92 24 13.82 40.67 95 135.67 40.67
06/04/92 1 11.77 18.92 95 113.92 18.92
06/04/92 2 11.88 20.08 95 115.08 20.08
06/04/92 3 9.21 5.00 95 100.00 5,00
06/04/92 4 11.53 21.08 95 116.08 21.08
06/04/92 5 12.66 26.50 95 121.50 26.50
06/04/92 6 13.72 41.83 95 136.83 41.83
06/04/92 7 13.20 39.17 95 134.17 39.17
06/04/92 8 11.21 21.42 95 116.42 21.42
06/04/92 9 15.59 62.75 95 157.75 62.75
06/04/92 10 18.78 107.58 0 107.58 12.53
06/04/92 11 17.49 86.58 95 181.58 96.58
06/04/92 12 18.90 106.75 0 106.75 11.75
06/04/92 13 20.16 124.33 0 124.33 29.33
06/04/92 14 19.58 118.00 0 118.00 23.00
06/04/92 15 18.03 96.67 0 96.67 1.67
06/04/92 16 17.68 96.42 0 96.42 1.42
06/04/92 17 17.37 86.00 95 181.00 86.00
06/04/92 18 17.43 90.00 95 185.00 90.00
06/04/92 19 19.59 117.83 0 117.33 22.83
06/04/92 20 20.32 125.33 0 125.33 30.33
06/04/92 21 20.75 127.58 0 127.58 32.58
06/04/92 22 19.07 107.92 0 107.92 12.92
06/04/92 23 22.03 145.58 0 145.58 50.58
06/04/92 24 22.56 154.67 0 154.67 59.67
06/05/92 1 91.93 145.75 0 145.75 50.75
06/05/92 2 18.53 96.75 0 96.75 1.75
06/05/92 3 16.59 72.50 95 167.50 72.50
06/05/92 4 15.11 56.42 95 151.42 56.42
06/05/92 5 18.13 93.67 95 188.67 93.67
06/05/92 6 20.64 127.92 0 127.92 32.92
06/05/92 7 19.44 100.58 0 100.53 5.58
06/05/92 3 17.16 81.47 95 176.47 81.47
06/05/92 9 17.25 83.17 95 178.17 83.17
06/05/92 10 15.79 70.67 95 165.67 70.67
06/05/92 11 21.31 145.75 0 145.75 50.75
06/05/93 12 19.23 121.58 0 121.58 26.59
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06/05/92 13 20.15 134.75 0 134.73 39.73
06/05/92 14 20.98 137.83 0 137.33 49.83
06/05/92 15 16.24 73.92 95 168.92 73.92

06/05/92 16 19.48 194.95 0 124.95 29.25
06/05/92 17 20.76 141.92 0 141.92 46.92
06/05/92 18 90.38 134.00 0 134.00 39.00
06/05/92 19 20.06 130.08 0 130.09 35.08

06/05/92 20 23.16 171.95 0 171.95 76.95
06/03/92 21 21.95 154.50 0 154.50 59.50
06/05/92 22 22.12 154.95 0 154.25 59,95
06/05/92 23 20.44 129.00 0 129.00 34.00
06/05/92 24 19.73 121.25 0 121.95 96.95
06/06/92 1 19.29 115.75 0 115.73 20.75
06/06/92 2 25.98 202.50 0 202.50 107.50

06/06/92 3 25.27 189.92 0 189.92 94.99
06/06/92 4 22.98 168.25 0 168.25 73.25
06/06/92 5 22.77 167.25 0 167.25 72.25
06/06/92 6 22.45 164.50 0 164.50 69.50
06/06/99 7 24.61 192.17 0 192.17 97.17
06/06/92 8 25.68 206.17 0 206.17 111.17
06/04/92 9 24.08 189.67 0 189.67 94.67
06/06/92 10 24.38 187~Z0 0 187.50 92.30
06/06/92 11 26.70 214.00 0 214.00 119.00
06/06/92 12 24.37 187.17 0 187.17 92.17
06/06/99 13 24.03 183.50 0 183.50 69,50

06/06/92 14 24.53 190.83 0 190.83 95.83
06/06/92 15 21.45 154.42 0 154.42 59.49
06/06/92 16 21.97 157.75 0 157.73 62.75
06/06/92 17 21.79 134.25 0 154.23 59.25
06/04/92 18 20.98 143.08 0 143.08 48.08
06/06/92 19 91.74 149.75 0 149.75 54.75
06/06/92 20 21.76 149.50 0 149.50 54.50
06/06/92 21 20.47 134.58 0 134.58 39.39
06/06/92 22 21.87 156.25 0 156.25 61.25
06/06/92 23 20.48 131.08 0 131.08 36.08
06/06/92 24 19.23 110.00 0 110.00 15.00
06/07/92 1 16.96 79.17 95 174.17 79.17
06/07/92 2 17.11 82.17 95 177.17 82.17
06/07/92 3 16.65 74.33 95 169.33 74.33
06/07/92 4 17.43 87.67 95 182.67 87.67
06/07/92 5 14.22 46.25 95 141.23 46.25
06/07/92 6 14.73 46.92 95 141.92 46.92

06/07/92 7 16.60 70.25 95 165.25 70.25
06/07/92 8 16.61 70.75 95 165.75 70.75
06/07/92 9 19.16 111.42 0 111.42 16.42
06/07/92 10 19.60 118.92 0 118.92 23.92
06/07/92 11 19.88 130.75 0 130.75 35.75
06/07/92 12 30.94 146.33 0 146.33 51.33
06/07/92 13 91.30 152.17 0 152.17 57.17
06/07/92 14 32.99 162. 33 0 162. 83 67. 83
06/07/92 15 32.73 165.83 0 165.83 70.83
06/07/92 16 31.28 151.00 0 151.00 56.00
06/07/92 17 21.41 150.17 0 150.17 55.17
06/07/92 19 33.81 176.42 0 176.43 81.43

06/07/92 19 21.24 135.92 0 125.92 40.92
06/07/92 20 23.02 156.17 0 156.17 61.17
06/07/92 21 20.93 131.17 0 131.17 36.17
06/07/92 32 23.18 142.50 0 162.50 67.50
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06/07/92 23 23.83 171.00 0 171.00 76.00
06/07/92 24 17.93 91.67 95 186.67 91.67
06108/92 1 22.87 165.17 0 165.17 70.17
06/08/92 2 24.00 182.67 0 182.67 87.67
06/08/92 3 15.30 59.08 93 154.08 59.08

06/08/99 4 19.91 123.17 0 123.17 28.17

06/08/92 5 22.07 157.25 0 157.25 62.95
06/08/92 6 21.48 144.58 0 144.53 . 49,53
06/08/92 7 24.21 184.33 0 184.33 89.33
06/08/92 8 27.83 224.33 0 224.33 129.33
06/08/92 9 25.71 900.92 0 200.92 105.92

06/08/92 10 24.91 193.25 0 193.25 99.25
06/08/92 11 22.79 169.00 0 169.00 74,00
06/08/92 12 21.88 157.92 0 157.92 62.92
06/08/92 13 21.37 151.17 0 151.17 36.17
06/08/92 14 21.25 152.00 0 152.00 57.00
06/08/92 15 23.85 180.75 0 180.73 85.75
06/03/92 16 24.33 186.00 0 166.00 91.00
06/08/~2 17 24.13 193.50 0 183.50 89.50
06/08/92 13 95.37 197.08 0 197.03 102.08
06/08/92 19 24.52 196.42 0 166.42 91.42
06/08/92 20 27.04 210.92 0 210.92 115.99
06/08/92 21 29.60 227.25 0 227.25 132.25
06/08/92 22 29. 88 230. 25 0 230. 25 135. 25
06/08/92 23 25.69 201.67 0 201.67 106.67
06/08/92 24 24.38 187.33 0 187.33 92.33
06/09/92 1 23.94 180.00 0 180.00 85.00
06/09/92 2 24.20 179.08 0 179.08 84.08
06/09/92 3 22.14 153.95 0 153.25 59.25
06/09/92 4 20.18 127.25 0 127.25 32.25
06/09/92 5 21.26 139.50 0 139.50 44.50
06/09/92 6 20.66 134.08 0 134.08 39.08
06/09/92 7 19.68 120.38 0 120.58 25.58
06/09/92 8 22.06 156.00 0 156.00 61.00
06/09/92 9 23.46 176.92 0 176.92 81.92
06/09/92 10 24. 13 183. 17 0 183. 17 88. 17
06/09/92 11 23.49 175.58 0 175.58 60.58
06/09/92 12 24.03 180.08 0 180.08 85.08
06/09/92 13 23.98 177.50 0 177.30 82.50
06/09/92 14 25.03 191.92 0 191.92 96.92
06/09/92 15 24.28 180.50 0 190.50 85.30
06/09/92 16 23.39 176.47 0 176.67 81.67
06/09/92 17 22.42 164.08 0 164.03 69.08
06/09/92 18 20.54 131.08 0 131.08 36.08
06/09/92 19 21.61 153.83 0 153.83 58.83
06/09/92 20 20.68 139.00 0 139.00 44.00
06/09/92 21 18.16 100.50 0 100.50 5.50
06/09/92 22 24.74 178.50 0 178.50 83.50
06/09/92 23 18.83 105.67 0 105.67 10.67
06/09/92 24 21.18 136.92 0 136.92 41.92
06/10/92 1 14.79 53.92 95 148.92 53.92
06/10/92 2 19.08 105,25 0 105.25 10.25
06/10/92 3 21.94 149.67 0 149.67 54.67
06/10/92 4 21.33 143.42 0 143,42 48.42
06/10/92 5 21.28 140.47 0 140.67 45.67
06/10/92 6 23.75 172. 17 0 172. 17 77. 17
06/10/92 7 92.18 152.42 0 152.42 57.42
06/10/92 8 23.48 171.25 0 171.25 76.25
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06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/92
06/10/9 2
06/10/52
06/10/92
06/1 1/92
06/11/92
06/11/92
06/11/92
06/11/52
06/11/92
06/11/92
06/1 1/92
06/11/52
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/11/92
06/12/92
06/12/92
06/12/9 2
06/12/92
06/12/92
06/12/92
06/12/92
06/12/92
06/12/52
06/12/92
06/12/92
06/12/92
06/12/92
06/12/92
06/12/92
06/12/92
04/12/92
06/12/92

9 24.61
10 24.03
11 22.58
12 22.27
13 22.93
14 21.10
13 21.76
16 21.73
17 21.15
19 20.33
19 20.18
20 20.23
21 21.48
22 23.37
23 23.02
24 22.24

1 19.90
2 19.73
3 20.71
4 20.81
5 20.32
6 21.10
7 21.53
8 20.46
9 21.68

10 24.33
11 24.88
12 23.97
13 24.09
14 24.73
15 23.93
16 23.62
17 23.40
18 23.29
19 24.26
20 26.43
21 26.32
22 27. 38
23 26.75
24 27.59

1 24.98
2 ~1.17
3 23.67
4 23.68
5 24.53
6 25.03
7 23.92
8 24.43
9 21.27

10 22.30
11 27.16
12 23.75
13 27.43
14 28.10
15 28.93
16 29.53
17 29.62
18 28.53

184. 83
179.08
159.58
157.00
166.75
143.67
146. 50
149. 92
140. 08
129.50
123. 75
123. 92
144. 17

147. 50
164. 42
154. 95
119. 33
100.50
131.08
133.25
129.93
136.25
146. 83
133. 50
148.33
183.83
186. 92
184.83
192.50
185. 17
178.08
178. 08
177. 50
169.53
185.50
~06. 17
208. 33
218,42
212. 67
211.42
182.00
139. 92
177.08
178. 33
183. 17
184. 17
176.50
179.08
141.33
159. 92
216.08
231.83
223. 00
226.75
937. 92
241.00
239.58
228. 92

0 194.83
0 179.03
0 159.58
0 157.00
0 166.75
0 143.47
0 146.50
0 149.92
0 140.09
0 128.50
0 123.75
0 123.92
0 144.17
0 167.50
0 164.42
0 154.25
0 119.33
0 100.50
0 131.09
0 133.25
0 129.83
0 136.25
0 146.83
0 133.50
0 148.33
0 183.83
0 186.92
0 194.83
0 182.50
0 185.17
0 178.08
0 178.08
0 177.50
0 169.53
0 185.30
0 206. 17
0 208.33
0 218.42
0 212.67
0 211.42
0 182.00
0 138.92

0 177.08
0 178.33
0 193.17
0 184. 17
0 174.50
0 179.03
0 141.33
0 159.92
0 216.08
0 231.83
0 223. 00
0 226.75
0 937. 92
0 241.00
0 239.53
0 928.92

89.83
84. 08
64. 58
62. 00
71.75
43. 67
51. 50
54. 92
45. 03
33. 50
28, 75
98. 92
49. 17
72. 50
69.42
59.25

5.50
36.08
38. 25
34. 83
41.25
51.83
38. 50

68. 83
91.92
89.83
87. 30
90. 17
63. 08
83. 08
82. 30
74. 58
90. 50

111.17
113. 33
123.42
117. 67
116.42
97. 00
43. 92
82. 03
83. 33
88. 17
89. 17
81. 50
84. 08
46.33
64.92

121.08
136. 83
128.00
131.75
142.92
146.00
144. 53
133. 92
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06/12/52 19 27.44 216.00 0 216.00 121.00
06/12/92 20 23.54 231.25 0 231.25 136.25

06/12/92 21 29.15 937.67 0 237.67 142.67
06/12/92 22 29.10 235.83 0 235.33 140.83
06/12/92 23 27.64 222.75 0 222.75 127.75
06/12/92 24 29.49 243.47 0 243.67 148.67
06/13/92 1 29.85 244.75 0 244.75 149.75
06/13/92 2 29.05 239.92 0 239.92 144.92
06/13/92 3 27.35 224.50 0 224.50 129.50
06/13/92 4 28.94 236.92 0 234.92 141.92
06/13/92 5 28.12 227.67 0 227.67 132.67
06/13/92 6 28.32 230.08 0 230.08 135.03
06/13/92 7 29.53 242.42 0 242.42 147.42
06/13/92 8 27.52 221.08 0 221.08 126.08
06/13/92 9 23.91 183.67 0 183.67 83.67
06/13/92 10 22.98 173.83 0 173.93 73.33
06/13/92 11 24.12 184.00 0 134.00 39.30
06/13/92 12 26.31 210.17 0 210.17 115.17
06/13/52 13 24.15 187.33 0 187.33 92.33
06/13/92 14 26.03 207.58 0 207.53 112.53
06/13/92 15 27.14 218.83 0 218.63 123.83
06/13/92 16 29.43 239.42 0 239.42 144.42

06/13/92 17 27.72 224.42 0 224.42 129.42
06/13/92 18 27.33 221.75 0 221.75 126.75
06/13/52 19 26.37 213.33 0 213.33 119.33

06/13/92 20 29.04 237.25 0 237.25 142.25
06/13/92 21 27.74 227.33 0 227.33 132.33

06/13/92 22 27.04 216.03 0 216.03 121.03

06/13/92 23 29.31 229.92 0 229.92 134.52

06/13/92 24 28.33 231.67 0 231.67 136.67
06/14/92 1 27.09 216.50 0 216.50 121.50
06/14/92 2 28.93 236.17 0 236.17 141.17
06/14/92 3 26.19 211.92 0 211.92 116.52

06/14/92 4 24.45 185.50 0 185.50 90.30
06/14/92 5 23.83 207.33 0 207.33 112.33
06/14/92 6 25.36 202.08 0 202.08 107.08,
06/14/92 7 25.39 199.50 0 199.50 104.50

06/14/92 8 25.83 204.75 0 204.75 109.75
06/14/92 9 25.53 204.93 0 204.63 109.83
06/14/92 10 26.63 217.00 0 217.00 122.03
06/14/92 11 26.09 212.42 0 212.42 117.42
06/14/92 12 26.18 211.17 0 211.17 116.17
06/14/92 13 27.55 224.92 0 224.92 129.92
06/14/92 14 26.07 211.42 0 211.42 116.42
06/14/92 15 24.21 192.25 0 192.25 97.25
06/14/92 16 24.93 198.83 0 198.83 103.83
06/14/92 17 23.54 184.75 0 184.75 69.75
06/14/99 18 23.82 180.25 0 180.25 85.25
06/14/92 19 26.05 209.53 0 209.58 114.58
06/14/92 20 24.72 192.00 0 192.00 97.00
06/14/92 21 24.05 133.67 0 183.67 88.67
06/14/92 22 22.73 146.53 0 166.53 71.58
06/14/92 23 27.17 217.00 0 217.00 122.00
06/14/92 24 26,43 214.33 0 214.33 119.33
06/15/92 1 26.39 213.25 0 213.25 118.25
06/15/92 2 23.48 177.53 0 177.58 82.58
06/15/92 3 95.15 196.17 0 196.17 101.17
06/15/92 4 24.34 188.53 0 188.53 93.58
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06/15/92 5 24.19 139.03 0 139.08 94.33

06/15/92 6 24.19 188.42 0 188.42 93.42
06/15/92 7 24.21 191.50 0 191.50 56.50
06/15/92 8 24.13 186.03 0 196.33 91.03
06/15/92 9 25.72 207.33 0 207.33 112.33
06/15/92 10 24.76 195.03 0 195.33 100.03
06/13/92 11 24.01 185.33 0 185.00 93.30

06/15/92 12 23.93 187.33 0 187.33 92.33
06/15/92 13 23.30 178.25 0 178.25 83.25
06/15/92 14 23.83 183.75 0 183.75 93.75

06/15/92 15 24.60 190.92 0 190.92 95.92
36/15/92 16 22.79 170.50 0 170.50 75.53
06/15/92 17 24.00 186.42 0 186.42 51.42
36/15/92 18 24.33 137.33 0 187.33 92.33
06/13/52 19 25.67 206.25 0 236.25 111.25
36/15/92 20 26.73 213.42 0 213.42 118.42
06/15/92 21 26.92 216.53 0 216.58 121.53
06/15/92 22 27.09 217.67 0 217.57 122.67
06/15/52 23 26.12 235.17 3 305.17 113.17
06/15/92 24 23.25 229.75 0 229.75 134.75
06/16/52 1 26.35 209.92 0 209.92 114.99
06/16/92 2 22.92 168.25 0 168.25 73.25
06/16/92 3 21.40 143.92 0 143.92 43.92
06/16/92 4 21.63 148.83 0 148.83 53.93
06/16/92 5 23.87 131.00 0 181.00 86.00

06/16/92 6 23.73 192.00 0 182.00 87.30
06/16/52 7 20.55 140.03 0 140.08 45.08
06/16/92 3 22.73 165.33 0 165.83 70.83
06/16/92 9 17.95 104.50 0 104.50 9,30
06/16/92 10 20.04 136.75 0 136.75 41.75
06/16/92 11 22.49 145.92 0 163.52 70.92
06/16/92 12 24.22 132.17 0 182.17 87.17
06/16/92 13 21.83 159.50 0 159.50 64.53
06/16/92 14 19.63 123.92 0 123.92 28.92
06/16/92 15 19.46 120.30 0 120.50 25.30
06/16/92 16 23.37 173.42 0 173.42 78.42,
06/16/92 17 20.84 145.53 0 145.56 50.58
06/16/92 18 24.64 173.75 0 175.75 80.75
06/16/92 19 25.56 181.42 0 181.42 86.42
06/16/92 20 24.02 175.75 0 175.75 80.75
06/16/92 21 21.47 141.08 0 141.03 46.38
06/16/92 22 21.63 148.17 0 143.17 53.17
06/16/92 23 21.04 139.67 0 139.67 44.67
06/16/92 94 21.74 151.17 0 151.17 56.17
06/17/92 1 18.98 114.75 0 114.75 19.75
06/17/92 2 22.65 159.53 0 159.53 64.53
06/17/92 3 22.33 160.67 0 160.67 65.47
06/17/92 4 19.10 115.92 0 115.92 20.99
06/17/92 5 22.37 157.58 0 157.53 62.59
06/17/92 6 24.40 187.75 0 187.75 92.75
06/17/92 7 29.92 159.75 3 159.75 64.75
06/17/92 3 93.04 172.17 3 172.17 77.17
06/17/92 9 23.56 174.39 0 174.33 73.38
06/17/92 10 93.94 173.00 0 178.00 63.00
06/17/92 11 23.54 175.33 0 175.33 60.33
06/17/92 12 23.99 182.33 0 182.33 37.33
06/17/92 13 24.23 178.53 0 178.50 83.50
06/17/92 14 92.52 163.99 3 163.92 68.92
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06/17/32
06/17/92
06/17/92
06/17/99
06/17/52
06/17/52

06/17/92
06/17/92
06/17/92
06/17/92
06/18/92
06/18/92
06/16/32
06/13/92
06/19/92
36/13/52
36/13/52

06/13/92
06/18/92
06/18/92
06/18/92
06/13/92
06/18/92
06/13/92
06/18/32
06/18/92
06/18/92
06/18/92

06/18/52
06/13/92
06/13/92
06/18/92
06/18/92
06/18/92
36/15/92
06/19/92
06/19/52
06/19/92
06/19/92
06/19/92
36/19/92
06/19/92
06/19/92
06/19/92
06/19/92
06/19/92
06/19/32
06/19/92
36/19/92
04/19/92
06/19/92
06/19/92
36/19/92

06/19/92
06/19/92
06/19/32

- 36/19/92
06/19/92

16
17
18
19
20
21
22
23
24

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
13
19
20
21
22
23
24

1
2
3
4
5

6
7
8
9

10
11
12
13
14
15
16
17
18
19
90

91
22
23
24

21.61
25.03
21.98
20.86
21.23
23.53
24.53
19.99
21.31
22.69
22.72

23.55
24.15
17.93
20.56
22.73
22.12

20.90
20.46
23.23
23.55
23.87
24.34
23.41
21.90
22.51
22.65
20.99
20.49
22.31
22.09
23.38
22.41
22.75
22.15
22.36

21.28
14.23

13.59
22.34
24.36
22.25
22.93
22.94
23.91
92.83
20.17
22.18
21.51
90.61
91.35
22.25
24.33
94.94

26.61
24.31
93.78

148.17
191.00

155.00
137.93
142.50
176.17
187.25
130.67

144.92
160.08
155.50
173.17
179.92

55.32
123.33
159.55
151.75

134.83
135.25
167.83
177.50
182.92
191.50
179.49
158.33
167.92
165.75
138.67
134.25
161.42
152.42
176.67
156.17
169.33
156.42
160.05

143.08
69.83

103.57
156.50
180.03
155.93
171.67
169.25
184.42
166.58
123.33
153.53
139.00
135.50
139.36
154.92
176.33
133.25

202.92
181.53
159.25

0
0
0
0
0
0
0

0
0
0
0
0

0
3
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3
0
0

95
0
0
0
3
3
3
0
0
0
0
0
0

0
0
0
0
0
0
0

148.17
191.oo
155.00
137.33
142.50
176.17
137.25

130.67
144.92
160.03
165.53
173.17
179.92

96.52
123.33

158.52-
151.75

134.33
135.95
167.53
177.50
132.92
191.50
179.42
153.33
167.92
165.75
138.67
134.25
161,42
152.42
176.67
156.17
169.03

156.42
160.03
143.03
164.63
103.67
156.53
180.03
155.63
171.67
169.25
184.42
166.58
123.33
133.50
139.00
135.50

139.08
154.92
176.33
183.25
202.92
181.58
169.25

7342

53.17

96.00
~
498~
47•3
81.17

92.25
33,47
49.92
45,33
73~0
73.17
34,99

1.92
33,33

63.38
56.75
39.33
40.25
72.93
32.53
87.32
~
5442

63.33

72.92
73.75

43.67
39.25
66.42
57.42
31.67
61.17
74.33
61.42
65.08
48.03
65.63

8.67
61.50
85.03
63.83
75.67
74.25
89.42
71.53
23.33
53.50
44.00
40.50
44.08
53.92
21.33

23.25
107.92
66.53
74.25
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06/20/92
06/20/92
06/20/52
06 / 20 / 92
06 /20/9 2
06 /20/9 2
36/23/32
06 /20/52
06 /20/92
06 /23/9 2
36 / 20 / -32
06 /20/92
06 /23/92
06/ 20/9 2
36 / 20/~92
36 / 23 / 92
06 /23/92
06 /20/92

26/20/92
06/30/92
06 /23/92
06 / 23 / 92
36 /23/5 2
06 / 23 / -32
06 / 21/92
06/21/92
06/21/92
06/21/92
06/21/92
06/91/92
06/21/92
06/2 1 /92
06/21/92
06/21/92
36/21/52
36/21/92
06 /2 1/32
06/21/92
06/21/9 2
06 /2 1/32
06 /2 1/92
06/2 1 /32
36 /2 1/92
06/21/92
06/21/92
06/21/92
06 /2 1/32
06/21/92

06/22/9 2
06/22/9 2
06/22/92
06/22/92
06 /22/99
06/22/3 2
06/22/3 2
06/22/92
06/22/9 2
06/22/92

1 24.37
2 22.54
3 22.71
4 17.84
5 16.67
6 13.38
7 19.23
3 19.06
9 19.88

10 19.38
11 20.03
12 20.27
13 20.84
14 19.40
15 13.73
15 19.93
17 19.23
13 20.01
19 21.86
23 22. 36
21 19.23
22 21.51
23 20. 45
24 22.03

1 16.39
2 11.48
3 17.87
4 17.50
5 15.93
6 13.70

8 25.98
9 23.00

10 23.23
11 21.20
12 22.35
13 21.59
14 21.93
15 21.77
16 22.00
17 21.65
18 23. 13
19 23.08
20 22.53
21 20.76

23 20.18
24 11.22

1 14.52
2 17.26
3 15.12
4 10.48
5 10.58
6 12.77
7 15.05
8 15.38
9 15.28

10 16. 13

165. 50
156.25
156.83

89. 33
77. 92
58. 33

110.42

116.75
123.67
127.75
133.75
116.92
105. 42
125. 00
115.75
121.75
149. 50
154. 92
112. 92
147.25
127. 58
153. 50
72. 56
19.67
87.92
98. 33
81. 42

103.00
174. 35
199. 83
189.50
170. 08
146. 67
157. 50
150. 43
150.83
148. 00
151. 17
151.25
162. 75
167. 17
158.83
134. 57
150.03
125. 67

17.08
51.08
80. 33
68. 49

9.75
12. 08
29.75
52. 50
58. 83
55. 92
58. 42

0 183.30
0 156.25
0 136.83

95 134. 33
95 172.92
0 96.33
0 96.92
0 - 110.42
0 122.33
0 116.75
0 123.67
0 127.75
0 133. 75
0 116.92
0 135.42
0 125.00
0 115.75
0 121.75
0 149.50
0 154.92
0 112.92
0 147.25
0 127.33
0 153.33

95 167.53
95 114.67
95 1~.32
95 183.33
55 176.42

0 103.03
0 174.36
0 199.83
0 139.50
0 170.03
0 146.67
0 157.50
0 133.42
0 150.63
0 148.00
0 151. 17
0 151.25
0 162.75
0 167. 17
0 158.33
0 134.57
0 150.08
0 125.57

95 112.38
95 146.05
95 175. 33
95 163.42
95 134.75
95 107.05
95 124.75
95 147.50
95 153.93
95 151.92
95 163.42

50. 50
61. 25
61. 33
89. 33
77. 92

1.92
15.42

21.75
26. 67
32. 75
38.75
21.92
10. 42
30. 00
20, 75
~o. i~

54. 53
59. 92
17. 92
52. 35
32. 58
53. 50
72. 53
19.67
87.92
88. 33
81.42

3.30
75.33

104. 83
94. 30
75. 08
51.67
62. 50
55. 42
55. 83
53. 00
56. 17
56.25
67. 75
72. 17
53. 83
39. 67
55. 05
33. 67
17. 03
51.08
80. 33
58. 49

9.75
12.03
29. 75
52. 50
58. 83
56.99
68. 42
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36/ 22 / 52
06/22/9 2
06/22/92
06 /22/92
06 /22/92
06/ 22/9 2
06 /22/5 2
~06/ 22 / 92
06 /22/52
06/22/92
06/22/9 2
06/22/9 2
06 / 22 / 92
36 /22/92
06/23/92
06 / 23 / 92
06/23/52
06/23/92
06 / 23 / 92
06/ 93/9 2
06 /23 /92
06 / 23 / 92
06 /23/52
06 /23/9 2
06 /23/5 2
06/23/92
06 /23/92
06 /23/92
06 /23/52
06 / 23 / 92
06/ 23/9 2
06/23/92
06/23/92
06 /23/92
06 / 23 / 92
06 / 23/ 92
06 / 23 / 92
06/23/92
06 /24/92
06/24/92
06 / 24152
06 /24/92
06/24/ 92
06/24/92
06/24/92
06/24/ 92
06/24/92
06/ 24/92
06 / 24 / 92
36 / 24 / 92
06 / 24/92
06/24/92
06/24/92
06/24/9 2

06/24/92
06 /24/92
06 / 24 / 93
36/24/92

11 17.71
12 17.38
13 13.42
14 13.38
15 18.29
16 13.59
17 17.16
18 13.40
19 20.24
20 20.93
21 22.55
22 16. 31
23 21.34
24 23.23

1 23.93
2 13.97
3 17.32
4 12.33
5 15.09
6 16.65
7 18.67
3 15.57
9 16.74

10 18.55
11 18.55
12 13.52
13 15.73
14 19.20
13 18.28
16 16.45
17 18.63
18 18.70
19 16.98
20 15.34
21 15.89
22 15.33
23 17.18
24 15.37

1 14.64
2 11.41
3 12.62
4 14.58
5 13.97
6 11.43
7 14.44
8 17.32
9 20.03

10 20.31
11 13.44
12 19.72
13 21.78
14 25.58
15 33.09
16 23.33
17 90.97
18 90.78
19 21.25
92’ 19.70

91. 03
94.95

103. 33
106. 42
105. 33
109.53
91. 17

102. 25
124. 33
141.03
153.53
73. 95

138.06
168.95
133.63
136.53

92.92
33. 03
50. 42
72. 67

101. 50
60. 17
78.25

107. 25
109. 67
105.50
121. 42
116. 83
107. 42
78. 67

109.25
105.67
63. 75
53.75
68. 75
62. 53
66.03
55. 00
50. 83
15. 92
29. 75
47. 73
43. 33
19.00
50. 42
61.92

112.92
131.00
103. 42
117.67
159.67
202. 75
171.25
161.35
144. 58
137. 17
144. 83
115.50

95 186.00
95 139. 95

2’ 133. 33
0 106.42
0 105.83
0 109.33

55 136. 17
0 102.25
0 124. 33
0 141.03
0 153.58

95 163. 25
0 133.08
0 168.25
0 135.33
0 106.53

95 137.92
95 125.00
55 145.42
95 167.67
0 101.53

95 155.17
95 173.25
0 107. 25
0 109.67
0 105.50
0 121.’*2
0 116.83
0 107.42

95 173.67
2’ 139.25
0 105.67

95 178.75
95 153.75
95 163.75
95 137.53
95 151.00
95 150.00
95 143.83
95 110.92
93 124.75
95 142. 75
95 138.33
95 114.00
95 145.43
95 176.92

0 112.92
0 131.00
0 103.43
0 117.67
0 159.67
0 232.75
0 171.25
0 161.95
2’ 144.58
0 137.17
0 144.63
0 115.50

9 1. 00
94. 25

3.33
11. 42
10.83
14.83
91. 17
7.23

29. 33
46.05
58. 39
~ ~5
43. 38
73. 25
40. 83
11. 53
92. 92
30. 30
50. 42
72. 67

6.50
60. 17
78.25
12.25
14.67
10. 30
26.43
21.83
12. 42
78. 67

- 14.25
10.67
83. 75
56. 75
68. 73

86.00
53. 30
50. 83
15. 92
29.75
47. 75
43. 33

19.00
50. 43
81. 93
17. 92
36. 00

6.43
22. 67
64. 67

107.75
76.25
66.25
49. 58
42. 17
49. 83
20. 50
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04/24/92 21 17.46 39.50 95 164.50 29.50
06/24/92 32 19.30 111.17 0 111.17 16.17

06/24/92 23 19.76 128.92 0 123.92 33.92
06/24/92 24 21.76 154.75 0 154.75 ~9.7s

06/25/92 1 20.87 139.17 0 139.17 44.17
36/25/92 2 20.36 137.53 0 137.55 42.53
36/25/92 3 20.12 123.02 0 128.03 33.35

06/25/92 4 19.44 117.42 0 117.42 22.42
06/25/92 5 19.44 117.42 0 117.42 22.42

06/25/92 6 19.04 110.25 0 110.25 15.25

06/25/92 7 17.13 21.25 95 176.25 81.25
06/25/92 8 15. 18 72. 2~ 95 167. ~5 72.25
06/25/92 9 16.95 84.67 95 179.67 64.67
36/25/92 10 20.17 131.42 0 131.42 36.42

06/25/52 11 30.72 138.33 0 138.33 43.33

36/25/92 12 32.42 162.52 0 16.2.92 67.92
06/25/92 13 33.50 130. 00 0 130. 00 35. 20
06/25/92 14 22.31 168.42 0 168.42 73.42

06/25/92 15 22.53 179.50 0 179.50 54.50
06/25/92 16 23.42 171.92 0 171.92 76.92
06/25/52 17 23.67 173.17 0 178.17 83.17
06/25/92 18 22.77 170.92 0 170.92 75.92
06/25/92 19 24.88 193.75 0 193.75 98.75
06/25/92 20 22.48 160.92 0 160.92 65.92
06/25/92 21 22.83 ~66.33 0 166.33 71.33
06/25/92 22 23.95 180.00 0 180.00 85.00
06/25/92 23 25.16 193.02 0 193.03 93.02

06/25/92 24 24.43 133.33 0 188.33 93.33
06/24/92 1 22.20 166.75 0 166.75 71.75
06/26/92 2 23.42 173.33 0 173.53 78.83
06/26/92 3 22.56 161.20 0 161.20 56.00

06/26/92 4 23.36 169.33 0 169.33 74.33
06/26/92 5 23.38 175.53 0 175.58 33.53

06/26/92, 6 23. 97 177. 75 0 177.75 82.75
06/26/92 7 23.99 176.53 0 176.53 51.53
06/25/92 8 22.36 170.50 0 170.50 75.50
06/26/92 9 22.43 158,17 0 158.17 53.17
06/26/92 10 22.97 170.92 0 170.92 75.92
06/26/92 11 23.09 169.67 0 169.67 74.67
06/26/92 12 22.04 159.42 0 159.42 64.42
06/26/92 13 20.51 137.00 0 137.00 42.00
06/26/92 14 20.70 144.17 0 144.17 49.17
06/26/92 15 21.32 157.42 0 157.42 62.42
06/25/92 16 20.06 138.92 0 133.92 43.92

06/26/92 17 21.03 143.83 0 143.83 43.83
06/26/92 12 21.04 140.33 0 140.83 45.83
06/26,92 19 19.28 116.42 0 116.42 21.42
06/26/92 20 20.08 119.67 0 119.67 24.67

06/26/52 21 30.13 123.67 0 133.67 28.67
06/26/92 22 19.43 117.67 0 117.67 22.57
06/26/92 23 19.27 116.92 0 115.92 21.93
06/26/92 24 30.87 136.75 0 126.75 41.75
06/27/52 1 30.33 120.67 0 130.67 35.67
06/27/92 3 18.08 99.33 0 99.22 4.33
06/27/92 3 15.21 56.67 95 151.67 56.57
06/27/92 4 18.18 103.92 0 103.92 8.92
06/27/92 5 18.29 102.75 0 102.75 7.75
06127/92 6 17.74 92.92 95 187.93 92.92
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06/27/92
06/27/92
06 / 27 / 92
06 /27/92
06 /27/92
06 / 27 / 92
06/27/9 2
06/27/92
06/27/92
06/27/92
06 / 27 / 92
06 /27/92
05/27 / 92
06/ 27 / 92
06/27/92
06 / 27 / 92
06 / 27 / 32
06 / 27 / 32
06/22/32
06/ 25/9 2
06 / 28/92
06/ 28 / 92
06 / 25 / 92
06/ 28 / 92
06 /28/52
06/28/92
06/28/92
06/28/ 92
06/25/9 2
06 / 28 / 92
06/28/92
06 / 28 / 92
06/28/92
06 /28/9 2
06/28/92
06/28/92
06/28/92
06 /25/92
06/25/92
06/28/92
06/28/32
06 / 28 / 92
06/29/92
06 / 29/92
06/29/9 2
06/29/9 2
06 / 29i’52
06/29/9 2
06/29/9 2
06/29/92
06/29/92
06/29 / 92
06/29/9 2
06 / 29 / 92
06/29/9 2
06/29/9 2
06/29/9 2
06/29/9 2

7 13.68
8 17.41
9 22. 30

10 20.63
11 22.73
12 24.42
13 25.20
14 26.03
15 25.93
16 25.23
17 25.13
13 24.34
iS 23.33
20 23.91
21 23.38
22 24.43

15
24 22. 86

1 23.08
2 24. 34
3 22.28
4 24.45
5 22.68
6 22.76
7 24.33
8 22.76
9 21.68

10 21.49
ii 22.59

13 22.83
14 24.74
15 24. 18
16 23.28
17 24.08
18 23.61
19 23.27
20 24.08
21 26.98
22 27.82
23 25.31
24 24.97

1 25.42
2 21.63
3 18.73
4 14.03
5 12.13
6 10.78
7 11.24
8 14.59
9 19.47

10 20.42
11 20.13
12 20. 16
13 19.83
14 19.94
15 20.19
16 20.17

36.25
150.42
140. 58
158. 57
157.53
196. 17
205. 33
203. 58
195.75
192. 42
185. 00
173. 05
175.25
169. 32
152. 03
172.75
i~. ~
170. 56
189.58
165.50
155.42
157. 75
165.25
153. 57
166. 83
151.25
149. 42
164. 32
168.03
168.67
190. 67
178.83
173. 25
160.08
174. 67
170. 17
176.83
214.63
222. 00
199. 83
195.75
193.50
151.53
101.83
45. 17
22. 92
13.25
13.52
52. 08

111.25
125.75
119. 50
115. 83
121.33
125. 42
124. 92
129.05

0 123.25
95 181.25

0 ‘ 160.42
0 140.58
0 168.67
0 127.53
0 196. 17
0 205. 33
0 203.58
0 198.75
O 192.42
0 185.00
0 173.32
0 175.25
0 169.52
0 152.03
0 172.75
0 162.53
0 170.58
0 159.58
O 166.50
0 186.42
0 167.75
0 156.25
0 153.57
0 156.83
0 151.25
O 149.42
0 164.92
0 163.38
0 168.67
0 190.67
0 178.83
0 173.25
O 120.08
0 174.67
0 170.17
O 176.83
0 214.82
0 222.00
0 199.63
0 195.75
O 199.50
0 151.53
0 101.83

95 140.17
95 117.92
95 103. 25
95 108.52
95 147.08

0 111.25
3 125.75
0 119.50
0 118,83
0 121.23
0 125.42
0 124.92
O 129.08

b~. ~5
55.42
45. 58
73. 67
32.53

101. 17
110.33
138.55
103.75
57. 42
90. 00
78. 08
20.25
74. 52
37. 53
77. 75
57. 52

34. 53
71. 50
91. 42
72. 75
71.25

~‘ /

71.33
56.25
54. 42
59. 92
73. 08

~ /

95. 67
23. 83
78. 25
85. 08
79. 67
75. 17
81. 53

119. 83
127. 20
104. 63
103.75
104. 50
56. 53

6.53
45. 17

13. ~
13. 53
52. 08
16. 25
30. 75
~24. 50
23. 53
~Lh.

30. 42
29. 92
34. 02
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06/29/92
06/29/92
06/29/92
06/29/92
06/29/92
06/29/92
06/29/92
06/29/92
06/30/92
06/30/92
06/30/9 2
06/30/92
06/30/92
06 /30/92
36/30/92
06/30/92
06/ 30/9 2
06 / 30 / 92
36 / 30 / 32
06/30/92
06 /30/92
06 /30/92
06/30/92
06 / 30 / 92
06/30/92
06130/92
06/30/92
06/30/92
06/30/92
06 / 30 / 92
06130/92
06 /30/9 2

17 19.46
13 13.53
19 21.18
20 21.55
21 21.81
22 21.42
23 20.27
24 19.67

1 18.46
2 17.91
3 14.65
4 10.16
5 9.42
6 12.37
7 12.93
8 12.54
9 14.86

10 15.92
11 17.63
12 18.25
13 17.52
14 16.87
15 15.96
16 16.53
17 17.62
1.3 16.59
13 16.69
20 18.03
21 18.81
22 18.42
23 19.47
24 18.77

120. 00
103.00
141.32
147.75
148.92
145. 42
129. 58
121.33
101.25
93. 83
51.67

8.02
6.00

24.75
30. 42
25. 92
52. 92
64. 92
91. 33
98. 42
58. 58
61.67
68.83
/ / .

90. 53
80. 53
77. 17
97. 83

101.53
98. 23

116. 25
102.25

0 120.00
0 108.00
0 141.92
0 147.75
0 148.92
0 145.42
0 129.58
0 121.33
0 101,25

95 188.83
146.67

95 103.28
95 101.30
95 119.75
95 125.42
95 120.92
95 147.’~
95 159.92
‘35 186.33

0 93.42
95 183.53
95 176.67
95 1b4.bS
95 172.42
95 185.52
95 175.53
95 172. 17

O 97.63
0 101.52
0 52.33
2’ 116.25
0 102.25

25. 00
13. 00
46.92
52.75
53. 92
50. 42
34.58

0. ~

93. 63
51.67

8.03
5.00

24.75
30. 42
25. 92
52. 92
64. 92
91.33
3.42

23. 53
81.67
69.63
/ I •

‘90. 53
60. 58
77. 17
2.83
6.58

21.25
7.25

Date Hour MPH

Tot
3 Turbine Die~a1 Total

KWH KWH KWH
Exc~s

KWH

20.54 96,990.75 15, 960.00 112, 350.75 44, 550. 75
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APPENDIX VII

WIND/DIESEL BUDGET

VS.

ACTUAL COSTS



SYSTEMPREP & RENOVATION

LABOR/EQUIP

MATERIAL

SHIPPING

SUBTOTAL SYSTEM PREP

ELECTRI CAL/AUX I LARY

LABOR/EQUIP

DIESEL INSTALLATION

MATERI AL/EQUIP

SUBTOTAL ELECTRICAL

GRADING
SUBCONTRACTOR

TOTAL GRADING

FOUNDAT IONS
DRILLING

REBAR

CONCRETE

LABOR

EQUIPMENT
MISC. MATERIALS

TOTAL FOUNDATIONS

HECHANI CAL

EQUIPMENT
LABOR

MATERIALS

V17’S & TOWERS

19,988 49,010 29,022

44,544 47,850 3,306
17,729 16,500 (1,229)

82,261 113,360 31,099

0 3,150 3,150
991 1,350 359

26,674 8,910 (17,764)
7,071 3,000 (4,071)

4,676 4,500 (176)

265 600 335

39,677 21,510 (18,167)

59.2%
6.9%

-7.4%

27.4%

100.0%

26.6%
-199.4%
-135.7%

-3.9%

55.8%

-84.5%
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TableVII-L WIND/DIESEL PROJECTCOSTS

PROJECT #060 M0LOKA~WU~Df0~ESEL

WEEK E)WEO 08-Oct-92

FINAL ACTUAL ACTUAL
S PROJECT TO BUDGET TO BUDGET

ACTIVITY ACTUAL BUDGET VARIANCE $ VARIANCE %

22,183 14,000 (8,183) -58.5%
11,943 10,400 (1,543) -14.8)~
59,189 79,034 19,845 25.1%

93,315 103,434 10,119 9.BZ

1,170 5,040 3,870 76.8%

1,170 5,040 3,870 76.8%

29,992 21,736
751 7,400

10,464 3,900

258,500 258,500

(8,256)

6,649
(6,564)

0

-38.0%

89.9%
- 168.3%

0.0%

299,707 291,536 (8,171) -2.8%TOTAL MECHANICAL
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TableVu-I: WIND/DIESEL PROJECTCOSTS(continued)

PERMITS

GRADING PERMITS 0 785 785 100O%

STRUCTURALPERMITS 0 1,130 1,130 100.0%

TOTAL PERMITS 1,915 1,915 100.0%

ENGINEERING

CIVIL ENGINEERING 24,369 2,260 (22,109) -978.3%

STRUCTURALENGINEERING 6,123 5,000 (1,123) -22.5%

ELECTRICAL / SCAOA 16,523 8,900 (7,623) -85.7%
WIND RESOURCE 0 0 0.0%

TOTAL ENGINEERING 47,015 16,160 (30,855) -190.9%

SUPERVtSIO~/CONTINGENCY
SUPERVISIOM 29,872 15,000 (14,872) -99.1%

CO~4STSUPPORT 4,800 4,800 100.0%

TOTAL SUPRV/CONT. 29,872 19,800 (10,072) -50.9%

GRANDTOTAL PROJECT COST 593,017 572,755 (20,262) -3.5%
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TableVII-2: WIND/DIESEL LINE ITEM PRE-CONSTRUCTIONBUDGET VS. ACTUAL COSTS

FILE: 600425
MOLO~AI WIND/DIESEL PROJECT

ACTUAL
BUDGET ITEM ACCT NO. AMOUNT COST REMARKS
CIVIL

FIELD STAKING 1260 1,260

GRADING PLAN 1260 1,000

ELECTRI CAL

SINGLE LINE DESIGN 1262 1,400
UTILITY INTERFACE 1262 1,500 24,369

COHST DRAWING 1262 4,000 16,523

INSPECTION 1262 2,000 1,042

STRUCTURAL
SOILS 1261 1,500 6,123

CO$IST PLANS 1261 3,000
INSPECTION 1261 500

SYS PREP & RENOVATION

LABOR & EQUIP 1286 49,010 19,988

MATERIALS
YAW GEAR 1286 3,600

YAW PADS & L BRKT 1286 1,950 5,090

TURN CABLE TWIST COUNTER 1286 750

BRAKE SYSTEM 1286 3,750 6,001

ENAPROSYS SINGLE GENERATO 1286 4,500

NEW ZOND CONTROLLER 1286 6,000 16,205

SUPERVISOR COMPUTER& CABL 1286 14,000
SOFTWARE 1286 2,000

SCADA 1286 7,500 17,248

SPARE PARTS 1286 1,800

ENVIRONMENTALCONROLLEDRM 1286 2,000
STANDBY COMPUTER POWER 1286 0

SHIPPING 1286 16,500 17,729

GRADING

SITE PREP 1276 5,040 1,170

FOUNDATIONS
DRILLING 1280 3,150

REBAR 1280 1,350 991
CONCRETE 1280 8,910 26,674
LABOR 1280 3,000 7,071

EQUIP 1280 4,500 4,676
MISC. MATERIAL

STAKES 1280 600 265
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TableVII-2: WIND/DIESEL LINE ITEM PRE-CONSTRUCTIONBUDGET VS. ACTUAL COSTS

(continued)

MECHANICAL
EQUIPMENT 1287 21,736 29,992

LABOR 1287 7,400 751
MATERIALS

ANCHORBOLTS 1287 2,400

TWR STL & FASTENERS 1287 1,500 10,464
Vi? & TOWERS 1287 258,500 258,500

ELECTRICAL

LABOR & EQUIP 1290 14,000 21,141
DIESEL INSTALLATION 1291 10,400 11,943

MATERIALS 33,591

DIESEL/GENERATOR 100 KW 1291 27,879 25,598
TRAJJSF/8RKR PKG/CONN/CABLE 1291 26,005
TYPE ES RECLOSER 1291 13,000

CT/PT 1291 8,000
ARRESTORS 1291 2,100

BREAKER 400AMP, 15KV 1291 2,050

PERMITS

GRADING 1246 785
STRUCTURAL 1247 1,130

SUPERVISOR

PROJECT MANAGER 1285 15,000 29,872

CONST CONSULTANT 1285 0
CONST SUPPORT

PHONE 1253 0

ELECT 1253 4,500
PHONE INTERTIE 1253 300

TOTAL PROJECT BUDGET 572,755 593,017
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APPENDIX VIII

OFF-PEAKUTILITY PENETRATION

BY W[ND/DIESEL

MARCH 1992 - JANUARY 1993

Betweenthehoursof 10:00 p.m. and6:00 am. utility reachesminimum loads.

This tablereflectsall hourly averagetimes. Thethreewind turbineswere

producing200 kW or moreduring off-peaktime.
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Table VIII- 1: OFF-PEAKUTILITY PENETRATIONBY WIND/DIESEL

3/92 - 1/93

Wind Hourly
Speed Direction TRB-1 TRB-2 TRB-3 TOTAL Peak % OF

DAY TIME (MPH) (DEG) (KWH) (KWH) (KWH) (KWH) (KW) LOAD

03/20/92 02:00 25.38 69.17 68.08 65.75 68.67 202.50 2,988 0.068%
03/20/92 03:00 26.60 70.05 73.58 70.42 75.58 219.58 3,019 0.073%
03/20/92 04:00 26.21 64.02 74,42 70,58 72.25 217.25 2,621 0.083%
03/20/92 05:00 26.90 66.93 72.17 72.42 74.50 219.09 2,750 0.080%
03/20/92 23:00 25.93 76.41 67.92 68.33 70.92 207.17 3,963 0.052%
04/03/92 01:00 27.78 79.41 76.17 73.92 74.25 224.33 3,256 0.069%
05/05/92 23:00 27.23 56.48 68.25 73.00 77.33 218.58 3,913 0.056%
05/05/92 00:00 26.49 54.53 66.67 71.00 75.08 212.75 3,661 0.058%
05/06/92 01:00 26.60 60.01 67.67 70.58 71.92 210.17 2,991 0.070%
05/06/92 23:00 26.08 64.78 68.92 67.33 70.92 207.17 3,709 0.056%
05/06/92 00:00 28.33 64.49 73.92 74.92 77.92 226.75 3,333 0.068%
05/07/92 05:00 26.37 47.85 75.25 68.58 69.67 213.50 3,299 0.065%
06/06/92 02:00 25.98 78.03 66.42 67.58 68.50 202.50 3,711 0.055%
06/08/92 23:00 25.68 68.35 67.75 63.67 70.25 201.67 4,355 0.046%
06/11/92 23:00 26.75 72.96 69.67 68.92 74.08 212.67 4,308 0.049%
06/11/92 00:00 27.59 76.57 65.67 70.67 75.08 211.42 4,055 0.052%
06/12/92 23:00 27.64 75.15 73.00 73.42 76.33 222.75 4,411 0.050%
06/12/92 00:00 29.49 75.35 80.67 79.58 83.42 243.67 4,158 0.059%
06/13/92 01:00 29.85 74.73 81.58 80.42 82.75 244.75 3,728 0.066%
06/13/92 02:00 29.05 75.05 78.42 78.25 83.25 239.92 3,406 0.070%
06/13/92 03:00 27.59 76.06 72.75 73.75 78.00 224.50 3,325 0.068%
06/13/92 04:00 28.94 75.98 76.83 77.58 82.50 236.92 3,428 0.069%
06/13/92 05:00 28.12 76.80 72.83 75.83 79.00 227.67 3,416 0.067%
06/13/92 06:00 28.32 74.84 74.17 75.92 80.00 230.08 3,647 0.063%
06/13/92 23:00 28.31 74.05 74.33 75.92 79.67 229.92 4,241 0.054%
06/13/92 00:00 28.33 77.94 75.83 75.67 80.17 231.67 3,952 0.059%
06/14/92 01:00 27.09 82.12 75.00 72.08 69.42 216.50 3,339 0.065%
06/14/92 02:00 28.93 77.31 77.83 78.90 81.44 238.17 3,310 0.072%
06/14/92 03:00 26.19 75.97 69.58 70.00 72.33 211.92 3,216 0.066%
06/14/92 05:00 25.83 74.93 66.17 68.83 72.33 207.33 3,235 0.064%
06/14/92 06:00 25.36 75.63 66.17 66.67 69.80 202.08 3,488 0.058%
06/14/92 23:00 27.17 78.27 70.50 73.08 73.42 217.00 4,233 0.051%
06/14/92 00:00 26.48 73.98 71.00 70.42 72.92 214.33 3,945 0.054%
06/15/92 01:00 26.39 77.76 69.75 70.25 73.25 213.25 3,770 0.057%
06/15/92 23:00 26.12 76.35 64.58 68.75 71.83 205.17 4,200 0.049%
06/15/92 00:00 28.25 78.28 75.50 76.58 77.67 229.75 3,911 0.059%
06/16/92 01:00 26.35 77.02 68.83 70.00 71.08 209.92 3,376 0.062%
07/09/92 02:00 25.99 74.17 69.83 65.67 69.08 204.58 3,673 0.056%
07/09/92 04:00 27.62 72.18 71.75 70.17 75.58 217.50 3,556 0.061%
07/09/92 05:00 29.24 72.50 76.33 75.17 81.93 233.42 3,616 0.065%
07/09/92 06:00 28.58 72.20 76.08 72.92 78.08 227.08 3,992 0.057%



Table VJII-1: OFF-PEAKUTILITY PENETRATIONBY WIND/DIESEL 114
3/92 - 1/93 (continued)

Wind Hourly
Speed Direction TAB-i TRB-2 TRB-3 TOTAL Peak % OF

DAY TIME (MPH) (DEG) (KWH) (KWH) (KWH) (KWH) (KW) LOAD

07/17/92 23:00 27.09 73.94 67.92 70.83 74.00 212.75 4,442 0.048%
07/17/92 00:00 27.28 73.89 70.17 70.50 76.67 217.33 4,169 0.052%
07/18/92 01:00 28.08 70.56 72.58 72.55 74.42 219.58 3,580 0.061%
07/18/92 02:00 26.28 67.86 71 .42 64.67 70.25 206.33 3,647 0,057%
07/18/92 03:00 26.49 72.08 68.83 67.50 69.08 205.42 3,394 0.061%
07/18/92 06:00 26.63 75.57 66.75 69.75 72.42 208.92 3,844 0.054%
07/18/92 23:00 27.38 74.00 0.00 0.00 0.00
07/18/92 00:00 27.53 71.26 71.33 70.50 77.50 219.33 4,102 0.053%
07/20/92 02:00 26.17 69.93 69.17 66.17 71,17 206.50 3,466 0.060%
07/24/92 23:00 30.33 65.16 86.17 80.58 86.25 253.00 4,065 0.062%
07/24/92 00:00 29.77 67.56 81.17 79.75 83.75 244.67 3,950 0.062%
07/25/92 01:00 31.11 70.96 81.83 82.92 89.83 254.58 3,957 0,064%
07/25/92 02:00 30.41 68.94 80.83 79.92 87.08 247.83 3,571 0.069%
07/25/92 03:00 30.97 67.93 83,50 81.42 87.08 252.00 3,388 0.074%
07/25/92 04:00 31.18 69.63 82.00 83.42 90.00 255.42 3,485 0.073%
07/25/92 05:00 30.27 68.37 84.00 79,92 86.67 250.58 3,197 0.078%
07/25/92 06:00 30.55 66.88 84.75 80.83 85.75 251.33 3,159 0.080%
07/25/92 23:00 25.78 62.34 74,75 65.08 68.17 208.00 4,328 0.048%
07/25/92 00:00 25.53 64.51 72.58 65.92 68.33 206.83 4,250 0.049%
07/26/92 01:00 25.28 66.05 71.08 63.08 69.17 203.33 3,568 0.057%
07/26/92 02:00 26.64 70.36 68.67 69.92 75.25 213.83 4,390 0.049%
07/30/92 05:00 26.18 75.45 66.25 68.42 70.42 205.00 3,650 0.056%
08/01/92 23:00 29.01 77.51 75.50 76.25 80.33 232.08 4,368 0.053%
08/01/92 00:00 29.18 78.68 77.75 77.17 79.75 234.67 4,153 0.057%
08/02/92 00:00 27.36 76.25 71,17 70.83 75.92 217.92 4,285 0.051%
08/03/92 01:00 25.89 74.95 66.17 65,17 71.33 202.67 3,751 0.054%
08/03/92 23:00 26.45 76.87 66.93 68.75 71.50 207.17 4,422 0.047%
08/03/92 00:00 25.93 77.31 66.50 67.92 17.58 206.00 3,830 0.054%
08/08/92 23:00 25.36 75.46 66.75 64,17 69.83 200.75 4,606 0.044%
08/12/92 23:00 25.79 76.55 62.33 67,70 70.67 200,17 4,301 0.047%
08/17/92 06:00 26.23 77.43 71.50 65,67 68.33 205.50 3,482 0.059%
08/17/92 23:00 27.76 76.34 63.33 70.92 73.58 207.83 4,385 0.047%
08/17/92 00:00 27.38 74.84 62.17 69,33 71.92 203.42 3,788 0.054%
08/18/92 01:00 28.84 74.21 70.50 73.50 75.67 219.67 3,659 0.060%
08/18/92 02:00 30.23 74.43 73.75 78.25 81.50 233.50 3,521 0.066%
08/18/92 03:00 27.89 73.92 66.42 70.58 71.58 208,58 3,533 0.059%
08/18/92 04:00 30.64 75.80 70.00 79.33 83.17 232.50 3,516 0.066%
08/i 8/92 05:00 28.02 73.93 64.92 70.33 74.33 209.58 3,561 0.059%
08/18/92 06:00 28.36 73.20 67.50 71.25 75.33 214.08 3,471 0.062%
08/18/92 23:00 28.51 78.24 64.33 73.58 77.33 215.25 4,407 0.049%
08/19/92 01:00 27.58 77.79 64.92 71.58 72.42 208.92 3,742 0.056%
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3/92 - 1/93 (continued)

Wind Hourly
Speed Direction TAB-i TRB-2 TRB-3 TOTAL Peak % OF

DAY TIME (MPH) (DEG) (KWH) (KWH) (KWH) (KWH) (KW) LOAD

08/19/92 03:00 27.08 77.09 62.08 69.25 71.83 203.17 3,608 0.056%
08/19/92 04:00 27.43 75.28 65.08 69.42 72,58 207.67 3,263 0.064%
08/19/92 05:00 28.24 75.23 69.00 72.33 75,17 216.50 3,622 0.060%
08/19/92 06:00 28.74 75.56 69.92 74.17 77.17 221.25 3,385 0,065%
08/20/92 02:00 28.09 74.78 68.42 76.00 74,83 219.25 3,404 0.064%
08/20/92 03:00 26.69 76.25 62.50 71.33 71.67 205.50 3,250 0.063%
08/24/92 23:00 28.09 75.25 73.00 75.83 79.33 228.17 4,377 0.052%
08/24/92 00:00 29.48 75.33 76.25 79.75 83.92 239.92 3,839 0.062%
08/25/92 01:00 28.43 72.85 71.75 78.42 79.67 227.83 3,818 0.060%
08/25/92 02:00 28.63 73.00 74.33 76.92 80.25 231.50 3,431 0.067%
08/26/92 23:00 26,19 74.21 66.42 70.25 72.00 208.67 4,266 0.049%
08/29/92 04:00 26.56 76.67 66.75 71.00 73.33 211.08 3,607 0.059%
08/29/92 05:00 26,02 76.88 62.92 69.50 71.83 204.25 3,478 0,059%
09/05/92 05:00 25.68 69.38 62,83 68.08 73.17 204.08 3,554 0.057%
09/11/92 23:00 27.93 201.12 65.92 70.83 71,83 208.58 4,550 0.046%
09/14/92 23:00 26.44 74,24 66.67 70.83 72.67 210.17 3,965 0.053%
10/23/92 23:00 27,57 69.82 68.33 74.42 75.33 218.08 3,927 0,056%
10/23/92 03:00 26.11 72.33 60.83 69.25 70.83 200.92 3,653 0.055%
10/23/92 23:00 28.55 77.68 76.58 76.25 77.42 230.25 4,073 0,057%
10/23/92 00:00 28.64 77.26 75.67 76.08 76.42 228.17 4,022 0,057%
10/24/92 01:00 28.95 76.16 75.67 77.50 80.50 233.67 3,385 0.069%
10/24/92 02:00 30.83 75.47 82.00 82.33 85.42 249.75 3,150 0.079%
10/24/92 03:00 26.83 75.93 67.50 69.67 73.42 210.58 3,354 0.063%
10/24/92 04:00 26.15 76.30 64.17 67.08 70.24 201.50 3,325 0.061%
10/24/92 05:00 27.71 78.50 73.58 73.50 75.67 222.75 3,816 0.058%
10/24/92 23:00 31.00 77.28 82.75 83.58 86.25 252.58 4,078 0.062%
10/24/92 00:00 30.43 78.32 79,50 81.83 83.50 244,83 3,958 0.062%
10/25/92 01:00 28.22 76.22 76.08 75.33 79.50 230.92 3,302 0.070%
10/25/92 02:00 27.91 76.53 73.67 74.58 77,00 225.25 3,574 0.063%
iO/27/92 03:00 28.78 76.52 77.42 76.33 76,67 230.42 3,280 0.070%
10/27/92 04:00 27.89 76.83 75.08 74.33 78.50 227.92 3,240 0.070%
10/27/92 05:00 28,53 75.20 75.92 75.50 78.75 230.17 2,444 0.094%
iO/27/92 23:00 26.03 75.46 64.33 68.42 70.50 203.25 4,156 0.049%
iO/27/92 00:00 27.70 75.23 69.83 73.67 75.33 218.83 3,767 0,058%
iO/28/92 01:00 29.17 77.61 73.67 77.58 80.17 231.42 3,112 0.074%
10/28/92 02:00 32.08 76.90 82.25 86.00 88.58 256.83 2,957 0.087%
iO/28/92 03:00 32.62 75.80 84.17 87.42 92.17 263.75 2,947 0.089%
10/28/92 04:00 30.30 76.5i 79.08 81.17 85.00 245.25 2,974 0.082%
10/28/92 05:00 27.42 80.94 70.67 72.25 71.25 214.17 3,189 0.067%
10/28/92 23:00 28.29 73.43 75.25 74.00 75.67 224.92 3,829 0.059%
10/28/92 00:00 26.34 71.29 69.17 66.92 71.17 207.25 3,466 0.060%



TableVIII-1: OFF-PEAKUTILITY PENETRATIONBY WIND/DIESEL 116
3/92 - 1/93 (continued)

Wind Hourly
Speed Direction TAB-i TAB-2 TRB-3 TOTAL Peak % OF

DAY TIME (MPH) (DEG) (KWH) (KWH) (KWH) (KWH) (KW) LOAD

10/29/92 01:00 26.32 70.00 71.08 66.75 72.08 209.92 3,387 0.062%
10/29/92 02:00 27.73 68.38 75.08 70.50 74.08 219.67 3,328 0.066%
10/29/92 03:00 29.13 71.23 80,58 76.26 78.00 234.83 3,311 0.071%
10/29/92 04:00 27.87 72.30 71.17 72.92 77.67 221.75 3,316 0.067%
10/29/92 05:00 32.60 74.12 85.33 87.08 90.67 263.08 3,464 0.076%
10/29/92 06:00 30.31 78.30 78.75 81.17 84.08 244.00 3,514 0.069%
10/29/92 23:00 26.01 81.06 64.25 67.25 68.58 200.08 4,089 0.049%
11/06/92 23:00 29,97 77.25 77.17 78.83 83.25 239.25 4434 0.054%
11/06/92 00:00 30.48 76.98 78.92 80.08 81.83 240.83 3,863 0.062%
11/07/92 01:00 29.66 73.98 76.50 76.67 81.58 234.75 3,715 0.063%
11/07/92 02:00 26.26 74.23 66.75 66.58 68.00 201.33 3,586 0.056%
11/07/92 23:00 30.01 77.51 76.75 80.75 82.67 243.17 4,162 0.058%
11/07/92 00:00 28.45 74.68 73.83 75.08 80.08 229.00 3,942 0.058%
11/08/92 01:00 29.08 74.29 74.92 77.25 80.75 232.92 3,570 0.065%
11/08/92 02:00 27.18 74.56 71.75 71.83 75.58 219.17 3,662 0.060%
11/08/92 05:00 27.76 75.27 71.67 72.83 76.75 221.25 3,114 0.071%
11/08/92 06:00 29.03 76.96 76.25 77.33 80.42 234.00 3,356 0.070%
11/08/92 23:00 28.58 73.39 73.08 74.58 77.92 225.58 4,150 0.054%
11/08/92 00:00 26.88 72.01 69.67 68.92 71.67 210.25 3,832 0.055%
11/09/92 06:00 29.85 70.32 79.33 78.67 82.33 240.33 3,622 0.066%
11/09/92 23:00 26.17 77.12 67.83 68.58 71.50 207.92 4,039 0.051%
11/10/92 03:00 25.36 71.60 68.17 64.92 69.83 202.92 3,478 0.058%
11/15/92 01:00 26.12 76.58 61.67 68.58 71.33 201.58 3,745 0.054%
11/25/92 01:00 28.39 52.08 72.17 76.25 76.08 224.50 3,444 0.065%
11/25/92 02:00 28.85 57.60 75.00 79.00 76.75 230.75 3,351 0.069%
11/25/92 03:00 27.38 61.38 65,92 71.25 68.33 205.50 3,370 0.061%
11/25/92 04:00 26.93 63.07 67.75 70.08 70.42 208.25 3,258 0.064%
11/25/92 05:00 30,94 58.54 81.25 84.33 84.00 249.58 3,272 0.076%
11/25/92 06:00 31.38 58.93 82.75 85.17 87.25 255.17 3,294 0.077%
11/27/92 06:00 35.12 79.73 88.75 91.08 89.33 269.17 2,960 0.091%
12/04/92 01:00 26.90 75.37 70.17 65.50 72.50 208.17 2,824 0.074%
12/04/92 03:00 29.67 76.35 78.00 75.42 81.33 234.75 2,675 0.088%
12/04/92 04:00 27.77 76.58 72.67 69.58 73.42 215.67 2,332 0.092%
12/04/92 23:00 39.80 75.05 101.25 103.00 107.08 311.33 3,154 0.099%
12/04/92 00:00 36.71 75.47 93.67 96.50 102.33 292.50 2,734 0.107%
12/05/92 01:00 35.09 74,58 89.17 91.75 97.25 278.17 3,398 0.082%
12/05/92 02:00 33.27 74.61 86.42 87.33 91.67 265.42 3,711 0.072%
12/05/92 03:00 33.87 75.67 87.17 89.00 93.33 269.50 3,285 0.082%
12/05/92 04:00 33.25 75.23 88.17 87.42 91.25 266.83 3,587 0.074%
12/05/92 05:00 34.72 76.86 88.83 91.50 94.33 274.67 3,685 0.075%
12/05/92 06:00 33.40 76.51 84.67 87.67 91.83 264.17 3,611 0.073%



TableVIII- 1: OFF-PEAKUTILITY PENETRATIONBY WIND/DIESEL 117
3/92 - 1/93 (continued)

Wind Hourly
Speed Direction TAB-i TRB-2 TRB-3 TOTAL Peak % OF

DAY TIME (MPH) (DEG) (KWH) (KWH) (KWH) (KWH) (KW) LOAD

12/05/92 23:00 35.59 75.84 90.67 93.58 98.50 282.75 4,290 0.066%
12/05/92 00:00 34.15 75.89 89.83 92,42 96.75 279.00 4,033 0.069%
12/06/92 01:00 31.80 75.03 80.83 83.08 89.58 253.50 3,257 0.078%
12/06/92 02:00 31.98 75.45 82.33 83.33 90.33 256.00 3,266 0.078%
12/06/92 03:00 29.98 77.38 77.42 78.08 82.42 237.92 3,049 0.078%
12/07/92 05:00 27.01 75.61 65.33 71.42 68.25 205.00 2,672 0.077%
12/08/92 00:00 26.69 62.72 68.42 71.50 71.83 211.75 3,511 0.060%
12/09/92 01:00 29.02 58.43 75.58 78.58 81.17 235.33 3,566 0.066%
12/09/92 02:00 29.74 58.39 77.25 79.83 82.58 239.67 3,422 0.070%
12/09/92 03:00 29.13 68.12 69.58 78.75 80.92 229.25 3,263 0.070%
12/09/92 04:00 30.68 61.38 84.00 84.17 85.58 253.75 3,573 0.071%
12/09/92 05:00 30.60 63.89 80.17 83.17 85.58 248.92 3,541 0.070%
12/09/92 06:00 30.87 64.33 78.33 84,08 85.92 248.83 3,464 0.072%
12/09/92 23:00 28.10 76.04 65.75 74.92 75.25 215.92 4,113 0.052%
12/09/92 00:00 29.53 74.93 68.33 79.42 81.00 228.75 3,579 0.064%
12/10/92 01:00 31.28 74.24 72.92 84.25 85.42 242.58 3,257 0.074%
12/10/92 02:00 31.56 74.13 74.83 85.00 86.33 246.17 3,257 0.076%
12/10/92 03:00 32.82 74.02 77.58 87,50 88.58 253.67 2,771 0.092%
i2/10/92 04:00 35.05 73.73 84.50 ‘ 94.67 95.17 274.33 2,826 0.097%
12/10/92 05:00 31.16 77.60 74.33 84.92 83.83 243.08 3,123 0.078%
12/10/92 06:00 29.66 79.79 69.92 78.92 76.08 224.92 3,230 0,070%
12/10/92 23:00 27.88 86.73 66.92 73.92 75.67 216.50 3,743 0.058%
12/10/92 00:00 27.03 77.33 69.92 70.25 72.00 212.17 3,400 0.062%
12/11/92 01:00 29.08 75.88 74.92 75.92 79.42 230.25 3,331 0.069%
12/11/92 02:00 31.18 76.84 80.17 82.67 85.33 248.17 3,030 0.082%
12/11/92 03:00 29.73 77.36 74.83 78.67 80.25 233.75 3,300 0.071%
12/11/92 04:00 30.35 76.59 77.08 80.25 83.00 240.33 2,632 0.091%
12/11/92 05:00 29.34 79.49 74.92 76.92 76.83 228.67 2,717 0.084%
12/11/92 06:00 27.67 83.21 70.33 70.42 68.58 200.50 3,109 0.064%
01/15/93 23:00 25.52 59.03 63.67 68.00 68.83 200.50 3,792 0053%
01/16/93 23:00 26.93 65.83 70.25 70.67 75.25 216.17 3,842 0.056%
01/16/93 00:00 26.85 68.48 66.25 71.25 75.75 213.25 3,737 0.057%
01/17/93 01:00 26.73 71.68 64.33 71.33 75.33 2i1.00 2,854 0.074%
01/17/93 02:00 27.31 72.Oi 66.75 73.58 75.50 215.83 2,902 0.074%
01/17/93 04:00 26.07 72.82 61.83 69.17 71.75 202.75 2,599 0.078%
01/17/93 05:00 26.42 70.15 64.00 69.92 73.42 207.33 2,410 0.086%
01/17/93 06:00 28.08 68.16 69.58 74.67 77.17 221.42 2,502 0.088%
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SYSTEMSECONOMICSFOR PUMPING WATER
AT ALEALOA, MAUI

It is the intent of theMolokaiwind/dieselto establisha rateschedulefor the DWS

that suppliestheutility servicereliability while offering a truesavingsto theDWS overa

long term. Thewind/dieselalsowill maximizearenewableenergyresourcefirst offering a

long-termalternativeto fossil fuel dependencefor pumpingwaterwhile maximizingreal

dollarssavingsto theDWS customers.

An economicandperformancemodelwascreatedfor thewind/dieselproject.

Actualperformanceofthewind/dieselsystemandtheAlealoaPump‘tB” power

requirementswereincorporatedinto theperformance.Noting 98.3%availability and the

35%capacityfactor, an accurateperformancerecordis established.Thedieselavailability

and fuel consumptionare alsoreflectedin themodel. Themodelallowstheadditionof

V17 wind turbinesmirroring thethreeexisting turbinestactualproduction.

TheAlealoaPump “B” is ratedat 225 H.P. Demandis 185 kW, requiringa 225

kW dieselgeneratorfor startup andcontinuousoperation. A 3,000-gallonfuel tankwill

allow long- termcontinuousoperationduring no wind periods,approximately150 hours

at 9 kWh/gal.

Theperformancesummaryincludesweeklywind energyandbackupdiesel

production. Whendemandis met by thewind and excesspoweris beingproduced,that

excessshowsup assalepower. Fuel usedis afunctionofdieselrequirements.Various

pricingassumptionscanbe utilized until an optimumprojectis economicallyacceptable.

In thecaseoftheAlealoaPump “B”, six V17’s wereusedalongwith the 225 kW

diesel.
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Table IX-1: PERFORMANCEASSUMPTIONS

ame: Alealoa Pumps
Three

Comments: Pump “B”

PERFORMANCE ASSUMPTIONS

Site Information

Yearly Average Air Density 1.184 kg/m~3
Day Time Vertical Shear Exponent 0.146
Night Time Vertical Shear Exponent 0.146
Measured Wind Speed Height 80 ft.

Pumping Rate 700 gpm
Pumping Demand 185 kW
Water Storage Capacity 100,000 gal.
Inital Storage Level 5,000 gal.

Diesel Generator Information

Number of Diesels (1 or 2) 1
Single or Largest Diesel Type (1 to 5) 2
Smallest Diesel Type (1 to 5) 0
Minimum Run Time for Large or Single Diesel. 60 mm.

inimum Run Time for Small Diesel 0 mm.

DIESEL TYPES:
Cuinmins Generator Sets / G—Drive

1 = 6BT5.9 G/GC-l (73 kW) 2 = NT-855 G/GC—3 (225 kW)

3 = NTA-855 G/GC-l (250 kW) 4 = NTTA-855 G/GC-2 (315 kW)

5 = Not Listed Generator Set

Rated Diesel Power for Not Listed 0 kW
Fuel Consumption for Not Listed 0.0 gal/hr
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CASH FLOH STATEMENT [,000) Alealoa “B~ Run: one Page One

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

REVENUE

Energy Production (MWh) 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8
Excess Generation (MWh) 434.5 434.5 434.5 434.5 434.5 434.5 434.5 434.5 434.5 434,5 434.5 434.5
Power Rate (5.18/kWh) 95.0 98.8 102.8 106.9 111.1 115.6 120.2 125.0 130.0 135.2 140.6 146.2
Excess Pwr. Rate (5.151kW 50.3 52.8 55.5 58.2 61.1 64.2 67.4 70.8 74.3 78.0 81.9 86.0

Gross Revenue 204.3 212.7 221.5 230.6 240.0 249.9 260.2 270.9 282.0 293.6 305.7 318.3
Interest on Reserve 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Reserve Fund Credit 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL REVENUE 204.8 213.2 221.9 231.0 240.5 250.4 260.6 271.3 282.5 294.1 306.2 318.7

EXPENSE

Outstanding Principle 811.4 769.9 724.9 676.0 623.0 565.5 503.1 435.4 361.9 282.2 195.7 101.8

Interest Payment 69.0 65.4 61.6 57.5 53.0 48.1 42.8 37.0 30.8 24.0 16.6 8.7
Principle Payment 41.5 45.0 48.9 53.0 57.5 62.4 67.7 73.5 79.7 86.5 93.8 101.8

Debt Service 110.5 110.5 110.5 110.5 110.5 110.5 110.5 110.5 110.5 110.5 110.5 110.5

Management Fee 10.2 10.6 11.1 11.5 12.0 12.5 13.0 13.5 14.1 14.7 15.3 15.9
Insurance Cost 12.6 13.1 13.6 14.2 14.7 15.3 15.9 16.6 17.2 17.9 18.6 19.4
Property Taxes 5.2 5.5 5.7 5.9 6.1 6.4 6.6 6.9. 7.2 7.5 7.8 8.1
Fuel Cost 28.8 30.5 32.4 34.3 36.4 38.5 40.9 43.3 45.9 48.7 51.6 54.7
O & H 17.8 18.6 19.3 20.1 20.9 21.7 22.6 23.5 24.4 25.4 26.4 27.5
Rent (% Gross Rev.) 6.1 6.4 6.6 6.9 7.2 7.5 15.6 16.3 16.9 17.6 18.3 19.1

TOTAL EXPENSES 191.3 195.1 199.2 203.4 207.8 212.4 225.1 230.5 236.2 242.2 248.5 255.1

CASH FLOW 13.5 18.0 22.8 27.6 32.7 37.9 35.5 40.8 46.2 51.8 57.7 63.6

Rent (% of Net Rev.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0W 0.0 0.0 0.0 0.0 0.0

FigureIX-1: 20-YEARMODEL CASH FLOW FOR ALEALOHA PUMPS



(No page number 124 in original file copy.) 



2007 2008 2009 2010 2011 2012 2013 2014

1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8
434.5 434.5 434.5 434.5 434.5 434.5 434.5 4345
152.1 158.2 164.5 171.1 177.9 185.1 192.5 200.2

90.3 94.8 99.6 104.6 109.8 115.3 121.1 127.1

331.4 345.0 359.3 374.1 389.5 405.5 422.3 439.7
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

341.4 345.0 359.3 374.1 389.5 405.5 422.3 439.7

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

16.6 17.3 18.0 18.7 19.5 20.3 21.1 22.0
20.2 21.0 21.8 22.7 23.6 24.5 25.5 26.5

8.4 8.7 9.1 9.5 9.8 10.2 10.6 11.1
58.0 61.4 65.1 69.0 73.2 77.6 82.2 87.1
28.6 29.7 30.9 32.1 33.4 34.8 36.1 37.6
19.9 20.7 21.6 22.4 23.4 24.3 25.3 26.4

151.5 158.8 166.4 174.4 182.8 191.7 200.9 210.7

189.9 186.2 192.8 199.6 206.6 213.9 221.3 229.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FigureIX- 1: 20-YEARMODEL CASH FLOW FOR ALEALOHA PUMPS (continued)



189.9 166.2 192.8 199.6 206.6 213.9 221.3 229.0

64.3 67.4 70.7 74.1 77.6 61.4 85.3 89.5

#N/Pt IN/A IN/A IN/A IN/A IN/A IN/A IN/A

2007 2008 2009 2010 2011 2012 2013 2014

341.4 345.0 359.3 374.1 389.5 405.5 422.3 439.7

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20.2 21.0 21.8 22.7 23.6 24.5 25.5 26.5
8.4 8.7 9.1 9.5 9.8 10.2 10.6 11.1

58.0 61.4 65.1 69.0 73.2 77.6 82.2 87.1
16.6 17,3 18.0 18.7 19.5 20.3 21.1 22.0
28.6 29.7 30.9 32.1 33.4 34.8 36.1 37.6
19.9 20.7 21.6 22.4 23.4 24.3 25.3 26.4

151.5 158.8 166.4 174.4 182.8 191.7 200.9 210.7

189.9 186.2 192.8 199.6 206.6 213.9 221.3 229.0

(94.9) (93.1) (96.4) (99.8) (103.3) (106.9) (110.7) (114.5)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

189.9 186.2 192.8 199.6 206.6 213.9 221.3 229.0

94.9 93.1 96.4 99.8 103.3 106.9 110.7 114.5

94.9 93.1 96.4 99.8 103.3 106.9 110.7 114.5

Figure IX-1: 20-YEAR MODELCASHFLOWFOR ALEALOHA PUMPS (continued)



CASH FLOW STATEMENT[,000) Alealoa ~B Run: one Page Two

2006 2007 2008 2009 2010 2011 2012 2013 2014

REVENUE

Energy Production (MWh) 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8 1920.8
Excess Generation (MWh) 434.5 434.5 434.5 434.5 434.5 434.5 434.5 434.5 434.5
Power Rate (5.18/kWh) 146.2 152.1 158.2 164.5 171.1 177.9 185.1 192.5 200.2
Excess Pwr. Rate (mis/kWh) 86.0 90.3 94.8 99.6 104.6 109.8 115.3 121.1 127.1

Gross Revenue 318.3 331.4 345.0 359.3 374.1 389.5 40S.5 422.3 439.7
Interest on Reserve 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Reserve Fund Credit 0.0 10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TOTAL REVENUE 318.7 341.4 345.0 359.3 374.1 389.5 405.5 422.3 439.7

EXPENSE

Outstanding Principle 101.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Interest Payment 8.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Principle Payment 101.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Debt Service 110.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Management Fee 15.9 16.6 17.3 18.0 18.7 19.5 20.3 21.1 22.0
Insurance Cost 19.4 20.2 21.0 21.8 22.7 23.6 24.5 25.5 26.5
Property Taxes 8.1 8.4 8.7 9.1 9.5 9.8 10.2. 10.6 11.1
Fuel Cost 54.7 58.0 61.4 65.1 69.0 73.2 77.6 82.2 87.1
O & H 27.5 28.6 29.7 30.9 32.1 33.4 34.8 36.1 37.6
Rent (% Gross Rev.) 19.1 19.9 20.7 21.6 22.4 23.4 24.3 25.3 26.4

TOTAL EXPENSES 25S.1 151.5 158.8 166.4 174.4 182.8 191.7 200.9 210.7

CASH FLOW 63.6 189.9 186.2 192.8 199.6 206.6 213.9 221.3 229.0

Rent (% of Net Rev.) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FigureTX-i: 20-YEAR MODEL CASH FLOW FOR ALEALOHA PUMPS (continued)



NET CASH FLOW 63.6 189.9 186.2 192.8 199.6 206.6 213.9 221.3 229.0

Cost of Energy (mis/kwh) 108.3 64.3 67.4 70.7 74.1 77.6 81.4 85.3 89.5

Coverage Ratio 1.58 IN/A IN/A IN/A IN/A IN/A IN/A IN/A IN/A

INCOME STATEMENT (,000) Alealoa 8” Run: one Page Two

2006 2007 2008 2009 2010 2011 2012 2013 2014

TOTAL REVENUE 318.7 341.4 345.0 3S9.3 374.1 389.5 40S.5 422.3 439.7

OPERATING EXPENSE

Interest Payment 8.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Depreciation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Insurance Cost 19.4 20.2 21.0 21.8 22.7 23.6 24.5 25.5 26.5
Property Taxes 8.1 8.4 8.7 9.1 9.5 9.8 10.2 10.6 11.1
Fuel Cost 54.7 58.0 61.4 65.1 69.0 73.2 77.6 82.2 87.1
Management Fee 15.9 16.6 17.3 18.0 18.7 19.5 20.3 21.1 22.0
o & H 27.5 28.6 29.7 30.9 32.1 33.4 34.8 36.1 37.6
Rent )% Gross) 19.1 19.9 20.7 21.6 22.4 23.4 24.3 25.3 26.4

OPERATINGEXPENSE 153.3 151.5 158.8 166.4 174.4 182.8 191.7 200.9 210.7

PRETAX—INCOME 165.5 189.9 186.2 192.8 199.6 206.6 213.9 221.3 229.0

Taxes Saved (pd) (82.7) (94.9) (93.1) (96.4) (99.8) (103.3) (106.9) (110.7) (114.5)
Tax Credits 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Net Cash Flow 63.6 189.9 186.2 192.8 199.6 206.6 213.9 221.3 229.0

AFTER TAX BENEFITS (19.1) 94.9 93.1 96.4 99.8 103.3 106.9 110.7 114.5

RETURN TO EQUITY

AFTER TAX (19,1) 94.9 93.1 96.4 99.8 103.3 106.9 110.7 114.5

Figure TX-I: 20-YEARMODEL CASH FLOW FOR ALEALOHA PUMPS (continued)
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GLOSSARYOF TERMS

Barrel (of oil) 42 U.S. gallons,or 6 million BTUs.

DBEDT Departmentof BusinessEconomicDevelopmentandTourism.

DICS DistributedIntelligenceControl System.

DLNR Departmentof LandandNaturalResources.

DOE DepartmentofEnergy.

Curtailment Sheddingofpowersuppliedby aQF or IPP.

False Tripping Reflectsto highvoltagecircuit breakersdesignedto trip out at pre-set
overandunderfrequencylimits. Frequencyexcursionsaboveorbelowthe
pre-setlimit will causefalsetripping anddisrupt service.

GrossAvailability Time thesystemis completelyoperational.

HEP Hawaii IntegratedEnergyPolicy.

HPUC Hawaii Public Utilities Commission.

IPP IndependentPowerProducer.

Kilowatt (kW) Onethousandwatts.

Kilowatt Hour (kJ4~7i) Onethousandwatt hours.

KV Kilovolt

KVA Kilovolt ampere

MachineAvailability Time the individual turbineis operational.

MECO Maui Electric Company.

MECO/Ivlolokai Maui Electric Company,Molokai Division.

Megawatt(MW) Onemillion watts.

MegawattHours (MW7z) Onemillion watt hours.

Netof Usage Thesystemturbines,beinginductiongenerators,requirereactivepower.
ThecomputerrequiredAC powerandtheroom requiredair conditioning.
This powerconsumedis retail metered,thus thepriceexpressedas“average
rateper kWh — netof usagettandreflectsthesubtractionof MECO billing
kWh price, afterwhichpaymentreceivedfor kWhsat thefloor priceis
averagedwith theretail cost. Thusthelower thanfloor pricenetpayment. If
less poweris produced,this ratewill go lower.
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Penetration Providingpowerto the utility in significantamountto thepointwherethe
utility is concernedwith potentialsysteminstabilities.

PURPA PublicUtilities RegulatoryPoliciesAct.

QF Qualifying Facility underPURPA.

SCADA SupervisoryControland DataAcquisition

Windrose Second-by-seconddataaveragedhourly andplotted. Plotting represents
directionofpercentagewind power.

%Power As usedin TableA-i, p. 66, refersto the“averageyearlytotal powerestimate”
divided by the“monthly powerestimate.”

% PowerEst(imate)= watts/squaremeterequation.

% Wind As usedin TableA-i, p. 66, refersto thehourly averageamountof time per
monththewinds wereequalto themonthlywind speedaverage.


