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1．Introduction：Electricpowerutilityindustry-alegacyinfrastructure 

l・IEvolutionofeIectricutiIityindustryinthetwentiethcentury

Theelectricpowerutilityserviceisoneoflhcessenlialclementsofmodernlife・Since

theearIycommercializationeHbrlsbyEdisonandothersinｌａｔｅｌ８00s,Ibllowedbytheo-
reticaldevelopmentinrelatedphysics,theelectricpowersystemshaveevolvedtobecome 
oneofthemostcomplexflndgiganlicsyslemsthehumankindhasevercreatedl､Becauselhc 

developmentofenergyproductionandtmnsportaIioninfrastruclurereqLIiにsheavycapilal
investmenlsuchasdams,generatingstaIions・transmissionlines,itsevolutionaryprocessis
relativelyslowandhastakellalongspanofprocesses・BusineSsreturnsonsuchinvestments

wereconsideredintwenIyorlongeryears､buLoncetheyarebuilt(mndproperlymain-
tained),fOrexample,generalingstaliol1scanproduceitshighenergyoutputfOrthirtyyears 
andmore・

However・lheelecIricalutili(yindustrysecmedtohaveslippedintoastatusofan
invisibleinlTastｒｕｃｌｕｒｅｉｎｌｈｅｌａｌｅｒｈａｌｆｏｆｔｈｅｔｗentiethcenlury・Particularly,sincemid-
l980stherehavebeennomajorinslalla[ionofgenelatingstations,par11ybecauseof[he 
socialandcnvironmentalcol1cernsagainHtnuclearpowerplantsandfbssil-thermalgenera-
tionplanls・Likewisc,thecapacityofpowertransmissionnetworkshaveexpericncedliltle
ornoexpansionsinceamundthiMime・Ａｓｔｈｃｐｏｗｅｒindustrymatures，electricpowcr‐
relatedtechnologieswereregardｅｄａｓ`1owtech，，byyounggenerations,andcombinedwith 
reducednumberofhiringintheindustry,manypower-relaledprogramsinuniversitiesarc 
eitherclosedorrelbrmedIomoremodern-soundingｏｎｅｓｓｕｃｈａｓ“powereIectronics，，、

１．２１nfbrmationtechnoIogy，ｓｒｏｌｅｓｉｎｐｏｗｅｒ－ｏＩｄａｎｄｎｅｗ 

Ｎｅｖｅｒｔｈeless,initsheyday,thepowerindustrywasthetechnologicallcaderoftheUmc 
inmanyrelaledfields-no[onlyinpowerproductionandlransportation・butalsocommu-
nicationandinfOrmationprocessing・Autilitypowersystemisverylarge-coveringhuge
geographicalarea、spanningacrosHtheconIinenls；ｆｏｒexample，someremolegeneraling
sla【ｉｏｎｓａｒｅｏｖｅｒｌＯＯＯｋｍａｗａｙｆｒｏｍｔｈｃｌｏadcenter(ci[iesandindustrialplants）where
mostoftheconsumersresideanduscenclgy・

Tbmakesuchcomplexandlargesyslemsviableandmanagcable､early``ralionaliza-
tion，，effOr(swereintendedtoreplacedirectandlocalhumanobservaIionandoperation 
withremolemonitoringandconlroLSuchactivitiescalIedibranextensiveinvestmentof 

ear1yinfbrmationlechnology,ｎａｍｅｌｙ(mostlyanalog)communicationandcomputingequip-
men[－IimitedoperaIionsweTemutomatedinitially､Theresearchonpracticalapplica[ioｎ 
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ofmodemdigilalcompulerstopowe「systemsH1artedinlheIatel950s・Ｂｙｅａｒｌｙｌ９６０ｓ，
numericalsimulationofpowersyslemswasoncofthenrslpracticalandsuccessfUlapplica-
tionsofearlydigitalcomputersystemsoutsideofuniversitylaboratories､Thedevelopment 
ofsuchcompulerapplicalionsalsocontributedIotheadvancedconceptofmathematics 
suchasthesparsematrixmethods-Ihalwaslheslate-ofLlhe-artinthel960s、

T1echnicalprogressinpowerenginccringneld,however,becamenearlystagnan[com-

paredtootherflast-growingindusIriessuchas1ele-communicationsandcomputers、Ｔｈｅ
communicationinpowcriI1dustry,withafewexceptions,slillusenalTowbandwidth,ａｎｄ 

backbonecompuIersfOriIscentraloperalionaremainlybasedonthemainlTamecomputer 
architectures，althoughforoffLIine＆lndhumaninlcrfacepurposes，ｗｈｉｃｈdonotrcquilc 
ultimatereliability,personalcompuIerHarewidelyuse｡． 

１．３Restructurimgpowerindustrylmcompetition 

SinceBritainprivatizeditsnationalmonopolyelectriciIyutilityandintroduccdmar-

ket-basedcompetitionintheindusIryinl990，ｍａｎｙcountriesfbllowedsuit-North 

Americawasnoexceptionlnitially,iIseemedIhallheNorthAmericanpoｗｅｒｉndusIrywas 

skepticalofitseHecls，however,cvenluallythebusinessintcrestsfbrrestructuringlook 

hold,particularlyintboseregionswhcreclectricityl〕riceswerehigh,suchasCalilbrniaand

easternstates2.Whilethepowerulililycompaniesmremostlyinvestorowned(i､e､,private） 
iｎｔｈｅUnitedStates，themaindrivingfOrceofrestructuringhasbeenfederalandstate 

govcrnmentinitiatives,representedparticularlybyPederalEnergyRegulaloryCommission 

(FERC)3.Perhapstheimpetuswasmorestimulatedbyotherindustriessuchasairlineand 
telephoneservicesthatwerederegulaに。earlier・

ＴｈｅderegulationofpowerinduWymayhavebeenseenasachanceofrevivedinに雁
estsfTomsomebusinessperspeclivesininfOrmaliontechnology､Ｉｎｆａｃｌ,therehavebeen 
installationsofnewcommunicationaI1dcomputinginfiastructurerepresented､fOrexample， 

byanestablishmentofindependentsystemoperators(ISOs)andmorerecentlyorregional 
Iransmissionorganization（RTO).Manypeopleofbusinessandeconomicsbackground 
ratherthanengineershavebeeninvolvcdextensivelyinthedesignofmarketmechanisms／ 
structures． 

1.4FrailpowersyStem“security，，ａｎｄｎｅｗｒｏＩｅｏｆｌＴ 

Ａｓａｆｅｗｙｅａｒｓｏｆｅｘｐeriencesareaccumulaledbytheelectricpowersystemopemtion 
onthemarket-basedstructurc,thenegativeel化clsofdercgulationbecameapparenＬｌｔｉｓ

ｍａｉｎｌｙｄｕｅｔｏｉｍｐｅｒｌｂｃｔｉｏｎｏfmarkeldesigns・Forexamplc，nnancialinstabilityoflocal
u[ilitiesisbelievedhaveleadsuchdifhcultiesinCalifbmiapowercrisｉｓｏｆｅａｒｌｙ２００１、

Besides,theshort-cuttingofminormainlenanccacIivities，ｓｕｃｈａｓｔＩＣｅｂｒａｎｃｈ【rimming
ncarthetransmissionIines,hascausedseriousoutagessucha§wideareablackoutsinNorth 

AmericａａｎｄＥuropeinthesummerof20034、
Theseincidents,althoughtriggeredpartlybylinancialreasonsdueloincreagedcom-

petition,raisedaquestionagainsttheIradilionalconceptofsecurityofpowersystcmsand 
expertreviewisunderwayworldwidc・Moreovcr,theylcvealedthattheiniormationsecu-
rｉｔｙｏｆｔｈｅｌｅｇａｃｙｐｏｗＣｒｓｙｓｔｅｍｓarevulnerableagainstsuchthreatsascyber-attacks、
People,expertsandmon-expertsaIike,havenowrealizedthatsuchasecurityproblemcould 
(andwill)havesignificanlimpactsbecausetheclcctricpowcrsystemis､illbeitessenlial,a 

sleeping(invisible)giantinhastructure、
Atthesametime・distributedelectricityresourcessuchasmicro-turbinesandlnelcells
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aremakingseriousinroadsintocommercializations､Thereisevenaconceptofreplacing 
partoflhecolwentionallarge-scaIepowersystemswiIbsmall-scaIe,localizedpowersupply 
syslemscalledlhe“micro-grids.”Thcsclocalresourcescould（ｉｎtheory）enhanceIhe 

securilyofreliablepowersupplybutthcycouldalsocastashadowofinfOrmationsecurity 
ifthenewmfras(ructureisdcsigncdpoorly・TherefOre，bothinconventionalandnew

technicalh･onticrsofelectricpowersystems,inlt〕rmationtechnologyisexpecledtoplaya
keyrolcfOrtheirsecureandrcliableoperalioll 

Ｌ５Ｗｈａｔｉｓｉｎｔｈｉｓ正port？

Inthisreport,theauthorlirstovcrvicwstheinformationprocessiI1ginlmstructmeof 

conventionalelecIricpowerSystems・Then,theNorIhAmerican-stylepowerindustryde-
regulationandilsimpactsarcsummarized・Finally,lhcnewrolesofinfbrmationtechnology
inthechangingpowerindustrystructureisreviewedinanextendedcontextincluding[he 
distributedeleclricityresourｃｅｓａｎｄ｢elalcdtechno1ogies． 

2．InfOrmationtechnologyinconventionalpowerindustry 

Anelectricpowersystemisagiganlicandcomplexsystemthatspanswidegeographi-
calareaandhawesomanycomponentssuchasgenerators,translbrmers,ａｎｄｓｏｏｎＴｈｅｓｅ 
``components，，areautonomoussystemsthemselves,andequippedwiththeirowncontrol 
andcommunicationsystems-nowadays,CITenbasedonmicroprocessors・Thecomplex-
ityandvasmessofpowersystemsrequiretelemeIryofconditionsonremotepowerplan（ 
equipments・

O1dpowersystemoperationswcre‘`labor-intensive.，，AIlthepowerstationswere 
stafImbymanypeople,Theoldpowerequipmentswereoperatedlargelyinmanualcon-
troLTheyusedlomakeconlroldecisionslocallyandifnecessary,communicateovera 
telephone-mainlybyland-line-fbrasystem-widecoordinationAsthepowersystem 
grew，ａｎｄadvancedcontrolandcommunicationlechnoIogiesbecameavailable，ｓｕｃｈａ 

"labor-intensive，，approachdidnotmakesenseintermsofeconomyandrcliability・The
powercompaniesmovedquiteearlytoinsIalltelemelrydeviceｓｔｏｇａｔｈｅｒｉｎfbrmationto 
centrallocations､Ｔｂday，spowerindusIrynlaybecaI1ed``infbrmation-intensive,，，ｗｈｉｃｈｉｓ 

ｒｅｍｏｔｅａｎｄａｕｔｏｍａｔｉｃｔｏｂemolCaccurate・TbepowerutiIityindustrywasalsoveryearlyto
adoptcomputerapplications-eveninlate］950s． 

Ｉｎｌｈｅｍｏｄｅｍｐｏｗｅｒｓｙｓｔｅｍｓ,Helddataaregatheredinacentrallocation（called 

`℃ontrolcenter"ｏｒ``dispatchingcenter，，)andtheinfbrmationisprocessedcentrallytomake 
itmeaningfi1ltohLlmanoper1Itorswhommke（higher-levelandeffective)operatingdeci-
sions・Importantdecisionsarcmadebyexperlencedhumanoperators・Suchasystem,based
onlelecommunicationandcomputers、makespossibletooperatethecomplexandhuge
powersystembyaiiewpeople-thereareusuallyonlythreeorfOurpeopleworkingin 
shiflsatacontrolcenter・

Figurelshowstheoveralldiagramofthecomputer-basedmonitoringandcontrol 
syslemfOralarge-scalepowersystem・

ThefO11owingaresomekeycomponenｔｓａｓｗｅｔｒｙｔｏｕｎｄｅｒｓｔａｎｄｔｈｅｐｏｗｅｒsystem 
infOrmationprocessinginh･asIructure・
a）RemotemerminaIUnits(RTUs） 

Remoteterminalunits（RTUs）areinslalledatlocalsites(powerplantsandsubsta-
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FigmPel、ComputerapplicationOfpowersystemcontroIandmonitoriIug

tions)Itspurposeislogatherlocalinlbrmationsuchaspower(ＲＱ),voltage(Ｖ)andthe 

switchstatus(on/off),andtohandlelocalcontrols､Somesignalprocessingaredonelocally 

suchasanalogtodigital（A/D）Conversion,coding/decoding（ｓｕｃｈａｓＢＣＤＭｉ]tering， 

tagging(fbridentilicationandpossibleprioritization),ａｎｄｓｏｏｎ、
ThereisatleastoneRTUatastationfbrlocalneeds,andatimportantstations,there 

couldbemanyRTUs,whichareoftenlinkedwi【hdedicatedhighspeedlocalareanetwork
(ＬＡＭ 

ＴｈｅｄａｔａｃｏｌｌｅｃｔｅｄｂｙＲＴＵｓａＴetransmittcdbytheutility，sowncommunicationchan-

nelandstoredinthedatabaseofthecentralcompuにr(s).Thehostcomputerhandlesthe

databasemanagement，higher-leveldalaprocessing，etc.，Iomaketheinfbrmationmore 

meaningfillandusefUlfOrhumanopcralorsJnasense,wemayseethecombinationofhost 

computerandRTUsasserver-clientrelations． 
b）SupervisoryControlandDataAcquisition(SＣＡＤＡ） 

ＴｈｅＳＣＡＤＡ(SupervisoryComrolandDataAcquisition)systemisthenamefbrthe 

computerandcommunicationsys(elnIhathandlestheremotemoniloringandcontroL 
TherecouldbeadedicatedSCADAcomputerorilcouldbeoneoftheon-lineapplications 

ofthehostcomputerinthecontrolcenter,Ups[ream（telemetry）informationincludes： 
voltages,currents,switchstatus(on/off),etc､anddownstream(control)instructionsinclude 
switchon/off,andvariousotheradLiustments・

Thecollectedinibrmationisstorcｄｉｎｔｈｃｓｙｓｔｅｍｄａｔａｂａｓｅ，andtheinfbrmationis 

reficshedeveryoneminuteorso(dependingonthepriority).Theapplicationprogramsuse 

thesystemdataavailablefjPomthedatabase,ralherthanaccessingindividualｌｙｔｏｔｈｅｒｅｍｏｔｅ 
ｓｏｕｒｃｅｓ． 

c）EnergyManagemelllSystem(ＥＭＳ） 
ＷｈｉｌｅＳＣＡＤＡｈａｎｄｌｃｓｍｏｒｅｏｆａｒｏｕｔｉｎedataprocessing，theEnergyManagement 

System(EMS）perfOrmsmoreintelligentroles-centralinfOrmationprocessingloassist 
operationwilhassortmentofapplicaIionsoftware､overlookingtheconditionshappeningall 
overthetargetpowersystem・

Again,ａｎＥＭＳｍａｙｂｅａｄｅｄｉｃａｔｅｄｃｏｍｐｕｔｃｒｓystemoritmaybeasetofapplications 
onthecentralhostcomputer,Inrealily､manypowercompaniesdonothaveacleardistinc-
tiｏｎｂｅｔｗｃｃｎＳＣＡＤＡａｎｄＥＭＳ－ａｌｌｃａｓｔｉｎbardware-wise・

EMSapplicationsarevariousanddifferentinnatureandcontrolfrequencies-some 
arefUll-automatic,othersmayneedhumanassistance(partlymanualandpartlyautomatic)． 
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Someofthelypicalon-lineapplicationsfbroperationare： 

i）AutomaticFrequencyControl(AFC） 

Itmaintainsthepowersystcmwithminimumfrequencydeviation（inanaIlemating 
currentsystem,fi･equencyisalilnctionofpowermismatch;Notethatthefrequencyisonly 
onethroughouttheconnectedeIectricaInetwork.） 

ii）EconomicDispatch(ＥＤ） 

Itoptimizesthegeneratorpoweroutputfbllowingtheloadtoachieveminimumcostof 
operalion 

lndicalionoftimescaIesofdifferentEMSfUnctioｎｓａｒｅｓｈｏｗｎｉｎＴ１ａｂｌｅｌ． 

TXlblel・Timescnlesofeme｢gymanagementsystemfhmctions

FuncliDn Ｔｉｍｅ 

Oper1ltionplanning： ｌｗｃｅｋｔｏｌｙｃａｒ 

GcnerlItionscheduIing： 

Economicdi5pMch： 

４hoursｔｏ］ｗｃｃｋ 

ｌＯｍｉｎｔｏ４ｈｏｕｒｓ 

Frequcncyconlrol： ５ｓcc・ｔｏｌＯｍｉｎ．

Oneveryimportantlhingtonotehereisthatelectricpowersystemisanultimatereal-
timesystemBecauseelectricalenelgycannotbestoredinIargescale，andloadpower 
consumptionisalwayschanging(lbrexampIGweexpectthelightstocomeonimmediately 
aswetumtheswitch),powergeneratorsmustfO11owtheloadinreal-timelfsupplyfalls 
shortofdemand,ｔｈｅｓｙｓｔｅｍｂｒｅａｋｓｄｏｗｎｉｎａｍａｔｔｅｒｏfseveralseconds・Therefbre,real-

timeoperaUonispossibleonlywiththeaidofcomputersandhigh-speedcommunication 
devices・Also,powersystemoperalionmuslbewell-plannedwithgoodmalginstoachieve
economicandreliablegoals． 

3．RestructuringpowerindustryinNorthAmerica 

３．１０verview 

lnrecentyears，theelectrlcpowerutilityindustryhasbeenexperiencingamassive 
movcmenttowardsderegulationandmestructuringinmanypartsoftheworld・FirsLBritain
privatizedi[snationally-ownedpowerutililyinl990,breakingituptogeneration,transmis-
sion,anddistributionsectors､Itstartedacommoditytrademarkelcalledthe``powerpoor， 
whichisopentoelectricitygeneraIioncompaniesandregionaldistnbu[ioncompaniesso 
thaltransactionsaretotakeplaceonthespotftlllillingthebalanceofsuppIyanddemand・It
createdachanceofnewinvestmen【ｏｆgenerationfklcilitiestocompetefOrtheirshareof
cuHtomersinthemarkeLwhilethetransmissionnetworkismaimainedasanaturalmo-

nopoly､Norway,inl99Lfollowedsuitinadifferentapproachmainlybasedonbilateral 
transactionmodelsincontrasttoBritain，spoolmodelManysouthAmericanandsouth 
Paciliccountries,includingNewZealandandpartsofAustraliafOllowedtheBritishmodel 

andderegulatedtheirelectricityutilityservices､Canadastarteditsiirstelectricitymarketin 
l996 

Themainideaofthepowerindustryrestructuringistointroduceanopenmarket-based 
competition，particularlyonthesupplyandwholesalesectors，IWpossible配ductionof
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electricityprices・Alongwiththeintroductionofnewandcost-competitivenon-uliIity
generators,thepricingslructurehasbeenderegulatedsothat（hesupply-demandbalance 
determinesthespotpriceofelectricityinthemarkeLasifacommodity(suchasnaturalgas） 
werebeingtradedFbrtheoperationofthetransmissionsystem,independentsystemopera-
torshavebeenestablished，separaIelyhomtheownershipoftransmissionfacilitiesand 

financialinterestsofmarketparticipnnts，tomminlaintheintegrityandreliabilityofthe 
physicalelectricnetwork 

Americanexper(smayclaimthatIhebeginningofpowerindustryderegulationwasthe 
l978USPublicUtilityRegulatoryPolicyAcLwhichwasintroducedtoencourageenelgy 
purchaｓｅｓｆｉＤｍａｓｍａｌｌ，independenIgenerators，mainlybasedonrcnewableenergyre-
sourcessuchaswind,Solar,andgeothermalenergy・ThereactionIowardafUll-scalederegu-
lationinU・SwasrelaIiveIyslowaftcrlheBriIishIeadfOrderegulation,partlybecausethe
U.S・utilitiesareregionaLrelaIivelysmall-scale,andprivaにlyowned・However,perhaps
convincedbyexamplesof【hederegukHIionoftelecommunicationandairlineindustries,Ｕ、

Ｓ,federalgovernmenttookastronginitiativehomthemid-l990s,publishingtheNoticeof 
ProposedRulemaking("mega-NOPR，，）inl995byFederalEnergyRegulatoryCommis-
sion(FERCMoⅡowedbyFERCorders,No.８８８and889inl996andl9976,respeclively， 
thatencouragedAmericanindustriesIoadoptthemarket-basedoperationbyobtaining 
licensesfromFERC． 

3.2Marketstructure 

Figure2compaTestheelectricpowerinduslrystructurebefOreandalIerthedereguIa-
tion,intheperspectiveof"bulk”(highcapacityinhighvollage)powersystemoperation、
Althoughtherearesomeregionaldifferencesofimplementationstylesandprogressstages， 
thegeneralstepsofderegulationaredescribedasbelow 

lntheconventionalindustrystructure(i､e､,regionalmol1opoly),asingleutilitycom-
panyhasestablisheda‘`naturalmonopoly，，owningandoperatingallthefklcilitiesfrom 

generationsourcestodistributiontothecustomcrs、Usually,thereisacentraldispatcbing
centerwhichgatherstheinlbrmationonlhesystemconditionsbytelemetriesandprocesses 
theinfOrmationcentmⅡybyanenergymanagementcomputer（ＳＣＡＤＡ/EMSscheme)． 
Thisso-called‘`verticallyintegraledutility，，struclurewasbelievedtoachievethebest 

efliciencybytheeconｏｍｙｏｆｓｃａｌｃ，However,asthetechnologiesprogressedthesmall-

scaleturbine-generatorsachievedlhesameorevenbetterefHciencyasthelargest-scale 
unitsandthestrandedcostsinnucleal･hlcili【iesbccameapparent,whichwasperceivedto
beunfairlysubsidizedbymoTeenelgy-eflicienLlowcostcus(omers・

ThecoreideaofpowerindustryderegulaUonistoinlroducehigh-efliciencynon-utility 
generatorsandtocompetilivelysupplyand/orplDcureeleclricenelgyonamarketmecha‐ 
､ism,Thisrequiresseparatingproduct（enelBy）rromtmnsportation（network).Tbmake 

electricitynetworksas‘`commoncalTiers，，accessiblebyulilityownersandindependen［ 
producersalike2,（fimctionaI）unbundlingofIransmissionanddistribulion(T＆Ｄ）scctor 

fromgenerationsectorwasinstal]ｅｄＰｌ･actically,FERCrequirestheseparationofaccount-
ingoftransmissionanddistributionsectorinutilityCompanies，inreturntolicencc``e､‐ 
lrance，，intothederegulatedmarkeLFollowingthisorder,manyconventionalutilitieseither 

separatedouttheirgenemlionsectorasindependentcompaniesordivestedtothirdparties． 
(Somepublic1y-ownedutilitiessuchasT1elmesseeVklⅡeyAuthorityandLosAngelsCity 
WaterandPowerDepartmentareexcmptfIPomsucllrcquircmentsbuttheyarevoluntarily 
functionallyunbundledtomarke【lheirpowel..）
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Figure2、EIe亡tricp⑪wersvstemoperation-befmPeandanerthedereguI曲tion￣ 

system，ａｔｏｒａｒｏｕｎｄｔｈｅｓａｍｅｔｉｍｅａｓｔｈｅＴ＆Dunbundling， 
ＣＩＳ(``pool，，ｉｎＵＫ・ａｎｄCanada)arcopenediorpublicauction

lnmanyderegulated 

commodityexchangemarkets(``pool”ｉｎＵＫ・ａｎｄCanada)arcopenedfOrpubllcauction

ofelectricenergy・AIthoughitisca]ledthe``Spot，,marketinthepowerinduslry,thelcalityis
aone-dayorhours-aheadfbrwnrd・becausethepowcrsystemoperatorsneedseveralhours
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topreparetheactualeleclricitygcneraIionandIransmissionsystemstoaccommodate 
powerHowHasagreedbysellers(suppliers)andbllyers(cuslomers)． 

Ｔｈｅｒｅａｒｅｔｗｏｍａ]ｏｒｗａｙｓｌｏｉｍｐｌｅｍｅｎｔｔｈｉｓ‘`spotmarket''一mandatorypooland
voluntarypooLInthemandatorypoolsystem,adoptedbyearlyBritainandPJM(Pennsyl‐ 
vania-NewJersey-Maryland)sys【emJbrexample,alllhesuppliersandcustomersofthose
regionsmusttradethroughthespotmarkets.Fbrhnancialhedging,suchmechanismsby 
bilateralagreeｍｅｎｔａｓ“contractllordiIYerences”(inwhichsellerspaybackbuyersifthe 
marketpriceishigherthantheslrikeprice,andvice-versa)areofferedlnthevoluntary 
pooLimplementedinNorwayandearlyCalilbrnia,suppliersandcustomerscanmake 
directbilateraIcontractsoutsideoftbcmarkel("over〔hecounter"),andonlythelimited
portionistradedthroughtheopenmarkeL 

Spotmarkettradingtakesplaceeveryhalfanhourtoeveryhourschedule,２４/４８times 
aday､Aleachhomintheory,markeI(``pool")operatorsgatherinfOrmationofequivalent 
cost(supply)andbenent(demand)functionparametershommarketparticipantsandag‐ 
gregatetbecharacteristicstoHndthemarketclearingprice・Inreality,however,amarket
clearingpriceisdeterminedbythehighestpricebidderwhofUlfilsthelastportionof 
demand・Therehavebeenmanyquestionsraisedagainstsuchamarke[clearingmechanism，
becauseitcanresultinspeculativehighprices,butmanymarketoperatorsstillusesucha 
pricingscheme・ThissituaIionisoftenaggravatcdbythelackofelasticiIyonthedemand
side 

Oneofinterestingcharactersofpowerexchangemarketsistｈａｔｔｈｅｙａｒｅ“virtual，， 
markets・First，thereisnotradingHoomThemarketauctionisheldincyberspaceusing
lnternettechnologiesｓｕｃｈａｓｂｅｉｎｇｄｏｎｅｉｎｅＢａｙ（inmostofthepowerexchangecases， 
howeverbidsareanonymous).Second・onecanbelicensedasamarketereveniftheydo
nothaveanyelectricalequipmenLInftlcI,manymarkelers（includingtraditionalutility 
companies)actasaggl･egatersfOreithcrsuppliersflnddistributors,orothermiddleagentsas 
``powerbrokers.，，Undcrthemarket-basedpowersystems，therellore・thenowofmoneyis
separatenomphysicalHowofenergy・Therebavcbeenmanylinancialinstrumentsdevised
oradoptedfiromothercommoditymarkets、

ＴｂｍａｋｅｔｈｅｐｈｙｓｉｃａｌｏｐｅｒａＩｉｏｎｏｆelectricpowersyslemsneutralloallthemarket 
participants,independentsystemoperators（ISOs)areestablishedfbreachregionofde-
regulatedsysIems,andthecontrolofmjortransmissionsyslemsareconcentratedtolSOs 
WhileconvenIionalutilitycompaniｃｓｉｎｔｈｅｒｅｇｉｏｎｓｔｉＩ１ｏｗｎｔｈｅｐｏｗｅｒequipment，the 
authorityofccntralcontroldecisionswerehal1dcdovertolSOs、Ｉｎｍａｎｙｄｅ1℃9uIated
systems，ＩＳＯｓｏｐｅｒａｔｅｔｈｅ（"virtual，．）energymarketaswellasothermarｋｅｔｓｓｕｃｈａｓ 
"ancillaryservices;，makinglhefinalbalanceofsupplyanddemandinreal-time・Priorto

themarkelauction,thelSOscalculatetheavailabletransmissioncapaci(yandinfbrmsthe 
marketparticipantsthroughavirtualbulletinboarｄｓｙｓtemcalledOASIS（OpenAccess 
Same-timeInlbrmationSystem).Aherthemal･keltradingissettled,thelSOsthencalculate 
andpublishlocationalmarginalprices(LMPs).Becauseofpowerlossesandtransmission 
nelwork"congestion”(capacitybeingusedup),IheHnallocalionalpricesmaybedifI1erent 
fromthemarketclearingprice． 

3.3Powerindustryderegulation-SuccessorfaiIure？ 

Eventhoughovertenyearsofexperienceshavebeenaccumulatedinlhedercgulation 
ofpowerindustry,itｍａｙｂｅ(still)carlytojudgewhetheritwasasuccessorfailure 
AccordingtoFERCofUS・government,whichhavebeenadvocatingthepowerindustry
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deregulation,thcrehavebeenmixedreHulls（i,e､,“success，，andfailures)7.Ａ【least,retail
eleclricitypriceshavenotbccnsubstantiallydeclinedasexpected,butinsomeregionsthey 
mayhavegonｃｕｐ、Britainhasrefbrmedilsmarkel-basedsystcmtobilaleraltransaction-
basedoperations（morelikesuccessfulNordpooLnowcoveringallScandinaviancoun-
tries).OtherplaceslikeNewZealandandAlberta(Canada)experiencedvcryhighprice 
spikes・

CalifOmia，sdebacledrewthemediaattenIioｎｏｆｔｈｅｗｏｒｌｄ，andisworthreviewing 

hereH・ItisnowlargelybelievedbecauscdbytheHawedmarketdesign、UnIikemicro-
ecomictheories,electricitydemandisnotelastic(becauseelectricenergycannotbestorcd 
inalargescaleLdemandhasremainedlargelyconstantasthewholesalepriccssoarcdas 
showninFigure3・WOrse，Iheregion，sregulatorsmandatedIhcconventiona1utilitieslo
purchasefmmtheexchangemarket,whilcfTeezingtheretailpricesthattheycancharge 
theircustomers；nooIhermeansofpurchasingelect｢icity,suchasforwardcomracts,was 
allowedSomeclevermarketcrs,suchmsEnron,ｓｅｅｍtohaveactcdspeculativelytoma‐ 

nipulalelhemarketprices・Astherisingmarketpricesbrougbtthelocaldislributioncompa-
niestohugedebLthesuppliersheldbacktheirelectrici(y,becauseoffearofnotbeingpaid 
bythenear-bankruptutilities,thuscausingtheshortagesofpowertobalancethedemand， ｂｙｔｈｅ 
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lhesystemoperatorhadnomeansbutIocauserotalingoutages・Thateventuallyresulted
withoneutilitycompanygoingbankrLlptandIhepowerexchangemarketshutdownwith 
mountingdebt・

PerhapsthemostimportanlimpactsofdercgulationinNorthAmericanelectricity 
industrymayhavebeenacceleratingmergersofhagmentedandnnanciallyfmiIregional 
utilitiesandintegrationofpowerWs(emcolllrolintoaso-calledregionaltransmission 
oIganization（RTO).Thismaybeviewedasadiffe1℃ntIbrmofre-regulationbyFERC 
underthemaskof“deregulation，，asFERCnowLldvocatesPJM-styleRTOs9． 

Thederegulationalsobeneli[edIhenewly-emelgingdistributedresources,ｓｕｃｈａｓｃｏ‐ 
generationplantsandwindmrbincs・AtleasLthederegulationprovidednewmarketing
opportunitiestoappealpotcntialcustomersinsuchmarketingapproachasenvironmental-
firiendly“greenpower，，suppliers・Distributedresourcesarediscussedinmoredetailinthe
separatesecliol1． 

４．Advancedrequirementsininfbrmationtechnology 

４．１２００３summerbIackoutsinNorthAmericaandEurope 

lnthesummerof2003，anumbcroflargepowerblackoutshavehiltheeastemNorth 
AmericaandEurope(T1able24).Tbescaleof【heseincidentswasconsidered【obetheworst

inhistory-affecledmillionsofpeopleinIhercgion,intelTuptedemergencyandordinary 
scrvicesandbusinessactivi〔ies,andcausedindircc【damagessuchastraf6caccidentsdueto
ltliledtrafliclights,fbroveradayJustasthelargeblackoutsinNewYOrkCityareainl966 
andl977promptedthecrealionofNorIhAmericanElectricReliabilityCouncil（ＮＥＲＣ） 
andsubsequentrulesandstandardstomaintainlhequalityofelectricpowerutilityindustry， 
theseunfbrtunateeventshaveprovidcdanopporlunitylbrexpertsandpolicy-makersto 
revivethepublicattentiontotheimportanceandcomplexilyofelectricpowerutilityand 
relatedtechnologies． 

4.2Whytheblackoutshappened？ 

whiletheexactcausesoftheselargescaleblackoutswereinvestigatedbyintema-
tionaltaskfOrceofexperls、ｉｔｍａｙｂｅｉｍｅｒｅｓｌｉｎｇｔｏｐｅｅｋｉｎｔｏｔｈｅ‘`notsohigh-tech，，
backgroundoftheseIechnicalincidcn(５，particularlyfbcusingonlheAugust2003North 
Americanblackoutlo、

Lalgeblackoutsaretypicallycausedbyasequenceofunexpectedrareincidentswith 
complexinteractions，whicheven[uallycascadedintoawideareadisturbance・Natural

causessuchasweatherconditionsoflenIriggersomeofthesesmallevenIs4・ＯｎＡｕｇｕｓｌｌ４､
2003,theeasternUniIedStatesandCanadawasexperiencingahighlcmpemturc，which 
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causedthepowerconsumptionsoariｎｇｄｕｃｔｏａｉ肝conditioning-atypicalsummerload
Becauseapowertransmissionwiresaremadeofhighly-conductiblemetalssuchascopper， 
astheycanyaheavyloadofeleclriccurrents,theirIemperaturealsoriseeven(uallycausing 
thewireslosag,Transmissionwiresarcdesignedtomaintainsomeclearancetotheground 
eveninsuchacondition・However,innorthemOhio,oneofthctransmissionlinestouchcd

anovergrowntrCecausingashortcircuit;thelinewnstrippedoutofservicebyaprotection 
gea砥Haditbecnunderanormalcondition，thisincidenthadbeenwellcontainedtoIhis
particularlocaIion・However,asanaIureofcomplexnetworkalreadyslressedbyhigh
temperature,theheavyloadcurrentmigratedtoothertransmissionlinescausingsimilar 
incidentselsewhcrc・

Electricpowersystemsareequippedwithsophisticatedprotectionsystemstolocalize 
theimpactsoflhcsesmallmishaps,andaredesignedwithsomeredundancylosurvivewilh 
alossoflocalequipment、However､aslherearesuchincidentsoccurriｎｇａｂｏｕｔｔｈｅｓａｍｅ
ｔｉｍｅ(inAugus（I4blackouLthcrewerc5ormorerccordsorsuchIree-touchingl］aulIsIl)， 
thecombinedeflbctscanmakcthelargcpoweTsysIemvuInerable・Eventually,thesystem

lostarelativelylargenucleargenerator(whichismoresensitivelodisturbancescompared 
toothergeneratingequipment）ｃａｕｓｉｎｇｔｈｅｉｍｂａｌａｎｃｅｏｆｐｏｗｅｒａｎｄｏver1oadofother 
transmissionlinesduetodiverteｄｐｏｗｅｒＨｏｗｓ・Itcascadedintonon-stoppablelarge-scale
disturbancesthaIeventually「esultedinpoweroutagescoveringalargeareaofeastern
UnitedStatesandCanada 

ExpertswhoinvestigatedthebklckoutscIaim，inretrospccLthatthepowersyslem 
operatorscouldhavedonemoreIostopthcgraduallycascadingeventstbathappenｅｄｏｖｅｒ 
ｔｗｏｈｏｕｒｏｒｓｏｐｅｒｉｏｄＦｏｒexample，lransmissionwirestouchingtreescouldhavebeen 

prevenledbypropermaintenanceoftransmissionrightofway・However,tightbudgetunder
competitiveindustryenvironmentmighthaveposlponedit､NERContheotherhand,does 
nothaveanenlbrcingautborityofqualitystandardsinsuchcases・Alackofemergcncy

reportingproceduresfi･omlocalutilitiestowide-areaopera(ｏｒＨｓｕｃｈａｓｌＳＯｓｗａｓａｌｓｏ 
ｐｏｉｎｔｅｄｏｕｔ・Oenerally,alowlevelofinvestmen(inthetransmissionsector,comparedwith
thegencrationsectｏｒｉｎｒｅｃe､（years，wasamalorcontributingltlctor､Thetransmission 
systemshavenoｌｓｅｅｎａｍａ]orexpansiollsincethemid-l980sandundertheheavy]Ca｡,the 
systemhasbeenoperatingwithtightmarginsJnasense、lbesystemwasalreadyundcr
stressduetopreexistingconditions． 

4.3RevivedinterestsofimhrmationtechnoIogyinpowerengineering 

Thecalamitycausedbylhewide-areablackoulwasregreUable,ｂｕｔｉｎａｌｏｎｇｒｕｎｊｔ 
ｍａｙｈａｖｅｂｅｅｎａｗａｋe-upcalltoreviewthcsitualionsofsuchanessentialinfrastructureas 
electricpoweralbeitneglecteduntillhedisasterstrikesltparticularlyremindedusof 
updalingtheinlt〕rmationprocessingtecbnO1ogiesappliedtorcvivethestl･essedeIectric
powersystems・Amongthepossibleimprovemenls，theaulhorhopestodrawattentionof
thereaderstotheMlowinglburareas． 

a）High-speedremotemeasurementandcommunication 

ConventionalRrU/SCADAbackbonetechnologywasestablishedinl960s、ａｎｄｉｔｓ

ｓｌｏｗ，IowbandwidthcapabilitiesareinlendedmainlyfOrsleady-state，non-emelgency 

measurements・Digitaltelemetrydevicesbasedonmodemmicroprocessorscombinedwilh
bighspeedcommunicationlinks、ｃａｎｄｅｔｅｃｔｓｍａｌｌｓｉｇｎｓｏｆｓｙｓｌｅｍｉnstabilityinitsearIy
stagcs，anditmakesearlypreventiveactionspossible・High-speedmeasurementsystem，

suchaswideareaphasormeasuTemenldcvicesI2,havebeendevelopedandlieldtesteｄｌｂｒ 
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powerutilityapplicationssinceear1yl990s,butilseemedhavelackedthefbcusofpractical 
applications､ThesedevicesshouldbeintegratedintotheupgradedSCADA/ＥＭＳＩＴａｍｅ‐ 
ｗｏｒｋＯｎｔｈｅotherend,ｈｉｇｈcapacitydatahandlingcapabilitiｅｓｏｆＳＣＡＤＡｃｏｍｐｕｔｅｒｓｉｓ 
ａｌｓｏｎｅｅｄｅｄ． 

ｂ）Intelligentalarms 

Onceawideareaoulagehappens,evenilltheeal･lystagesofcrisis,ｈｕｍａｎoperatorsin 
thecontrolcenterscanbelostinthedelugeofalarms13.Tbfindoutthecriticalinformation 
andmakeefFectivedecisionMtisdcsirableIolillerandprioritizeessentialinfOrmationout 
ofmassiveinformationcominginalmosIrandomlyalthesamclimeincaseofblackoulsln 
eal･ｌｙ］990s，suchsofIwarcsystcmswerep1annedanddevelopedusing‘`expertsystems，, 
approach,bultheyfOundonlyafewupplicationslnainlyduetowaningacademicinterests 
inexpertsystemtechnoIogiesandlimitcdinvestmentintereslsinresearchesbytheindustry・
Suchintelligentalarmsshouldbercviewedandredesigncdin〔hecontextofup-to-date
inlbrmationtechnologics． 
c）Robustapplications 

ManyEMSapplicalionsolTwareflssumencarsteady-stale(i､e､､nomaiordisturbance） 
conditionsllori[smodels・Howevel；ｉｎ（hestorlnsofcascadingoutages，voltagesand
frequencymaygodowllorupfarbeyondtheassumedranges・InsuchsitLlations,ilerative
numericalsolulionalgorithmsoftenlindnosolution,ｔｈｕｓｗｏｕｌｄｂｅｎｏｈｅＩｐｆＯｒｔｈｅｈｕｍａｎ 
ｏｐerators､Non-iterative,high-speed,robustapplicalionsarehighlydesirabletosurvivethe 
lalgedisturbancesleadingtoawide-areablackoul． 
｡）Trainingsimulators 

Howcverwell-equippedwilhadvdncedcomputersandintelligentsoftware,itiseven-
(uallythehumanoperatorswhomdlkedecisionsandtakeactionsagainstthethrcatsof 
powersystems・Operatortrainingsimulatorswcredevelopedandinstalledasanexlended
EMSfUnction，butitisreportedlll&ltinmanyutiIitiesitisunder-utilizedI3・Tbelackof

cxperiencedtrainers(orinstructorswhoarefamiliarwiththesimulator)maybepartofthe 
problem,ｂutinvestingingoodtl･ainil1gsimulaIorwilhinteIligent,humanhiendlyintcrftlce 
wouldleadlohigherqualilypersol1nclwithlowercostofopera[ion 

Althoughtherecenlblackoutswcrctriggeredbynaturalcausesandwide-spreaddueto 
inherentphysicalvulnerabililyofpowcrSystems,throughIheinivestigationofblackouts 
andsuccessivereviewMtwaspointedoutlhatcoIwentionalRTU/SCADA/EMSfmmework 

isalsovulnembleagainstpotentialcybcr-attacks・Theconventionalpracticeoftheindustly
toprotectlheinfOrmationprocessiI1gsystemliUmhackersandotherthreatswere，1br 
cxample,ｔｏusededicatedcommunicalionsyslemsseparatedfiPomcommonaccess,butin 

thesceraofsophisticatedcyber-allacks、theinibrmationsecuritywiIIbecertainlythe
subjectoflmureupgradclbrpowersysIemapplications． 

5．InfDrmationtechnologyfbrdistributedenergyresources 

Oneoftheveryinte1℃stinglopicofICcenldevelopmenIinenergysectoristhematurity 
andcommercializationofmanydistribLItedresources､Distributedenergy1℃Soul℃es(ＤＥＲ)， 
ordistributedgenerators,includesuchlechnologiesaswindturbines,photovoltaic（ＰＶ） 
ceIls,micro-gasturbines,alldlnelceⅡＳ・ＭoslofthesetecbnoIogiesareeitherestablishcdor
nearcommercializationmlldbecomingeconomicallycompetiIiveagainstconventionaltech-
nologies・ThcudvantagesofdistributedTesourcesare,fOrexample：
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ａ）ollbrmolCchoiceinlilelsupplyoptions 

b）cutenelgycostslbrcnd-users 

c）canachievehigherenergyconvcrsionefliciencics 

d）delivergreaterpowerqualilyandreliability 

e）arequieterandlesspolluting 

f）caneliminate,reduceordeferulilitytransmissionsystemupgradesandmanymore． 

Manyofthedistributedcnergytechnologiesarealsobasedonrenewableresources5 

and/orhighlyenelgy-efficienl,therelbrecollsideredtobemoreenvironmental]yliiendly 

[hanconventionaltechnologiessuchasfOssil1ilel-combustingthermalelectricitygenera-

tion，Underthederegulatcdclectricutilityindustrystructure，lheyseemtobeHndinga 

nicheposilionasenvironmentally-fTiendlyenergysupplierssuchasundera“GreenPower，， 

bannerBUndermanygovernment-supportedprograms，someenvironmentally-conscious 

customerscanpurchascspecihckindofcnergysuchasfTomwindfbranaddi[ionalchmrgeI4， 
CombinedwithrecenlIy-developedenergystoragedevicessuchassupercapacilors、

Hywheels､andHowbatteries,thedislributedresourcesarepresentingapo[entialaltemative 

ofenergysupplyinfrastructure・Ｉｎｍａｎｙｐａｒｔｓｏｆｔｈｃｗｏｒｌｄ，indLlstrialconsortiuｍｓａ1℃

formedandtestbedsof``micro-grids，，arebeingbuiltlb「evaluationoftheircapabilities15・
Micro-gridsarelowvoltagelocalpowersysIcmsinterconnectingmultipledistributedre-

sources､Thesystemcannotonlyallowgreaterlocalcontrolofelectricitydeliveryand 

consumptionbutalsoprovidcthermalenergyrecoveryanddistribution(suchasholwater 

supplyandairconditioning)achievingaveryhighenelgyefficiencyoveralLItisexpected 

thatsomepartofelectricitygeneratedinthemicro-gridscansupporthighqualityelectricity 

tosensitiveloadsasscrvercomputerseveniflheutilitypowersurfel･sablackouLFigure4 
showsanimageofmicro-grid・

Oneofthepurposesofthemicro-gridtes【bedsistoidentilylhcncedsanddevelopthe
tclecommunicationinlTastructuresandcommunicationprotocolsrequired,Tbfacilitatethe 

interoperabilitｙｏｆｏｎｅｏｒｍｏｒｅｄｉｓIributedrcsoumesinterconnectcdwitheleclricpower 
systems,anindustrystandardisbeingdraftcdbyThelnstituteofE1ectricalandElectronic 

Engineers(IEEE)'6.ItdescribesfUnctionality,pal･ametersandmcIhodologicsfOrmonitor-
ing,informationexchangeandcontrollbrtheinterconnecteddistributedrcsources､lfsuch 

anindependentpowersystemistoopera(eonamarket-basedinlbrmation(suchasswiにh‐

jMrl-CC 、
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ingtolocaIresourceswhenuIilityelectricitypriceishigh),thesecurityofinfOrmation 
exchangeandprocessingwillbethem則orconccmofcybersecurity．

5．Ｓｕｍｍａｒｙ 

InthisTeport,basedonanoverviewoftheinfbrmationprocessinginfmstructureof 
conventionaIelectricpowersystems，theprocessofelectricpowerindustryderegulation 
anditsimpac[shavebeenreviewed・Ｔｈｅｎｅｗ「olesofinfbrmationtechnologyinthe
changingpowerindustrystructurehnsbecnexaminedinanextendedcontextincludingthe 
distributedelectricityresourcesandrelatedtechnologies・MoreinfOrmationcanbefbundin
thelistofrelatedsou1℃esinReferellccs． 
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