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(5)Abstract


RecenthighpricesontheScandinavianelectricpowermarket haveledto


publicscrutinyof themarketand havebeenthesourceof investigationof


legalauthorities.


AlthoughtheNordPool
 1


spotmarket isconsideredto beoneofthemost


successful electricity markets in the world, and one of few international


electricitymarkets,themarketissmallincomparisontomanyothercom-


moditymarkets,andisassuch,togetherwiththedicultyofstoringelec-


tricity,lessliquidand subjectto moreinstabilityin pricesandsupply. In


addition, due to limited transmission capacities between the areas that


form thecommon markets,pricesoften vary betweenmarket areas. This


canalso giveelectricitygeneratorsalargemarket sharein dierentareas,


eventhoughtheyonlyholdamodestmarketshareonthetotalmarket.


ThisthesisisastudyofthepossibleusesofmarketpowerontheNordPool


spot market andhowthis kindofmarket behavior,especially withregard


tothegametheoryandNashequilibria,canbedetected.


Thisiscertainlynotbyanymeansanaccusationagainstanymemberofthe


Nord Pool market, although the theoretical possibilities of someof them


exercisingmarketpower,isdiscussed.


MyndingsarethatsearchingforNashequilibriaisnotthemosteective


way of market power detection, due to the many uncertainties involved


and the lack of information market powerusers aswell asmarket power


detectorswillface.


1
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(21)Chapter 1


Introduction


1.1 Introduction


Themainmotivationbehindthisthesisisbasedontheconcernthatmarket


powerispossiblybeingusedontheScandinavianelectricitymarket,Nord


Pool,i.e.onthespotmarket,andonhowsuchasuspicioncanbereinforced


byanalysis.


Eltra, thetransmission system operator in western Denmark, see section


10.2.4,hasworkedwith IMM (the Department of Informaticsand Math-


ematicalModelling attheTechnicalUniversityofDenmark (DTU)),ona


numberofdierentprojectsconcerningelectricity,suchaswindpowerand


theelectricitymarket in general. Eltra hasshowninterestin thepossible


use of market power on the Nord Pool spot market, and has suggested


studiesonthematterwithspecialreferencetothegametheoryand Nash


equilibria,atIMM.Tofollowup,Eltrahasprovideddataandotheruseful


information,onwhichthisthesishasmainlybeenbasedon.


TherecenthighpricesontheScandinavianelectricpowermarkethavebeen


thesourceofspeculationswhethermarketpowerisbeingusedandwhether


thederegulationoftheScandinavianelectricitypowermarketisjustied.


Both Nord Pool and transmission system operators have an interest in


reinforcingthecredibilityofthemarketandareconsequentlyinterestedin



(22)The Nord Pool market area consists of Denmark, Norway, Sweden and


Finland,eachwithdierentsourcesofenergy,demand andproductionbe-


havior. Thelimited transmissioncapacityof electricitybetweenthe mar-


kets creates an interesting situation where, under certain circumstances,


producers,withasmallmarketshareontheoverallmarket,willndthem-


selvesholding alarge market share in their own market whencongestion


occurs. As largemarket share isoneof the keyfactors formarket power


tobeprotable,thesetemporarysemimonopolysituationsmayoersome


temptingopportunities forcertainproducers.


1.2 Overview


In Chapter 2, The Scandinavian electricity market, I describethe estab-


lishmentofthecommonScandinavianelectricitymarket.


InChapter3,NordPool,IdiscussanddescribethefunctionsofNordPool,


especially its spot market and the geographical markets on which Nord


Pooloperates.


InChapter4,Electricity,I discussthecharacteristicsofelectricity,itsdis-


tinctionfromother commoditiesasregardsstoringandtransmitting,and


thedierentsourcesofelectricity.


InChapter 5,Market power,I dene market powerand thenecessaryin-


formationthat mustbeavailableforitsdetection.


InChapter6,Competition,Idiscussthedierentformsofcompetition,and


theirtheoreticalbackground.


InChapter 7,Game theory, Iintroducethe elementof thegame theoryI


willuseinthisthesisaswellasdeningcertainconcepts.


InChapter 8,Data and Machines, I discuss thedata and the computers


usedforcalculationsin thisthesis.


InChapter9,Characteristicsof theScandinavian electricitymarket,Idis-


cussprecisely that.


InChapter10, Marketpower onNordPool's spotmarket,I introducethe


possible market powerusers, discuss dierentforms of market powerand


nallyhowmarketpowermaybedetected.



(23)InChapter11,Pricestrategies,Idiscusshowindividualelectricityproduc-


ersshould choosetheirpricestrategiesinorderto optimizetheirprot.


InChapter12,Pricecalculationalgorithms,Idiscusssomevariousmethods


forcalculatingpricesontheNordPoolspotmarket.


InChapter13,Search algorithms,Iintroducesomemethodsforthesearch


ofNashequilibriaandParetooptimalsolutionsforshortandlongperiods


oftime. Iwillalsocomparethendingstotheactualpricesoftimeaswell


asdiscussingthevalueofthendingsforthedetectionofmarketpower.


InChapter14,Conclusions,I drawmynal conclusions.
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(25)Chapter 2


The Scandinavian electricity


market


2.1 Overview


TheScandinavian countries have traded electrical powerfor decadesand


thus haveoneof theworld'smost developed internationalpowermarket.


Inthe last decade, thetrading systemhas changeddramatically, moving


fromtheoldmodelofcooperationamongtheleadingverticallyintegrated


utilitiesineachcountry,undertheNordelagreement,tocompetitivemarket


rules. (NordPool).


The dierences in the mixture of power generation largely explain the


establishment of interconnections in Scandinavia. Norway relies entirely


on hydropower, while Denmark generates most of its power in thermal


plants, mainly from imported coal and, lately, increasingly from wind


power. Powergeneration in Sweden isamixture ofabouthalf hydroand


halfnucleargeneration,andinFinland itismixtureofhydro(25%),con-


ventionalthermal(45%),andnuclear(30%)plants. Thedierencesinthe


powergeneration structure havemadeit economicallyattractiveto trade


power,allowingthecountriesto optimizeproduction.


These countries also havestrongculturaland economic ties,even though



(26)berofEuropeanFreeTradeAssociation(EFTA),Norwayisalsoamember


oftheEuropeanEconomic Area(EEA), which in awayintergradessome


oftheEFTAcountries,i.e.Norway,IcelandandLiechtensteinintotheEU,


applyinglargebitsofEUlegislationtotheareawiththeaimtomaketrade


betweentheEEA membersaseasyas betweenmembersoftheEU.[1]


2.2 The old structure


Before the move to the international pool, the power sectors of Norway,


Sweden and Finland all had an oligopolystructure, with dominant state


ownedenterprizesthatalsocontrolledthenationalgrids,eventhoughthere


weredierencesinstructure, ownership,andregulation.


Norway'spowersectorwasdominatedbythegovernmentownedintegrated


utility Statkraft, which also operated the national grid. There were also


manysmalllocalandregionalutilities. Betweenftyandsixtycompanies,


manyownedbylocalorregionalauthorities,wereinvolvedinthetransmis-


sionofelectricityattheregionallevel. Thelocalandregionalutilitieshad


gained access to the national grid in 1969 and could buy and sell power


throughaspotmarket. Electricity wasdistributed locallyby around200


companies,manyofwhich wereownedbymunicipalities.


InSweden,abouthalfthegenerationwasgovernmentownedthroughVatten-


fall,whichalsooperatedthenationalgridandprovideddistributionservices


inpartsofthecountry. Abouttenotherintegratedutilitiesofvarioussizes


alsoused thenational grid, buta relativelyhigh network feemadeit un-


economicfor smallerutilities to useit. LikeNorway, Swedenhad alarge


numberofdistributioncompanies,manyownedbymunicipalities.


InFinland thestateownedImatranVoimaOy(IVO) wasthelargestutil-


ity. IVO also operated the national grid. However, much of the power


generationwasownedby Finnishindustries,which formedatransmission


company,TVS,tointerconnecttheirgenerationandsupplyareas.


In Denmark, for geographical reasons, the grid is divided into two main


parts: Jutland and Funen(western Denmark) andthe islands eastof the


GreatBelt (easternDenmark). Ineach ofthese twoareasthegeneration


and distributionutilities, mostly owned bymunicipalities, formed special


purposeorganizationsto managetheextrahigh-voltage gridsandtheco-



(27)Trading of electricitybetweenthe countries wasenabledthrough Nordel,


an organization set up in the 1960s to promote cooperation among the


largest electricity producers in each country. Nordel was based on the


principlethateachcountrywould buildenoughgeneratingcapacitytobe


self-sucient. Trading was meantto achieve optimaldispatch of alarger


system,andinvestmentin interconnectionwasgenerallybased,notonnet


exports,butonexpectedsavingsfrompoolingavailablegeneratingcapacity.


Thecountriesexchangedinformationontheirmarginalcostofproduction.


When there was a dierence, tradingtook place at a price that was the


averageofthetwomarginalcosts.


Thecost-plusstructurein theNordicpowersectorled to overinvestment


and poor return onequity. Butbecause thesystem retained a degreeof


competition, therewerenosignicantoperatingeciencyproblemsin the


utilities.[1]


2.3 The shift to a market based structure


Theshift to an international pool wastriggered by powersector reforms


in Norwaystartingin theearly 1990s. Norwayintroduced competition in


electricitysupplyin 1991throughreforms aimedat reducingregionaldif-


ferencesinthecostofpower,promotingoperationaleciencyingeneration


anddistribution,andachievingmoreecientdevelopmentofthepowersec-


tor. Statkraft'stransmissionactivitieswerespunotoanewnationalgrid


company,StatnettSF.Inaddition,alltransmissionnetworkswereopened


to third-party access, and vertically integrated companies had to adopt


separateaccountingforgeneration,distribution,andsupplyactivities.


InSweden,reformwasfuelledbydiscontentamongtheprivatepowercom-


paniesstemmingfromVattenfall's controlofthenationalgrid,anddissat-


isfactionamong thesmaller power companiesand among customers over


theirlackofaccesstothemarketforoccasionalpower. Therstmajorstep,


takenin 1991, wasto corporatize Vattenfall's generationand distribution


activities. However,Vattenfall remains governmentowned. Thenational


grid was retained as a government owned institution, Svenska Kraftnät,


which also serves as the system operator. The networks were gradually


opened to new players, and a new electricity act allowing a competitive


marketnally took eectin January1996.



(28)Finlandintroducedanewenergylegislationin1995. IVOhadalreadyorga-


nizeditsgridactivityintoaseparatecompany,IVS.Butwiththeprivately


ownedgridcompanyTVS,Finlandhadtwooverlappinggridcompaniesfor


severalyears. SinceSeptember1997,Finlandhashadasingle,mergedgrid


company,Fingrid,which alsoactsas thesystemoperator.


Reformmovedmoreslowlyin Denmarkbecauseofthepowersector'sdif-


ferentstructure, withtwounconnectedgroupsownedbymunicipalitiesor


cooperatives,eachwith amonopolyinits area. A newlegislationwasin-


troduced in 1996, opening the grids to negotiated third-partyaccess and


allowingcompetitionforlargeconsumers,distributorsandgenerators.[1]


2.4 The creation of a pool


Norway led theway in reform, byopeningup aspot market in 1992. A


similarpowermarketin Swedenwouldhavebeenproblematicto manage,


asVattenfallandSydkraft,thetwolargestgeneratingcompanies,together


controlabout75%ofgeneratingcapacity. However,theNorwegianmarket


also experienced problems. Because almost all the power in Norway is


producedbyhydroelectricplants,thespotmarketpricewasveryvolatile.


AcombinedNorwegian-Swedishmarketwouldaddresstheproblemsofboth


countries. A decision was therefore made to establish a joint electricity


tradingexchangeinJanuary1996,thedesignbeingbasedontheNorwegian


experience. Thegridoperatorsownthecompany,NordPool,thatorganizes


themarket. FinlandjoinedthepowerexchangeinJune1998. westernand


easternDenmarkjoined inJuly1999andOctober2000respectively.[1]


2.5 Ownership and structure


Settingupthepooldidnotrequireprivatizinggovernmentownedcompa-


nies. A mixture of companies continues to operate in the Nordic power


sectors,fromlargegovernmentownedutilitiestoprivatelyandmunicipally


owned companies of various sizes, running generation, regional networks


anddistributionsystems,and supplyingpowertoconsumers. Butowner-


shipofthe internationalinterconnectionsthat existed in theNordelarea,


when the sectors were restructured in Finland, Norway and Sweden, has



(29)tradingto all the playersin the wholesale markets; generators, distribu-


tors,andlargeconsumers.


Competitive pressures in the electricity market have resulted in several


changes in ownership and structure in the sector, including some cross-


ownerships betweencountries and the entry of some foreign power com-


panies. Inadditionto thetraditional powercompanies,otherplayerscan


tradeonthemarket,includingbrokers,oilcompanies,foreignpowercom-


paniesandpowertradingcompanies representingconsumergroups.[1]


2.6 Competition


Strictregulationoftheelectrical networkservice ensuresthat third-party


accessworks. However,itis generallyassumed that themarket isableto


takecareofitselfunderthesupervisionofnationalcompetitionauthorities.


With increasing privatization of theelectricity generation,the formingof


theScandinavianelectricitymarketwasalsointendedtoreducetheriskof


monopolistic behaviorand theuse ofmarket power,while the benetsof


freeenterprizewouldbeenjoyed.


However,aroundEaster 2002pricesrose andthe dierencebetweenelec-


tricitysold andelectricity oeredonthe market became sogreat that an


investigation waslaunched, reaching all the Scandinavian electricity pro-


ducers. Therefore, the use of market power is considered to be a real


possibility.[2]
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Nord Pool


3.1 The functions of Nord Pool


NordPooloperatesthree markets,each with adierent purpose. Inthis


thesis, however, themain focus will beon the spot market, Elspot. The


othertwoaretheFinancialmarketandElbas.


3.1.1 Elspot


The spot market for electrical power, organized by Nord Pool, trades in


hourly contractsforthe following day. It is open toall parties that have


signedthenecessaryagreementswithNordPool. Bidsaresubmittedeach


morning, and supplyand demand curvesarethen constructedto provide


the price (the system price) and the traded quantity for each hour dur-


ing the next day. The price of the power to balance the system is also


determined through bidding. Elkraft, Eltra, Statnett, Svenska Kraftnät,


and Fingrid are each responsiblefor balancing the system in their areas.


Whendierencesinpricesprevailbetweenareas,thesecompaniestarithe


electricityuntilbalanceisobtainedwithfulluseoftheinternationaltrans-


missionlines. Thesetaris canbevast ifthepricegap betweencountries


isgreat.


Example3.1 If the marketprice inNorwayis
x
andthemarket price in

Sweden is
y
, y > x
 andthe power which can be delivered fromNorway to


(32)Swedenis
z
,thetransmissionsystemoperatorsinNorwayandSwedenwill
 splitthe prot of(y − x) × z


TheElspot marketisaday-aheadphysical-deliverypowermarketandthe


deadlineforsubmittingbidsforalldeliveryhoursofthethefollowingday


is12 am (noon). Theproductstraded ontheElspotMarketare bidsof


aone-hourduration,blockbidsandexible hourlybids.


Contracts ontheElspotmarketareonehourphysicalpower(deliveryto


or take-o from the grid)obligations; minimum contractsize is 0,1


MWh/h.


HourlyBid is asequence of price/volumepairs for each speciedhour.


VolumesarestatedinMWh. Inbidding,purchasesaredesignatedas


positivenumbersandsalesasnegativenumbers.


Block Bid isanaggregatedbidforseveralconsecutivehourswithaxed


biddingpriceandvolume. Theblockbidpriceis comparedwiththe


average hourly pricewithin theblock period. A blockbid must be


accepted in its entirety and if it is acceptedthe contractcovers all


hoursandthevolumespeciedin thebid.


FlexibleHourlyBid is asales bid for a single hour with a xed price


and volume. The hour is notspecied, but insteadthe bid will be


accepted in the hour with thehighest price, given that the priceis


higherthanthelimitset inthebid.


Thetradeonthespotmarketamountedto124TWhin2002or32%ofthe


totalelectricityconsumption in Scandinavia forthat year, and rose from


29%from2001.[4]


Further information about Elspot areas and bidding information can be


foundinappendixA.


3.1.2 Financial market


Inaddition to thespot market,NordPooloersfutures contracts, which


aretradedasweeklycontractsfourtosevenweeksahead,asblocksoffour


weeks upto 52 weeksahead, orasseasonsupto three years ahead. The


futures arepurely nancialcontractsused for pricehedging. Thebulkof


thevolume traded isin standardized nancialcontracts,oftenreferredto


asover-the-counter(OTC)contracts. Theliquidity oftheOTC marketis


quitehigh, particularlyforthenearestseason. Contractscanberesold,or



(33)Inadditiontothespotandfuturesmarketsthereisdirecttradingbetween


parties in bilateral forwards. These bilateral contracts normally involve


physical deliveries and are often tailor-made to particular requirements.


Despitethediversityin tradinginstruments,most ofthetradingbetween


playersstilltakesplaceunderbilateralcontractsforphysicaldeliverywhich


weresignedbeforethereform.[5]


3.1.3 Elbas


TheElbasMarketisaphysicalmarketforpowertradinginhourlycontracts


fordeliveryonthesameornextday. It enablestradingaround theclock


every day of the year, covering individual hours up to one hour before


delivery. OnefunctionistobetheadjustmentmarkettotheElspotMarket.


Theparticipantsaremainly powerproducers,distributors, andindustries


andbrokersin FinlandandSweden.[6]


3.2 The geographical markets


TheNordPoolmarketiscomposedofvemarketareaswithseverallimita-


tionsofelectricitytransmissionbetweenthem. Theseareasare: Denmark,


which is divided into twoareas by the Great Belt, Norway, Sweden and


Finland.


3.2.1 Eastern Denmark


EasternDenmark(DKE)consistsofalltheDanishislandseastoftheGreat


Belt, with theexception of Bornholm. It has connectionsto Swedenand


Germany,butnottowesternDenmark. EasternDenmarkdependsheavily


oncoalandwindpowerforelectricitygeneration.


3.2.2 Western Denmark


Western Denmark (DKW) consists of Jutland, Funen and other smaller


islandswest oftheGreatBelt. WesternDenmarkhasconnectionstoNor-


way,Swedenand Germany. It depends primarilyoncoal andwind power
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Norway(NOR)hasconnectionstowesternDenmark,Swedenandasmall


one to Finland. Norway has also connections to Russia. Forelectricity


generation,Norwaydependsmostlyonhydropower. Duetointernaltrans-


missionlimitationsoftheNorwegianpowergridsystem,tarisareusedon


the congested points. Therefore there can be dierentprices in dierent


areasofNorway.[7]


3.2.4 Sweden


Sweden(SWE) has connections to allthe other marketsof Nord Poolas


well asto Poland. The Swedish electricitymarket depends mainly onhy-


dropower,nuclearpowerand otherthermalpowerascoaland gasplants.


When congestion occurs in the Swedish local grid transmission system,


SvenskaKraftnät buys moreexpensive powerfrom areaswhere the mar-


ket pricecausespowershortage; i.e. buy enoughofpowerfrom inside the


areato satisfydemand, at priceabove the market price. The extra cost


causedbythis interventioniscoveredbyxed chargesontheusersof the


transmissionsystem.[7]


3.2.5 Finland


Finland(FIN)hasconnectionstoNorwayandSwedenontheNordPoolas


wellastoRussia. Finlanddependsmostlyoncoal,nuclearandhydropower


forelectricitygeneration.[7]


3.2.6 Northern Germany


AlthoughnorthernGermany(NGE)isnotpartoftheScandinavianPower


market,itiscurrentlytheonlyareawhichisexpectedtohavesimilarprices


asin Scandinavia. UnlikeRussiaandPolandwhich alsohaveconnections


to Finland and Sweden respectively, the import from these countries is


usuallyxed asthemaximumimport possibledue tointernationaltrans-


mission restrictions. However, the similarities between the Scandinavian


andGermanpricesmaketheGermanmarketmoreinteractive. Inthisthe-



(35)area, although strictly speaking itis not. The data used for mostcalcu-


lations assume power plantsand production in northern Germany which


may interact withthe other markets. northernGermany hasconnections


to both Danish markets as well as to Sweden. The northern Germany's


powersupplycomesmainly fromnuclear,coalandwindsources.[7]



(36)
(37)Chapter 4


Electricity


4.1 Characteristics of electricity


Sinceitsrstpracticalapplication inthe19thCentury,electricityhasbe-


comeoneofthemostessentialelementsofmodernsociety. Withoutitmost


serviceswould cease to operateand, in thewestern world, electricity has


beentakenforgrantedforalmostacentury.


Thecharacteristicsofelectricityvary frommanyotherproducts. Aswith


mostcommodities,priceswill,inthelongterm,reecttheproductioncost


ofthelastunitsold. Ifnotproducerswilleither dropoutofthemarketor


newones enter. However,electricity diersfrom mostother commodities


inthreeways.


1. Lack of storage ability. There is no economicallyviable storage of


electricityandthoughitcanbestoredinallkindsofbatteries,e.g.hy-


drogencells,storinglargequantitiesisbothexpensiveandinecient.


Therefore,thesamevolumeofelectricityusedmustbeproducedeach


time, andwhiletheconsumption ofelectricityvaries duringtheday


and betweenseasons,somust theproduction. Hence,thereis never


any stock in reserve, nor can low consumption periods be used to


prepareforhigh peak consumptionperiods. This makesthepriceof


power vary considerably during the hours of the day, and between



(38)2. Transmission. Transporting electricity is subject to other law than


mostcommodities. Ifthenecessarygridlinesareavailable,electricity


can be transmitted in a very short time over long distances, even


though this may aect its quality. However, these grid lines have


a limited transmission capacity and are often not available. Thus,


electricity needs its own kind of infrastructure for transmission as


opposedtomostothercommodities.


3. Inelasticdemand. Studies indicatethatelectricitydemand isusually


relatively inelastic and will respond only slowly to consistent price


pressure. Mostcustomersstillpayxedpricesbasedonrateschedules


setbyregulators. Shorttimedemandcurvesarealmostvertical.


4.2 Sources of power


Themain sourcesofpowerforelectricitygenerationin Scandinaviaare:



•
 Hydropower


•
 Nuclearpower


•
 Coalandoil


•
 Gas


•
 Windpower

Inthefollowingsectionthecharacteristicsofthesedierentsourceswillbe


discussedbriey.


4.2.1 Hydropower


HydropoweristhemainsourceofenergyinNorwayand,toalesserextent,


inSwedenandFinland. Therearetwokindsofhydropowerplants,dammed


sites andfree-owingsites. Dams areoftenexpensiveto build, but cheap


to maintain andoperate. Although fuelcost is essentiallyzero while the


water lasts, and there is no emission of waste into the environment, the


dams themselves, often with a huge man-made reservoir lake and thus


sinkingof land, havebeenthe sourceofincreasedenvironmental concern.


Thepotentialofharnessingmorehydropowerin Scandinaviaisconsidered


almostexhausted.


Free-owhydropowerplantsarenotveryexible,eventhoughtheytendto



(39)thesummer than thewinter when the need forenergy is greater. Plants


using water reservoirs are far more exible and can store water during


lowdemand periods, but thereis ofcourse alimitto how much theycan


produceduring peakdemand. There isalsothe uncertainty ofhow much


waterwillowintothereservoirduringcomingseasons,whichmeansthat


theoperators of such dams will wantto savethe reservoirfor timeswith


highpowerpricesandthuslimittheavailabilityofcheappower. Therefore,


itisquitediculttoestimatetheproductioncostofreservoirhydropower


plants. It can therefore be in the interest of consumersthat hydropower


plantsdonotoertheirpricesattoolowlevelsasitmaycausethereservoirs


toemptybeforespringandthusgenerateveryhighprices,fromwhichthe


hydropowerownerswillnotbenet,havingspentalltheirwaterearlier. As


free-owhydropowerplantscanbetreatedmuchlikewindmills, onlymore


predictably,thepowerwillbesoldatanyprice,i.e.minimumpriceorzero


attheauction.[8]


4.2.2 Nuclear power


Theonly nuclear powerplantsin Scandinaviaare to befound in Sweden


and Finland. Althoughfuel cost fornuclear plantsis lowerthan for coal


or gasplants,maintenanceandsecuritycost ishigher,and buildingthese


plantsis moreexpensiveandmoretime consuming. Nuclearpowerplants


emit virtually no airborne pollutants, and overall far less waste material


thanfossilfuelbasedpowerplants. However,this relativelysmallamount


of waste, which is in the form of highly radioactivespent fuel and needs


tobehandledwithgreatcareandforethoughtduetothelonghalf-livesof


thewaste, hasbeen ofenvironmental concern. There is also the security


risk,often connectedwith accidents atThree MileIslandand Chernobyl,


but also in case of terrorism and war, which theoretically couldend in a


disaster. Nuclear powerplantsare also quiteinexible in productionand


it takeslongtime to either increaseor decrease theproduction, i.e. they


donothandlepeaksverywell.[9]


4.2.3 Coal and oil


Theburningofcoalandoiltogenerateenergyandhotwater,isthemain


powersource in Denmark and Finland, and to a lesser extentin Sweden
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nuclear plants although lower than for gas plants. They can also, as a


side product, beused to heat waterfor commercial usesuch asdomestic


heating,especiallyduringthewinter.Thismeansthattheoperationofcoal


plantsismoreprotableduringthewinterwhendemandforbothelectricity


and hot water is normally higher. As coal plants are often required to


producehotwater,powerwillbesoldatanyprice. However,theemission


problem with fossil fuel goes beyond greenhouse gases and includes acid


gases(sulfurdioxideandnitrogen oxides,which isalsoagreenhousegas),


particulates,heavymetals(notablymercury,butalsoincludingradioactive


materials)andsolidwastesuchasash. Duetotheaboveandinternational


environmentalagreementssuchastheKyotoProtocol,theuseofcoalplants


hasincreasinglybeenthesourceofenvironmental concern.


Coalplantsare inexible;it takesalongtimeto increaseordecrease the


productionandespeciallytostartproductionafterashutdown. Asaresult,


someoldandinecientcoalplantsareonlyusedduringthewinterordire


electricityshortages.[10]


4.2.4 Gas


Theburningofnaturalgas,isincreasinginallovertheworld,althoughits


market shareis ratherlowin Scandinavia. Buildingcostis relativelylow,


maintenanceischeaperthanforcoalplants,butthefuelismoreexpensive.


Environmentallyspeaking, natural gas is a relatively clean-burning fuel,


althoughitdoesproducegreenhousegases. Gasplantsarealsomuchmore


exiblethancoalplantsandcanthereforeeasilyadapttopeakdemand.[11]


4.2.5 Wind power


Denmarkis one oftheleadingcountries in theworldin the harnessingof


windpower. Windmillsdonotemitanykindofparticulates,maintenance


costis low,and there isno fuelcost. However,thepowerfrom windmills


ishighlyunpredictableascanbeenseeningure4.1,andcanvarygreatly


even during a single day as seen in gure 4.2. There is also the visual


pollution of windmills, even though they can rather easily be removed


unlikedams. Oeringsof powerfrom windmills are usually submittedto



(41)andpowernotsoldislost atnovalue. However,asmoreexpensivepower


usuallydecidesthemarketprice,windpowercanbeprotablewhenwinds


arefavorable.[9]
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Figure 4.1: Dailywindpowerinwestern Denmarkin2002


4.2.6 Other sources


Othersourcesof energyaredismissive. Theyinclude e.g.sun energy, tide


harnessinganda fewmore. These areusually only usedprivatelyby the


producersand thereforedonotaectthemarketto anyextent.
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Figure4.2: WindpowerperhourfromDecember
1 st
to7 th
2002inwestern

Denmark
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Market power


5.1 Competition, monopoly and oligopoly


Theclassicmodelofperfectcompetitionassumesthatcompetitivemarkets


consist of numerous suppliers who compete at setting the price of their


output at marginalcost. Each supplier is toosmall to aect the market


price by on his own. If a supplier attempts to increaseprices above the


competitivelevel(i.e.abovethemarginalcost),hewillloseallhiscustomers


andeitherbeforcedto lowerpricesorgooutofbusiness. Similarly,ifthe


supplierreduces output, this will notaect the market price because the


supplier's output is too small to signicantly reduce the market output.


Inothertheoreticalmodels,suppliersmayset pricesabovemarginalcost,


yet still not attain supracompetitiveprices due to high xed costs. This


is possible as, even though xed cost may be sunken, newsuppliers will


notenterthemarketunlessthexedcostcanbecovered,whichwillthen


functionasamarketbarrierfornewsuppliers.


Inthe classic model of monopoly, the monopolist canreduce outputand


increaseprices,butatthecostofsales. Similarly,aslargesuppliersacquire


greater control over production in a specic market, they increase their


abilitytoaect pricesin themarket.[13]


However,marketpowerentails asocial cost, astheproducer surpluswill
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Figure5.1: Useofmarket power


poweriscontrarytotheideabehindderegulationoftheelectricitymarket


where competition was intendedto lowercostandincreaseoverall wealth


(surplus)insociety.


Economists use the terms `producer surplus' and `consumer surplus' for


the combined prot either groupwill makewhen price has been settled.


Then the consumers, who were ready to pay more than the actual price


fortheproduct,havemadetheirprotaswellastheproducerswhowere


readyto sellforlessthan theactualprice. The totalsocialsurplusis the


combinedconsumerandproducersurpluswhichisalwaysmaximizedwhen


themarginalcost(MC) ofthe last unit soldis thesameastheprice. Or


whenthesupplyfunction isthesameastheMC function.


To explaingure 5.1, 
P c
 and Q c
 respectivelyare the pricesand quantity
 soldduringperfectcompetition. AreaA +B + E
isconsumersurplus. Area
 C +F +D+G
isproducersincomeandD +G
isproducerscost. ThusC +F


isproducersurplusandtotalsocialsurplusis
A +B +E +C +F
. However,

by using market power the producers are able to shift the supply curve


upward and new equilibrium would be gained at price 
P mp
 and quantity


Q mp
. TheconsumersurplusisnowA
andtheproducersurplusisB +C
. As
B
 is largerthanF
, theproducersareprotingmore. Thesocietysurplus
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Figure 5.2: Assumingbidsfromcompetitors


isnowmadeupof
A + B + C
 andhasshrunkenbyE + F
.

The principal problem on the electricity market arises during periods of


peak demand. During such periods, there may be only a small number


of electricitygenerators withdiscretionary capacity. Theopportunity for


variousformsofpriceboostingthendevelops. Clearly,thedesireto maxi-


mizeprotsencourageselectricitygeneratorstoconstraintheircompetitive


inclinations. Ifthesupplierscan colludeand behaveasmonopolists,they


canincreasethepriceandtheircollectiveprots. However,antitrustlaws


makeexplicitcollusionveryrisky.


Onetheoryof quasi-collusivebehavioristheCournottheory. Theessence


ofthe Cournot theoryis that asupplier,bidding into amarket, in which


thereareonlyafewsellers,e.g.duringapeakdemandperiod,willassume


that thequantity bidbythe otherelectricity generatorswill be thesame


asitwasin thelast similarperiodand,asaconsequence,thesuppliercan


assumethat the remainderof the market demand curveis his to exploit.


Therefore, thesupplierwill bid likeamonopolistforthat segmentof the


demand curve. If all suppliers behavein a similar way, there will be an


equilibriumprice,which ishigherthanthecompetitiveprice.[14]



(48)nextperiod, thencompetitorBcanassumethat thedemandcurveto the


rightof`A'belongstohim. Hisprotmaximizingposition,wherethearea


`Producersurplus' islargest,is abidof quantityQ which will generatea


priceP.It canbeshown that ifArespondsbytaking B'sbidquantityas


asignalofwhat hewillbidin thenextperiod andbehavesasBbehaved,


thetwocompetitorswillconvergetoanequilibriapricethatishigherthan


the competitive price and lowerthan the monopoly price. Similarly, the


market quantity will be lower than the competitive quantity and higher


thanthemonopolyquantity. Atthisconvergentprice,thetwopartieswill


satisfyeachother'sexpectations. Thisis calledoligopoly.


Further and more theoretical and mathematical explanations of dierent


formsofcompetition aregivenin chapter 6.


5.2 Detection of market power


How can we know whether market power is being exercised or whether


faircompetitionismaximizingthetotalprotin society? Thereareafew


thingsthatmustbeknown:


Production cost is essential information, in order to be able to know


whether market power is being used. If we do not know the cost,


wedo not know the prot. If the market price is the same as the


productioncostofthelastunit produced,thereisnomarketpower.


Demand Withoutittherewouldbenosales. Withoutinformationonthe


demand,producerscannotknowwhichstrategytopursue.


Alliances ordegreeofcooperationbetweenproducers,oftenwithvertical


orhorizontal ownerships, must beknown to understand the overall


benetoftheactionsofasingleproducertoanAlliance..


Whenthoseinformationareavailable,theycanbeusedto nd:


Nash equilibria arewheneveryproduceristryingto maximizehisown


prot. The existenceof aNash equilibrium, unless Pareto optimal,


also indicates that there is no active cooperation between players.


Unless the Nash equilibrium is where price is at production cost,


there is market power. See chapter 7.1 for further explanations of


NashequilibriaandParetooptimality.


Paretooptimality isnotonlyaclearsignoftheuseofmarketpowerby
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ersarecooperating,then, ifanyplayercanlowerhis priceand thus


increasehis prot,this isnotaNashequilibrium. This suggestsco-


operationasthehigherpricemaybepartofagreementbetweensome


of theplayers. Seetable 7.1. However, ifall cooperatingproducers


aredenedasasingleproducer,theParetooptimalsolutionbecomes


anewNashequilibrium.
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Competition


6.1 Perfect competition


In perfect competition, the price, 
y
, and quantity, x
, of goods are when

supplyanddemandisthesame.Supply,
S(x)
,istheunitcostofproducing

thelastof
x
goods. Demand,D(x)
,istheunitpriceconsumersarewilling

topayforquantity
x
ofthegoods. Thereis,however,adierencetothese

curves, as when price
y
 and quantity x
 havebeen decided, all goods are

soldat the samepricebut notproduced at the samecost. Therefore the


price,



y = D(x)
 (6.1)

forproducedquantityx,andthetotalincomeforsoldquantityxistherefore



x × y = x × D(x)
 (6.2)

butthetotalcostofproducingquantityxis



Z x



0



S(x) dx
 (6.3)

6.2 Monopoly


Thedenitionofmonopolyisthatthereiseitheroneplayeronthemarket
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competition,asthemonopolistislikely,unlessunderthreatofcompetition


orregulations,to want to maximizehis prot, 
f (x)
. Hence quantity xis

notwhere



S(x) = D(x)
 (6.4)

butwhenhisprotismaximized.



M ax 



f (x) = 



x × D(x) − Z x



0



S(x) dx 


(6.5)


Whichiswhen...



 df (x) dx







= x × D 0 (x) + D(x) − S (x) = 0
 (6.6)

Quantity is therefore decided when the extra income of producing and


selling one moreunit equals the loss of revenue for the lowerprice of all


othergoodssoldbythatcompetitororwhen



y + ∆y − p i × x × ∆y = S i (p i × x + ∆x)
 (6.7)

where
S i (x)
andp i
 arerespectivelythesupplyfunction andmarketshare
 ofcompetitori
,whichincaseofmonopolyisthesinglesupplierwith100%

market share. Andwhen 
p i → 0
, thenegative partof equation 6.7 → 0


andtheremainingparts equalequation6.4.


6.3 Oligopoly


The denition of oligopoly is that there are only a few relatively large


playerson a market. Theywill usually notnd it protable to compete


morethannecessary.


When
p i
 in equation6.7is neithercloseto zeronorcloseto one,wehave

oligopoly. Whenoligopolistsarefew,thepriceandquantityofgoodswhich


maximizethetotalprotof alloligopolists,arethesameasin monopoly.


Therefore, when there is a full cooperation between the oligopolists we


have,accordingtothedenition,amonopoly.


Situationscanarise, during ercecompetition betweenoligopolists,when
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doesnot.


Equation6.7equals:



M R = M C
 (6.8)

where
M R
isthemarginalrevenueofsellinganextraunit andM C
 isthe

marginalcostofproducingit.[26]
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Game theory


7.1 Denition


Thegame theory is abranch of mathematics and logic which dealswith


theanalysis of games(i.e. situationsinvolvingparties withconicting in-


terests). Inadditiontothemathematicaleleganceandcomplete`solution',


which is possible forsimplegames, the principles ofthe game theorycan


alsobeapplied to complexgamessuch ascards andchess,aswell asreal


problemsasdiverseaseconomics,propertydivision,politics andwarfare.


Someusefulgame theorydenitions: [25]


Cournot game is when all players secretly and separately decide how


muchtoproduce.


Nash equilibria arewhennoplayergainsfromdeviatingfromhiscurrent


strategygiven,thestrategyofotherplayers. Thisway,noplayerwill


immediatelyprotbychoosinganotherstrategyandthusthereisan


equilibrium. Strategieschosenthiswaymaybeeitherpureormixed.


Pure strategy is when asingle strategyis always selected. Playerwith


singlestrategybecomesverypredictable.


Mixedstrategy iswhenonestrategyisrandomlyselectedfromapoolof


strategies with certain aprobability. Playerswith mixed strategies


arelesspredictablethanthosewhofollowpurestrategy.



(56)Paretooptimality iswhenthereisnoothersolutionwhereanyplayeris


betteroandnoplayeris worseo. Nashequilibriacanbe,but are


notnecessarily,Paretooptimal.


Dominantstrategy dominatesotherstrategies ifthechoosingplayeris


betterochoosingit, regardlessofotherplayers'strategies.


Information is crucialwhengamesareplayed. Doallplayersknoweach


other's actions? Do playersknow each other's costsand benets of


eachoftheirstrategies? Doplayersevenknowwhotheotherplayers


are? Knowingthe enemycanhelp ingamesasin war. Ifeverybody


does not know everything about the other players, we talk about


incompleteinformation.


Repeated game is agame which is repeated either foracertain period


or indenitely. In a repeated game, reputation becomes important


andinagamewhichforexampleisrepeatedeverydayoreveryhour,


with repeated behavior or threats, a player can inuence the play


of others. Therefore,ifthere issomekindof aninformalagreement


on not to rock the boat, the reaction of other players to someone


loweringthe prices mightbe sanctions and pricewars which would


lastuntilitiscertainthatthedeviatingplayerhaslostmorewithhis


deviationthantheprothegainedwithit. Theotherplayersshould


thenreturn tothepriorstrategyifthedeviating playeriswillingto


doso.


Cooperative games are when playersmay freely engage in any kindof


agreements in order to increase their prot. In a non-cooperative


game, players either not able or not allowed to engage in such an


agreement. Thecooperationbetweencompetitorsisoften forbidden


bythecompetitionlegislationofcountriesandcooperationonpricing


ontheNordPoolmarketisstrictly forbidden.


7.2 Games and market behavior


Tables are oftenused to explain simple examplesof the game theory. In


table7.1wehaveaCournot gamewithtwoplayerswhere eachplayerhas


twostrategies, producing either little orPlenty. The rst playerchooses


from the strategies on the left side of the table, and the second player


chooses from the strategies at the top of the table. The letters in the


boxesindicatetheprotbothplayerswillattainwhenbothhavechosena
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A > B > C > D


andwehavethefamous`prisoner'sdilemma'.


Little Plenty


Little B,B D, A


Plenty A, D C,C


Table7.1: Cournotgamewithtwoplayers


HerethedominantstrategyforbothplayersistoproducePlenty(P),even


though both would prot more by cooperating and producing little (L).


BothplayersproducingPisthereforeaNashequilibrium,asneitherplayer


will benet from choosingL, giventhe other playeris playing P, but not


ParetooptimalasbothplayersproducingL willgivethesameorabetter


prottoeachplayerthanthePPsolution. LListhusParetooptimalbut


notaNashequilibrium.


Inaniterativerepeatednon-cooperatinggame,wherebothplayersexpect


theotherto produceas Plentyas theydidthelasttime, maximizationof


theprotfor each playerwill convergeto theequilibrium in equation6.8


which isaNashequilibrium butnotParetooptimal, assumingboth
D(x)


and 
S(x)
 are continuous. However, it is possible that players will oer
 pricesaslowasproductioncost, fearing that theother will otherwise do

so. TheNashequilibrium in equation6.8 willprobablybereached before


that. Seetable 7.2andlet
A > B > C > D
.

Little Plenty


Little A, A D,B


Plenty B,D C,C


Table7.2: Downtoproductioncost


HerewehavetwoNashequilibria,LL andPP,but no dominantstrategy.


LLis also Pareto optimal but PP is not. It canalso be seenthat if the


currently chosen strategies are at either LP or PL, the player playing P


gains from deviating to L and thus, unless the playersbeginin PP, they


shouldendin LL.


Onmostmarkets,asimplisticexplanationof thegamewouldbeasgiven


intable 7.3.
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Monopoly B,B D,A G,D


Oligopoly A,D C,C F,D


Competition D,G D,F E, E


Table7.3: Dierentstagesofcooperation


Thegame in table 7.3is still atwoplayergame put togetherfrom tables


7.1, as the upper left part, and 7.2, as the lower right part. Let 
A >



B > C > D > E > F > G
. The strategy `Monopoly' (M), represents

thequantitysoldduringmonopoly;`Oligopoly'(O)and`Competition'(C)


representwhat would beexpectedtobesoldduringoligopolyand perfect


competition respectively. Quantity 
C > O > M
. There are two Nash

equilibria,OO,whichrepresentsbothPPfromtable7.1andLLfromtable


7.2, and cc, as thePP equilibrium in table 7.2. However, MM is Pareto


optimaltobothsolutions. Thismeansthatplayershaveto,eitheractively


orinactively,cooperateinordertokeeptheMMsolution,astheshortterm


benet forbothplayerswould beto lowerprices,eventhough thelogical


response would cause both players to be worse o in the end. The CC


solutionisatrapwhichplayerscanendinafterapricewarandwhenthere


isnotrustbetweenplayers. Althoughthistable ispresentedasadiscreet


strategy,this issurelynotthecase. However,there arethreexedpoints.


1. TheMM solutionisas during amonopoly,andsoistheprot. The


totalprotofallplayersismaximized. Noplayerwouldprotmore


from less volume and thus a higher price. However, as this point


is not a Nash equilibrium, players will betempted to deviate from


this solutionin thehopethat otherplayerswillnotreact. However,


for everyextraquantity until o,the consequences will be thesame:


moreprot if noresponse from theother player, lessprot ifthere


is aresponse. If bothplayersstartto underbid each othertheywill


eventuallyendatOO.


2. OOrepresentsthenaturalcompetitiveoligopolysolutionfromequa-


tion 6.8. From this point, playerswill only lose by loweringprices,


unlessothersarealreadyunderbiddingthem.


3. CCrepresentswhere thepriceequalstheproductioncostofthelast


unitproduced. Playerscanonlylosebyloweringpricestobelowthat


price.



(59)fromastrategy, eventhoughmoreprotcanbegained temporarily. Ina


repeatedgame,thismayleadtoeitheractiveorinactivecooperationwhere


lackof competitioncausespricesto behigherthantheyotherwisewould.


7.3 Mixed strategy


An exampleofwhen amixed strategyis thebest choice, canbe foundin


table 7.4. Here, the correct strategy, and in fact a Nash equilibrium, of


both playerswould be to randomlyselect either LorP, eachwith a50%


probabilityeach. If one of the playersonly reacted to the other player's


strategy, with his next choice, he would become predictable. The other


playerwould alwaysknowwhich strategyto expect andwouldbeableto


respond accordinglyand thus always gainA while the predictable player


wouldalwayshave-A.


Little Plenty


Little A,-A -A, A


Plenty -A,A A, -A


Table7.4: Nopurestrategy


7.4 Reputation and threats


Oneaspectofrepeatedgameshastodowithreputation. Ifaplayerhasthe


reputationof reactinginacertainway,this mayinuence thestrategyof


others. Thismay,in theend, meanthattheplayerwiththereputationto


barelyeverhavingtousethestrategyonwhichhehasbuilthisreputation.


If a player always reacts to competition with erce resistance, this may


cause otherplayersnot to tryfurther probesinto his realm. Andeven if


the erce competition is more costly than a more conciliatory approach,


other playersmay choose not to try to underbid the playeras they will


expectto losebydoing so. However,iftheplayerhasasoft reputation,


other playerswill constantly harass him as they will not fearretaliation.


Thisisdemonstratedintable 7.5.



(60)Defender Contender


Doesnotcompete Competes


Soft A, 0 0,A


Hard A, 0 -B,-A


Table7.5: Hardorsoft?


Thedefenderisbetterobyalwaystakinghardstandagainstcompetition


when



A



A + B ≥ P competition
 (7.1)


P competition
 istheprobabilityof anotherplayerenteringinto competition.

Itcanbeassumedthat otherplayerswill alwaysenterinto competition if


thedefenderhasthereputationofbeingsoft.


In games, threats can play a signicant role. Threats are often closely


connected with reputation and, like reputation, are used to force other


playerstobehaveinacertainway. Forthreatstobecredible,theplayerwho


makesthethreatsmustbeabletoharm(economicallyspeaking,hopefully)


otherplayers,atnottoohighapriceforhimself. If thethreats arecostly


forthethreateningplayer,hemaybeconsidered blungandiftheplayer


failstoliveupto histhreats,hisreputationmayberuined. Threatsarea


formofforcedcooperationandareusuallyanillegalbehavioronconsumer


markets,and in breach of competition andantitrustlegislations. Threats


canbeeitherdirect,asincommunications,orindirectbymakingexamples


ofotherunfortunateplayers,andthusbyreputation.[25]
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(63)Chapter 8


Data and machines


8.1 The data from Eltra


8.1.1 Supply and demand


Eltra maintains a database over most of the electricity power plants in


Scandinavia. Eltra hasestimated output capacity and the coststructure


ofindividual typesof powerplants. Eltra hasalsomade estimatesof the


demand curves in each of the sixmarkets. NorthernGermany, which, as


explainedinsection3.2.6,interactsmorecloselytotheNordPoolareathan


anyotherneighbor,isthereforeincluded.


Thedata does nottakeinto account theownership of someproducersin


otherpowerplants,unlesstheyarethesoleowners.


This estimation can of course never be a precise estimation of the true


operatingcostofeachandeverypowerplantinthearea,butshouldgivea


closeenoughpicturetoatleastunderstandthemechanismandtheweightof


individualpowerplantsandtheirtype,andtounderstandthepossibilities


athand. Neithercan thedemand curvebepreciselyestimated, especially


outsidethemostcommonpricerange. However,thisdatagivesanexcellent


platformfordevelopingtoolsofdetection,astheyshouldgiveafairestimate


ofthemarketstructure.


ThedataisanoutputfromaprogramnamedMARS,developedbyEltra,



(64)andexchangeonthepowermarket. Ownershipofproductioncapacityisa


basicmodelparameteronthecompanylevel. Windpowerandfreeowing


waterismodelledasasupplywithlowmarginalcost,andthehydropower


bidsaretakenfromtheEMPSmodel
 1


.


Much has been written about the pricing of electricity from hydropower


anditsrelationtowaterreservoirlevel,longtimeweatherforecastetc. In


thisthesisIwillnotaddanythingtothatdiscussionbutusethedatafrom


theEMPSmodelviaEltra,withoutreservations.


Thedatacomes ashourly bidsfromanumberofplants,characterizedby


ownership, type and location on a market. The bids are either given in


steps,where allunits willbesoldatsamepriceorwithalinearincrement


where thenextunit will onlybesoldfor morethanthelast unit. Indeed


theydofulll therequirementsforbidsasgivenin appendixA.


Thedatamainlyusedin thisthesisisfromFebruary2003andistheweek


fromMondaythe
10 th
to Sundaythe16 th
.

However, as results may vary considerably, even though there was only


a small error in price or volume of a single bid, results must be taken


with reservations. Only the current priceand volume traded and oered


is available from Nord Pooland thetrue operating costof plants is only


knownbytheirowners.


Whenviewing thedata, I noticed, due to the lack ofelasticityof the es-


timateddemand, that themost favorable strategyfor theproducersasa


whole isto oeraverysmall quantityof powerat veryhigh prices. One


would assume that such kind of behavior would be unacceptable to the


governmentsof theregion, butthismakesoptimization alittledicultas


onehasto estimatethehighestacceptable pricewithoutriskinganinter-


ference from governmental institutions. The data also indicates that the


buyersarereadytopaymore,intotal,forlittlepowerthanforalot. This


seemsto beaparadox but doesnot interferewith the calculationsbased


onthedata. Thedemandissimulatedwiththeequation:



p = k × q 1/β
 (8.1)

where
p
andq
arepriceandquantityrespectivelyandβ
andk
areconstants.

Thismeansthatthetotalincomefromsalesincreaseswithsaleswhen


1


Integratedmodelformarketbasedeconomicoptimizationofhydro-thermalproduc-



(65)
1 + β



β > 0
 (8.2)

orwhen
β ≥ 0
 orβ < −1
.

Thisdata iscondentialand isnotpresented in thisthesis, althoughcal-


culationsbasedonitare.


8.1.2 Other data from Eltra


OtherinformationfromEltraderivesfromaninterviewwithBerithBitsch


KristoersenandBjarneDonslund,MarketPowerModelSeminar heldat


Eltra in April 2003, and from Eltra's web site,
 2


where some usefulinfor-


mationanddata canbefound.


8.2 Nord Pool


Data was also received from Nord Pool via their web site
 3


and through


correspondencewithHildeRosenblad,Market&DevelopmentatNordPool


Spot.


8.3 Sunre


Thecomputermostfrequentlyusedforcalculationsanddataprocessingis


Sunre3800witheight1200MHzUltraSPARCCPUs(centralprocessing


unit)and16GBRAM(randomaccessmemory).


4


My personal laptop, MITAC 8575 with Pentium IV two GHz CPU and


256MBRAM, wasalsoused, performingalmost aswellastheSunrein


matlab.


2


http://www.eltra.dk


3


http://www.nordpool.no


4


Furtherinformationcanbefoundathttp://se.sunsolve.sun.com/handbook_pub/-
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Characteristics of the


Scandinavian electricity


market


9.1 Overview


Theelectricitymarket inScandinaviais arepeatedgamewithincomplete


information,abiddinggamewherethelowerbidsareclearedoutwiththe


priceof thehighestacceptedbid. There isnoinformationavailable,other


thanthe priceand volumetraded oneach market,from NordPool. The


number, price and volume of all bids, supply and demand, are therefore


onlyspeculations. Therefore,itisquitedicultforothersthanNordPool


themselvestoestimatewhetherandwhenunusualmarketactivitymaybe


takingplace. Wewill,however,sometimesassumethatallthisinformation


isavailabletous sothatwemayanticipateplayers'strategies.


Consumption of electricity depends on the hour of the day and the day


oftheweek, seegure9.1which showsaweekofconsumptionin Sweden.


Consumptionislessduringweekendsthanworkingdaysandlessduringthe


nightthantheday,as lesspowerintensiveactivityis takingplace atthat


time. Consumption isalso greaterduring thewinter aselectricityisused
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Figure 9.1: Hourlyconsumptionin SwedenMay
15 th
 toMay21 st
 2003

theelectricity is generated from theburning of coaland other fossil fuel.


AndduetothegeographicalpositionofScandinaviainthenorthernreaches


oftheinhabitedworld,airconditioningduringthesummer,whichisquite


powerintensive,is notascommonasinmoresouthernlyingcountries.


Becauseofthisandaccordingto thedata,thedemand seemstoberather


stable and predictable on adaily basis, and themain deviations seemto


dependonthehouroftheday,holidaysand,toalesserextent,temperature.


Ialsofounditsurprisinghowlittledierencethereisin consumptionover


24 hours. The supply, however, varies more. The reason for this is for


example unpredictability of the availability of cheap wind power in the


shortterm,andwaterreserveinthelongerterm. Thepriceofenergyfrom


thermalpowerplants,likecoalplants,variesdemandforthesideproduct,


heated water, is abundantin winter. Therefore, thevolume and priceof


thesupplycanvaryconsiderably.


Because of this seasonal and regional dierence in supply and demand,


Denmarkforexample,isusuallyanetexporterofenergyduringthewinter


butnetimporterduringthesummer.
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