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AnunuSualfbatureofspotmarketsfbrbulkelectricityisthatproducerssome－  

t享mesoffertheiroutputtothemarketatnegativeprices－ineffecto鮎ringtopay  
theircustomerstotakepower．Suchnegativeoff6rsarefairlycommoninmany  

electricity markets；they usually arise as ameans ofaddresslng the problem of  
large，inflexiblethermalpowerplantswhichwouldbecostlytoshutdownduring  

periodsoftemporarilylowdemand．   

Wewillcallpowergeneratingcapacity“must－runCapaCity”（duringagien  
periodoftimc）ifitsownersarewillingtoofferitsoutputatanegaヤiveprlCe  
fbrthatperiod・（Wewillnotbeconcerned withanotherproblemtowhichthe  
term“must－run”issometimesapplied－thatofcapacitywhichmustnecessarily  
bedispatchedifalldemandsaretobemet．Inourmust－runprOblem，theneedto  

generatecomes丘omthepowerplantitself一正omthesupplyside，nOtthedemand  

Side・）  

We consider the一“centrally dispatched”or“pool”type ofspot marketfor  

electric power，aS Operatedin New Zealand，Australia，and some parts ofthe  

UK and USA．In this type ofmarket，inaglVen timeperiod，eaChnode ofthe  

transmissio！1netWOrkmayreceiveo鮎rsfromgeneratingcompaniestoinjectpower；  
eachsuchoffertakesthefbrmofa（price，quantity）pair．Ateachnodetheremay  

alsobeademandfbrelectricity；fbrourpurposesthesedemandswillbeassumed  

tobeinelastic．Acentraldispa七ChermustthensoIveanetworkflowoptimization  

problem（the“dispatchproblem”）todecidewhichgeneratoro鮎rstoacceptin  
Ordertomeet allthedemands；thespo七prlCe Ofelectricity at each nodeis the  
Valueofthedualvariablecorrespondingtothedemandconstraintatthatnode・  
Smallamountsofmust－runCapaCitycanbeabsorbediI1thismarketwithout  

di侃culty・Themarketwill（usually）stillclearatpositive r10dalprices，and all  

generationowners，eVenthosewhoo鮎redatnegativeprices，Willreceivepositive  

cash且ow．  
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Butifenoughnegative offers arepresent，it maywellbethat the capacity  
theyrepresent can alreadyprovidemore thanenoughelectricitytomeet allthe  
demands．ClearlngnOdalprices willthen themselves become negative，SO that  

increaslngCOnSumPtionorwastageatanynodeimprovesthesolution・Thiscreates  
acuriousreversaloftheusualmarketdiscipline－generatOrS（atleastinprinciple）  
paypurchasersfbrtheprivilegeofsupplyingthem，andthelea＄te氏cientdispatch  

SChedulesarethemosteconomicallydesirable．  

At the same time，the dispatch problem becomes a genuinely non－COnVeX  

Optimizationproblem，Whichcannotbeapproximatedbyconvexproblemsasother  
Optimalpower－80WprOblemsoftenare．Themarketoperator’staskthusbecomes  

COmputationallymuchmoredifficult．   

Inpractice，itmaybenecessaryforapowermarkettoemploysomekindof  
alternativeorhybridmethodtoavoidhavingtosoIveanon－COnVeXOPtimization  

problemduringperiodsoflowdemand．Themust－runauCtionisonesuchmethod，  

whichhas been usedin New Zealand．Whilst anumber ofvariations ofthe ap－  

proacharetheoreticallypossible，WeWillattempttokeepouranalysISClosetothe  
SChemeusedinpractice．  

Themechanismbeginsbycreating“must－runrights”anddistributingthem  
togeneratorsinsomefashion（e．g．byauctioningthemoff）・Ageneratorholdinga  

glVenquantityofrightsispermittedtoofferacorrespondingquantityofpowerinto  
themarketataprlCeOfzero．Allothergenerationmustbeo鮎redintothemarket  

atsomeminimumpostivepricee・（Thevalueofeissetatsometokenlevel，e・g・  

0・001cent／kWh・）Theresultingdispatchproblem，Whichhasonlynon－negative  

o鮎rs，isthensolvedasusual．Thequantityofrightscreatedislimited（e・g・・tO  
80％●offorecastl？ad）sothatitwillnotbepossibletolneetalldemandsfrom  
ZerO－Pricedgenerationalone－thus ensurlngthatrights－hol（1ers are guaranteed  
dispatch．   

Insuchasolution，pricespaidbrpowerareverylow（oftheorderofeatmost）  
andtheresultingcashflowsarenegligible・Generatorswillingtopayfordispatch  
oftheirmust－runCapaCitydosothroughtheauctionmechanismforrights・   
Supposethatmust－runrightsareallocatedthroughasealed－bidauction（as  
usedinthe New Zealand ElectricityMarket）and that demands arestochastic・  
Then the strongest possible assumption ofcompetitive behaviouris that each  
infinitesimal“atom”ofcapacityentersabidequaltoitsexpectedlossesthrough  
notownlngaright．Akeypointisthatthesedependontheallocationofrights  

toothergenerators・Underthisassumptionitispossibletofindanallocationof  
rightsrepresentingan“equilibrium”inthesensethatiftherewereapost－auCtion  
secondarymarketallowlngfurtherrightstrading，nOSuChtradingwouldtakeplace  
－eaChgeneratorwouldconsideritspresentallocationtobethemostadvantageous  
One，glVentheallocationstoothergenerators・   

Aninterestingfbatureoftheequilibriumisthatitmaybesub－OPtimalfor  
thesystemasawhole，despitetheverystrongassumptionofperfbctcompetition・  

Thiswillbeshownthroughexamples・  
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