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BackgroundBackground

•• TheThe useuse ofof market market powerpower is a is a potentialpotential
problem problem ofof thethe deregulatedderegulated electricityelectricity
sectorsector

•• Hydro powerHydro power is a is a specialspecial case due to zero case due to zero 
variable variable costcost, , highhigh effecteffect capacitycapacity and and 
water water storagestorage



Plan Plan ofof thethe presentationpresentation

•• TheThe basicbasic economiceconomic characteristicscharacteristics ofof
hydrohydro powerpower
–– SocialSocial optimumoptimum
–– MonopolyMonopoly

•• TheThe rolerole ofof constraintsconstraints
•• A A mixedmixed hydrohydro and and thermalthermal systemsystem



TheThe basicbasic hydrohydro modelmodel

•• TheThe first order first order conditionsconditions

•• TheThe lawlaw ofof oneone priceprice: : 
ArbitrageArbitrage and and Hotelling’sHotelling’s rulerule
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MonopolyMonopoly

•• NecessaryNecessary conditioncondition

•• TheThe lawlaw ofof variable variable priceprice: : 
•• PricesPrices differdiffer betweenbetween periodsperiods accordingaccording to to 

priceprice flexibilityflexibility,,

( ) . .H H H
t t t t

t T t T

Max p e e s t e W
∈ ∈

≤∑ ∑

(1 )
tt tMR p t Tη λ≡ + = ∀ ∈

t
η



SocialSocial optimum, and optimum, and monopolymonopoly
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Constraints in a hydro systemConstraints in a hydro system

•• Must take flowsMust take flows
•• Reservoir sizeReservoir size
•• Minimum levelMinimum level
•• Effect capacityEffect capacity
•• Transmission capacityTransmission capacity
•• Water flowsWater flows
•• Ramping upRamping up
•• Ramping down
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SocialSocial optimum and optimum and reservoirreservoir
constraintsconstraints
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OptimalityOptimality conditionsconditions

•• Bellman’sBellman’s principleprinciple: start : start withwith periodperiod TT

•• ScarcityScarcity in period in period t<Tt<T and T:and T:

•• ThreatThreat ofof overflowoverflow//overflowoverflow in in periodperiod s<Ts<T
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IllustrationIllustration ofof socialsocial optimum for optimum for 
twotwo periodsperiods

Period 1

p1S=λ1

p2S=λ2

Period 2

A B C D

γ1



MonopolyMonopoly and and reservoirreservoir
constraintsconstraints
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MonopolyMonopoly solutionsolution

•• Marginal Marginal revenuerevenue replacereplace marginal marginal willingnesswillingness to to 
paypay

•• LawLaw ofof variable variable priceprice
•• May have spillageMay have spillage
•• May not fill May not fill upup reservoirsreservoirs
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IllustrationIllustration ofof monopolymonopoly solutionsolution
ReservoirReservoir not not filledfilled upup

Period 1

p1M
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Period 2

P1S

P2S



ThermalThermal capacitycapacity

•• IndividualIndividual thermalthermal plantsplants

•• AggregationAggregation to to thermalthermal sectorsector; ; meritmerit orderorder
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CooperativeCooperative solutionsolution

•• NecessaryNecessary conditionsconditions
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CooperativeCooperative solutionsolution, , contcont..

•• ThermalThermal as base as base loadload: : constantconstant loadload for all for all 
periodsperiods

•• LawLaw ofof oneone priceprice
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Two periods: extended bathTwo periods: extended bath--tubtub
Period 1 Period 2
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Thermally extended bathThermally extended bath--tub with tub with 
reservoir constraintreservoir constraint
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MonopolyMonopoly withwith hydrohydro and and thermalthermal
capacitycapacity

•• NecessaryNecessary conditionsconditions
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MonopolyMonopoly, , contcont..

•• ConstantConstant thermalthermal baseloadbaseload

•• LawLaw ofof variable variable price
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Monopoly and extended bathMonopoly and extended bath--tubtub
Period 1 Period 2
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ExtentionsExtentions
•• UncertaintyUncertainty

–– Future water values become stochastic Future water values become stochastic 
variables, system must avoid going dryvariables, system must avoid going dry

•• Competitive fringeCompetitive fringe
–– Hydro or thermal; will reduce possibilities of Hydro or thermal; will reduce possibilities of 

strategic shifting of waterstrategic shifting of water

•• Oligopoly game between hydro producersOligopoly game between hydro producers
–– Essentially a dynamic game, reduces the Essentially a dynamic game, reduces the 

possibilities of strategic shifting of waterpossibilities of strategic shifting of water



Conclusions for the Real WorldConclusions for the Real World
•• A number of physical constraints on hydro A number of physical constraints on hydro 

producers resulting in fluctuating pricesproducers resulting in fluctuating prices
•• Must know the expected water values and Must know the expected water values and 

thermal supply function in detail in order to thermal supply function in detail in order to 
identify use of market poweridentify use of market power

•• Quite complex in the case of uncertainty about Quite complex in the case of uncertainty about 
inflows to reservoirs and temperature dependent inflows to reservoirs and temperature dependent 
demanddemand

•• Quite complex to find solutions to dynamic Quite complex to find solutions to dynamic 
gaminggaming


