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Motivation
Renewableenergyintegration

Nuclearcapacityin Belgium



Challenges of RenewableEnergyIntegration

ÅRenewableenergyintegration
Ådepresseselectricityprices
Årequiresflexibility due to 
Åuncertainty, 
Åvariability, 
Ånon-controllabilityof output

ÅDemandisunresponsive

ÅSupply-demandmust bebalanced
instantaneously



Challenges of RenewableEnergy(II)



A Paradox

ÅGasandoil unitsare
Åextremelyflexible(ramprates,up/down times)=>needednow morethan ever

Åcharacterizedby highmarginalcost=>mothballedor retired now more thanever

Technology Inv. cost 

(ϵ/MWh)

Marginal 

cost 

(ϵ/MWh)

Min. load 

cost 

(ϵ/MWh)

Energy 

market 

profit 

(ϵ/MWh)

Profit 

(ϵ/MWh)

Biomass 27.9 5.6 0 35.6 7.7

Nuclear 31.8 7.0 0 34.2 2.4

Gas 5.1 50.2 20 0.1 -5

Oil 1.7 156.0 20 0 -1.7



SevereShortagein BelgianCapacity

ÅBelgianpower production 
capacity: 14765 MW

ÅSeptember2014 ςmid-
October2014
Å4 nuclearunitsout of order

simultaneously

ÅTotal unplannedoutage: 4000 
MW



Contextfor thisStudy

Å/ƻƳƳƛǎǎƛƻƴ ŘŜ wŞƎǳƭŀǘƛƻƴ ŘŜ ƭΩŞƭŜŎǘǊƛŎƛǘŞ Ŝǘ Řǳ DŀȊ ό/w9Dύ is
concernedabout whetheradequateincentivesare in place in order to 
attract investmentin flexible power generationin Belgium

ÅQuestion addressedin this study: How wouldelectricitypriceschange 
if we introduceORDC (Hogan, 2005) in the Belgianmarket

(Hogan,2005) W. Hogan,On an Energy-Only ElectricityMarket Designfor ResourceAdequacy.
Centerfor BusinessandGovernment,JFKSchoolof Government,HarvardUniversity,September
2005.



Background
Payingfor capacityin electricitymarkets

The shift of value in electricitymarkets

Operating Reserve DemandCurves



The MissingMoney Problem

ÅElectricitydemandisextremelyinelastic

ÅEvenif demandisperfectlypredictable, a 
competitiveequilibriumentailssome
degreeof loadcurtailment, at whichtime 
the priceof electricityisveryhigh

ÅDue to marketpower concerns, electricity
priceiscapped=> missingmoney



Mechanismsfor CompensatingCapacity

ÅEnergy-onlymarkets
ÅThe energymarketwithout pricecaps is the onlysource of revenue
ÅRiskyfor investors(-), politicallycontentious(-)

ÅInstalledcapacityrequirements
ÅRegulatordecideson a targetcapacityand procures it throughannual

auctions
ÅSaferfor investors(+), capacitytarget iscontestable/non-transparent (-), does

not ensureflexibility (-), complexvariations amongmemberstates (-)

ÅCapacitypayments
ÅEnergypricesare uplifted by capacitypayment
ÅInstalledcapacitymayerr significantly(-)



Revenue Streamsin ElectricityMarkets

ÅEnergy
ÅDay-aheadΨuniform priceΩ auction

ÅReserve
ÅMonthly procurementof reserve

capacity
ÅReal-time procurementof reserve

energy

ÅCapacity
ÅAuctionedannuallyin somemarkets

ÅRecentmigration of value awayfrom
energymarketsand into flexibility
(reserves)



Reserves

ÅPrimaryreserve: immediateresponseto 
change in frequency

ÅSecondaryreserve: reactionin a few 
seconds, full responsein 7 minutes

ÅTertiaryreserve: availablewithin 15 
minutes

ÅCommitmentof reserveinduces
opportunity costbecauseit displaces
energysales



Operating Reserve DemandCurve(ORDC)

ÅReserve isprocuredby the system operatorfrom generatorsin order
to ensurereliability, whichisa public good

ÅDemandfor reservecanbe drivenby its value for dealingwith
uncertainty, basedon engineering principles:
ÅAbovea max threshold(Qmax), extra reserveoffersno additionalprotection 

=> (P, Q) = (0, Qmax)

ÅBelowa min threshold(Qmin), operatoriswilling to curtaildemand
involuntarily=> (P, Q) = (VOLL, Qmin), whereVOLL isvalue of lost load

ÅAt Qmin< Qi < Qmax, extra reserveincreasesprobabilityof preventingload
curtailment=> (P, Q) = (ὒὕὒὖɇὠὕὒὒ, Qi), whereLOLP is lossof load
probability



Lossof LoadProbability

ÅUncertaintyɝin real time due to:
Ådemandforecasterrros

Åimport uncertainty

Åunscheduledoutagesof generators

Åὒὕὒὖὼ ὖὶέὦɝ ὼ is the 
probabilitythat real-time 
uncertaintyexceedsreserve
capacityὼ



ORDC Price Adders

ÅPrice adder: ‘ ὠὕὒὒ‗ɇὒὕὒὖὙ ὢ , where ‗is the marginal 
cost of the marginal producer, Ὑis the available reserve, and ὢis the 
minimum threshold of reserve

ÅThis adderwould ensurethat a pricetakingagent that offersenergy
and reservecapacitywould, in equilibrium, dispatchits unit according
to the optimal schedule

ÅMore frequent, lower amplitude pricespikes

ÅPrice spikescanoccurevenif regulatormitigatesbidsof suppliersin 
order to mitigatemarketpower



Illustration from Texas: July 30, 2015



Methodology
Framework of study

Modelingthe Belgianmarket



Back to the Question

ÅRecallthe goal of the study: what
would the impact of ORDC be in the 
Belgianelectricitymarket?

ÅSteps
ÅCalculatereservecommitmentfor each

hour of the studyperiod
ÅEstimateLOLP for Belgiansystem
ÅCalculatepriceadders

ÅThis isan open-loop analysis: we do 
not attempt to answerthe question 
of how generatorswould reactto 
the introduction of ORDC (for now)



AvailableData

ÅStudyinterval: January2013 ςSeptember2014

ÅDay-aheadprice

ÅDay-aheadproduction by technology(not individualunits)

ÅUnit-by-unit technical-economicdata for coaland combinedcycle gas
turbine (CCGT) units



Understandingthe BelgianMarket

ÅPossible causes for variabilityof supply
function
ÅOutages
ÅUnit commitment
ÅImports/exports
ÅReserves
ÅDistributedrenewables(not measured)
ÅPumpedstorage
ÅCombinedheat& power, must-take

resources
ÅFuel pricefluctuations
ÅMarket power
ÅForward/bilateralcommitments
ÅDemandsidebidding



Model Description
Classification of marketagents

Fit of model to data



Agents

ÅGenerators
ÅNominated

ÅDispatchable

ÅCommitted

ÅPumpedstorage

ÅNeighbors

ÅConsumers

ÅSystem operator



Nominations

ÅNominatedresourcesare resources
whoseoutput isnot drivenby 
electricityprices
ÅNuclear(6032 MW)

ÅWind (864 MW)

ÅWaste(259 MW)

ÅWater (101 MW)

ÅThe production of nominated
resourcesis fixedto its historical
value


