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Motivation
Renewableenergyintegration

Nuclearcapacityin Belgium

The Belgianscarcitypricingstudies



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



Definitionof Flexibilityfor This Talk

ÅWeare interestedin resourcesthat provide:
ÅSecondaryreserve: reactionin a few seconds, full response

in 7 minutes
ÅTertiaryreserve: availablewithin 15 minutes

ÅIn Belgium, theseare (mostly) combinedcycle gas
turbines
ÅGreat financialstraindue to renewableenergy

integration
ÅWewill not beaddressingsources of flexibility for 

which ORDC isnot designedto compensate(e.g. 
seasonalrenewablesupplyscarcity)



NuclearOutagesin Belgium(2014)

ÅBelgianpower production 
capacity: 14765 MW

ÅSeptember2014 ςmid-
October2014
Å4 nuclearunitsout of order

simultaneously

ÅTotal unplannedoutage: 4000 
MW



First ScarcityPricing Study(2015)

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

ÅQuestion addressedin the first study: How wouldelectricityprices
change if we introduceORDC (Hogan, 2005) in the Belgianmarket

ÅResults: A. Papavasiliou, Y. SmeersΣ ΨRemunerationof Flexible Capacity
underConditions of ScarcityΩΦ The EnergyJournal, vol. 38, no. 6, pp. 
105-135, 2017.

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



Second ScarcityPricing Study(2016)

ÅIn February2016, nuclearcapacitywascompletelyrestoredback to service

ÅQuestions addressedin the second study: how doesscarcitypricingdepend
on 
ÅStrategic reserve(akinto reliabilitymust-run units)

ÅValue of lost load

ÅRestorationof nuclearcapacity

ÅDay-ahead(insteadof month-ahead) clearing

ÅResults: A. Papavasiliou, Y. SmeersΣ DΦ .ŜǊǘǊŀƴŘ Ψ!ƴ 9ȄǘŜƴŘŜŘ Analysison 
the Remunerationof CapacityunderScarcity/ƻƴŘƛǘƛƻƴǎΩΦ Under review.



EuropeanCommission Guidelines on State 
Aidfor EnvironmentalProtection and Energy
ÅtŀǊŀƎǊŀǇƘ нмфΥ άMeasures for generation adequacy can be designed in a 

variety of ways, in the form of investment and operating aid (in principle 
only rewarding the commitment to be available to deliver electricity), and 
can pursue different objectives. They may for example aim at addressing 
short-term concerns brought about by the lack of flexible generation 
capacity to meet sudden swings in variable wind and solar production, or 
they may define a target for generation adequacy, which Member States 
may wish to ensure regardless of short-term considerations.έ

ÅtŀǊŀƎǊŀǇƘ номΥ άThe measure should be constructed so as to ensure that 
the price paid for availability automatically tends to zero when the level of 
capacity supplied is expected to be adequateto meet the level of capacity 
demanded.έ



ThirdScarcityPricing Study(2017)

ÅRecentEuropeanCommission (EC) legislationisgenerallyfavorable towards
scarcitypricing:
ÅEC Network Codes on electricitybalancing(2016) advocateco-optimizationof energyand 

reserves
ÅEC guidelines on State Aid(2014) paragraphs219, 231 describewhat resemblesto a scarcity

adder

ÅBut canwe takea US-inspireddesign and just plug it into the existingEuropean
market?

ÅQuestions to beaddressedin the third study: in order to back-propagatescarcity
signal,
ÅWhencan/shouldday-aheadauctionsbeconducted? Before, during, or after energy

clearing?
ÅDo we need co-optimization in real time?
ÅDo we need virtual bidding?



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(ideally)

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 adderwouldensurethat a pricetakingagent that offersenergyand 

reservecapacitywould, in equilibrium, dispatchits unit accordingto the 
optimal schedule
ÅMore frequent, lower amplitude pricespikes
ÅPrice spikescanoccurevenif regulatormitigatesbidsof suppliersin order

to mitigatemarketpower
ÅCan coexistwith capacitymarkets
ÅCompatible with demandresponse, I think of it as training wheelsuntil

demandresponseis (hopefully) eventuallyfully mobilized



Illustration from Texas: July 30, 2015



Methodology
Framework

Modelingthe Belgianmarket



The Basic Question

ÅObjective of first and second 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

ÅStudyintervalof first study: January2013 ςSeptember2014

ÅStudyintervalof second study: September2015 ςMarch 2016

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


