Remuneration of Power Generation
Capacity in Conditions of Scarcity In
Belgium

Anthony Papavasiliou, YvBmeers
Center for OperationResearcland Econometrics
Universite Catholique de Louvain
September 30, 2016
Presentation at the CREG Advisory Councill



Outline

AMotivation
A Renewableenergyintegration
A Nuclearcapacityin Belgium

ABackground
A Payingfor capacityin electricitymarkets
A The shift of value ielectricitymarkets
A Operatingreservedemandcurves

AMethodology
A Framework of thestudy
A Modelingthe Belgianmarket

AResults
A Model validation
A lmpact of ORDC on CCG@Gilts



Motivation

Renewablesnergyintegration
Nuclearcapacityin Belgium



Challenges dRenewabld=nergyintegration

ARenewablesnergyintegration
A depresse®lectricityprices

A requiresflexibility due to
A uncertainty
A variability,
A non-controllability of output

ADemandis unresponsive

ASupplydemandmustbe balanced
Instantaneously
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Challenges dRenewabld=nergy(ll)

Could you predict the energy production for this wind park
either day-ahead or 5 hours in advance?

Each Day is a different color.
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A Paradox

Belgian energy price duration curve
Jan. 2013 - Sept. 2014
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AGasandoil units are

Aextremelyflexible (ramprates,up/down times)=>needednow more than ever
Acharacterizedy highmarginalcost=>mothballedor retired now more than ever



SevereShortagan BelgianCapacity

ABelgianpower production
capacity 14765 MW

ASeptember2014¢ mid-
October2014

A4 nuclearunits out of order
simultaneously

ATotalunplannedoutage 4000
MW
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Contextfor this Study

Al 2YYAaaArz2y RS wS3dzAZ A2y isRS f QS
concernedaboutwhetheradequateincentivesare in place iorderto
attract investmentin flexible power generationin Belgium

AQuestionaddressedn this study. Howwould electricitypriceschange
If we introduceORDCHogan 2005) in theBelgianmarket

(Hogan,2005 W. Hogan,On an EnergyOnly ElectricityMarket Designfor ResourcéAdequacy
Centerfor Businesand Government JFKSchoolof GovernmentHarvardUniversity,September
2005



Background

Payingor capacityin electricitymarkets
The shift of value ielectricitymarkets
Operating ReservBemandCurves



TheMissingMoneyProblem

AElectricitydemandis extremelyinelastic

AEvenif demandis perfectlypredictable a
competitiveequilibriumentailssome
degreeof load curtailment, atwhichtime
the price of electricityis veryhigh

ADue tomarketpower concerns electricity
priceis capped=>missingmoney




Mechanismgor Compensatingcapacity

AEnergyonly markets
ATheenergymarketwithout price capsis the only source of revenue
A Riskyfor investors(-), politicallycontentious(-)

Alnstalledcapacityrequirements

ARegulatodecideson atarget capacityand procurest throughannual
auctions

A Saferfor investors(+),capacitytarget is contestable/nontransparent §), does
not ensureflexibility (-), complexvariationsamongmemberstates )
ACapacitypayments
A Energypricesare uplifted by capacitypayment
AInstalledcapacitymayerr significantly(-)



Revenue&treamsn ElectricityMarkets

AEnergy
A Day-aheadWniform priceCauction

AReserve

A Monthly procurementof reserve
capacity

A Realtime procurementof reserve
energy

ACapacity

A Auctionedannuallyin somemarkets

ARecentmigration of valueawayfrom
energymarketsandinto flexibility
(reserves

Capacity
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Reserves

APrimaryreserve immediateresponseo
change irfrequency

ASecondaryeserve reactionin a few
seconds, fulkesponsan 7 minutes

ATertiaryreserve availablewithin 15
minutes

ACommitmentof reserveinduces

opportunity costbecausat displaces
energysales
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Operating ReserdeemandCurve(ORDC)

AReservas procuredby the systenoperatorfrom generatorsin order
to ensurereliability, whichisa public good

ADemandfor reservecanbe drivenby its value fordealingwith
uncertainty basedon engineeringrinciples
A Abovea maxthreshold(Qmay, extrareserveoffers no additionalprotection
=> (P, Q) = (@may
ABelowa minthreshold(Qmin), operatoris willingto curtaildemand
iInvoluntarily=> (P, Q) = (VOLQmin), where VOLLs value oflostload

AAt Qmin< Qi <Qmax, extrareserveincreaseprobability of preventingload
curtailment=> (P, Q) =0(0 L& U U, Qi),where LOLRslossof load
probability



Lossof LoadProbability

AUncertaintys- in real time due to:
Ademandforecasterrros
Aimport uncertainty
Aunscheduledutagesof generators
AD O 0@ 01 é30 o isthe
probabllitythat reaktime

uncertaintyexceedgeserve
capacityw

-_.l__.__._______.____-__.._.__

g =

Reserve Error



ORDC Prickdders

APriceadder: * w00 0_ 60 00Y &, where_is the marginal
cost of the marginal producel is the available reserve, andlis the
minimum threshold of reserve

AThisadderwould ensurethat a price takingagentthat offersenergy
andreservecapacitywould, inequilibrium dispatchits unit according
to the optimalschedule

AMore frequent, lower amplitude price spikes

APricespikescanoccurevenif regulatormitigatesbids of suppliersin
orderto mitigate marketpower



SCED ORDC On-Line Price Adder ($/MWHh)

lllustrationfrom Texas: July 30, 2015
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Methodology

Framework oktudy
Modelingthe Belgiammarket



Back to the Question

Validation Simulation

ARecalthe goal of thestudy. what D e e
would the impact of ORDRe In the
Belgiarelectricitymarket? ,
monthly reserve Model paragraph 6.1: Ra

/ \Ste pS Capamt{aummn real-time balancing

Y Equation (12):

A Calculateeservecommitmentfor each _— ____ o (0T
hour of the studyperiod and it commimet loe WoLL < Mo
A EstimateL OLP foBelgiansystem e L oL

Model paragraph 6.3:

day-ahead pricing \

.'U(_"[z:” Py)

Day-ahead

A Calculatepriceadders
AThisisan openloop analysiswe do o | ot | | | semveron et

3.31,33.2; 1= quantities

not attempt to answerthe question
of howgeneratorswould reactto |
the introduction of ORDC (forow) ey s




AvallableData

AStudyinterval: January2013¢ September2014
ADayaheadprice
ADayaheadproductionby technology(not individualunits)

AUnit-by-unit technicateconomicdata forcoaland combinedcyclegas
turbine (CCG)nits



Understandinghe BelgianMarket

APossible causes foariability of supply
function

A Outages

A Unit commitment

A Imports/exports

A Reserves

A Distributedrenewablegnot measured
A Pumpedstorage

A Combinecheat& power, musttake
resources

A Fuelpricefluctuations e
A Market power S ANua .
A Forwardbilateralcommitments .

Day-ahead price (€/MWh)




Model Description

Classification amarketagents
Fit of model to data



Agents

AGenerators
ANominated
ADispatchable
A Committed

APumpedstorage
ANeighbors
AConsumers
ASystenmoperator



Nominations

ANominatedresourcesare resources
whoseoutput is not driven by
electricityprices

ANuclear(6032 MW)
AWwind (864 MW)
AWaste(259 MW)
AWater (101 MW)

AThe production ohominated
resourcegsfixedto its historical
value
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