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Motivation

Renewablesnergyintegration
Nuclearcapacityin Belgium
TheBelgianscarcitypricingstudies



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



Definitionof Flexibilityfor This Talk

Forecast errors

A
A We areinterestedin resourceghat provide ﬁﬁ/ -
A Secondaryeserve reactionin a few seconds, fulesponse T dm
in 7 minutes A ;
A Tertiaryreserve availablewithin 15 minutes ol I B i i IO
A In Belgium theseare (nostly) combinedcyclegas 0o oW S
turbines
A Greatfinancialstraindue torenewableenergy Contingencies
integration o
A We will not be addressingources oflexibility for | e o
which ORDUJsnot designedo compensatge.g e / /
seasonatenewablesupplyscarcity \ J AN




NuclearOutagesn Belgium(2014)

ABelgianpower production
capacity 14765 MW

ASeptember2014¢ mid-
October2014

A4 nuclearunits out of order
simultaneously

ATotalunplannedoutage 4000
MW
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FirstScarcityPricingStudy(2015)

Al 2YYAaaA2y RS wS3dzA A2y raRed f QS
concernsaboutwhether adequateincentivesare in place irorderto
attract investmentin flexible power generationin Belgium

AQuestionaddressedn the firststudy. Howwould electricityprices
change ifwe introduceORDCHogan 2005) in théBelgianmarket

AResults A. Papavasiliou, $meer& Re

uneratiorof FlexibleCapacity

under Conditions ofScarcit2heEnergyJourna)l vol. 38, no. 6, pp.

105135, 2017.

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

2005



SecondscarcityPricingStudy(2016)

Aln February2016,nuclearcapacitywascompletelyrestoredback to service

AQuestionsaddressedn the secondstudy. how doesscarcitypricingdepend
on
A Strategiaeserve(akinto reliability mustrun units)

A Value oflostload
A Restorationof nuclearcapacity
A Dayahead(insteadof month-ahead clearing

AResultsA. Papavasiliou, Smeer& D ® . S NI NJ yalysidhy 9 E
the Remuneratiorof CapacityunderScarcity 2 y R A Uridé@rgvee ¢



EuropearCommission Guidelines on State
Aidfor EnvironmentaProtection andenergy

At I NJ 3 NJ Wérasunedodg@neration 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. Thagy for example aim at addressing
shortterm concerns brought about by the lack of flexible generation
capacity to meet sudden swings in variable wind and solar produyaron
they may define a target for generation adequacy, which Member States
may wish to ensure regardless of shitatm considerations.

At I NJ 3 NJ TH&measoreisyiould 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 adeguatmeet the level of capacity
demandeck




ThirdScarcityPricingStudy(2017)

ARecentEuropeanCommission (E@gislationis generallyfavorabletowards
scarcitypricing

A EC Network Codes @fectricitybalancing2016)advocateco-optimizationof energyand
reserves

A ECCj:dguideIines on Stafed (2014)paragraph219, 231describewhat resemblego ascarcity
adder

AButcl:(arf\)we takea USinspireddesign andust plugit into the existingEuropean
market:

AQues}ionsto be addressedn thethird study. in orderto backpropagatescarcity
signal,

A V\llhen cafgfshoulddayaheadauctionsbe conducted® Before during, or after energy
clearing”

A Do we need captimization inrealtime?
A Do we need virtual bidding?



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 concernselectricity
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(ideally)

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 ReserieemandCurve(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. ' WO O 0_ ¢ 00Y &,where_isthe marginal cost
of the marginal producerYis the available reserve, andis the minimum

threshold of reserve

AThisadderwould ensurethat a price takingagentthat offers energyand
reserveca ac:ltyfwould, Inequilibrium, dispatchits unit accordingo the
optimal schedule

AMore frequent, lower amplitudeprice spikes

APricespikescanoccurevenif regulatormitigateshidsof suppliersin order
to mitigate marketpower

ACancoexistwith capacitymarkets

ACompatiblewith d_emandresloonse | think of it as trainingwheelsuntil
demandresponsads (hopefully) eventuallyfully mobilize




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

lllustrationfrom Texas: July 30, 2015

RT Energy Price ($/MWh)
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Methodology

Framework
Modelingthe Belgiammarket



The Basic Question

Validation Simulation
AObijective of first and secorstudy.
what would the impact of ORDBRe
In the Belgiarelectricitymarket? v
flonthly reserve 1 Available reserve
ASte pS g;panlcilt};jrauction Real-tin:e balancing “a
A Calculateeservecommitmentfor each day-ehead merke \
hOur Of the StU dy pe“Od Pr(;)dut_:tion, reserve LoLp o LSRD‘;Cadder |
. . and unit commitment o [VOLL - MC(3, py))-
A EstimateLOLP foBelgiansystem y  ToPata d}b\t 2 LoLpacra)
A Calculatgpriceadders Day-ahead pricng - — 1
. . . Day-ahead MC(3,pa)
AThisisan openloop analysiswe do R
> Data: day-ahead activation market prices

not attempt to answerthe question o (< s
of howgeneratorswould reactto :
the introduction of ORDC (forow)

energy prices




AvallableData

AStudyinterval of first study: January2013¢ September2014
AStudyinterval of secondstudy. September2015¢ March 2016
ADayaheadprice

ADayaheadproductionby technology(not individualunits)

AUnit-by-unit technicateconomicdata forcoaland combinedcyclegas
turbine (CCGI)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
A Market power
. .
’ﬁ‘l elwalellb_lllatle_lalI|e_e|n|n|t|nents



