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Abstract— System operators in the electricity industry are
required to procure resewne capacity to deal with unanticipated
outages, demand shocks, and transmission constraints. One
traditional method of procuring resewesis through a separate
capacity auction with two-part bids. We analyze an alternative
scheme whereby resewes are procured through the enemy
market using only enemy bids, and capacity payments are
made basedon a generator’s implied opportunity cost.By using
the revelation principle, we are able to derive the equilibrium
bidding function in this market and show that generators have
a clear incentive to understate their costsin order to capture
higher capacity rents. We then show that in spite of making
energy payments based on the marginally procured unit, the
expectedenergy costsunder our schemeare bounded by that
of a disjoint auction. We then give a numerical example for a
special caseof uniform demand distrib utions.

|. INTRODUCTION

A commonfeature of restructuredelectricity markets is
that an IndependenSystemOperator(ISO) is chaiged with
thetaskof maintainingreliability of the electricitynetwork in
real time. Typically the ISO will performthis by procuring
electricity resenes in advance,which can then be quickly
dispatchedo maintainsystemreliability in real-time.

In competitve markets,the assignmenbf generatingunits
to resere statusis done through some form of market
mechanismTraditionally, the ISO will run aresene auction
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which is separatdrom ary otherenegy marketsit operates.
Under this scheme,it will normally solicit a two-part bid

from eachgenerator—a capacityand enegy price. The ISO

will then compareall the bids by using somescoringrule,

and basedon that make assignmentind dispatchdecisions.
Units which are assignedresene statusreceve a capacity
payment, regardlessof whether or not they are actually

calledto generateenegy ex post. Units which aredispatched
to generatein real-time are given a supplementalenegy

payment.

The market designchallengeis to devise the scoringand
settlementrule in such a way so as to prevent generators
from collectingexcessve rentsby gamingthe market. A well
known procurementuctionof this sortwhich highlightsthe
dangersof a poorly-designedmechanismwere California’s
1993 round of biennial resourceplanning update (BRPU)
auctionsThemechanisnwasdesignedo resemblea Vickery
auction[1] wherebythe bidder with the lowestscorein the
initial auctionwas allowed to negotiatetermsfor a contract
similar to those offered by the bidder with the second-
lowest score.The rationalefor this auctionmechanismwas
that becauseof its second-pricenature,generatorsvould be
inclined to bid their true costs.Bushnelland Oren [2] [3]
predictedthat the specific scoring rule usedin that auction
would lead to an understatementdf maminal costs, which
turnedout to be true.

To deal with this incentive problem, Bushnelland Oren
[3] devise a discriminatorypricing and settlementule. They
shav that in their auction, generatorswill reveal their true
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costsso long asthey agreewith the ISO on the probability

distribution of enepgy calls. Chaoand Wilson [4] devise an

alternatve schemewhich is basedon a uniform settlement
price, and show that truthful revelation of costsis incentive

compatibleunder that settlementschemeas well. Further

more, they point out that their designis more robustin the

sensethat it does not require the ISO and generatorsto

agreeon the probability distribution of dispatchedenegy.

In contrastto theseseparatetwo-dimensionalprocurement
auctionswhich have beenanalyzedn the past,we considera

resene auctionwhich
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rampratesthe ISO may dispatchan ‘out of merit’ expensve

but slow-respondinggeneratorfor enegy beforea low cost

but fast-respondingunit in order to sase the fast response
unit for reseresin caseof an emegeng.

As for the generatorswe assumethey are risk-neutral
profit-maximizing firms and that each MW of generating
capacity which is characterizedy its location within the
resourcestackg, is bid individually of others(i.e. thereare
no multiunit effects). Generatorshave perfectinformation
regardingthe aggreyatecostfunction, ¢(q), whereq defines
the location of eachMW within the resourcestack, along
with their own positionin the merit order Usingthis informa-
tion, generatorsill submitenegy bidsfor eachincremental
MW of generationThe ISO will thenprocurecapacityday-
aheadbasedon the merit order of the enegy bids. All
generatorsvhich are called to generaten real-timewill be
paid a uniform market-clearingprice which is the bid of the
mauginal procured (not dispatched)unit. Generatorswhich
are procuredbut not dispatchedwill receve their implied
opportunity cost of being held for resere, which is the
differencebetweenthe market clearing price and their own
bid.

B. Derivation Of Equilibrium Bidding Function

We theorize that due to the opportunity cost basedca-
pacity paymentusedin this market, generatorsill have an
incentive to shadetheir bids below costin orderto capture
capacityrents.To derive the equilibrium bidding function of
the generatorswe usethe condition that eachgeneratoris
maximizing expectedprofits. Supposehat all generatordid
accordingto a monotonically-increasindpid function, b(g).
An arbitrary generatolocatedat ¢ within the resourcestack
must choosea bid b to maximizeits expectedprofits given
the bidding behavior of the other generatorsBy appealing
to the revelation principle, we can restrict attentionto a
direct revelation mechanismwherein the generatorreveals
a location within the resourcestack. Thus, if we let § =
b=1(b), the generatoss bid of b is equivalentto it revealing
a location ¢ within the resourcestack.We canthenexpress
the generators expectedprofits asa function of its actual(q)

1The monotonicity requirementis neededso the bid function preseres
the merit order of the generators.

andrevealed(g) locationwithin the stack:

+oo
/ [b(z) —b(@)]dF (z)+[b(d) —<(g)] X [1-G(Q)]
! (1)

Differentiatingequation(1) with respectto ¢ givesthe first-

(4, q) =

order necessaryondition (FONC) for optimality of the bid
choiceg, which is:

YD tr(g)-G@+elas@ =0

Sincethis is a truthful revelation mechanismwe let § = ¢

%we(q,q) = b(@)g(@)+

which yields the differential equation:
db(a) _ [e(a) — b(g)]g(q)
dq G(q) — F(q)
with the boundarycondition,

b(q) = c(q) for ¢ s.t. G(q) = F(q).

Thus, the optimal bidding behaior of the generatorswill
be dictated by the differential equation (2). Note that if
G(q) > F(q), thend(q) < ¢(q) <= %(qq) > 0. Becausewe
assumen < 1, it is clearthat G(q) > F(q). For anintuitive
explanation of this condition, note that it is equivalent to
1— G(¢q) £ 1— F(q) which saysthat for ary quantity §
thereis a higher probability of having to procureat leastg

)

MW thanhaving to actually dispatchat leastg MW.

I1l. EXPECTED ENERGY COST

An important policy questionwhen designinga market
is how the expected procurementcosts will compare to
alternatve designs.The standarddesign, which we use as
our benchmarkjs a disjoint market for enegy andreseres.
This comparisonis slightly confoundedby the fact the cost
of reservinga unit can be difficult to ascertainlndeed,our
modelassumeso direct costof reservingcapacity thusthe
only economiccost of being assignedresene statusis the
opportunitycostof not selling in the enegy market—which
is the basisof our settlementscheme.Thus our comparison
will be basedon expectedenepy costs.

A standardcriticism of using an opportunity-costbased
settlementrule in our market is that becauseenegy pay-
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IV. NUMERICAL EXAMPLE

In order to fully derive equilibrium bidding behaior in
this market, we must make assumption®n the two demand
distributions and generatorcosts. We will now study an
example in which the two distribution functions F'(-)
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the differencein the settlementprice when enepy is paid
the true mamginal costof the dispatchedunit, as opposedo
the shadedbid of the maminally procuredunit under the
proposedauction.

Equilibrium Bidding Function

NI

Fig. 3. CostComparisonExample.

V. CONCLUDING REMARKS

We have shavn that oneviable alternatve to the standard
two-dimensionaprocurementwuctionfor resenesis to con-
duct the procurementauction within the day-aheadenegy
market itself. By procuring excesscapacity day-aheadand
dispatchingwhatever resourcesare necessaryin real-time,
the systemoperatorcan run a single transparenmarket as
opposedo two separateoneswhich is a standarddesignin
usetoday A clear advantageof this is that generatorsno
longer have to decidewhich market to bid into, which can
be anissueif the two are operatedsimultaneouslyThe fact
that generatordid accordingto a monotonicfunction means
the dispatchwill be efficient. We have further demonstrated
that procurementostswhengenerator®ptimally bid in this
market are belov what they would be had they truthfully
revealedcosts.As for future work in this area,we hopeto
expandour analysisof joint auctionsfor enegy andresenes
with opportunity cost paymentsfor resenes in a network
setting with locational prices due to congestion.We will
also explore the effect of differential ramp rate which may
alter the orderin which generatorsare deployed for enegy
production.
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