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Abstract

How should we select winning bids of generationtsufior strategic reserves that consist of
capacity bids and energy bids? In this paper, vadyaa two selecting mechanisms (scoring
rules): “simultaneous” and “sequential”.

In case of a simultaneous scoring rule, capacityearergy bids are weighted and combined
to a single score based on which the cheapestabédselected. Under sequential scoring rule
the selection depends solely on capacity bids.olh bases the energy bids are used to form
the merit order for dispatch. We find that the mdiffierence between the simultaneous and
sequential scoring mechanism is that under seqiestoring the bids are biased towards

lower capacity bids and higher energy bids, sings only the capacity part that “opens the

door” to the reserve market.

We find that a simultaneous scoring is favorabtarfra welfare perspective, since it avoids
the strategic incentives for excessive mark-upgmergy costs and limits the incentives for
collusive behavior. This reduces the risk of ir@ént selection and dispatch of reserve units
compared to a sequential scoring mechanism.

JEL-classificationD47; D44; L94
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" Corresponding author. Tel.: +49(0) 421 200 486&di address: ro.meyer@jacobs-university.de
1



1. Introduction

The discussion on capacity markets for electribiég recently gained a lot of attention in
Europe. The political ambitions of the EU membeatest to decarbonize the electricity sector
have raised concerns whether the traditional mat&sign is able to cope with the necessary
large-scale integration of electricity from renewabnergy sources (RES-E) into the market.
Currently the role of conventional (fossil fuel) ngeators is shifting from supplying
significant amounts of electricity towards the psian of reserve capacity which is only
dispatched when it is needed to compensate forinteemittent RES-E supply (see e.g.
Bauknecht et al., 2013).

The traditional market design is mainly an “eneayyy” market, i.e. revenues for generators
only depend on actually produced and sold eletyrieind not on availability. In the day-

ahead market, for instance, generators have toeetoeir full costs from energy sales. Since
reserve units mainly serve as backup capacitieseher, their actual utilization is low. Low

utilization implies that revenues from energy-opgyments are low. If prices in these periods
in which reserve capacity is needed are not sefiity high, these generators will not be able
to recover full costs which in turn endangers itwvest incentives. This phenomenon, which
is associated with energy-only markets, is calleg ‘‘tmissing money” problem. There are
reasons to believe that peak prices will not béigehtly high, such that the missing money
problem is considered to be a real threat to suppburity. For a deeper insight into this
discussion, see for example Cramton and Stoft,§206 Joskow (2006) who show that one
possibility to overcome the problem is to establskapacity market that provides backup

generation with capacity-based revenues.

Among the various design options for a capacitykeiawe focus on a “strategic reserve
market”. This is a centrally operated market in additiotht® energy-only spot market, where
participating units provide reserves for cases agacity shortage on the spot market (see
Brunekreeft et al., 2011). These reserve capadiiescentrally acquired by an auction and
have to be withheld from the spot market. The resnattion of reserves consists of an energy
price and a capacity price and, and are thus kpiteh no longer “energy only”, but rather a

“capacity mechanism”.

This article deals with the auction design issdamplementing a strategic reserve market. In
contrast to the spot market auction, a reservei@uaivolves two kinds of bids, one for

energy and one for capacity. Those multi-part ansti(or combinatorial auctions) raise the
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issue of how the different bids are weighted ineortb identify the least-cost bids for the

reserve market (see e.g. Cramton et al., 2005).

With different bid components, the obvious quesi®how to select the winning bids? This
paper aims to discuss the auction outcomes andngedfffects for different “scoring rules”
that can be used to select the winning bids, bybaoimg the bids into a single scoring value.
We analyze two different scoring rules: “sequehti@rsus “simultaneous”. With sequential
we refer to a two-stage approach, where first genes are selected based on the capacity bid
after which actual dispatch is determined by thergy bid from the group of preselected
generators. With simultaneous we mean that theimgnbid is determined by a single value
as a weighted combination of capacity and enerdyWfe conclude that under a simultaneous
scoring rule, bidders will set a mark-up with tlepacity bid, whilst reducing the energy bid.
In contrast, under a sequential scoring rule, tlaekmup is with the energy bid, while the

capacity bid is low.

The remainder of the paper is organized as foll&estion 2 describes the basic function and
design of a strategic reserve market and showsihlates to the spot and reserve markets.
In section 3 the general auction model for a sfiateeserve is developed. The auction
outcomes for two basic scoring rules are derived esmpared. Section 4 analyzes the
welfare effects of the auction outcomes taking axtoount the impacts of the scoring rules on
selection and dispatch efficiency and incentivex@lusive behavior. Section 5 concludes.

2. Designing a Strategic Reserve Market

The aim of a reserve market is to ensure thattaicesamount of reserve capacity is available
in the case that capacity on the spot market getsstarce to ensure supply security. This
article analyzes the design of such a reserve rmuaitkieh for instance has been established in
Sweden and Finland (see e.g. Brunekreeft et al.1RMore specifically, the focus is on the

issues of auction design to procure these capeesrves.

In our analysis we refer to the market design inn@ay. Herein, a spot and a balancing
reserve market are distinguished. In contrast éosjpot market — in Germany designed as
energy-only — the reserve market consists of aehmbmpassing capacity and energy prices.
In line with this, we analyze a strategic resenarkat that is also designed as a multi-part
auction consisting of both capacity and energy lofdgeneration units. The basic issue of
finding an optimal auction design therefore resesbihe reserve market, which offers
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operating reserves for the transmission system gemant. To avoid confusion, we focus on
the two types of markets which are relevant for ghepose of this paper: the termeServe
market” denotes the market that entails both an energycapdcity element, while the term
“spot market” shall denote the regular energy-aongrket. Table 1 gives an overview of these

two types of markets and its auction designs.

Table 1: Electricity markets and auction desigGarmany

Type of market Spot market Reserve market
Bids Energy bids Capacity bid and
Energy bid
Pricing Uniform pricing Pay-as-bid pricing
Bidding rule Simultaneous Simultaneous
Scoring rule - Sequential

As Table 1 shows, we assume the spot market todamized as a uniform-price auction, i.e.
all bidders receive a system price defined by tigbdst accepted bid. Following the typical
auction design for electricity markets, we applgay-as-bid pricing for the reserve market.
Hence, all winning bids receive their own respexids both for energy and capacity. The
focus of our analysis of auction design optiond nalt lie on the pricing rules, since the pros
and cons of pay-as-bid vs. uniform pricing aucticrge extensively discussed in the
literature® Instead, we focus on different types of scoririgswhich are used to evaluate the
energy and capacity bids for the selection of theimg bids. As shown in the bottom line of

Table 1, two basic forms of scoring rules will beadissed.

A so-called “sequential scoring rule” is for examplpplied in the German reserve markets.
The term sequential means that there is a two-stpgeoach. At the first stage, the winning

bids are selected solely on the basis of the cgphitl. This means that those units with the

1 We restrict the discussion on pricing to the nimipacts on strategic and collusive behavior inieact.3. For
a deeper insight into the effects of uniform ang--pa-bid pricing see for example Krishna (2010): fewther
details on auction design issues, the interestederemay refer to Ausubel and Cramton (1998, 208@y,opoli
et al. (2000), Rassenti et al. (2000, 2003), oreFied and Rahmann (2003).



lowest capacity bids are selected to participatbémarket, independent of their energy bids.
At the second stage, the chosen units are ranksaddaeg to their energy bids. This ranking
determines the merit order in the same way asdrspiot market.

The alternative is what we call a “simultaneousrisgp rule”. Thereby the energy and
capacity bids are weighted in order to determirgngle scoring value based on which the
bidding units are selected. The dispatch is basd¢lde same way on the merit order which is
formed by the energy bids. Obviously, the diffigult to determine the weighing factor(s).

The design of the scoring rule determines the egratbidding behavior of the generation
units and thereby the outcome of the auction. Weanalyze bidding strategies and effects in

the remainder of this article.

3. Description of auction designs and scoring rules
3.1 General assumptions and model description

We assume that an auctioneer holds an auctioretdifg the cheapest bids. In other words, it
aims to minimize the costs of the reserve marlkaing the auction design, including the
scoring rule, as given. As mentioned above, werasssimultaneous bidding and pay-as-bid
pricing and focus on the analysis of the two sapries. We start with a general description
of the model and the behavioral assumptions obitiéers and the auctioneer.

The required amount of strategic reserves is exag@yn determined by the regulator. We
denote this volume of reserves wkhMW. The winners of the auction have to withdraw th
accepted amount of capacity from the spot markethi® considered period. We assume that
capacity is auctioned in equally sized slices qfacity which we normalize to 1; a power
plant with capacity x MW can thus be offered withshces of 1 MW. Therefore, the
auctioneer has to seld€tcapacity units. To keep the notation simple, we Kislso to denote
the highest selected bid, depending on the resjgestioring rule applied in the selection

process.

All bidders are assumed to be risk neutral profiixmnizers. Hence they aim to maximize

their expected profits, given their fixed capactysts k, and their (constant) marginal

production costsc;, respectively. Moreover, due to their risk neutyal the revenue
equivalence theorem holds and the probability afnivig the auction can directly be deduced
because of the reachable profit. We assume alebsdd have complete information about the



auction design rules and know their own costs héagretically) only have imperfect

information about the other bidders’ cost strudurédssuming further that bidders are
identical except for their costs, bidders with faene costs will hand in the same bids for any
given scoring rule. The number of all bidders isated by I, while the index i denotes the

single bidders.

Our analysis and notation basically follows the elgatovided in Bushnell and Oren (1994)
and, similarly, in Chao and Wilson (2002). The leddbid two prices, one for capacity,
denote bybX, and one for energy, denoted by, when it is actually scheduled. Hence, the

revenue (R of a winning bidder is given by
R = bf + p(bi)b{. (1)

In line with the notation in Bushnell and Oren (43%; = p(bf) is the actual demand or
dispatch duration of unit i that negatively depemasthe energy bid and determines the
quantity sold by a successful BidNormalizing the auction period to p; can also be
interpreted as the probability of unit i to be dighed withO < p; < 1. According to the
classical merit-order, a lower energy bl c.p. increases the priority of unit i for dispatch

Hence, a lower bid increases the probabpityf dispatch for this unit.

The auctioneer’s optimization problem can be chiarazed as minimizing total costs of the

required amount of strategic reserves, K, denoyed b
TC = Eisa[bi + pi(b{)b{]- (2)

The auction design issue is to find a scoring Sa(&X, b{) according to which the cheapest
bids are selected and then ranked to form a medirofor cost efficient dispatch of the

reserve units.
We define a general scoring rule in line with tol cost definition given by

which determines the selection of winning bids, weh®; is the relative weight given to the
energy bid in the selection process. As will bedssed further below, this energy weight can
be different for different types of bidders.

2 Strictly speakingp;depends omll successful bids and not only unit i's own bid, lwatomit this for the reason
of simplicity. Instead we follow the assumptionBashnell and Oren (1994) that is not significantly affected
by the outcome of the auction, i.e. it is robughwespect to the strategic interaction of bids.
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Cost minimization implies that the bidders with tlwevest combination of capacity and
energy bids according to the applied scoring nue the lowest values &, will be selected.
The scoring rule and the specific energy weidhitare assumed to be known to all bidders.
As will be analyzed in the following sections, thgecification ofQ; defines the two basic

forms of auction rules as described above.

We define the simultaneous scoring rule such thabsitive weighting factoQ; > 0 is
applied to consider both the energy and capacitg bi “simultaneously” — already in the

selection process.

Similarly we define sequential scoring such that #nergy weightQ); is zero for the
preselection of reserve units. In this case, therggnbid only comes into play at the second

stage, when the dispatch of selected units is ni@ted.

Note that in both cases the scoring rule only deitegs the first-stage selection process, while
the actual dispatch is determined at the secorgk dtased on the energy bids only. Note
further that the bids themselves are always hamdeanultaneously; the terms simultaneous
vs. sequential for the scoring rules only refegu@stion whether both bids are considered at

the time the winning bids are selected.

We now specify the optimality conditions for theitshbidding strategies. Bidders maximize
their profits, given their costs and facing a ptedained, known scoring rule. Their strategic

bidding variableshX andb, influence the profits in two possible ways:

» First, depending on the scoring rule, both bids raffect the probability of being
selectedfor the reserve market. The lower their respeciradue S, the higher the
probability of entering the market.

« Second, if a unit is selected, its energy bfddetermines its position in the merit order

and, hence, the dispatch duration, as a respl¢idf).

Let the bidders’ probability of belonging to thenming bids be denoted a:,s(Si(biK, bf))

This probability depends on the scoring rule arellilds submitted for capacity and energy,

respectively. Hence, the bidders maximize theireekgd profits as follows:
Max E(m;) = P; (Si(bf, bF)) - [BK = ki +p(bf) - (bf = )] @)

The first order conditions with respect to the gydrid and capacity bid respectively, state



dE(m;) 0P (5i(b5,b5)) a5, (b,
ab¢ — 3s;(bK, b¢ by

| AR}

Cc
b’) - [bK = ki + p(bf) - (b — ¢))]

+P, (S:(bK,56)) - [ (b = ) + p(b5)] = 0, (5)

and

dE(m;) 0P (5i(b5,b5)) a5, (b,
abX — 85s;(bK,bE obf

| R ]

Cc
b’) - [bK = ki + p(bf) - (b — ¢))]

+P, (Si(b{{, bf)) =0, (6)

Dividing these two equations directly yields thédwing optimality condition:

95; (b, b9

obf dp(br)
= p(bS) + (bf — ¢, . 7
— K

The ratio on the left-hand side of equation (7)regponds to the weights of energy to
capacity bids according to the scoring rule. Indp&mum, this ratio equals the marginal rate
of substitution between the bids plus a mark-ughenmarginal cost, given by the right-hand
side of equation (7). The intuition behind equat{@h is that a bidder balances its capacity
and energy bid by taking into account the weiglfitthese bids in the scoring rule.

dp(bf) bf

Substituting the elasticity of energy dispatch wilgard to the energy bid,= TP for
the right-hand term in equation (7) yields:
95;(bf, b
ablc (o]
—1 _ —p(b")[1+e—e— 8
ot () ®
dbK



The terme measures the relative change in the durationsplatich (i.e. electricity demand) as

a result of a relative change in the energy bid.

Proposition 1: According to the unit's optimal bidding strategyetrate of substitution
between energy and capacity bid is mainly deterchimethe weights of the respective bids in
the applied scoring rule. The relationship is désed by the following equation:

95; (b, b9
abC

C.
5,005 P ‘)( : 8b.C>

i, Dj i
JbK

Proposition 1 shows that according to the unit'dimal bidding strategy the rate of

substitution between energy and capacity bid isnpaietermined by the weights of the

respective bids in the applied scoring ruter this optimality condition to hold we assume

that the dispatch function(b)) is not influenced by the auction outcome itsedfe(8ushnell

and Oren, 1994).

The following sections analyze two forms of scomabgs:

1) A simultaneous scoring rule, where the energy dmal d¢apacity bids are used to
simultaneously determine the optimal selection winmg units, while the merit order is
based on the energy bids of the selected units.

2) A sequential scoring rule, where, at the first staanly the capacity bids alone determine
the selection of reserve units, while the energis lare only considered at the second

stage where the merit order is determined by thpea@ive energy bids.

Note again that in both cases the two bids are ddhma simultaneously by all bidders, i.e.

bidding as such is simultaneous. According to thg-gs-bid rule, all winning units receive

their capacity bid for withholding their capacitsom the spot market. Furthermore, they
receive their energy bid for the amount of eledyrithey produce when their reserves are
dispatched. The dispatch schedule under both granlas results from thmerit orderwhich

is formed on basis of the energy bids.

The crucial difference between the scoring ruleghésselection process due to the different

evaluation of bids, depending on the specific epavgight applied. As a consequence, the



scoring rules will also lead to different biddinghaviors of the units, and hence, outcomes of

the auction.

3.2 Simultaneous scoring rule

We define a simultaneous scoring rule as a rulé ¢babines the weighted energy and
capacity bids to a single score based on whichwiln@ing bids for the reserve market are
chosen.

The result of the scoring rule can be seen in égud7) when applying the scoring rule

derived in equation (3).

oby 0 dp(bf)
ase oD 1 P+ i) 9
abf

Assume we find scoring weigh@g that correspond to the actual dispatch duratjdior each
unit i. In this case the ratio of weights betwele@ énergy and capacity bid in the scoring rule
(Q;/1) equals the expected ratio of energy and capaokys in the reserve(bf)/1). We
see from equation (9) that both terms cancel aut,vehat remains is

dp(bf)

)

blC = C; (10)

In other words, the application of a cost refleetiveight of the energy bid results in truthful
marginal cost bids.
The capacity bid results from the second first-omdition given by equation (4) as

p; p;

bk=k—P(bc—Ci)—W=k—aPi/
as as

(11)

Proposition 2: Assuming that a simultaneous scoring rule offtven S; = bX + ;b , and
assuming wherg; = p; Vi , bidders will bid their true marginal cosh{ = ;) on the energy
market and maximize their expected profits with ¢thpacity price. In other words, the
strategic variable is the capacity bid.
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The intuition is straightforward. Bidding a highenergy price increases the price on the
energy market when being dispatched, but at theestame it reduces the probability of
dispatch. This is the usual trade-off known frore #pot market. In addition, however, the
higher energy bid reduces the probability of besngeduled for the reserve at all. Therefore,
the negative effect of bidding a high energy prserelatively high. In contrast, a high
capacity price increases the capacity price butigesl the probability of being scheduled.
However, a higher capacity bid does not reducepttodability of being dispatched once
being scheduled. Therefore, the negative effe@ bigher capacity bid is relatively low. In
sum, it is thus better for a bidder to use the cépdid as strategic variable, whereas the
energy bid is not used strategically.

The implication is important. The idea behind th@emparison of the simultaneous and
sequential scoring rules is the compatibility witle reserve markets to address the “missing-
money”. The effect of the simultaneous scoring,rakeformulated above is that bidders move
away from energy pricing towards capacity pricingiat is exactly what is required to
address the missing-money problem. The intentiomat to design a mechanism which
creates optimal bidding (where energy prices ataktip marginal cost); the idea is to address

the missing money problem of an energy-only market.

Note that the resulbf = c;, is similar to the typical outcome of a Vickreyction (see
Vickrey, 1961). However, the approach of the sism#tous scoring rule addressed here does
not depend on a Vickrey auction. We only analyzrsa-price auction, while a Vickrey-
approach was used in Bushnell and Oren (1994), bking the payments to bidders
independent of their own bids. Such a Vickrey aurcis known to induce truthful bidding.
However, Vickrey auctions are criticized on sevegabunds for not being suitable for
applications in energy markets; among other negatharacteristics they do not appear to be
resistant against collusion (e.g. Rothkopf et2090). For this reason we will not follow the
Vickrey approach. Note further that we do not asswunditions on competition on the
energy market. The outcome bff = ¢; is not the result of “perfect competition”, buttise

result of the design of the scoring rule.

The result thab{ = ¢; is very powerful but critically depends on thewamption(2; = p; Vi.

This assumption says that the (ex ante) wefilyighould be equal to (ex post actual or ex ante

11



expected) output quantities (or load factors). Tikislearly a problem and deserves more

attention.

A first problem is the interdependence betweerstiectionof units for the reserve market in
the first place, and tha@ispatchof the chosen units in line with the resulting merder. The
minimization of reserve market costs requires aterang both capacity and energy costs in a
cost reflective way, but the relative weights oégl costs depend on the actual duration of
dispatch for each of the units. This in turn degeod the selection process in the first place.
In other words, when designing the scoring rule,abtual dispatch of units is not yet known,

since it results from the auction itself. This isiafinite recursion.

Second, as mentioned above, the assumption igttaateserve demangl(b{) is known a
priori when designing the scoring rule and it isfpetly forecasted by the bidders. Otherwise

it is not possible to determine the optimal enexgyght(); in the scoring rule.

Third, the scoring rule has to be differentiateddth cost types of bidders. This is due to the
fact that the); in the scoring rule are parameters which haveyjt@e the individual values
p(bf) of each bidder i. In the ideal case this requiséiscost information of all units in order

to provide differentiated scoring rules. Due to lpmaiion requirements on prices and
demanded quantities, the bidders are expectedu® &ra educated guess on the true values,

such that deviations may be reasonably small.

A practical solution is to use a (limited) numbémeighting parameters for different classes
(cost types) of generators, assuming that theigimak costs can be estimated. In practice the
marginal costs of different generation units arelyfavell known. Given that the reserve
market auctions are repeated regularly, it seemssglle to assume a more or less accurate

cost estimation of the generation units involved.

An alternative approach to st is to use ex post values p(bic) in the future round. If

designed well, a convergence process might eventwadproximate b = c;. Such a

mechanism is similar to the mechanism developatbmelsang & Finsinger (1979).

3.3 Sequential scoring rule

The term sequential scoring rule means that thécmgeer only considers the capacity bids
(and ignores the energy bids) when selecting thewg bids at the first stage. Given the

12



selection of reserve generators, the auctioneerftirens a merit order on basis of the energy

bids only in order to minimize expenditures on gyeat the second stage.

Accordingly, in the first step the cheapest capgabitls are chosen, such that the required
amount of capacity is acquired, i}, K; = K. All the winning bidders enter the second stage,

competing for their position in the merit orderlmasis of their energy bids.

The profit maximization corresponds to equation déjived above, except that the scoring

rule only depends on the capacity bids:
Max E(m;) = B (S(6)) - [bK = ki + p(b®) - (b = ¢7)]

In contrast to the simultaneous scoring rule, haxethe profit maximization now becomes a
two-stage optimization problem. The first-stagelgbem is to find the optimal capacity bid for

the selection process (scoring rule), while theosdestage problem is to choose the optimal
energy bid that determines the dispatch duratiogri(rorder). Due to the separation of these
two selection procedures under sequential scotirggbidder’s optimization problem can be
solved bybackward inductionsince the second stage can be interpreted asaeasegingle-

stage game.

Hence, we start with analyzing the second stage.bididers know a priori that they will face
reducedCournot competitiorat the second stage, since only the selected coitgpete for
their position in the merit order. Note that duehe reduced number of bidders, we need to
take into account the strategic interaction betwten bidders. They solve the following

optimization problem:
Max E (1;|bg) = bf — k; + p(bf,b%;) - (bf — c).

We generalize the dispatch functip(b®, b¢,) such that it depends on all energy bids instead

of bidder i’ bid only. This leads to the followigtimization:

o(mi|by) | ap dp 9b;
obf  |abf  Zaobf abf
Jj#i

- (bf — ;) + p(bf,b%)

We state the outcome of the Cournot Nash equilibiiuthe general form as
b *=b{ (¢, c-y).

Furthermore, we define the resulting energy margires profits excluding the capacity

margins bX — k;), as
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mpt = mf (i, cp).

Now we can solve the first stage of the optimizatiy
Max E(m;) = B (S(b)) - [bF — k; + )]

The first-order condition is given by

OE(m) 9P, S
by  0S by

[bx —k +m*]+ P, = 0.

The optimal capacity bid results as

P;
9P,

by =k —mf*

(12)
/as

Equation (12) shows that energy bid and capaddyabe negatively related such that an
increase in the energy bid directly has to tramsfomto a decrease in the capacity bid and vice

versa.

Note that the sequential scoring rule can be sgemtbrpreting the sequential scoring rule
S(bK) as a special case of the simultaneous scoring (bl§ b$) where the energy weight is
zero ; = 0).

Hence, we find

ob{ — 0
3S;(b%, by

1271

9bK

and equation (5) yields

ap(b¢
0= p(bf) + (b§ — c;) 22

This implies that instead of truthful marginal bi@s undexl; = p;) the following positive

mark-up on energy bids applies

_ —n(bf)
ap(bf)
ab?

(bf —c)

> 0. (10)
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Proposition 3: in case of a sequential scoring rule, where uaits chosen on basis of their
capacity bids only, bidders will choose a mark-uptloeir energy costs according to

_ —p(bf)

~ ap(bf)
ab°

(blc - Ci) > 0.

The intuition behind proposition 3 is that undegsential scoring the main profits are gained
at the second stage. Increasing the energy bid @ldgsaffect the profits in stage 2 and does
not affect the probability of winning in stage lerte, for the bidder in stage 2, bidding on
the energy market is unrelated to bidding in sthagend is in fact a normal market. The
capacity bid in contrast has two effects. Firdthg capacity bid in itself determines the direct
expected profit of the capacity price. Secondlygher capacity bid reduces the probability
of being scheduled and thereby reduces the pratyadilreceiving any positive profits on the

energy market. Summing these incentives, the biddleuse the energy bid as the strategic

variable to make profit whilst biding a low capgdiid to get into the market.

The implication for the purpose of this paper stth sequential scoring rule is not compatible
with the idea to address the missing-money problénthe purpose is to have stronger
component of capacity pricing then we must concltiag this goal is not achieved with a

sequential scoring rule.

These effects are strengthened, as after the ieeleat the first stage, there is reduced
(Cournot) competition due to the smaller numbebidfiers. Note in particular that if profits
on the energy markets are high, the optimal cap&ett can actually be negative. A bidder

would be willing to pay to be on the energy market.

If we assume a competitive bidding process andgdem sufficient amount of excess capacity
available for bidding into the reserve market, twerall profits from participating in the
reserve market are limited as well. Let us denbeegrofits from participating in the day-
ahead market as;"?. These define the opportunity costs for all biddier participating in
the reserve market. Under this competitive assumpéind given there are no arbitrage
opportunities, the expected overall profits bothdinultaneous and sequential scoring should

both be equal ta;”P. Hence, we end up with a so called “iso-profithddion with E (r;) =
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/PP for all bidders i, and only the distribution ofofiits between energy and capacity bids

differs between the scoring rules.

The main difference between the simultaneous agdesgial scoring mechanism described
above is that under sequential scoring the bidsbased towards lower capacity bids and
higher energy bids, since it is only the capacigyt ghat “opens the door” to the reserve
market. An empirical indication for this resultpsovided by the German balancing reserve
market, where sequential scoring is applied. Inrttagket for minute reserves, the capacity
bids of participating units tend towards zero, whihe energy bids strongly exceed regular

market prices.

4. Welfare effects of different scoring rules
4.1 Demand €elasticity and pricing efficiency

As the results of the previous sections showedpthim difference between the simultaneous
and the sequential scoring rule is the strategi@bke with which profits are made. While
simultaneous scoring may, in the optimum case,dadundistorted truthful marginal energy
bids, a sequential scoring rule results in a marlen the energy costs. Table 2 summarizes

the main characteristics of the two scoring medrasi

Table 2: Summary of scoring mechanisms

Scoring mechanism Simultaneous scoring rule Sedlexcoring rule
Bidding Simultaneous Simultaneous
Scoring rule (schedule) S; = b + Qb S = bf
Dispatch rule p(bf) p(bf)
Capacity demand K = Z K, K = z K,

i i
Energy demand p(bf) p(bf)
Strategic variable Capacity bid ) Energy bid bf)
Residual variable Energy bid bf) Capacity bid £/)

% The auction results are regularly posted on wwgelieistung.net, which is the common internet platf of
the four Germany TSOs for tendering control reserve
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Even under the assumption of a competitive bidgiragess that limits the expected profits in
both cases tar/P?, the choice of the scoring rule will most likelpve an effect on social

welfare, since it leads to a different strategidding behavior that affects the efficiency of

pricing, selection and dispatch of reserve capegiti

The efficiency of pricing is related to the theafyRamsey-pricing in a combinatorial auction
(see e.g. Borrmann and Finsinger, 1999). Accortbnifpe Ramsey-pricing rule, the mark-up
on marginal costs in the optimum has to be invgrpebportional to the demand elasticity.
The intuition behind this rule is that price distons cause a relatively lower welfare loss if
demand elasticity is small and vice versa. Refgrtcmour setting, the demand for capacity is
fixed as part of the auction design and therefoetastic. The demand for energy, however, is
more elastic, depending on the slope of the denfandtion p(b{). Consequently, with
respect to this approach, the price for capacigfl shceive the larger mark-up, since it does
not lead to a distortion of demand. In case of gnehowever, a mark-up will have a
distortive effect by reducing the optimal level &serve dispatch. Thus, referring to the
results above, a sequential scoring rule is legsrédole from a welfare perspective, since it
induces a mark-up on the energy bids instead cdap This holds especially for the case in
which the two different products are demanded iedépntly. For depending demand with
existing cross price elasticities, the Ramsey pgciule suggests that the product of the
different mark-ups on the marginal costs and tleating price elasticity is the same for all
goods (Borrmann and Finsinger, 1999, pp. 177-189)ong as the demand for the product

follows a linear function.

4.2 Efficiency of selection and dispatch

While the previous subsection deals with the pgdssue, the following paragraphs refer to
the optimal selection and dispatch of reserve agpac

The efficiency ofselectionmainly relates to the technological choice of resaunits, while
the termdispatch efficiency concerns the optimal order in which thelected units are

scheduled, i.e. whether the merit order is distbrte

As shown in the previous sections, only the sinmdtais scoring rule may lead to truthful

marginal cost bidding, while sequential scoringdkedo significant cost mark-ups for the
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energy bid, while the capacity bid will be low are@ negative. The main problem of strategic
bidding und imperfect information is the dependencebids on expectations about other
bidder’s cost structures and behavioral assumptions

Both the selection and dispatch of units dependhenobservable energy or capacity bids
instead of the unobservable underlying costs. Hetheestronger the incentives for strategic
bidding, the higher the risk that differences istamark-ups between the bidding units lead to
an inefficient dispatch of reserve units. Severabfems may arise:

First, in case of sequential scoring, the enerdyg lare neglected in the selection process. As a
consequence, bidders strategically lower their c@pabids. This favors generation
technologies with lower fixed costs (peaking tedbges). The reason is that those units are
less dependent on the capacity payment companaatowith higher fixed costs.

Second, high cost mark-ups on the energy bid uséguential scoring increase the risk of
inefficient dispatch which occurs whenever the rahkids in the merit-order deviates from
the rank of actual marginal cost. A simultaneowsisg rule significantly reduces this risk by

incentivizing lower mark-ups on marginal costs.

Third, as already discussed before, the energy hie@; in the scoring rule depend on
expectations about the actual ex post dispatchtidarg;, given that the latter is an outcome
of the auction and, hence, not known to the bidderd the auctioneer a priori. Hence,
expectation errors on the actual dispatch duratiay be made both by the auctioneer (by
choosing a wrong weiglf}; in the scoring rule and by the bidders trying &ngand exhaust
any informational advantage to increase their poliy choosing their optimal bidding

strategy.

To summarize, the risk of inefficient selectiondispatch occurs under both scoring rules, but
appears to be lower in case of simultaneous scosmge it reduces the incentives for
significant strategic mark-ups. Furthermore, bdih bidders and the auctioneer will gain
experience after several repetitions of the austiéfence, the informational asymmetry will
alleviate somewhat over time and prediction eradrghe actual load factor of the strategic

reserve will reduce.

4.3 Strategic and collusive behavior
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The incentives for collusive behavior are highlyretated with the market structure and the
existence of market entry barriers. Collusion i ¢tlhordinated behavior in setting prices and
influencing other bidders in order to affect thails and the resulting quantity or prices. With
respect to this, all markets with restricted nursbeft bidders bear the danger of causing

collusive behavior.

In contrast to reserve markets, which require rasigct conditions for prequalificatibn
notably in terms of the adjustment speed needdshliance supply and demand, a strategic
reserve market is less demanding with regard tant@ogical prerequisites. Hence, assuming
a sufficiently competitive day-ahead market, theltmumber of bidders allows for a fairly

competitive bidding process, such that the isofpasisumption seems justified.

As shown in the previous sections, however, ondgydimultaneous scoring rule involves the
total number of bidders, while in case of sequémiidding this is only true for the selection
stage. At the second stage of the sequential kiddins only the K selected units which
compete for their position in the merit order. Thmay significantly reduce the level of
competition. Hence, strategic and collusive behasianore likely under sequential scoring

than in case of simultaneous scoring.

5. Summary and conclusions

This article analyzes bidding behavior of differsabring rules in the auction designs for a
strategic reserve in markets for electric powere Background to this issue is the “missing
money” problem. The traditional market design is‘amergy-only” market; i.e. revenues for

generators only depend on actually produced amd edektricity, and not on availability. In

the day-ahead market, for instance, generators tavecover their full costs from energy
sales. Since reserve units mainly serve as backpacdies, however, their actual utilization
is low. Low utilization implies that revenues fraanergy-only payments are low. If prices in
these periods in which reserve capacity is neededat sufficiently high, these generators
will not be able to recover full costs which infuendangers investment incentives. This
phenomenon, which is associated with energy-onlykets, is called the “missing money”

problem.

* Prequalification implies that not all power plaate allowed to participate in the market, suct tha number
of potential bidders is reduced.
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Strategic reserves are one option to address tb&ngimoney problem. In this option, some

institution (eg. regulator, power pool, or systepei@tor) tenders a predetermined quantity of
reserves; this reserve capacity is taken off thenabday ahead market, and will produce

only if asked to do so, if reserves are needeis. Uisual that reserve capacity gets rewarded
with a two-part pricing system: a capacity paymiemtavailability and an energy price for

actual production.

This paper compares two different scoring ruledlierselection and dispatch of reserve units.
First, we analyze a “simultaneous scoring rule”evghcapacity and energy bids are combined
to a single scoring value which determines thecsele of units. The weighing factor of
capacity bid and energy bid is crucial. Secondawalyze a “sequential scoring rule”, where
selection of capacity depends solely on capacdyg i a first stage, while the energy bids are

only used to determine the merit order for dispatctine second stage.

We find that the sequential scoring rule resultsaimigher mark-up on the energy cost,
rendering this a “strategic variable”, while thepaeity bid becomes a “residual variable”

which is reduced as much as necessary in ordez 8elected for participation in the reserve
market. A simultaneous scoring rule leads to tultlehergy bids if the weights assigned to
the energy bids perfectly correspond to the adlisgatch duration of energy in the reserve
market. The intuition is straightforward. Biddinghegher energy price increases the price on
the energy market conditional on being scheduled, rbduces the probability of being

dispatched. This is the usual trade-off known &lsm the spot market. In addition, however,
the higher energy bid reduces the probability ohdpeelected at all. Therefore, the negative
effect of bidding a high energy price is relativdligh. In contrast, a high capacity price
increases the capacity price but reduces the pildgadi being scheduled. However, a higher
capacity bid does not reduce the probability ofngedispatched once being scheduled.
Therefore, the negative effect of a higher capabityis relatively low. In sum, it is thus

better for a bidder to use the capacity bid adegjra variable, whereas the energy bid is not

used strategically.

Basically the result is that the simultaneous sapriule achieves exactly what would be the

idea of approaches to address the missing mondylgmo it strengthens reliance on the

capacity payment and reduces reliance on the ermagment. In a more detailed welfare

analysis, we find further arguments why a simultarsescoring rule is favorable. First, it is in

line with the Ramsey principle, since it sets tharkrup on the inelastic component

(capacity). Second, it avoids the strategic inegstifor excessive mark-ups on energy costs
20



and thereby reduces the risk of a distorted mederin production. Third, it limits the
incentives for collusive behavior. This reducesribk of inefficient selection and dispatch of
reserve units compared to a sequential scoring amesim.
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