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Abstract

Testing auction mechanisms experimentally ircom-
trolled environment provides an inexpensive means for
evaluating their relative merits. The firgtart of this
paper focuses on the comparison three differant-
tions with regard to markeefficiency and pricing,
given scenarios with two, four, and stompetitors.
Thoughthe uniform price lastaccepted offer auction
was superior overall, the number ofompetitors
proved to be a more significant factor in determining
auction performance. Significant exploitation rofrket
power was observed in the duopoly case. Fkeond
part of the paper focuses on a transmissioatwork
with six sellers in which network constraints givise

to market power opportunities. Experimenelidence
based on tests with student and expert subjsbtswv
exploitation of this strategic advantage. Seveodher
scenarios are described in which the transmisgiet-
work creates market power.

1 Introduction

This paperreports onresearch being conducted by a
combination of economists arslectrical engineers at
Cornell University who are examiningootential auc-
tion institutions for restructurednarkets forelectric
power. As it is a report ormevelopingresults and
analysis, the discussion remains genettaloughout.
The researchfollows two related but independent
strands.Thefirst looks at the performance of various
alternative auctiormechanisms undedifferent market
sizes. The setting is a single sided auctidth multi-
ple units being offered and aertical, multiple unit
demand. This was conducted in thbsence of aet-
work, the equivalent of a system where transmission of
electric power is lossless and costless.

The second researdtrand investigates a realistitet-
work environment using a single auctionstitution.
This smart market experimental platform has #ueled
benefit of being web base@ne group size haseen

1 This first strand is from John Bernard’s dissertatiesearch.Auction
software was designed and developed by Bernard, built frganaric
frame supplied by the University of Arizon€ommentsand questions
on this section can be directed to hinjichl9@cornell.edu
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studied, with the group containing a subset operating in
a load pocket enabling simultaneous analysigliffer-

ent market situations. Analysis of the marleffects

of load pockets is of major importance, especially in
the U.S. northeast. Three pilotgve beerconducted in
this framework, and the most interesting aspects of our
findings are recorded hefe.

Both parts of theresearch were conducted using ex-
perimental methods. By constructing these situations in
a laboratory setting, weere able tocontrol extrane-
ous variablesthat complicate realorld situations.
Further, using experimental methodallowed us to
compare pricesrom the auctionwith optimal prices
and to determine actualchievedefficiencies. The im-
portance of these abilitiesan be seen bymagining the
expenses andifficulties in implementing aruntested
system on a wide scale and then discovepngpblems.
By that stage, a substantial portion of filéormation
necessaryor analysis would be privatand the mere
extent of a problem evedifficult to gauge. As an ex-
ample of the importance of suexperimental studies,
consider the FCC’s use of such methods dutingir
design procesg$or the spectrum auctiongeefor in-
stance theFall 1997 Special Issue of thdournal of
Economics and Management Strafegy

In our research, recruitestudent subjects participated
in computerized experiments undeontrolled condi-
tions in Cornell's Laboratory of Experimentdtco-
nomics and Decision Research. Students were thaiof
earnings incash atthe conclusion of experimentsith
an additional $5 for participation.

As noted above, theorimary factors for analysis in
both parts of thaesearch were efficiency armaticing.

The potential for owners of electric generators to
achievemarket power was a major focus wsll. Sec-
ondary concerns in the first set of experiments that are
currently being analyzed include a comparison of the
inducedcost curves and the actuaffer curves, and
evidence of strategic supply reduction.

2 Software forthis strand was developed by Ray Zimmerm&um-
ments and questions can be directed to himE@cornell.edu
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The next two sections discuss the currestiate of our

To give subjects in theéifferent sized groups the op-

findings in these areas. A third section discusses severabportunity to earn within the same range of money

additional scenarios encountered which relatentarket
power opportunities.The final sectiongives anover-

without altering the parameter setup of thexperi-
ments, threeexchangerates were usewith more fa-

view of some of the general conclusions observable atvorable rates going to larger groups. Reep earnings

this point.

2 Analysis of Different Auction Mechanisms in a
Non-Network Framework

This section presents the design of fivet set of auc-
tion experimentsand the earlyresults. Whilethe ex-
periments detailed here were conducted analysis of

a wholesale market for electric power, unlike the ex-

periments in thdfollowing section, no underlyingnet-
work or transmission grid was included. Tlasalysis,
rather, presents a best case for the performancthreé
different auction mechanisms under thredifferent
market sizes in a setting with vertical demand.

Auction Selection

Many factors went into the selection of the auction

mechanisms for testing. THast acceptecbffer (LAO)
version of the uniformprice auction was selected be-
cause of its common inclusion in proposéds auction
markets for wholesale electric power in stagegh as
New York. The first rejected offer (FRO) uniform
price auction was selectdmbcause ofts superiortheo-
retical properties in the single unitase.However, as
stressed by Ausubend Cramton (1996), thestavor-
able properties do not carry over into the relevease
of multiple units. The third auction thuschosen for
analysis was thamultiple unit Vickrey (MUV) auc-
tion. This mechanism, alluded tdriefly in Vickrey
(1961), in theory should be incentive compatiléth
subjects submitting their true costsd capacities. De-
spite the length of timeinceits proposal, onlylim-
ited experimental testindnas beenconducted onthis
mechanism. A notable example is Kagahd Levin
(1997). Theireffort differs from ours; they hadndi-
vidual subjects participating in auctiomgth comput-
erized bidders.

Experiment Design and Subjects

Group sizes of 2, 4, and 6 subjects wareestigated.

reasonableall auctions were rurwith a reservation
price of sixty cents. Thisallowed us toannounce a
range of potential earnings, $15 to $35, tstudents
during recruitment.

Cost parameters were selected to mimic the thypée

cal levels of costs for electric power generatibase
load, mid-level, and peaking. Each subject had one gen-
erator oneachcost level and atotal possible output
capacity of five units of powerTotal capacity was di-
vided suchthat eachsubject hadtwo “high” capacity
generators (able to generate a maximuntwad units)

and one“low” capacity generator (capable ofly a
single unit). Demand was perfectly inelastindset at
one half thetotal capacity in themarket. Demand was
therefore 5, 10and 15,for the groups of 2, 4and 6,
respectively. The cost anddemandstructure for the
groups of 2 experimentsan be seen ifrigure 1.Note

that the shape of the supply curve remains the same in
the other group sizes, only the scale changes.

Cost
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Figure 1 Electric Power Cost Curve: Groups of Two

While the parameters were the same dtir the various
auction types, the same cannot be said ofrédsultant

Six was selected as a group size in the hopes of creating@ptimal final prices. Optimal finaprices were consid-

a relatively competitive situation while thduopoly
scenario was included teeethe potential for,and ef-
fects of, market power. Groups of four weadded to
the analysis as perhaps thest realistic for avhole-
sale market for electric powefGiven the spatial and
other limits to transmitting electric power, it likely
that many marketareaswould contain no morethan
four competitors.

ered as those¢hat would result if all participants in
the auction offered their full capacity at its coBtom
Figure 1 again, it can be seen that tpimal price for

the FRO auction would be 22 cents, while for the LAO
a price anywherédrom 18 to 22 cents could be consid-
ered optimal. For these two auctions, theoptimal
prices remained constant regardless of group size. With
the nature of the pricing rules for the MUV auction,
however, prices increasedpidly with smaller groups.
Due to this, the optimal finaprice for groups of two
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was 36.4 cents anébr groups of four it was 28.4
cents. Only for groups of sidoes the MUV have an
optimal price of 22 cents. Thelatively inflatedlevel
of these prices suggested that the MUV auctianuld
start with an inherent disadvantage. Indeed, it Ibag
been a concern tmmanythat the MUV auction would
be too expensive to carry out in practice.

Subjects recruitedfor the experiments werainder-
graduate businesstudents at Cornell University. The
majority of the students were freshmamd sopho-
mores who had taken, or werrrently enrolled in,
introductory courses in both micand macro econom-
ics. Few of the studentBad participatedoreviously in
an economiexperimentand werenot allowed topar-
ticipate more tharmonce. Students weretold the ex-
periments would not take more than an hour ardH.
Subjects in groups finishing early weesked towait
patiently for everyone to be done so ast to disturb
others and maintain group anonymity.

Information

Subjects knew the basinformation, including theres-
ervation price and how many periods tleaperiment
would last. They knew that théemand anaveryone’s
costs and capacitiagould remain unchangedhrough-
out the experiment. Whilelemand waknown to all,
cost and capacitinformation was private. laddition,
no information was given as to the spectistribution
of the costs. Subjects were merely informed thidiers
in their grouphad costssimilar, possibly identical, to
theirs for each of the three generators. It wasimon
knowledge thateveryone hadhe sametotal capacity,
but subjects did not know whether thew capacity
generator of a competitor was thdow, medium, or
high cost unit.

While subjects knew the size of their group, they did
not know which of the others in the room weretlreir
group. Seating patterns in the room were carefully ar-
ranged tokeepgroup members separated at seemingly
random intervals and to never have more thao peo-

ple seatednext to one anotherwith different cost
structures.

Offers alsoremained privatethroughout theexperi-
ments. Only the finabrice (or pricesfor the MUV)

Price and Efficiency Findings

An assessment of thaveragefinal prices over thdast
25 periods of the experiments reveals group size as a
much greater determinindactor than auctiontype.
Only in the groups of four did auction typeake asig-
nificant difference, with the LAO having lawer aver-
age final price. Ascan be seegraphically in Figure 2,
prices becameprogressively highewith smaller group
sizes. In fact, in the experiments witroups of two
prices were nearly twice as high with the groups of
six. Even in the groups of six, though, none of due-
tion mechanisms yielded prices teir optimal levels.
Evidence does show prices were headednward, sug-
gesting experiments witlmore periods may beeeded
to find the true equilibrium.

Average
Price

0.60
0.56
052

- =-0---LAO
— —a — -FRO
—_— A MUV

Group Size

Figure 2 Auction Comparison: Group Size vs. Price Last
25 Periods

Given the higher level obptimal pricesfor the MUV
in both the groups of 2 and 4, it is surprising sie no

was reported to the subjects after each auction. Subjectsignificant difference between #@nd theuniform price

knew how much thewold but not howmuch any of
the others in their group sold. While this amount is
obviously easy to deduce imhe groups oftwo, there

auctions in the groups dfvo and none between it and
the FRO in the groups of 4. While the MU¥verage
prices were stillabovethe optimum prices, thislevia-

were instances where not enough supply was offered totion was much less than the deviation in the otecr-

meet demand. These instances weoé reported to the
subjects.
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tions, particularly the FRO. It would be important to
determine if this wagdue to the favorablestrategic
properties of the MV. It may bethat the auction

would not be as expensive as some have postulated.
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Examining only average final prices over many sessions smaller the group, thenore rapid the decline ieffi-

hides some of thénteresting variations in thexperi-

ciency values as more costly units are produced to meet

ments. Looking at individual sessions, there was a no-demand. Thusparticipants in the groups of siactu-
ticeable amount of heterogeneity. This was true for the ally needed tanakemore production errors thathose

groups of 2 experiments. Imany of these sessions,
groups were at theixty cent reservation price and at
100% efficiency over thenajority of the last 25eri-
ods. Groupghat failed toreachthe reservation price
tended to have final prices in the range of the hight
generatorsBeyondthat point, subjects in theseitua-
tions appearedietermined tosell from their high cost
generatorsgeven if for only what would be ane or
two centprofit. The extent of group differences was
most evident in the groups of four thoughlthough
group behaviobegan to converge ithe later periods,
in the early periods priceesults anywherefrom the
optimal level to the reservation price were observed.

Average
Percent

Efficiency

Group Size

-=--0--=-LAO
— -a — -FRO
—aA—MUV

Figure 3 Auction Comparison: Group Size vs. Efficiency
Last 25 Periods

Efficiency levels are also displayed in graphical form in
Figure 3. As noted by LedyardRorter, and Rangel
(1997), care needs to btaken in using andnalyzing

in the groups otwo to get thesame value (consider
the secondhighest possible efficiency in the groups of
six was 0.9789, compared with 0.9394 in the groups of
two). This means efficiency values aret directly
comparable across group sizes.

Comparing efficiency across auction types doet re-
veal any superiomperformer, as the auctioachieving
the highest efficiency iglifferent in each of the three
group sizes. The FRO diderform surprisinglywell,
but with its efficienciesunlikely to be significantly
different from the highest leveleachedwith any of
the group sizes. The poor efficienci'sem the MUV
may relate to the tendendgr subjects to enteoffers
under their costs. In theorst efficiency observed, the
MUV group of 2 experiments, at the optimaverage
price 8 of the 10units possible could be sold for a
profit. Suchpotential did not exist in any other auc-
tion. Other hypotheses about thitow efficiency are
still being discussed.

On the whole, efficiencies werelower than we hy-
pothesized. Whilemany groups were able tachieve
and maintain 100% efficiency, many continued to ex-
hibit low efficienciesevenafter sixty orseventyperi-
ods of experiencwith identical conditionsEvenafter
many rounds, some subjects persistedffiering units
from a higher cost generator at a price less than from a
lower cost generator. In the network experiments to be
discussed in the next section, subjects were pasmit-

ted to enter higher cost blocks of power for Igisan

any lower cost blocks.Such arestriction here would
have increased efficiencies in some instances.

Comparison of Offer and Cost Curves / Evidence of
Supply Reduction

A secondary issue of concern was hewll the auction
mechanisms did agetting subjects to reveal theirue
costs and capacities. Theo uniform price auctions
performed relatively closely in terms of cosvela-
tion and, as expected, offers in the LAO tended to be
slightly higher than those from the FRO. Also as ex-
pected, offers from the unifornprice auctions tended
to be higher in the smaller groups.

efficiency measures. Here, the design of the cost andCost revelation was uch different in the case of the

capacity parameters hachportant implications for the
measurement of efficiency. For instance, the sepax-
sible efficiency values was not continuous. Tgessible
cost realizationsimposed by the parametenscreased
by 4 centintervals as productioecamdess efficient.
Group size had aavenmore important and noticeable
effect on possible efficiency values. Specifically, the

MUV however; actual cost andffer curves closely
overlapped on@nother. For low cost units thaub-
jects learned should always be sold, offers sometimes
evenfell below cost. This behavior wagsot seen in
either of the other auctiond.he promising nature of
this result, though, must be contrasted with tbeer
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efficiency discussed abovEurther exploration igro-
gressing here.

Supply reduction was evident &l auctions and in all
group sizes. It is questionable, however, if this was for
any strategic reasonGiven theinformation aboutcost
and demandtructure given to subjects, it shoulbave
been apparent to thethat not all theircapacitycould

be sold. This would certainly have been reinforedter
even just the first few periods of the experiments. For
all auctions, supply revelation was highest in the
groups oftwo. In fact, percent of capacity revealed
tended todecreasevith iteration number for all auc-
tion types.

3 A Test of Market Power Arising from Network
Constraints

As demonstrated above, market power increaseseHs
ers own a larger fraction of theapacity available for
serving demand. In an electric powgrid, the supply
and demand are dispersddoughout the systemEach
generator aneéachload lie at a specifinetwork loca-
tion. Due to the constraintsimposed by theneed to
operate the transmission gridliably and securely, it
may not always be possible to transfer power from an
arbitrary generatingstation to any givenload. This
implies that thecapacity available to serve a specific
load may be a subset of thetal generation capacity in
the systemandthat market powemay be present if a
small number ofsellers own a large fraction dhis
subset of generation. Thearket is partitionedinto
smaller market islands by tHamitations ontransmis-
sion imposed by thenetwork. If area®\ andB of a
transmission gridare isolated by transmission con-
straint, then generatdr in areaA cannot competevith
generatoB in areaB to serve the load in aré&a Like-
wise, generatoB cannot competsvith generatoA to
serve load in areA. The owner of a generatidiacility
may havemarket power if they own a significamger-
centage of capacity in asolated area even ithey own
only a small fraction of thdotal generation in the
system.

These transmission limits may be simpgladrelatively
constant thermal limits othe lines or they may arise
indirectly from voltage or stability lims. In the lat-
ter casethe constraintamay be very sensitive to VAr
(reactive power) injectionsnd other operating condi-
tions. Therefore, market power could aladse from
onesability to manipulate the operating condition of
the network in order to partition the markets doe’s
own advantagef-or example, consider metwork with

a key transmission lineconnecting bus 1 irareaA to
bus 2 in are®. And suppose that the amount péwer
which can be transferred frodto B (while satisfying
voltage limits) is highly dependent on th¥Ar injec-
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tion at bus 2. Itmay be possibldor a generator at
bus 2 to isolate itself from competition from aredy
withholding VAr capacity.

In summary, there are #&ast twoways in which the
transmission networlcancreate market poweoppor-
tunities in load pockets.First, transmissioncon-
straints, arising from line linits, voltage linits, or
stability limits, may partition the market intdslands
which may create the type of market powdascribed
above. Second, one makploit one’s position in the
network to strategically partitionhe market toone'’s
own advantage. The simple auctions tested above do not
take into accounttransmission system constraints. The
dispatch schedule produced by susimple auctions
would oftenlead to infeasible operating conditions if
employed in a constrainedetwork (seefor example,
Hogan, 1992).The answer tahis problem, of course,
is use of asmart market which employs an auction
where offers are adjustedfor nodal pricing through
transmissioncharges determined by aptimal power
flow (McCabe, Rassenti, and Smith, 1991).

We have conducted three experiments using experienced
subjects (whohad participated in the LAO sessions
described above) in amart market network environ-
ment. These experimentsused a LAO auctionwith
prices andoffers adjusted for location in theetwork

via an OPF (optimal power flow).

The Smart Market

The smart market isieeded toaccountfor the opera-
tional constraints imposed by the physit@nsmission
network. In this context, the selleand the buyer’'s
demands are connected by teansmission network
which must be operated at all times in a manner consis-
tent with the laws ofphysics governing thdlow of
electricity. The operation of thenetwork is also con-
strained by the physicdimitations of the equipment
used to generate anchnsmit the power. Thisresults
in two phenomenawhich may affect the auction:
(1) transmission losseand (2)congestion

A small percentage of the energy produced by the gen-
erators is dissipated by the transmission lines. The
amount of powelost depends orthe flow in the line

and the length of the lineemongother things.Trans-
mission loss implies that the total amount of power the
buyer must purchase is slightly greater than total
demand and the exact amount is dependentwhbere

the power is produced

There are lints onthe amount of electric powethat
can be transmitted from any given location to axler
location. Some ofthe limits are simple linecapacity
limits and others are moresubtle systemconstraints
arising from voltage orstability limits. Congestion
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occurs when one or more of thesetwork limits is

reachedCongestion implies that some inexpensive gen-

eration may be unusable due to its locatiomaking it
necessary to utilize a more expensive unitiffierent
location.

The effects of lossesand transmission system con-
straints are handled by adjustingll offers and prices
by a location specifieransmission chargavhich repre-
sents the cost of transporting the electricity from the
respective generatingtation to somearbitrary refer-
encelocation. There is awo part transmissiorcharge
associatedvith eachline which is divided up between
the various generatotsased ortheir individual contri-
butions to the flow in the lineThe per-line transmis-
sion chargegan beexplained adollows. The value of
the power dissipated by a transmission line is |[tes

component of the transmission charge for that line. The

congestion component of the transmissicharge is
precisely thecharge necessary to discourage overuse o
the line. If there is no congestion, this component is
zero. It is important to note that th@ansmission
charges are dependent on fiewv in eachtransmission
line aswell aseachgenerator’'s contribution tahat
flow and therefore cannot be computed befoper-
forming the auction. In thiscontext, each generator
receives a price which is specific to its location.

Units are chosen so as tsatisfy demand inthe least
expensive manner while satisfying the operational con-
straints of the transmission system. Thigdgne by an
optimal powerflow program which computes the ap-
propriate transmissiochargesfor eachgeneratingsta-
tion. The units selected by theptimization program
are roughly thosegiven by the following procedure.
The appropriatetransmissioncharge is added to the
price of eachoffer, and the offers are orderedfrom
lowest to highest adjusted offer pricdJnits are in-
cluded for sale, starting from the lopriced units and
moving toward thehigher pricedunits, until the sup-
ply reaches théotal buyer's demangblus transmission
losses. The remaining, higher priced, urdte excluded
from sale.

The reigning price iset to the adjusted offgrrice of
the last (mostexpensive) unitchosen. The pricgaid
for eachunit produced by a given generator is the
reigning price minus the corresponding transmission
charge

The Experiment

We conducted threexperiments withour web-based
experimental platform called POWERWEB, which im-
plements the smart marketescribed abovaising an
OPF that models a full non-linear lossy A@nsmis-
sion network. Theseexperiments utilized the sigen-
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erator, 30-nodenetwork model, shown assamplified
block diagram in Figure 4.

240 MW 120 MW
generating generating
capacity capacity

C) 20 MW
transmission
@ Area A capacity Area B —@
@_ 116 MW 84 MW
demand demand —@

Figure 4 Transmission Network Block Diagram

Each of the six subjects isachexperiment wane of
six sellers in a market with a single buyer wittixed
demand.All generators had a capacity of 60 MW
(megawatts)which was dividednto 3 blocks, 12, 24,

gand 24 MW at prices of $20, $40, ab0/MW-hr,

respectively.All generators hadlentical capacity and
cost structuresEachgenerator could generate between
12 and 60 MW of power, or could be shut down com-
pletely, in which case it incurred no costs.

The network wasstructured so as tareate aload
pocket in AreaB, where generators 5 and 6 doeated.
The limitation on transmissioncapacity between ar-
easA and B, caneffectively separate the markatto
groups of fourandtwo competitors, respectively. The
demandlevels and network constraintsare suchthat
neither generator 5 nor generator 6 can be shut down.

Figure 5 and Figure &Gespectively, show examples of
the offer submissiormnd auctionresult pages used by
PowerWEB. Note that the costs in the figusge not
those used in this set of experiments.
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Figure 5 Offer Submission Page
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Netscape: PoweriWeb: Auction Results
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Figure 6 Auction Results Page

Each ofthe three sessions was rfor 75 rounds, and
eachproduceddifferent results. Figure 7 shows the
price results for asessionthat can beused to charac-
terize all three sessions. bme session, theesults for

the prices received by the six generators remained simi-

lar to the price pattern shown in the figure prior to
period 50. In other wordsprices remained near the
competitive level (shown by theeavyhorizontal line
in the figure) throughout theession. In &econdses-
sion, prices weresimilar to those shown aftetrading
period 50 in the figure, for the entire session.other
words, generators &nd 6 were able t@xploit their
market power consistently from the initialrading
periods through period 75. In the session shown in the
figure, generators and 6 werenot able to coordinate
their price offers to exploitthe market powemppor-
tunities offered by the networkntil period 50. It ap-
pearsthat generator 5 (dashed/dotted lind® from
top) was not responsive to generator 6 (solid litog)
who attempted to raise prices early in the session.

Session 20
80 T

75 Generator 1
Generator 2
Generator 3
Generator 4
Generator 5
Generator 6
Competitive Avg

70

65

40
Trading Period

80

Figure 7 Nodal Prices
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We draw two conclusions from thesesults. First, in
two of the three sessions generatorand 6 wereable
to exploit the opportunity touse marketpower. It
should be noted that the 75 tradipgriods usedro-
vides far less experience than actual generatoiid
accumulate over a summeeasorduring peakload pe-
riods when networks are likely to be constrained. Thus,
it is reasonable to concludbat market powewill be
exercised.Second, ifgeneratorsexploit market power,
prices will not only be higher in load pockets, kalso
price volatility will increase. Thismplies the possi-
bility that network stability and reliability may be
jeopardized sinceelays have beerset on the basis of
stable generation patterns throughout the networks.

A nearly identical experiment with 65 tradimmgriods

was later performedusing electricity traders asub-
jects. Once again, the market powsgportunities were
quickly recognized ancexploited. Prices well above
competitive levels were observed at generatoasi& 6

as early as the second trading period, and remained con-
sistently high after about 25 periods. Thissult sup-
ports theconjecturethat the behavior of expert sub-
jects doesnot differ significantly from that of the
more accessible student subjects.

4 Other Scenarios Encountered

In addition to the partitioning of the networka sim-
ple transmission line limits, as discussed abmeweral
other interestingscenariosrelating to marketpower
have beerobservedwith POWERWEB using variations

of the six generator, 30-bus netwotsed in the ex-
perimentabove. Figure 8 shows the one-line diagram
for this system.

In this network, each of the six generattias amini-
mum and maximum output capacity of 12 MW and
60 MW, respectively.All transmission linesare un-
constrained except those explicitly indicated.
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Area 1 Demand: 76.6 MW
Gen1 Gen2

Area 2 Demand: 83.9 MW

27

Area 3 Demand: 39.4 MW Total System Demand: 200 MW

Figure 8 30-bus Network with Area 2 Isolated

4.1 Price Differentials Due to Voltage Limits

Using the network shown in Figure 8, it was found
that even in Area 2, at times the price at busvil3ere
generator 6 is located, was significantly higher than the

price for generator 5 at bus 23. This appears unusual a

first, sincethere appear to be ndransmissionlimits
separating theéwo buses. However, the only way for
the system to cuback ongenerator 6 in favor of the
cheapempower from generator 5 would be to violate a
voltage limit at bus 20. In thiscase, avoltage limit
creates a limit on the transfeapacity of thenetwork,
thus partitioning the networland potentially creating
market power opportunities.

4.2 Cascading Market Power

Consider a variation of the same 30-mystem, shown
in Figure 9, in which Area 1 is isolated bsansmission
line constraints.
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Area 1 Demand: 76.6 MW
Genl Gen2

Area 2 Demand: 83.9 MW

27

2m

Area 3 Demand: 39.4 MW

Total System Demand: 200 MW

Figure 9 30-bus Network with Area 1 Isolated

In this scenario it is also possible for the generators in
the isolated area to raise prices togetheratasvecom-
petitive levels. It was alsebservedthat, with genera-
tors 1 and 2submitting extremelyhigh offers, genera-
tor 4 was also isolated from competitiamd wasable

to inflate its offers. In aasewhere the network is
Tpartitioned into two (or moregreaswith large differ-
ences inprice between the areas, efficient operation of
the grid will always ensure that the linegnsmitting
power from the low priced to high pricedeas are op-
erating at capacity.

In this example, generator 4 is the only generator in a
position to ensurethat the line frombus 27 to bus 28

is operating at capacityAll other generatorscause
congestion of other lines befoféilling” line 27-28.
This special positionallows generator 4 to raise its
offers almost to the level of thgrice in area 1 before
its output isreduced. When the market powpresent

in area 1 isexploited by raisingprices, there is &as-
cading effect, putting generator 4 in a positioneter-
cise market power as well.

4.3 Market Power Due to Reactive Power
Requirements

Even if a generator’s position in theetwork offers no
strategic advantagewith regards to supplyingreal
power, the reactive power requirements of gystem
may allow it to manipulate real power pric&3ne sce-
nario observed irexperimental testing was ease in
which the reactive power output of a speciienerator,
though not necessarily large, proved to be essential to
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the feasible operation of the transmission system.

this scenario, the generation ownehnarged arexorbi-
tant price for real poweonce hefound out thesystem

could not operate without his reactive power output.

5 Conclusions

Our collaborative work atCornell has produced a
number of preliminary conclusions relevant for re-

structuring of the electric power industryirst, in
testing auction institutions, asAusubel and Cramton
(1996) haveshown in theory, the unifornprice first
rejected offer auctiofails to beincentive corpatible

Inthe sale of generation assets in arbks the U.S.
northeast where network constraimsay give rise to
areas of potential market power.
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