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Abstract

The deregulation of the electric industry in the
United States opens the power market to competition.
Buyers and sellers of electric power will be compet-
ing for limited resources. Although regulators will at-
tempt to limit such activity, when large amounts of
money are at stake, the participants have incentives to
engage in destabilizing behavior. The goal of this study
is to model agent driven power market auctions where
some of the players attempt to benefit from causing
economic instabilities and intentionally driving mar-
ket prices by applying different strategies.

I. Introduction

Throughout the world, the electric industry is in the
midst of major changes designed to promote competi-
tion. No longer vertically integrated with guaranteed
customers and suppliers, electric generators and distribu-
tors will have to compete to sell and buy electricity. The
stable electric utilities of the past will find themselves in
a highly competitive environment. Some countries and
regions of the US (e.g., California, PJM) are already
operating in a restructured environment. There does not
yet appear to be a standardized final market structure
that works for all areas, but each market that springs up
adds to our experience and helps us make the next mar-
ket implementation work a little better and more com-
petitively. The authors believe that, to some degree de-
pending on the market implementation, regional com-
modity exchanges will play a key role in buying and sell-
ing electricity.

With an electricity market that promises to do nearly
$100 billion of business each year, competition is ex-
pected to be stiff. The number of market players will be
larger than ever before, and it would be impossible to
guarantee that all participants will be trustworthy. It is
likely that participants in this market will attempt to gain
a competitive advantage if a means to do so arises. Cor-
porate espionage that reveals the strategies of competi-
tors could provide valuable information in developing

one’s own strategies. Disruptive practices need not be
illegal. Loopholes in the regulation may allow a market
participant to engage in activities of a questionable na-
ture. It is inevitable that some of the participants in the
newly deregulated electric market will try to benefit by
employing techniques dealing with the financial aspect
of markets like predatory pricing to eliminate competi-
tion or purposely inflating the prices. Other malicious
actions may deal directly with the physical systems in-
cluding causing congestion and blackouts/brownouts. In
this work attention is paid to the study of the effects of
malicious gaming behavior during bidding in agent based
power markets.

The remainder of this paper is organized as follows.
Section II discusses the methods and techniques em-
ployed modeling the agents and markets for the simula-
tions described here. Section III describes the design of
the small experiment included in this work. Section IV
provides the results and analysis of the simulation. Sec-
tion V talks about market power. Finally, Section VI pre-
sents some conclusions and ideas for future research.

II. Methods and Techniques

Different models have been built to simulate the
electric marketplace. In this study the scheme outlined
in Ref. [1] is used. A bilateral auction is constructed,
with a fixed number of buyers and sellers of electric-
ity. The bilateral contracts for fixed amount of elec-
tric energy are performed in fixed time intervals. The
transmission system is lossless and has unlimited ca-
pacity. The trading agents use a fixed set of rules to
change the bidding strategy [2,6]. The auction bid
matching is performed by an independent third side.

One round of bidding proceeds as follows. All
buying/selling agents submit their bids/offers to a third
party, an Independent Contract Administrator (ICA).
ICA matches the bids using an approach similar to
Wood and Wollenberg [4,5]. All bids and offers are
sorted in descending and ascending order and juxta-
posed. If a buy bid is higher than the corresponding
sell offer, the two players are matched, a contract is
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approved and the players are notified. In the case where
the buy bid is lower than the sell offer, the players are
rejected and notified. There is no second call for bid-
ding regardless of the number of contracts approved.
A bid and offer midpoint, as well as an equilibrium
price is calculated and the next round is called. Table
1 shows an example of 5 buyers and sellers after the
bids and offers were matched by ICA. Different pric-
ing techniques can be studied using the model de-
scribed here. Midpoint prices are calculated, which is
used if discriminatory pricing is desired, and if non-
discriminatory pricing is desired, the valid matches
weighted by quantity  are used to determine equilib-
rium price. Meanwhile the players update their strat-
egy and the ICA calls for the next round.

Each player updates its strategy according to the
outcome of the previous round. The player knows only
the outcome of its own last action (e.g. contract ac-
cepted/rejected) and remembers the bid/offer value.
If the offer was rejected, next time the seller lowers
the price, choosing the value randomly within an in-
terval it calculates based on a rule including its own
last offer. Accordingly, the buyer bids are higher than
the preceding round. If the offer was accepted, the

Bid Offer Quantity Match Midpoint Eq. Price

10.91 10.01 1 MW/h Yes 10.46 10.48
10.76 10.07 1 MW/h Yes 10.41 10.48
10.74 10.38 1 MW/h Yes 10.56 10.48
10.26 10.53 1 MW/h No N/A N/A
10.05 10.67 1 MW/h No N/A N/A
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Fig. 1 Supply/demand, equilibrium price, offers accepted
and profit/loss spreads for 50 buyers/sellers of electric
power after 10 bidding rounds.

seller offers a higher price based on a rule including
the last accepted offer, and the buyer bids are reduced.
All players start trading around a fixed equilibrium
price submitted by ICA. This is done for convenience.
In a real world situation the players can start bidding
around the closing price for the previous day, for ex-
ample. After the first round the ICA takes care only of
matching players. Pseudocode is given describing the
actions of a seller and buyer depending on the out-
come of the last round.

In any event, we must set upBid < downBid ,
and upOffer < downOffer . If it were otherwise
the price would not converge.

III. Experimental Design

The described system fairly quickly reaches equi-
librium, and the buy/sell spread, the midpoint  price and
the equilibrium price converge to a limiting value. Fig. 1
shows the pictorial representation of an auction consist-
ing of 100 players, evenly divided into buyers and sell-
ers of electricity. The auction went through 10 rounds.
In this case downBid and upOffer were set at 5% of the
last unsuccessful bid/offer and downOffer and upBid
were set to 3% of the last successful bid/offer. All four
price updates were tied up to a random generator, i.e. the
players may choose price updates with equal probability
within the prescribed price update interval.

Such seemingly simple market behavior is very
similar to what was observed in experimental double

Table 1. An example of an auction bid matching of 5
sellers/buyers, and the resulting outcomes.

if (seller)
if (oldOffer accepted)

newOffer = oldOffer + upOffer;
else

newOffer = oldOffer - downOffer;
end-if

end-if
if (buyer)

if (oldBid accepted)
newBid = oldBid - downBid;

else
newBid = oldBid + upBid;

end-if
end-if
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auction markets played by people [4]. It can be seen
that the initial price submitted by ICA remained stable,
and the number of accepted offers quickly reached
about 70% of the total number of offers submitted, up
from about 50%. After only a few rounds the players
minimized the losses to almost zero. However, the
profits also dropped. The system did not diverge even
after simulating a few years of bidding rounds, assum-
ing that each round lasted an hour and players traded
fixed amounts of electric power.

IV. Results and Discussion

After building a stable model of the auction, simu-
lations were run where some of the players misbehaved
and attempted different strategies. A few cases were
considered. Also, ICA was not allowed to intervene,
except to match the submitted bids/offers.

First, one of the sellers attempted consistently to
offer lower prices than the others (predatory pricing).
The predatory pricing would drive the competition out,
justified later by increasing the price by the remain-
ing player, thus creating certain state of monopoly.
After calculating the new offer, the resulting price was
additionally decreased by 5%. For a 10 buyer/seller
auction the effect of one single player occasionally
offering lower prices may seem negligible. However,
it turned out that the seller was able to drive the price
down by more than 10% only after 100 rounds. The
equilibrium price fell off exponentially, approaching
zero. Fig. 2 shows the equilibrium price when the

Fig. 2 The effect of predatory pricing on a 10 buyer/
seller auction; a) no price decreasing; b), c), d) and e) –
predatory pricing by one, two, three and four sellers.
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Fig. 3 The effect of predatory pricing; a) equilibrium mar-
ket; b) Five players against five; c) Nine players against
one.

seller’s downOffer  is on average twice higher than
the regular downOffer  decrement no matter the out-
come of the previous sell offer. The results were aver-
aged over 10 auction runs. The tactic was consequently
employed by one, two, three and four sellers. It is in-
teresting to see that after the initial sharp reduction of
the equilibrium price by more that 10%, there was no
significant difference when the second, third and
fourth player engaged in predatory pricing. This sug-
gests that if a company has a few generators, each of
them participating in the market, the company may
randomly designate each generator as a predator dur-
ing every round, making it difficult to spot such mali-
cious behavior, yet achieving the goal of lowering the
price. This would allow the seller to efficiently elimi-
nate other sellers within some period of time. The ef-
fect on the number of successful contracts is as fol-
lows: equilibrium market – 62%, one player – 64%
and four players – 69% of the contracts were approved.
The reason for the increase is that as the sellers de-
crease the price, the supply shifts down, allowing more
buyers to make contracts.

Next, a scenario where five and nine of the sell-
ers attempted predatory pricing, thus trying to elimi-
nate the rest of the sellers, was tested. Each time an
unsuccessful offer was made, the seller’s price was
additionally dropped by 5%. Fig. 3 shows the aver-
aged equilibrium price during 100 bidding rounds. The
strategy was even more elaborated by allowing each
of the predators to offer a consistently lower price only
when its last legal bid was rejected. The price is plot-
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ted against an equilibrium market price. It is seen that
when 5 players attempt this, there is virtually no ef-
fect. It was established that the strategy works only
when more than 60% of the players were engaged. It
should be noted that 60% is the lowest percentage of
players successfully making deals on an equilibrium
market without predatory pricing. The effect on the
number of successful contracts was somewhat similar
to that of the previous experiment: equilibrium mar-
ket – 62%, five players – 62% and nine players – 68%
of the contracts were approved.

Another case was considered, in which one or
more of the sellers are trying to increase the price by
consistently offering a 5% higher price than the rest.
Fig. 4. shows the price plotted versus an equilibrium
market and versus the case when the same player is
trying to lower the price using the same value which
was used for overbidding. It is interesting to see that
price increasing during the auction is much easier that
price dumping. At the beginning of the auction the
price is easy to lower, but as time advances, it is easier
to increase and more difficult to decrease. The reason
is that the auction becomes exponentially stable dur-
ing price dumping (the price tends to 0) and exponen-
tially unstable during price increasing (the price tends
to infinity). This is so because the inherent structure
of the model does not allow for negative bidding. In
that case the number of successful contracts is as fol-
lows: equilibrium market – 62%, one player – 60%
and four players – 57% of the contracts were approved.
The reason for the decrease is that as the sellers in-

crease the price, the supply shifts up, allowing less
buyers to make contracts.

Consideration should be given to assessing the
market power of each seller. A seller is said to have
unilateral market power if a unilateral deviation from
a competitive equilibrium is profitable for that seller,
given that all other traders continue to use the strate-
gies that generated the competitive equilibrium [7].
The market power in this case is directly proportional
to the market share. In a 10 seller market each seller
has 10% of the market share, hence 10% market power,
given that all sellers trade fixed amounts of electric-
ity and all buyers are willing to buy regardless of the
price. The situation would get complicated if unequal
quantities of electricity are traded, if the buyers also
have market power, if the number of buyers does not
equal the number of sellers and each traded unit of
electricity has different characteristics (reliability for
example).

V. Conclusion and Future Work

A double auction market of electricity was mod-
eled, and different scenarios for malicious activities
from the sellers’ side were considered and simulated.
It was shown that under proper circumstances some
of the players can significantly influence the market
thus benefiting themselves. Further work has to be
done to asses the effect of buyers on such an auction
market. Another direction into which the research
might go is estimating the market power of agents
under different market conditions. Also, probabilistic
analysis of the auction model similar to Ref. [4] should
be carried out, which will allow for a priori estima-
tion of the effect of different actions of buyers and
sellers on the market. It is important to note that this
is a work in progress and future improvements of the
model, like implementing a power grid, modeling con-
gestion and including smart agents, is considered.
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Fig. 4 The effect of price increasing; a) equilibrium market;
b) one seller increases; c) two sellers increase; d) one seller
decreases; e) two sellers decrease.
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