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Abstract
As in most commodities markets, deregulated electricity markets

allow the participation of purely financial (virtual) traders to enhance
informational and productive efficiency. The presence of financial players
is expected, among other things, to help eliminate predictable pricing
gaps between forward (day-ahead) and spot prices, which may arise in
the presence of market power by physical suppliers or buyers. However,
we find that the impact of financial players on reducing pricing gaps
has been limited. A forward premium persists. Surprisingly, some large
financial players appear to be betting in exactly the opposite direction
of the pricing gap, sustaining large losses while doing so. We find
evidence consistent with participants using forward market bids to affect
congestion and thus increase the value of their Financial Transmission
Rights (FTR). I.e. these financial players incur losses with one financial
instrument in order to make larger profits with another, introducing
artificial congestion to the system. Our findings point to the challenges
of achieving market efficiency through purely financial players when the
underlying physical market is segmented and subject to the exercise of
market power in each segment.

1 Introduction

The Midwest Independent Transmission System Operator (MISO) is a
regional transmission organization (RTO) that coordinates the wholesale elec-
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tricity market in 12 states in the U.S. and the Canadian province of Manitoba.
RTOs allow electricity markets to be decentralized by providing an indepen-
dent platform where generators and load entities interact. Their stated goal
is to organize the market to achieve both low prices and high reliability. The
system has many different components, but in this paper, the focus will be
on two parts: the energy market and the financial transmission rights (FTR)
market.

In the energy market, megawatts (MWs) of electricity are traded at partic-
ular locations throughout the market footprint (nodes) for each hour. Partic-
ipants submit demand or supply bids for an hour of energy at specific nodes
in the network and the market is cleared at the level of the node. Prices at
nodes are referred to as locational marginal prices (LMPs) and have a common
marginal cost component but vary between nodes depending on congestion
and transmission losses. Congestion occurs when demand at a certain node
exceeds the capacity of the transmission lines connecting the node to lower cost
generators, making it necessary to increase the price until the market clears.
Transmission losses occur because part of the electricity is lost as heat as it
travels over transmission lines from one node to another.

The energy market has two stages: the day-ahead or forward market, which
schedules production or demand for each participant over the next day, and
the real-time market, where final adjustments are made 30 minutes before the
operating hour. In an informationally efficient, competitive market, one may
expect the day-ahead and real-time prices to be the same on average since
differences can only result from unpredictable shocks to supply or demand.
However, MISO is far from a frictionless market due to the congested nature
of the transmission network: congestion effectively creates local oligopolists,
sometimes monopolists at the nodes that are affected. Figure 1 illustrates
what local market power can lead to: here we analyze the simple case of a
monopolist with fixed capacity, facing non-strategic buyers. The generator
has QT MWs of capacity (fixed capacity is reasonable for big producers with
coal or oil plants, which are the most likely to have market power). If she sells
all of this in the DA market, she gets PT for each MW. If she only sells QDA,
those are sold in the day-ahead at PDA and the remaining (QT −QDA) are sold
in the real-time market at PT . The generator has no incentive to sell all the
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Figure 1: Intertemporal price discrimination

units in the day-ahead because then she would get PDA as well. How many to
sell in each market will depend on the elasticity of demand, as for a monopolist.
In the above example, the local monopolist is effectively doing intertemporal
price discrimination between the day-ahead and real-time markets, leading to
a positive day-ahead price premium.1

Indeed, because the day-ahead price was observed to be consistently higher,
MISO opted to include financial (called “virtual” by MISO) bidders in the
energy market. Virtual bidders are participants without physical load or
generation capacity and are permitted to bid at any MISO node. Virtual
bidders are expected to act as arbitrageurs because from their point of view,
virtual MWs are simply a financial instrument that pays the difference between
the day-ahead and the real-time price to a buyer and the negative of that to
a seller. Virtual bidders should in principle close any predictable differences
between the day-ahead and real-time prices by bidding against it.

Despite the participation of virtual bidders, between 2010 and 2012, the
day-ahead price on MISO was higher than the real-time price. Moreover,

1This example presents the case of a generator who has market power in a net importer
node, i.e. one in which local demand exceeds local supply at the clearing price. Congestion
creates market power because the generator becomes the only alternative to buy in that
node. The case for an exporter will be made in section 4.



virtual bidders bought more energy in the day-ahead market than they sold.
Moreover, some participants accumulated negative profits steadily for longer
than a year without leaving the market. This is puzzling, because virtual
bidders are ostensibly speculators and should take advantage of arbitrage
opportunities if they exist and leave the market if they steadily lose money.
These virtual participants were also more likely to submit bids far from the
clearing price, consequently not contributing to closing the gap.

Our rationalization of this consistently money-losing behavior by virtual
bidders is based on strategic incentives created by the closely connected finan-
cial transmission rights (FTR) market. The FTR market exists to distribute
the congestion rents generated by the pricing system in the day-ahead market.
Suppose, for instance, that the transmission line from node A to node B is
congested, so the price is 10 at node A and 20 at node B. Generators at
node A receive 10, but buyers at node B pay 20. If the capacity of the
transmission line is 100 MW, there is a rent equal to $100(20−10) = $1000 that
has to go somewhere. MISO is a non-profit organization, thus it distributes
rights over these revenues among participants who pay for congestion. These
rights are financial instruments for which the payoff depends on the price
difference between two nodes. For example, an FTR for 10 MW between
nodes A and B with respective price LMPA and LMPB will pay the holder
10 (LMPA − LMPB). FTRs are auctioned and anyone with sufficient funds
can participate in the auction. The auction revenues are then distributed
among the market participants who pay congestion charges.

Although virtual bids are purely financial in the sense that they are not
related to any physical energy, they are treated by the market mechanism
identically to physical bidders in the day-ahead market and affect congestion in
the day-ahead market. For instance, consider the example above and suppose
that there is only demand at node B, only generation at node A and the
transmission line has a capacity of 100MW. At a price of 10, demand in B is
only 95MW so the line is not congested. In this case, the market clearing price
at B is 10. If a virtual participant bids 10MW at a high enough price and
the demand at B is not too elastic, the cleared quantity will be 100MW and
the price will increase until the market clears. In this way, a virtual bidder
could create artificial congestion to increase the profits from an FTR between



node A and node B. The profitability of this strategy depends on demand
elasticity, but if the transmission line is close to its limits, a few MWs can
be enough to change the price. If the FTR is large in terms of MWs, even a
large marginal loss in the virtual market could be profitable. This strategy is
described theoretically by Ledgerwood and Pfeifenberger [2012].

In what follows, we show that data is consistent with the use of virtual bids
to create congestion and increase the value of FTRs. Although the data does
not allow us to identify the virtual bidders who hold FTRs, evidence suggests
that the FTR and virtual markets are correlated. Virtual profits are lower
at nodes with larger FTR profits, more FTR MWs, as well as at nodes with
higher congestion. Notice that this need not be the case because virtual profits
depend on the difference between the day-ahead and the real-time price in a
given node, while FTR profits depend on the difference in the day-ahead price
between two nodes. Moreover, we show that virtual bidders active at nodes
with FTRs are larger on average than those who are active at the other nodes,
which may help to understand why we do not observe the entry of new virtual
participants to close the day-ahead premium gap.

The next section describes the market in more detail and the following
presents a description of the data. Section 4 explains why market power can
give rise to a day-ahead premium, section 5 details the puzzling observations
from the virtual market, and Section 6 shows the correlation between virtual
bids and the FTR market. In section 7 discusses why we do not observe entry
if there were profitable opportunities for virtual bidders during the period of
study. Finally, we conclude the paper in Section 8.

2 Market Description and Institutional Details

The Midwest Independent Transmission System Operator (MISO) is a
regional transmission organization (RTO) that coordinates the electric power
market in 12 states of the U.S. and the province of Manitoba in Canada. MISO
is a non-profit organization regulated by the Federal Energy and Regulatory
Commission (FERC) and its aim is to have low prices while maintaining a
high level of reliability. It operates the transmission network by coordinating,
controlling and monitoring the use of the electric transmission system by



utilities, generators and other participants. MISO does not own transmission
assets and it is independent from all market participants. The MISO market
has 2,168 pricing nodes and 368 market participants, and it serves more than
40 millions people.

Market participants

In order to buy or sell energy in the MISO market, it is necessary to first
register as a market participant. While details of the formal registration
process vary depending on the participant’s intended market activities, it
generally requires the submission of supporting documents and a credit check.

Market participants may act in three distinct capacities in the energy
markets: as a generator (supply), as a load serving entities (demand) and/or
virtual bidders. Generators and load serving entities are linked to physical
resources at particular pricing nodes whereas a virtual bidder requires no
physical capacity. A generator will only sell energy and load serving entities
will only buy energy at their respective nodes whereas virtual bidders may
sell or buy energy at any node in the MISO footprint. These transactions are
accomplished through participation in the MISO moderated auctions. The
participant either submits a price sensitive bid consisting of a step function
with up to ten combinations of price and quantity, or they may operate as
price-takers by submitting only a quantity that they are willing to buy or
sell at the clearing price. In the MISO market, bids submitted by buyers are
referred to as bids and those submitted by sellers submit are referred to as
offers. We will maintain this distinction from this point forward.

Any market participant can submit virtual bids or offers provided that she
has sufficient approved credit. In the sample, 39 of 203 virtual participants are
load entities, but from the way identifiers are assigned to participants it is not
possible to know how many generators are there among virtual bidders. Table
2 has summary statistics on virtual bids and offers and Table 1 indicates the
volumes traded in the energy market during the sample period, as well as the
relative size of virtual participants.



2010 to 2012 MW

Cleared Physical Demand 1,468,816,039

Cleared Physical Supply 1,485,479,751

Cleared Virtual Demand 88,645,324

Cleared Virtual Supply 66,548,001

Table 1: Total Quantities

The day-ahead and real-time markets

Energy is traded in the energy and operating reserves market, which has
two parts: the day-ahead market, which is only financial though transmission
constraints are taken into account when the market is cleared, and the real-
time market, which is the balancing spot market. Participants with physical
load or generation capacity submit bids into both of these markets to buy or
sell energy, while virtual bidders are allowed to participate only in the day-
ahead market. A virtual bidders cleared MWs are reversed in the real-time
market. In short, if a virtual bidder buys 1 MW in the day-ahead market, it
is understood that she would sell this energy in the real-time market, which
leaves her payoff as the difference between real-time and day-ahead prices.

The day-ahead market accepts bids and offers between 11:00 and 15:00
hours preceding the operating day. The market clearing results in an hourly
schedule for each of the 24 hours of the operating day which begins at hour
00:00 (midnight). The real-time market accepts price sensitive supply offers
up to 30 minutes prior to the hour and then uses these offers to balance
demand requirements (equivalent to price-taking bids) every five minutes. The
results are communicated five minutes before the operating time. Although
the real-time market is cleared every five minutes, the price actually payed by
or charged to market participants is the hourly average. Both day-ahead and
real-time prices are locational marginal prices (LMP), i.e. the clearing price at
each node is equal to the marginal cost of supplying one additional MW at that
node. LMPs may be decomposed into three components: the marginal cost of
energy, the cost of congestion, and the cost of losses which exists because some
energy is naturally lost when it moves over transmission lines. Congestion
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Figure 2: Two nodes without congestion

occurs when demand at a node cannot be supplied from a generator with a
lower offered price without exceeding the capacity of a transmission line. As
losses are typically small2, the price difference between nodes is mainly due
to congestion. Summary statistics for day-ahead and real-time LMPs in the
MISO market can be found in Table 2.

Congestion exists because transmission lines have limited capacity: when
the demanded MWs exceed the transmission line capacity, after considering
supply at the node, market clearing requires the price at the node to be higher
and this increment is the congestion component of the LMP. While a more
detailed treatment of LMPs in North American energy markets can be found
in the tutorial Louie and Strunz [2008], let us illustrate congestion with a
simple example. Consider a setting where there are only two nodes, A and
B, connected by a transmission line with a capacity of 100 MW. At node A
there is only supply and the market is perfectly competitive, so the energy is
sold at marginal cost. At node B, there is only demand and it is given by
Q(P ) = 150− 5P . If there are no losses, the market clears with a price equal
to the marginal cost and there is no congestion. This is illustrated in Figure 2
under the assumption that the marginal cost per MW is $10 .

Now suppose that the marginal cost of producers at node A is $5/MW
instead of $10/MW. In this case, consumers at B would demand 125 MW if the
price was equal to the marginal cost, however, the transport of this electricity
would require exceeding the capacity of the transmission line. Therefore, the
price at node B has to increase to $10/MW in order to clear the market and the
extra $5/MW over the marginal production cost corresponds to the congestion
component of the LMP. This is illustrated in figure 3. For an example with
three nodes, check Louie and Strunz [2008].

22% on average, without much variation.
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Figure 3: Two nodes with congestion

RSG charges and virtual bidders

In the MISO market, some eligible generators are guaranteed the full
recovery of their production cost when MISO commits them to produce a
quantity that differs from their day-ahead schedule. Production cost has three
components: the start-up cost, incurred when the generating units start run-
ning, the no-load cost, which is the cost of operating and producing zero MWs,
and the marginal cost. Only the latter is covered by the market clearing price
(LMP), so the eligible generators need to be compensated for their incurred
start-up and no-load costs. This is funded by imposing Revenue Sufficiency
Guarantee (RSG) charges on deviations from the day-ahead schedule, i.e. on
differences between the MWs that a market participant cleared in the day-
ahead market and what she produces in the real-time market. Currently, as
virtual participants do not physically buy or sell energy, the total virtual MWs
are considered a deviation and are subject to RSG charges.

MISO’s treatment of virtual bidders with respect to the RSG has varied
over time in a way that affects incentives. Prior to April 1st 2011, RSG charges
applied only to virtual supply bids and were constant across nodes. They were
computed as RSGi = MWS · RSG_RATE, where i is a bid and MWS are
MWs of virtual supply. This means that if a virtual bidder was buying 1 MW
at a node, her payoff was just the real-time LMP minus the day-ahead one.
For a virtual participant selling 1 MW, the payoff was LMPDA − LMPRT −
RSG_RATE.

Since April 2011, both virtual supply and virtual demand are subject to
these charges and their calculation has changed. In addition to a component
that is common across nodes—the Day-Ahead Deviation & Headroom Charge
or DDC— there is a component that depends on congestion at each specific



node called the Constraint Management Charge or CMC. As shown in the
formula below, the CMC depends on the sum of deviations weighted by a
congestion factor called the Constraint Contribution Factor or CCF which is
between -1 and 1. Notice that this means that a participants different cleared
bids and offers may compensate for one another’s RSG charges if congested
and uncongested nodes are combined, i.e. the RSG charges now depend on
specifics of the virtual participant’s portfolio. The calculation is as follows:

RT_RSG_DIST1h = CMC_DISTh +DDC_DISTh

CMC_DISTh =MAX

{∑
n

(
MW S

n −MWD
n

)
· CCFn, 0

}
· CMC_RATE

DDC_DISTh =MAX

{∑
n

(
MW S

n −MWD
n

)
, 0

}
· CMC_RATE

where h is an hour and a participant, MW S
n and MWD

n are the virtual
supply and demand, respectively, cleared by the participant at node n for
hour h.

Figure 4 shows daily mean RSG charges per MW payed by virtual bidders
over time. As it can be observed, charges significantly decreased after the
policy change. Some summary statistics of RSG charges are presented in table
2.
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Figure 4: RSG charges over time

Congestion and the FTR market

The fact that prices differ among nodes depending on congestion creates
revenues that have to be distributed among market participants because MISO
is a nonprofit organization. This is done using two financial instruments:
auction revenue rights (ARR) and financial transmission rights (FTRs). FTRs
are financial instruments whose value depends on the difference in day-ahead
congestion price between two nodes. For instance, an FTR for 10 MW between
nodes A and B will pay the difference in congestion between these two nodes,
yielding a positive payoff when B has a higher congestion component of the
LMP. If there are no losses in the network, this payoff can be calculated as
the difference in the day-ahead LMP between both nodes. These instruments
are auctioned in yearly and monthly auctions, and the revenues of the yearly
auction are distributed among the holders of ARRs, which are in turn assigned
to market participants depending on their historical use of the transmission
network. Any market participant with enough credit can participate in FTR
auctions, so they can either used to hedge against congestion or just to spec-
ulate. Table 2 shows some statistics for FTRs sold in the monthly and yearly
auctions. The clearing price is the price paid per MW of the financial right.



3 Data Description

The data used in this paper is publicly available at the MISO website.
The sample contains data on the energy market and the FTR auctions from
January 2010 to September 2012.

There is data for bids, cleared quantities, clearing prices, and other bid
characteristics for each participant at a node and hour level. These are avail-
able for both physical and virtual bids and offers, although the generator
identifiers cannot be matched to physical demand and virtual participants,
so it is not possible to know if generators submit virtual bids. Additionally,
there is data available for the RSG charges that participants have to pay when
there is a difference between their day-ahead commitment and their real-time
actual quantity. Table 2 presents some description of the data.



Variable Observations SD Min 1st Qu Median Mean 3rd Qu Max

DA LMP 44,630,861 14.68 -977 21.21 27.51 30.12 36.63 756.85

RT LMP 44,630,861 27.34 -1,318 20.17 25.13 29.36 32.63 3,225

Virtual Bid MW 12,442,024 40.98 0.1 0.9 2.1 12.47 10 2550

V. Bid DA Price 12,442,024 21.86 -977 19.3 26.85 30.99 38.37 756.85

V. Demand DA Price 5,934,657 17.47 -977 19.5 26.69 28.27 35.96 500

V. Supply DA Price 6,507,367 24.95 -98.33 19.43 27.03 33.47 41.51 757

RSG charge 1 16,832 2.41 0.01 0.41 1.17 2.01 2.56 21.01

CMC factor 1,730,206 0.20 -0.9996 -0.028 -0.0005 -0.046 0.027 1.00

CMC price 14,092 38.53 0.01 9.31 16.9 22.81 23.11 1,058

DDC price 6,497 1.57 0.01 0.23 0.46 1,00 1.05 26.06

FTR MW 563,746 18.56 0.1 1 3.2 8.44 9.1 1,351

FTR Clearing Price 563,746 1,057 -22,055 -36.87 76.56 275.42 420 16,937

Table 2: Summary Statistics. Data between 2010-01-01 and 2011-12-31



4 Congestion, Market Power and the Day-Ahead

Premium

Under nodal pricing, congestion creates local market power because it
isolates a node or a group of nodes from the rest of the market. When one of
the transmission lines connecting a node is at capacity, local buyers cannot buy
energy at market level marginal cost because it is not possible to bring energy
from the cheapest producer. Local generators can thus affect the price by
playing with the quantities they offer in the day-ahead and real-time markets.

Consider first the case of a generator at an importer node, i.e. one at
which demand at the lowest price available exceeds the capacity of the trans-
mission lines connecting the node. As it was explained in the introduction,
a monopolist with fixed capacity will maximize profits by intertemporally
discriminating between the day-ahead and the real-time markets. As half of
the energy generated in the MISO footprint comes from coal, and quantities
produced in these plants cannot be adjusted easily, it is reasonable to assume
that at the day level they have fixed capacity. The demand is assumed to be
unresponsive because only 2% of the demand bids are price sensitive, the rest
buy a fixed quantity at the market clearing price.

Take now the case of a generator at an exporter node B, which is the
cheapest alternative for buyers at node A (given transmission constraints).
Nonetheless, the line connecting B to A has limited capacity and when it
becomes congested, the generator has to sell her energy in the competitive
market at a lower price. In this case, the generator has incentives to withhold
production from the day-ahead market in order to avoid day-ahead congestion
in the line connecting A and B whenever this is possible. This allows her to
get a higher price in the day-ahead -the price paid by the demand at A-, and
to get the lower price only for the MWs sold in the real-time market. A more
detailed example of this case, specific to the New York ISO, can be found in
Saravia (2003).

If generators consistently underschedule their production in the day-ahead
market and demand does not respond, the real-time price is lower than the
day-ahead price and there is a day-ahead premium. We run regressions of the
premium on the HHI, and the types of generation present in the market. Table



2010 2011 2012

Intercept 1.68∗∗∗ 0.63∗∗∗ 0.77∗∗∗

HI −0.39∗∗ 0.05 −0.18

Combine Cycle ST 4.67∗∗∗ 7.48∗∗∗ −51.32∗∗∗

Combustion Turbine 2.11∗∗∗ 2.88∗∗∗ 2.03∗∗∗

All Diesel Units −0.48 1.03∗ 7.91

Run of River −0.11∗ −0.45∗∗∗ −0.29∗∗∗

Pumped Storage 3.54∗∗∗ 2.85∗∗∗ 1.85∗∗

Combine Cycle CT −3.01∗∗∗ −2.26∗∗ 50.90∗∗∗

Combine Cycle Aggregate 1.59∗∗∗ 1.08∗∗∗ 0.19.

Wind −0.22∗∗∗ −0.22∗∗∗ −0.27∗∗∗

Other Fossil 0.38∗∗∗ −0.41∗∗∗ 0.10

Other Peaker 4.41∗∗∗ 6.03∗∗ 3.38∗∗

Demand Response Type I 9.62∗∗∗

Demand Response Type II −0.38∗ −0.63∗∗ 0.44

Table 3: Market Power and the premium. A market is defined as a node. The
reference energy type is steam turbine.

3 presents the results of regressions ran defining market as a node. As this is
likely to be a too narrow definition of a market, we also define market as all
nodes with the same real-time and day-ahead price. Results are in Table 4.
The HHI is not always significant, but it has the expected sign when markets
are defined by a unique price. Regarding generation types, the omitted one
is steam turbine, the dominant in MISO, which uses coal and is permanently
active because it is expensive to stop it or start it suddenly (fixed capacity in
the short run). Peakers like pumped storage or diesel units are associated with
higher premiums, likely because they are active in periods of higher demand
and congestion. Intermittent resources like wind and run of river are correlated
with a lower premium because they do not have much control of production
and are generally small.



2010 2011 2012

Intercept 1.85∗∗∗ 0.54∗∗∗ 1.00∗∗∗

HI −0.61∗∗∗ 0.09 −0.47∗∗∗

Combine Cycle ST 4.68∗∗∗ 7.48∗∗∗ −0.69

Combustion Turbine 1.77∗∗∗ 2.28∗∗∗ 1.29∗∗∗

All Diesel Units −0.41 1.08∗ 13.7∗

Run of River −0.07 −0.41∗∗∗ −0.27∗∗∗

Pumped Storage 3.36∗∗∗ 2.70∗∗∗ 1.70∗

Combine Cycle CT −2.95∗∗∗ −2.21∗ 15.8∗∗∗

Combine Cycle Aggregate 1.58∗∗∗ 1.10∗∗∗ 0.16

Wind −0.23∗∗∗ −0.17∗∗∗ −0.28∗∗∗

Other Fossil 0.44∗∗∗ −0.36∗∗ −0.02

Other Peaker 4.48∗∗∗ 6.06∗∗ 3.45∗∗

Demand Response Type I 9.67∗∗∗

Demand Response Type II −0.32. −0.58∗ 0.49.

Table 4: Market Power and the premium. Market defined as all nodes with
the same day-ahead and real-time prices. The reference energy type is steam
turbine.



In order to prevent the abuse of market power and to increase the conver-
gence between day-ahead and real-time prices, which increases the efficiency
of the market, in 2005 MISO opened the energy market to financial traders
without physical assets. As their profits depend on the day-ahead premium,
they are expected to bid at nodes with expected price differences, thus making
them smaller. Previous research comparing nodal markets before and after
the introduction of virtual bidders has found that they have decreases the pre-
mium[Jha and Wolak, 2013, Saravia, 2003] in CAISO and NYISO. Nonetheless,
they do not show that they close it completely. Although in the MISO market
the premium has decreased since 2005, we still find predictable differences
between the day-ahead and the real-time market. Virtual bidders’ behavior
will be described in the next section.

5 Virtual bidders in the MISO market

This section describes the virtual bidders’ behavior in the MISO market. It
shows that some virtual participants seem to act in a way that is not consistent
with profit maximizing behavior if profits are assumed to come from the virtual
market only. In particular, three facts invite to a closer look: Virtual demand
is much higher than virtual supply in spite of the positive day-ahead premium,
some virtual bidders consistently loose money over time, and some virtual
bidders bid to clear MWs at any price although this ends up in large losses.

Virtual bidders buy more than what they sell, despite the premium

Figure 5 shows the daily difference between virtual demand and supply in
MWs over the sample period. Virtual bidders buy more than what they sell,
and the difference is relevant in magnitude, as it is observed in Table 5.
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Figure 5: Virtual bidders buy more than what they sell.

Year V. Demand/ V. Supply SD

2010 1.60 0.49

2011 1.40 0.37

2012 1.19 0.24

Table 5: Average Daily Virtual Demand to Virtual Supply Ratio

There is no obvious reason to expect more demand than supply from virtual
bidders, specially because the day-ahead premium, measured as the difference
between the day-ahead and the real-time market for each node, is on average
positive. This means that a virtual demand bid loses money on average because
the buying price -the day-ahead LMP- is higher than the selling price -the
real-time LMP. Table 6 shows the results obtained from regressions of the day-
ahead premium on an intercept, which confirm the existence of a day-ahead
premium, as has been previously documented by Bowden et al. [2009]. When
only nodes with virtual demand are considered, the day-ahead premium is



smaller, but still significantly positive (Table 6). The premium is positive and
it keeps accumulating, but sometimes it has big negative jumps, as it can be
observed in figures 6 and 7.

Estimate Std. Error t value Pr(>|t|)

Whole Sample

Before April 2011 0.8977 0.0047 218.5 0.0000

After April 2011 0.5300 0.0048 110.9 0.0000

Just nodes with virtual participants

Before April 2011 0.8442 0.0039 195.5 0.0000

After April 2011 0.5054 0.0042 120.9 0.0000

Premium - RSG

Before April 2011 - 0.9138 0.0058 -162.2 0.0000

After April 2011 0.1735 0.156 1.11 0.266

Table 6: Day-Ahead Premium. 2,168 pricing nodes in the whole sample,
only 1,485 have virtual bidders. The regressions were made at a node level,
so each observation is the difference between the day-ahead and the real-time
price at a particular node and hour.

Figure 6: Day-ahead premium over time. Each observation is an hourly
average.
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Figure 7: Cumulative day-ahead premium

In spite of the positive premium, supply bids are not profitable either
because they have to pay RSG charges. Subtracting these charges from the
premium gives the last two rows of table 6. A negative value means negative
profits for supply bids because they sell in the day-ahead and buy in the real-
time market. After the RSGs were modified, part of the charge depends on
congestion and the component that was applied to every node was lower than
before, as it can be observed by comparing RSG charge 1 and DDC price in
table 2. In fact, the average profit of selling 1 MW at every node, which is the
coefficient in table 6, is no longer significant after the RSG charges changed
in April 2011. This was computed assuming that the same participant bids at
every node, but the coefficient is not significant either under the assumption
of independent bidders selling at each node.

The existence of a positive day-ahead premium and an effective negative
premium for supply bids (after RSG charges are considered) means that, in
principle, there is no reason to prefer demand or supply virtual bids. The fact
that demand bids were not subject to RSG charges before April 2011 could be
a factor because RSG charges are uncertain. Nonetheless, as it can be seen in



Table 7, supply bids did better on average during this period.
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Figure 8: Virtual Trading

As observed, the day-ahead premium is significantly positive, but it has
decreased over the years. Virtual volume has increased, as it is observed in
Figure 8. Nonetheless, this is not enough to conclude that virtual bidders
participation decreases the premium because the change in the RSG charges
calculation affected the incentives for all the participants in the market and
could have changed the equilibrium.

Some virtual bidders are consistently losing money

We observe that some participants steadily lose money over long periods,
without leaving the market. This cannot be consistent with profit maxi-
mization by pure speculators, specially considering that they are experienced
bidders in a complex market. Even a naive individual would leave the market
after having large losses if there are no other sources of profit. The hypothesis
of this paper is that the low profits are justified because they are the cost of
increasing the value of FTRs by creating artificial congestion. Therefore, as
long as losses are lower than FTR profits they can still be maximizing profits.

Figure 9 plots of the number of days in which a participant was active
against the total profits made by that participant during the whole sample
period. As it can be observed, some bidders stayed for more than a year in the



First Period No RSG

Estimate Std. Error t value Pr(>|t|)

(Intercept) 1.1087 0.0259 42.81 0.0000

Supply Bid 1.9374 0.0351 55.13 0.0000

First Period with RSG

Estimate Std. Error t value Pr(>|t|)

(Intercept) 1.1087 0.0259 42.81 0.0000

Supply Bid 0.1238 0.0351 3.53 0.0004

First Period Size in MWs

Estimate Std. Error t value Pr(>|t|)

(Intercept) 16.7286 0.039 428.5 0.0000

Supply Bid -7.2581 0.0424 -171.3 0.0000

Second Period no RSG

Estimate Std. Error t value Pr(>|t|)

(Intercept) 0.8748 0.0223 38.46 0.0000

Supply Bid 1.2534 0.0342 36.65 0.0000

Second Period with RSG

Estimate Std. Error t value Pr(>|t|)

(Intercept) 0.0244 0.069 0.354 0.724

BidTypeI -0.6593 0.0930 -7.09 0.0000

Second Period Size in MWs

Estimate Std. Error t value Pr(>|t|)

(Intercept) 16.7874 0.03720 451.24 0.0000

Supply Bid -4.0364 0.0407 -99.07 0.0000

Table 7: Demand and Supply Virtual Profits. For profits, the dependent
variable is profits by MW. In the second period, RSG charges are computed
as if participants were active in only one node.



market even though they were having large losses. In fact, the cumulative
profits of the ten largest virtual losers among virtual bidders consistently
decreased (see Figure 10), indicating that some players were staying in the
market despite having steady losses.
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Figure 9: Virtual Profits and Active Days

For some participants, the cumulative profits from Figure 10 look flatter
after the change in the RSG charges computation, which is indicated by the
vertical line. In principle, this could just be the consequence of lower RSG
charges instead of showing a change in behavior. However, this is not the case.
In the graphs, the blue line represents the actual cumulative profits earned
by the respective participant, while the red one shows the part of the profits
obtained from the difference between the forward and the spot price, without
considering the RSG charges. The two lines move closely together and the red
one does not continue to decrease after April, 2011. Moreover, some curves
get flatter at the beginning of 2012, 8 months after the RSG change, which
makes other explanations more likely. This is not necessarily evidence against
the hypothesis of price manipulation because it may just be the consequence
of the decrease in the premium (Table 6).
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Figure 10: Cumulative Profits for the largest losers. The red dots do not include
RSG charges.
The first two graphs seem to have only blue dots because that participant cleared
mainly demand bids (97.5% of total cleared bids), which are not subject to RSG
charges.



These observations suggest that some virtual bidders are doing something
different from maximizing profits in the virtual market. Although in principle
this could be due to some physical participants hedging, the price of the
insurance would be high. The largest loser, for instance, lost 15 million dollars.
The hedging explanation cannot be fully discarded because the data does not
allow to know whether big losers have generating capacity. However, three of
the ten largest losers are load entities (physical demand) and thus cannot be
hedging.
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Figure 11: Daily Virtual Profits over time (This includes RSG charges, true
profits

There are different types of bidders

Virtual bidders can submit price sensitive bids that specify up to ten
combinations of price and quantity, or just a quantity (price-taking bids). In
the sample, most of the virtual demand bids are price-sensitive, while most
of the virtual supply bids are price-taking (see Table 8). In order to create
congestion, a virtual demand bidder needs to increase the number of MWs
cleared in that node, so he would be more likely to submit a bid with a high
price or to be a price-taker. The price will be higher than without congestion,
but it is very likely that the price will be lower than what he or she is offering



Cleared Bids

Supply Demand

Number of price-sensitive bids 5,651 5,876,978

Number of price-taking bids 6,502,360 58,142

MWs of price-sensitive bids 53,524 88,293,983

MWs of price-taking bids 66,494,477 351,341

Table 8: Virtual Bids

unless the demand is very inelastic.3 Therefore, we would expect to observe
some participants submitting bids much higher than the clearing price, even if
they do not determine the price. This can be used to guess which participants
are trying to increase congestion, although a high bid does not necessarily
imply congestion manipulation. In line with this reasoning, it is observed that
a group of participants placed bids far from the clearing price and that the
largest losers of the market where in this group.

Figure 12 shows a plot of the relation between virtual profits and the bid
premium for price-sensitive bids.4 The bid premium is the difference between
the highest price offered in the bid step function and the clearing price. As
it is observed, Figure 12 appears to confirm the reasoning above by showing
that there are two types of bidders: those who are, on average, offering a price
close to the clearing price -the true virtual participants-, and those who bid
high prices. Moreover, large losses seem to be associated with a large bid
premium. This is confirmed by the the regressions of virtual profits on the
premium, which also show that the effect is larger for supply bids (Table 9).5

Figure 13 extends the sample by adding price-takers as well by assigning them
a price premium of 1000. As observed, profits seem to be more variable among
price-takers and bids with large bid premiums.

3A virtual supply bidder will offer cheap MWs at the source node. Equivalently, the
clearing price is unlikely to be as low as his offer, but it will be lower and this will increase
demanded MW at the sink node.

4Profits do not include RSG charges. In this way, they clearly reflect the difference
between spot and forward case.

5Profits here do not consider RSG charges. These can only decrease profits.



Figure 13: Bid premium and profits including price-takers.

Figure 12: Two Types of bidders. Bid Premium and profits for price-sensitive
bids only.

Although the bid premium seems to be distinguishing two types of bidders,
those with a high premium are not necessarily using virtual bids to manipulate
congestion. In the next section, we will describe the different ways in which



Virtual Demand Profits:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 13.5322 0.7301 18.53 0.0000

Bid Premium -0.3018 0.0064 -46.86 0.0000

Virtual Supply Profits:

Estimate Std. Error t value Pr(>|t|)

(Intercept) -12.8115 24.4117 -0.52 0.5997

Bid Premium -9.7798 1.8003 -5.43 0.0000

Table 9: Bid Premium and Virtual Profit. 4,163 observations for the supply profits,
and 4,437,093 for the demand profits. This regressions do not include price takers.

virtual transactions can be related to the FTR market.

6 Virtual Bidders and FTRs

Virtual bidders do not close the gap between the day-ahead and the real-
time price partially because some of them are using virtual bids to change
their FTR position instead of trying to arbitrage. There are at least two
strategies that relate virtual trades and FTRs. The first one is to transform a
standard FTR, which pay on the difference in day-ahead congestion between
two nodes, into a real-time FTR, in order to make their position depend on the
difference in real-time congestion between two nodes. Indeed, this is a strategy
frequently utilized by physical players to hedge real-time congestion risk. In
order to understand this, consider an individual who holds an FTR for 1 MW
from A to B and wants to move her position to the day-ahead. She can do
this by virtually buying 1 in B and selling 1 in A. Then her profits would be:
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Figure 14: Price sensitive and price taking virtual volume

FTR LMPDA
B − LMPDA

A

Sell 1 at A LMPDA
A − LMPRT

A

Buy 1 at B LMPRT
B − LMPDA

B

Total LMPRT
B − LMPRT

A

Table 10: Moving an FTR to the real-time market.

This strategy does not have manipulation as an objective, yet it creates
artificial congestion because bidders inject MWs at the source node and de-
mand at the sink node. Moreover, as these bids are far from the clearing price,
they do not contribute to price convergence between the day-ahead and the
real-time market.

The second way in which the FTR and virtual markets are correlated is
when virtual bids are used to increase the volume enough to create congestion
and thus increase the FTR payoffs. Consider again the example presented
above with nodes A and B for the case in which the marginal cost is 10, so
there is no congestion. Imagine that there is a participant who bought an
FTR for 100 MW between A and B at a price of $1 per MW. As there is no
congestion, initially this instrument yields a zero payoff. Now if this individual



buys 10 MW at node B as a price-taker (or bidding a very high price), the
demand would be shifted to MW = 160 − 5P . The demand at the marginal
cost exceeds the 100 MW capacity of the transmission line between A and B,
so the LMP at node B has to increase to 12. This is shown in figure 15.

Just supply Just demand

100MW at 10 100MW at 12

A B
100 MW

Figure 15: Using virtual bids to create congestion

Suppose that the real-time LMP at node B is 8. Then, the overall profits
for this participant are the following:

Calculation Profits

Virtual Market
(
PRT − PDA

)
MW (8− 10) 10 −20

FTR
(
PDA
B − PDA

A

)
MW − PFTRMW (12− 10) 100− 1 · 100 100

Total 100− 20 80

Although this participant is losing money in the virtual market, the increase
in the FTR profits greatly compensates the virtual loss. In reality, more things
have to be considered: FTRs are costly and have a duration of a month or
a quarter, so it is necessary to manipulate congestion during a longer period
and virtual losses could be sustained. For this strategy to be profitable, it is
necessary to have a demand inelastic enough to produce congestion with only
a few MWs.

Evidence

This section presents empirical evidence consistent with the hypothesis that
speculators are using virtual bids to increase the value of financial transmission
rights (FTRs). In principle, a correlation between the virtual market and FTRs



would not be expected. Virtual bids payoffs depend on the difference between
the day-ahead and the real-time price for a certain node, while FTR profits
are computed from the difference in the day-ahead price between two nodes.
Nonetheless, many aspects of these two markets seem to be correlated in the
MISO market, as it is shown below.

First, we establish that FTR profits are enough to cover virtual losses.
The FTR payoff depends on the difference in congestion between the source
node and the sink node, so in order to increase FTR profits it is necessary to
increase either demand at the sink node or supply at the source node. Table
11 shows some summary statistics for daily FTR profits, which are computed
as total profits divided by the duration of the instrument in days, and for the
daily average of FTR profits plus the virtual profits at the sink and source
node. As it can be observed, the addition of the virtual profits increases the
variability of the profits, but the gains from the FTRs seems to be enough to
cover losses in the virtual market. This is computed by adding all the virtual
profits or losses at a certain node to the FTR profits, because it is not possible
to identify individual participants.

Profits Mean SD Min Median Max

Whole Sample

FTR 59.81 596 -49,960 1.95 48,150

FTR + Sink V 0.01 4,180 -183,700 3.58 120,300

FTR + Source V 52.07 3,471 -267,400 4.6 114,500

First Period

FTR 74.92 691 -49,960 4.33 48,150

FTR + Sink V -41.9 6,176 -183,700 6.91 120,300

FTR + Source V -24.82 5,323 -183,600 6.62 114,500

Second Period

FTR 48.97 536 -40,820 0.95 46,310

FTR + Sink V -35.72 3,885 -250,800 1.53 63,510

FTR + Source V 86.55 1,988 -267,400 3.3 46,310

Table 11: Daily FTR Profits and Virtual Profits. This includes the price payed
for the FTR in the auction.

Besides the fact that FTR profits are enough to cover virtual losses, we
observe that virtual profits are correlated to congestion, FTR profits, and



FTR MWs at the node level. The latter is shown in Table 12 which reports
the results from a regression of virtual profits on FTR MWs, in which each
observation is a financial transmission right. Nodes with more FTRs, measured
in MWs, have lower virtual profits and this is true both at the source and at the
sink node. This makes sense if virtual bids are being used to create artificial
congestion because larger FTRs make it possible to incur in larger virtual losses
to increase congestion. Although the existence of an FTR at a certain node
does not imply that a virtual bid would be unprofitable, virtual participants
are expected to avoid unprofitable nodes when they are just speculating in
the energy market, which would explain the correlation observed in Table 12.
The results shown in this table come from a selected sample because it only
includes nodes with FTRs in some period.

At the sink source At the source node

Intercept 160, 068∗ 212, 329∗

(80, 621) (83, 266)

FTR MW −2, 300∗ −2, 480∗

(1, 172) (1, 067)

Table 12: FTR MWs and virtual profits

Additionally, nodes with larger FTR profits have lower virtual profits, as
shown by the results of regressing FTR profits on virtual profits at the sink and
source node presented in Table 13. The coefficients are small, but significant,
and they show that nodes with lower virtual profits at both the sink and
source node have higher FTR profits. Each observation is an FTR, so again
the sample is restricted to nodes in which there is an FTR at some point in
the sample period. Profits were computed as just the difference between day-
ahead and real-time prices, without considering RSG charges. This is enough
to detect irregular virtual behavior as RSG charges can only decrease profits
and will not provide an incentive to bid. Table 14 presents the results of the
same regressions, but excluding virtual bids that appear to be used to move
an FTR from the day-ahead market to the real-time one.6

6We exclude pairs of supply and demand bids cleared by the same participant and for
the same quantity.



All First Period Second Period

Intercept 4,181 4,832 3,567

(55.35) (97.00) (69.39)

V Profits at Sink -0.006 -0.007 -0.003

(0.0008) (0.0009) (0.002)

V Profits at Source -0.003 -0.002 -0.007

(0.001) (0.001) (0.004)

Table 14: FTR and Virtual Profits excluding FTR moves

All First Period Second Period

Intercept 4, 199 4, 851 3, 589

(55.619) (97.311) (70.545)

V Profits at Sink −0.007∗∗∗ −0.008∗∗∗ −0.003

(0.001) (0.001) (0.002)

V Profits at Source −0.002 −0.001 −0.005

(0.001) (0.001) (0.004)

Table 13: FTR and Virtual Profits

Finally, we built a congestion estimator that allows to test for correlation
between virtual profits and congestion. Assuming that there are no energy
losses or that they are small enough, the difference between the nodal price
-LMP- and the minimum nodal price for each hour reflects the difference in
congestion among nodes. Therefore, it can be used as a proxy for congestion
because losses are generally small. Table 15 shows the results of a regression
of virtual profits on this congestion indicator for both the day-ahead and
the real-time market, and they are consistent with the use of virtual bids to
manipulate FTR payments. The day-ahead congestion indicator is negatively
correlated to day-ahead profits, and correlation is highly significant. The
real-time congestion indicator, on the other hand, presents positive significant
correlation with the virtual profits. This change from one market to the other
could be caused by a reversal in congestion due to the creation of artificial



Estimate Std. Error

(Intercept) −19.135∗∗∗ 1.565

congDA −0.939∗∗∗ 0.042

congRT 1.025∗∗∗ 0.028

Table 15: Congestion Indicator Regression. Each observation is a node at a
particular hour. Results are similar for the two periods.

congestion through virtual bids. I.e., if virtual bidders are creating artificial
congestion in the day-ahead market, this would disappear in the real-time
market because the virtual demand there is zero, resulting in lower virtual
profits in nodes with lower real-time congestion. When the regression was
done separately for each period (before and after the change in RSG charges),
results do not vary significantly.

7 Potential Arbitrage Opportunities and Entry

We have shown that there is a day-ahead premium in the Midwest ISO mar-
ket and that virtual bidders have not closed it. Only part of them are actually
arbitrageurs, the rest are using virtual trades to change their FTR positions
and therefore submit price insensitive bids that do not help convergence. The
natural question then is why there is not more entry of pure speculators who
could close the gap, since simple strategies could have made profits. As it can
be observed in figure 7, just buying one MW at every node between July, 2011
and April, 2012 could get a trader $1,300,000 in profits.

Between 2010 and April 2011, high RSG charges made the effective pre-
mium for supply bids negative. I.e. although the day-ahead price was consis-
tently higher than the real-time one, RSG charges imposed on virtual selling
were larger than the premium. Nonetheless, some other simple strategies would
have been profitable for potential entrants. Consider a potential entrant who
runs rolling regressions using the past 30 days to predict the average hourly
premium for every hour of the next day. The arbitrageur uses data for the last
30 days to estimate the coefficients of the following regression:



Pt = α0 + α1Pt−24 + α2Pt−25 + α3Pt−26 + α4Pt−27 + α5Pt−28 + α6Pt−29

+α7Pt−30 + α8Pt−31 + α9Pt−32 + α10Pt−33 + α11Pt−34 + α12Pt−35

+α13Pt−36 + α14P + α15Pt−48 + α16Pt−71 + α17Pt−72 + εt

Where Pt is the average premium at hour t and Pt−24 is the average
premium at the same hour the day before. She uses this estimates to predict
the premium on day 31 and buys (sells) whenever the predicted premium for an
hour is lower than -3 (3). As each observation is the average over all the nodes,
applying this strategy exactly would imply buying less than the minimum of
0.1 MW per node, but it suffices to buy 200MW to fulfill the requirement.
Buying 1 MW per hour, she would have made $7,780 after investing $765
the first day. The mean of daily profits is 18 and the standard deviation is
58, which gives an annualized Sharpe ratio of 5.9. After the change in RSG
charges in April, 2011, the same strategy would have yielded $13,075 with a
required investment of $57 the first day. The mean of daily profits is 22 and
the standard deviation is 115, which gives a Sharpe ratio of 3.7.

Although this simple strategy would have yielded some profits, virtual
trading has significant credit requirements. In fact, as figure 17 shows, virtual
trading showed negative correlation with the TED spread during the financial
crisis.
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Figure 16: Cumulative profits from using monthly rolling regressions to
arbitrage.
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Figure 17: TED spread and virtual volume traded.

8 Conclusion

Empirical evidence suggests that the puzzling behavior of some virtual par-
ticipants in the energy market can be rationalized as a strategy to increase the



value of FTRs by producing congestion. This observation raises the following
questions for further research. The first one is about the welfare consequences
of this manipulation. Prices among nodes are being distorted by artificial
congestion, and the difference between the day-ahead and real-time market
could be affected too. Therefore, it is important to quantify how this affected
generation efficiency. The second question is why the day-ahead premium
still persists. Although the FTR strategy is potentially more profitable and
is thus more attractive to larger investment funds, one might expect entry to
have driven down the day-ahead premium. We hope to seek answers to these
questions in future research.
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