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EXECUTIVE SUMMARY

In Illinois, electricity restructuring is mandated by the Electric Service Customer Choice
and Rate Relief Law of 1997. The law provides for a transition period up to January 1, 2007, in
which the electric power system is to move toward a competitive market. Despite the current
adequacy of the generation and transmission system in Illinois, there is concern that the
uncertainties of electricity restructuring warrant a more detailed analysis to determine if there
might be pitfalls that have not been identified under current conditions. The problems
experienced elsewhere in the country emphasizes the need for an evaluation of how Illinois
might fare under a restructured electricity market.

The Hlinois Commerce Commission (ICC) commissioned this study to be undertaken as a
joint effort by the University of Illinois at Urbana-Champaign and Argonne National Laboratory
to evaluate the Illinois situation in the 2007 period when restructuring is scheduled to be fully
implemented in the State. The purpose of this study is to make an initial determination if the
transmission system in Illinois and the surrounding region would be able to support a
competitive electricity market, would allow for effective competition to keep prices in check,
and would allow for new market participants to effectively compete for market share. The study
seeks to identify conditions that could reasonably be expected to occur that would enable a
company to exercise market power in one or more portions of the state and thereby create undue
pressure on the prices charged to customers and/or inhibit new market participants from entering
the market.

The term “market power” has many different definitions and there is no universal
agreement on how to measure it. For the purposes of this study, the term is defined as the ability
to raise prices and increase profitability by unilateral action. With this definition, the central
question of this analysis becomes:

“Can a company, acting on its own, raise electricity prices and increase its profits?”

It should be noted that the intent of the study is not to predict whether or not such market
power would be exercised by any company. Rather, it is designed to determine if a set of
reasonably expected conditions could allow any company to do so. It should also be emphasized
that this study is not intended to be a comprehensive evaluation of the electric power system in
the State. Rather, it is intended to identify some issues that may impact the effective functioning
of a competitive market.

Two analytical tools are used in this study: the PowerWorld® model and the Electricity
Market Complex Adaptive Systems (EMCAS)© model. PowerWorld Simulator is an interactive
power system package designed to simulate high voltage power system operation. EMCAS uses
an agent-based modeling structure to simulate the operation of the different entities participating
in the electricity market.

The analysis of the power system in Illinois in this study was based on a set of

assumptions and input data. These assumptions and inputs were used to provide a
straightforward set of conditions that could be used to determine how the power system might

Xi



function. They were not intended to represent the predicted, most likely, or optimal set of
conditions for the Illinois market. Rather, they were intended to test how the market might
behave under a given configuration. The basic assumptions included the following:

o A single market for electricity will be operating in the State and surrounding study area in the analysis
year of 2007. A single independent system operator (ISO) will operate the entire transmission system in
the State.

o A day-ahead market (DAM) for energy and ancillary services will operate in the State. The DAM will allow
suppliers (i.e., generation companies, or GenCos in the terminology of the analytical models used here)
and purchasers (i.e., demand companies, or DemCos) to bid for their participation in the market. No
bilateral contracts are assumed to be in place. There will be no tariffs or price caps to limit charges to
consumers.

o The configuration of the power system in lllinois in the analysis year was constructed from the 2003
summer case prepared by the North American Electric Reliability Council (NERC), which includes about
1,900 buses and 2,650 branches in lllinois. In addition to the in-state transmission configuration, the
power transfers into and out of the State were accounted for in order to get an accurate picture of how the
State’s system would perform. PowerWorld used a larger portion of the eastern interconnection. EMCAS
used a reduced out-of-state network with transmission capacity that allowed power to move into and out
of the State.

o Load forecasts were based on data contained in Feferal Energy Regulatory Commission (FERC) Form
714.

e Generation capacity additions were taken from FERC, Energy Information Agency (EIA), and lllinois EPA
sources. About 6 GW of new capacity represented a growth of about 14% from 2001 levels.

o Fuel price projections were based on regional forecasts produced by the EIA National Energy Modeling
System (NEMS) model that are reported in its Annual Energy Outlook (AEO).

The basic assumptions were grouped into two sets. The Case Study Assumptions
provided a point of comparison for a single configuration and operating profile of the power
system. The Conservative Assumptions were designed to verify that the results and conclusions
were not distorted by the details of this single configuration. Under Conservative Assumptions
forced outages and company-level unit commitment decisions were eliminated. Also, generation
production cost included only fuel and variable operation and maintenance costs under
Conservative Assumptions.

Using the basic assumptions and inputs, alternative cases were analyzed to determine
how the Illinois market might function in the analysis year. The cases studied included the
following:

Production Cost (PC) GenCo bids were based on unit production cost
Physical Withholding (PW) GenCos withheld units from the market
Economic Withholding (EW) GenCos increased prices above production cost
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The following observations can be made from what has been studied thus far under the
assumptions applied:

Basic System Status

(a)

The State has an adequate supply of generation capability to meet its needs and to
export power to surrounding areas. It might even be argued that there is an excess of
capacity given that the projected statewide generation reserve margin (in excess of
40%) is higher than what is generally used for system reliability planning. Further,
some generators would not be dispatched at all under the conditions laid out in the PC
case.

(b) The ownership of the generation capacity is concentrated in five companies: Exelon

(©)

Nuclear, Midwest Generation, Ameren, Dynegy, and Dominion Energy. Together,
they account for more than 77% of the generation capacity in the State. If they were
to be dispatched under PC case market conditions, they would account for about 98%
of the electricity generated in the State. Using any one of a number of measures of
market competition, the State’s generation capacity can be considered to be
concentrated. With this degree of concentration and with much of this capacity in the
form of low cost nuclear and coal units, it would be difficult for new generation
companies to enter the deregulated market. In fact, many of the existing natural gas
units, some of which are only a few years old, would have difficulty competing in this
market.

During the high load periods, which occurred about 5% of the time, electricity prices
rose, since higher-cost generators had to be brought on-line to meet loads while
maintaining the integrity and stability of the power grid. Even without any attempt to
manipulate prices on the part of generation companies, prices were as much as 30%
higher in high load periods.

(d) The transmission system in the State has areas that show evidence of congestion.

(e)

Some transmission equipment was operated at its capacity limits for a significant
number of hours in a year. The congested regions include the City of Chicago, the
areas north and west of Chicago out to the lowa border, a broad area stretching
southwest of Chicago to Peoria and Springfield, and several smaller isolated areas in
the southern part of the State. The effects of the transmission congestion were more
prevalent during peak load periods, during which prices spread across the State. Price
variations across the State due to transmission congestion were as much as 24%
during these peak load periods.

Using Conservative Assumptions, in which more generation capacity was assumed to
be made available by the elimination of forced outages and company level unit
commitment decisions, the results did not materially change. The generation market
was still concentrated and transmission congestion was still evident. Price variations,
though smaller in absolute magnitude, were equivalent in relative terms.
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(F) Under a fully competitive market in the State using the market rules assumed here,

some generation companies were pressed to maintain operating profitability. Only 6
out of 24 generation companies in the State were able to operate profitably. The
dominance of the low cost nuclear and coal units made it difficult for others to
compete. Under Conservative Assumptions, none of the generation companies, except
Exelon Nuclear, was profitable. Exelon’s operating profit was very small. For both
the Case Study Assumptions and the Conservative Assumptions, the analysis period
was only one year, and an assessment of long-term profitability that includes factors
such as capital outlays was not included.

Market Power Potential

(g) If generation companies seek to raise market prices by physically withholding single

units from service, the results here show that, for the most part, they would not likely
benefit. Because of the abundance of generation in the State, there was almost always
another unit that could be brought into service to replace one that was withheld. This
is true even in light of the transmission congestion.

(h) In contrast, physically withholding multiple units that are strategically located in the

(i)

1)

transmission network, particularly during peak load conditions, can increase
profitability. A single company using a strategy based on indicators of system
reserve margin to identify times to withhold capacity and indicators of locational
prices to identify which capacity to withhold could significantly increase its
profitability. This type of strategic physical withholding could even create conditions
where some load cannot be met and could result in very steep price increases. Exelon
Nuclear, Midwest Generation, and Ameren all had market power (as defined here)
when using this strategy. Dynegy and Dominion Energy did not.

If the major generation companies sought to raise market prices by unilaterally
increasing the price of their units (i.e., by economic withholding), the results would
be mixed. Applying a price increase to all units for all hours increased profits for
Exelon Nuclear and Midwest Generation, but at the expense of significant loss in
generator dispatch since some of the higher cost units would be selected only
sporadically by the market. The resulting dispatch schedule may not be technically
practical for the companies’ larger units. For Ameren, Dynegy, and Dominion
Energy, the higher priced units would not be selected in the market and the price
increase gained by other units would not be sufficient to recover the lost revenue.
Profitability decreased.

Alternatively, a more limited application of price increases that was restricted to peak
hours only allowed Exelon Nuclear and Midwest Generation to significantly increase
profits with only a small decrease in generator dispatch. Ameren, Dynegy, and
Dominion did not see any profit increase by applying this strategy. The same was
true under Conservative Assumptions except that Exelon would need very large price



increases to increase its profitability. When using this strategy, Exelon Nuclear and
Midwest Generation had market power according to the definition used here.

(K) By raising their prices, all generation companies could cause consumer costs to rise,
some by as much as 250% in some parts of the State on a peak day. However, only
Exelon Nuclear and Midwest Generation saw a significant increase in their operating
profits by applying this strategy.

Overall, the answer to the basic question of the study, ““Can a company, acting on its
own, raise electricity prices and increase its profits?”” is affirmative. There is a concentration in
the generation market and evidence of transmission congestion, at least during high load periods.
This will give rise to the ability of some companies to unilaterally raise prices and increase their
profits. Consumer costs will increase, in some cases substantially. However, the situations
under which this can be done are limited to a number of conditions, especially high load periods.
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1 INTRODUCTION

1.1 BACKGROUND

In 1978, the Public Utility Regulatory Policies Act (PURPA) passed by Congress began
the process of restructuring the electricity system in the U.S. away from regulated monopolies
and toward competitive businesses. This process continued with the Energy Policy Act of 1992,
which focused on providing opportunities for competition in the wholesale electricity market.
Orders 888 and 889, issued by the Federal Energy Regulatory Commission (FERC) in 1996,
provided for open access to the bulk power transmission system for all wholesale electricity
producers and purchasers. However, the FERC recognized that open access at the retail level
would also require legislative and/or regulatory action by the states.

Since the passage of these legislative and regulatory measures, a number of states have
taken steps to restructure the electricity system in their jurisdictions and to provide access to
retail customers to electricity providers other than their local electric utility. To date, 24 states
have implemented some form of electricity restructuring legislation. Of these, 18, including
Illinois, are actively engaged in implementing the process, five have delayed implementation,
and one, California, has suspended implementation.*

While restructuring has proceeded relatively smoothly in some parts of the country, such
as with the New York Independent System Operator (NYISO), and the Pennsylvania-New
Jersey-Maryland (PJM) area, the serious problems experienced in California in 2000/2001 have
demonstrated the need to better understand the operation of a restructured electricity market.
The California experience showed how a set of conditions, such as the following, could combine
to create a “perfect storm” in the electricity business:

« Low investment in new generation capacity. California’s load increased by 11% in the
1990s while generation capacity decreased by 2%.

« Low hydropower conditions. California depended on 7-11 GW of out-of-state
generation capacity, much of which was hydropower-based and much of which
experienced low water levels due to an extended period of dry weather.

« Generation units out of service. As much as 10 GW of generation capacity were out of
operation, some during peak load periods.

« Transmission limitations. A major transmission line, Path 15, was significantly
congested, thus inhibiting the transfer of power between northern and southern
California.

« Independent power producers’ reluctance to sell power. Because of the precarious
financial position of the utilities, independent producers feared not being paid for the
power they provided.

! Energy Information Administration last update (Feb. 2003).



« Shortcomings of the wholesale market design. The California market rules prohibited
the use of forward long-term contracts for the purchase of electricity; utilities were
required to use the volatile spot market exclusively.

« High natural gas prices. The high prices for natural gas added to the cost of
electricity.

. Fixed retail prices. With high wholesale prices and fixed retail prices, there was no
price feedback to consumers. Companies were unable to recover their costs and
accumulated significant debts. 2

In addition to these extreme conditions, experience in other electricity markets in the U.S.
and abroad has shown that it is possible for restructuring to function in such a way as to reduce
or negate the benefits that should accrue from open competition.

In Illinois, electricity restructuring is mandated by the Electric Service Customer Choice
and Rate Relief Law of 1997. 3 The law provides for a transition period up to January 1, 2007, in
which the electric power system is to move toward a competitive market.

Under the historical structure of electric utility monopolies, Illinois has had an adequate
level of generation and transmission capacity to meet demand. In a reliability assessment, * the
North American Electric Reliability Council (NERC) indicated that the long-term generation
capacity reserve margins for the MidAmerica Interconnected Network (MAIN), which
encompasses most of Illinois and parts of lowa, Minnesota, Missouri, and Wisconsin, is well
within requirements. Further, it indicated that the “...bulk electric transmission system generally
appears to have no major limitations and is expected to perform adequately over a wide range of
system conditions.” There were, however, some reported limitations on power transfers into
Wisconsin and lowa and heavy loadings on lines in the southern part of the MAIN area.

1.2 PURPOSE OF THE STUDY

Despite the current adequacy of the generation and transmission system in Illinois, there
is concern that the uncertainties of electricity restructuring warrant a more detailed analysis to
determine if there might be pitfalls that have not been identified under current conditions. The
problems experienced elsewhere in the country emphasize the need for an evaluation of how
Illinois might fare under a restructured electricity market.

The Hlinois Commerce Commission (ICC) commissioned this study to be undertaken as a
joint effort by the University of Illinois at Urbana-Champaign and Argonne National Laboratory
to evaluate the Illinois situation in the 2007 period when restructuring is scheduled to be fully

2 Status of the California Electricity Situation, Energy Information Administration (Aug 2002).

® Illinois Compiled Statutes, Utilities, Public Utilities Act, 220 ILCS 5.

* North American Electric Reliability Council, “Reliability Assessment 2002-2011, The Reliability of Bulk Electric
Systems in North America (October 2002).



implemented in the State. The purpose of this study is to make an initial determination if the
transmission system in Illinois and the surrounding region would be able to support a
competitive electricity market, would allow for effective competition to keep prices in check,
and would allow for new market participants to effectively compete for market share. The study
seeks to identify conditions that could reasonably be expected to occur that would enable a
company to exercise market power in one or more portions of the State and thereby create undue
pressure on the prices charged to customers and/or inhibit new market participants from entering
the market.

The term “market power” has many different definitions, and there is no universal
agreement on how to measure it. For the purposes of this study, the term is defined as the ability
to raise prices and increase profitability by unilateral action. A more complete definition is
provided later. With this definition, the central question of this analysis becomes:

“Can a company, acting on its own, raise electricity prices and increase its profits?”

It should be noted that the intent of the study is not to predict whether or not such market
power would be exercised by any company. Rather, it is designed to determine if a set of
reasonably expected conditions could allow any company to do so. It should also be emphasized
that this study is not intended to be a comprehensive evaluation of the electric power system in
the State. Rather, it is intended to identify some issues that may impact the effective functioning
of a competitive market.

1.3 METHODOLOGY

Two analytical tools are used in this study: the PowerWorld® model and the Electricity
Market Complex Adaptive Systems (EMCAS)® model.

1.3.1 PowerWorld Model

PowerWorld® Simulator is an interactive power system simulation package designed to
simulate high voltage power system operation on a time frame ranging from several minutes to
several days. The software contains a highly effective power flow analysis package capable of
efficiently solving systems with up to 100,000 buses (i.e., transmission network connection
points). Powerful visualization techniques are used on an interactive basis, resulting in an
intuitive and easy-to-use graphical user interface (GUI). The GUI includes animated one-line
diagrams with support for panning, zooming, and conditional display of objects.

One of the add-ons available with Simulator is the Security Constrained Optimal Power
Flow (SCOPF). The advantage of having an SCOPF embedded into Simulator is that it is now
possible to optimally dispatch the generation in an area or group of areas while simultaneously
enforcing the transmission line and interface limits both for a baseline case and for a set of
contingencies. Simulator SCOPF can then calculate the marginal price to supply electricity to a
bus (also known as the locational marginal price), taking into account transmission system
congestion. The advantage with Simulator is that these values are not just calculated; they can



also be shown on a one-line diagram, on a contoured map, or exported to a spreadsheet.
Simulator SCOPF was used to perform the detailed power flow analyses in this study.

More details on the PowerWorld model are given in Appendix A.

1.3.2 EMCAS Model

EMCAS uses an agent-based modeling structure to simulate the operation of the different
entities participating in the electricity market. In this approach, an agent is modeled as an
independent entity that makes decisions and takes actions using the limited and/or uncertain
information available to it, similar to how organizations and individuals operate in the real world.
Figure 1.3.2-1 shows the basic structure of EMCAS. EMCAS agents included in the simulation

are.

Consumers — the end users of electricity including residential, commercial, industrial
and other customers.

Generation Companies (GenCos) — companies that own and operate generators.
Demand Companies (DemCos) — companies that are financially obligated to provide
electricity to consumers. DemCos do not own any physical assets (e.g., distribution
lines).

Distribution Companies (DistCos) — companies that own and operate the distribution
system. DistCos and DemCos are frequently under the same corporate parent. In the
simulation, they are treated as individual entities.

Transmission Companies (TransCos) — companies that own the transmission system.
Independent System Operator (ISO) — the organization that operates the transmission
system. This agent can be an Independent System Operator (ISO), a Regional

Transmission Organization (RTO), or Independent Transmission Provider (ITP).

Regulator — the organization that sets the market rules.

An important point in the use of this framework is that some of the agents may belong to
the same corporate parent. For example, a company may have subsidiaries that include a GenCo,
a DemCo, a DistCo, and a TransCo. In the study, these entities are tracked separately.
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The agents interact on several different layers. In the physical layer, the consumers use
electricity, thus putting load on the power system. The I1SO dispatches the available generators
to meet that load while maintaining the constraints and limitations of the transmission system. In
the business layers, pool markets are operated and bilateral contracts are executed to allow
companies to buy and sell power under market conditions. Transmission and distribution costs
are included as part of the business arrangements.

Figure 1.3.2-2 is a simplified schematic of the flow of the simulation in the EMCAS
model. The basic procedure is as follows:

Day-Ahead Market
ISO. The simulation begins with the ISO projecting the system loads for the next day.

GenCo. Each GenCo receives this information and makes a projection of the next day’s
prices. The basic price projection scheme used here is to average the prices of the
previous week for each hour, with corrections made for weekends. (Other price
projection schemes were also implemented. These are described later.) This captures the
general trend of recent prices and can be considered as a relatively conservative estimate
of where prices might be. In addition, each GenCo makes an evaluation of the previous
success or failure of bids that have been submitted into the market.

Each GenCo runs the company level unit commitment and resource allocation
(CLUCRA) algorithm to determine which units can be expected to be profitable, given
the projected prices for the next day. The CLUCRA algorithm considers fuel costs,
operating and maintenance costs, and startup/shutdown costs in making this
determination. The determination is based on evaluating the prices for each hour and the
potential costs and revenue for the whole day. Details of CLUCRA algorithm are in
Appendix B. Using the CLUCRA results, a decision is made to commit the unit to the
next day’s market or to shut it down to avoid expenses that cannot be recovered at the
projected prices.

Each GenCo applies its business strategy to determine what price will be applied to the
units that are being offered into the market. Bid prices can be for the entire capacity of
the unit or can be for blocks or portions of capacity.

The bids (a quantity and a price) are submitted to the 1SO.
DemCo. Each DemCo projects the loads that will be coming from the consumers it

serves. As described earlier, the loads are assumed to be firm commitments and not on
interruptible service. Load bids are submitted to the 1SO.
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ISO. With the generation and load bids, the ISO runs the transmission constrained
system scheduler (SYSSCHED) algorithm. SYSSCHED is a DC optimal power flow
(DCOPF) load flow calculation. It selects the lowest cost combination of units, based on
the bid prices received from the GenCos, to meet the load bids received from the
DemCos. The flow limits of the transmission system serve as constraints in the
algorithm. SYSSCHED is used to develop the schedule of units that will be dispatched
the next day.

In addition to determining the generators that will be scheduled to meet the projected
load, ancillary service generators that provide spinning, non-spinning, and replacement
reserve capacity are also selected.

Hourly Dispatch

Special Events. During the hourly dispatch portion of the simulation, special events are
injected to represent conditions that are different than what was projected in the day-
ahead market analysis. Generator forced outages are introduced at this point. Although it
is possible to inject transmission line outages and load perturbations, these were not
implemented here.

ISO. The ISO adjusts the availability of generators to account for the forced outages.
The 1SO runs the SYSSCHED DCOPF to dispatch the available generators, including
those that are on standby to provide reserves, to meet the load. Generation rates, load
flow, and locational marginal prices (LMPSs) are calculated.

At the completion of the 24 hours of the dispatch day, the 1ISO calculates the revenues
and costs associated with the day’s operation.

The process then recycles to begin the simulation for the next day.

This basic sequence is used in all of the cases that are included in the analyses here.
More details on the EMCAS model can be found in Appendix B.

1.3.3 Model Application

The PowerWorld and EMCAS models were used in tandem. EMCAS was used to
calculate the behavior of the agents participating in the market. It focused on the manner in
which the market participants make decisions and on how they adapt their behavior to market
changes and to their own success or failure in the marketplace. PowerWorld was used to
calculate the detailed operation of the physical power system. It provided a detailed look at
generator dispatching, transmission loading, and contingency conditions for the various behavior
patterns of the market participants. The use of both models provides the ability to look at the
details of the market and the details of the physical power system in an integrated fashion.
Appendix C provides a comparison of the EMCAS and PowerWorld load flow results and shows
them to be in very good correlation.



1.3.4 Locational Marginal Prices

One of the primary focuses of this study is the locational differences in electricity prices
under a fully restructured market. The locational marginal price (LMP), expressed in $/MWh, is
defined as the cost of serving one additional MW of load at any point in the network.> The LMP
has three components: (1) the marginal cost to produce the last MW of power, (2) a transmission
congestion charge, and (3) the cost of marginal transmission losses. In situations where there is
no transmission congestion, LMPs at all buses are similar, varying only by a relatively small
amount to cover marginal transmission losses. An uncongested state only occurs when
generating units can be dispatched according to an economic merit order without overloading
transmission lines and violating security measures. The economic merit ordering of units or
blocks of units is typically based on marginal production costs such that generators that are the
least expensive to operate are dispatched first while the most expensive units are utilized only
during times of the highest demand. However, the actual dispatch of units must often deviate
from the economic merit order to keep the transmission system operating within a stable and
secure state. This change in the order of dispatch of units when transmission congestion occurs
leads to variations in LMPs across a region. In some cases, the variation in LMPs among
network nodes can be significant.

In this study, the LMPs are calculated for each node in the network by the PowerWorld
and EMCAS models. The algorithms used in the models, in effect, check each node in the
transmission network to determine what the cost would be to provide a small increment of power
to that node. Both models seek to dispatch the available generators such that the total cost of
operating the system is minimized, subject to the transmission system’s constraints and
reliability standards.

1.3.5 Market Power
In a Notice of Proposed Rulemaking, the Federal Energy Regulatory Commission
(FERC) defined “market power” as the “...ability to raise price above competitive levels.” ® Not

included in the FERC definition is what constitutes a “competitive level” in an electricity market.

FERC has, at various times, considered several different measures of market power,
including the following:

« 20% Benchmark. A power supplier was considered to have the potential for market
power if it had a 20% or more share of the market.

« Limited Competing Supplier Test. An evaluation is made of whether the total
transmission capacity (TTC) in 