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|. Executive Summary

he purpose of this report is to review the impact of PJM’s expansion

on PJM itself and on the electric markets of new PJM service areas
in Ohio, Kentucky, Virginia, West Virginia, Illinois, Indiana and Michigan.
This review is based on the understanding that what has been imposed on the
electric industry since 1992 is not deregulation, but changes in regulations.
The purpose of these changes has been to insert the competitive struggle into
the power business. We take as a given that this is generally seen as a desir-
able objective because competition is a stimulus to improvements of all kinds:
“As one business introduces a better or a cheaper product, others are forced
to do the same. Indeed, the existence of competition will lead each business
independently to make improvements, since a firm which merely matches the
advances made by others runs the risk of being left behind. The contribution of
this competitive process to the development of the American economic system
is generally understood...”"

There have been a number of other studies on the topic of the effects of
imposing a PJM-style market, and in an effort to avoid duplication, this study
focuses on several areas that have not been extensively reviewed in these other
evaluations®. Generally speaking, it is widely understood and accepted that
consumers in one region in the integrated market can save money by import-
ing power from the rest of PJM, replacing power that had formerly been ob-
tained at a higher price. These are classical “gains from trade” that underpin
economic unions.

It is also generally understood that the failure to develop adequate regula-
tions for competitive markets can result in the exercise of market power, to the
detriment of consumers. It is assumed in this report that PJM and its regulators
will continue to be vigilant against the exercise of market power.

In the case of electricity, gains should be expected from creating and en-
larging a competitive market because the larger market allows a more diverse
set of generation and transmission assets to be optimized. The PJM market de-
sign generally establishes useful parameters for energy, capacity, and transmis-
sion service pricing, and for the interconnection requests that are at the center
of maintaining reliability in the face of strong demand growth. Where those
parameters are found wanting — capacity market design, for example — PJIM
takes it upon itself to gather information and conduct stakeholder hearings

'R.H. Coase, “The Theory of Public Utility Pricing and its Application,” 1 Bell Jour-
nal of Economics 113 (1970), p. 125.

2 Problems in the Organized Market (Washington, D.C.: Electricity Consumers
Resource Council, April 2005). Competition Works in Electric Power Markets: a
2004 Update (Washington, D.C.: Electric Power Supply Association, 2004). Putting
Competitive Power Markets to the Test, (Sacramento, CA: Global Energy Decisions,
2005), among others.
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about the inadequacy, and then makes its own independent judgment about the
appropriate market design changes to propose to its regulators.

One measure of the gain of establishing and then enlarging an electric-
ity market is to measure the difference in energy prices with and without the
larger market. For example, PJM has estimated the gains for Allegheny Energy
consumers at $99 million for an eight-month study period, which amounts to
over $2/MWh.?

ESAT has conducted a similar assessment for the new market areas, but as
the starting point, rather than the end-point, of our analysis of the impact of
PJM on the new market areas. Our technical study assessed the weighted aver-
age energy price for the broader PJM region with and without integration. This
analysis indicates that the region-wide energy price without integration would
be $0.78/MWh higher in 2005 than with integration. Spreading these savings
over the total PJM RTO’s energy demand of 700 terawatt-hours (TWh) per
year yields aggregate savings of over $500 million per year. (see Section 5).

This conclusion forms the basis for a review of more subtle, and ultimately
more important consequences of establishing a larger electric market. We con-
clude that the five most important impacts of the expansion of PJM are:

1. PJM’srole as the agent for change in the electric business expands
to a larger area and will affect more consumers: (see Section II)
PJM is responsible for introducing a series of innovations in its new
western and southern power markets, the most prominent of which
are:

<+ Pricing conventions and price transparency for electricity
products (electric energy, capacity/reliability services, and
other ancillary services);

4+ Rules for new asset interconnection that invite new entrants
with innovative ideas to invest in the system at their own
risk;

<4 Open and potentially innovative rights to the use of the trans-
mission system.

2. PJM is expanding an electric forward market that has no bias:
(see Section III) so that buyers and sellers can hedge their exposures
with confidence.

+ Over an extended period of time, the forward price in an un-
biased market should bear no systematic relationship, other
than 0, with the spot price. This is a rigorous test. In the en-
ergy arena, only the very successful crude oil and natural gas
futures markets exhibit this lack of bias. ESAI has conducted

3 “Evaluation of the Increase in the Economic Efficiency of the Overall PJM Unit
Commitment and Economic Dispatch Resulting from the Integration of Allegheny
Power into the PJM Energy Market”, Andrew Ott, PJM, December 2002. 5
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bias tests for the forward energy market and we conclude that
the PJM Western Hub bias is relatively small and has been
improving.

<+ In addition, we have found that the size of the bid-ask spread
in PJM’s forward markets has been diminishing. These indica-
tions are primarily in the shorter-term contract areas, but over
time should extend to the longer-dated contracts as well. This
is a key measure of market liquidity and has a direct impact on
reducing transaction costs for both buyers and sellers.

+ ESAI has also conducted bias tests for several regional mark-
ers to determine if PJM financial transmission rights (FTRs)
constitute effective hedging mechanisms. We have found that
there is no systematic bias and that FTRs are an effective
hedging mechanism.

+ On the basis of this analysis, ESAI concludes that PJM is a
market in which short-term risks (defined as two years or less)
can be effectively hedged.

4+ PJM and its newly integrated markets have another property
that is of substantial, albeit under-appreciated value: a diversi-
fied portfolio of generation assets. As the price of natural gas
has increased in recent years, the value of that diversification
has become more apparent.

+ The value of a market in which risks can be effectively hedged,
in which the bid-ask spreads are small, and in which there is
a diverse portfolio of power generating facilities is extremely
high. ESAI conservatively asserts that favorable increases in
the liquidity and diversity of PJM’s market will yield aggre-
gate savings to electricity consumers of $1-2/MWh, amount-
ing to $0.7 to 1.4 billion per year.

3. PJM has developed and will extend an effective reliability and ca-
pacity set of protocols: (see Section IV) We define this as establishing
a set of economic incentives — preferably in a competitive marketplace
— that motivate investments in generation, transmission, and demand
management assets that collectively constitute the resources of the
power market.

<+ At first glance, the PJM Installed Capacity (ICAP) Market
would appear to have satisfied this definition, as more than
100,000 MW of interconnection requests were filed with PJM
from 1999 to 2003. Many of those requests, however, were
made during a period now seen as “irrationally exuberant”
with regards to generation. In the last three years, the num-
ber of substantial generation interconnection requests (in PJM
and all other U.S. electric markets) has collapsed for reasons
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we review in this study. It is widely believed — in PJM and
elsewhere — that the peculiarities of electric markets make the
current ICAP market design inappropriate.

<+ In the summer of 2005, PJM submitted a substantial redesign
of its capacity market (called the “Reliability Pricing Model,”
or RPM) to the Federal Energy Regulatory Commission. We
describe the RPM in this report and explain that by reduc-
ing the volatility of capacity revenues (which have often been
negligible under the existing protocols), RPM will stimulate
substantial investment in PJM.

+ In the absence of a functioning capacity construct, energy
prices will rise sharply and the cumulative effects of these
increases will be quite substantial, amounting to at least
$500 million up to $5 billion each year should reserve lev-
els fall significantly.

4. PJM has developed and will extend an efficient energy market: (see
Section V) An efficient market should be defined as one in which the
“competitive struggle” is constantly present. Efficiency can be mea-
sured in a number of ways. Measures of the efficiency of the manufac-
ture of electricity, such as the market heat rate, should shows signs of
the competitive struggle.

4+ PJM’s market meets that test, as the average on-peak heat
rate has declined from 9,000 to 7,300 Btu/kwh from 2001 to
2004.

+ As already noted, our technical study assessed the weighted
average energy price for the broader PJM region with and
without integration and found annual energy market savings
of over $500 million per year due to the optimization effects
of centrally dispatched operations.

<+ Most importantly, PJM is the home of the premier electric in-
dex in the industry. Its liquidity is better than that of any other
market, and is improving more rapidly than that of any other
market.

5. PJM’s expansion stimulates substantial increases in electric trade.
(see Section VI) Our analysis indicates that:

<+ Import/export trade has increased significantly as expected
with the larger borders. This in itself is significant for PJM
due to the increased diversity of supplies and market oppor-
tunities. The reduction of seams costs with MISO has only
served to further the scope of trade increases.
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+ The focus of ESAI’s study has been to investigate the changes
in flows over what were formerly external interfaces that have
now become internalized. We have found that:

= Flows between Allegheny Power and PJM Classic,
over the previously defined external interface, have
increased by 10-15 percent per year on average since
integration in 2002.

= Flows over the former PJM West (AP) interface with
American Electric Power (AEP) have shifted dramat-
ically higher post-integration, October 2004. We be-
lieve that this is a reflection of the increased dispatch
efficiency within the new RTO area.

= The corresponding flow study from First Energy to
PJM West pre and post integration did not show any
change in flows. We believe that this difference in the
changes in flows from the integrated and non-inte-
grated areas (AEP vs. FE) is noteworthy

= Dominion entered the PJM RTO in May 2005.
Subsequently, net export flows from PJM to Domin-
ion in May and June have increased by 1,000 MW
compared with the first four months of 2005. This
change in flows directly reflects optimization of the
Dominion system under RTO operations.

Finally, the expansion of a market into previously regulated areas should
increase the “innovation efficiency” within the market area (see Section VII).
On the basis of American experience with regulation, it is a given that in-
dustries where market forces subject participants to the competitive struggle
spawn more innovation than industries where market forces are absent. We
review a large array of innovations that PJM has already introduced into the
electric industry.

As observed with the airlines and telecommunications industries, the effect
of these innovations takes time to materialize. Over time, however, their effect
snowballs and brings permanent enhancements to consumer welfare. We have
also learned from these other industries that restructuring of major industries
is the work, not of a few years, but of a generation. By that standard, after 10
years of introducing competition to electric markets, the development and im-
pacts of innovations in the PJM marketplace are still in the early stages.
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PJM RTO - SUMMARY OF KEY STATISTICS - 1998-2005

F?)'(')f:r'fr:t PJM Merges With:
PJM Allegheny AEP &

PJM STATISTICS Classic Power ComEd Dayton | Duquesne | Dominion
DATE OF PJM MARKET ENTRY 1998 Basis | Apr1,2002 | May1,2004 | Oct1,2004 | Jan1,2005 | May 1, 2005
PEOPLE SERVED, millions 22 25 35 44 45.3 51
PEAK LOAD, megawatts 49,400 61,200 87,000 107,400 110,700 131,300
GENERATING CAPACITY* megawatts | 56,000 67,000 106,000 134,000 137,500 163,800
TRANSMISSION LINES, miles 14,500 20,000 25,000 49,300 49,970 56,070
NUMBER OF GENERATORS 600 660 800 984 1,001 1,082
TERRITORY, square miles 48,700 79,000 91,000 137,700 138,510 164,260
AREA SERVED, no. of states 5+D.C. 7+D.C. 8+D.C. 12+D.C. 12+D.C. 13+D.C.
*- RTO capacity on integration date




Impacts of the PJIM RTO Expansion

10

ll. Introduction

he PJM electric market has expanded from its original footprint en-

compassing Pennsylvania, New Jersey, Maryland, Delaware, Virginia
and District of Columbia electric markets to a much larger area including ad-
ditional markets from Virginia, West Virginia, Kentucky, Ohio, Indiana, Illi-
nois, and Michigan. PJM now oversees the transmission grids of an area that
encompasses 5.6 percent of the territory of the lower 48 states but consumes
17.5 percent of the total power generated. It is the largest power market in the
world.

Moreover, PIM is the only power market created since the seminal Federal
Energy Policy Act of 1992 and the subsequent Order 888 of the Federal En-
ergy Regulatory Commission (FERC) that has expanded so substantially from
its initial core membership. When PJM admits new members like American
Electric Power, Dayton Power and Light, Commonwealth Edison and Virginia
Electric, the areas served by these utilities become part and parcel of a market
designed to promote wholesale market competition in an industry that had
been comprehensively regulated since 1935.

As a result, it is expected that competition within the framework of PIM
rules and regulations will induce changes that will, in aggregate, convey sub-
stantial benefits to the consumers of electricity in these areas. Those benefits
will be defined in terms of economic efficiency, innovations in product offer-
ings, and increases in the breadth of choices that consumers have in how they
purchase electricity services in the market.

Figure 1
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Seen in this way, PJM is an agent for change in the electric business in
the areas where its rules and regulations are imposed. The primary changes it
introduces are in:

1. The market rules that PJM applies to the purchase and sale of
electricity products (electric energy, capacity/reliability services,
and other ancillary services),

2. The interconnection rules that PJM applies to enterprises seeking
to do business in the PJM area, and

3. The transmission system management, pricing and expansion
process that PJM manages on behalf of its stakeholders and in re-
sponse to guidance from its regulators.

Before developing this taxonomy further, however, it is important to review
the purposes of restructuring.

The Purposes of Restructuring

Electricity restructuring in the United States began, as do most major
changes in our economic life, with ideas. Among them was dissatisfaction with
the regulatory status quo that had governed the power sector since 1935, new
support for the power and efficiency of market forces that manifest themselves
in the administrations of Ronald Reagan and Margaret Thatcher, and a growing
awareness of energy issues thanks to the oil crises of 1973 and 1979.*

4The US Congressional Research Service summarizes electric utility regulation and
restructuring as follows. “The foundation of federal regulation of electric utilities is
the Public Utilities Holding Company Act of 1935 (PUHCA) and the Federal Power
Act (FPA). These laws were enacted to eliminate unfair practices and other abuses by
electricity and gas holding companies by requiring federal control in regulation of inter-
state public utility holding companies. Prior to PUHCA, electricity holding companies
were characterized as having excessive consumer rates, high debt-to-equity ratios, and
unreliable service. Under PUHCA, the Securities and Exchange Commission (SEC)
regulates mergers and diversification proposals of holding companies whose subsidiar-
ies engage in retail electricity or natural gas distribution. In addition, PUHCA required
that before purchasing securities or property from another company, a holding company
be required to file for approval with the SEC. The SEC could exempt a utility from
PUHCA if its business operations and those of its subsidiaries occurred within one
state or contiguous states. The first federal step in restructuring was the Public Utility
Regulatory Policies Act of 1978 (PURPA), P.L. 95-617. PURPA was, in part, intended
to augment electric utility generation with more efficiently produced electricity and to
provide equitable rates to electric consumers. Utilities are required to buy all power
produced by qualifying facilities (QFs) at avoided cost. QFs are exempt from regula-
tion under PUHCA and the FPA. Electricity regulation was changed again in 1992 with
the passage of the Energy Policy Act (EPACT), P.L. 102-486. The intent of Title 7 of
EPACT was to increase competition in the electric generating sector by creating new
entities called “exempt wholesale generators” (EWGs), that can generate and sell elec-
tricity at wholesale without being regulated as utilities under PUHCA. This title also
provided EWGs with a way to assure transmission (wheeling) of their wholesale power
to its purchasers. In response to EPACT, on April 24, 1996, the Federal Energy Regula-
11



Impacts of the PJIM RTO Expansion
I —

As an influential review of regulation concluded in 1970, “the basic prob-
lem [with electricity regulation] seems to be not a lack of high quality leader-
ship in the regulatory commissions... but rather that the methods of regulation
themselves cause inefficient operations in the public utility industries.”” This
perspective from 1970 is a useful reminder that what has been imposed on the
electric industry since 1992 is not deregulation, but changes in regulations.
PJM is part of an effort, not to deregulate electric markets, but to effect changes
in electric regulations that are more conducive to bringing competition into the
electric power industry for the sake of inducing more “efficient operations.”

A variety of restructuring ideas — chief among them allowing non-utility
companies to generate electricity, granting those companies equal and open
access to the transmission grid, and promoting market-based electricity pric-
ing -- were embraced by elected officials in the federal government and in
many state governments, and were enacted into key pieces of federal and state
legislation. That legislation gave regulators a mandate to change how property
rights were defined in U.S. wholesale electric systems. The ability to acquire
these rights allowed newcomers to connect to transmission grids that had been
built over preceding decades by the regulated industry.

In the process, firms in the electric business were given an opportunity
to retain utility status, or to charge market-based rates for their products. The
typical electric firm changed from its identity as exclusively a utility to a more
complex organization with a more complex appetite for risks and innovations.
In addition, some brand-new types of firms entered the electric business: some
specialized in building independent generation capacity (AES, Calpine), oth-
ers in trading (Enron), and yet others bridged what appeared to be a natural
connection between ownership of natural gas pipelines and trading in the elec-
tric markets (Williams, Dynegy, El Paso).

Even before the formal restructuring began, small pockets of power mar-
ket activity had naturally cropped up as utilities — in an electric version of the
primitive exchange of nuts and fruits at the edge of a forest — sought to sell
their surplus power or buy power more economically from their neighbors.
Occasionally, small electric connections were made to facilitate these trades.
In a few cases, control over large hydroelectric facilities and support from fed-
eral and state programs enabled very large, long distance transmission projects
to be built. These became very important in parts of the United States and
Canada, and established precedents for determining the rules of the game for
the reliable sale of power between neighboring jurisdictions.

tory Commission (FERC) issued two final rules to encourage wholesale competition
(Orders 888 and 889). FERC believed these rules on transmission access would rem-
edy undue discrimination in transmission services in interstate commerce and provide
an orderly and fair transition to competitive bulk power markets.” Taken from http://
www.ncseonline.org/NLE/CRSreports/briefingbooks/electricity/ebeledes.cfim.

SPaul MacAvoy, The Crisis of the Regulatory Commissions, (New York, WW Norton
and Co., 1970), p. viii.

12
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In this manner, power markets evolved, establishing a historic record for
wholesale prices for energy-only and firm energy (which reflected a commit-
ment to maintain generating capacity in good working order for reliability
purposes). Some of these prices had varying degrees of forwardness to them,
reflecting a commitment to commit capital over time. Even before restructur-
ing, therefore, there were forward energy-only and firm energy markets and
prices.

As these early power markets evolved, it was natural for participants to
pose certain questions such as;

0 What constitutes a high-quality market?

0 How can depth and liquidity be enhanced? (Concepts long understood
and enshrined in other marketplaces).

0 How is a portfolio of electric market positions structured? (Another
concept of long standing from other markets), and

0 How is unacceptable market power assessed?

Over time, the actions of both newcomers and the more market-oriented
utilities rubbed against the incumbent traditional utilities. This resulted in the
establishment of a body of state and federal regulations as well as case law.
Gradually, the initial restructuring legislation was further fleshed out by a mo-
saic of new electric tariffs and legal precedents as the inevitable litigation over
differing interpretations of the original enabling legislation ran its course.

In short, electric restructuring originated with an idea — following in the
footsteps of other industries previously deregulated and restructured. This idea
was expressed in legislation and regulatory changes, which then exerted itself
in a process of change-producing transformations in company structures and
operations, market designs, and the regulatory landscape.

The Work of a Generation

This electric restructuring process began in the 1980s. Building up an elec-
tric industry that created power grids granting widespread access to electric-
ity was the work of those now called the Greatest Generation. Restructuring
the industry has been the work of their successors, the Baby Boomers, who
also restructured other businesses — finance, transportation and communica-
tion most prominently among them. Restructuring in these fundamental sec-
tors has profoundly changed companies, markets, and laws in those sectors of
the economy.

The keys to understanding electric restructuring, therefore, are (1) that,
as the work of a generation, it is still in its early years, and any appraisal of
progress (or lack thereof) thus far must take that into account, and (2) that any
thorough understanding of restructuring’s consequences for a state, regional
or national economy must be tracked in terms of its effects on the firm, the

13
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market, and the law.°

Restructuring effects will be most profound where the original incumbent
firms are thoroughly transformed. By that measure, both the airline and the
communications industries have been thoroughly restructured. Familiar and
historic firms like Bankers Trust, AT&T and Pan American Airways have been
taken over, diminished or liquidated.

Where restructuring takes hold, markets also become more complex,
product selection and innovation are expected to increase, and participants
should develop new capabilities to structure forward transactions. It is readily
apparent that how people buy airline, communications, and financial services
is completely different than it was a generation ago. Restructuring has allowed
market participants to introduce a large array of new products and services at
a rate that appears to exceed the rate at which innovations occurred during the
regulated era. One of the measures of restructuring effects, therefore, is the
pace at which market participants introduce new services and products.

In businesses where there is a need for forward transactions — mortgages,
interest rates, exchange rates -- the restructuring and deregulation of financial
services over the last two decades has led to the emergence of significant new
futures, forward, and over the counter markets. The function of these forward
markets is to enable efficient hedging for those who do not want to carry for-
ward mortgage, interest rate, or exchange rate risks. For individual consumers,
today’s wide array of mortgage services would be impossible without the large
array of financial forward and futures markets behind it.

Finally, no introduction to restructuring and its long-term effects would
be complete without referring to the paradox that was pointed out by R.H.
Coase decades ago: that some of the most successful markets in well-function-
ing economies are quite heavily regulated. He pointed to futures markets as
an example.

The Idea

Coase’s paradox reminds us that the point of restructuring is not the
elimination of regulation; the point of restructuring is the elimination of mo-
nopolies or oligopolies that tend to emerge in all economies over the course
of decades. And so it was with electricity, where the long-term domination of
the “utility” as the paradigm for how to organize a firm in this sector lost its
appeal to many — but by no means all — of the state and federal regulators of
the industry. Put another way, the purpose of restructuring is to implant the
competitive struggle into the power business because:

%Those familiar with the work of the Nobel prize winning economist, R.H. Coase,
will see references in this introduction to several of Coase’s most prominent themes,
including the title of one of his major works, The Firm, The Market, and the Law
(University of Chicago Press, 1988).

14
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“The competitive struggle in business, as elsewhere, is a stimulus
to improvements of all kinds. One business introduces a better or a
cheaper product, and others are forced to do the same. Indeed, the
existence of competition will lead each business independently to
make improvements, since a firm which merely matches the advance
made by others runs the risk of being left behind. The contribution of
this competitive process to the development of the American economic
system is generally understood...”’

For many observers of the power sector, this is enough. For others, how-
ever, “The purpose of restructuring the electric utility industry is to promote
economic efficiency, not simply to create competitive markets.”® The Congres-
sional Research Service goes on to say that “Competitive markets are a vehicle
to increase economic efficiency by relating costs and prices. Proponents argue
that the events of the last 15-20 years demonstrate that the regulatory system
has not provided consumers with the proper price signal regarding the cur-
rent relationship between costs and prices. Restructuring those segments of
the electric system that can sustain viable competitive markets would at least
partially restore the necessary price signal to consumers and suppliers.”

In this respect, we have learned from other restructuring efforts that eco-
nomic efficiency is not the only type of efficiency. We have learned from tele-
communications restructuring that the “criteria for long-term economic effi-
ciency embody both dynamic and static efficiency. Static efficiency stands for
minimized costs of current production both at the firm level and at the industry
level. On the other hand, dynamic (innovative) efficiency reflects demand cre-
ation and innovation. Innovation not only improves quality and variety, but
also leads to price reductions by the invention of cost-reducing new technolo-
gies... dynamic efficiency provides the greatest improvement in social wel-
fare.”?

Therefore, in electric systems that join PJM we are looking for these
changes in economic efficiencies. To understand what such changes look like,
we have to briefly review PJM’s various sets of rules. In the pages that follow,
we describe PJIM in terms of its market rules, its interconnection rules, and its
transmission rules.

PJM Market Rules

The first of the three major changes that PJM participation creates for
wholesale participants in new market areas is a change in market rules. This

" R.H. Coase, “The Theory of Public Utility Pricing and its Application,” 1 Bell Jour-
nal of Economics 113 (1970), p. 125.

8 Congressional Research Service, http://www.ncseonline.org/NLE/CRSreports/brief-
ingbooks/ electricity/ebeledes.cfm.

 Marc Bourreau and Pmar Dogan “Regulation and Innovation in the Telecommuni-
cations Industry: Forthcoming Telecommunications Policy, Pre-publication version™
presented in http://www.enst.fr. 15
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change transforms the electric pricing process from one in which utilities are
allowed to charge customers based largely on service area aggregate produc-
tion costs to one in which prices are determined by supply and demand in
an organized market.!"” PJM’s pricing platform consists of two major compo-
nents:

1. The electric energy market: PIM has developed a platform in which
energy is traded in day-ahead and “real-time” increments at each node
of its system (distribution bus, substation, or generator bus). Offers to
buy and sell at each node yield an array of “locational marginal prices”
(LMPs) that reflects the state of the market at that node (barring the
exercise of market power).

2. The capacity/reliability market: The electricity business is distinctive
in its need to enforce a margin of spare manufacturing capacity to en-
sure that the power grid can meet the demand and prevent a blackout.
The size of this required reserve (Installed Reserve Margin) varies by
market; in PJM it is currently 15 percent. The obligation to procure
this capacity falls on PJM’s “load-serving entities” which are typical-
ly electric distribution utilities, and, more recently, deregulated retail
service providers. PJM administers a “capacity market” in which the
demand for capacity from these entities is combined with generation
(or substitutes for generation) from suppliers.

In contrast to the energy market, whose basic rules are now familiar
and accepted by market participants, the rules governing the capac-
ity/reliability market are still in flux. In the summer of 2005, PIM
proposed to FERC a substantial revision in the rules, which it called
the “Reliability Pricing Model” (RPM).

PJM Interconnection Rules

The second of the three major changes that PJM participation produces for
new market areas is a change in interconnection rules. The basic principle of
federal electricity policy is open access to the interstate transmission system.
Generally, utilities’ rights to exercise control over grid use have been curbed
by the principle that, since they earn regulated profits by virtue of their status
as public utilities, they must allow other qualified entities to interconnect to
the transmission system. Because this system has a one hundred year legacy of
intricate construction, there must be carefully crafted standards such that the
interconnection of new facilities does not degrade the reliability of the system.
Further, new interconnections should not unfairly deprive incumbents of rights
within that system to which they have become accustomed.

10 The analytical foundation for trading electricity in spot and forward markets was
developed by Fred C. Schweppe, Michael C. Caramanis, Richard D. Tabors, Roger
E. Bohn, Spot Pricing of Electricity, (Boston, Kluwer Academic Publishers, 1988)
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Membership in PJM provides new market areas with a substantially de-
veloped body of interconnection regulations. As with other aspects of new
competitive electric markets, this is an area that continues to evolve. Much of
the interest and activity in designing PJM’s super-area interconnection regula-
tion has been in developing sound practices for distinguishing between “firm”
and “non-firm” transmission services. From an interconnection standpoint, a
“firm” service entitles a new resource to inject into (in the case of generators
or transmission projects into PJM from other areas), or withdraw from (in the
case of transmission projects that move capacity from PJM to other markets)
PJM’s array of resources that are deemed to provide reserve capacity services.
A non-firm service only entitles a new resource to inject energy into or with-
draw energy from PJM.

PJM Transmission Management Rules

The third of the three major changes that PJM participation produces for
new market areas is a change in the direct management of the transmission
system itself. This entails pricing transmission services, continuously assess-
ing the level of new transmission investment needed to maintain the requisite
level of reliability in the system, developing an ongoing region-wide transmis-
sion expansion plan, and determining how to pay for expansion of the trans-
mission system. Each of these has different manifestations at the PJM regional
level than it has at a utility level.

1. Membership in PJM entails a transition from a single utility’s trans-
mission pricing regime to the PJM regime. By definition, the PIM
footprint is larger than that of any of its member utilities. PJM’s very
purpose is to optimize the use of that expanded transmission grid. In
principle, a utility should be able to join PJM and receive a similar
level of transmission revenues as it did before joining. In return, the
access to PJM’s larger grid will enable that utility’s customers the abil-
ity to buy and sell electricity in the much larger PJM market area, usu-
ally at approximately the same transmission service charge that they
were traditionally paying their utility.

Within this general transmission pricing principle, PJM defines (sub-
ject to approval from its regulators) who is entitled to “network ser-
vice” (that is, the ability to transmit energy and capacity services from
any two points in the system at the uniform “network transmission ser-
vice charge”) and defines what constitutes firm and non-firm service.
PJM also determines whether and for how long the regional system
can deliver firm services, such as firm “point to point” services desired
by counter parties seeking to engage in particular bilateral transac-
tions.

2. Membership in PJM also expands the geographic area in which the
reliability of the electric service is examined and maintained. Instead
of reliability being the sole responsibility of the traditional, incumbent
utility, it now becomes the responsibility of the utility and PJM as well

17



Impacts of the PJIM RTO Expansion
I —

as the regional councils of the North American Electricity Reliability
Council."

3. PJM undertakes a continuous Regional Transmission Expansion Plan
(RTEP) in order to maintain the reliability of the transmission system
over time given load growth, generation retirements and additions,
and independently developed changes in the transmission system.
Membership in PJM entails participation in this process.

4. Transmission expansion occurs in PJM either for reliability reasons
or for economic reasons. Reliability-motivated expansions are rate-
based and incorporated into the network service charge (each cus-
tomer that is part of PJM native load pays this charge regardless of
location). Merchant transmission projects (like the recently initiated
Neptune High Voltage Direct Current project between Sayreville, N.J.
and Long Island) are financed by the project’s participants. PJM has
designed its rules so that economic projects in the AC system could
also be funded by those who want them.

Criteria for Assessing PJM’s Impact

This three-part taxonomy of market rules, interconnection rules and trans-
mission management rules describes the broad areas in which PJM directly
impacts the activities of market participants and ultimately, the economic well-
being of end-use customers. ESAI has conducted an assessment of the impacts
of PJM’s ground-breaking efforts in electric market design and implementa-
tion, particularly as it relates to the benefits of incorporating new service ter-
ritories into its RTO footprint.

This assessment has been conducted through studies of market price and
volume trends as well as studies of shifts in energy transfers between PJM and
the merged areas pre- and post-integration. ESAI also assesses the impacts
of capacity market design on generation and transmission investment and the
potential impact on energy prices. In addition, ESAI has undertaken detailed
powerflow modeling to quantify the value of centrally dispatching all areas of
the enlarged RTO footprint as compared to a disaggregated dispatch.

The rest of this report is organized into the following sections:

III. Liquidity and Diversity of PIM

Successful markets depend upon a diversity of interests from market par-

"MAAC, the Mid-Atlantic Area Council is one of ten reliability councils that form
NERC, the North American Reliability Council. The purpose of these Councils is to
ensure the adequacy, reliability and security of the bulk electric supply systems of the
Region through coordinated operations and planning of their generation and trans-
mission facilities.
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ticipants and facilitate the development of tools, that promote a high level of
trading activity. Good markets ultimately develop depth and liquidity, not only
in their spot transactions, but also in their forward transactions. ESAI has de-
veloped an assessment of the effectiveness of the PJIM markets by analyzing
trends in the following areas:

1. Short term market volumes — The Day-Ahead Market of PJM has be-
come the leading power market in the world in terms of volume and
liquidity.

2. Longer-dated market volumes — month-ahead, quarterly, and calendar
year trading is recovering.

3. Bid/Ask spreads — a high spread between market buy and sell orders
indicates low liquidity and high transaction costs. A decrease in the
bid/ask spread over time indicates an increase in the liquidity of the
market and lower transaction costs.

4. Market bias — efficient markets show little or no bias in price over the
long term. ESAI analyzes market bias for short and longer term mar-
kets as well as for selected FTR contracts.

IV. Reliability Effects of Integration: PJM Capacity Markets

The interactive dynamics of capacity and energy markets have an impact
on the investment climate of the RTO and ultimately, on the reliability and
security of the system. A system that does not attract investment capital to
meet demand growth and to keep up with the requirements of maintaining a
complex infrastructure will eventually run into difficulty meeting reliability
expectations.

ESAI explores the current status of PJM capacity markets and the reliabil-
ity outlook under the current paradigm, considered by many to be ineffective.
Thus, capacity market reform is on the front burner in PJM as well as in other
markets such as in New England and California. ESAI provides an overview
of PJM’s proposed Reliability Pricing Model, RPM, along with an analysis
of the effects of RPM on both the energy markets and the investment climate.
Looking ahead, ESAI addresses the question — “Will investors invest if the
RPM is in place?”

V. Energy Price Effects of Integration

As new areas have been added to the PJM marketplace, each area brings
its own array of generation which then becomes a part of the overall PJM gen-
eration portfolio. As each new service territory is integrated into the RTO, one
would expect to see changes in price that would reflect changes in generation
dispatch and inter-area transfers.

1. Dispatch Benefits: Pre- & Post-Integration - This study includes an
assessment of the benefits of centrally dispatching the full expanded
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PJM RTO through the use of a security constrained dispatch transmis-
sion power flow model. The dispatch conditions and resulting power
prices of the full RTO central dispatch are determined. The results are
then compared with the separate dispatch of PJM Classic and each of
the individual merged areas on a disaggregated basis.

2. Price Trends in PIM and Associated Markets - On-peak and off-peak
prices are examined for trends in relative value between PJM and oth-
er nearby market areas. Also, changes in volatility patterns are also
indicative of changes in market conditions. Lower price volatility will
usually increase market confidence - typically yielding greater market
participation and deeper liquidity.

3. Heat Rate Trends - Given that electricity is largely a manufactured
product, most of it coming from the combustion of coal, oil, and gas
resources, each of which is a volatile commodity in its own right, the
price of electricity alone is not a useful indicator of the effects of re-
structuring.

* In technical terms, a generator’s heat rate is a measure of its ef-
ficiency. A generator that can produce one kw of electricity using
7,000 Btus is more efficient than one that requires 12,000 Btu’s to
produce the same kw of energy. The efficient unit has a ‘heat rate’
of 7,000 Btu/kw. If the fuel price is $5.00/MMBtu, then the energy
production cost of the more efficient unit is $35/MWh.

e In the marketplace, the heat rate is an economic term for the nor-
malization of energy prices using the natural gas price. To normal-
ize the energy price, it is divided by the natural gas price. In the
technical terms above, this is equivalent to the heat rate. However,
the market price is not specific to the production cost of any par-
ticular unit, but rather is a function of the marginal costs or clear-
ing prices that set the price in each time period. These normalized
market clearing prices for energy are referred to as the ‘market
heat rate’ or ‘implied heat rate’.

* The heat rate analysis provides a way to assess changes in the ef-
ficiency of the market as a whole, in particular, by removing the
volatility associated with wildly fluctuating natural gas prices.

4. Management of Regional Price Risks - FTRs - The physical limits of
the transmission system dictate that energy cannot flow freely under
all conditions from one part of the system to another. Too much ‘traf-
fic’ on the system will cause congestion. Much of the congestion ex-
perienced in PJM is due to well known system constraints such as the
total flow limits that apply to the internal interfaces.

Congestion also occurs quite often as a result of changes in flow pat-
terns that result from transmission outages or generator outages. In par-
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ticular, an outage at a very large generator such as a nuclear power plant
can cause significant changes in flow patterns. The combination of internal
constraints and the wild card of forced outages determine differences in
the cost of inter-zonal energy transfers.

* Financial Transmission Rights, FTRs, are the mechanism offered
by the PJM market to hedge the pricing risks associated with
transferring power from one location to another. FTRs are finan-
cial contracts which provide the owner with congestion revenues
if the price difference between the source and sink points in his
contract exceeds his purchase price.

* ESAI has measured the effectiveness of selected FTR contracts
for hedging congestion price exposures through a bias evaluation.
A low bias indicates that the contract is an efficient hedging mech-
anism by providing equal chances for gains or losses over time
—1i.e., net zero financial results on pure hedging activities.

VI. Electric Trade Effects Of Integration

The expansion of the PJIM RTO will change power transfers between new-
ly merged areaS and the original PJM prior to integration. ESAI/PJM flow data
allowING comparisonS of metered flows across the appropriate interfaces
show clear increases in trade as a result of optimized dispatch and the removal
of trade constraints across the larger PJM market area.

VII. Innovation Efficiency

PJM has become the engine of innovation in its design and implementa-
tion of power markets. In what is evolving to be a hybrid market-regulatory
regime, PJM continuously spawns innovations in its pursuit of becoming an
effective platform for competitive power markets - within the bounds of reli-
ability requirements, existing regulations and regional and federal politics.

The Integration of New Markets into PJM West

The original PJM market had a footprint defined in the chart below encom-
passing five states - Pennsylvania, New Jersey, Maryland, Delaware, and Vir-
ginia - as well as the District of Columbia. At the outset of PJM operations in
1998, the market had 56,000 MW of generation capacity, a peak load 0of 49,400
MW, 14,500 miles of transmission lines, and covered a population of 22 mil-
lion. When Allegheny Power joined PJM on April 1, 2002, the RTO grew by
60 generating plants, and 10,000 MW of generating capacity.

In less than three years, PJM more than doubled in size from 67,000 MW
of generation capacity to 164,000 MW. In May 2004, Commonwealth Edison,
serving markets in Illinois, joined PJM adding 130 generators with 26,000
MW of capacity. In October 2004, the market areas served by American Elec-
tric Power and Dayton Power & Light joined (AEP, 130 generating plants and
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32,000 MW of capacity — DPL, 45 power plants and 4,800 MW). In January
2005, Duquesne added 14 power plants and 3,000 MW and in May 2005 Do-
minion added 115 power plants and another 21,000 MW of capacity.

With these additions, the PJM market now encompasses 1,100 generat-
ing units, 164,000 MW of generation capacity, a 2005 peak load of 134,000
MW, more than 55,000 miles of transmission lines, and serves a population of
more than 50 million. The footprint, as seen in the chart below, now extends
far into the Midwest and the South, making PJM the largest power market in

the world.
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The impact of the expansion of PJM on the market, the firms, and the laws
and regulations governing the wholesale electricity market can be reviewed
from a variety of perspectives. We begin in the next section with an assessment
of the depth, liquidity, and diversity of the new PJM.

Il PoM

[l P M Western Region
Duquesne -Jan ‘05

] AEP Oct’04

= Dayton Power & Light - Oct ‘04

Bl ComEd - May ‘04

D Dominion Power — Nov ‘04

22



I1. Introduction
]

PJM RTO - SUMMARY OF KEY STATISTICS - 1998-2005

F?):;f")’:fn't PJM Merges With:
PJM Allegheny AEP &

PJM STATISTICS Classic Power ComEd Dayton | Duquesne | Dominion
DATE OF PJM MARKET ENTRY 1998 Basis | Apr1,2002 | May1,2004 | Oct1,2004 | Jan1,2005 | May 1,2005
PEOPLE SERVED, millions 22 25 35 44 453 51
PEAK LOAD, megawatts 49,400 61,200 87,000 107,400 110,700 131,300
GENERATING CAPACITY*, megawatts 56,000 67,000 106,000 134,000 137,500 163,800
TRANSMISSION LINES, miles 14,500 20,000 25,000 49,300 49,970 56,070
NUMBER OF GENERATORS 600 660 800 984 1,001 1,082
TERRITORY, square miles 48,700 79,000 91,000 137,700 138,510 164,260
AREA SERVED, no. of states 5+D.C. 7+D.C. 8+D.C. 12+D.C. | 12+D.C. 13+D.C.
* - RTO capacity on integration date
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Ill. Liquidity and
Diversity of PJM

y their nature, competitive markets create their own demand for risk-

management mechanisms. Every market has participants whose will-
ingness to take market risk varies, and successful markets provide platforms
that facilitate the development of tools — usually in the form of forward and
futures markets — that enable a diversity of behaviors, from the most conserva-
tive to the most speculative.

Since the launch of the competitive market in 1998, liquidity in all North
American power contracts, including PJM’s, has undergone a pronounced rise,
fall, and recovery. The demise of energy-trading companies in late 2001 and
2002 meant the withdrawal of many key providers of market liquidity and the
disappearance of the main trading partners for many smaller firms — both on
the web and via traditional trading avenues. The widespread contract defaults
shook confidence in the reliability of electricity contracts and more importantly
— it shook confidence in the integrity of the financial ratings of the companies
actively involved in trading power contracts.

Figure 1
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Before that occurred, however, optimism about the future of electric mar-
kets stimulated an enormous increase in the development and construction of
merchant, project-financed power plants. Most of these plants were combined-
cycle, natural gas-fired turbines. Between 1995 and 2002, approximately
200,000 MW of capacity was added to the national electric grid. For a variety
of reasons, this increase in new capacity did not lead to a corresponding de-
crease in old generating capacity, and thus the value of generation collapsed.
Many merchant generation companies — some of them already buffeted by the
after-effects of the Enron and California affairs — succumbed to bankruptcy.
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These events created an enormous withdrawal of capital from the power-
trading sector, from which liquidity in the power markets, including PJM, has
yet to fully recover.

Since the nadir was reached in 2003, however, liquidity in the various
types of contracts that constitute a healthy market has been gradually increas-
ing. As of mid 2005, the greatest liquidity exists in short-term markets (day-
ahead, weekly, and near month), and diminishes sharply in the longer-dated
markets (next quarter, next year, subsequent years). Liquidity is generally bet-
ter in market areas that have been established for years, specifically, PJM, New
England and New York (in that order), than it is in non-market areas.!

Daily Market Volumes in PJM

PJM provides platforms for buying and selling energy products in a day-
ahead market (with each hour traded separately), a real-time (or balancing)
market (where smaller increments of time are bought or sold as needed to
balance supply and demand on a minute-to-minute basis). These PJM-admin-
istered transactions are physical in nature, reflecting real commitments to in-
ject or withdraw energy at each of PJM’s nodes. To give market participants
a chance to re-trade their day-ahead positions, PJM also established a virtual
market that settles purely on financial terms with the real-time market.

In addition to these PJM-administered markets, the industry has also de-
veloped a series of over-the-counter markets for PJM’s day-ahead contracts.
Some of the entities that engage in these trades have collectively set up a trad-
ing platform called the Intercontinental Exchange (ICE). The PJM and other
day-ahead market contracts represent the bulk of the volume of electric energy

trading on ICE.
Figure 2
MWh Trading Volumes in PJV Day-Ahead Market
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'Data was sourced from Megawatt Daily for the Day Ahead Market results and from
the Intercontinental Exchange (ICE) for calendar year instruments.
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Figure 2 shows the rise and fall and recovery of PJM’s short-dated trading
instruments. The volumes of the traded contracts peaked in late 2002 (much of
this activity was related to unwinding Enron’s positions) and began a substan-
tial recovery in 2004. By the middle of 2005, PJM’s day-ahead and real time
markets (including the virtual bidding market) had volumes equaling those of
the peak 2002 year.

The Bid-Ask Spread

Another measure of the improved liquidity of the PJM market is in the
decline in the bid-ask spread. In illiquid markets, traders must maintain large
spreads to protect themselves from large short-term losses on their inventory
of contracts, thus an order at a price close to that of the previous transaction is
unlikely to cover the spread, and hence unlikely to be executed. As liquidity
improves, the trader’s concern about holding positions he cannot get out of
quickly diminishes and the spread generally declines.

Figure 3
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Both major forward market databases (Platt’s and ICE) indicate a reduc-
tion in the PJM day-ahead market bid-ask spread? as shown in the trend-line in
Figure 3. Lower bid-ask spreads indicate lower risks, lower profits for market
makers, and lower transaction costs. The increased confidence that results also
increases the depth of market volumes traded, allowing greater size of indi-
vidual trades as well as increased overall volumes.

The bid-ask spreads have decreased from over $5.00/MWh in 1998-99
to $4.00 in 2000 and then to below $2.00 from 2001 onwards. This decrease
translates to markedly lower transaction costs for market participants. Since
the transaction cost of a forward transaction is generally defined as one half
of the spread between the bid and the ask, plus commission costs, it can be

2The chart is based on Platt’s database of PJM day-ahead, on and off peak transac-
tions. The data do not present bid and ask information for each trade. Instead, it
provides an Absolute Low, an Absolute High, and a volume weighted average price.
We infer that the Absolute Low is a low bid, and the Absolute High is a high offer.
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readily seen that the transaction costs in 2004 at $2.00 have dropped to below
$1.00/MWh. While it is difficult to ascertain the volumes committed on behalf
end-use customers through marketers and LSEs, the $1.00/MWh transaction
cost savings is highly noteworthy. If only 50 percent of buying for end-users
was transacted in the forward and over-the-counter markets such as ICE, the
transaction cost savings would translate into annual savings of over $300 mil-
lion.

Trading volumes in liquid markets typically exceed the underlying physi-
cal volumes by multiples. Therefore, the savings to traders and market partici-
pants from the lower transaction costs associated with greater liquidity can be
much greater than the $300 million set forth above.

Figure 4
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Calendar Year Market Volumes

Trading in calendar year strips (a one year contract for a specified volume)
peaked in 2002 and 2003 with cumulative volumes trading on the Intercon-
tinental Exchange exceeding over 50,000,000 MWh. As shown in Figure 5,
calendar-year contract volumes declined sharply in 2003 and early 2004. They
began to increase in 2004, as new financial players entered the energy-trading
arena, and by the beginning of 2005 trading volumes for these long-dated con-
tracts had increased to levels not seen since the trading heyday of 2002.

Figure 5
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These increases bode well for PJM customers’ ability to hedge part of
their positions in quarter-ahead and year ahead derivative markets. While the
increase in day ahead and virtual trading is also a welcome sign of liquidity,
there must also be increases in longer-dated contract volumes if PJM custom-
ers are to get the full benefit of the development of competitive markets.

Effects of Liquidity: A Non-Biased Forward Market

Ideally, where forward markets exist and have adequate liquidity, they will
have no particular bias in the relationship between the forward price and what
the market spot price turns out to be. For short periods of time, of course, for-
ward markets are likely to turn out to have a bias. For example, on November
3, 2003, a consumer could have locked in the price of natural gas for Novem-
ber 2004 at $4.81 on the New York Mercantile Exchange. The spot price of
natural gas in November 2004 turned out to be $6.13. In this case, the 12"-
month futures market price was $1.32 lower for November 2004 than the spot
price turned out to be. Over longer periods of time, this bias should be close to
zero in efficient markets.

We can take such measurements for all of the different contract periods
(one month in the future, two months, one year, two years, etc) and thereby
develop a measure of the structural bias, if any, of a given forward market.
The extent to which there is such a bias in forward markets has been of interest
to specialists and scholars for decades.’ Generally speaking and over a long
period of time, forward and futures markets should not be “good forecasters”
of future spot prices — they should be wrong most of the time (as Figure 6 in-
dicates is the case for natural gas). To think otherwise would be to naively at-
tribute some sort of information or transactional advantage to operators in the
forward markets. In today’s hyper-efficient trading markets, such anomalies
occur regularly, but they are quickly discovered by other traders and thereby
disappear.

Figures 6 and 7 show the application of this principle to the robust and
liquid U.S. Henry Hub natural gas futures contract traded on the New York
Mercantile Exchange. It indicates that during the period January 1998 to the
present, neither the first nor the twelfth month contract exhibited a bias.

Such results require mature and liquid markets. Indeed, in the early stages
of the natural gas markets there were periods when the forward markets were
not as efficient as they are today. The same can be expected from power mar-
kets, especially when one bears in mind that — unlike natural gas — electric
markets are unlikely to be able to develop a single, national benchmark as

3 See, for example, Charles Engel, “The Forward Discount Anomaly and the Risk
Premium: A Survey of Recent Evidence,” 3 Journal of Empirical Finance (1996),
pp. 123 —192.
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Figure 6
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Figure 7
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acceptable to all market participants as the Henry Hub contract.* Therefore, it
would be premature to expect similarly unbiased results for the PJM market.
We should, nevertheless, do the analysis to determine where the PJM market
is in the desired evolution towards an unbiased market.

PJM Bias

Forward power price bias has to be carefully defined and measured. We
must acknowledge from the outset that PJM’s installed capacity (ICAP) mar-
ket is not ready for this kind of test, for reasons explained later in this report.

* The Henry Hub is a spot trading area in Louisiana through which a substantial
amount of US and imported natural gas flows. Moreover, natural gas has a national
distribution network (albeit the west coast is not as well-integrated with that network
as the east and the Midwest), and thus the price of the commodity at the Louisiana
Hub is meaningful for all market participants. Electric markets trade much more
regionally; hence PJM West has become the most meaningful index for the greater
PJM market.
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We can examine, however, the energy market and evaluate bias in its contracts
and we will do so in two different ways. First, we can analyze the bias in
energy price contracts and second, we can analyze the bias in FTR contracts
(Financial Transmission Rights).

The energy price in PJM is a complex amalgamation of commodity input
fuels costs (with natural gas-fired units often setting prices in the peak hours,
and coal-fired units setting prices in the off-peak hours). We have already de-
termined that, over the very long run, natural gas prices are unbiased. To the
extent that on-peak power prices are biased, we can attribute the bias to market
participants’ expectations of the heat rate (rather than their expectations of the
input fuel price).

One other caveat needs to be mentioned before we proceed. The natural
gas futures market is conveniently arrayed into years of monthly forward con-
tracts. Thus, traders routinely transact a December or a February contract, one
or two or three years into the future (although liquidity does decline further out
in time). In the power market, different trading “packages” have arisen which
make it inconvenient to analyze a “twelfth month” in as straightforward a fash-
ion as can be done in the natural gas contract. We have, therefore, concentrated
our analysis on the PJM West “next month” and “3™ month” contracts.

In the first month contract, the early years of PJM Western Hub trading
exhibited a propensity for the forward market to price peak energy at higher
levels than actual spot market (DAM) results. In 2001 (March to December),
the one-month forward price averaged $9/MWh higher than the spot price. In
calendar year 2002, the one-month forward price averaged $0.20/MWh lower
than the spot price. In 2003, the one-month forward price averaged $6/MWh
higher than the spot price. In 2004, the one-month forward price averaged
$5/MWh higher than the spot price. In 2005 (through the end of June) the one-
month forward price averaged $0.30/MWh lower than the spot price. For the
entire market period, the one-month bias averaged $4/MWh and, as seen in
the chart above, a trend line through the individual (daily) bias figures shows a
strong trend toward a smaller bias.

Figure 8
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In the third month contract, the early years of PJM Western Hub trading
exhibited the same propensity for the forward market to price peak energy
at higher levels than the spot market turned out to have. In 2001 (March to
December) the third-month forward price averaged $19/MWh higher than the
spot price. In calendar year 2002, the third-month forward price averaged $4/
MWh lower than the spot price. In 2003, the third-month forward price aver-
aged $6/MWh higher than the spot price. In 2004, the third-month forward
price averaged $7/MWh higher than the spot price. In 2005 (through the end
of June) the one-month forward price averaged $2/MWh lower than the spot
price. For the entire market period, as with the month-ahead market, the third
month contract bias averaged $5.84/MWh and the trend line through the indi-
vidual (daily) bias figures again shows a strong trend toward a smaller bias.

Figure 9
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As the PJM power markets mature and become more efficient, we antici-
pate a more systemic lack of bias in the relationship between forward and spot
prices. The forward markets will be — as they should be — poor forecasters for
future prices but good platforms for hedging and managing risk exposures.

FTR Hedging Effectiveness and Bias

In the same way that we would expect the PIM Western Hub contract to
show minimal bias, it would be ideal if each of the basis markets similarly
showed little or no bias. This is a challenging standard because there are thou-
sands of potential nodal/zonal pricing relationships in the expanded PJM, and
therefore the liquidity of these mini-markets is bound to be less substantial
than it is for the PJM Western Hub index.

Nevertheless, we studied the market bias for two FTR contracts — PJM
Western Hub to Jersey Central Power & Light and PJM Western Hub to Public
Service Electric & Gas. Figures 10 and 11 show the volume of FTRs traded
in the PJM auctions and the $/MWh clearing prices. Clearly, the volatility of
the prices increased substantially in 2004-2005, and in the case of JCPL, the
volume of trades did as well.
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Figure 10
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Figure 11
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We will review changes in PJM zonal energy prices later in this report. At
this point, our interest is in measuring the relationship between the prices paid
in the FTR auctions and the ultimate actual energy price difference between
each of the two New Jersey zones and the PJM Western Hub in the monthly
auctions for on-peak contracts.

As was the case with the energy price itself, we should not expect the FTR
auctions to “predict” the correct zonal pricing difference. For the FTR mar-
ket to be an effective hedging arena, however, we should expect to see only
a small or no bias — on average — in the FTR auction price in relation to the
actual price differences in the day-ahead markets.

Figures 12 and 13 show the now-familiar pattern of a forward market — the
one-month ahead FTR auction — that “always gets the spot price wrong” but
nevertheless constitutes an effective hedging arena because its results are not
biased. The average “error” of the Western Hub — PSEG market is $-0.34/
MWh, and of the Western Hub — JCPL market is $-0.36/MWh.
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Figure 12
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Figure 13
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The Critical Importance of Unbiased PJM Forward Markets

On the basis of our analysis of the PJM forward markets, we conclude that
PJM is a market in which short-term risks can be effectively hedged. There
continues to be a need for additional progress in the depth and liquidity of
longer-dated contracts, especially for the regional indexes. However, given the
confidence that we believe market participants have in the PJM platform, we
believe that these liquidity improvements will continue.

Why are these indications of unbiased forward markets important?

In traditional market areas, one entity — the utility—essentially constructs
the forward curve and in that curve are embedded its assumptions about the
future, including judgments about the future price of input fuels, judgments
about technology, and judgments about environmental preferences and im-
pacts.
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In a competitive market area, many entities — consumers, utilities, produc-
ers, and speculators — by their trading in spot and a variety of future contracts,
develop a forward curve in which are embedded a wide variety of participants’
views on the future of fuels, technology and environmental constraints. Each
of these participants’ views is influenced — to a greater or lesser degree — by
what Coase called the competitive struggle that is a “stimulus to improvements
of all kinds.”

One cannot rule out that a particular utility might be able to make these
judgments better than the array of participants in a market. After all, in the in-
vestment arena some money managers do appear to excel, year after year. But
in spite of the existence of a few stellar performers, most investors still prefer
to entrust their savings to a number of managers (in the form of investments in
different companies, mutual funds, and savings vehicles).

As PJM’s forward markets provide an increasingly unbiased series of
forward markets, they offer market participants an escape from a particular
manager’s view of the future. In this respect, across PJM’s newly expanded
market area, consumers’ reliance on PJM’s forward markets will turn out to be
costly only if the utility which formerly constructed their forward market was
particularly and peculiarly prescient.

PJM, in short, offers an array of forward markets in which consumers’
dependence on electricity can be hedged — risk-managed, if you will -- on an
ongoing basis by a wide variety of market participants.

This argument is not new. It is a variant of the most conservative approach
to investment — the reliance on a portfolio (in this case, a variety of contract
periods and market counter parties). This argument can be extended to PIM
even further, as we do below.

Markowitz's Revenge: The Benefits of Generation Portfolio Diversity

PJM’s expansion into parts of Virginia, West Virginia, Kentucky, Ohio,
Indiana, and Illinois consolidates the diversity of its generation portfolio, and
provides consumers in each area — old and new — with the benefits of that
portfolio diversity.

In the last five years, the value of that portfolio diversification has been
established more clearly than ever before because of the extremely rapid in-
crease in the price of natural gas. As mentioned elsewhere in this report, over
the past ten years, the attractive features of combined cycle natural gas gener-
ating systems led to an enormous increase in the reliance on natural gas to gen-
erate electricity. In the U.S. power market, California now powers 60 percent
of its generating capacity with natural gas, Entergy 68 percent, New England
47 percent, and New York 38 percent.

Prior to the integration of the areas south and west, PIM (including Al-
legheny) already had a much more diverse portfolio than these other markets,
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as shown in the chart below. The new PJM areas (Dominion, AEP, DPL, etc)
also had maintained similarly diverse portfolios. Thus, the integration of the
new market areas into PJM consolidated the traditional diversity of PJM’s
generation portfolio.

Figure 14
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In the U.S. power markets most dependent on gas-fired generating re-
sources, the impact of runaway gas prices on power prices has naturally been
stronger than it has been in either PJM classic or the expanded PJM. This is
the consequence of decisions made years ago in those markets that sought to
reduce the role of oil and coal in the portfolio of electricity generating assets.
The reasons for this decision are clear enough — natural gas was everyone’s
favorite fossil fuel. In combined cycle generators, it is an extremely efficient
and clean way to generate electricity.

The preference for gas was present not just in political jurisdictions. There
were power companies who specialized in building and running gas-fired fa-
cilities. Their portfolio of assets had little if any diversity. Wall Street, by and
large, did not penalize these companies for their lack of diversity until com-
paratively recently. To the contrary, many Wall Street analysts reckoned that
having lots of gas-fired plants in a portfolio was better than having an assort-
ment of technologies in the portfolio. So, some companies in America and Eu-
rope virtually gave away their old nuclear, coal, and oil plants to raise money
to build new gas plants.

There was a tremendous risk in this gas obsession. It is surprising that
this risk was allowed to exist because most of the same people who took this
risk in the power portfolios would have recoiled from embracing such a risk
in their retirement accounts. The risk: that the absence of diversity increased
the exposure of the gas-oriented states and companies to the vicissitudes of the
natural gas market, which already was one of the world’s most volatile markets
in 1998, and became ever more volatile in subsequent years.
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The Costs of an Absence of Diversity in a Generation Portfolio

The costs of having more or less diversity in any portfolio can be readily
calculated with the instruments of modern finance. Modern portfolio theory
stems from Harry Markowitz’s Portfolio Selection — Efficient Diversification
of Investments (New Haven: Yale University Press, 1959). Markowitz devel-
oped a model of efficient portfolios as those lying on the “efficient frontier,”
where “yield can no longer be increased without increasing the risk, and risk
cannot be lowered without lowering the yield.”® In this formulation, risk can
be defined and quantified as the variation in a portfolio’s return. In the case of
a state’s (or a power producer’s) generation portfolio, risk can be quantified as
the variation in the average energy input price as a result of moving from one
portfolio to another.

The issue, then, is for a state government, or a power generating company,
to assess the risk of moving from one portfolio of generating assets to another.
Assume the following scenario. A power generating company has four types
of units in its portfolio: oil, gas, coal, (all of which have commoditized input
fuels costs) and nuclear-hydro-wind (which do not have commoditized input
fuels costs).

Figure 15
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The input fuels costs of natural gas and oil units have been extremely vola-
tile over the last ten years (as shown in the chart above). The price increases
of natural gas have been, by far, the most consequential for the power sector
because gas became, in many areas, the fuel of choice in the 1990s. As a result,
the price of electricity in those areas became more and more dependent on the
price of natural gas.

> Ralph Vince citing Markowitz in Portfolio Management Formulas, Mathemati-
cal Trading Methods for the Futures, Options, and Stock Markets (New York, John
Wiley and Sons, 1990), p. 152.
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Looking ahead, most energy forecasters believe the price of natural gas
will remain in the $6-$8/MMBTU level, distillate fuel oil prices above $10/
MMBTU, and coal in the $2-$2.50/MMBTU range (excluding the cost of
emissions compliance). For coal, emissions costs for some plants may be met
by including them in the rate base. If so, electric energy prices from these coal
facilities are likely to continue to reflect input fuels costs in the $2 - $2.50/
MMBTU range, exclusive of emissions costs.

We can evaluate the effects of increasing dependence on a single fuel --
natural gas -- using standard measurement techniques. Assume two different
generation portfolios.

v"In the first portfolio, natural gas comprises 75 percent of generation
capacity, coal comprises 10 percent, nuclear and wind (fuels with neg-
ligible input fuels costs) another 10 percent, and oil 5 percent.

v" In the second portfolio, natural gas comprises 25 percent of genera-
tion capacity, coal comprises 35 percent, nuclear and wind (fuels with
negligible input fuels costs) another 35 percent, and oil 5 percent.

The table to the right
shows the assumed level
of future input fuel prices.
Different price forecasts
would naturally produce Tetco M3 Coal PJM
different portfolio results

Assumed Fuels Input Prices for
Portfolio Analysis ($/MMBtu)

but the prices presented 1996 $2.92 $1.24 $4.53
here are representative of 1997 $2.83 $1.24 $4.06
forward market and ex- 1998 $2.32 $1.24 $2.82
pert opinion as of the end 1999 $2.55 $1.24 $3.51
of 2004. Therefore, they gggg $jj; $1§g $6'ﬁ
are likely to be the basis 2002 $3:74 21:35 3451:89
of planning in electric ar- 2003 $6.41 $1.61 $6.11
eas and of investments in 2004 $6.77 $2.49 $8.05
the generation sector. 2005 $8.91 $2.65 $11.31
) 2006 $7.89 $2.49 $11.04
Figure 16 presents | 597 $6.87 $2.19 $9.30
the consequences of the 2008 $6.08 $2.01 $9.38
concentrated dependence 2009 $5.90 $2.01 $9.55
on natural gas in the first 2010 $6.23 $1.68 $9.77
portfolio. It presents an 2011 $6.56 $2.05 $9.85
estimate of the weighted 2012 $6.95 $2.34 $10.03
average cost of electric 2013 $7.27 $2.64 $10.21
energy on each market on 2014 $7.71 $2.98 $10.40
the basis of simplified ef-

ficiency assumptions (the

gas power plants manufacture electricity at a 7 MMBTU/MWh heat rate, and
the oil and coal plants at I0MMBTU/MWh; and nuclear and wind facilities
bid into the markets at $10/MWh; and there are no other generating costs).
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In the 1996-2005 period, the weighted average price of electric energy in the
market with 75 percent dependence on natural gas was on average $8/MWh
higher than it would have been in the market with the more diversified genera-
tion portfolio.

Figure 16
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As the demand for natural gas increased during this period, the price in
relation to other input fuels also increased. Even with an expected increase
in natural gas imports (mostly via liquefied natural gas), most forecasters still
expect natural gas prices to remain in the $6 to $8/MMBTU range. Thus the
markets with the heaviest dependence on natural gas for generating electric-
ity will continue to see relatively higher electric energy prices than the more
diversified markets.

The schedule of inputs fuels prices shown in the table above would lead to
a difference of $15/WMh in the calculated energy prices of the same two port-
folios. For the 2006-2015 period, the balanced portfolio would see an electric
energy price averaging $28/MWh, the gas-heavy portfolio a price averaging
$44/MWh.

Application to PJM

The risk-management advantages inherent in a diversified portfolio accrue
to both sides of PJM, but in different manifestations. In PJM East, there is a
propensity to construct mostly natural gas plants. In PJM West, there is a pro-
pensity to construct coal plants. On the basis of the portfolio argument made
above, PJM East benefits from its membership in PJM to the extent that the
rest of PJM is able to maintain a substantial amount of coal in its portfolio.

At the same time, however, it will be in the interest of PJM West to obtain
portfolio diversity from PJM East. There is no guarantee that the large price
difference between natural gas and coal shown in the charts above will be
sustained over the next decade. Indeed, those who believe in the strength of
market forces may well believe that with investments in natural gas infrastruc-
ture (especially LNG) and with increasingly stringent requirements on coal
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emissions (sulfur dioxide, nitrogen oxide, mercury and carbon), we may well
see substantial increases in the overall cost of burning coal, and we may well
see those increases reflected in electric energy prices (rather than only in the
capacity markets).

In that case, a scenario in which natural gas prices fall back to the $3
- $4 range and the “all-in” cost of coal rises above those levels cannot be dis-
counted. Our analysis of the higher costs of energy in the highly gas-dependent
market will then be stood on its head, with the coal-fired regions suffering
from the higher energy prices.

This portfolio analysis can be done at a much more refined and sophisti-
cated level. But what we have done here suffices to make the primary point,
which is that predictions about the generation technologies of choice in the
future are as difficult to make as predictions about the stock market. PJM pro-
vides a framework for all of its regions to continue to obtain and maintain a
diversified portfolio of generation assets, which will in the long run provide a
most effective form of risk management for all of its customers.

Finally, and to summarize, the reduction in “single-agent” risk, the reduc-
tion in the bid-ask spread, and the lack of bias in forward markets in the PJM
package have tremendous value for market participants. If, over the course of
the decades in which these efficiencies must be measured, the price of electric
energy turns out to be only $2/MWh less than in a world of monopoly agents,
the economic benefits of the spread of PJM’s platform would be measured at
$1.4 billion per year (given PIM-wide load of 678 terawatt hours per year), or
$15.7 billion over a twenty year planning period (and a six percent discount
rate).
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V. The Development of PIM
Capacity Markets

Electricity is a necessity. As a result, reliability of electric supply is so
important that its assurance continues to be subject to regulation, even though
the overall intention of policy-makers has been to subject electricity market
participants in the wholesale sector to the “competitive struggle.”

Historically, regulators typically ensured reliability by imposing reserve
generation capacity requirements on utilities. The utility was required to fore-
cast its peak load, and to build or contract for capacity at some designated
percent (for example, 15 percent) above that peak load.

This arrangement often failed to motivate the utility to develop alterna-
tives to generation — like demand restraint programs or alternative types of
transmission — that might also contribute to reliability. For example, a program
that would predictably but temporarily reduce electricity demand could add
as much to overall reliability as a “peaker” generator plant (i.e., one built just
to run a few hours or days a year), but did not get implemented because the
emphasis of the regulations was on generation.

The traditional reliability programs had another disadvantage. Experience
has shown that reliability is more expensive to maintain in some areas than in
others. For example, it is likely to cost more to maintain a certain level of reli-
ability in an extremely remote rural area or in a densely populated city than in
other areas. Imposing a system-wide reserve margin of 15 percent may do little
to ensure reliability in these locations.

Reliability planners have responded to these challenges in a variety of
ways. In New York, reliability rules require that load-serving entities in New
York City not only participate in the state-wide program to maintain a reserve
margin, but also require 80 percent of the peak load in the City to be capable of
being met by resources located within the city (the so-called locational capac-
ity requirement). It costs substantially more to build electric facilities in New
York City than in upstate New York, thus reliability is a correspondingly more
expensive service to provide in the City.

After a decade of experience with restructured markets, it is now clear that
the design of a competitive wholesale power market should take account of
these two central challenges to maintaining reliability — encouraging a variety
of responses to maintaining reserve margins and accounting for different loca-
tional costs. In PJM, the initial design of the “capacity market” did not do so:
instead, it provided for reliability payments only to generators and for the same
payment regardless of the location of the generators. These characteristics of
PJM’s capacity market design were reflected in the “standard market design”
promoted in 2003 by the Federal Energy Regulatory Commission.'

'Federal Energy Regulatory Commission, Wholesale Market Platform, (White Pa-
per), April 23, 2003
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The implementation of this initial design coincided with a period — as dis-
cussed later in this section — of “irrational exuberance” in generation develop-
ment, although there was little market-based investment in demand restraint or
transmission alternatives to generation. The economic consequences of the ini-
tial market design were not transparent while generation investment boomed
from 1996 to 2003. By 2004, however, those consequences were becoming
transparent. Payments to generators for their reliability services collapsed.
With that collapse, merchant investment in new generation came to a virtual
standstill, and even investment in maintaining the existing stock of generators
came under severe pressure. The first of several waves of retirements of gener-
ators was announced. Not surprisingly, the bulk of the retirements occurred in
those areas of the market where generation was most expensive to maintain.

Thus, by 2004, it was clear that the initial design of the markets that pro-
mote payments for reliability needed to be improved. The challenge was to
find a program that would structure payments that better reflected the underly-
ing value of the services, and that better reflected regional differences in the
cost of maintaining reliability.

PJM’s response to this need is the Reliability Pricing Model. It came after
several other areas — most prominently New York and New England — had
developed their own alternatives to the initial market design.

PJM’s Generation Capacity and Reliability Policy

There have been ongoing discussions in all organized power markets on
how to deal with the capacity and reliability issue. Approaches vary. PJM main-
tained its current approach until it decided on an alternative in early 2005 (see
the discussion of its Reliability Pricing Model below). New York developed a
“capacity demand curve” and locational capacity requirements that amount to
a retreat from the original standard market design model. New England has de-
veloped its own version of New York’s model. California has finally enacted a
reserve requirement, but has not yet defined an ISO-directed capacity market.

These ISO/RTO capacity market designs are critical. If they don’t work,
given investor wariness of electricity assets, the only alternative way to fi-
nance a new power plant or transmission line or demand restraint program is
the old-fashioned way: a long term contract with a credit-worthy entity.

Why Do We Need A Capacity Market Policy Anyway?

To outsiders, it seems at first odd that the federal or state governments
have to deal with whether or not there is enough electricity generation ca-
pacity. After all, there is no particular requirement for capacity in petroleum
refining. Deregulation in the oil industry was based on the premise that market
forces would sort out the amount of capacity that would be required. When re-
fining capacity has been inadequate, business has found ways either to expand
capacity in the market area or bring in supplies from more distant areas.
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As those in the power business know, however, two factors mitigate
against such a laissez-faire approach in electricity. First, modern society relies
on electricity for provision of basic services that cannot be replaced by other
services, at least in the short run. A disruption in electricity services, therefore,
has consequences far beyond the loss of revenues to the immediate power
buyer and seller. Second, all electric assets in the three primary U.S. electric
interties are essentially parts of three enormous machines.? The integrity and
reliability of these machines cannot be put into jeopardy. These machines re-
quire a reserve margin to ensure that periodic failures of its component parts
(generators, groups of generators, and transmission facilities) do not bring the
entire machine to a halt.

While the reasons for requiring reserve margins are obvious, how best to
ensure that these margins are maintained is not. Early in the deregulation pro-
cess, the notion that one could employ the market for this particular requirement
was widely held. New England, PJM, and New York ISOs all experimented
with capacity markets, each of which exhibited several curious characteristics.
First, the capacity market experiments occurred in the midst of an enormous
boom in generation construction. This period of irrational exuberance created
an enormous glut of capacity in areas where it was easy to build (permits were
easy to get, gas pipelines were nearby, and eager investors and bankers could
always be found). Under these circumstances, in most areas, the supply of
capacity was so far greater than the demand that the capacity market sent the
right signal — on the margin, capacity was worth nothing.

Second, the capacity market experiments showed that, once the demand
for generation capacity was met by the amount defined by the required reserve
margin, demand collapsed to zero (see Figure 1). Unlike most other goods
(computers, automobiles) whose marginal utility to the buyer declines incre-

Figure 1
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mentally, the value of surplus capacity to a load-serving entity (whose rev-
enues are regulated according to the costs it incurs) is zero. So where capacity
additions exceeded the requirement, load serving entities were in the advanta-
geous position of offering its marginal value - near zero - to all suppliers.

Thus, capacity values — as determined by capacity markets in PJM, New
England, and other areas with surplus generation — have been negligible.
Power plants built on the assumption that their owners could command capaci-
ty fees of $30 to $100 per kilowatt per year (depending on the cost of construc-
tion), found they were getting next to nothing from capacity payments, and as
a result, many of the owners of those plants slid into bankruptcy. Banks now
own some 70,000 MW of distressed power plants, largely for this reason.

The Outlook for Resource Adequacy in PIJM

With the collapse of capacity payments and the dramatic reduction in pro-
posed generation projects, PJM’s reserve margins are now expected to drop
from 25 percent in 2005 to only 18 percent in 2010 (the required reserve mar-
gin is 15 percent).* The PJM reserve margins may decline even more quickly.
The Federal Energy Regulatory Commission, concerned about the decline in
investment in new generation in all U.S. power markets, reviewed the adequa-
cy of energy and capacity revenues during the 2000 to 2004 period to meet the
cash requirements of those who have invested in generation in both traditional
and RTO/ISO market areas, including PJM.

Figure 2
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Source: Derived from Platts and EIA data. See “Analytic Note on Net Revenue
Calculations™ in the Other Material section for details. See also source note 10.

FERC 2004 State of the Markets Report, p111.

*Energy Security Analysis has conducted its own assessment, which came to a
similar conclusion (for ESAI’s assessment, see www.ESAI.com/PJMCapacityReport.
htm)
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The bottom line of the report is that “market fundamentals in 2004 did
not generally signal a need for new construction of generation, particularly of
gas-fired capacity.” Figure 2 presents FERC’s assessment of the adequacy of
PJM’s energy revenues to provide a reasonable rate of return to a combined
cycle or combustion turbine in the PJM market. Revenues from PJM’s ca-
pacity auction added only a few dollars per kw-year to the energy revenues.
The FERC report’s conclusion: “Without significant net revenue from energy,
capacity, and ancillary services, market-based investment was not signaled.”

(page 111).

In PJM, as elsewhere, the only generation capacity that is expected to join
the grid in the next several years is in the form of:

1) Wind units - (there are now 74 proposed wind interconnections in
PJM totaling 1,300MW) and other small-scale renewable units,

2) Coal units - that will be built largely in the western part of PJM, most
of them with some utility support, and,

3) Gas units - that were initiated in the good old days of the merchant
generation boom, and whose completion has been slowed to a crawl while the
developers wait for more favorable market circumstances.

In some areas of PJM, generation investment needs to resume right away.
But there is no investment because of the mismatch between the short-term
signals from the capacity markets and investment requirements (which are
long-term in this capital-intensive sector of the business). Merchant inves-
tors — responsible for the bulk of the 1998-2003 boom in generation capacity
—have lost their shirts and their confidence, while utilities are reluctant to - and
often prohibited from - issuing long-term contracts to mitigate the merchants’
risk.

That mismatch is at the center of the discussion on where the PJM and
other restructured markets go from here. PJM’s proposed Reliability Pricing
Model (RPM) has among its objectives to address the mismatch between short-
term capacity market price signals and long-term investment requirements by
reducing the volatility of capacity revenues that today’s developers in genera-
tion, demand management, and transmission projects face.

The PJM Queues

Figure 2 reviews the activity in PJM’s generation queues (there is a sepa-
rate series of queues for independent transmission projects). In the early years
of the process, annual average proposed generation additions amounted to
more than 25,000 MW per year. Clearly, this signaled intense competition
among generators for the most favorable interconnection locations. Over the

“Federal Energy Regulatory Commission, 2004 State of the Markets Report, Wash-
ington D.C., 2005, p. 26.
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course of 1999 to 2005, more than 130,000 MW of generation interconnec-
tions were proposed, while 16,000 MW was constructed (with almost 13,000
MW still in various stages of active development). Thus, 100 thousand MW
of new generation proposals have been withdrawn from the PJM develop-
ment process. This is to be expected in a market environment. To the extent
these withdrawals occurred because the interconnection costs were too high,
or some other part of the development process went awry, the only losers were

developers.
Figure 3
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Projecting this harsh project-weaning process to the future, PJM expects
only about 4,200 MW of the 13,000 MW still in the development queues to be
completed by 2010. The total new capacity that will be added to PJM in the
decade from 2000 to 2010, therefore, will be approximately 20,000 MW.

This is a substantial addition, to be sure. Beginning in 2003, however, the
crushing impact of the collapse in capacity market values began to take its
toll: more than 300 MW were retired in 2003, 1100 MW in 2004, and almost
3,600 MW in 2005, for a total retirement of more than 5,000 MW. Given these
retirements (and ignoring others which are sure yet to be announced), the net
increase in PJM’s capacity in the 2000 — 2010 decade will be reduced from
20,000 MW to 15,000 MW.

Given the PJM RTO’s load growth of 2 percent or 2700 MW per year, this
15,000 MW increase in capacity gets used up quite quickly, hence the projec-
tion from PJM that its reserve surplus is essentially depleted by 2010.

To make matters even more interesting, much of the new capacity that
remains in the queues is in the form of wind. How much of the 1,300 MW of
wind capacity developed will actually count towards meeting PJM’s reliability
requirement remains to be seen.
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The Development of the Reliability Pricing Model

In recognition of the need to improve the payment scheme of the original
reliability/capacity market design, regulators in the New York Public Service
Commission first developed an approach — the capacity demand curve — that
plots available supply against a pre-determined curve to develop a clearing
price for the month’. Figure 4 illustrates the demand curve construct for New
York’s “Rest of State” (i.e., the market area excluding New York City and
Long Island).

Figure 4
ROS Capacity Demand Curve, ICAP

$160

$140 Requirement at 100 %
§ $120 A\ Equals 118 % of Peak Load
> |2005 Reference 82.56 $/kw-yr
3 §$100
£ \
¥
T %80
c
[]
g $60 Zero Value
& $40 at 12%

2 j

$0
80% 85% 90% 95% 100% 105% 110% 115%
Capacity As Percentage Of Requirement

The key components of the demand curve are the reference point and the
zero value point. The reference point represents the pre-determined value of
the market when the reserve requirement is exactly met. In the case of New
York State, this 100 percent of the reserve requirement is met when available
capacity exactly meets 118 percent of peak load. The value of capacity servic-
es at this reference point is set at a level representing the fixed costs associated
with installing and operating a new peaking combustion turbine. As noted on
the chart nearby, this cost is calculated at $82.56/kw-year for the New York
ROS (Rest of State) market, 2005 basis.

The second reference point represents the point on the supply axis where
the capacity value is zero. In the New York ROS market, the capacity value
drops to zero when reserve margins are 112 percent of requirements. (For New

SMark A. Reeder and Thomas S Paynter pioneered much of the thinking behind

the capacity demand curve. See Market A. Reeder, “Government Intervention into
Wholesale Electric Markets to Assure Generation Adequacy”, (Nov 6, 2002), mimeo,
New York State Department of Public Service, and Thomas S. Paynter, Affidavit of
Dr. Thomas A. Paynter, FERC Filing of the NY State Public Service Commission,
Attachment I, Docket No. ER03 - 647 - 000, (April 11, 2003), available at www.dps.
state.ny.us/EnergyCompetition.html.
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York, this means that the total capacity would be 112% in excess of the 118%
requirement). If the available supply is 105 percent of requirements, then this
point on the curve is used to determine the clearing price. On the chart above,
this clearing price is shown as near $45/kw-year.

Load serving entities are allocated the full cost of capacity services that
clears in the auction even though the supply of these services may be in excess
of requirements. All available services that clear will receive a capacity pay-
ment. LSEs receive a lower price when supply is in excess of requirements, but
they will be required to foot the bill for more supply than they need through the
allocation process in place at the ISO.

The demand curve provides a more stable stream of revenues for those
who provide reliability services when the market is in excess of reserve re-
quirements. It also provides a mechanism for forecasting capacity values in
the future, as new projects and retirements can be added to predict future avail-
able supplies against anticipated load growth. This allows developers to proj-
ect more reasonably what can be expected from the capacity markets with any
given investment scenario.

RPM

In the wake of New York (and later New England’s) development of new
capacity market constructs, PJM developed a detailed, new market construct
called the Reliability Pricing Model (RPM). It is based on the need to ac-
knowledge, “that if generation capacity in a particular location is critical to re-
liability, it should be valued accordingly. With the appropriate locational valu-
ation of generating capacity and a longer-term resource commitment, owners
of existing resources will have the appropriate incentive to make the invest-
ments needed for their units to stay in the market, and project developers will
have the appropriate incentive to locate new resources where they are most

Figure 5
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needed.” In this respect, the RPM is similar to the locational capacity require-
ments pioneered by the New York ISO.

The pattern of capacity values across PJM has not yet been definitively es-
tablished. Early PJM presentations (see Figure 5) indicate that values increase
from West to East. Values in the eastern zones will be higher due to the added
reliability of locating generation in constrained load pockets.

The RPM expands on the other concepts by allowing independent, eco-
nomic transmission projects (projects not financed by the RTO to meet re-
liability requirements) and demand management programs to compete with
generation to meet locational capacity requirements. When such a non-genera-
tion solution relieves a load pocket, it will be paid for the capacity consequenc-
es, and not just the energy consequences, of that relief.” This is a significant
innovation in competitive market design.

The next significant feature of the RPM proposal is PJM’s version of how
the payment for reliability/capacity services will be determined. Instead of a
single ICAP market and single clearing price, PJM, like New York, will insti-
tute a “capacity demand curve” (that is, a schedule of payments arrayed along
a series of capacity surplus and deficit measures). The greater the deficit in this
construct, the higher the payment. In PJM’s terminology, “Under RPM, there
will be separate variable resource requirement (‘VRR’) curves ... determined
for each LDA [Locational Deliverability Area], reflecting differences in the
cost of new entry for those LDAs...”

Each PJM area’s VRR curve will resemble the example shown in Figure
6, with a capacity price in dollars per MW-day established for a given reserve
margin. If generator investors are too exuberant and develop capacity in excess
of 20 percent above the reserve margin, the capacity payment will fall to zero.
If there is sparse investment and the capacity surplus falls to zero, the payment
would be $350 per MW per day.” Behind these figures is an array of evalua-
tions of the cost of building specific types of marginal units in the different
market areas.

¢ “Affidavit of Steven L. Herling On Behalf Of PJM Interconnection, L.L.C. Before
the Federal Energy Regulatory Commission”, August 30, 2005, page 10.

7 In the language of the draft RPM Business Rule 89: “The offer price of a Partici-
pant-Funded Transmission Upgrade offer shall be considered as a capacity price
differential between the source LDA [a.k.a. Locational Deliverability Area] and sink
LDA in the Base Residual Auction clearing process.”

8 Herling Affadavit, p. 12.

? “Affidavit of Andrew L. Ott On Behalf Of PJM Interconnection, L.L.C. Before the
Federal Energy Regulatory Commission”, August 30, 2005, page 4.
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Figure 6
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Effects on Energy Prices

The net cost of any capacity policy cannot be understood in isolation from
its spillover effects on the energy market. It stands to reason that the more any
market can attract a diverse portfolio of efficient generating plants, the lower
the energy price will be. There have been a number of studies from PJM and
others with calculations that show —under specified assumptions — how energy
prices rise as the PJM reserve margin falls, and vice versa.

Figure 7 is based on PJM’s analysis, and shows the cumulative effects
of increases in energy prices as the reserve levels fall from 22 percent to 14
percent.'” The impact is quite substantial, amounting to $500 million per year
should reserve levels fall from 22 percent to 14 percent.

Figure 7
Cumulative Increases in Energy Costs Avoided at
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19 Based on figures provided in Ott Affadavit, p. 24.
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Figure 8, based on a conservative, production-cost based PJM analysis,
shows energy prices going up by $7/MWh as reserves fall from current levels
of 22 percent to 14 percent which could occur as early as 2011 (keeping fuel
prices constant for comparability). This is based on a calculated 7x24 mar-
ket heat rate of 6,100 Btu/kw in 2005 and 7,100 Btu/kw in 2011. This 1,000
Btu/kw swing in heat rate at a $7.00 gas price would result in a $7.00/MWh
increase in 7x24 prices. At a demand rate of 700 TWh per year, this represents
a $4-5 billion per year swing in energy costs by 2011. As the reserve levels are
reduced, the energy cost will increase, because the least efficient generation
units will be setting the price more often. !

Figure 8

Energy Price Changes at Various Reserve Margins
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Netting Out

Finally, to ensure that the capacity payment is not excessive, PJM has
added a netting provision to the RPM:

“If a new unit is to recover all of its costs from the PJM markets in
equilibrium, the unit needs to recover from the capacity market only
those costs not recovered in the other PJM markets. A competitive
offer price in the RPM market for a new CT for its first year of opera-
tion equals the total annual fixed costs of the CT, less expected net
revenues from all other sources. This is the incremental cost of new
capacity. Accordingly, the Cost of New Entry (CONE) value ... must
be reduced by an amount equal to the revenue a new CT can expect

See also “Affidavit of Benjamin Hobbs on behalf of PJM Interconnection, LLC
Before the Federal Energy Regulatory Commission”, August 5, 2005 for a more
extensive analysis of potential outcomes.
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to receive from the PJM energy and ancillary services markets, less
the variable expenses incurred to obtain those revenues (‘revenue off-
set’).”!2

The intent of netting out estimated energy and ancillary service revenues
is to ensure that the RPM is an efficient floor on generator earnings. Hence the
emphasis on the costs of the marginal unit in PJM markets “in equilibrium.”
Because these revenues cannot be accurately forecast, PJM has decided to use
the average revenues from the past six years as its benchmark:

“PJM will determine the energy market portion of the revenue offset
as the annual average of the revenues that would have been received
by the ‘Reference Resource’ in the preceding six years based on ‘(1)
the heat rate, variable cost, and other characteristics of the Reference
Resource; and (2) the actual fuel prices and Locational Marginal
Prices experienced in the PJM Region during such six-year period.’
Under this approach, the revenue offset is equal to the net revenues
calculated based on how a unit with the characteristics of the CT for
which the CONE is calculated would have operated under actual
PJM prices.”

Effect of RPM

As this review indicates, there is growing consensus in the analytical and
the regulatory communities that something like the RPM is needed to supple-
ment energy revenues, in an environment in which investors expect energy
revenues to be capped at precisely those times when they might increase by
enough to cover capacity costs. The RPM is a pragmatic approach to provid-
ing a floor on earnings that should be sufficient to motivate the next round of
investments in generation capacity and its transmission and demand manage-
ment substitutes.

The PJM generation queues show that there is investor interest in areas
where energy revenues are augmented by other sources. There are, as shown
earlier, 1,300 MW of wind projects in the PJM queues, all developing in re-
sponse to federal and state incentives to renewable energy sources. There
are also multiple DC transmission projects in the PJM queues, developing in
response to New York-based long-term contract opportunities. Even though
these development projects are responding to incentives and/or contract op-
portunities, they are still exposed to substantial development and market risk,
and therefore indicate that — given a supplement to energy market earnings
— there is keen investor interest in investing in PJM.

Finally, discussions about electricity market restructuring often reveal fun-
damental differences in belief about how markets are supposed to work. At one

12 “Affidavit of Joseph P. Bowring On Behalf Of PJM Interconnection, L.L.C. Before
the Federal Energy Regulatory Commission”, August 30, 2005, page 3. Mr. Bowring
is PJM’s Market Monitor.
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end of the opinion spectrum are the proponents of market forces, who argue
that the energy price mechanism simply needs to be allowed to work, even if
that means the price of energy goes to $10,000 in some hours. It may go to
those levels for a lot of hours in some years and very few in others, which is the
investor’s problem. But as a principle, the price mechanism must be allowed to
do its thing, and to throttle it with price caps is to risk getting on the “slippery
slope” back to regulation.'

At the other end are the opponents of market forces. They base their op-
position on the events in California, the behavior of some trading companies,
on the view that electricity cannot be commoditized because it is cannot be
stored, is a public good, and a natural monopoly, and thus needs to be compre-
hensively regulated. The “slippery slope” in this world-view is that allowing
market forces room to maneuver invites market manipulation and gouging of
consumers.

In the middle are the practitioners and investors, forced to be pragmatic by
virtue of the fiduciary and financial commitments they have made. For those
in the practical middle, “slippery slope” is just a metaphor. In the real world,
varying degrees of regulation and market forces routinely coexist, and the pro-
cess of creating a power market where none existed before is an exercise in
pragmatism and incrementalism. In this space, the power market of 2005 con-
tinues to evolve with state and federal regulators trying to make each regula-
tory release better, sometimes succeeding, sometimes not.

In this more pragmatic space, the question is not, “Will prices be regu-
lated?” but “How and when will prices be regulated?” because it is clear that
$10,000/MWh prices (or even $1,000), even for an hour, simply exceed what
the body politic will bear. In this space, the question is not, “Will organized
power markets go away?” because it is clear that PJM, the NYISO, ISO-NE,
MISO, SPP, and the CAL-ISO are here to stay. In this pragmatic space, where
deals are getting done, the actions of ISOs/RTOs are watched with intense in-
terest, because they are the consequences of pragmatic decisions by pragmatic
people whose job is to keep the lights on while trying to incubate some degree
of market forces in a long-regulated industry. The pragmatists, in other words,
expect both regulations and market forces to continuously adapt to each other,
and over time these hybrid sets of regulations and market activities reach what
may be called an “Angle of Repose,” a condition that may not be optimal from
a theoretical or doctrinaire point of view, but which works to bring the force of
competition into an area that many deem a natural monopoly.'*

13 William Hogan of Harvard University has prepared a description of an “energy
only” market which has been filed before the California Public Utility Commission
by the California ISO. See “On An ‘Energy Only’ Electricity Market Design For
Resource Adequacy, available at
http://www.caiso.com/docs/2005/09/23/20050923134305169.pdf

4 See Edward N. Krapels, “The Angle of Repose for Electricity Restructuring: The
2003 Energy Act, FERC, and the Outlook for Transmission Investment,” The Elec-
tricity Journal, January/February 2004, Vol. 17/1 pp 16-20.
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In the ISO/RTO space, an immensely important practical question has now
come to the fore: because regulators will mitigate energy prices, investors in
merchant facilities claim they must have some form of reasonable compensa-
tion beyond just the energy price if they are to recover their capital cost.

And for that reason we have the movement, begun by New York ISO,
joined by ISO-NE, and now endorsed by PJM itself, towards the regime of
capacity payments that is more predictable than the volatile capacity markets
of the original market design.

As we noted at the beginning of this report, and in each section, the es-
sential question for PJM and its new market areas is whether the market con-
struct will bring the competitive struggle to electricity. In the case of capacity
markets, the initial market design certainly brought the struggle. But the ex-
perience has revealed that the political economy of electricity will simply not
allow energy prices to rise to levels sufficient to pay for capacity/reliability
services. As a result, investment in new capacity has disappeared, and there is
reason for concern.

The RPM appears to us to be one of those areas where appropriately de-
signed regulation can co-exist with market forces and sustain PJM’s ability to
be a platform for bringing the competitive struggle to the electricity business.

Looking Ahead: Will Investors Invest If the RPM Is In Place?

This brings us to the critical question: what evidence is there that RPM
will cause investors to build the new capacity in the absence of long-term con-
tracts from credit-worthy entities? Critics of RPM argue that all it will do is
pay existing generators more to stay in business, and that there is no guarantee
that the new program will actually cause new capacity to be built.

This is too binary a representation of investor sentiment. Our experience
in working with investors, particularly those who have invested in New York
—where the capacity demand curve has been in place for several years — in-
dicates a growing willingness to include capacity payments in pro formas of
future revenues streams. At the moment, these streams are still subject to some
discounts — as investors must account for regulatory risk — but we see the emer-
gence of market confidence in capacity revenues under this new paradigm.

53



Impacts of the PJIM RTO Expansion

V. Electricity (Energy) Price
Effects of Integration

In an efficient energy market, measures of the manufacture of electricity,
such as the market heat rate, should shows signs of the competitive struggle.
In this section, we review energy prices in the “classic” PJM and in its new
markets to determine whether it meets that test, and we review technical analy-
sis of the savings from the expansion of the PJM market on the overall market
price.

Initial Generation Resource Endowment in PIJM
and in the New PJM Market Areas

Any measure of efficiency between markets must contend with the fact
that markets are endowed with different generation resources, and that each
resource has its own distinctive characteristics, especially in the capital cost of
construction, and in the cost of input fuels. To cite the most extreme example,
a wind turbine has a relatively high capital cost (between $1000 and $1300
per kilowatt), while a combined cycle natural gas plant has a lower capital
cost ($500 to $700 per kw). But a wind turbine’s fuel is “free” while a gas
turbine’s fuel is famously expensive (with natural gas prices exceeding $12/
million BTU in 2005).

The overall cost of electric energy is mostly determined by the capital cost
of the plant and the cost of the input fuel. Putting the two together, once the
capital has been invested, a wind turbine can bid its energy into PJM’s com-
petitive market at a price close to zero, while a gas-fired generator must always
bid a price of energy that pays for its input fuel.

Thus, the following comparison (notional, for illustration purposes only)
illustrates how — from an integrated capital recovery and operating cost per-
spective -- a wind turbine and a gas plant can offer power into the market at
roughly the same integrated price:

Type of plant Capital cost Fuel/O&M Total
($/MWh) ($/MWh) ($/MWh)

Wind turbine $45 $5 $50

CCGT $8 $42 $50

Note: This is meant only as a high-level comparison. It assumes a $1300/
kw capital cost for a wind turbine that has a 50 percent operating rate and
a $5.00 O&M. The gas plant is a CCGT with a $500/kw capital cost and a
7,000 Btu/kwh heat rate at $5.40 gas and a $4.00 O&M.

In practice, however, PIM (and other competitive markets) have estab-
lished separate procedures for determining energy and capital cost recovery
(also known as capacity, installed capacity, and reliability prices). In the en-
ergy market, the price bid into the PJM process by the wind facility is likely to
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be zero; it will be a price taker at any price level because its variable costs are
practically nil. In contrast, the natural gas plant will bid at a price at which it
can pay for its fuel. When the gas price is assumed to be $5.40 (as in our ex-
ample above), and the facility can convert gas into electricity at a rate of 7,000
Btu per kilowatt-hour (7.00 MMBtu/MWh), the minimum electric price the
plant is likely to bid into the PJM energy market is $38/MWh.

Each of the PJM market areas brings with it a history of generation en-
dowments: commitments to “legacy” pre-1990 nuclear and coal plants (which
share with wind the characteristics of high capital and low fuel cost), hydro
facilities (quite limited in PJM compared with other markets like California
and TVA), older oil plants (often built in areas closer to the coast and more
distant from the coal fields), and a very large infusion of new natural-gas fired
plants. More than 95 percent of the new generation capacity built in PJM since
1999 was fired by natural gas.

Figure 1
SONtI]ng Generation Capacity by Fuel Source
70,000
60,000
B Hydro ONuclear
50,000 OCoal OWaste
M NatGas W Oil
40,000 B Wind

30,000
20,000
10,000
0 n F =
AEP

Allegheny ComEd Dayton Duquesne ~ Dominion  Classic PJM

In spite of the recent (and since abated) surge of natural gas power plants
in PJM, both the “classic” and “new” PJM areas relied extensively on coal for
their baseload energy and capacity. Figure 1 presents a summary of the genera-
tion resources in both the “classic PJM” and its “new areas.” In Classic PJM,
hydro, nuclear and coal resources account for 37,000 MW of generation, 55
percent of total generation capacity. In the new areas, hydro, nuclear and coal
resources account for 68,000 MW of generation, 70 percent of total genera-
tion. The diversity of fuel sources gives consumers in the new, larger PJM an
energy market that reflects a variety of input fuels setting prices “on the margin
of the market.”

Additions to Generation Resource Endowment

With the addition of parts of Virginia, West Virginia, Kentucky, Ohio, and
Illinois to the original PJM market arecas comes a propensity for new genera-
tion requests to contain more coal plant interconnections. This offsets the pro-
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pensity to build gas plants in New Jersey, Maryland, and eastern Pennsylvania,
as seen in the chart below.

Figure 2
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PJM is also seeing an enormous increase in the number of interconnection
requests from wind projects. As of the end of September 2005, the 51 wind
projects in the various PJM queues constituted more than 70 percent of all of
the interconnection requests.

Applying The Economic Logic of Integration to
PIM

In principle, the economic logic of integration is that the appropriate ex-
pansion of an electric market will yield benefits (a) as a larger number of gen-
erating units can be subjected to the optimal economic dispatch to serve load,
(b) as the competitive struggle forces efficiencies in investment in both gen-
eration and transmission assets, and (c) as forward markets develop to provide
hedging opportunities to market participants.

The expansion of the PJM RTO to include Allegheny Power, ComEd,
AEP, Dayton, and Duquesne adds to the coal capacity of the PJM genera-
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tion portfolio. This additional coal capacity in the west provides a low cost
resource of energy that — given adequate transmission capacity -- can be ac-
cessed in the load centers in the east. Prior to the inclusion of the new areas
into the PJM RTO, the elimination of through and out rates between PJM and
MISO had already reduced barriers to trade flows from these western markets.
The inclusion of the new areas into PJM allows the more efficient dispatch of
generation in the larger market area, minimizing congestion and allowing the
optimal flow of power from western sources. These changes should manifest
themselves in market prices over time.

Price Effects of PJM Expansion As Measured by Powerflow Models

There are two ways of assessing the impact of PJM expansion on market
prices. First, we can use engineering models of the power market to simulate
the effects of market integration on energy prices at each node of the system,
pre- and post-integration. The specifics of how this can be done are described
in Appendix 1.

The effects of PJIM’s expansion are summarized in the “price contour
maps” (Figures 3 and 4). These maps aggregate the energy price outcomes in
two different market conditions: before integration between PJM and its new
market areas, and after integration. By its very nature, the Powerflow model
contains a representation of all of the transmission lines, generators, and load
buses in each market area. Generators are dispatched according to a “security
constrained” optimal dispatch at rates defined by a number of factors, most
prominently including the price at which they bid in their energy, the capacity
of each transmission line, and the level of demand from consumers.

The virtue of these Powerflow analyses is that they can be replicated by
others using similar tools. The results of the model’s analysis should not be
surprising. At all load levels, the consequence of PIM integration is a reduc-
tion in energy prices for the region as a whole. Essentially, that reduction stems
from the fact that there is surplus, relatively low cost energy in the West that
should be (and in the model, is) shipped to the East. The centralization of

Figure 4
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dispatch decisions and the elimination of transmission “seams” (transmission
charges by each utility for power flowing across its borders) facilitate this in-
creased flow in the Powerflow model.

The model also calculates prices at each node, and with those calculations
it becomes possible to measure load-weighted average prices in each area, pre-
and post-integration. The exact level of these prices is determined by a host of
necessary assumptions, among which the most important is input fuels prices.
The contour maps shown in Figures 3 and 4 reflect an array of input fuels
prices (presented in detail in Appendix 1) that yields an energy price difference
across a range of load levels of $0.78/MWHh: that is, the price of energy across
all of the regions of the expanded PJM market is $0.78/MWh lower post-inte-
gration than it was before integration.

We estimate electric energy consumption in 2005 in the expanded PJM
market will be approximately 700 terawatt hours. As a result, a $0.78/MWh
reduction in the area’s energy price would result in energy savings for the re-
gion as a whole of approximately $500 million per year.!

The PowerFlow model indicates that the beneficial impact of integration
makes itself felt across all of the various dispatch levels of the market, from
relatively low to the higher load conditions (in the chart below, the total system
load is represented by the Mid-Atlantic region load).

Figure 5
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These are the savings any PowerFlow model with similar assumptions
would project. Among the assumptions is that generators in the market will

! Electricity consumption is measured in watts (the power produced by a current of
one ampere across a potential difference of one volt). Even in the United States, a
metric system hierarchy is conventionally used to deal with size, thus 1,000 watts
= 1 kilowatt; 1,000,000 watts = 1 megawatt; 1,000,000,000 watts = 1 gigawatt,
1,000,000,000,000 watts = 1 terawatt. If the PJM market area consumes 700 TWh,
and the savings from integration are $1/MWh, then 700,000,000,000,000/($1 per
1,000,000) = $700,000,000 per year.
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behave competitively (that is, bid energy prices into the market that reflect
their marginal costs). To the extent this does not happen, actual market results
would differ from this idealized, technical picture.

In the real world, therefore, the question is whether the PJM platform has
accomplished the objectives of restructuring, i.e., subjected its participants to
the “competitive struggle.” If that is indeed happening, we expect to see in-
creases in efficiency in energy pricing in PJM’s central markets, and some
convergence in efficiency indexes (to the extent allowed by existing transmis-
sion constraints) between PJM and its associated markets. Given the specifics
of market design — particularly dividing activities into energy, capacity, and
ancillary services markets — we must address each market in turn. We begin
with the energy market.

Price Trends in PJM and Associated Markets

One of PJM’s most significant features is its benchmark, “PJM Western
Hub” energy price. We will be referring to that price repeatedly in the pages
that follow. As has happened in other energy markets, trade in the PJM market
has coalesced around this single index, which is an aggregate of a series of
buses in the original PJM market.> Market participants are now accustomed
to trading “PJM Western Hub” as the central instrument reflecting system-
wide market fundamentals, and then managing their regional and local risks
(or price differences between the market of greatest interest to them and the
PJM Western Hub), through other instruments that we will discuss later.

On-Peak Price Trends

We start with a simple review of energy prices, beginning with the on-peak
prices (from 7AM to 11PM on weekdays). Figure 6 shows the overall price
increase trends in PJM and surrounding areas that are consistent with fuel
price increases. There is a general trend towards price convergence between
the regions. This trend is more clearly defined in Figure 7 which highlights the
narrowing price differences between PJM, Ontario and ComEd.

Price swings from highs to lows are following a generally decreasing trend
that is difficult to see in Figures 6 and 7. This decrease in the magnitude of the
price swings is an important indicator of a decrease in market volatility. This
trend can be seen more clearly in Figure 8 which shows the absolute value of
the price difference between the monthly average on-peak price and the 12
month moving average (trailing). From mid-2001 to mid-2005, there is a clear
decrease in the deviation of monthly prices from the 12 month moving aver-
age. This decrease in volatility provides a significant contribution to promot-
ing liquidity in the PJM markets.

In the crude oil market, trade has coalesced around “West Texas Intermediate,” a
type of crude oil produced largely in Texas; in the natural gas market, trade centers
around the “Henry Hub” contract, which is a geographic center for physical natural
gas trade in Louisiana.
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Figure 6
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Price convergence is more apparent when smoothing price swings with
the 12 month moving average. Figure 9 shows the absolute value of price dif-
ferentials between PJM and Cinergy and between PJM and VACAR (Domin-
ion). The PJIM-Cinergy price difference shows a dramatic decline from 1999
t0 2001 and an overall decreasing trend. The PIM-ComEd/NI price differential
shows a similar pattern. The PIM-VACAR differential shows a remarkable
convergence from above $15.00 to well below $5.00/MWh.

Figure 9
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These trends — decreased volatility in power prices in spite of increased
volatility in natural gas prices, and an apparent convergence of price trends
between neighboring markets — need to be examined not only in terms of ab-
solute prices but also in terms of heat rates. We examine heat rate trends later
in this section.

Off-Peak Price Trends

ESAI has also analyzed the pricing trends for the off-peak periods for PJM
and the surrounding major trading hubs?®.

Figure 10 shows two interesting trends:

1) Price Divergence - the price spread between the various pricing hubs
was quite narrow during the period 2001 to 2002. However, from early
2003 to 2005, the price range between the Hubs widens.

2) PJM Winter Price Caps - the volatility of PJM prices has increased due
to the high price of off-peak power during the winter periods starting
in 2003. However, the magnitude of the peaks has not increased.

3 Note that there are fewer trading hubs for which off-peak prices are quoted.
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Figure 10
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PJM off-peak prices have been drifting higher relative to the other hubs.
We note that increases in PJM off-peak loads are increasingly being met by
gas-fired units. This is especially common during the early and late off-peak
hours — the transition period to and from the on-peak hours — when gas fired
units often set price. Also, low priced power from the western areas of PIM
(and imports from the west) tend to bind the internal west to east interfaces,
which can cause congestion and provide support to the PJM Western Hub pric-
ing index. The adjoining hubs will tend to see prices remain steady as PIM’s
import capability during the off-peak hours is limited by the binding internal
transfers.

The influence of gas on PJM off-peak pricing is clearly seen during the
winter months. Off-peak loads remain strong during the winter, as heating
demand does not rest at night. CCGTs are generally dispatched to meet the
higher winter off-peak demand and as such, wintertime off-peak pricing is in-
creasingly influenced by gas prices (load grows, but base load coal and nuclear
capacity remain stable or decline — gas fired units take up the slack).

As PJM increased its dispatch of gas fired units during off-peak hours,
marginal costs increased accordingly (given that gas prices were rising during
this period). Steadily increasing gas prices relative to coal result in higher off-
peak prices in PJM relative to the other hubs. This trend is likely to continue
in the near to medium term given the strong natural gas fundamentals — both
temporary from recent hurricane damage, but also structural, due to the lack of
excess production capacity.

While PJM winter off-peak prices showed higher volatility due to increased
exposure to gas prices, the overall volatility of the regional hubs does not ex-
hibit any particular trend. We can broadly define volatility for these graphi-
cal representations as the difference between the highest highs and the lowest
lows — the greater the difference, the higher the volatility. Figure 11 indicates
that volatility in 2003-2005 is not significantly different than seen in 2001.
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Although on-peak price volatility has been declining significantly, off-peak
price volatility has been constant or slightly increasing due to the increased
influence of gas pricing in PJM. This is largely due to the relative stability
of coal prices, which are the ultimate driver for off-peak pricing. In addition,
the load profiles during the off-peak periods tend to be much more steady and
predictable than the on-peak load profiles.

On Peak Heat Rate Trends

Studying pricing trends provides some interesting insights into the elec-
tric markets. However, because there are many external factors that influence
the price of power beyond the mechanics of efficiently operating the grid, it
does not always make sense to study price trends alone. For example, many
consumer advocates point out that electric power prices are higher now than
before de-regulation was implemented. This is true, but natural gas, coal and
oil prices have increased radically over that time, pushing electricity prices
directly higher as a result. These higher prices for electricity would have come
with and without deregulation.

Therefore, the more pressing question is whether electric markets under
PJM’s market design and expanding footprint have become more efficient.
We address this question by studying the market heat rate trends in PJM and
adjoining markets.

We convert PJM and other areas’ energy prices into “implied market heat
rates” by dividing the market price by the price of natural gas. In that way, we
can make a comparison of power prices normalized by the natural gas price. In
other words, prices can be compared without the influence of highly fluctuat-
ing natural gas prices. In generator terms, the heat rate reflects the efficiency
of the unit. An efficient combined cycle gas unit can produce power at a rate
of 7,000 Btu/kwh or 7.0 MMBtu/MWh. A less efficient gas fired steam unit
may require 11.0 MMBtu to produce the same MW of power. The market heat
rate provides insight as to where on the spectrum of efficiencies the market is
operating.
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To use this metric properly in an analysis of market trends, we have to
make note of the markets’ initial generation endowment. As the charts indi-
cate, in the late 1990s PJM and Cinergy both experienced a series of power
price shocks that sent their market heat rates to levels above 20 MMBtu/MWh.
Over the next five years, the very substantial increase in generation capacity
—most of it natural gas — lowered the on-peak market heat rate from these very
high levels to the 6 to 8 MMBtu/MWh range.

Figure 12
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Finally, the heat rate chart in Figure 13 also shows that the volatility of
heat rates is decreasing. The monthly deviations from the 12 month moving
average are used to illustrate the volatility. This trend is also a side effect of
the increase in trade, and may also be caused by substantial increases in the
liquidity of the day-ahead markets (which this chart reflects). There are indi-
cations that the amount of energy cleared in PJM’s day-ahead and real-time
markets has increased from less than 20 percent when the market was formed
to as much as 70 percent in 2005. Such dependence on short-term markets is
acceptable as long as there is sufficient uncommitted capacity in the market

Figure 13
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to meet swings in demand. As PJM and the neighboring markets use up their
large surpluses of generation, we should expect the market heat rates seen in
the chart above to begin to increase.

In addition to this decline, market heat rates in the PJM, Cinergy and VA-
CAR (Dominion) areas also appear to be converging, Figure 14. As we shall
see later in this report, this is an additional expected outcome from increases
in trade between the regions, which is one of the principal objectives of the
expansion of PJM.

Figure 14
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Off-Peak Heat Rate Trends

Off-peak prices have moved higher with increases in coal and natural gas
costs, but off-peak implied heat rates have remained very stable over time in
PJM as a whole. Figure 15 shows that off-peak heat rates have been relatively
stable from 2002 to 2005 for PJM and surrounding areas.

Figure 15
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Figure 16 compares the off-peak heat rates in PJM and ComEd. ComEd
heat rates have trended higher after integration, suggesting that flows from
ComkEd to PJM have increased. It is interesting to note that from May to Sep-
tember of 2004, there was little change in the ComEd off-peak heat rate. How-
ever, from October 2004 onwards, there appears to be a significant rise in the
heat rates. This is most likely due to the restricted flows through the AEP terri-
tory (about 300 MW) from ComEd to PJM between May 2004 and September
2004. When AEP joined in October, these restrictions were lifted and greater
flows from ComEd could be realized.

Figure 16
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Figure 17
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Heat Rate Effects from Joining PJM: An Introductory Comment on PJM
Zonal Pricing, Basis Risk, and FTRs

When a new area joins PJM, we should expect the heat rates of the markets
to begin to converge as participant seek trade opportunities within the larger
market. Commonwealth Edison joined the PJM market in early 2004. Prior to
that date, the heat rates differences between the markets — as seen in Figure
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18 below — averaged 1.8 MMBtu/MWh. As integration was implemented, the
heat rate differences diminished sharply. In the winter of 2004-2005, they were
typically below 1.0 MMBtu/Mwh, and for the period June 2004 to June 2005
the difference averaged 1.3 MMBtu/MWh.

Figure 18
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These changes in heat rates gradually become absorbed into the expecta-
tions of market participants. Instead of the hyper-volatility of the 1999-2001
period, in which participants in each market had to be cognizant of the pecu-
liarities affecting energy prices in that small market, current PJM market par-
ticipants will be able to develop views on the central price of one mega-market
indicator, that of PJM.

Figure 19
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Conclusions: Signs of Competitive Struggle in the PJIM Energy Markets

As we noted at the beginning of this analysis, the expectation of the PJIM
market design is that it would bring the competitive struggle to electricity
trade. Given the expansion of PJM, we need to look for signs of this struggle
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both in PJM’s central market — PJM Western Hub — and in its associated mar-
kets as new areas are absorbed.

Our review of heat rates — the best measure to use given the radical chang-
es in the price of natural gas — clearly indicates the competitive struggle in
PJM. Companies that have built new CCGTs have seen the market heat rate of
PJM Western Hub decline from an average of over 11.0 MMBtu/MWh in 1999
to 7.3 MMBtu/MWh in 2004. At these 2004 levels, the competitive struggle is
intense indeed, since new CCGT facilities will find it virtually impossible to
earn a profit in the energy side of the PJM market.

This difficulty of making a profit in the energy side of the business is
an expected consequence of the operation of market forces: generation in-
vestment in PJM in the 1999 — 2003 period was in excess of the immediate
and short-term needs, and operating margins have fallen accordingly. This is
not, however, the end of the competitive struggle analysis — as we have noted
— the capacity markets are also providing clear indications of this competitive
struggle.

We also examined energy prices in the associated markets of PJM — Cin-
ergy, VACAR, and ComEd. We expect integration to cause some increase in
convergence in heat rates in those markets. The exact extent of convergence
depends on the capacity of the transmission system (the more constrained, the
less convergence). We have shown that there are indeed signs of convergence,
which we interpret as the PJM platform conveying the competitive struggle to
each of the associated markets as PIM’s centralized dispatch and the better use
of transmission facilities are implemented.

The Management of Regional Price Risks: FTRs

Whether we are referring to the original or the expanded PJM footprint, it
is to be expected that the transmission system cannot enable all areas to experi-
ence the same energy prices all of the time. The cost of input fuels, the type of
generation, the levels of demand growth, and many other factors combine to
make market-determined energy prices vary from node to node, and from re-
gion to region in dynamic ways. Such pricing differences are essential market
forces, which PJM’s locational pricing framework brings forth on a real-time
and hourly basis.

Over measured increments of time — hourly, daily, weekly, monthly and
annually — the effect of these pricing differences is referred to as “conges-
tion” because limitations in the transmission system prevent energy flows from
equilibrating energy prices in PJM all of the time. Thus, in some hours/days/
weeks/months/years, one area of PJM will experience higher prices than oth-
er areas. Some of these congestion costs were essential characteristics of the
transmission system at the beginning of PJM’s formation, others are the result
of dynamic forces that have emerged more recently, and still others are the
result of forces that are foreseen in PJM’s studies of future market changes.
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In this system, “firm transmission customers” are those that originally pos-
sessed or have been willing to acquire PJM energy and capacity (or reliability)
services on PJM’s most secure basis. This firm service provides the highest
level of PJM assurance of delivery, but it does not protect these customers
from increased costs due to transmission congestion.

Financial Transmission Rights, or FTRs, are the mechanism that the PJM
market offers to manage the “basis risk” (or the risk that local or regional
price differences will change) caused by periods of transmission congestion.
In principle, with FTRs, risk-averse market participants can enter into long-
term supply contracts and purchase FTRs to become indifferent to the hourly
local energy price values. FTRs can be seen as an adjunct to the PJM energy
market, and are subject to their own supply and demand dynamics because
they are bought and sold, both in bilateral transactions and in their own PJM-
administered auctions.*

The efficacy of FTRs, therefore, is an important issue for both old and new
market participants. Ideally, FTRs facilitate the competitive struggle and allow
market participants with different risk appetites to absorb or shed the amount
of regional pricing risk they desire. As was the case in our analysis of energy
prices, we would expect to see positive signs of the competitive struggle in the
volume of FTRs traded and in a lack of bias in FTRs results.

Financial Transmission Rights

The starting point for this analysis is to review the zonal energy pricing
differences for the PJM market areas from 2001 up to August 2005. Figure 20
presents one compilation — the “basis” between each zone and the PJM West-
ern Hub index for all of the hours on an annual average basis. It indicates that
the eastern markets — Jersey Central Power and Light (JCPL), Public Service
Electric and Gas (PSEG), Atlantic Energy (AECO), and Baltimore Gas and
Electric all show rising congestion from 2003 levels, when all PJM regional
markets had lower congestion. On the other side of the congestion divide, the
American Electric Power and Commonwealth Edison markets entered PJM
with “negative congestion,” with average zonal prices below those of the PJIM
Western Hub.

4 FTR contracts are traded by auctions conducted by PJM. Auctions are conducted
for annual contracts in four rounds held in March and April. Monthly auctions are
held for available entitlements not sold in the annual auctions. PJM also facilitates a
secondary market for bilateral trading. Settlements for the contracts are based on the
daily average Day Ahead Market LMP differences between the contract source and
sink points (congestion revenue). The net revenue received by a participant that owns
an FTR contract equals the total congestion revenue determined in the Day Ahead
Market settlement minus the the cost of the FTR purchase. For example, if a trader
buys an FTR from the PJM Western Hub to JCPL at a cost of $2.00/MWh and the
final settlement price is $5.00/MWh, the trader receives a net revenue of $3.00/MWh
which offsets his increased costs of transfers. For more information on FTRs, see
PJM Manual 6.
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Figure 20
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The evolution of congestion illustrates one of the founding principles of
PJM: changes in congestion reveal changes in the fundamentals of electricity,
and because PJM has a larger footprint than an individual utility, consumers
have some ability (defined by the optimized capacity of the transmission grid)
to demand energy and capacity from different parts of the market. Thus, the
rapid increase in natural gas prices in 2004-2005 naturally caused an increase
in demand for lower-cost electrons from PJM’s coal-oriented regions. That
demand can exceed the ability of the transmission system, and due to the lim-
its of the transmission system, consumers in gas-oriented regions had to buy
more expensive power and producers in coal-oriented regions had to sell less
expensive power in their respective areas.

The role of FTRs in this dynamic is to give market participants a way to
hedge or manage these changes in energy prices. To the extent that they own or
can obtain financial transmission rights between PJM’s nodes and zones, and
to the extent that these rights are reasonably valued in the FTR marketplaces,
market participants can hedge the effects of these energy price changes.

The focus of this Report, however, is not on the mechanics of the FTR
market, but is instead on the overall efficacy and liquidity of that market. Fig-
ures 21 and 22 show the results of that analysis, indicating that the volumes

Figure 21
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of FTRs traded in PJM’s markets have risen from a few hundred megawatts
when the market was launched in 1999 to well over 30,000 megawatts in most
months of 2005. The number of participants has similarly risen from less than
10 in 1999 to more than 60 in 2005.

Figure 22

No. of Participants In Monthly FTR Auctions
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This increase in both participants and volume indicates a marked increase
in the depth and liquidity of the FTR market. Typically, the number of bids
submitted is about 10 times higher than the bids cleared, which is also indica-
tive of the interest in this market and the depth of participation.

These increases in FTR trading volumes also indicate that a growing
amount of energy in the PJM market is being settled in the day-ahead and real-
time markets, which in turn is an indication of the relatively low volume of
longer-dated trades that have been taking place in the constrained 2003-2005
power market financing environment, which we discuss later in this report.
Given these financial realities, a robust FTR market in which market partici-
pants have confidence is an enormously important asset in the overall PJM
market design. We will show in a subsequent section that this confidence is
borne out by indications that FTRs do provide an unbiased market for hedging
locational price risks.

Figure 23
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VI. Electric Trade Effects of
Integration

One of the purposes of PJIM’s expansion is to stimulate increases in elec-
tricity trade. ESAI has conducted a study of the change in transfers between
PJM and the recently merged market areas to determine the extent to which
PJM has facilitated increases in trade. Prior to integration, the transfers with
an outside area were identified as an external transfer or external interface. The
interface nomenclature accounts for the fact that the transfers between PIM
and a specific area can occur over multiple lines connecting the areas. PJIM
tracks and posts external interface data on an hourly basis.

After integration, the transfers across the interface were subsequently re-
garded as internal flows and this flow data was no longer posted by PJM. A
new set of external interfaces was defined by PJM consistent with the new
RTO borders which are now monitored and have posted data. With the ‘in-
ternalization’ of the previously external interfaces, the transfers between the
newly merged area and the pre-integration PJM configuration were no longer
monitored. Therefore, comparing transfers pre- and post-integration posed a
significant challenge.

ESAI worked with PJM staff to develop data sets of the metered flows
across the individual lines that make up each of the external interfaces for the
areas prior to integration. These metered flows were aggregated to develop
metered interface flows, which could then be compared on a pre and post inte-
gration basis.! We were not able to do a similar study for the Commonwealth
Edison transfer flows because ComEd never had a contiguous interface with
PJM prior to integration.

The following charts and analysis represent the culmination of this inten-
sive data gathering effort and provide useful insights into the changes in trans-
fers that can be attributed to the merger of new areas. We conclude that:

1. In general, transfers with the merged areas have increased post-inte-
gration. This is a reflection of both the optimization of dispatch and
the increased opportunity for trade within the RTO.

2. Transfers between AEP and PJM increased notably post integration.
Transfers with the neighboring (but not integrated) First Energy area
did not increase.

' The metered flows across the interface will not necessarily match the external in-
terface data tracked prior to integration. The tracked external interface data represent
only scheduled flows whereas the metered interface flows developed by ESAI rep-
resent all power flows, including loop flows. ESAI has used the metered flows both
before and after integration to ensure an equal comparison.
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3. Transfers with Allegheny Power continue to increase over time.

4. While it is early to draw firm conclusions about transfers between
Dominion and PJM, early data indicates that net transfers to Dominion
have changed dramatically. This is a reflection of lower local dispatch
within Dominion and a corresponding higher level of imports from the
rest of PIM.

Allegheny Power Integration Transfer Impacts

The Allegheny zone (AP) covers a major portion of West Virginia as well
as small portions of Western Pennsylvania, Maryland and Virginia. This area
is rich in lower cost coal generation. Since integration in April 2002, transfers
between AP and PJM Classic, now the Mid-Atlantic zone, have increased sig-
nificantly.

Figure 1

XIS AP-PJM CLASSIC ' - g

INTERFACE I

e

Figure 1 displays the interface between Allegheny Power and PJM Clas-
sic. In the year preceding the Allegheny integration, on-peak transfers aver-
aged 1,700 MW from Allegheny to PJM and ranged from 1,000 MW to 2,200
MW. Figure 2 shows the metered interface flows from AP to PJM from May
2001 to June 2005. The data display a clear trend of increasing transfers over
time. In the more recent period from January 2004 to June of 2005 on-peak
transfers averaged 2,200 MW, an increase of 500 MW.

Transfers from AP to the Mid-Atlantic (PJM Classic) area are limited by
transmission constraints at the AP South and Bedington-Black Oak interfaces.
Upgrades identified in PJM’s RTEP will increase the transfer capabilities of
these internal interfaces, particularly at Bedington-Black Oak. This will allow
further increases in transfers from AP.
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Figure 2
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AEP Integration Transfer Impacts

The American Electric Power (AEP) territory covers a number of utility
areas to the south and west of the Allegheny Power area. AEP covers parts of
western Virginia, eastern Kentucky, Ohio, Indiana and Michigan. The AEP
service area is also rich in coal generation resources, with AEP being an indus-
try leader in the advancement of coal generation technologies.

Figure 3

AEP & FE
INTERFACE
WITH AP AND
PJM CLASSIC

Figure 3 provides a representation of the PJM Western Export interface,
as it existed prior to the AEP integration. Prior to the AEP integration (January
2003 through September 2004), on peak transfers averaged 1,550 MW from
AEP to PJM. Post-integration transfers have averaged 2,300 MW, an increase
of 750 MW, (see Figure 4).
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It is interesting to note that the First Energy transfers to PJM did not exhib-
it any significant change during the AEP post-integration period. A review of
scheduled transfers with FE indicates that transfer flows can exceed 2,000 MW
in either direction. This suggests that the potential for increases in transfers ex-
ists but did not materialize. This indicates that the AEP transfer increases are
attributable to the merger with PJM.

Figure 4
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Dominion Integration Transfer Impacts

The Dominion service territory covers most of eastern Virginia and eastern
North Carolina. The Dominion generation portfolio is very diversified with
strong base load capabilities in nuclear and coal as well as having depth in effi-
cient combined cycle gas fired generation and simple cycle peaking units fired
on gas or oil. Dominion has some hydro generation capability as well as over
1,500 MW of pumped storage capability that can meet peak demand needs.

During on-peak periods, Dominion relies heavily on the gas and oil por-
tion of its generation portfolio to meet its regional demand. While Dominion
has a diverse generation portfolio, it remains more dependent on natural gas
and oil than its neighbors to the west. Due to the high prices of natural gas and
oil as well as strong regional load growth, on-peak energy prices in Dominion
often rival or exceed those seen in the eastern Mid-Atlantic zones PSEG and
JCPL.

Dominion’s integration into the PJM RTO facilitates imports and exports
consistent with the relative merits of Dominion’s fleer within the larger PJM
generator stack. Figure 5 below shows the Dominion and PJM interface that
has now become internalized within the PJM RTO.
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Figure 5
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Typical historical on peak transfers between Dominion and PJM involved
flows from Allegheny Power (PJM West) to Dominion and flows from Do-
minion to PJM Classic (PJM East or Mid-Atlantic). Figure 6 provides the his-
torical flows between these areas and shows the dramatic shift in flows as
Dominion became integrated into PJM in May 2005. These interface flows are
metered flows across the lines that comprise the interfaces to Allegheny (PJM
West) and PJM East.

Figure 6
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Compared to the first four months of 2005, May and June net flows in-
creased into Dominion from PJM by 1,000 MW. This increase in transfers
from Allegheny Power and the corresponding decrease in transfers to PJIM
East are directly reflective of changes in the operation of Dominion’s assets
expected upon integration into the PJIM RTO. The two months of data should
not be viewed as a ‘startup anomaly’ but rather a confirmation of the changes
expected under the integration.
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ESATI’s powerflow models predicted similar trends when comparing the
dispatch of Dominion’s generation assets pre- and post-integration. Using a
typical summer on-peak scenario (PJM Mid-Atlantic loads at 45,000 MW),
Dominion would dispatch just over 15,000 MW of local generation to meet its
demand operating outside of the PJIM RTO. Typical historical import/export
flows were considered in the model. When aggregating Dominion and the oth-
er newly merged areas into the current PIM RTO configuration, the Dominion
local generation dispatch drops by over 1,000 MW and prices in Dominion fall
by over $10/MWh. The drop in local generation is due to increased flows into
PJM, consistent with the transfer behavior exhibited in Figure 6 above.

Conclusions

These changes in pre- and post-integration power flows are what any tech-
nical powerflow program would project, and yield precisely the economic ben-
efits that we have been discussing throughout this report.

For the areas that increase their imports, the flows from PJM typically
provide not only lower-cost power, but also often a welcome diversification in
the portfolio of power sources.

For the exporting area, the increased flows represent economic opportuni-
ty to expand production. At first, that will primarily come in the form of higher
utilization rates. As generators in exporting areas perceive they have greater
opportunities to sell energy and capacity outside of their traditional borders,
we expect to see them build new capacity, promoting economic growth in their
market areas and increasing the overall supply of their products both inside
their traditional area and into the larger PJIM.

Finally, the measurements we have made in these pages indicate immedi-
ate changes in transfers across what used to be PJM’s borders. The capacity to
increase flows between what are now internal boundaries is certain to increase
as PIM applies its five year (and beyond) Regional Transmission Expansion
Plan across the larger area. PJM has already identified one conceptual project
— Project Mountaineer-- that could increase the West to East transfer capacity
by up to 5,000MW.

Whether or not the particular expansion identified in the early Mountain-
eer discussions emerges, it is clear that PIM provides a regulatory, contractual,
trading and planning framework that is likely to result in even more electric
trade in the future, to the benefit of all the areas of PJM.
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VII. Afterword:
Innovation Efficiency

There is a large amount of evidence and analysis on the effects of re-
structuring and deregulation on the U.S. economy. To some extent, there is
still disagreement about the scale and scope of benefits to consumers from
restructuring airlines, telecommunications, road carriers, and banks. But by
and large, expert opinion agrees that “deregulation’s net benefits to consumers
are substantial . . .” As Clifford Winston, Senior Fellow in Economic Studies
at the Brookings Institution has argued, “industries are likely to behave quite
similarly when it comes to adjusting to deregulation, and that their adjustment,
while time-consuming, will raise consumer welfare—significantly even at first,
and increasingly over time. Markets will become more competitive. Firms will
develop innovations to become more efficient and more responsive to consum-
ers. The benefits to society will grow as the adjustment continues.” 2

Surveys in the scholarly literature on the effects of restructuring and de-
regulation provide a variety of estimates of the effects. In the surface freight
transportation sector, for example, MIT’s Paul Joskow shows that “service
quality improvements and service quality differentiation has been a key fea-
ture of the evolution of these transportation sectors post-deregulation, “ and
that “the adoption and rapid diffusion of CCGTs was stimulated by allowing
competitive entry into electricity generation.” Those examples lead Joskow to
propose an important “lesson learned” from restructuring: “too much empha-
sis on static efficiency gains or losses and not enough emphasis on the factors
influencing the rate and direction of product and process innovation which are
likely to have much larger consumer welfare effects.”

In a very real way, PJM has been an engine of innovation ever since the
very first market design meetings were conducted. From the original concep-
tion that electricity could be subject to spot pricing like other commodities
(albeit with very important market design characteristics to account for its
unstoreability and interconnectedness), to the elaboration of those ideas into a
Tariff, to the management of what became an enormously large interconnection
queue, to the incorporation of workable rules for the integration of merchant
transmission projects and demand-side management programs into the system,
to the reconsideration of what is required to attract capacity investments in an
ever-evolving hybrid market-regulatory regime, PJM itself has spawned many
innovations in its pursuit of becoming an effective platform for as competitive
a power market as reliability requirements and politics would allow.

2 Clifford Winston, “U.S. Industry Adjustment to Economic Deregulation,” 12 Jour-
nal of Economic Perspectives, No. 3, Summer 1998, pp. 89-110.

3Paul L. Joskow, “Regulation and Deregulation after 25 Years: Lessons Learned
from Research in Industrial Organization,” Review of Industrial Organization (2005)
26: p. 188.



With that platform now (mostly) in place, on the basis of American experi-
ence with regulation, it is a given that industries where market forces subject
participants to the competitive struggle spawn more innovation than industries
where market forces are absent. As with the airlines and telecommunications
businesses, the effect of these innovations takes time to materialize. Over time,
however, their effect snowballs and brings permanent enhancements to con-
sumer welfare. We have also learned from these other industries that restruc-
turing of major industries is the work, not of a few years, but of a generation.
By that standard, PJM’s effects after 10 years of introducing competition to
electric markets is still in the early stages.
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Appendix I:
ESAlI POWER FLOW
MODELING

To assess the efficiencies of centrally dispatching the PJM RTO system,
ESALI utilized a modeling system from PowerWorld Corporation. This model
contains all of the modeling algorithms that define the transmission and gen-
eration systems and more importantly, that calculate power flows and prices
across the system. ESAI inputs all generator information and other system data
such as interface constraints and import/export flows. ESAl utilizes proprietary
fuel forecasts, generator heat rates, and bid behavior to develop the economic
information required for the generator bid curves embedded in the model.

ESAI uses PowerWorld’s Security Constrained Optimal Power Flow
(SCOPF) tool to achieve an economical operation of the system while con-
sidering not only normal operating limits, but also violations that would occur
during contingencies. The SCOPF changes the system pre-contingency oper-
ating point so that the total operating cost is minimized, and at the same time
no security limit is violated if contingencies occur.

The SCOPF has the ability to produce bus locational marginal prices that
fully and simultaneously model the economics and the security of the network.
This function is indispensable to simulate the performance of a system, region,
or utility in a market environment, and to analyze the system conditions that
result in high marginal prices. They are also used to study the effects and eco-
nomic impact of network congestion. The computation of security-constrained
locational marginal prices in Simulator follows the philosophy of PJM’s mar-
ket design.

ESAI uses the model in a DC mode, which calculates price differences
due to system congestion, but ignores system losses. This is consistent with
the PJM operation of the Day Ahead Market models and allows for an equal
comparison with results expected from the actual Day Ahead Market.

ESAI uses over 1,100 contingincies in its N-1 security constrained dis-
patch analysis. This means that the model opens (takes out of service) each of
the specified lines and transformers, one at a time, and then redispatches the
system on an optimal basis such that no line or transformer capacities are ex-
ceeded. The contingencies represented are on the 138 kV systems and higher.

Case Comparison Methodology

Four distinct powerflow cases were developed for this analysis to repre-
sent the system on a pre-integration basis and a post-integration basis. Each of
the cases below were developed for the system as it exists in 2005 and for the
planned system outlook in 2010.
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1) Pre-Integration — The PJM Classic area is dispatched centrally while
each of the merged areas — AP, ComEd, AEP, DPL, DLCO and Do-
minion — are each individually dispatched. All dispatches are on least
cost economics while maintaining security limits.

2) Post-Integration — The full PJM RTO is dispatched centrally, opti-
mized as a whole for least cost economics while maintaining security
limits on the system due to contingencies.

The cases were run at 5,000 MW increments from 20,000 MW to 55,000
MW based upon the PJM Classic load profile — however, all area loads were
scaled in tandem with the PJM classic loads. At each load level, the total PJM
price (or PJM plus ‘non-merged areas’ price) was calculated by load-weight-
ing the area or zonal prices to achieve a representative RTO price for that
specific load level.

In this manner, ESAI developed a set of load-weighted prices for each load
level in each of the four cases that were assessed. The table below shows the
comparison of the 2005 case data. The Dispatch Optimization Improvement is
the difference in the two cases.

The results are again load weighted against the annual load profile of PJM.
We used the load profile for 2004 as the most recent data set. By applying
the annual load profile, we can get a load sensitized result which in this case
was $0.79/MWh. This is the average savings per megawatt-hour calculated
for centrally dispatching the full PJM RTO as opposed to individual regional

dispatches.
Table 1
Dispatch Optimization of Expanded PJM RTO Vs PJM Classic: 2005 Case
Load Weighted
Dispatch Contribution To
System Load, Expanded Optimization % Of Total | Dispatch Optimization
MW PJM Classic* PJM RTO Improvement Load Improvement
20,000 $33.89 $36.90 ($3.01) 0.06% ($0.00)
25,000 $39.11 $39.56 ($0.46) 12.17% ($0.06)
30,000 $46.09 $44.85 $1.25 24.55% $0.31
35,000 $50.43 $49.40 $1.03 33.32% $0.34
40,000 $60.55 $59.31 $1.24 18.40% $0.23
45,000 $69.55 $70.57 ($1.02) 8.76% ($0.09)
50,000 $86.91 $85.77 $1.14 2.45% $0.03
55,000 $114.42 $103.27 $11.15 0.29% $0.03
Total RTO Dispatch Benefit $0.79

Benefit At 700 TWh Net Energy Consumption $554,000,000

* - Includes disaggregated dispatch of new areas.

A comparison is shown below of results from the 2010 cases. The overall
savings in 2010 are slightly lower on a MWh basis at $0.68/MWh, however,
load growth takes the total energy consumption up to 750 TWh and also pro-
vides a result of just over $500 million on an annual basis.
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Table 2
Dispatch Optimization of Expanded PJM RTO Vs PJM Classic: 2010 Case
Dispatch Contribution To
System Load, E: ded Optimizati Of Total | Dispatch Optimization
MW PJM Classic | PJM RTO Improvement Load Load Weighted
20,000 $34.26 $36.21 ($1.95) 0.06% ($0.00)
25,000 $39.70 $39.84 ($0.14) 1217% ($0.02)
30,000 $45.77 $45.21 $0.56 24.55% $0.14
35,000 $50.01 $48.43 $1.58 33.32% $0.53
40,000 $56.59 $54.21 $2.38 18.40% $0.44
45,000 $64.24 $68.26 (84.01) 8.76% ($0.35)
50,000 $77.57 $80.21 ($2.63) 2.45% ($0.06)
55,000 $97.33 $93.82 $3.52 0.29% $0.01
Total RTO Dispatch Benefit $0.68
Benefit At 750 TWh Net Energy Consumption $506,000,000
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Load Flow Case Results At 45,000 MW System Load (PJM Classic) - Disaggregated Dispatch
MW Marg. Cost (Ave
Area # Area Name # of Buses AGC Status| Weighted by Load) Gen MW Load MW

31 PSEG 488 OPF $100.24 3,361 8,084
145 VAP 532 OPF $91.12 15,358 14,008
28 JCPL 699 OPF $89.10 2,269 4,665
37 RECO 14 OPF $87.11 - 329
34 AE 438 OPF $85.67 1,262 2,130
30 PECO 412 OPF $85.03 3,289 6,437
36 UGl 34 OPF $83.64 47 140
29 PL 346 OPF $82.87 6,249 5,434
27 METED 244 OPF $81.89 2,755 2,067
32 BGE 474 OPF $76.85 1,975 5,426
35 DP&L 478 OPF $76.84 2,111 3,097
33 PEPCO 195 OPF $71.60 3,093 5,098
26 PENELEC 462 OPF $66.00 2,987 2,092
363 NI 1356 OPF $59.01 18,302 17,537
201 AP 466 OPF $46.73 5,950 6,582
209 DPL 111 OPF $44.96 2,820 2,779
205 AEP 1076 OPF $43.75 20,567 18,643
215 DLCO 93 OPF $41.32 2,382 2,189

94,778 106,737

Load Flow Case Results At 45,000 MW System Load (PJM Classic) - Central RTO Dispatch
MW Marg. Cost (Ave

Area Num Area Name # of Buses AGC Status| Weighted by Load) Gen MW Load MW

31 PSEG 488 OPF $96.70 3,104 8,084
33 PEPCO 195 OPF $90.26 3,988 5,098
32 BGE 474 OPF $89.09 2,243 5,426
28 JCPL 699 OPF $88.82 2,251 4,665
34 AE 438 OPF $86.50 1,264 2,130
30 PECO 412 OPF $85.66 3,291 6,438
27 METED 244 OPF $82.25 2,755 2,067
29 PL 346 OPF $81.10 5,965 5,434
145 VAP 532 OPF $80.33 13,205 14,008
36 UGl 34 OPF $79.07 38 140
35 DP&L 478 OPF $77.91 2,154 3,097
201 AP 466 OPF $63.54 6,551 6,583
37 RECO 14 OPF $62.56 - 329
26 PENELEC 462 OPF $60.96 2,987 2,092
363 NI 1356 OPF $51.49 17,940 17,537
205 AEP 1076 OPF $50.92 20,995 18,643
209 DPL 111 OPF $50.72 3,305 2,779
215 DLCO 93 OPF $49.81 2,573 2,189

94,610 106,740
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Additional Heat Rate Analysis
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Appendix 1I: Additional Heat Rate Analysis

ComEd and PJM Heat Rates - On-Pk
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Impacts of the PJIM RTO Expansion
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Appendix lll: Additional FTR
Analysis

Annual FTR Auction Results

2005-6 2004-5 2003-4
MW Cleared |Round 1 [Round 2 [Round 3 [Round 4 [Round 1 [Round 2 JRound 3 [Round 4 [Round 1 JRound 2 [Round 3 JRound 4
All 31,073 40,017 37,852 36,778 | 20,173 22,294 26,925 29,160 | 22,565 22,255 20,077 17,605
Obligation 23868 30593 26053 24713| 18373 17921 20010  19317| 16418 17087 12794 11864
Option 7205 9424 11799 12065 1800 4373 6915 9843 6147 5168 7283 5741
On-Peak
Obligation 6616 10201 8217 12989 8185 7378 7579 7805 5056 6195 3411 3212
Option 2555 4713 5193 5266 1124 2227 3581 5479 1889 2313 4054 2675
Off Peak
Obligation 6127 7233 5530 5582 5350 5110 6004 6319 4976 4812 3605 3164
Option 1489 4606 5792 6736 532 1866 3079 4365 2064 1955 3130 2800
24 Hr
Obligation 11125 13159 12149 11408 4838 5432 6428 5192 6386 6080 5778 5489
Option 3161 105 800 63 143 280 255 0 2194 900 100 265

FTR Growth 2003-2005

2005/6
2004/5
2003/4

Mw Total FTR Volumes 2003-2005, Annual Auctions




Appendix I111: Additional FTR Analysis

FTR Bids - Total MW Submitted Vs Cleared
Monthly Auctions

FTR Bids - Total No. Submitted Vs Cleared
Monthly Auctions
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No. Of Offers Submitted Vs Cleared FTR Offers - Total MW Submitted Vs Cleared
Monthly Auctions
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Total MW Submitted Bids Vs Offers Total MW Cleared Bids Vs Offers

400,000 FTR Monthly Auctions 6 FTR Monthly Auctions
350,000 40,000
300,000 | " de M:’M;“b";“ed , 35000 | ® 2'; Mmired )
| Offer submitte m Offer leare
250,000 30,000
25,000
200,000
20,000
150,000 15,000
100,000 10000
50,000 o

MW FTR - Western Hub to JCPL; Volume and Clearing Price MW FTR - Western Hub to PSEG; Volume and Clearing Price
300 $14.00 450 $16.00
250 === MW Cleared $12.00 400 === MW Cleared lq $14.00
—=— Clearing Price $10.00 8 350 —#— Clearing Price $12.00 g
200 i 300 L B
ss00 2 250 2
150 & . $8.00 §
$6.00 G 3
100 < 150 $6.00 2
$400 2 H
2 100 $4.00 S
50 * =
$2.00 50 $2.00
0 $- 0 $-
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Impacts of the PJIM RTO Expansion

MW FTR - Western Hub to Eastern Hub; MW FTR - Western Hub to PEPCO;
_ Volume and Clearing Price o0 Volume and Clearing Price $20.00
250 === MW Cleared 600 === MW Cleared $18.00
—=— Clearing Price $14.00 o —=— Clearing Price $16.00
g 500 $14.00 2
o o
2 400 $12.00 £
H $10.00 H
o S0 $8.00 O
g 200 $6.00 §
& $4.00 &

Mw FTR - AEP-Dayton Hub to Western Hub;
300 Volume and Clearing Price $20.00
=== MW Cleared $18.00
250 $16.00
Clearing Price . 8
200 $14.00 £
$12.00 @
150 $10.00 §
$8.00 E
100 $6.00 §
$4.00 &
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