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Abstract

The wholesale power industry isin glut in many regionsin the US and will be for several years.
Deregulation of the late 1990s changed the decision-making within the power markets,
specifically on when to construct (and stop construction of) power generation plants. Not only
did deregulation trigger the boom in construction, which created today’s glut, but the current
regulatory regimes have made the electricity market far more cyclical going forward.
Smulations and logic both indicate that another round of shortage, overbuilding and glut will
follow the current glut, with some types of earlier recoveriesleading to more extreme
overbuilding than the last episode. Investorswho view the market as cyclical will a) not wait
for firm prices before initiating more capacity construction (since prices are a lagging indicator
of capacity investment opportunity) and b) not rely solely on industry standard models (which
do not fully anticipate disequilibrium and market cycles). Regulators have both a responsibility
and an apparently limited window of opportunity to implement market changes to stabilize the
mar ket.
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1. Introduction: Enduring glut, but then what?

It has become a diché to say that the wholesdle dectric power indudtry isin turmoil. Following
the Federd Energy Policy Act legidation of 1992, saverd date legidatures compelled varying
degrees of divedtiture, and utilities within these states separated themselves from their power
generation plants. Shortages of generation capacity (whose originswill be discussed below) then
boosted wholesde dectricity prices around the turn of the century, most notably in Cdifornia (in
combination with weether and natura gas dbnormdities). But in 2001 through 2003, aglut of
new capacity has arrived, prices are severdly depressed, and bankruptcies and forced asset sales
arelooming.

What does the future hold? Unlikely as it may seem, among the clearest paths to understanding
the Stuation isin essence to start in the middle of the sory: where we are now and the
“extragpolatable’ future—what we can see by extragpolating from where we are now. Thenwe
can look back to see the underlying causes—induding how deregulaion changed the underlying
rules of the game and resulting market behaviors. Armed with that understanding, we can look
further forward, out beyond straightforward extrapolation from the present. In the gpproximate
words of Wington Churchill, “the further back you look, the further forward you can look.”
Thereis dill somewidhful thinking on when conditions will dear up. Generating eguipment
makers can look abroad to hope to sdl more turbines and generators, to Chinafor asurge of
demand, or to Europe to replace hypotheticaly-retiring cod plants. Then there is the school of
thought that “if it takes ustwo yearsto get into trouble, they should dear up in not much more
than that.”

Unfortunatdy, thislogic is quite wrong. It did take only afew yearsto build more power plants,
but those plants will be around for decades. Retiring them, and making no money a al from
them, issddom an option.1 The big quedtion is how many yearsit will take for norma demand
growth to soak up the excess capacity.

The range of answersis not encouraging. For illugtration, we can examine USfigures. Even
though the US market comprises distinctly different regional markets, the aggregate figures are
broadly representative.2 Fgure 1 shows North American Electric Reigbility Council (NERC
2003) higtorica data and (darting 2002) forecasts for US Summer generating capatzlty3 and pesk
demand plus a (15 percent) reserve margin.4 By regulation, custom, and prudence, generating
capacity is supposed to exceed expected pesk demand by a reserve requirement, which varies
date to sate, market to market, and in some cases, city to city. To cut through the details, we
have increasad the pesk demand numbers by areserve margin 15 percent, which isafairly

typicd planning margin.

Copyright 2003 O PA Consulting Group, Inc.



1200

1100 Capacity

_

1000

€ Run-up to deregulation —)|

2001 margins not
seen again until
after 2012

Peak demand +
reserve margin

Peak demand and summer capacity
(GW)
(o]
o
o

(2]

o

o
l

(o)) o N ™M < n o N~ o O I N nm I W O ~N 0 O O - N ™

(0] [ )] o O )] o O o O o O o O O O O O O O O d o dJ

o O O o O O o o 0O o0 0 O O O O O O O O 0O O O 0O o o

- - - - - - - - - i - N N N N N N N N N N N N N N
Year

Figure 1. Industry-standar d data and forecastsfor capacity and peak demand (from NERC
2003)

Despite the current capacity excess, cgpacity continues to grow faster than demand for 2004
through 2006. Thislargely represents completion of plants aready committed and under
congruction before the current glut became compdlingly dear, plus plants going into locations
isolated by transmisson condraints and thusin need of further congtruction even amidst generd
EXCess capacity.

After about 2006, very few capacity additions happen, and demand beginsto catch up to the
supply. But the lines do not cross (representing areturn to the reserve margins present in 2001)
until the year 2012. At an annua growth rate of only 2 percent per yeer, it takes many yearsto
work through the present capacity excess.
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Fgure 2 provides another view of the historic data and forecadts, explicitly showing the reserve
margin of the Summer generating capecity over the peek demand. Demand growth generdly
outpaced capacity congtruction over the entire period during which deregulaion was being
debated, defined and implemented. This caused fdling reserve margins, reeching alow point in
1999, representing Sgnificant capacity shortage, and thus vulnerability to shocks and high prices
from fuel prices or westher-driven demand, which isindeed what hgppened in 1999. But
deregulation permitted price and profit incentives to creste awave of new cgpacity coming on
line. Reserve margins are forecadt to triple dmogt from 1999 to 2005. The years of declining
reserve margins result from demand gradudly growing up into the standing capacity. By these
numbers, it will not be until after 2012 that reserve margins (and profitability of operating
generding plants) can return to 2001-like conditions
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Figure 2. Reserve margins computed from NERC data and (for 2002 on) for ecasts.
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But what of the uncertainties? The continuing addition of generating capacity may be regarded
aspessmigic. Fgure 3 shows the capacity and demand figures for 2001 and beyond, overlaying
by aline representing capacity, on the assumption that no net growth at dl happens after 2004.

So even if some congtruction projects go on line after 2004, they are assumed to be exactly
baanced by retirements. Making this assumption does move the data a which 2001 margins
return from after 2012 to 2009 (i.e. when the capacity line next crosses the demand-plus-reserves
line), which gtill implies severd hard years of glut.
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Figure 3. NERC forecasts (with 2001 actuals) for summer capacity and peak demand plus
reserve margins, overlaid with more a optimistic assumption for capacity.

Copyright 2003 O PA Consulting Group, Inc.



Fgure 4 adds a amilar exercise for assumptions about demand growth. In addition to the
roughly 2 percent annua growth rate shown in Figure 3, Figure 4 adds an dternative curve
growing 3 percent per year, from the 2001 actud vadue. Thisisagrowth rate rarely equaed
even in unusud sub-regions, and so represents a digtinctly optimigtic assumption. Increasing the
assumed demand growth rate moves the return of 2001 margins from after 2012 to 2009.
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Figure 4. NERC forecasts (with 2001 actuals) for summer capacity and peak demand plus
reserve margins, overlaid with more optimistic assumptionsfor both capacity and demand
growth.

If one makes the doubly-optimistic assumptions both thet cgpacity growth will cease utterly, and
that demand will grow well above historica expectations, then the return of 2001’ sroughly 15
percent reserve margins moves earlier ill, but only to 2007. So barring atruly extreordinary set
of events (for example acombination of both sgnificant retirement of cod plants dueto
environmenta regulation and economic growth well beyond thet of the 1990s), very few events
could subgtantialy reduce the capacity glut and the attendant depressed prices and cash flows
any fader than 4 years. 4 yearsisthe very optimistic number indeed.  In brief, the wishful
thinking iswrong, and the redligtic thinkers and pessmidis are correct; US power markets will be
in glut for savera more years.
But for planning power generation, even if only amargind possibility, 4 yearsin advance is well
within an gppropriate and responsible leadtime to plan for deding with the end of the glut.
There are severd mgor questions that need to be answered:
What caused the run-up in prices and overbuilding? Was it inexperience in newly-
deregulated markets, or atrandent effect from the change in regulaions, never to
happen again? Or has deregulation changed the game permanently?

Will the glut end with a* soft landing”, prices reasonably stable around a moderate vaue,
or can we anticipate another price run-up?
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Whét can playersin the wholesale power do about the Stuation? How should they
approach drategy questions under the new regulatory regime?

To address such questions, we created a dynamic Smulation model. That mode (described in
the Appendix) represents gperation of power markets and investment in power generation in
specific regionsin the US. We both involved industry experts extensively and tested this mode!
agang datafor severd regions, smulaing both pre- and post-deregulation decison-meaking and
market behavior. We bdieveit to be awdl-tested theory of short-, medium- and long-term
power market behavior, and of regulatory impact on that behavior. The mode provided a test-
bed for answering these questions. To begin building answvers, we look first & how deregulation
impacted decison-making and thus the events of the 1990s and early 2000s. In the discussion
that follows, we will use data and smulations for the PIM (Pennsylvania/ New Jersey /
Maryland) region. That region represents amiddle-ground in the impact of deregulation, having
shown neither the largest nor the smallest market fluctuations.

2.  Why did the current cycle happen?

Deregulation shifted dectricity generation away from regulated monopoly toward competitive
markets, trandforming dectricity from aregulated utility with asingle provider to acommodity
with multiple providers. In so doing, the eectricity generation industry has gone from a
relativey stable industry to one that is much more likely to lurch from boom to bust and back.

To see why this has happened, we mugt examine deregulaion and its impact on decisorn-making,

particularly on decisonsto invest in generating capacity .
2.1. Deregulation changed therules, the players, and thusthe decision-making

Three facets of wholesde power deregulation underlie the boom-bust behavior to be examined:
1) the uncertainty for investors that derived from the years-long process of deciding to
deregulate, 2) the entrance of multiple generatorsin a given geographic market and 3) the
cregtion of energy markets where participants could price dectricity on a campetitive basis.
These interact to change decison-making in four ways.

Uncertainty prior to deregulation created a need to build. The former regulatory regime
provided dectric utilities with a geographic monopoly, with an obligation to serve regiond usars
in exchange for aregulated rate of return on invested capital. Utilities built new plants to meet
projected needs. When these new plants began generaing, the cogt of the plant plusthe
regulated rate of return went into the retail rate base, setting aretail price that guaranteed the
utility a profit on invested capitdl. Operationd costs such asfud, operations and maintenance,
and taxes were passed through to consumersin the retall rates. Regulators required utilitiesto
demondrate aneed prior to including a plant in the rate base, but the basic congtruct was to
encourage utilities to build adequate capacity to reliably meet regiond needs.

During much of the 1990s, important details of deregulation were unclear. Discussons a the US
Federd leve culminated in the Energy Policy Act of 1992, but Sate regulation and organization
of markets took years more—for example, the PIM market wasn't fully operationd until 1999.
Prior to finalization of deregulation schemes, what the utilities knew was that they may be
required to divest or separately manage their generating assets. Whether or not generating assets
would be part of the rate base, and whether utilities could recoup their investment through
regulated retall prices was uncertain. Some date regulatorsin fact told utilities that new plants
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would not be included in the rate base. Under such circumstances, it would be imprudent to
construct new power plants, and many utilities avoided condruction, even in the face of
impending dectricity needs. So by the time the deregul ation regime was defined and
implemented, there was a built-in need to build more power plants within the coming few years,
smply to catch-up with the demand growth that had continued to advance during those years of
uncertainty.

Requirement for profits makesthe“ build” signal come later. In the regulated regime, utilities
built power plants when a need was forecast between future capacity and future demand. Prices
(from merchant generators who accounted for asmall fraction of tota capacity) didn’'t much
matter to the congtruction decison. Utilities built to serve future need, and costs went into the
rate base.

Deregulation opened dectricity generation to market competition. Regiona wholesde markets
were cregted to provide a place and means for trading ectricity products and services and for
dearing supply and demand.”> Generator profitability became afunction of expected market
price and production codts, instead of the former guaranteed return on invested capita. New
investment was opened to al comers, and price and profits became the Sgnd for entry to or exit
from the market place. But note that higher prices happen when current demand istoo cdloseto
current caaa:ity.6 By comparison to the regulated period, the (price) sgnd for “sart building
capacity now” arrives saverd years later than the (forecasted capacity gap) signd once did. Both
price and operating (utilization) forecast are usudly anchored in current and recent market and
operationd behavior. When prices were high in 1999, 2000, and 2001, deve opers tended to
forecadt prices to continue being high. Twenty-year voldility forecasts were commonly based
on 1999 and 2000 voltility activity without accounting for future changes in the supply and
demand baance. Expectations on future capacity utilization factors are dso commonly based on
current and recent activity by plants with Smilar characteristics.

Although the market structure has changed, the process of developing power plants remains
much the same. Power plants are large, long-lived capitd assets. Asst life ranges from 20 to
100 years; congtruction costs range from $300 to $1500 per kilowatt built, depending on the type
of facility. It typicaly takes 1 to 3 yearsto Ste, permit and finance a project and from 1 to 3
yearsto congruct. So deregulation has crested an imbaance, where only immediate need
moativates construction, but congruction till has substantiad lead times before new capacity can
mest the need.

Market pricing makes the “ build” signal louder. Prior to deregulation, utilities commonly
contracted with other utilities or independent power producers to buy and sl dectricity.
However, prices were generdly cost plusasmal markup. In aregulated environment, excessve
profits from energy sales were generdly returned to consumers viarate discounts. High prices
and prdfits were rare, and there was little incentive for utilities to sdl power in the wholesde
market on a competitive besis.

Deregulation created energy and capacity markets where buyers and sdllers could trade energy
and cgpacity a competitive prices to match supply and demand.’ The ability to set prices based
on supply and demand dlowed generators to command a premium when supply wastight. Since
generation supply was generdly tight around the country when deregulaion was first
implemented, prices tended to reach historical highs when loads were high. Since dectricity is
generated and sold on ared time bas's, price across the day and from season to season recorded
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unprecedented levels of volatility the first years of deregulation. This sent extended price/profit
Sgnasto developers until new capacity could be brought through the development pipdine.
Prices and opportunities for optimism make the “ stop building” signal weaker and later.
As regulated monopolies, utilities prior to deregulation had complete knowledge and contrd of
power plant congruction in their region. The utility knew what plants were being constructed
and which ones would finish when. Apart from incorrect demand forecasts and possibly
condruction problems, there was dmogt no possibility of over-building.

Deregulation changed the picture. No longer was a Sngle entity planning for and providing
generation in asngle market. Now multiple players were competing in the same market with
potentidly overlgpping market share gods and less than perfect knowledge about the regions
development activity (and hence future capacity). Even though information about announced
plants and plants actudly under congtruction was available to al, lack of confident knowledge of
other player’s plans created opportunities for optimism. If one assumed that many older plants
would retire, or thet a competitor wouldn't redly complete an announced plant, then garting
another plant could be consdered acceptable, even when the raw figures showed an impending
cgpacity glut.

Moreover, if prices and profits remain high while the boom of condruction is making itsway
through the congtruction pipeline, developers are badancing alack of future need for generating
cgpacity agang clear evidence that building capacity is very profitable. And aslong as plants
are profitable, should one redly care about load forecasts? In the words of one executive we
interviewed, people were making “the maximaly optimigtic defensble assumptions’.

To some extent, the new market rules created new roles and incentives that amplified the need to
make optimidtic assumptions. Mgor organizations would now be judged, not on ther serviceto
the public, but in mgor part on the volume of their ded flow.

Of course, dl of this doesn't mean that developers don't eventudly decide that enough is
enough. But intypica deregulated markets, the “ stop building” sgnas become fully effective
only when a capacity glut has become obvious—when it isinevitable.

To summarize, deregulation changed the rules and the players, and thus the decisonsin four key
ways.

Uncertainty prior to deregulation crested a need to build

Requirement for profits mekes the “build” sgnd come later

Market pricing makes the “build” sgnd louder

Prices and opportunities for optimism make the “ stop building” sgna weeker and later

R SR A o

With this background, we can now examine the history of how such decison-making impacted
market behavior—the root causes for the present state of affairs.
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2.2. Decisonsplay out to create boom and bust: The PJIM example

The stage for the recent boom was set by the deregulation processitsdf. Asdiscusson of
deregulation began and progressad in the early to mid 1990s, power plant condruction in many
parts of the country cameto avirtud hdt. Figure 5 shows power plant capacity for the PIM
region, which grew lessthan 1 % between 1994 and 1998; pesk load growth exceeded 5% for the
sametime period. Interviewswith industry executives indicated thet utilities and independent
power producers were hesitant to invest in new cgpacity while the market rules (and even
deregulation itsdlf) were an uncertainty.
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Figure5. PJM capacity and peak load from 1985 thru 2002
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This dearth of generation investment in the years prior to the formation of competitive wholesde
markets meant that as the first markets were formed in 1999, reserve margins (excess capacity
required for system reliability) were very tight around the country. Figure 6 shows reserve
marginsfor PIM. Asthe new dectricity market began, ared need for additiond generation
capacity existed and the stage was st for the boom soon to come.
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Figure6. PIJM Historical Summer Reserve Margins. Source: WWW.NERC.COM

The summer of 1999 brought higher than average temperatures and with that record dectricity
loadsin much of the United States. PIM saw dectricity prices hit $1000 per megawatt hour in
the summer of 1999. In addition to anew overdl pesk price, the maiden year of the PIM energy
market recorded unprecedented price voldility.
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Deregulation created the opportunity for new entrants to participate in eectricity markets that
were previoudy redricted to the monopoalidtic utility. This opened the door for utilitiesin one
region to compete in another region, for foreign utilities to enter the U.S. market, for existing
independent power producers to expand their operations, for other utilities such as gasto enter
eectricity and for totaly new operations to start-up. Table 1 shows severa companies that
entered the PIM market following deregulation. 1n some States exiging utilities were required to
divest generating assets, thereby requiring new entrants. In other states, new entrants competed
directly with exidting utilities. In ether case, multiple competitors changed the dynamic within

theindudry.
Company Tvpe of Generator Home Location Notes
AES Enterprise Independent Power Producer Virginia
JAmerGen Energy Company 11.C it Joint venture of Exelon & British Energy |
Calpine Corp. Independent Power Producer California
Cinergy Utility Obhio
Conectiv Utility PIM
Consolidated Edison Development Corp. JUtility New York
| Covanta Energy Corp Independent Power Producer INew Jersey
Duke Eneray. Utility North Carolina Electricity & Gas
| Edison Mission Energy Merchant California Q i
El Paso Energy Corp. Merchant Texas Gas & Electricity
ion Merchant Texas
Exelon Generation Merchant Chicago & Philadelphia
FPL Energy, Inc. Merchant Florida Owned by Florida Power & Light
| Mirant Corp Merchant Georgia Eoun
NRG Eneray, Inc. Merchant Minniapolis Owned by Ecel Eneray
|Reliant Fnergy. lnc Merchant. Iexas
Sithe Independent Power Producer New York
| Statoil Energy. Inc Merchant Nonvay Qwned by Statoil
TXU Eneray Industries Co. Merchant Texas
Wllllams Independent Power Producer Oklahoma Gas & Electricity

Tablel Sample of compam&sownlng power plantsm PIM

Between 1999 and 2002, the eectricity industry within much of the United States experienced a
dramétic boom in power plant congruction. 1n 1998, there was gpproximately 725,000
megawetts (MW) of generation capecity in the United States. Currently, the North American
Electric Reliahility Council, NERC, projects thet there will be approximately 885,000 MW by
the end of 2003, and 970,000 MW by the end of 2005 when most current congruction will have
comeonline. Nationdly, that isa30% increase in generaing capacity over seven yearsin an
industry where demand growth has generaly averaged around 2% annually.

Copyright 2003 O PA Consulting Group, Inc.

12



Power plant congtruction has not been evenly didtributed across the country. The northern plain
dates MAPP region, saw virtudly no capacity growth while many of the mid-western states,
ECAR region, will see capacity expansons of doseto 50%. Figure 7 provides aregiond
breskdown of cgpacity expansion.
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Figure7. Historical Capacity Data by U.S. Region (Source: NERC: www.nerc.com)

The PIM market (lissed as MAAC in Figure 7) is arepresentative example of the investment
boom. At the end of 1999, PIM had gpproximately 58,700 MW of generating cgpacity. 1n 2000,
roughly 700 MW of new cgpacity came online, followed by roughly 1,000 MW and 5,000 MW
in succeeding years. And at the beginning of 2003, there was over 6,000 MW of generating
capacity under congruction in PIM; thisis expected to come online in 2003 and 2004.

As new cgpacity came online, pricesfdl dramaticaly. By the end of 2002, energy pricesin PIM
had largdly returned to pre-deregulation levels, capacity prices had collapsed to near zero. New
devdopment activity had come to ahdt, and of the few plants ill in the pipdine, some will be
completed, some will be completed very dowly, and some will be mothbaled. The boom is

over, and the glut is here. We are now in aposition to draw conclusions about the impact of
deregulation.
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3. Deregulation per manently changed decision-making and vulner ability

to boom and bust

3.1.  Structural vulnerability and triggers

Deregulation changed the decison-making process for building and operating generation

cgpacity, and alowed a boom and bust behavior to emerge. Deregulation has changed the nature
of the wholesdle power market into something more closdy resembling other cydicd

commodity products. The picture in such indudiries is a generdization of the picture that
emerges for wholesale dectricity. Supply (cgpacity), demand, and price interact through
feedback loops—as in any market—nhut there are delays in the response of both supply and
demand to price dgnds, asillugrated in Figure 8. These ddays, as we have seen, dlow
overshoot in cgpacity investment (booms) and later undershoot in invesment. So if the sysemiis
disturbed (as by the under-investment that preceded deregulation), thereisastructura
vulnerability to boom and bust—cyclica—behavior.
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Figure 8 Basic Feedback Structure of Electricity Markets

Vulnerability to cydesis not the same as necessarily exhibiting boom and bust. Some triggers
are usudly required. By andogy, automobiles with worn shock absorbers are likewise
vulnerable to lurching up and down (and perhgps making their passengersill). But acar with
bad shock absorbers will not lurch up and down just Stting in the garage—it needsto be driving,
where irregularities in the road, or even abrupt driving will trigger the up-and-down moation. But
it must be noted that sometimes, if the motion has been triggered strongly enough, the up-and-
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down will persst through severd cycles, each cyde triggered by the momentum of the previous
one.

Smilarly, many conditions can trigger market cycdes. Deregulation, new technologies,
economic upturn or downturn, and changesin rlated markets eg. in fud prices and availability
can and have triggered boom and bugt. In addition, just the “echa” of a previous boom and bust
will suffice to trigger another cycle.

3.2.  Echofrom thisboom and bust will cause another cycle

Congder the likdy industry conditions for 2003 through, say, 2008. With the depressed market
conditions, new congruction projects are unlikely to start. Projectsthat were dready in
condruction during 2003 will mostly have been completed. The condruction pipdine will be
amos completey empty.8 The dearth of power plantsin the pipdine will infact be as
ggnificant asit was leading up to 1999 and the ensuing condruction boom—this time due not to
uncertainty about future regulations, but due to uncertainty about future prices (which, aswe
have seen, are expected to fdlow current prices).

So much the same decison-miking will again come into play, with condruction sarting up, but
no capacity relief for severd years, high pricesin the interim, and profit incentives driving over-
invesment. Figure 9 shows asmulation that applies the same (deregulated) decision-making
rules continuing to be gpplied beyond 2003, with ancther boom resulting?

PJM System Capacity
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Figure 9. Simulation of PJM System Capacity.
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Will participants learn and avoid the next cyde? This seems unlikely, as the same organizaions,
roles, and personad and corporate incentives are in place as before. History shows that in many
other cydica markets, the short-term incentives are too powerful for participants to go againg.
Who will cal for massve new investmert in the midst of terrible market conditions?

The likely occurrence of a*rebound boom and bugt” answers two important questions:

1 Did deregulation cause the previous boom and bust? Yes, both in creating the structural
vulnerability and most of the trigger.

2 What's the prognosis for the coming years? Given that the construction pipelineis as
empty asit ever was, there won'’t be any smooth return to normal conditions, but a
relatively rapid switch from bust back to another boom.

Before drawing implications of these conclusions, let us explore each a bit further, and then
return to ther implications.

3.3. Would aglut have happened without deregulation?

It is unlikely that without deregulation, the recent boom in power plant congtruction would have
occurred. Deregulation set the stage for the power boom by 1) creeting extended market
uncertainty thet dried up cgpacity investment prior to market creation, 2) alowing multiple
participants to enter the market, and 3) by creating a market structure that alowed participantsto
competitively price. These three factors combined with the inherent delays in acquiring new
capacity creeted a strong price/profit Sgnal that was observed by multiple competitors over
severd years. Multiple developersinitiated projects. Although most participants knew of
competitor activity, until congtruction began there was sgnificant uncertainty whether
competitors would follow-through with projects in the development process. By that time
sgnificant momentum was built into the development process as contracts for construction hed
been committed to, turbines and other equipment had been purchased, and potentidly energy
contracts had been acquired. Without deregulation, the basis for the boom would have not likdy
been present.

If the markets had remained regulated, utilities would have likely continued congtruction to keep
pace with load growth; prices would have remained cost based; and only one player, or few
players, would have been active per geographic area (thereby having perfect informetion of the
regions development activity). Congruction may very well have picked up as utilities moved to
newer technologies, but then more depreciated capacity would likely have been retired too — as
plants moved out of the rate base and no longer produced profits. Aswith historica experiences
over and undershoot of capacity would have been guided with over or under forecasting of load
growth.

3.4. Uncertaintiesand Monte Carlo

What course will generation capacity in the PIM and other U.S. markets follow over the coming
years? This paper has presented a theory on the structures that drove the recent boom and
current bust in the PIM eectricity market. Y et the behavior that these structures project going
forward is heavily dependent upon assumptions outside the scope of the crested modd, such as
underlying load growth, retirement or mothballing policies of the participants, fud price
trajectories and even the weether. To judge the range of possible behavior to come in the PIMV
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eectricity market it is necessary to explore the crested modd under avariety of scenarios.
Individud scenarios can provide some ingght into possible ranges of behavior, and Figures 10

and 11 display system capacity trgectories and average annua peek price trgjectories for a series
of individua scenarios where near term retirement Strategies are explored. (Pesk price is the two
week average energy price between the hours of 7 am and 11 pm.) Given that the current market
has excess cgpacity, one might expect participants to seek to remove capacity from the market
place. Thisisan uncertain assumption. The eectricity market has seen excess capacity before,
but there has never been large scde retirement of power plants. (In the late 1970s and early
1980s load growth dramaticaly decreased from higtorica growth levels of approximately 7%
annudly to amore moderate level seen since of approximately 2% annudly.
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Figure 10. PJM Generating Capacity.
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PJM Annual Average Peak Price (¥MWH)
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Figure11. PJIM Annual Average Peak Prices.

Instead of amulating a series of individud future scenarios, an dterndive andysstechniqueis
to perform a series of Monte Carlo Smulations varying avariety of future assumptions within
expected ranges to bound the likely path that the PIM dectricity market will take. Figures12
and 13 present output from such an andlys's, displaying possible ranges of future congtruction
activity and energy prices.

Copyright 2003 O PA Consulting Group, Inc.

18



Fgure 12 disdlays a Monte Carlo andyss of PIM cgpacity under condruction. A range of
vaues were investigated for future retirement policies, future load growth rates, fue price
trgectories, and week to week weether variaions. The red mean line represents the point to
point mean, not the average smulation. A hogt of trgjectories create this mean; afew sample
trgectories (individua Smulations) are overlaid on the digtribution. The sheded aress represent
gradientsin likdihood of projected behavior, with each band of sheding representing a 25%
likdihood of vauesfaling within thet band

This series of amulations suggest that PIM is unlikely to see Significant congruction activity
until the end (or toward the end) of the current decade. The current glut seems likdly to depress
new congtruction activity for at least the next 4 to 5 years and possibly as much as 10 years.
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Figure 12, PJM Monte Carlo Analysis of Capacity Under Construction.
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Condruction activity islikely to remain low because the current glut will tend to depress prices
throughout the current decade, until some combination of load growth or capecity contraction
(retirements or mothballing) bring reserve margins back to a more competitive level. Figure 13
indicates that prices are likely to be in rdaive stablettill the end of the decade. At thet time
ggnificant uncertainty arises asto whet price leves will be seen. Various combinations of
growth, retirements, fuel prices and year-to-year wegther patterns begin to combine to create
sgnificant uncertainty what prices levels will be seen. A significant probability exist thet the
next decade will bring high energy prices and a new congtruction cycle in the dectric power
indudtry.
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Figure 13. PJM Monte Carlo Analysis of Energy Prices.

Copyright 2003 O PA Consulting Group, Inc.

20



4. Implications

4.1. Deregulation meansthefutureislikely boom and bust

The discusson above makesiit clear that “rationa” decision-making on investment in new
capacity isamogt certain to creste an gpproximate repesat of the earlier price run-up and
subsequent over-invesment.  Glut-scarred investors will reguire firm prices to assure the
prafitability of new investments. This means future investment will likely wait until demand is
dready pushing the limits of existing cgpacity. At that point, it will be severd years before new
plants can be sted, financed, and congtructed. Given typicd variability of westher and demand,
there will be multiple years of high demand and very profitable generation—ample incentive to
agan invest optimidicaly, and thusin excess.

Strategists would do wdl to think specificaly in terms of acydica merket (admittedly of
somewhat uncertain timing), where ddaying investments has its own risks—joining the herd and
“buying a the pesk”. A kind of courage will be required, to look at trendsin capacity and
demand asthey emerge, and to understand and ultimately trust andytica results. Only with such
courage will investors begin investing in time to have cgpacity on line when (as prices show) it is
needed. Only with such courage will investors stop investing in time to avoid money-losing “me
too” plants.

4.2. Early recovery may mean more violent boom and bust

The timing of recovery of the power and capacity markets depends on severd uncertain factors.
One of theseishow quickly demand grows. If demand growth exceeds expectations and dlows
earlier recovery, it will likely be amixed blessing, because this will dso tend to make the next
boom and bust more pronounced. The higher the growth rate during the time when new plants
are being congructed, the larger the imbaance will be between supply and demand, the higher
prices are likely to get, and the more difficult it will be to sop congruction in the face of obvious
oversupply.

4.3. Priceisalaggingindicator of investment opportunity

How will investors know when the gppropriate time to begin new investment arrives? The
discussons above make it clear that waiting until prices firm up isa strategy for late invesment.
Better indicators, indicators that in fact lead opportunity, would be trends in capacity and pesk
demand, and trends in “swing” capacity factors. Some plants (most notably combined-cycle
plants) can function as ether expensive basdoad plants, or low operating cost pesk load plants.
To the extent that these move from pesk operation to steadier operation (with correspondingly
increasing capacity factors), that is an indication of impending tightness of capecity.

4.4.  From now on, responsble regulation must consider long-term market stability
In retrogpect, the discussion before deregulation was incomplete, given that it focused primarily

on efficency. Few knew to ask the question “do we want to deregulate if it turns eectricity into
agrongly cydicd commodity? What's worth more—prices lower on average, or Sable prices?’
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To befair, cydicdity, even though present in many other indudtries, was il only atheoretica
possibility when the deregulation discussons sarted. However, now that boom and bust has
been dosdy associated with not only energy deregulation but aso tdecommunications
deregulation during the 1990s, and a nrumber of academicaly rigorous sudies have linked
dere%ulation to cydicdlity, the theoretica possibility has become reasonably well-established
fact.” Boom and bust are being discussed as serious issues in regulatory submissions™©

The question of efficiency versus sability bears asking again, as (de)regulation is il evolving.
The US Federd Energy Regulatory Commisson (FERC) isrefining and promulgating the
Standard Market Design (SMID) for energy and capacity. And FERC rulings are mativating the
formation of Regiona Transmisson Organizations (RTOs), which in many respects perform the
same market functions for use of transmission assets as do Independent System Operators (1SOs)
for generating assets.

What can or should be done to address the stallity issue? Let us consder one possibility asa
representative of wider discusson and andysis that should take place.

The discussion above has repeatedly come back to the point that any regime is bound to be
destabilizing if it makesinvestors wait until prices are dready high to begin new congruction.

As suggested above, one cannat count on history changing individud’ s behavior in the face of
powerful current incentives. A surer route would be to change the system that cregtes the
incentives.

While some regions have markets for cgpacity contracts, on the theory that payments for
capacity should defray congtruction codts (and payments for power defray operating costs), the
cgpacity contracts usudly have reatively short terms—months or quarters. And capacity prices
are known to plummet rapidly if capacity isin excess. So as presently condiituted, developers
have few means to assure themsdves of adequate return, before prices firm UP' One samulation
study by Andrew Ford on supply and demand for combined cyde generzation1 suggests that
congstent capacity payments stabilize the dectricity markets, by stabilizing projected return on
generation congtruction, and hence not delaying congruction as demand (plus required reserves)
approaches capacity.

In generd, the more power and capacity transactions that can be executed with long-term
contracts, the more stable one would expect returns, capacity expansion, and hence wholesdle
(and retail) pricesto be. Of course, during aglut and very low prices, no producer wantsto lock
in those money-losing prices. Correspondingly, during a shortage and high prices, no utility or
other Load Serving Entity (L SE) would want to commit to years of paying high prices. In
practica terms, the only redlistic opportunity regulators would have to extend the market’ s use of
longer-term contracts would be in the trangtion period between bust and boom. Consider the
market for long-term bonds. Although the interest rate does rise and fdll, it does so very
modestly in comparison to short-term rates, representing smaler changes in the market’ s view of
long-term market progpects. If asmilarly degp and liquid market for long-term power and
cgpacity could be indtitutionalized, investors would be back in aregime where long-term returns
are rdatively wdl-known and stable, and the congiruction decision comes back to forecadts of
whether there will be demand when the condruction isfinished. Thiswould be a*“virtud re-
regulation”, duplicating with market insruments (and regulatory requirements) the kind of
planning that dl utilities formerly did.

The point here is not to advocate this change or any other, but to raise a critica issue coupled
with aplaugble and time-critical solution. Given what is now known about merket cydicdity,
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repongble examination and evolution of regulaions mus explicitly congder this dimengon of
their impact on the market.

45. Standard production cost models offer only partial insight into issues of cyclicality

Production cos modds, an industry sandard, are a two-edged sword. On the beneficid edge,
these detailed models of generation, dispaich and “production cost” use actud plant datafor the
firg five years or so of their caculations for plant economics. They offer extraordnaily
detalled, very fact-based results.

On the less beneficid edge of the sword, Smplifying assumptions begin to creep in, even for
ealy years. Modders must make judgments about construction cancellations and dowdowns,
but without benefit of ameans of quantifying the feedback between cancdllaions, anticipated
market conditions, and further cancdlations.

More serioudy, for the outer years of calculaion, sSince current plant data no longer indicate
what capacity islikely to be present, the production cost models hypothesi ze appearance of
enough capacity to just meet assumed demand with adequate returns. Projections from 1999
would have interpolated from near-term high prices (possibly starting to descend) to acceptable
pricesin a 2009 equilibrium. Such projections, unless manudly “judged down” would missthe
portion of the decade in which prices were severdly depressed. Investment decisions based on
such price projections would (in retrospect) have been sysematically optimidtic.

Anayses based on data but not quantification of capacity investment behavior are caught in a
dilemma They are accurate and dependable only over time-gpans where anyone is powerless to
do much different to impact the market and its disequilibrium behavior.

Modd s that do not dynamicaly trace out invesment, cancellations, cgpacity and price
trgectories, while very useful for many questions, should be supplemented by resultsfrom a
dynamic modd when dedling with questions of return over the medium and long termin a
disequilibrium mearket. And dearly, for evduating market sability and disequilibrium, modes

that assume equilibrium are substantidly less than fully gppropriate when used in isolation.
Thisis definitely not a recommendation to abandon production cost models; we and our
colleagues are acutely aware of the enormous usefulness of production cost models. Indeed, part
of PA’s development of the current dynamic model was extengve testing againg production cost
modes. And we anticipate a continuing synergy between dynamic modes and standard
production cost models. Therolefor each, and their use separately and together, depends
ultimately on the questions being answered.
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Appendix—Description of the Electricity Capacity Investment / Mar ket
Model

This gppendix provides an indicaive orientation on the dynamic capacity invesment / market
model used to arrive a the conclusions discussed above. Before enumerating the contents and
functioning of the modd, the process by which it was constructed bears brief description.
System Dynamics modeling was the obvious methodology of choice, deding asit does with
expliat feedback contral in disequilibrium Stuaions (Ilke market dynamics), with potentialy
nonlinear and changing feedbacks (like deregulatlon) Q/Stem Dynamlcs hasalong higory of
deding with cydesin generd aswell as commodity cyclesin pa”ucular Energy and
eectricity have long been afocus™

For the task of understanding the impact of deregulation, we undertook to evolve amodd
dructure (starting from an existing mode!) that could be parameterized to represent three
different regionsin the US. PIM (Pennsylvania/ New Jersey / Maryland), ISO-New England,
and SO New York. We interviewed seven industry executives as well as power systems experts
within the research team on their views of what went into the decison-making pogt-deregulaion.
Most data on pre- and post-deregulation market behavior came from public sources, dthough
some data were proprietary compilations.

So the modeling task was to make these three bodies of knowledge—yprior theory, industry
knowledge, and numerica data condstent. The process was iterdive, involving both parameter-
tuning and questioning the theory and numbers, visually & first, then using “fit” statistics™®

The modd isimplemented in PA’s Jtiasmulation software®” Inthe version reported here,
there are a bit less than 5,000 state variables, reflecting consderable duplication of sructure for
different plant technologies and age groups, and expectations of various kinds (for each of the
plant types) over multiple time horlzons The modd smulatesthe years 1985 to 2025 on a
gandard lgptop in under aminute®® This isalarge modd by academic Sysem Dynamu:s
sandards, and a medium-9zed modd by the sandards of commercia System Dynanlcs This
isatiny modd by comparison to the power industry’ s slandard * production cost” models?°

But enough background. What'sin the moddl? At the highest level of abdraction, the model
implements the classic feedback loops among supply, demand, and prices thet typicaly underlie
disequilibrium, cydicad commodity market behavior, asilludrated earlier in Figure 8.
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At the next level of detall are the sorts of variables that virtudly any causd, fundamenta modd
of power marketswould have™ Figure A 1illustrates:

Capacity Available

Capacity in 11 plant types, Energy and
each in 6 age groups Capacity Markets
Bidding for energy and capacity Reserve margins
Capacity factor Merit-order dispatch for 6
Operating costs, fuel consumption periods during the day Demand for Eneray
Operating margins Wholesale spot prices for

Load in 6 periods

6 periods during the day during the day

—] Average energy contract Short- and long
Capacity in Development price term demand
Perceived capacity in pipeline Auction and bilateral effects of price

L ¥ . capacity contract price
Project initiations, construction starts, .
. . Forward expected price
completions and cancellations

. N . curves for power and
Financial viability (NPV) of starting and capacity

continuing projects
Expected energy & capacity prices
Expected future capacity factors
and operating costs
FigureA.1. Decisonsand quantities determined dynamically within the moddl, asa
function of other internal variables and the outside inputs.
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But the didtinguishing fegture of the dynamic power generation modd is not so much what
variables are present, but rather how they are connected. Figure A.2 illudrates & high leve:
Tradtiond production cost modes do not smulate the link between market prices and investor
behaviar. Ingteed, they use massive data on generating plants dreedy built, and under
congruction or announced, and Smulate the operation of each. This dlows an enormous amount
of specificity in the near-term about the operating economics of specific plants. But lack of
endogenous (internd creation) of new investment means that such models do not have the
infrastructure to Smulate cydlicd or other disequilibrium behavior that goes out beyond the
limits of the data—typicaly around 5 years.

Long plant lead-times
create potential for

capacity to overshoot

Capacity
Available

Demand

for Ener
Energy and 9

Capacity Markets

Capacity in
Development

Production-cost
models cut this link,

and so can’t show
creation of cycles

Figure A.2. At a high level of abstraction, it isexplicit representation of feedback loopsthat
distinguishes the dynamic power generation mode from industry-standard production cost
models.
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Fgure A.3 shows the feedback |oops & amore detalled level. Each of the captionsisamodd
variable (possbly avector with many vaues, eg. for different plant types). The connections
between variables, however, are much smplified for this diagram. The diagram shows severd
related markets. Thereistrade in both power (actualy running the generator to put power into
the grid) and capacity (having plants physicaly and contractudly available to be run). Implied
but not shown are the longer-term expectations formation and bilatera contracting in power and
capacity. Expectations for many quantities are explicitly represented, and folded together in the
financid evduations that say whether plant congtruction of each typeis expected to be profitable
over thelife of the plant. Pardld financid evauationslook a the advisability of dowing down
or canceling condruction aready under way, and retiring older plants.

It isimportant to note that the information for structuring the mode equiations comes from
economic theory, prior modeling, and indudtry interviews and generd power systems knowledge
within theteam. Thereis nearly dways enough knowledge available (including sporadic
quantitative information) to congtruct afirst mode, well before sysematic data collection and
modd cdibration. Cdibration againg datais an independent confirmation (or disconfirmeation)
of the other sources of information.
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Figure A.3. Moredetailed view of feedback loops, in particular the multiplerelated power
and capacity markets, and the expectations formations that driveinvestment in power
plant construction projects.
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Fgure A.4 shows dl of the externd inputs thet drive the sygem. Simulation models operate

very differently from, say, Soreadshest moddls. In smulation modding, most of the variables
change as a cause and effect result of other variables, usudly in feedback loops. Capacity drives
price, which drives investment, which drives capacity. Capacity (except for initid values),
investment, and prices are not fed into the modd. Only the variables shown in red in the Figure
arefed, astime series, into themodd. A test of mode adequecy is whether the modd, started
off with known initia conditions, and driven by the same externd inputs (red) as was the redl
system, produces the known behavior of the red system, soldly from correct cause and effect and
ahandful of externd inputs.

Export /import demand

Fuel
prices
Capacity
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rates

Operating

costs

Energy and Demand
Emissions Capacity Markets for Energy

costs )
Economic

(Initial growth
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lopment)

Capacity in
Development

Interest rates Construction costs Deregulation Reserve
requirements

Figure A.4. Outsdeinputstothe model that provide potential triggersto cyclical behavior.

Toamajor extent, these arethe “handles’ that define alter native scenarios and Monte
Carlorandom trials. Theseare also the historical inputsthat, when they drive model
behavior, are expected to cause the model to re-create historical market and investment
behavior.
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Fgure A.5 illugrates such comparisons, and some of the variaionsinvolved. From left to right:

1. Daaon system capacity avallable (totd Megawatts of generating cgpacity in aregion) is
recorded and available for many years. Thetime seriesis quite smooth, and the independent
gmulation matchesit well.

2. Capacity in development (under congtruction, but not yet online) is available only at the leve
of specific plants; we totaled up two “sngpshots’ at gpecific timesto create data (the red
gpots) to compare to the smulation.

3. Hourly price datais available, but only in recent years. So the time scde is different from
other plots. But the smulation matches this erratic time series surprisingly well, and spesks
well for the realism of the cause and effect structure of the modd.

4. Demand ismodded in ardatively smple way, as afunction of temperature. So athough
this erratic time series is wdl-duplicated in the modd, thisis not a difficult test to passand
does not represent a mgor modd vaidation.
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