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1. BIOGRAPHICAL INFORMATION

My name is Benjamin F. Hobbs, and | am a Professor in the Department of Geography &
Environmental Engineering of the Whiting School of Engineering, The Johns Hopkins University,
located in Baltimore, MD. | aso hold ajoint appointment in the Department of Applied Mathe-
matics and Statistics in that institution. Previously, | was an Economics Associate at the National
Center for Analysis of Energy Systems, Brookhaven National Laboratory, Upton, NY
(1977-1979). From 1982-1984, | was a Wigner Fellow at the Energy Division of Oak Ridge Na-
tional Laboratory. Between 1984 and 1995, | was on the faculty of the departments of Systems
Engineering and Civil Engineering at Case Western Reserve University, Cleveland, OH. | have
also been a visiting scientist or visiting professor at the Department of Civil Engineering at the
University of Washington (1991-1992), the Systems Analysis Laboratory of the Helsinki Univer-
sity of Technology (2000), and the Policy Studies Unit of the Energy Center of the Netherlands
(ECN (2001-2002). In the last ten years, | have been a consultant to the Maryland Power Plant
Research Program (MPPRP); Planit Management, Ltd.; the Office of the Economic Advisor of the
Federal Energy Regulatory Commission; the Energy Information Agency of the U.S. Dept. of
Energy; The Anaysis Group/Economics; Gas Research Institute; U.S. Army Corps of Engineers,
Institute of Water Resources, Commonwealth Energy; the Electric Power Research Institute;

Edison Source; Northeast Ohio Sewer District; BC Gas, Ltd.; Ontario Hydro; and BC Hydro. |



presently serve as Scientific Advisor to ECN, aswell asa member of the Public Interest Advisory
Committeeof the Gas Technology Institute. | am a member of the Market Surveillance Committee
of the California Independent System Operator.

My Ph.D. was awarded in 1983 in environmental systems engineering from Cornell
University, with minors in resource economicsand operations research. | earned aB.S. from South
Dakota State University in 1976, and a M.S. from the College of Environmental Science &
Forestry of the State University of New York in 1978. | have published widely on electric utility
regulation, economics, and systems analysis; and on environmental and water resources systems.
These publicationsinclude over 80 refereed journal articles, and three books. A particular focus of
my research is the use of engineering economy models to simulate electricity and emissions
allowances markets, recognizing transmission and other technical constraints and imperfectly
competitive behavior by market participants. My present research focuses on power market
modeling, capacity market design, analysis of pollution policies under uncertainty and climate
change, and decision analysis applicationsin ecological management. For example, | completed a
comprehensive survey and simulation analysis of capacity market mechanisms for MPPRP in
2002. Current project sponsors include the U.S. Environmental Protection Agency, the National
Science Foundation (NSF), MPPRP, and the PIM Interconnection.

Among my professional activities, | serve on the editorial boards of Energy, The
International Journal; IEEE Transactions on Power Systems; The Electricity Journal; and the
Journal of Infrastructure Systems. | amalso Area Editor for Energy, Natural Resources, and the
Environment for Operations Research, the premier journal in that field | am former chairman of
the Executive Committee of the Energy Division of the American Society of Civil Engineers
(ASCE), and serve on the Systems Economics Committee and Working Group of the | EEE Power

Engineering Society. | an amember of the National Research Council Committee on Changesin



New Source Review Programsfor Stationary Sourcesof Air Pollutants. Among the honors | have
earned areaNSF Presidential Y oung Investigator award (1986-1992), and best publication awards
from the Decision Analysis Society (Institute for Operations Research and Management Science)

and the Water Resources Planning & Management Division of ASCE.

2. PURPOSE AND SCOPE OF AFFIDAVIT

The PIM Interconnection has proposed a new mechanism to define the capacity obligations
of Load Serving Entities{LSEs) and to clear the market for capacity needed to meet the obligations
within PJM's territory. The proposed Reliability Pricing Model (RPM) will continue to use a
target reserve margin designed to assure resource adequacy for the region as awhole, together with
reliability requirements for sub-regions of PIM based on transmission constraints. Unlike the
previous mechanism in which the reliability requirement is fixed, RPM considers the reliability
requirement asa variable. 1t will do so by constructing demand curves that define higher capacity
prices when the resources offered areless than the requirement, while gradually dropping capacity
prices as resources increase beyond the requirement. | was hired by PIM to analyze the demand
curve approach and to determine what shape of demand curve, and which parameters, would best
achieve PIM's goals of continued future resource adequacy at a moderate cost for electricity
customers with limited risk for generators.

Based on the analysis that follows, | conclude that there is a sloping demand curve that can
be used to clear the PIM capacity market. Thiscurve, the “Curve 4" described in Section 4, should
set relatively stable capacity prices that will attract sufficient new capacity investment to meet
PIM’s target reserve margins. |f its parameters are set appropriately, this curve will balance sev-
eral related factors effectively — because the curve sets predictable prices for new capacity, it will
lower prospective generators risks enough so that the generators will accept lower prices and

profits for their new generation; because enough new generation is built to meet reserve margin



targets, energy and capacity pricesto consumers will be lower because they pay a lower scarcity
premium; and because more generation will he built, expected variability in actua reserve margins
relative to uncertain future loads will be reduced and reliability will be improved. Under a wide
variety of sensitivity analyses, the recommended curve produced a superior result — in terms of
increased new generation investment, lower coststo consumers, and decreased variability infuture
reserve margins — compared to PJM’s current ICAP method, which | characterize asa ' no demand
curve" or "'vertical demand curve' method.

The purpose of this affidavit is to describe the assumptions, procedures, and results of a
dynamic analysis of alternative demand curves (or **variable resource requirement™, VRR) for the
proposed reliability pricing model (RPM) system for the PIM market. In this affidavit, | will use
theterms RPM, capacity market, and | CAP market interchangeably. A demand curvefor installed
capacity hasthe basic form shown in Figure 1{b): the market operator makes a capacity payment to
generatorsthat isaflat or decreasing function of theamount of capacity. The operator then collects
those paymentsfrom load. (As| portray the curve here, capacity is measured as'* unforced reserve
margin', defined as the actual capacity less expected forced outages, then divided by the
westher-normalized peak load.) In contrast, the present PIM system is equivalent to the vertical
demand curve shown in Figure 1(a). The maximum payment results from deficiency charges ap-
plied to LSEs who are short of capacity credits (thus, those charges represent their maximum
willingness to pay for capacity). But if thereis more than enough capacity in the market to meet the
target reserve, no one should be willing to pay anything for capacity, which is reflected in a zero

price.



4 Reserve Margin [3]

Target Reserve Target Resorve
Based on Reffability Based on7 Reffability
Requirernest Reuwbremeant

Figurel Demand Curves (Capacity Payments Expressed asa Function of Reserve Margin):
(8 "Vertica™ Case (Implicit in Present PTM System); (b) Downward Sloping Case (VRR)

The dynamic analysis addresses the following general questions:

1. How dodifferent proposed demand curves (including the present vertical or **no demand"
curve case) for the proposed four-year ahead auction compare in terms of average profits,
capacity payments, energy and ancillary services revenues, reserve margins, and costs to
consumers?

2. How do different curves compare in terms of the year-to-year variation in those indices?

3. How robust are those conclusions to changes in the shapes of the demand curve proposals,
and to assumptions concerning the behavior and risk attitudes of investors in new genera-
tion?

4. How does changing from the present same-year auction system to afour-ahead system alter
risks faced by generators?

The dynamic analysis considers the dynamic response of the market to incentivesfor construction
of new generation. Further, it assesses how alternative assumptions concerning the risk attitudes

and behaviors of builders of new generation could affect the performance of alternative demand



curves under consideration for the RPM system. | have created a dynamic model that simulates
generator investment over time in response to incentives in the energy, ancillary services, and
capacity markets. Performance of different curvesis gauged by three sets of indices. forecast re-
serve margin; generator revenues and profits; and consumer payments for capacity and scarcity
rents. Average values for the simulated time periods are reported for these indices, as well as
standard deviationsthat reflect variability over timein performance.

In the next section of the affidavit (Section 3), | provide background on the desirability of
capacity market mechanisms and the general advantages of a demand curve approach. The ad-
vantages include thefollowing: it is broadly reflective of the reality of an increasing social value of
capacity asreserve margins shrink; it creates a stable investment environment — which reduces the
cost of capital and saves consumers money; and it lessensincentivesfor exercise of market power
in capacity markets. In Section 4, | summarize the assumptions and calculation procedures of the
model. The detailed equations underlying the model are presented in the Appendix to this affi-
davit.

In Section 5 of the affidavit, | first compare five different demand curvesfor the four-year
ahead auction (Section 5.1). These include a vertica demand curve in which there is a fixed
$lunforced megawatt/year ($/unforced MW/yr) payment if capacity is below a target value, and
zero payment if it isabovethat level (Figure 1{a)). (Below, | usetheterms" vertical demand curve"
and ""'no demand curve" interchangeably for thiscase.) Alternative curves are instead downward
soping (asin Figure 1(b)), and vary in terms of their slope and location relative to the PJM target
reserve margin at which loss-of-load-probability equals 1 day in 10 years (the target reservein the
figure). | conclude that downward sloping curvesresult in more favorable performance in terms of
averagereserve margins, consumer costs, and year-to-year variations in these indices. Section 5.2

is devoted to an example that explains why boom-bust cycles can occur in capacity markets. In



Section 5.3, | describe a set of sensitivity analyses of these results. The selected curve should be
robust relative to assumptions about the investors degreeof risk aversion, and their willingness to
invest as afunction of expected profits, because such behavioral characteristics are uncertain and
subject to change.

| conclude that the advantages of the downward sloping demand curve recommended by
PJM relative to the vertical demand curve prevail for wide variations in these and other model
assumptions. The vertical demand curve (the present ICAP system) produces higher long-run
consumer costs than the demand curve that PIM recommends for every set assumptions tested.
That is, adding a slopeto the demand curve, in the manner proposed by PIM, does not worsen costs
to power consumers in the simulations and, under most assumptions, significantly decreases those
COsts.

In Section 5.4, | compare the effects of afour year-ahead auction with a sameyear auction.
The primary difference between the two isthat capacity pricesare more uncertain in the latter case;
as aresult, if investors are risk averse, higher average returns may be required in order to induce
investment. Asaresult, the dynamic analysis finds that for the case of no demand curve (the pre-
sent PIM capacity market) and for the proposed PIM sloped demand curve, a same year auction

yields lower average reserve margins and higher coststo consumers.

3. BACKGROUND

In normal commodity markets, the consumer buysjust the commodity. For example, acar
owner does not pay Exxon for gasoline, and in addition pay for " ancillary services" (e.g., separate
chargesfor delivery trucks or gas pipeline maintenance) or capacity of refineriesor oil wells. The
gasoline buyer pays a per gallon charge, and the gasoline supplier then figures out how to arrange
and pay for production, processing, and delivery. Even though gasoline consumers do not pay

separately for, say, gas tanker trucks, this has not resulted in shortages. In norma commodity



markets, much or all of the funding for capacity and storage required to meet peak demands is
provided by higher than normal prices during those times. Why then are there repeated calls for
separate capacity markets for electricity or other mechanisms to ensure that **enough™ generation
capacity isbuilt?

There are severa reasons why power markets do not conform to the assumptions of the
perfect competition ideal. One reason is specific to electricity itself — because power is very
capital-intensive to produce, yet cannot be produced at one time and stored for future use at an-
other, it is very expensive to meet peaks demands that only occur a few hours per year. For in-
stance, in PIM, the highest hourly load in most yearsis over 8% greater than the loads served in
99% of the hours(i.e., higher than the 1% exceedencelevel for loads). The marginal cost per MWh
of building enough generation capacity to meet that highest load is several tens of thousands of
dollars, compared to an average price that is three orders of magnitude smaller. Thisis based on
the annualized capital cost of a combustion turbine, which is $61,000/installed MW/year (in an-
nualized real dollars), asdiscussed later in thisaffidavit. The marginal cost during the peak hour is
so high because the incremental capacity would be idle the other 8759 hours per year, making no
contribution to capital costs. Inother industries, thisswing of marginal cost from off-peak to peak
periods is less extreme for three reasons. some are less capital intensive, they have more ability to
store and transfer commodities from one period to another, and finally they can often charge high
prices to dampen demand during peak periods,

High peak marginal costsdo not by themselves explain the need for capacity markets. The
other consideration isthe absent demand-side of the market. One failure of the demand-side isthe
presence of price capsor other sourcesof pricerigidity that prevent pricesfrom climbing anywhere
near that high during peak periods. To pay for the carrying cost of a combustion turbine that op-

erates only eight hours per year, prices must approach $10,000/MWh for those hours. In acom-



petitive bulk power market, this would only happen if there is a capacity shortage such that op-
erators had to curtail load in order to maintain sufficient operating reserves. However, in the PJM
and other eastern US ISO markets, prices are capped at $1000/MWh. So when shortages loom,
prices approach and can bump into the price cap, and generators fail to receive the high revenues
that unrestrained price spikes would bring. When prices cannot spike to uncapped levels that re-
flect the true value of peak electricity consumption to customers, load cuts and near-shortages must
occur several dozens of hours per year with prices approaching the cap of $1000/hr in order to
justify constructing a combustion turbine. (This assumes (1) there is no capacity market and (2)
energy prices otherwise do not exceed the running cost of turbines.) Market participants would
view a system with such frequent shortages as unacceptably unreliable.

In current retail electric markets, price fluctuations in the bulk power market are not
communicated to most retail customers, who pay a rate that is either constant or just seasonally
adjusted. Those consumers then do not notice whether the price of bulk power is $10/MWh or
$1000/MWh during a particular hour. Their consumption decisions would be unaffected by price
spikes, unlessthey hear public conservation requests or they are among the minority that partici-
pate in utility interruptible rate or load control programs. In contrast, when consumers are subject
to prices that fluctuate in real time, they can often respond by decreasing loads in peak periods, or
shifting usesto off-peak periods. This reducesthe need for expensive capacity. Economic theory
showsthat when real-time prices are faced by all market participants in a competitive market, the
optimal amount of generation reserves can result. Thisis because market prices will express the
consumers willingness to pay for power during peak times—just as in other commodity markets.
But price regulation and lack of hourly meters for most customers mean that this ideal is unat-

tainable, at least in the near future.



The absence of demand response to real-time prices also means that consumers are vul-
nerable to the exercise of market power. If a generation market is concentrated, generation will
benefit from tight supply conditions because suppliers can more easily raise price above marginal
cost. This dampens the incentive for capacity construction by incumbent generators. In contrast,
higher reserve margins benefit consumers by making the exercise of market power less likely.

Asaresult of these demand-side failures, generation capacity becomes a public good. That
IS, every electricity user in the market benefits from the addition of new capacity, but the owner of
the capacity cannot capture all those benefits through higher revenues. Economic theory saysthat
public goods tend to be undersupplied in markets, so demand-side failures tend to cause capacity
under-investment. Recognizing the value of capacity, the North American Electric Reliability
Council (NERC) has explicit standards for capacity adequacy that require that certain reserve
margins be maintained.

Several alternative mechanisms have been proposed to correct these market failures and to
respond to adequacy mandates. One approach is to directly address the market failures by wide-
spread installation of real-time metering and removing the price caps on both electric demand and
supply. A second approach is a regulatory requirement that those who sell power to consumers
hold long-term contracts or options for energy, perhaps with a stipulation that the options be
backed up by physical generation assets. A third approach is a fixed payment (price-based)
mechanism, where the ISO provides a set payment per MW for capacity, subject perhaps to per-
formance penalties.

A fourth approach is quantity-based methods, in which a market operator either procures
reserve capacity directly or sets up a capacity market. There are several varieties of capacity
markets currently implemented. However, each market has most or al of the following basic

features:



* atarget level of system generating reserves (commonly based on an adequacy criterion of
capacity deficits occurring only once every decade);
e analocation of responsibility for meeting that target by creating an obligation (either on
the part of LSEs or the ISO itself) to acquire capacity or capacity credits;
e asystem to assign credits to generators, based on their capacity and reliability, and also to
load management programs that can diminish the need for capacity;
e asystemthat allows trading of credits so that those with credits beyond their needs can sell
them to those who are short;
e aset of requirements defining how far ahead of time (days, months, or years) those re-
sponsible for obtaining capacity must contract for it; and
e asystem of incentivesto encourage availability of capacity when needed, and for pend-
izing L SEs who have insufficient credits.
The present PIM capacity market is of thisgeneral type, with most of thefeatures mentioned inthis
paragraph.

A fifth approach is a hybrid of the third (price-based) and fourth (quantity-based) ap-
proaches. It involves the market operator creating a downward sloping demand curve that pays
more for capacity if reserves are short, while providing smaller but nonzero payments for some
capacity levelsthat exceed the nominal reliability target. (In asense, the present PIM system can
also be viewed as a hybrid, as the deficiency payment paid by LSEs who are short of capacity
credits puts a cap on how much they are willing to pay for capacity. This translatesinto an effec-
tive demand curve With a horizontal segment equal to the deficiency payment to the left of the
target reserve margin, a vertical segment at the target, and no payment to the right of the target.

Because thereisno slopeto this™ curve”, | term thisthe " vertical demand curve' approach below.)
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There are several general advantages of asloped demand curve-based capacity mechanism
relative to fixed payment and quantity-based systems. Compared to fixed payment systems, the
downward sloping demand curve will signal a higher valuefor capacity if reserves are short, and a
lower value if reserves are ample. On the other hand, compared to a pure quantity-based system,
where pricesfor capacity are zero if thereis I more MW than needed but are very high if thereis|
MW less than required (Figure 1{a), supra), ademand curve will reflect the reality that additional
capacity over and above a target reserve margin nevertheless has value. Additional capacity has
value for two reasons. One is that in the face of varying load growth, weather, and capacity
availability, the probability of available capacity being less than what is required to meet load and
operating reserves never reaches zero, even for large reserve margins. Thus, reserves beyond the
target are valuable for reducing the risk of capacity shortfalls. The second source of value is that
reserves beyond the target lessen the risk of large suppliers being pivotal or otherwise able to ex-
ercise market power. Conversely, if reserves are below the target, a downward sloping demand
curve provides increasing incentives for new capacity to the extent that the system is short, re-
flecting in ageneral way the greater risksof shortages and market power.

Another major advantage of a demand curve-based capacity market compared to the pure
quantity-based system is that the stream of capacity paymentsreceived by generators will be more
stable. In contrast, a capacity market with a fixed capacity requirement (no demand curve) can
bounce between two extremes, depending on whether there istoo little capacity or too much rela-
tiveto thetarget. Theresulting large swingsin generator net revenues can exaggerate boom-bust
behavior. Boom-bust cycles occur when a market adds too much capacity after a period of high
prices, which results in a period of low or no capacity payments, which then dries up capacity
additions until reserves are again short of target levels. Volatile revenues that cannot be hedged

because of incomplete forward markets for energy and capacity increase risks to investors. Be-



cause investorsin capital marketsdislike risk, more volatile profits mean that higher ratesof retum
will be required for new generation investments. In order to obtain the higher returns required by
risk averse investors, shortages of capacity would have to happen more frequently, resulting in
higher costs and risks to consumers. |In comparison, as | show later in this affidavit, a demand
curve-based system will lower the variation in generator revenues, especially for peak capacity.
Further reductionsof risk to investorsresult if capacity commitments are made years in advance, as
opposed to the present PIM system. With advance capacity commitments, my market simulations
show that if investors are risk averse, they will accept lower rates of retum and be morewilling to
construct new capacity, ultimately decreasing costsand risks to consumers.

A third potential advantage of adownward sloping demand curve for capacity relativeto a
pure quantity-based capacity market (or vertical demand curve) is that the incentive to engage in
either economic or physical withholding of capacity from the capacity market is reduced. Thisis
because the slope of the demand curve causes a given reduction in capacity or increase in the ca-
pacity bid to have considerably less effect on the price of capacity than when the curveis vertical.
as it effectively is for a quantity-based system. However, the presence of a "must-offer' re-
quirement, backed by effective penalties, can also mitigate market power under either vertical or

sloped curves.

4. DYNAMIC MODELING METHODOLOGY
4.1 Overview.

The purpose of the dynamic modeling methodol ogy isto assess how the location and shape
of the demand curve for capacity affect investmentsin generation adequacy. Because | focuson
general adequacy issues, | do not represent capacity markets or payments for capacity differenti-
ated by operating flexibility or location.

The fundamental idea of the methodology is that construction of generation capacity in a



restructured electricity market represents a dynamic process with lags (due to construction lead
times), short-sightedness (additions are based on recent energy and ancillary service market be-
havior, rather than perfect forecasts of future prices), and uncertain load growth. Thus, for in-
stance, if it takesfour yearsto bring a combustion turbine on-line in yeary, the amount of turbine
capacity installed in year y might be assumed to be some function of profits that such a turbine
would have earned in, say, yearsy-4 and y-5. Profits, of course, are based on gross margins
(revenues minus variable costs) earned in the energy and ancillary services (E/AS) markets, and
any capacity payments. Investors may make construction decisions based on forecast profits, but
since forecasts are generally based on past experience, construction decisions can therefore be
represented as ultimately depending on the recent history of profits.

Investments based on recent profit histories can result in an unstable system exhibiting
overshoot-type behavior. This behavior could result from an overreaction of merchant generation
to high profit opportunities, resulting in a glut of capacity that then depresses prices, which then
throttles capacity construction, leading subsequently to a shortage of capacity, and so forth. In-
stabilities can be exacerbated by load uncertainties. Because of variable economic growth, the
growth in peak load (weather-normalized) can deviate from the expected value (that value being
1.7% per year for PIM), implying that realized reserve margins (with respect to
weather-normalized peaks) will likely diverge from those forecasted in an advance |CAP auction.
Further, variable weather adds volatility to E/AS gross margins. The resulting unstable profits
lessen generators willingness to invest. Thisis because investors are likely to be risk averse, in
part because the market structure is new and changing, and in part because markets for financial
hedges are inadequate for PIM E/AS and capacity markets.

Capacity markets should be designed to dampen boom-bust cycles, improve the stability

and predictability of systemadequacy, and minimize coststo consumers. It isreasonable to expect



that the slope and location of a demand curve will affect the stability of the capacity market and,
ultimately, pricesand reliability. A good capacity market will also create some predictability and
stability of generator profits, which is desirable to facilitate continued capital investment. My
analysisfocuses on those objectives.

There are tradeoffs between different market design objectives, so some judgment is
needed.. Onone hand, it ispossibleto essentially guarantee that thetarget capacity would be hit if
avertical demand curve (with an extremely high price to the left) was set at the target reserve level.
But such ademand curve might result in more variation in consumer costs and profits and perhaps
more market power than asloped curve. So achoice requires consideration of those tradeoffs, and
| use adynamic model of capacity additions to quantify them.

Investment decisions are complex, and it is not possible to know or represent the precise
decision processes of each potential generation investor. Therefore, my simulation modeling ap-
proach is intended to be a simple, reasonable, and transparent representation of the fundamental
considerations that are affected by the demand curve and that contribute to stability or instability in
the capacity market. These considerations include:

o uncertain load growth and E/AS revenues,

e (Qenerator risk aversion,

o forecasts of generator profits that depend on past profits, and

e Wwillingnessto invest in generation that increases as afunction of forecast profit.

The models represent these considerations using simple functional forms with a minimum of pa-
rameters in order to facilitate alternative assumptions and improved understanding of the rela-
tionship of those assumptions to the results. A genera principle of good modeling is Occam's
razor: no more complex relationships should be used in a model than is necessary unless the ad-

ditional complexity demonstrably increases the model's realism. Therefore, in the absence of



evidence of more complex relationships or data to support their modeling, | have chosen to use
simple functional formsin the models.

Because any model is necessarily a simplification of reality, and because many of the pa-
rameters of the model cannot be known with certainty, no single set of outputs should betreated as
being definitive statements of the performance of a demand curve. Instead, | test several forms of
the demand curve and conduct numerous sensitivity analyses around key parametersto determine
the patterns of their influence on the model results, and the robustness of any conclusions about the
relative performance of different curves. While the model necessarily simplifies capacity market
decisions and impacts, the model is useful for the purpose of understanding qualitative dynamic
effects such aswhether along-term capacity market isless likely toinduce boom-bust cyclesthan
a short-term capacity market, and whether the relative ranking of different aternatives is robust
under awide range of assumptions. The model is not accurate enough to make precise quantitative
predictions, but its intent is to illuminate several qualitative decisions that must be made at the
outset of the RPM.

Since no particular set of assumptions can be the "'right™ ones, sensitivity analyses are es-
sential to assess the robustness of the comparisons. The model is designed to clearly show the
implications of alternative assumptions concerning generator investment behavior and market
conditions for the comparison of demand curves. A simple, transparent model that captures the
basic features of the capacity market — uncertain loads, the dependency of forecast profits on past
profits, generator risk aversion, increased investment in response to increased profits, and the ef-
fects of reserves upon energy and ancillary service market revenues and system reliability — is
most likely to lead to useful insights and conclusions about the relative performance of different
demand curves.

Models should produce sensible and consistent results. In particular, in the case of no



uncertainty and risk neutral investors, the model should yield the expected equilibrium solution of
enough capacity being added in each year to meet load growth, and generator revenues equaling
costs, including a normal return to capital. Under these assumptions, a constant reserve mar-
gin—in an amount that depends on the location of the demand curve—should result. The model
described below satisfiesthis consistency condition.

42. Model Assumptions

4.2.1. Flow of Model Execution

The dynamic model isadiscrete time simulation, with an annual time step. Uncertainty is
introduced in the form of both variations in economic growth and weather, which both affect the
growth rate for the peak load. The model isimplemented in EXCEL®.

Figure 2 summarizes the basic logic of the model for the case of the four-year ahead auc-
tion. Anauction for ICAP in yeary must take place at y-4, four years before that time. The fol-

lowing steps are executed in each year:



Generate Weather-normalizedand Actual Peak Load for Year y-4;
Generate Peak LoaaForecast for Yeary

Known and Forecast Profits At Time y-4 for Generator Biddinginto Year y Auction

Margin
—Fixed Cost -FC || -FC || -FC || -FC || -Fc || -FC |
Yo Note: Beld = Known at Auction in Year y-4; Asterisk*= Estimated e

__Weights for Profits iny-7, .. V¥
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Risk-Adjusted Forecast Profit (RAFP,)
(Increases if profits higher, decrease§ if profits more variable)

/oi RAFP,

Maximum New Capacity Additions NCA,

"~ Assumed Bids by
) New & Existing Capacity
ICAP Price from Demand Curve

Figure 2. Flow Chart Showing Steps of Simulation

e Given the previous year y-5's weather-normalized peak load, and assuming random eco-
nomic growth, the simulation model first generates a random weather-normalized peak for
year y-4. The simulation then generates an actua peak load, accounting for random
wesather. EIAS gross margin, defined as E/AS revenue minus variable costs, is then cal-
culated for a benchmark combustion turbine (having fixed annual cost FC) for year y-4.
This margin isafunction of the actual peak |oad and reserve margin in that year. Based on
PJM experience, as| discuss below, tighter actual marginsare associated with higher EIAS
earnings. The EIAS gross margin plus the RPM revenues (determined in a previous auc-
tion) minus FC define the turbine's profit in that year. Then a forecast is made of the

wesather-normalized peak four years in the future (year y); this forecast is the basis of the



demand curve in the auction held in yeary-4.

Inthe next step, companieswho might build new generation assess profits for acombustion
turbine in yearsy-7 toy. (Fewer or greater numbers of years could be chosen, but the
relative performance of different demand curves would not be greatly affected.) Profitsfor
some of those years (-7 to y-4) are assumed to be already known, since those years have
aready passed (v-7 toy-5) or are in process (y-4) and can be fairly accurately projected.
Profits for future years (y-3 toy) are not known, since E/AS revenues depend on loads,
which in turn are unknown because of uncertain economic growth and variable weather.
The ICAP price isknown fory-3 to y-1 (thanks to prior auctions), but has to be estimated
for thisyear's auction (y), which hasnot yet occurred.

Then, given those profits, a risk-adjusted forecast profit £4/7F, is calculated, which re-
quirestwo inputs. One isaset of weights to be attached to the profitsin yearsy-7 toy; for
example, more weight might be given to recent profits. The other is a risk-preference
function (called a™ utility function™ in decision theory) that incorporates attitudes towards
risk. Basically, such afunction penalizes bad outcomesin such a way that if there are two
distributions of profits with the same average value, the more variable profit stream will be
less attractive.

In the next step, the risk-adjusted forecast profit is transated into a maximum amount of
new capacity NCA, that generators are willing to construct; it is assumed that higher
risk-adjusted profits will increase the amount of capacity that generators are willing to
build. Thefunction shown embodiesan assumptionof 1.7%/year averageload growth, and
a maximum amount of capacity additions; | discuss these specific assumptions in more
detail later in this affidavit.

Then asupply curvefor capacity is constructed, based on the amounts of existing and po-



tential new capacity and the assumed prices that each would bid. This supply curveisthen
combined with the demand curve to yield an ICAP price and committed amount of new
capacity for yeary. This committed amount might be less than the maximum amount if
new capacity is assumed to bid a positive price.
After these steps are executed, the simulation then moves to the next year, and the process is re-
peated.

Because the model randomly samples economic growth and weather, good modeling
practice requires that a large sample of years be simulated in order to obtain reliable estimates of
the average long-run performance that are unaffected by sample error. In such so-called ""Monte
Carlo” simulations, it is typical to repeat the random draws many thousands or more times. |
follow this standard practice by repeating the above process for 100 years, and then a new simu-
lation isstarted. It isimportant to note that a particular simulation does not represent a prediction
of the market's development over the next 100 years; rather it is one sample path which, when
repeated a number of times, allows for a statistically precise estimate of the average long-run
performance of a particular curve and set of assumptions. Altogether, twenty five ssmulations of
100 years apiece are run for each demand curve and set of assumptions tested. This resultsin a
sample size of 2500 yearsthat allows the long-run average and standard deviation of each of the
four setsof performance indicesto be calculated.

4.2.2. Specific Model Assumptions: Four-Y ear Ahead Auction Model

The model requires a number of parameters that characterize the market design, load,
system reliability, E/AS gross margins, and generator responses to incentives. | summarize these
below.

Inflation. All calculations are made in rea (uninflated) dollars. All capital and operating

costs are assumed to inflate at the general rate of inflation (no differential escalation). Prices de-



fined by the demand curve are al so assumed to be adjusted upwards by PJM at the rate of inflation.

Market design parameters. The model's simple characterization of thedemand function for
capacity includes maximum payment (the flat left portion of the curvein Figure 1) and location and
slopes of the downward portions of the demand function. To focuson general resource adequacy
issues, | do not consider the following complications: capacity payments differentiated by oper-
ating flexibility or location; possible backstop mechanisms if reserve margins are lower than ac-
ceptable for several years; and possible administrative adjustments to demand curvesthat are made
in response to new information about capacity costs and revenues from energy and ancillary ser-
vices revenues

| do not consider how changes to an ICAFP mechanism might affect administrative and
transaction costs incurred by generators and load serving entities participating in the market. | also
do not consider imports of capacity from outside PJM, or other seams issues.

Load parameters. Load is summarized by the annual peak load in each year. Three
separate types of loads are considered: actual peak load, weather-normalized peak load (actual
peak load adjusted for normal weather conditions), and forecast peak load (assuming normal
weather conditions) for a future year. The growth in forecast peak load is assumed to be 1.7%/yr,
consistent with the current official PIM forecast (see the February 2005 PIM Load Forecast Re-
port), but below the PIM experience of 2.2% annual growth in weather-normalized peak load in
the last decade. Y ear-to-year variations in the growth of weather normalized load are greatly in-
fluenced by economic growth in the PJM region; recent experience indicates that the growth rate
has a standard deviation of 1%/year.! | model thisvariation in weather-normalized load growth by

adding a normally distributed random component in each year to the 1.7%/yr expected growth,

' This 1% value is derived by comparing PIM four-year ahead forecasts with the experienced weather-normalized
peaksover the 1995-2003 period. Thestandard deviation of the ratio of those twois |.8%, whichis consistent with the
followingset of assumptions: (1) a0.9% random year-to-year error in weather-normalized growth, which | round off'to
1%; (2) uncorrelated errors (from year to year) in that growth; and (3) an assumption that in the future, forecast load
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Meanwhile, the actual peak load in agiven year equals the weather-normalized peak plusan
error reflecting year-to-yearweather variations. Analysisof annual peaksfrom 1995-2003 for PIM
and 1SO-New England show that the ratio of actual to weather-normalized annual peaks has a
standard deviation of about 4%, and | assume this value here.

Reserve Margins. Random economic growth and weather variability result in considerable
instability in installed reserve margins, as well asin gross margins from EIAS sales which depend
onthose margins. Two different reserve margins are considered by the model: the forecast reserve
margin, which is the basis of the capacity payment (Figure 1) and isbased on forecast peak loads;
and the actual reserve margin which depends on the actual |oad, including variation due to weather.

Generation Costs and Revenues. In the model, the focus is on combustion turbine addi-
tions, and investment decisions concerning baseload and cycling capacity are not modeled. More
sophisticated assumptions about entry of other types of capacity can be made, but to ssimplify the
simulations, we assume that incremental capacity is provided by benchmark combustion turbine
(CT) capacity. Thisis based on the assumption that the price of capacity will be driven by the cost
of turbines, net of their gross margins in the EIAS market, while other types of capacity receive
most of their gross margins from the E/AS market. | have also conducted simulations of long-run
equilibrium entry of coal plants, combined cyclefacilities, and peaking plantsfor the PIM system.”
Justifying my present focuson turbine investments, it turns out that those simul ations show that the
amount and mix of non-peaking capacity is not affected by the required reserve margin or the price
of ICAP. Only the amount of peaking capacity is affected. However, all generating units are as-

sumed to receive capacity payments, and consumer costs are calculated on that basis.

growth rates (1.7%) are not biased up or down— that is, on average, the 4 year ahead forecast of the W/N peak will be
correct.

*For a summary of the long run simulation approach and results, see B.F. Hobbs, J. Inon, and S. Stoft, " Installed
Capacity Requirements and Price Caps: Oil on the Water, or Fuel onthe Fire?’, Electricity Journal, 14(6), August/Sept.
2001, 23-34. Sincethen ! have updated the load duration curves and cost assumptions of the analysis, but the same
basic result holds: capacity market mechanisms do not affect the quantity or mix of norpeaking capacity added.
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Inreality, it ispossiblethat in some years capacity additions for other types of plant will be
undertaken while no turbines are being added. For example, if therearelarge shiftsinrelative fuel
prices, as in the 1970s, generation additions beyond what is needed to meet reserve margin re-
quirements might bejustified in order to displace uneconomic fuelsin the existing generation mix.
For smplicity, | assume that these conditionsare relatively infrequent, and that if capacity isbeing
added, at least some of it will bein theform of combustion turbines, for which ICAP revenueswill
congtitute amajor part of their forecast profits

All CT units are assumed to have the same marginal operating and capital costs (in real
terms) in all years of the simulations, so technological progress and fuel price changes are not
represented. | disregard red (after-inflation) changes in technology and costs in order to avoid
having to make assumptions about escalation rates. The annualized capital and fixed operations
cost i sassumed to be $61,000/installed MW/yr in annualized real dollars.” Accordingly, my model
implicitly assumes that the second-year annualized capital cost will be higher than the first by a
factor equal to theinflation rate, and the third-year figure will be higher than the second, and so on.
It is my understanding that PIM is proposing a fixed CONE figurestated in its tariff that cannot be
changed without a stakeholder process and regulatory approval, but that the proposed fixed CONE
value aso takes future inflation into account using a nominal levelized financial model, as ex-
plained by Joseph E. Bowring in his affidavit as witness for PJM.

With an assumed forced outage rate of 7%,” thistranslates into a cost of $65,600/unforced
MW/yr for anew turbine, again in real dollar terms. | assume that the marginal operating cost is

$79/MWh. | also assume that the lead time for CT construction is four years, including time re-

*See affidavit of Mr. Raymond M. Pasteris, witness for PIM. The difference between an annualized real dollar
figureand an annualized nominal dollar figureisthat atimeseriesthat is constant in real termswill escalate in nominal
dollars at the rate of inflation, whilea time series that is constant in nominal termswill have noinflation, i.e., the same
"dollarsof theday' inevery year. Seealso theaffidavit of Joseph E. Bawring for further explanation of the difference.

4 The 7% forced outage rate is based on the latest NERC 5 year (1999-2003) class average (6.93%) for industrial
typesimple cycle combustion turbines over 50 MW insize, which isthe closest publicly available fitfor a GE Frame7
machine. The corresponding value for the large aircrafi-derivative unitsisalmost identical at 6.91%.
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quired for necessary regulatory approvals.” The willingness of investors to build new turbine
capacity is assumed to depend on future profit forecasts, which in turn are assumed to depend on
profits that would have been earned by such a CT in previous years, equa to the sum of ICAP
revenues and EIAS gross margin, minus the annualized cost of CT capacity. Profitsin previous
years are important to consider because they provide a basisfor forecasting the level and volatility
of profitsin the future.

The E/AS gross margin that aturbine would earn in each year iscritical to its profitability,
and therefore to investors willingness to build capacity. Furthermore, as | document below, this
gross margin varies greatly from year-to-year, depending strongly on the amount of capacity rela-
tiveto the actual peak loads. The model therefore includes a relationship between market condi-
tions (reserve margin) in a year, and the EIAS gross margin earned by a new turbine. This gross
margin consists of two portions: a scarcity portion, which arises when price exceeds the marginal
cost of the last generating unit (due either to a genuine shortage, or to exercise of market power),
plus an assumed $10,000/MW/yr that isearned in ancillary service markets that | do not model or
which results from margins earned when more expensive plants are on the margin.® Figure 3
shows the resulting total EIAS gross margin for a hypothetical new turbine (solid line), as well as
the actual values that would have been experienced for such aturbine in years 1999-2004 (trian-
gles), under the assumption that the turbine could operate in any hour in which price exceeded its

* This estimate is based on a typical time of up to two years to acquire necessary permits, in addition to an actual
construction time of hvo years. The precise lead time required depends on location and the presence of complicating
issues (such as nen-attainment status for criterion air pollutants or lnd use restrictions).

¢ Within the model, this function could be calculated by an appropriately calibrated production costing submodel
that representsall operating constraints. Instead, weestimate thisfunction using the results of asimplifiedprobabilistic
production costing model for PTIM inwhich the energy price paid to the generator isassumed to equal the marginal cost
of generation unless load iswithin 8.5% ofavailable capacity, at which point scarcity pricing isassumed to takeplace
and the price of energy hits the cap ($1000/MWh). The simplified model bas a capacity mix of baseload coal and
gas-fired combined cycle and combustion turbine capacity, and a load distribution reflecting the combined PIM-East
and PIM-West |oad shape. Subtracting the assumed marginal running cost of the CT yields the estimated scarcity rent.
Thescarcity rent isthen added to an assumed minimum E/AS gross margin of $10,000/unforced MW/year. Although

the particular assumptions of the production costing model are somewhat uncertain, Figure 3 shows that the resulting
E/AS gross margin function is a reasonable approximation to actual PIM market conditions in the 19992004 period.
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marginal running cost (Perfect Economic Dispatch™).” The actua data confirms the reason-
ableness of the EIASfunction used. The figure shows that when the actual reserve margin equals
the target installed reserve margin (IRM) (indicated by aratio of 1 on the X axis), the EIAS gross
margin is about $28,000/unforced MW/yr. This margin is generally consistent with the average
EIAS margin for a new turbine for the period 1999-2004 under perfect dispatch assumptions, as

reported in PIM’s 2004 State of the Market Report.

= P ED. Approximation
— — PH.E. Approximation

A Perfect Economic Dispatch
%  Peak Hour Economic

0.95 1 1.05 1.1
Ratio (Actual Unforced Reserve Margin/Target Unforced RM)

Figure3. Relationship of EIAS Gross Margin to Unforced Reserve Margin Under Alternative
Turbine Dispatch Assumptions, expressed asa Ratio With Respect to the Target Installed Reserve
Margin for PJM

An dternative cost function results if a more conservative assumption is made about when

the benchmark turbine could be operated. If its operation is limited to peak hours, thus omitting

off-peak hours when prices exceed the turbine's running cost, E/AS revenuesfall. For 1999-2004,

"Source: Table 2-34,2004 PIM State of the Market Report. Values reported in that Table are adjusted upwards,
accounting for forced outages, so that die values are expressed as $/unforced MW/yr.



the average EIAS revenue for the baseline turbine would then be about $21,000/MW/yr (ibid.);
year-by-year results are shown in Figure 3 (asterisks, ""Peak Hour Economic™). The cost curve in
Figure 3 can be adjusted to fit those results by lowering the minimum EIAS gross margin from
$10,000/MW/yr to $2400/MW/yr (see the dashed line in the figure). Later in this affidavit, |
present the results of a set of sensitivity analyses based on this alternative cost function.

Since EIAS gross margins for yearsy-3 toy depend on actual peak loads which are not
known in yeary-4 (the year in which acommitment is made to constructing a turbine to be on-line
inyeary), these margins must beforecast. Thisisdonein asimplefashion in the model by simply
calculating the EIAS gross margin under the forecast loads for those years. Alternative, more
sophisticated analyses are possible, such as considering a probability distribution of EIASin each
future year, but are unlikely to change the general results of the analysis.

Investment Behavioral Characteristics. As Figure 2 (on page 18) shows, there are four
major sets of behavioral characteristics that are modeled: two sets are used to calculated
risk-adjusted forecast profit (forecasting and risk aversion assumptions); another set is used to
determine the maximum amount of new entry; and afourth set includesthe bid pricesthat capacity
suppliers provideto theICAPmarket. Since each set of characteristicsis uncertain, | report a set of
sensitivity analyses in Section 5.3, infra, that summarize the robustness of the model results to
those assumptions.

The risk-adjusted forecast profit (RAFP) is defined as a certain profit that is viewed by
investors in generation as being just as desirable as the actual stream of observed and estimated
profits (the eight profits shown at the top of Figure 2). **Profit" is defined in the sense meant by
economists: as profit over and above the cost of capital; so azero profit signifies that capital costs
are just being covered. The generator calculates a risk-adjusted profit for an investment in a

combustion turbine by multiplying each profit (adjusted to account for risk aversion) by the
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probability of receiving that profit, accounting for the range and variability of observed and esti-
mated profits.  Generally speaking, if two endeavors offer the average profit, the riskier option is
less desirable (has a lower risk-adjusted profit), and the options with the highest risk-adjusted
profit will be most desirable. The adjustment for risk aversion is accomplished using a standard
representation of risk preferences called a utility function, which | will call a risk-preference
function inthe remainder of thissection. (Appendix A.2 below providesdetails.) Thefirststepin
calculating RAFRP isto calculate the value of the risk-preference function for each year's profit.

Different degrees of willingness to take risks are captured by a single risk-aversion pa-
rameter in the risk-preference function. As| explain in Appendix A.2, infra., a risk-aversion
parameter value of 0.5 signals complete risk-neutrality —any investment with the same average
return is valued the same, no matter how variable or risky the profits. Values of this parameter
greater than 0.5 signal an increasing distaste for risky investments; a base-case value of 0.7, rep-
resenting an intermediate degree of risk aversion, is assumed here. Because this behavioral
characteristic cannot be known, | undertake a wide range of sensitivity analysesto seeif the rela
tive performance of the demand curves depends on the degree of investor risk aversion.

The second step in obtaining the RAFPis to calculate a weighted average of the eight years
of risk-adjusted observed and estimated profits(Figure2, page 18). Thesum of theweightsisl. A
simpleform of such weightsisthe lagged formulation inwhich risk-adjusted profit in any year y-I
is a given fraction a of the weight assigned to the next year y’s profits. The weights reflect the
degreeto which the history of profitsisrelevant to the generator forecasting profits; the greater the
weight placed on previous years profits (y-1, y-2, €tc.), the less relative weight is placed on the
ICAP pricein the particular yeary's auction. As a base case, we assume that the weight given
profit inyear y-1 isa= 80% of the weight assigned the next year's profit. | subject thisassumption

to sengitivity analysis later in this affidavit.



Thethird step calculates the RAFPitself, defined asthe single profit value whose perceived

value to the investor is the same as the weighted average of the risk-adjusted observed and esti-

mated profits.

The second set of behavioral characteristics concerns how investors in generation might

react to different levels of RAFP. The maximum amount of new capacity additions (NCA) is

calculated using a simple function with the following properties:

If RAFP iszero (that is, capital costsarejust covered), then the amount of capacity added is
sufficient just to meet expected load growth (1.7%/yr, calculated as a fraction of existing
capacity; see Figure4). Thisisconsistent with the assumption that in agrowing market in
which investors receive’ normal’ (zero economic) profit, adequate investment will occur.

If RAFP equalsthefixed cost of acombustion turbine (in annualized real terms), then entry
of new capacity is highly profitable (not only isthe cost of capital covered, but extra profits
equal to the capital cost are also earned). | then assume that the amount of entry equals 7%
of existing capacity (Figure4). Thisvalueisbased broadly on recent experience in the PIM
market with capacity additions. In particular, the maximum capacity additions in the
MAAC region since 2000 amounted to 3800 MW, equaling 6.3% of the 60,015 MW of
capacity existing at that time.

Capacity additions at other RAFP |evelsare an increasing function of RAHS, and follow a
curve that is the same shape as the assumed risk-preference function (the upward sloped
portion of Figure 4), with two exceptions. First, additions cannot be negative; retirements
are not considered in this analysis. Second, additions are subject to a cap so that implau-
sibly high levels of investment cannot occur in asingle year. Asa result, the RAFP func-

tion hasthe S-shape shown in Figure 2 (page 18), and reproduced in Figure 4.



Because this function cannot be known with any certainty, | report the results of sensitivity

analysesof theseassumptions

Net Capacity Additions per Year
(as fraction of existing capacity)

Risk Adjusted Forecast Profit
RAFP [$/MW/yr]

Figure4. Relationship of Rate of New Capacity Construction (As Fraction of Existing Capacity)
to Risk Adjusted Forecast Profit of New Combustion Turbine

The third set of behavioral characteristics in the model involves the assumed prices at
which existing capacity and new capacity are bid into the ICAP auction. For simplicity, no re-
tirementsof existing capacity are considered. For the base cases, it isassumed that all capacity is
bid in at $0/MW/yr; that is, generatorsare assumed to commit to maintaining or building certain
quantitiesof capacity, and then bid in a vertical supply curve, which makesthem price takersfor
the price of ICAP. Alternative assumptionsare consideredin our sensitivity analyses; the highest

bid cases can be interpreted as an attempt to exercise market power. In all ssmulations,the bid
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pricefor existing capacity isassumed to be no more than for new capacity. Figure 5 showshow the
resulting market clearing price and quantity of capacity are calculated. The new capacity that is
offered but not accepted (the portion of the second step to the right of the point where the curves

cross) isassumed to not be built.

Capacity

Payment, pemand Curve
Bids | J city Supply Curve

Total {CAP

Figure5 Determination of Pricefor Capacity Instaled in yeary

Performance Indices. The performance of a particular ICAP payment scheme is summa-
rized by three sets of indices:

1. Reserve margin indices. One is forecast reserve margin, including its average and
year-to-year standard deviation. Also calculated is the fraction of years in which the
forecast margin isat or above the target installed reserve margin.

2. Indicesregarding generator costs and profits. These include avcrage values of profit for
CTs, the price of ICAP, and E/AS revenues, as well as their year-to-year standard devia-
tions. These are expressed in terms of $/installed MW/yr of capacity for the benchmark

CT.



3. Anindex of consumer cost. We calculate average and standard deviation (year-to-year) of
customer payments ($/peak MW/year) for ICAP and for the scarcity rents earned by new
turbines. It isassumed that other payments by consumers (including, e.g., energy produced
during nonscarcity periods, wires charges, customer charges) are unaffected by the ICAP
curve. A higher average cost can occur if chronically low reserve margins result in high
ICAP prices and scarcity payments. Such conditions could persist if high market risks
make generators reluctant to construct new plants unless average returnsare large.

Both averages and standard deviations are reported, because the latter provide indications of the
risk in the market for the market participants. For instance, two demand curves might providethe
same average forecast reserve margin, but one policy might result in much more variation in that

reserve.

5. RESULTS
5.1 Base Case Analyses

Five demand curves are considered in the base case analyses. Each of these curvesisdis-
playedin Figure6. (Thefour parts of Figure 6 each show Curve 1, the "no demand curve case”,
superimposed upon Curves 2 through 5 respectively.) The X axis is expressed as a ratio of the
unforced reserve margin to the target unforced reservemargin, so that avalue of 1 signifiesthatthe
target isjust met. Multiplying this ratio by the target and then subtracting 100% converts the X

axisinto the unforced reserve margin.
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Figure6. Five Alternative Demand Curves. ICAP Price Paid to Unforced Capacity as Func-
tion of Reserve Margin (Expressed as Ratio to Target Unforced Capacity)



The curvesare defined asfollows:

1. No Demand Curve. A vertical demand curve (also called the ""'no demand curve" case)
yieldsan ICAP payment that istwo timesthe fixed cost of aturbine ($144/kW/year, based
onan annualized nominal dollar cost of $72/kW/yr) minus the average EIAS gross margin
($28/kW/yr) for values of forecast reserves that are less than the target installed reserve
margin (IRM).* (The nominal dollar annualized cost is consistent with a $61/kW/yr real
annualized cost and a 2.5% inflation rate.) (The capacity payment is expressed in terms of
$/unforced MW/year. Therefore, the highest paymentisactually (2*72-28) divided by 0.93
(1 minus the assumed 7% forced outage rate), or $124.7/unforced kW/yr.) Thetarget re-
servemargin (shown asaratio of 1 onthe X axis of Figure6) correspondsto alossof |oad
probability of 1 day in 10 years. If reserves exceed that level, then no capacity payment is
made. This is analogous to the present PIM system in which load serving entities (L SES)
arewilling to pay up to but no more than their deficiency payment for ICAP credits if they
areshort of credits, whileif creditsare in surplus, L SEs are assumed to be unwilling to pay
for any more than their total ICAP obligation. As| noted supra, the average E/AS gross
margin of $28,000/installed MW/yr is an average for the 1999-2004 period for the
benchmark CT, asreported in PIM's 2004 State of the Market Report.

2. VOLL-Based Curve. A demand curve originally proposed by PIM in August, 2004 that is
based upon an approximation of how the expected value of lost load VOLL (also called
unserved demand) changes when average reserve margins diverge from P¥M’s target re-
serve margin (installed reserve margin IRM = 1.15). PJM’s existing ICAP model, the
capacity markets used by other northeastern ISOs, and the other curves evaluated in this

affidavit, all are based on the fixed costs of amarginal capacity unit. Instead of looking at

5 Asl discusslater inthisaffidavit, sensitivity analysesusing lower multipliers{i.e., 1.2 and 1.5) ofaturbine's fixed
cods, did not change the general result.
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the cost of an increment of additional capacity, this VOLL-based curve attempts to ap-
proximate the value to the consumer of an increment of unserved load.

3. "Alternative Curve with New Entry Net Cost at IRM" Curve. Asshown in the second part
of Figure 6, this is a sloped demand curve with four segments. (&) a horizontal segment
withan ICAP priceequal totwo timesthefixed cost of aturbine if the reserves arelessthan
96% of thetarget reserves, minusthe average E/AS grossmargin, divided by one minusthe
forced outage rate ($124.7/unforced kW/yr); (b) another horizontal segment with a zero
priceif the installed capacity exceeds the target installed reserve margin of 15% by 5% or
more (shown as occurring at 1.043 on the X axisin Figure6, which istheratio of 1.2 to the
target installed reserve of 1.15); and (c) two linear downward sloping segment located
between the other two, with the righthand one having a shallower slope.” The location
where the slope changes is at a reserve margin equal to the IRM, and a price equal to the
levelized nominal cost of the turbine ($72/kW/yr) minus the mean E/AS gross margin
(828/kW/yr, for the period 1999-2004), divided by 0.93, or $47.3/kW/yr. Asaresult, if
capacity hits the IRM exactly, then the payment will equa the difference between the
benchmark turbine's fixed cost and the average EIAS gross margin.

4. "Alternative Curvewith New Entry Net Cost at JRM + 1% Curve. Asseeninthethird part
of Figure 6, thiscurve isa version of Curve 3, except moved 1% to the right in installed
capacity terms, but with the zero pricestill occurring at an installed reserve margin of 20%.
(That is, if the X axisin Figure 6 was installed capacity rather than the ratio of installed

capacity to thetarget IRM, the curve would be shifted 1%. Interms of the X axis of Figure

? Note that the capacity payment is expressed in terms of $/unforced MW/year. Therefore, as in the vertical curve,
the highest payment is actually (2*72-28} divided by 0.93 (1 minus the assumed 7% forced outage rate), or
$124.7unforced kW/yr., Note also that the adjustment for E/AS gross margin is not adjusted year-to-year in the
simulation, but reflects the 1999-2004 experience in PIM. The slope of the right hand sloped segment is defined by
runninga linefrom the inflection point (at the target TIRM) to zero (at the target IRM plus 14% installed margin). That
segment isthen cutoffat IRM plus a 5% installed reserve margin, which is 1.043 timesthe IRM, asshown in Figure 6.



6, this shift isinstead 1%/1.15.} Thus, at a given reserve margin, capacity will receive a

higher ICAP payment than in Curve 3. Asshown by the simulations summarized infra, this

will tend to give additional incentive to invest in generation, and actual reserve margins
will tend to be higher.

5. “dlternative Curve with New Entry Net Cost at IRM +4% " Curve. Thisis a version of
Curve 3, except moved 4% to the right, and is shown in the last part of Figure 6. Asin
Curves 3 And 4, the capacity price falls to zero at an installed reserve margin of 20%,
which isafactor of 1.043 higher than the target IRM.

In addition to this set of five curves, a second set of curves is also considered based upon an av-
erage E/AS grossmargin of $21,100/MW/yr. Asl noted earlier, and as explained in the 2004 State
of the Market Report, this lower value results from an assumption that a benchmark turbine will
only operate during peak hours. Thisassumption resultsin an upward shift intheleft hand part of
thecurves, becausetheheight of the curvein that regionis based on the capital cost of abenchmark
turbine minusthismargin. In particular, the maximum capacity price increases by about $7400 (=
$28,000-521,100/MW/year, divided by 0.93), as does the location of the kink in the'' Net Cost at
IRM” curves.

A range of alternative assumptions is considered in the sensitivity analyses described in
Section 5.3. | present my conclusions about the relative performance of the curves later in this
section, but first some general observations are helpful in understanding the performance indices.

e The more capacity you get, the more likely you will exceed your IRM target, with less
variability.

e The more capacity you get, the less scarcity there will be, so scarcity paymentsin the enrgy

market will be lower.



e The sloped demand curves that PIM has proposed yield consistently higher capacity in-

vestment with consistently lower consumer costs than the other curves investigated. The

vertical demand curve (Curve 1) pays the most for new capacity, but because it creates

volatile and fast-changing signals to generators, it hitsor exceeds the reserve margin target

the least often.

Table 1 summarizes the averages and standard deviations of the performance indices for

reserves, generation cost and profit, and consumer payments for the five demand curves summa-

rized above. These results assume zero bids by existing and new capacity, moderate risk aversion

(risk-preference function parameter of 0.7, see Appendix A.2), and moderately declining weights

for profitsin the RAFP caculation( a = 80%).

Tablel. Summary of Results Under Base Case Assumptions (All Curves under Four-Y ear Ahead

Auction)
Forecast Reserve Indices Generation Components of Generation Revenue Consumer
% Years Average%  Profit, Payments for
Forecast Forecast Re- S/&Wiyr  Scarcity o, oo o ICAP gt
Curve Reserve  serveover (standard  Revenue E F? X c Ag
Meelsor  IRM  deviation SkWiyr  gpn® SKWir  gio
Exceeds  (Standard  [s.d.]) (s.d) d Gd) ey r(s.d.)
IRM _ Deviaion)  /IRR s
-0.44 66135.3% a7 70 129
1. No Demand Curve 39 (1.92) (113) (85) 10 (57) (121
2. Original PJIM Curve, 54 -0.06 25121.2% 37 10 39 84
Based on VOLL (0.74) (3} (79 (14) (78)
3._Alternat|ve Curve 123 15117 5% 26 40 74
4. Alternate Curve with
179 12/16.6% 21 42 71
NewEnhyNetCostat %8 o)  ¢6) (@) 10 ) (48)
5. Alternate Curve with
3.40 13117.0% 14 50 74
New Entry Net Cost at 98 (1.05) (1) G1) 10 (20) (43)

IRM-+4%

Some broad conclusions about Table 1’s comparisons of the different demand curves are

noted here, with further detail below.



The percentage of years that forecast reserves meet or exceed the IRM is related to the
average reserve margin and its variability. For instance, Curve 4 exceeds the IRM in 98%
of the yearssimulated.

Resource adequacy is also indicated by the average percent by which the forecast reserve
exceeds the IRM, providing a safety margin. Thisis expressed in terms of unforced ca-
pacity. The standard deviation of thisvalue indicates how much theforecast reserve varies
from year to year.'® Figure 7 provides an illustration of how the reserve margins vary over
time, using data from sample 100-year simulations for two of the curves. Further expla-
nation of the reasons for such variations is provided in Section 5.2. Under a given vari-
ability of the reserve margin (as measured by the year to year standard deviation), higher
average reserve marginsresult inthe IRM being achieved a greater percentage of the time.
Comparing Curves 3 and 4, for example, Curve 4 has a higher average reserve margin
(1.79% higher than the IRM, versus 1.23% for Curve 3), and thereforea higher percentage

of yearsin which the IRM is met or exceeded (98% versus 92%).

' Note that the actual reservemargin will vary agood deal more, based as it is upon actual weather-influenced peak
load. The forecast reserve, in contrast, is based on weather normalized load, growing smoothly at an expected rather
than random growth rate.
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Figure 7. Time Seriesfrom Single Simulations of Ratios of Forecast Unforced Reserve
Margin to Target Unforced Reserve, Curve 1 (No Demand Curve) and Curve 4 (Alternate
Curve IRM+1%)

Generation profit is the net revenue that a potential entrant (baseline turbine) would earn
over and above the assumed annualized fixed cost of construction. Larger valuesfor this
performance figure imply that investors are demanding a risk premium in exchange for
higher levels of risks in ICAP revenues and E/AS gross margins. If there was no risk
aversion and no risk in the market (from variations in load growth and weather), generators
would, in theory, require zero profit, and the model gives this result. In general, lower
reserve margins are associated with higher levels of risk and, therefore, higher required
profits, because volatile E/AS revenues make up a higher portion of the revenues. This
trend is clearly seen in comparing Curves 2 through 4; higher reserve margins are associ-
ated with lower average profits. (Curve 5 is an exception to this trend, because it is more
vertical than Curves 3 and 4, as Figure 6 shows; this results in more volatile capacity

revenues, which increases the profit that risk averse investorsrequire in order to construct

capacity.)



Profit is also expressed in terms of average internal rate of return (IRR) earned by
owner's equity in combustion turbine capacity. Becausethe 61 $/installed kW/yr levelized
rea cost of a new turbine is based on a nominal IRR of 12% (reflecting the after tax cost of
equity capital inarelatively stable regulated rate-of-returnenvironment), then an economic
profit of $0/kxW-yr in the table would translate into an IRR of 12%. The modeling of risk
aversion in this analysisreflects the general risk-return tradeoft apparent in capital markets
in which higher risks are accepted by investors only if accompanied by higher average
profits and IRR. Thus, simulations with higher investor risk result in higher costs of
capital, as reflected in higher IRRs. Note, however, that these IRRs are aresult of the risk
aversion assumptions of the model which, when changed, yield different IRRs (see Section
5.3). The model is neither defining nor using a target IRR to drive investment; rather, the
model merely calculates the IRR implied by particular levels of profits resulting from the
risk aversion and other assumptions made.

The three components of baseline CT revenues include gross margins from the E/AS
market (divided into scarcity revenuesand the assumed fixed component, see Figure 2) and
ICAP revenues, all expressed in [$/installed MW/yr]. Subtracting thefixed cost of the CT
($61/installed kW/yr in real dollar terms) yields profit. For instance, in the No Demand
Curve case, revenues equal 47+10+70 = 127. Subtracting 61 for the real annualized fixed
cost yields 66 for profit, as shown in the table. (Because of rounding, the profit may not
precisely equal revenues minuscost for al curves.) Generally, the table showsthat scarcity
revenues are more important when the average reserve margin shrinks, because shortage
conditions are more likely.

The consumer cost shown here includes only scarcity paymentsin the energy market along

with ICAP payments, assuming that all other electricity costs paid by consumers are not



affected by the demand curve. The consumer cost equals the sum of total payments for

energy scarcity and capacity, and is expressed in Table 1 as aratio of the total ICAP and

scarcity payments made by consumers divided by the peak load.”" In general, consumer
cost varies with generator profits; if investors require higher returns because of higher
risks, then consumer costs will also be higher, as those higher profits result from higher

ICAP pricesand E/AS gross margins. However, the table shows that the relationship is not

one-to-one (a $1 increase in profit does not trandate into a$1 increase in consumer costs)

in part because the profit is expressed on a $/installed MW/yr basis for a potential new
turbine, while consumer costs have adifferent denominator (peak load).

From the table, the following conclusions concerning the relative performance of the dif-
ferent curves are apparent. First, the 'no demand curve” case (Curve 1) has an average reserve
margin that isless than the IRM (-0.39% less, to be exact), even though the vertical portion of the
curve islocated precisely a the IRM. Also, the variation in the reserve margin is higher (1.92%
standard deviation, with the other curves having about half that variation or less). Thiscomparison
isillustrated in Figure 7. That figure shows atime series of forecast reserves for one of the sample
100 year simulations for Curve 1, as well as for one of the 100-year simulations for Curve 4 (Al-
ternate Curve IRM+1%)."* The curve shows that forecast reserve margins for the *No Demand
Curve" fluctuate between 94% and 104% of the IRM, while those for Curve 4 not only meet or
exceed the target more often, but also fluctuate in a tighter range, i.e., between 99% and 105% of
the IRM.

Furthermore, average profits and consumer paymentsare higher for Curve 1 (no demand

curve) than for the other curves. Profits are higher because the risks to investors are greater; by

"' Thiscan be expressed in other ways, aso; for example, if the annual load factor is 60%, then a$80/peak kW/vr
consumer cost would be equivalent to $15.2/MWh (= 80*1000/(0.6*8760)).

2 As explained earlier, | performed hventy-five 100-year simulations for each combination of a curve and set of
assumptions.



assumption, risk averse investors in generation require higher average returns in order to com-
pensate them for higher risks, and so, on average, generators must earn higher profitsif they areto
invest. Therefore, generators who arein the market are earning higher averageprofits. Thishigher
profit does not mean that generators are better off; rather, the higher profitsare needed to offset the
greater risks, which will bereflected in ahigher cost of capital. Thegreater risk isindicated by the
standard deviation of profits (113 $/Peak kW/yr), which for Curve 1 (vertical) is considerably
larger than for the other curves. This greater variation occurs in part because the vertical curve
results in more variation in ICAP costs from year to year; in essence, | CAP prices bounce between
zero and the maximum level on the curve ($124.7/kW/yr, Figure 6) depending on whether existing
capacity plus new additions isgreater or lessthan theIRM. Figure 8 showsan example of thewide
variation in capacity payments from a 100 year simulation of Curve 1 (no demand curve). This
variation is reflected in that curve's relatively high standard deviation for ICAP revenues (57
$/kW/yr, much higher than for the other curves, asshown in Table 1). Incontrast, Figure 7 shows

that the variation in capacity payments is much more stable for Curve 4 (Alternate Curve

IRM+1%).
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Figure 8. Time Series of Capacity Prices from Single Simulations, Curve 1 (No Demand
Curve) and Curve 4 (Alternate Curve IRM+1%)

However, fluctuating ICAP pricesare not the only cause of highly variable profitsin Curve
1. Energy and ancillary service gross margins also vary morefor Curve 1 than for the other curves
(with a standard deviation of 85 in Curve 1, and smaller values for the other curves, as seen in
Table 1). Thereason isthat the fluctuating forecast reserves mean that there are a number of years
of low reserves; if such years also correspond to hot weather and/or higher than anticipated eco-
nomic growth, actual reserves are pushed even lower. At such times, E/AS gross margins can be
high (see Figure 3).

Because Curve 1 (no demand curve) results in high consumer costs and relatively iow re-
serve margins, the other curves appear more attractive by these metrics. Improved performance of
the""no curve'™ case occursif it is shifted to the right, which increases reserve margins and some-
what lowers risks to investors and costs to consumers, or if it is assumed that new generation
submitsanonzero bid. Theseand other sensitivity analysesare discussed in more detail in Section

5.3, infra. However, the lack of aslope for Curve 1 meansthat relatively high variations in iICAP



prices and, thus, profits persist under alternative assumptions. Asaresult, required profits remain
higher than for the other curves and so do consumer costs. Therefore, | conclude that the sloped
curvesare more desirable from a consumer perspective.

Comparing the sloped curves (Curves 2 through 5 in Figure 6, page 32), they differ in their
reserve margins, generator profits, and consumer costs. Curves 2 and 3 result in lower probabili-
ties of meeting or exceeding the 1RM, as well as higher consumer costs than Curve 4, which
represents a variant of Curve 3 in which the curve has been shifted to the right. These low prob-
abilities and high consumer costs mean than Curve 4 is more desirable from those perspectives.
Curve 5 represents a further shift, although the truncation to zero price occurs at the same location
as Curves 3 and 4. The result is a higher average reserve margin, but Curve 5's more vertical
characteristics result in more variation in revenues, profits, and reserves than Curve 4. Asaresult,
required profits and thus consumer costs are higher than in Curve 4, and the probability of reaching
thetarget IRM is the same for those two curves.

As the curves are shifted further to the right, a greater proportion of the gross margin for
generators comes from the ICAP market, and less from E/AS scarcity revenues. (For example,
generators in Curve 3 gain 26 $/kW/yr from scarcity revenues, on average, and about 50% more
from ICAP. However, in Curve 5, where the curve has been shifted to the right by 4%, scarcity
revenues are approximately 70% smaller than ICAPrevenues.) Thestandard deviationsin Table 1
indicate that ICAP revenues tend to be less volatile (varying by only a few tens of dollars per kW
per year) relative to E/AS revenues (which can vary tenfold or more, depending on weather and
other variations). Asa result, risks are less for generators, and the profit required to justify in-
vestment is smaller; this is reflected in the lower equilibrium profit for Curve 4 compared to
Curves 2 and 3. The lower required profit trandates directly into lower consumer payments.

(Curve 5 hasdlightly higher profit requirementst han Curve 4, however, because Curve5is closer



to vertical, so that revenues are more volatile and the required internal rate of returnishigher.)

| should caution, however, that this dynamic analysis is better suited to comparing the
relative performance of curvesthanit isto fine-tuning the* optimal™ location of the demand curve.
Although Curve 4 has lower average consumer costs than curves to its left (Curve 3) or right
(Curve 5), under other possible assumptions, this might not be so. However, as the sensitivity
analysesin Section 5.3 show, the general conclusion that Curve 4 is preferable in terms of reserve
margin, lower variance of generation profits, and lower consumer payments compared to Curves
1-3 isrobust with respect to a wide range of assumptions concerning behavior of generators. In
contrast, the precise location of the demand curve that minimizes consumer payments is more
sensitive to these assumptions.
52 Exampleof Cyclesin Reserve Margins

In Figure 8, the forecast reserve margin exhibits cyclical behavior in which reserves pe-
riodically fall below the target (IRM) level. The swingsin reserve margins are larger under some
curves and assumptions than under others, but are always present in the smulations. In this sec-
tion, | give some reasons for this behavior with the help of an example. The example isafourteen
year excerpt of asimulation of Curve I (no demand curve), and illustrates how random fluctuations
in load growth and weather can cause variations in forecast reserve margins. The example
representsasituationinwhich low load growth dampens profits and investment, which then results
in shortagesof capacity, which in turn increases profits and, after alag, investment. Asaresult, a
period of low forecast reserve margins isfollowed by one of high margins.

Figure 9 shows the sequence of weather-normalized and actual peaksfor years 12-25 from
one simulation. The peaks are expressed as a multiple of the four-year ahead forecast peaks for
those years. Early on, the weather-normalized peaks around year 16 are severa percentage points

below the forecast peaks. Furthermore, cool weather in some years depresses actual peaks even



further. Turning to Figure 10, we see that those low |oads tranglate into higher than normal actual
reserve margins in those years, relative to the reserves that were forecast four years before. The
bottom of that figure shows that those higher reserves depress gross margins through year 18,
mainly by lowering E/AS revenues (asactually occurred in PIM in 2003 and 2004). This series of
depressed profits, in turn, translates into forecasts of low profits, which in turn depresses invest-

ment. By years 18 and 19, Figure 11 shows that investment in new capacity bas dried up com-

pletely.
115% -
w 2 110% -
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Figure9. Anaysisof Capacity Cycle: Weather-Normalized and Actual Peaks



2 1.1 i
4 | ._Actual Reserve T
- —_ - - 500.000
n x5,
N A—p 3
D.8 ; : :
| ¥ \ i =
¢ ) ' s %
0.7 250.000 & 2
X2 \ o T
% x th
0.6 - ' { X é
il . — . J — 'y &
0.5 | 0
12 13 14 15 16 17 18 19 20 21 22 23 24 25
JYear /
Y N
High reserves, Lowreserves,
Low profits High profits

Figure 10. Analysisof Capacity Cycle: Low Profits in Early Y ears, High Profits Later

750,000

New apacity
s % of Forecast Peak

o
:
EX

4.0%

3.0%
2.0%
1.0%

“0.0%
12 13 14 18 1S

Low profits in years 12-18
cause CT additions to crash.
When demand surges in 19«

21, capacity is inadequate

Only after several years of
sustained high profits (19-21)
does capacity growth resume (too
late to avoid shortages in 19-23)

Figure1l. Analysisof Capacity Cycle: Capacity Additions Lag Profitability

The lack of new capacity in years 18 and 19 causes forecast reserve marginsto dip below
the IRM after year 18 (Figure 10). At the same time, hot weather in years 19 and 21 results in

abnormally high actual peak loads (Figure 9) and very low actua reserve margins (Figure 10),



causing E/AS revenues to spike (Figure 10). After the generators see some years of high profits,
their profit forecasts and subsequent willingnessto invest recover, and high investment levelsare
seen after year 21. Eventually, forecast reserve margins climb back up to theIRM inyear 23. This
completes thecyclical variation in reserve marginsinduced by low load growth and cool weather.
53 Sensitivity Analysesfor the Four-year Ahead Auction

The dynamic model is designed based on simple relationships and a minimal number of
parameters that describe the behavior of generators, while still capturing the fundamental phe-
nomenaof risk aversion and increased entry in responseto increased profits. Thisisdonein order
to maximize model transparency and to facilitate sensitivity analyses, since the correct values of
the parameters are not known. Hence, it isimportant that the relative performance of the demand
curves NOt be overly sensitive to these parameters.

In this section, sensitivity analyses are performed relative to my assumptions concerning
the four sets of behavioral characteristics. In addition, sensitivity analyses are performed relative
to two parameters of the demand curves. Table 2 summarizes those assumptions. The demand
curve parametersthat | vary and report extensive results for are asfollows:

1. The highest ICAP pricein the curve. In the base cases, it is assumed to be two times the
levelized nominal capital cost of a turbine, minus the expected E/AS gross margin of
$28/kW/yr. Lower values are tested to see if they affect the results significantly (Sensi-
tivity Runs#1,2).

2. Thelevel at which the price of ICAPisassumed to fall to zero. Thisisdone by utting off
the curves entirely at 10% above theIRM (measured in terms of installed capacity), rather
than at 5% as in the base case (Sensitivity Run #3). The 10% cutoff affects only Curves
2-5; in Curves 3-5, thisassumption has the effect of lengthening the right-hand tail of the

curve. Thisisdone by extending the second (rightmost) sloped segment linearly until the
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10% cutoff. In Sensitivity Run #4, Curves 3-5 are not chopped off at all; rather, the last
(rightmost) downward sloping segment is extended until it hitsa zero price. For Curve 3,
thisoccursat an installed reserve margin of 28% (13% abovethe IRM target of 15%); for
Curves 4 and 5, these pointsoccur at installed reserves of 29% and 32% respectively (14%

and 17%, respectively, above the target IRM).

The behavioral assumptions that | change and provide detailed resultsfor include the following:

1. Variations in how much capacity is bid into the market (NCA,) and built when profits

(risk-adjusted forecast) are high. Low amounts mean that the market does not respond
quickly to profit signals, while higher amounts mean greater responsiveness. In our base
case, we assume that if risk-adjusted forecast profit (net of all costs, including annualized
capital cost) for a benchmark combustion turbine equal 100% of the cost of the turbine,
then capacity amounting to 7% of existing capacity would be added. Alternative assump-

tions of 5% and 9% are considered (Sensitivity Runs#5 and 6, respectively).

. Variationsin the level of bids ($/unforced MW/year) submitted by existing and potential

new capacity. Zero bidswere assumed asa base case. Thiswas based upon the assumption
that generatorswould commit to building and maintaining acertain amount of capacity that
depends on forecast profits, and would bid that capacity into the ICAP market in a
price-taking manner. Various levels of positive bids, up to $44/kW/yr are considered in
the sensitivity analyses. The highest bid considered exceeds the net cost of a benchmark
turbine (approximately $36/unforced kW/yr, equal to the real levelized capital cost of $61
minus the expected E/AS revenues of $28, divided by one minus the forced outage rate,)

(Sensitivity Runs #7-10).

. Various degrees of risk aversion, ranging from weaker risk neutrality to extreme risk

aversion (Sensitivity Runs#11 and 12, respectively). Sensitivity Run #11ais the case of



complete risk neutrality (linear risk-preference function, resulting from a risk-preference

parameter of 0.5), inwhich risk isnot penalized at all. Meanwhile, Sensitivity Run#11bis

risk averse, but less so than the base case. These sensitivity cases are summarized in terms

of the risk-preference parameter explained in Appendix A.2 (see Table 2 and Figure 4).

4. Various relative weightings for recent profits versus profits further in the past in the
risk-adjusted forecast profit calculations (Sensitivity Runs#13, 14). Inthe base case, profit
in a given year is assumed to be given only 80% of the weight assigned to profit in the
following year.

In addition to those sensitivity analyses of demand curve and behavioral characteristics, |
also examine the effect of assuming lower E/AS gross margins (Sengitivity Run #15). As| ex-
plained supra, confining the baseline turbine's operation to peak hours lowers the average E/AS
gross margin to $21/kW/yr (compared to the base case assumption of $28/kW/yr). | simulate this
assumption by shifting the demand curve upwards to account for the lower E/AS revenues, and by
lowering the E/AS gross margin curve (Figure 3) by the same amount.

Tables 3-12 show the results of Sensitivity Runs #1-15 for all five demand curve cases.
Both the average and standard deviations (across the sample of 2500 years) are shown for the
performance indices.

Finaly, | also briefly report on sensitivity analyses concerning the slope of the demand

curves and the assumed year-to-year variation in growth ratesfor weather-normalized peak loads.



Table2. Summary of Sensitivity Analysis Assumptions

Selgi:]l\;:ty Sengitivity Analysis Case Explanation
. Highest price on demand curveis (1.5%72-28)/(1-.07)
1 M ar;‘uiri' Cl?e‘d'\gtlcgﬁ [$/kW/yr] = 86 [$/kW/yr] (Base Case = multiplied by 2,
P ' 124.7 [$/kW/yr])
5 Max Price=Net Cost Highest price on demand curve is (1.2*72-28)/(1-.07)
multiplied by 1.2 [$/kW/yr] = 62.8 [$/kW/yr]
3 Price drops to zero at Right tail of demand curve is reduced to zero at
IRM+10% IRM+10%. Only applicableto Curves 2-5
4 Curves3-5longtails; no  No chopoff of tail; rightmost sloped segment extended
chopoff linearly to X axis. Only applicableto Curves 3-5
If CT profit equals annualized nominal capital cost (72
5 LowPereentCTadded o oy ihen 596 of existing capacity is added. (Base
when profit isequal to cost
case = 7%)
6 High Percent CT added If CT profit equals annualized capital cost, then 9% of
when profit isequal to cost existing capacity is added.
$10,000/unforced MW/yr is bid submitted for new ca-
, pacity in four-year ahead auction (*"New" includes only
7 10,000bi ZSCT,[O rhew ca capacity for which acommitment is made 4 yearsahead of
pacity auction). All other capacity bid in at $0. (Base case=$0
bid for both new and old capacity)
g 25,000 bids for new ca- $25,000/unforced MW/yr is bid submitted for new ca-
pacity pacity in four-year ahead auction
9 44,000 bidsfor new ca-  $44,000/unforced MW/yr is bid submitted for new ca-
pacity pacity in four-year ahead auction
44,000 bidsfor new, $44,000/unforced MW/yr is bid submitted for new ca-
10 20,000 for existing capac- pacity infour-year ahead auction; $20,000 bid for all other
ity capacity.
Risk neutral (linear risk-preference function for new
lla Low risk aversion 0.5 generation profit); Risk-preference parameter set to 0.5
(Base case=0.7)
[I'b Low risk aversion 0.6 Low risk averse; Risk-preference parameter set to 0.6

Highly risk averse (strongly concave utility function for
12 High risk aversion 0.9 new generation profit, see Appendix A.2);
Risk-preference parameter set to 0.9

Weight assigned to profit inyear ¥-1 equal to 60% of
13 Highrateof decay in  weight givento profit inyear Yin RAFP calculation. This
weights emphasizes more recent profits more than earlier profits.
(Base case = 80%)

Weight assigned to profit in year Y- equal to 90% of
weight givento profitinyear Yin RAFP calculation. This
places nearly equal emphasison profits from all eight
yearsin Figure 2.

14 Low decay in weights

15 Lower E/AS margins Confine turbine operation to peak hours




Table 3. Summary of Sensitivity Analyses of Curve 1 (No Demand Curve), Average Values

Reserve Indices Components of Generation Revenue  Consumer
Generation Payments
Sensitivity R % Years Average%  Profit, Scarcity  E/AS Fixed ICAP Pay- for Scarcity
y Run
Meet or Reserveover $kW/yr  Revenue  Revenue ment + ICAP
Exceed IRM  IRM NRR  SkWhr  $kWiyr  $kWir  $/Peak
kW/yr
1. Max Price=Net Cost o
e ipliad by 15 35 058  491205% 49 10 52 110
2. Max Price= Net Cost 0
ltinlied by 12 29 091 431273% 52 10 41 103
3. Price dropsto zero not applica- na na na na na Na
at [IRM-+10% ble (na)
4. Pricedropsto zero at na na na na na na Na
higher IRM
5. Low Percent CT
added when profitis 36 050  68135.9% 45 10 74 131
6. High Percent CT
added when profitis 42 2032 631341% 47 10 67 125
equal to cost
7- 10,000 bidsfor new i 059  601332% 45 10 66 123
8. 25,000 bidsfornew g4 031 451280% 41 10 55 106
capacity
9.44,000 bidsfornew 013 331239% 38 10 46 93
capacity
10. 44,000 bids for
new, 20000 for exist- 4 2007 201227% 37 10 43 89
ing capacity
lla. Low (r,'ik averson g 103 121167% 29 10 34 70
I1b. Low ; gk avesion g 028  391259% 37 10 53 99
12. High ;‘j( aversion 5 353 1581675% 118 10 92 226
13. High rate of decay 021  441279% 38 10 58 106
in weights 49
14. L\S‘;‘gfﬁfay n 36 077  761387% 53 10 73 139
15 Lower E/AS mar- 44 039  681360% 45 10 74 131

gins




Table4. Sensitivity Analyses of Curve 1 (No Demand Curve), Standard Deviations

Components of Genera-

Payments for

Reserve Indices

Generation
Profit, Scarcity  ICAP Pay-

Sensitivity Run Average % Re- Scarcity ™
serve over | RM $';i\:i”$ f I:J:v;r;ue %ﬂT\i%r ICAP $/Peak
Al h91 yr 3
(s.d.) (s.d.) (s.d) kWiyr (s.d.}
1. Max Price= Net Cost
multiplied by 15 L& 101 & 3 108
2 Max Price= Net Cost
multiplied by 1.2 L6 % 0 % 105
3. Pricedrops to zero at na na na na na
IRM+10%
4. Pricedropsto zero a na na na na na
higher IRM
5. Low Percent CT
added when profit is 148 105 7 %6 12
equal to cost
6. High Percent CT
added when profit is 225 112 & 57 10
equal to cost
7. 10,(11)bidsfor new 08l 1 0 53 110
capacity
8 25, (XI)biQSfor new 91 74 45 97
capacity 0.64
9. 44, 000bi QSfor new ) v 69 22 79
capacity 0.43
10. 44, 000hids for
new, 20,000 for exist- 020 70 67 15 74
ing capacity
1la Low(r;;k aversion 174 % 58 53 B
[lb. Lowgséaverson 120 100 71 57 108
12 High nkaveson 402 166 144 47 174
I3, ngh ra;eof decay 1.70 10 vl 53 108
in weights
14 Low decay in 221 120 92 % 128
weights
15. Lower WAS mar- 1% 111 0 60 120

gins




Table 5. Sensitivity Analyses of Curve 2 (VOLL Curve), Average Values

Reserve Indices

Components of Generation Revenue

Generation ng%]eng?ror
i % Years Average%  Profit, Scarcity ~ E/AS Fixed ICAPPay- ¢ .. cie +
Sensitivity Run Meet or Reserveover 3kW/yr  Revenue  Revenue ment | czaggg eak
Exceed iRM IRM /IRR $kWiyr $Wiyr  SKWhr KW/yr
1. Max Price=Net Cost
multiplied by 15 48 -0.01 25121.0% 37 10 38 84
2. Max Price= Net Cost
multiplied by 12 47 -0.07 25121.0% 38 10 38 84
3. Pricedropsto zero at na na na na na na na
IRM+10%
4, Price drops to zero at na na na na na na na
higher IRM
5. Low Percent CT
added when profit is 56 0.06 25121.1% 36 10 39 84
egual to cost
6. High Percent CT
added when profit is 51 0.08 24120.9% 36 10 39 83
equal to cost
7.10000bidsfornew o, 006  251212% 37 10 39 84
capacity
8. 25000 bidsfornew 010  231204% 36 10 38 82
capacity
9.44,000 bidsfornew 009  251212% 35 10 41 84
capacity 95
10.44.000 hids for
new, 20,000 for exist- 95 0.09 25121.2% 35 10 4] 84
ing capacity
1la. Low risk aversion
A= 66 0.84 14117.4% 32 10 13 72
Lib. Low (r)';’k veson 020  211197% 35 10 37 79
12. High risk aversion
an 30 -1.83 91144.1% 78 10 64 155
13. High rate of decay . 012  211199% 35 10 37 80
in weights 35
14. Low decay in 50 002 2n20% 3B 10 40 87
weights
15 Lower EIASmar- o4 019  251213% 36 10 41 85

gins



Table 6. Sensitivity Analysesof Curve 2 (VOLL Curve), Standard Deviations
Reserve Components of

Indices _ Generation Revenue  consume
Generation Payments for

Sensitivity Run Average % $'Z:?;,'/t’r gcar cty ICAP Fj[ay— Scarcity
Reserve over b evenue men ICAP $/Peak

IRM (sd)  (sd)  SKWhr  SEWIE )

1. Max Price= Net Cost

multiplied by 15 0.75 72 69 L 76
2. Max Price= Net Cost
multiplied by 1.2 0.81 71 69 I 76
3. Pricedropsto zero at na na na na na
4. Price dropsto zero at na na na na na
higher IRM
5. Low Percent CT
added when profit is 0.59 70 68 12 74
equal to cost
6. High Percent CT
added when profit is 0.92 72 68 16 76
egual to cost
7. 10,000 bids for new :
capacity 0.74 73 70 14 78
8. 25,000 bids for new
capacity 0.54 69 67 [ 74
0. 44,000 bidsfor new 0.17 64 64 3 68
10. 44,000 bids for
new, 20,000 for exist- 0.16 64 64 3 68
ing capacity
[ la. Low risk aversion 185 71 65 17 75
05
11b. Low risk aversion
na 0.65 69 66 13 74
12. High gsg aversion 5 4 139 119 36 147
13. High rate of decay
in weights 0.84 68 65 16 72
14. Low decay in 1.00 76 71 17 80
weights
15 Lower EFAS mar- g5 72 67 8 77

gins




Table 7. Sensitivity Analyses of Curve 3 (New Entry Net Cost at IRM), Averages

Reserve Indices

Components of Generation Revenue

Generation P;:yonqzuntmsefz:)r
Sensitivity Run %Years Average%  Profit,  Scarcity E/AS Fixed ICAPPay- g e
y Meet or Reserveover $kW/yr  Revenue Revenue ment ICAP $/Peak
Exceed IRM  IRM /IRR SkWiyr SkW/iyr  SkWhr KW/yr
1. Max Price= Net Cost o
il by 15 90 120 151176% 26 10 40 74
2. M Price= Net Cost 0
tinted by 12 o8 116 15117.7% 26 10 40 74
3. Pr'cﬁg\r,?ffg;fem a 0 123 1517.5% 26 10 40 74
4. Pri Cﬁf&’ff;f,fero a g 123 151175% 26 10 40 74
5. Low Percent CT
added when profitis 89 118 15117.7% 26 10 40 74
6. High Percent CT
added when profitis 95 126 141173% 25 10 40 73
egual to cost
O ™ 123 151175% 26 10 40 74
8 25'03;1?3 for new o 123 151175% 26 10 40 74
2. 44’0‘;2;:(3?;” new g9 078  181188% 28 0 41 77
10.44.000 bhidsfor
new, 20,000 for exist- 99 078  181188% 28 10 41 77
ing capacity
1la. Low risk aversion
ns o8 163 101159% 24 10 38 69
I1b. Low (;'Zk ersion 135 13117.0% 25 10 39 72
i2. High []'sqk averson o, 102 171184% 27 10 41 76
13 H'i%]hvﬁz&;decay 100 116 141172% 25 10 40 73
14. L-ow decay in 82 128 171184% 27 10 4 76
15. Lower E/AS mar- o9 200  111164% 20 10 42 71

gins




Table8. Sensitivity Analyses of Curve 3 (New Entry Net Cost at [RM), Standard Deviations
Reserve Indi- Components of Genera-
ces tion Revenue Consumer

Generation Payments for
Profit, Scarcity  ICAP Pay- ol

Sensitivity Run Average % Scarcity *
KW,
Reserve over 5 s d/)y F Revenue ment | CAP $/Pesk
A W/ W/
IRM (s.d.) Gy’ (sdy . kWiyr(s.d)
1. Max Price= Net Cost
multiplied by 15 092 >3 > N >
2. Max Price = Net Cost
multiplied by 1.2 098 >4 >3 ‘ >
3. Price drops to zero at
TRM2 10% 0.88 53 52 4 55
4. Pricedrops to zero at
IRM+13% 0.88 53 52 4 55
5. Low Percent CT
added when profit is 094 52 51 5 55
equal to cost
6. High Percent CT
added when profit is 0.82 52 51 4 55
equal to cost
7..10,000 bidsfor new 087 53 52 4 55
capacity
8. 25,000 bidsfor new 088 53 52 4 55
capacity
9. 44,000 bids for new 021 53 53 1 56
capacity
10. 44,000 bidsfor
new, 20000 for exist-  0.21 53 53 1 56
1la. Low risk aversion 158 51 49 10 54
05
11b. Lowggk aversion 104 51 50 5 54
12. High RS(I; aversion 077 55 54 5 58
13. Hligh rate of decay 037 49 49 1 51
in weights
14. Low decay in 140 58 55 11 61
weights

15. Lower E/AS mar-

0.89 42 41 4 44




Table 9. Sensitivity Analyses of Curve 4 (New Entry Net Cost at IRM + 1%), Averages

Reserve Indices

Components of Generation Revenue

. Consumer
Generation Payments for
i %Years Average%  Profit, Scarcity E/AS Fixed ICAP Pay- -
Sensitivity Run Scarcity
Meetor Reserve over $kW/yr Revenue Revenue ment [CAP $/Peak
Exceed IRM  IRM /RR  SkWiyr — SKWAr  SAWAT g
1. Max Price= Net Cost 0
ultiplied by 15 97 173 131168% 22 10 42 72
2. Max Price=Net Cost 0
multiplied by 1.2 95 164 131169% 23 10 M 72
3. Price drops to zero at 0
M 0% 99 182  121166% 21 10 42 71
4. Price drops to zero at 0
RM L4 99 182  121166% 21 10 42 71
5. Low PercentCT
added when profit is 08 177  131168% 22 10 42 72
equal to cost
6. High Percent CT
added when profit is 98 180  121165% 22 10 2 71
equal to cost
7. 10,000 bids for new 179 121166% 21 10 42 71
capacity 99
8. 25000 bigsfornew  gg 180  121166% 21 10 42 71
capacity
9.44,000 bidsfornew 0 155  13117.0% 22 10 42 72
capacity
10. 44 000 bidsfor
new, 20,000 for exist- 100 155  13117.0% 22 10 42 72
la Low g'gk avesion g7 212 9/153% 20 10 40 67
1. Low riscaversion g 190 111162% 21 10 41 70
12. High risk aversion
no 92 1.31 24120.7% 29 10 46 84
13 Highrateof decy |, 171 111163% 21 10 A1 70
in weights
14. Low decay in 87 172 191191% 25 10 45 79
weights
15. Lower WASmar- g9 250  111161% 18 10 44 70




Table10. Sensitivity Analyses of Curve4 (New Entry Net Cost at IRM + 1%4),
Standard Deviations

Reserve Indi- Components of Genen-
ces ] tion Revenue Consumer
Generation
Payments for
itivi %  Profit.
Sensitivity Run Average % g /é“w‘/yr e?/rgrlwt ICAP Pay ﬁar% }¥
RESAIVEOVE (sd)  S&Wiyr ‘E/LW/) ! eak
IRM (s.d. - kW/yr (s.d.
1. Max Price = Net Cost ’0 92’
multiplied by 1.5 '
2. Max Price=Net Cost 0.99
multiplied by 12 )
3. Pricedropsto zero at
TRM+10% 0.89
4. Pricedrops to zero at - .-
added when profit is 094 45 44 7 48
equal to cost
6. High Percent CT
added when profit is 0.87 46 45 7 49
equal to cost
7. 10,000 b|d5for new 45 44 6 47
capacity 0.88
8 25,000 b|d$ for new 088 45 44 6 47
capacity
9. 44,000 bidsfor new
capacity 0.36 a4 43 2 46
10.44.000 bidsfor
new, 20,000 for exist- 0.36 44 43 2 46
ing capacity
1la. Low risk aversion 1.40 45 42 I 47
05
11b. Low(:lesk aversion 099 44 3 K 47
12. High ggk aversion g 67 60 15 71
13 Highrate of decay ) 4 42 42 1 44
in weights
14. Low decay in 1.64 60 53 17 64
weights
15 Lower EAS mar- - gg 40 38 8 42

gins




Table11. Sensitivity Analyses of Curve5 (New Entry Net Cost at IRM + 4%), Averages

Reserve Indices

Components of Generation Revenue

. Consumer
Generation Payments for
s % Years Average%  Profit, Scarcity  E/AS Fixed ICAP Pay- -
Sensitivity Run Scarcity
Meetor Reserveover 3kW/yr  Revenue  Revenue meM A p ebeak
Exceed IRM IRM /IRR SkWiyr  $&kWhr  $A&Wiyr KWiyr
1. Max Price=Net Cost
multiplied by 15 97 313 12116.6% 15 10 48 72
2. Max Price = Net Cost
multiplied by 1.2 94 2.75 12116.5% 17 10 46 72
3. Price dropsto zero at
IRM4+10% 100 3.87 7114.8% [ 10 47 67
4. Price dropsto zero a
IRM+17% 100 3.87 7114.7% [ 10 47 67
5. Low Percent CT
added when profit is 98 3.32 14117.5% 14 10 52 75
equal to cost
6. High Percent CT
added when profit is 95 3.16 18118.8% 16 LO 53 79
equal to cost
7. 10,000 bids for new o
capacity 99 3.49 11116.1% 13 10 49 71
8. 25,000 bidsfor new 0
capacity 100 3.57 9115.5% 12 10 48 69
9. 44,000 bidsfor new 0
capacity 100 3.72 8115.2% 12 10 47 69
10. 44,000 bidsfor
new, 20,000 for exist- 100 3.75 7114.9% | | 10 47 68
ta Low 5'2" version 00 392  51139% 12 10 44 65
i - -
Hb. Low fiscaverson g 360  9ls5k 12 10 48 69
12. High risk aversion
0.9 53 0.12 90143.7% 60 10 81 155
13. High rate of decay 0
in weights 100 3.60 8115.2% 12 10 47 69
14. Low decay in
weights 90 2.78 27122.0% 20 10 59 89
15 Lower BASmar-— g¢ 326 211198% 15 10 57 83

gins




Table12. Sensitivity Analyses of Curve5 (New Entry Net Cost at IRM +4%),
Standard Deviations

Resewe Comoonents of
Indices s Generation Revenue  consumer
— Generation
: : Payments for
Sensitivity Run % Profit, Scarcity  ICAP Pay- Scarcity ™
$/kW/yr  Revenue ment
Reserve over e SAW/yr S/WiyT ICAP $/Peak
IRM {(s.d.) 5.d) (s.d) kWiyr (s.d.)
1. Max Price=Net Cost
multiplied by 15 113 38 32 14 40
2. Max Price= Net Cost
multiplied by 1.2 135 40 37 10 42
3. Price dropsto zero at
RM+10% 0.94 26 23 9 27
4. Pricedroosto zero at o oma - - - ~—
added when profit is 104 39 30 19 42
equal to cost
6. High Percent CT
added when profitis 1.78 53 35 3l 57
equal to cost
7. 10,000 bid_sfor new 33 o7 14 35
capacity 0.72
8. 25,000 bi QSfor new 058 29 26 10 30
capacity
9. 44,000 b|d3 for new 29 o5 10 20
capacity 0.71
10. 44.000 bids for
new, 20,000 for exist- 0.61 26 23 8 27
ing capacity
1lla. Low Cr)lgk aversion 167 3 o4 0 37
I1b. Low(yzk aversion 0.90 3 o7 16 35
12. High 3%‘ avasion 4 5g 130 107 83 137
13. High rate of decay
in weights 0.68 30 25 13 sl
14. Low decay in 2,09 65 46 % 70
weights

15. Lower E/AS mar-

oing

1.58 53 33 33 58




First considering the effects of the demand curve changes, my conclusions about the sen-
sitivity analyses are asfollows:

1. Lowering the maximum price in the demand curve from $124.7/kW/yr to $86 or
$62.8/kW/yr (Sensitivity Runs #1, 2) improves the performance of the no demand curve
case (Curve 1) in terms of consumer payments (from $129/peak kW/yr to $110 or $103),
but worsensits average reserve margin. Consumer paymentsdecrease because the lowered
maximum I CAP price lowersthe variability of total CT revenues, somewhat lowering risk
and, thus, the profit required for new entry. However, Curve 1 remains considerably more
expensive for consumers than the other curves. For all the other curves, there are no ad-
vantages to lowering the maximum price, as the average reserve margins deteriorate
dlightly and consumer payments stay approximately the same.

2. Dropping theright tail of Curves 3 or 4 to zero at a point further to the right rather than at
IRM+5% (Sensitivity Runs#3, 4) has negligible effect on the results, because the forecast
reserve margin is rarely in that range for either of those curves. On the other hand, the
performance of Curve 5 (IRM+4%) improves (lower consumer cost, higher reserves),
because these changes eliminate the vertical character of that curve.

In addition to the above sensitivity analyses concerning the curves, | also examined the
effect of aternative slopes of the demand curves by compressing or expanding their range. In
general, | find that changing the slopes of the curves makes much less difference in the resultsthan
shiftingtheir location left or right. For instance, taking Curve 4 (IRM+1%}in Table I and shifting
it left by 1% (Curve 3, Table 1) or right by 1% (not shown) changes the percent of years that the
IRM isachieved from 98% to 92% and 99%, respectively. (Such ashift isequivalent to changing
the target reserve margin you want to achieve and how much you're willing to pay for it.) On the

other hand, decreasing the absol ute val ue of the slopes of Curve 4 by 33% (while keeping the kink



of the curve centered at IRM+1% and $47/kW/yr) or increasing it by 50% changesthat percentage
from 98% to 94% and 98%, respectively. Thisisasmaller effect. The changesin consumer costs
show asimilar pattern. These left and right shifts of Curve 4 change the consumer costs from the
base value of 71 $/peak kW/yr to 74 and 70 $/peak kW/yr, respectively. The decreased and in-
creased slopes, meanwhile cause a somewhat smaller change, from 71 $/peak kW/yr to 73 $/peak
kW/yrin both cases. Therefore, the decision about the location of the curve ismoreimportant than
decisions about its slope.

Turning to the behavioral characteristics, | reach the following basic conclusion: the per-
formance of Curve 1 (no demand curve) is more sensitive to these assumptions than the sloped
demand curves, sometimes dramatically so. However, under no assumptions is the “no demand
curve" case found to be preferable, in terms of reserve margins or consumer payments. to the
sloped curves. Concerning each individual set of behavioral characteristics, my conclusions are as
follows:

1. The greater the amount of entry that occurs in response to a given profit, the better the
performance of al curvesin terms of the reserve indices and consumer payments (Sensi-
tivity Runs#5, 6). This is because supply can more quickly adjust to unexpectedly high
economic and, thus, demand growth. However, the changes in the performance of the
curves as a result of changes in this assumption generally small relative to the effects of
changes in some other behavioral assumptions (especialy risk aversion and forecast
weights).

2. Bidding positive amounts, whether just by new capacity or both new and old capacity
(Sensitivity Runs#7-10), stabilizes ICAP prices and thus profits for Curve 1 (no demand
curve), while having relatively little or no impact on sloped Curves 2-4. (Curve 5 ex-

periences more impact, because it is more vertical than the other curves) As aresult,



generatorsface lessrisk and are more willing to enter the market in Curve 1 (and Curve 5),
which yieldsimproved reserve margins and consumer payments. Under the most extreme
assumptions (new capacity bids $44/kW/yr, and existing capacity bids $20/kW/yr, Sensi-
tivity Run #10), Curve 1’s averagereserves improve from 0.44% below IRM on average to
0.07% below IRM, while the standard deviation of reserves falls from 1.92% to 0.29%."*
Thestandard deviation of ICAP paymentsin Curve | ismore than halved (from $57/kW/yr
to $15/kW/yr), because ICAP prices now occur frequently at intermediate values where
bids intercept the demand curves rather than just the extremes of $0 and $124.7/kW/yr.
The resulting lowered profit risk lowers the required returns, so equilibrium profit falls
from $66/kW/yr to $29/kW/yr, with consumer payments for scarcity and capacity corre-
spondingly dropping from $129/peak kW/yr to $89/peak kW/yr. This increases the rela-
tive attractiveness of the vertical demand curve, but its performance (in terms of the
consumer payments) is still undesirable relative to the sloped demand curves. For exam-
ple, under Curve 4 (IRM+1%), consumer payments are $71 or $72/peak kW/yr under all
bidding assumptions.

3. The degree of risk aversion (Sensitivity Runs #11, 12) has a marked influence on al the
results; thisis the most important behavioral characteristic, as gauged by the sensitivities
shownin Tables3-12. Ononehand, strict risk neutrality causes consumer paymentsfor all
curves to fall to the range of 65 to 70 $/peak kW/yr (Sensitivity Run #11), as the risk
neutral producersare willing to accept much lower profits. Curves4 and 5 still have lower
consumer costs than the other curves, although not to as a great degree. Required profits
are still positive because of nonlinearities elsewhere in the model (in particular, in the

response of entry to risk-adjusted forecast profit, see Figure 2). If additional uncertainties

1% |t should be noted that these bidding levels are much higher than daily ICAP prices observed in the PIM market
behveen 1999 and 2004; see the PIM State of the Market Report, Figure 4-9.



in load, attributed to economic growth and weather, are eliminated, then the required
profits fall to zero or nearly so, as they should in a riskless world with no variations in
profits.  On the other hand, a high aversion to risk (strongly curved risk-preference func-
tion, see Appendix A.2) results in very high profit requirements, particularly for the case
with no demand curve, greatly increasing its consumer payments relative to the other
curves.

4, The weighting assumptions for profits in different years (Sensitivity Runs #13, 14) in the
risk-adjusted forecast profit calculation make some difference in the consumer payments
and reserves, but do not change the conclusion that Curve 1 (no demand curve) is inferior.
Finaly, in Sensitivity Run 15, | compared the results of the demand curves developed

under the assumption that the benchmark turbine earns an average $21,100/MW/yr E/AS gross
margin rather than $28,000 (see Figure 3 and the associated discussion, supra). Thislower valueis
based on an assumption that the turbine operates only during peak hours, rather than during any
hour in which price exceeds its running cost. This assumption means that the E/AS gross margin
offset for the curvesissmaller, so that the maximum payments defined by the curves are higher by
about $7000 (after adjustments for forced outage rates). The simulations are done using a corre-
spondingly lower curve relating EIAS gross margin to reserve margins (the dashed linein Figure
3). Comparing Sensitivity Run#15 ($21,100 assumption) with the base casein Table 1 ($28,000
assumption) showsthat under the base case assumptions for other parameters, thereislittle change
in the reserve margins resulting from the curves. However, there are small changes in the profits
that investors require and the resulting consumer payments, and these changes are positive for
some curves and negative for others. Therelative standing of the various curves does not change:
the alternative sloped curves (Curves 3-5) still result in lower consumer payments and higher re-

liability than the no demand curve case (Curve 1).




| also examined alternative assumptions concerning the year-to-year variation in growth
rates for the weather-normalized peak. Instead of the base case value of 1% for the standard de-
viation of that growth rate, | also examined 0.5% and 1.5%. These assumptions did have sig-
nificant impacts on the specific numerical performance of the five curves, but not on their general
performance relative to each other. For instance, standard deviationsof 0.5% and 1.5% resulted in
consumer costs of 121 and 136 $/peak kW/yr, respectively, for Curve I (no demand curve),
compared to the base case value of 129 (Table 1). More variable load growth results in both
greater risksand greater potential rewardsfor entry; my assumption of risk-aversion thentranslates
into a higher required profit in order for entry to occur. In contrast to Curve 1, for Curve 4 (sloped
curve centered at IRM+1%), the 0.5% and 1.5% values yielded consumer costs of 62 and 78,
compared to the base case of 71. The sloped curvescontinue to haverelatively lower costé thanthe
vertical curve.

Although the conclusion regarding the desirability of sloped curves (especialy Curves 4
and 5) relative to Curve 1 (no demand curve) is robust with respect to these assumptions, the
precise financial consequences (ICAP prices, generator profits, and consumer payments) do de-
pend on the assumptions made. Therefore, the conclusion | draw is that there is significant un-
certainty regarding the future effects of capacity mechanisms on consumers, but that risks are
lower if asloped demand curve is used.

54  Comparison of Pour-Year Ahead with Same-Y ear Auction

An investor in generation capacity has less information on future capacity prices in the
present year-ahead | CAP auction than under the proposed four-year ahead RPM system. Referring
to Figure 2, the investor knows at year y-4 the ICAP pricein yearsy-3,y-2, and y-1 in the RPM
system, because the auctions for capacity in those years have aready been held. Asaresult, the

investor has afirmbasis for projecting capacity prices in subsequent years. But in the present



| CAPsystem, this information isnot available. Even though the generation capacity that will beon
line in those years might be estimated, based on capacity that already exists or is under construc-
tion, the investor does not know the weather-normalized peaks upon which the demand curvesfor
those yearswill be based. Furthermore, thereisalso more uncertainty in the ICAP pricefor yeary
inthe present ICAP system, because the location of thedemand curve for that year is not known at
the time that the investor commitsto construction, unlike the RPM system.

To represent this additional risk, the four year-ahead auction model is modified to con-
sider twelve profitsrather t han theeight shown in Figure2. Theadditional four profit termsenable
meto represent uncertainty inthe |ICAP priceinyearsy-3,y-2, y-1, and y using two possible values
for profits for each of these years. The two values, high and low, represent the cases where load
growth resultsin relatively low and high reserve margins, respectively, in those years. Thisresults
in greater variation in profitsand thusrisk for the generator. The valuesof the low and high reserve
margins result from modeling the uncertain evolution of weather-normalized load growth in future
years, resulting from variations in economic growth. As | explained earlier in this affidavit,
economic growth uncertainties are assumed to result in a 1% (standard deviation) uncertainty in
year-to-yeargrowth in the peak load, and, for simplicity, this uncertainty is assumed to be normally
distributed and independent from year to year. Based on that assumption, a normal probability
distribution for weather-normalized peaks for years y-3,y-2, y-1, andy can be described, condi-
tioned on the peak in yeary-4, which isaready known; two equally probable valuesfor each year
are chosen to approximate the distribution. The two values, low and high, are chosen so that their
average is the mean of the distribution and their standard deviation is the same as the actual dis-
tribution. Then for each of these weather-normalized peaks, ademand curveis created, resulting in
two equally probable demand curvesfor capacity in each of those years.

These curves, together with the amount of existing and new capacity in each year, deter-



mine two capacity prices in each year that, together with E/AS gross margins, determine two
profitsin each year. For instance, for investment commitments being made in yeary-4, given the
weather-normalized peak in that year and investment commitments in previous years, the model
might show a 50% probability of an ICAP payment of $80,000/MW/yr and a 50% probability of
$30,000/MW/yr in year y-1.

In general, this distribution of capacity payments represents greater risk to the generator
investor, and can lower the risk-adjusted forecast profit in the simulation model. I focus hereon
the effect on Curve 1 (no demand curve), since that is the system that is presently in place, while
also mentioning results for Curve 4 (the PIM proposal). For Curve 1, the effect of introducing
uncertainty into ICAP pricesin yearsy-3,y-2, y-1, and y (simulating a same-year auction rather
than four years-ahead auction) isto lower the average reserve margin by 0.5%, and to increase the
required profit by 9 $/kW/yr and consumer payment by 11 $/peak kW/yr. The target reserve
margin is met in 3% fewer of the years. These calculations use the base case assumptions. This
result quantifies the effect of subtracting several years from the auction's lead time (from four to
same year), assuming no change inthe vertical demand curve or in bidding behavior.

For Curve 4, the effect is not as large, but still indicates a positive benefit to suppliers for
introducing more certainty to capacity prices. In particular, the impact of a same-year auction
rather than atiming of four years-ahead (simulated by introducing uncertainty into ICAP pricesin
yearsy-3,y-2, y-1, andy) isadecrease in the averagereserve margin of 0.2%. Required profit goes
up by 5 $/kW/yr, asdo consumer payments.

In summary, multiyear lead times for power plants together with risk aversion means that

more certain capacity prices are worth something to investors.



APPENDIX: MODEL EQUATIONS

This appendix summarizes the equations and notation used in my dynamic model of the
four year-ahead RPM auction.
A.l. Assumptions

Let Picap(rr,) bethedemand curve for capacity, showing the price [in $/unforced MW/yr]
paid for unforced capacity during yeary as a function of unforced capacity reserve rz,. The F
subscript indicates that the reserve marginis cal culated based on the forecast peak load (at thetime
of the ICAP auction).

Load is summarized by the annual peak load in yeary, designated Z, in the model. There
are three separate types of loads that are considered: forecast peak load Lr,, weather-normalized
peak load Ly, and actual peak load L.,.

The growth in weather-normalized load Ly . is assumed to be 1.7%/yr on average.
Uncertain growth in this load is assumed to be independent from year to year (random walk).
Thus, the simulation isa Monte Carlo simulation, in which random trajectories of Ly, are drawn:

Liny+1 = Liny (1 +ERRyy) (D
where ERRyy isanindependently distributed normal random variablewith mean zero and standard
deviation of 1%, consistent with PIM experience. Theforecast peak load in year y+4 isrelated to
the actual load in yeary by the following forecasting formula:

Lryeq = Ly, (1.017)° (2)

Thisassumesthat 4-year ahead forecasts are used in the ICAP auction, and that 1.7%/yr expected
load growth isthe basis of the forecast.

The actual peak load in yeary equals the weather-normalized peak plus an error reflecting
year-to-year weather variations. Analysisof annual peaks from 1995-2003 for PIM and ISO-NE

show that the ratio of actual to weather-normalized annual peaks has a standard deviation of about



4%. Theformulais:

Liy =Ly, (I+ERR,) (3)
where ERR 4 isan independently distributed normal error with mean zero and standard deviation of
approximately 4%.

Random economic growth and weather variability results in considerable instability in in-
stalled reserve margins and gross margins from E/AS sales. Actual reserve margin 4, in a par-
ticular year iscalculated as follows:

ray=(1-FORX,/L 4, )
where X;, is the installed capacity in the given year, and FOR is its average forced outage rate.
Forecast reserve margin is calculated as.

= (1-FOR)X,)/Lry (5)

A.2 Model of Generation Capacity Bidding

Let Y be a particular year, which means that in the four-year ahead design of the PIM
auction, the commitment to construct capacity for that year is made in the ICAP auction in year
Y-4. The addition of CT capacity in year Y depends not only on the ICAP price Pic4p,y in the
auction held in year Y-4, but also on the anticipated E/AS gross marginin year ¥, GMy, aswell as
profits m, = Picap, T GM, - FCinyearsy previous to Y. FC isthe annualized fixed cost of con-
structing a new combustion turbine, in real annualized terms. (Note that =, Picap,y, GM,, andFC
are all expressed in compatible units of [$/unforced MW of capacitylyear].)

Profitsin previous years provide the basisfor forecasting the level and volatility of profits
in the future. The E/AS gross margin in each of those yearsis assumed to be a function of the
market conditionsin ayear, summarized by the actual reserve margin. That is, GM, = GM,(r4,), as
showninFigure2, supra. A functionof theform GM,(r,) = EXP(ag+ a;ra,+ axra, >+ asrq,”) was

found to represent an excellent fit to the output of the production costing model used to estimate



gross margins.

Aninstalled capacity bid curvefor anauction heldinyear Y-4 for capacity tobeinstalled in
year Y hasthe general shape shown inFigurel. Thesimulation model createssuch acurvein each
year. Existing capacity is assumed to be bid in at price B, while the maximum potential incre-
mental capacity NCAy is assumed to be bid in at assumed bid of Byx. The ICAP priceisthen cal-
culated as the intersection of that capacity bid curve with the demand curve. NCAy is based on
generator's anticipated profits, which reflect both the levelsand variability of recent profits, along
with an adjustment to account for generator's aversion to risk.

The following are the steps involved in construction of a capacity bid curve in each year.

1. Theanticipated or actua profit z, for anew CT for each of several yearsy =¥, ¥-1, Y-2 ...,
Y-7 iscalculated. (Other rangesof years can be considered; atotal of eight is considered in
thesesimulations.) ProfitsinyearsY-4, Y-5, Y-6,and Y-7 areassumed to be known exactly,
since ICAP and A/ES prices in those years have been observed or can befairly well esti-
mated by the time the auction in Y-4 takes place. Profitsin years ¥-1, Y-2, and Y-3 can be
estimated based on theknown P,¢.4p,, and a projection of gross margin based on the forecast
reserve margin GM, = GM(rg,). Profitin year Y ismore difficult to forecast, because rry
is not yet known (since the auction has not yet taken place). So an estimate is obtained by
assuming that enough capacity would be added in Y so that the forecast reserve marginin
that year would be the same asin the previous year rry.;. The [CAP demand curvein year

Y (usedin theauction held in Y-4) isthen used to estimate Pc.p,y for that year based on that

guess of the forecasted reserve, and GMy is projected using the same guess.

2. The value of the utility function U(r,) (i.e., the risk-preference function | discuss in the
body of thisaffidavit) of theanticipated or actua profitw,fory =Y, Y-1,Y-2,..., Y-7 isthen

calculated. U(m,) is a concave nonlinear utility function that represents attitudes towards



risk.'"* The simplest possible risk averse utility function is the negative exponential form
U(my) = a-be™ ™, which isstandard in decision analysis; the risk attitude can be summarized
in onerisk aversion parameter c. The constantsa, &, and c are calibrated so that zero profit
results in zero utility; autility of 1 resultsif =, = FC (i.e., agross margin, including ICAP
payments, equal to double the fixed cost); and &, = 0.5FC resultsin a utility of 0.7 (in-
dicating a somewhat but not extreme risk aversion). Other degreesof risk aversion can be
readily simulated. For instance, U(0.5FC) = 0.5 defines a linear utility function, which
represents risk neutrality; then the generator is assumed to care only about average profits,
and not their volatility.

3. A risk-adjusted forecast profit R4FPy for capacity added in year Y is calculated. Thisis
accomplished by first obtaining aweighted utility of the observed and estimated profits:

WUy =% =y 4, y1 Wy, Ulmy) (6
where Wy, isaweight assigned to profits that occur Y-y years before the on-line date for
new capacity in that auction. The sum of the weightsis 1. A simple form of such weights
isthe lagged formulation ,.; = al¥,, with a<1; avalue of &=0.8 is used in the simulations
here. From the weighted utility, RAFPy is calculated by inverting the utility function
U(RAFPY) = WUy
RAFPy = —In({(a-WUy)/b)Yc Q)

4. The maximum amount of capacity additions NCAy based on RAFPy is calculated using a
function with the following properties: (a) if R4FPy is zero, then the amount of capacity
added is 1.7% of the existing capacity (so that if al profits in every year are zero, then

capacity growth would bejust enough to meet the assumed average load growth of 1.7%);

" Notethat the tern™ utility" in "utility function™ has nothing to do with the utility in " electric utility"; rather, de-
cision analysis use thetern to refer to a notion of value that isquantified under conditions of uncertainty.



(b) if RAFPy = FC, then the amount of entry equals B > 1.7% of existing capacity (here,

assumed to be 7%); and (c) capacity additions at other risk-adjusted profit levels are an

increasing function of RAFPy , and follow a curve that is the same shape as the utility
function. These assumptions yield the following relationship between the maximum ad-
ditionsin Y and the risk-adjusted forecast profit:

NCA v = Xy./*MAX(0,0.017+A (WUy-T(0)) (8)

where: A = (-0.01 7Y/ (U(FC)-U(0)), and X v.; istheinstalled capacity in the previous year.

Because the utility function has a negative exponential form, there is a maximum amount

of capacity that can be added in a given year (that is, even if expected profits were ex-

tremely high, there isa limited amount of capacity that would be constructed).
Given the existing capacity Xy.; and its bid Bg, and the maximum increment in capacity NCAy and
the assumed bid By associated with it, the resulting ICAP price and quantity for year Y can then be
calculated, as shown in Figure 2.

The utility function playsa key rolein thisanalysis, and so | explain it further here. The
utility functionisan increasing and downward bending (concave) function that reflects an assumed
risk averse attitude; thisisa standard method used in decision analysis and economics to represent
risk acceptance behavior by individuals and companies. The more concave the function, the more
risk averse generating companies are assumed to be; i.e., the more that undesired outcomes and
profit variations are penaized. A negative exponentia form, which is standard in decision
analysis, is used so that the risk attitude can be summarized by asinglerisk aversion parameter. In
the base case analyses reported in Table I, supra.,the constants of the function are calibrated so
that zero profit results in zero utility; a utility of 1 resultsif profit equals the fixed cost FC of the
turbine (i.e., gross margin, including ICAP payments, equals double the fixed cost, measured in

real annualized terms); and a profit of 0.5FC results in a utility of 0.7 (indicating a somewhat but



not extreme risk aversion). Other degreesof risk aversion can be readily smulated, and are con-
sidered in the sensitivity analyses of Section 5.3. For instance, if a profit of 0.5FC isinstead as-
sumed to havea utility of 0.5, then alinear utility function results, which represents risk neutrality.
In that case, the generator is assumed to care only about average profits, and not their volatility.
Figure 12 illustrates how arisk averse utility function penalizes riskier profit streams. The
higher the average utility, the more attractive investors are assumed to view an investment op-
portunity. Comparing two distributionsof profits—distribution A which has$1 occurring for sure,
and distribution B which has a 50:50 chance of $0.50 and $1.50—we see that the concave
(downward bending) form of the utility function means that the average utility of B is lower than
the utility of A. So the riskier investment is less desirable, even though its average profit is the

same.

Utility of A

Utility
= Average
Utility of

B

Figurel2. A Risk-Averse Utility Function Resultsin Lower Average Utility
for Riskier Alternatives

Because the utility function is concave, if thereisalot of variation in profits, then RAFPis
lower. For example, consider an actual stream of observed and estimated profits that varies over
time and hasaverage X. Then RAFP will generally beless than X because the risk averse investor

prefersacertain profit to avariable one, and so iswilling to give up some averagereturn in order to



reduce the risk. The riskier a stream of profits is and the more risk averse (concave) the utility

function is, the lower RAFFP will berelativeto X.

A.3 Modd Execution
Each year y of the simulation cal culates the following:
1. Random forecast errors (due to economic growth and weather) are drawn, and used to
obtain the actual and weather-normalized peak loads (1),(3). The forecast load in y+4 is
also calculated (2).

2. ThelCAP auction is simulated in the manner described in Section A.2, yielding the ICAP

price and amount of capacity that will be installed in year y+4.

3. Statistics on the simulation results are compiled for calculating performance indices.
Becausethe emphasis of the simulation is upon steady-state behavior of the ICAP system, thefirst
10 years of each simulation are discarded to avoid biases due to starting conditions. One hundred
more years are smulated, and then the 110 year simulation is repeated twenty five times, giving

2500 years of output asthe basisfor the calculation of the performance indices.

13 This concludes my affidavit



AFFIDAVIT OF BENJAMIN F. HOBBS
Benjamin F. Hobbs, beingfirst duly sworn, deposes and says that he has read the foregoing
" Affidavit of Benjamin F. Hobbs on behalf of PIM Interconnection, L.L.C.,” that he is familiar
with the contents thereof, and that the matters and things set forth therein are true and correct to the

best of his knowledge, information and belief.

/s/
Benjamin F. Hobbs

Subscribed and sworn to before me this the 5th day of August, 2005.

s/

Notary Public

My Commission expires:
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best of hisknowledge, information and belief.

Subscribed and sworn to before me this the 5th day of August, 2005.

My Commission expires: Z‘ / ’2%4

l' ELIZABETH E. WEBER
Notary Public

Baltimore City






