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ABSTRACT

The purpose of this paper is to examine empirically the rgdibas to shutdown, startup,
and abandon existing production assets using detailedhiafiion for 1,121 individual power
plants for the period 2001-2009, a total of 8,189 plant-ydmervations. We find strong evi-
dence of real options effects. We find that uncertainty abmibutcome of ongoing deregula-
tion in retail electricity markets (i) decreases the pralitstof shutting down operating plants,

and, (ii) decreases the probability of starting up plantgtvivere previously shutdown.
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|. Introduction

Do managers take account of real options effects when makipigal budgeting decisions? Survey results

reported in the literature suggest that, for the most pagtanswer is no!

Graham and Harvey (2001) report that only 26.6% of survegaedents “always or almost always”
incorporate real options into project evaluation. Triai#005) cites surveys of CFOs and senior executives
which find that 10-15% and 9%, respectively, use real optieaclsniques. According to McDonald (2006),
less than 25% of firms use the real options approach to cdpitijeting. Block (2007) survey=ortune
1000 companies and finds that 14.3% were using real optichsgtees. Baker, Dutta, and Saadi (2011)
survey Canadian firms and find that only 16.8% report that they real options for capital budgeting,
ranking it last among nine capital budgeting techniqueseyTéonclude by saying (p.27), “More than
30 years after the term was coined, real options have yet talbpted by most companies as a tool for

strategic decision making.”

Even if managers do not make explicit use of real optionsrieckes, McDonald (2000) suggests
they might utilize “rules of thumb” which account for uncarity and allow for optimal or near optimal
decisions. Kellogg (2010) finds that oil well drilling firms despond to changes in price volatility despite
the fact that (p.32) “ ... it seems unlikely that they are fali;nsolving Bellman equations.” He suggests

that these firms have decision heuristics which approximestkeoptions decision making processes.

The purpose of this paper is to test for real options effattheé decisions to shutdown, startup, and
abandon existing production assets, which we refer tocilidy as status changes. We conduct our tests
using detailed information for 1,121 individual power gknTo the best of our knowledge, the data are
unique in scope and level of detail. We provide strong ewddhat decision makers take account of cash

flow uncertainty and regulatory uncertainty when makingdbwn, startup, and abandonment decisions.

The difference between the market values of electricity faltlis referred to as thepark spread A

power plant comprises a series of call options written onsiberk spread. An increase in spark spread



volatility therefore increases the option value of the plakVe show that an increase in spark spread
volatility (i) decreases the probability of shutting dowm @perating plant, (ii) increases the probability
of starting up a plant which was previously shutdown, ani,decreases the probability of abandoning a

plant which was previously shutdown.

We add to the recent stream of literature which focuses oeffeets of regulatory uncertainty on the
managerial decisiorg.\/ve find that during times of regulatory uncertainty plantdchlare operating are
less likely to be shutdown and plants which were previoubiytdown are less likely to startup. Under
traditional regulation, retail customers are captive. aiteteregulation allows customers to choose their
electricity supplier. The advent of retail deregulatiors tfge potential to significantly change the demand
for electricity faced by any individual supplier. Uncertsi about the outcome of deregulation means that
owners are unsure about the future profitability of theintda Plant owners therefore rationally delay the
decision to shutdown an operating plant, and the decisistattup a plant which was previously shutdown,

until the outcome of the deregulation process is more certai

We find no evidence that regulatory uncertainty affects dbament decisions. Abandoning a plant
which was previously shutdown has little effect on the casWslof the firm because the plant is “out-of-

the-game” already.

The remainder of the article is structured as follows. ®edfl provides a review of existing litera-
ture and serves to motivate our empirical exercise. Sefflifetails the data. In Sectidn 1V we define
shutdown, startup, and abandonment in our sample. In $sfi@nd V] we present the empirical results.

Sectior VIl concludes.

3For example Julio and Yook (2012) studies the effects otipaliuncertainty on corporate investment. Billingsleygla#lrich
(2012) finds that regulatory uncertainty in electricity k&ts reduces capital investment.




[l. Literature Review

The theory of real options predicts that, in the face of iersible switching costs and uncertainty in cash
flows, major changes in assets are subject to hysteresisaarioe structured as options. For example, the
opportunity to invest in, shutdown (or mothball), restartabandon a production asset can be cast as call

and put options on the present value of the cash flows of thet.ass

Robichek and Horne (1967) recognize that the “possibilitiuture abandonment” is an importantiart
S.

of the value of any potential project and that it must be anteul for in the capital budgeting proc
McDonald and Siegel (1985) develop a methodology for vguisky investments when the firm has the
option to shutdown the project after it has been constructday introduce uncertainty in output prices
and input costs. Brennan and Schwartz (1985) specializal apdons model for the case of a commodity

mine and study optimal policies for shutting down an opeatathine.

Empirical studies on real options include Quigg (1993), wises data on land transactions to show
that a real options model has some explanatory power foreharices, over and above net present value.
Berger, Ofek, and Swary (1996) examine empirically the dbament option of the firm as a whole and
find that the market value of the firm is increasing in firm estue. Bulan, Mayer, and Somerville (2009)
investigate condominium development and find that incicbaséatility reduces probability of investment,
and that a real options model explains the data better thaodelnof risk aversion. Kellogg (2010) finds
that Texas oil companies reduce their drilling activity whlatility rises, and that the magnitude of this

change is consistent with real options theory.

Moel and Tufano (2002) evaluate empirically the predictiari the Brennan and Schwartz (1985)
model by examining the shutdown and startup decisions férgzd mine properties for the 1988-1997
time period. They find that a real options model describe$ tivelempirical data. Our work differs from

that of Moel and Tufano (2002) in important ways. First, weus directly on status changes. Second, we

4In a comment to the original Robichek and Horne (1967) &yl and Long (1969) provide a modification which Robichek
and Horne (1969) subsequently accept as correct.



include a measure of regulatory uncertainty. Third, we alsmine the option to abandon a plant. Finally,
our dataset is more detailed and has approximately fourstimsemany observations as the data used by

Moel and Tufano (2002).

[ll. Data

In this section we describe the sample data in detail. Theagi data sources are the Energy Information
Administration, NYMEX, the U.S. Environmental Protectidtgency, and wholesale electricity market

system operators. Interest rate data come from the U.Srd&dddeserve Bank. Tablé | presents sum-
mary statistics for the plant-specific variables in our skeyywhile Tabld 1l presents summary statistics for

macroeconomic, real options, and firm-specific variables.

The main data source for this paper is Form 860 collected asgmhinated by the Energy Information
Administration (hereafter EIA), the statistical arm of tHeS. Department of Energy. Form 860 contains
detailed data for nearly every power plant in the United €dtaboth existing and planned. We consider
plants from three major wholesale electricity markets -riRgtvania-New Jersey-Maryland (PJM), the
New England Independent System Operator (ISO-NE), and #ve York Independent System Operator
(NYISO) - for the 2001-2009 time peri(Qj.The choice of areas and sample period is driven by (i) the
availability of electricity price data and (ii) significanhanges in Form 860 beginning in 2001. We focus
on “peaking” plants as these should be more subject to therfaexpected to influence shutdown, startup,
and abandonment decisit@vé’.he final data set contains 8,189 plant-year observatiorisi®i individual

plants.

5Specifically, we include plants located in Connecticut, &d&lre, lllinois, Indiana, Kentucky, Maine, Maryland, Mas-
sachusetts, Michigan, New Hampshire, New Jersey, New Yéokth Carolina, Ohio, Pennsylvania, Rhode Island, Teregss
Vermont, Virginia, Washington D.C., and West Virginia.

6We retain only simple cycle combustion turbines (CT). Thel fype is either low sulfur fuel oil (DFO), i.e., EIA fuel tgs
DFO, FO1, FO2, or FO4, or natural gas (NG). Baseload technologies, such a ceal-find nuclear plants, operate more-or-less
continuously for the duration of their useful lives. Alsagf prices for baseload technologies are very low and stable



A. Plant Efficiency

The efficiency of a power plant is measured byhésat rate The heat rate of plarit HR;, is the amount
of fuel, measured in millions of British thermal unitgl ¥ Btu), required to generate one unit of electricity,
measured in megawatt houtd\(V h). A lower number indicates greater efficiency. We use twacsifor
heat rate data. Our primary source is the CEMS (Continuousdimns Monitoring Systems) data from the
U.S. Environmental Protection AgerH)CEMS data is available for 631 of the 1,121 plants in our sempl
Heat rate data were included in Form 860 for 1990-1995. THateare available for 312 plants for which

no CEMS data is available. Heat rates for the remaining 1a8tplare estimated based on the age and size

of the plant. Details are A.

For ease of interpretation, we convert heat rates into gnewgversion efficiencies. Heat rates have

MMBtu

units of Jpwr - BothMMBtuandMW hmeasure energy. The two are related by a scale factor. licylar

there are 3.4127%MBtu in one MWh We can thus convert a plant’s heat rate into a dimensionless

conversion efficiency as

3.41275

EFR =

+100% (1)

whereEFF is the conversion efficiency of plantwhich has heat ratelR,. For example, a plant with a
heat rate of LMMBtu/MW hhas a conversion efficiency of 34.1%. Summary statistictherage (to the

nearest year), size (in megawatts, MW), and efficiency (irafé)presented in Tadl&ll.

"See http://camddataandmaps.epa.gov/gdm/index.cfegftisn=prepackaged.select.

8Ages are calculated based upon the first year a plant appetirs database. The efficiency reported in the tables and used
in the regressions is Iiterall%t. Kovenock and Phillips (1997) emphasize the importancenfrolling for plant efficiency
and industry capacity utilization in investment and abammdent decisions.



B. Spark Spread Volatility

Consider plant which has heat ratelR;, burns fuelj, and is located in regiok. We calculate the plant-
specific spark spread, or profit margin, expressed in unitolidirs per megawatt hour ($/MWh), for day
nas

SPRDjn = PEIC— HR + P )

Lo

wherePgiecis the dayn electricity price ($/MWh) in regiork andP/" is the dayn fuel price ($/MMBtu)

for fuel j. Daily spot prices for New York Harbor No. 2 Oil and NYMEX HegnHub natural gas are
taken from the EIA website. Electricity prices come from BhiM, ISO-NE, and NYISO websitgsﬁpark

spread volatility is then the standard deviation of theydsjlark spread over year
SPRDSRk = STDEV._; (SPRDBjkn), 3)

whereT is the number of days in yeér

C. Supply and Demand Data

Because electricity cannot be stored, available sup@y, Gapacity) must always exceed contemporaneous
demand in order to prevent blacko@sWe measure supply adequacy by reserve margin. Reservenmargi

for regionk and yeat (RMy;) is defined to be

RMt = (Cxt — Dkt)/Dxt, 4)

9Consistent with our focus on peaking plants, we use eléstpeices for the peak period of the day, defined to be the 16 ho
period from hour ending 7 through hour ending 22. We obtaily ¢ieeak prices by taking the simple average of the hourlyt spo
prices during the peak period.
10Triantis and Hodder (1990) develop an analytical model toevélexibility in the production process. In particulareghrelax
the assumption of perfect competition and also allow forgac#y constraint.



whereCy; is the yeart capacity in regiork and Dy is the yeartt demand in regiork, both measured in
MW. The raw data come NERC's 2009 Electricity Supply and Deth¢ES&D) database. For planning
purposes, target reserve margin values range from 15% to 2@bte[ 1l shows that the mean reserve margin
observed in our sample is 19.8%. The minimum and maximumrebdeeserve margins are 11.5% and

30.1%, repsectively.

Projected reserve margin serves as our proxy for expectedefprofitability. Lack of storability
implies that, when demand approaches available supplyrieiey prices increase at an increasing Qe.
The lower is the reserve margin, the less excess capacity ithim the system, and the higher are wholesale
electricity prices. Thus projected reserve margin actaggserse) proxy for expected future profitability

of the plant. Low reserve margins imply high future profitdpiand vise vers

C.1. Time Sequence of Data Availability

Form 860 must be filed by mid-February each year. We take tteerdported, for example, in the 2005
Form 860 to be effective as of the end of calendar year 200thelmegressions which follow we use only
those data which were available as of the end of 2004 in ocodanedict a status change (shutdown, startup,
or abandonment) during the next year, i.e., by the end of 2@0fy such change would show up in the

2006 Form 860.

At the time the 2005 Form 860 was filed, the 2004 ES&D databasetire most recent available. The
2004 ES&D database contains actual supply and demand adé8G8 and projections for 2004-2013. In
trying to predict whether a plant has a status change in 2085)se the projected 2005 reserve margin

from the 2004 ES&D database.

11see, for example, Mount, Ning, and Cai (2006) and Ullrichl20

12There are other channels through which plants can earn icpinning reserve refers to generators which are synidemn
with the system but are not operating at full capacity. Thgeserators can be ramped up significantly (within 10 mirufes
needed, e.g., when another generator trips offline. Theglamur study may sometimes be providing spinning resehaufjh
we have no way of knowing if and/or when), but they are moreljiko be providing Non-Synchronous-Reserve, or NSR. A
generator which is not synchronized to the system (whichllysmeans it is offline) but which can be started quickly anatjoice
output within 10 minutes is said to provide NSR. Until thisay¢2012) NSR has not been compensated in PIM.




D. Regulatory Uncertainty

Before the advent of retail competition in the U.S., custsriecated in a particular utility’s service terri-
tory were captive customers of that utility. The utility wagjuired to maintain enough resources to meet
the demand of its captive customers. Deregulation of retadtricity markets allows customers to choose
electricity suppliers. The prospect of retail competitieaves utilities in the position of possibly losing
(or gaining) a significant portion of existing demand. If thidity’s neighbors have lower cost generation
available, and the utility loses some of its existing demahen retail competition is implemented, then a
plant which was economic when used to meet native demanckiretiulated world might not be needed
under retail competition. Also, retail competition migheam that a plant which would not have run under

regulation will be profitable again.

Deregulation of retail electricity markets in the U.S. ikite place at the state level. The EIA pub-
lishes a descriptive summary of state-level deregulatibims information, supplemented by state utility
commission information, allows the construction of a statel retail competition indJQ The index is a

discrete variable taking on values from 1 to 5, which coroesbto:

1. no activity,

2. investigation underway,

3. competition recommended,

4. law passed requiring retail competition, and,

5. competition implemented.

The index measures the level of competition in the retailketarOur interest in is uncertainty. When
the competition index takes a value of two, there is unaetaibout whether the state will implement retalil
competition. When the index takes a value of three, theradgmainty about the form retail competition

will ultimately take. We define a regulatory uncertaintyicator variable REGUNCERT which takes a

13A similar index was developed independently by Delmas ariT(2005).



value of one when the competition index above is equal teeeitho or three, and which takes a value of

zero otherwise.

Consistent with real options theory, we expect firms to be lg®ly to make changes in the status
of existing generators when there is uncertainty about tlieome of retail deregulation. Approximately
20.59%69 of our total samples observations occur during a period gifilegory uncertainty. As detailed
in Tabled Y and VI, there are a total of 338 instances of shwits, startups, and abandonments in our

sample. Of these, only 11, or 3.25%, take place during pgrddegulatory uncertainty.

E. Portfolio Effects

The decision to shutdown, startup, and/or abandon a playtiei@end on the size of the firm. A firm which
owns a large amount of capacity may be able to reassign vsovkeen it makes the decision to shutdown
or abandon an existing plant, whereas a smaller firm may leddo layoff workers. As pointed out by
Moel and Tufano (2002), large firms have greater opportuityubsidize less profitable plants. We use
two measures of firm size, the total capacity owned by the finchthe total number of plants owned by
the firm. The summary statistics in Tablé Il show that thera ggeat deal of variation in the size of the

firms in our sample.

V. Status Change Definitions

For our purposes, the key variable from EIA Form 860 is thattst” of the plant. The relevant status codes

are

e OP - operating,

e SB - standby, and,

141n TablelTl we report that the mean value of the regulatoryentainty variable is 0.217. In the calculation of the statisin
Table[Tl we use only one observation per state-year, noyeMeservation.



e RE - retired.

Details are found in Appendix|C.

A plant which has status code OP is available for operatioplaAt which has status code SB has been
shutdown, or mothballed. A plant which has status RE has bBbandoned, or retired, and cannot return

to service.

Consider a plant which is operating (status OP) in the cugrear. Next year, the plant may either con-
tinue to operate (remain in status OP) or move to standby. define a “shutdown” to be movement
from status OP in yedrto status SB in year+ l Table[Ill documents the occurence of shutdowns by
year in our sample. For example, of the 832 plants which weeeating in 2004, 820 continued to operate
in 2005 while 12 were shutdown. For the full sample there aigad of 76 instances of shutdown versus

6,539 instances of a operating plant remaining in operatingde.

Consider a plant which was previously shutdown, i.e., atphmch is on standby (SB) in the current
year. Next year the plant may either startup (move to stais @main shutdown (SB), or be abandoned
(move to status RE). We define a “startup” to be movement friatus SB in yeat to status OP in year
t+1. We define an “abandonment” to be movement from status SRantyto status RE in year+ 1.
Table[IM documents occurrences of these alternatives by ipeaur sample. For example, of the 188
plants which were on standby in 2004, 153 were still on staridkl2005, 22 were started up, and 13
were abandoned. For the entire sample, there are a totaldoin$&nces of startup and 78 instances of

abandonment.

15While it is possible to move directly from status OP (operglito status RE (retired), such moves are rare and are weindri
purely by spark spread economics.

161t is conceivable that the status of a plant could change there once per year. The annual frequency of our data is not fine
enough to observe such changes. Our results thereforedpraubwer bound on the exercise of managerial flexibility. tiéank
Afzal Siddiqui for pointing this out.

10



V. Shutdown

In this section we examine the decision to shutdown an apgralant, i.e., to move from status code
OP to status code SB. Talilé V presents comparative unigastatistics for plants which were shutdown
and those which continued to operate. The descriptive blasaare divided into four categories - macroe-
conomic, firm-specific, plant-specific, and real options,,imeasures of uncertainty. The last column

presents differences. All of these differences are sigmifiat the 5% or 1% level.

Beginning with the macro variables, plants tend to be shwatdavhen projected reserve margins are
high. High reserve margins imply low future profitability.laRts are more likely to be shutdown when

expected future profitability is low.

We expect interest rates to have a positive relationship ghtutdowns. The higher are interest rates,
the lower is the present value of future cash flows, and thiagnighould be the probability that a plant
will shutdown. The univariate statistics in Tablé V suggesictly the opposite - plants tend to shutdown
when interest rates are lower. However, reserve marginranecest rates are negatively correleNe
believe that, when considered in isolation, interest raressimply proxying for reserve margin. The
multivariate analysis below confirms this conjecture. Whencontrol for reserve margin, the interest

rates and shutdown probabilities are positively related.

The firm-specific variables are the total capacity (in unitdv@V) owned by the firm and the total
number of plants owned by the firm. Tablé V indicates that fiwhgch shutdown plants tend to be much
smaller than firms which continue to operate existing pleagsneasured both by total capacity owned and
by total number of plants. We think there are at least twoni@bexplanations for this effect. First, smaller
firms have fewer opportunities to subsidize less profitabldatp. Second, and perhaps more important,

many of the small firms in our sample are firms whose primaryniess is not electricity generatigh.

17slower economic growth means slower growth in the demanelgmtricity and therefore higher reserve margins. Slower
economic growth also tends to reduce interest rates. In atar tthe simple correlation coefficient between interestsraind
reserve margin is -0.35. In PJM, where the majority of stahanges take place, the correlation is -0.60.

180f the 212 total firms in the sample, 27 own only one plant.

11



These firms do not have the same level of in-house maintenexmertise as do firms whose primary
business is electricity generation. When the plants ownethése firms age and become relatively less
cost effective, it is more costly for these firms to undertdhk® maintenance required to keep the plant

operational, hence they are more likely to shutdown thetplan

Turning to the plant-specific variables, plants which sbutd are on average older, less efficient, and

smaller than plants which continue to operate.

Spark spread volatility and the regulatory uncertaintyidatbr variable are both measures of uncer-
tainty and ought to matter if real options effects are imgairt Consistent with real options theory, the
table shows that shutdowns are more likely when (i) spar&apwolatility is lower, and, (ii) there is less

uncertainty about the outcome of retail deregulation. Tifferénces are large.

On average spark spread volatility for plants which shutd@31% less than spark spread volatility
for plants which continue to operate. The regulatory uaiety data is even more striking. Of the total
8,189 observations, 20.5% occur during times of regulatmgertainty. Tablé V shows that, of the 76
individual instances of shutdown in our sample, omh,e(%6 = 0.013) occurs during a time of regulatory
uncertainty. These univariate statistics provide stroingumstantial evidence for the existence of real

options effects. In the next subsection we turn to a muittaranalysis.

A. Binary Logit Regression

Consider plant which burns fuelj and is located in regiok. We begin our multivariate analysis using a

binary logit specification, as follo

Ii?til = O+ (B1*RMty1)+ (B2*T1Q)+ (Bs*EFFR) + (Ba*SIZE) + (Bs+ TOT CAR)

+(Be* SPRDSRk ) + (B7 * REGUNCER{ +¢, (5)

19We do not includeAGE as a regressor. Because older plants tend to be less effis®@Band EFF are highly collinear.
Similarly, the total capacity owned by a firfh QT CAB and the total number of plant OT PLT) are highly collinear. We choose
to omit TOT PLTin the regression specification.

12



where

Iiﬁﬁl is an indicator variable which takes the value of zero if plamas operating in yedarand operating
in yeart + 1, and which takes a value of one if plawas operating in yedrand shutdown in year

t+1,
RM¢+1 is the projected reserve margin for regioand yeat + 1,
T1GQ is the ten year treasury rate for yaar
EFF is the efficiency of plant,
SIZE is the capacity of plarit
TOTCARIs the total capacity owned by the firm which owns plant

SPRDSIx is the standard deviation of yeaspark spread for plantwhich burns fuelj and is located

in regionk, and,

REGUNCER{Tis an indicator variable which takes a value of one in yeawghith the outcome of retail

deregulation is uncertain and a value of zero otherwise.

The first five regressorfM throughT OT CAPshould matter in both a traditional discounted cash flow
analysis and a real options framework. The last two regresS®RDSDand REGUNCERT are mea-
sures of uncertainty and should matter if the owners of plaonsider real options effects when mak-
ing shutdown decisions. TallelVI presents the results. @hke tpresents the average marginal effects
(0Prob(1°B= 1) /0x) of each independent (x) variable. For the indicator vaeitit GUNCERTthe table
presents the change in the probability of a shutdown whervdhiable changes from zero to one. We
begin by including each independent variable separatedghEoefficient is significant and the signs are

consistent with the summary statistics in Tdble V.

13



B. Individual Regressions

Analyzing each variable separately allows us to get a feeWtuch of the variables is most important.
Expected future profitability has the most explanatory poiwethe shutdown decision. Among the indi-
vidual regressions, tHeM regression has the greatest psuBdqd4.3%), the greatest log-likelihood, and
the lowest values for both information criteria statistid$C andBIC. The coefficient orRM is positive
indicating that plants are more likely to be shutdown wheardhs a greater excess of existing capacity.
As discussed above, higher reserve margins imply lower egadd electricity prices and therefore less

valuable plants. Plants tend to shutdown when expectedefptwfitability is low.

The coefficients for the real options variab®8RDSandRE GU NCE RTare negative and significant.
Increases in spark spread volatility and regulatory uagagst each reduce the probability of shutting down

an operating plant.

C. Full Regression

The last column of Table_VI shows that, with one exceptiom, itfsights gained from the individual re-
gressions continue to hold when all the independent vasadite included in the same regres@Most
importantly, the coefficients 08PRDSDandRE GU NCERTremain negative and significant. Consistent
with our priors, increases in either spark spread volgtiitregulatory uncertainty decrease the probability
of shutting down an operating plant even when we control fbeofactors likely to affect the shutdown

decision.

Figure[1 plots the probability of shutdown as a function afer@e margin, based on the regression
results from Tablé_VI. The top panel presents the probghbdit shutdown for the cases of regulatory

uncertainty (blue circles) and no uncertainty (red sqyardslow values of reserve margin (high future

20The exception is that the sign BfL0 changes from negative to positive, consistent with oiarpabout the effect of interest
rates on the option to shutdown.

14



profitability), the probability of shutting down an operajiplant is near zero regardless of the regulatory

environment.

At higher values of reserve margin (lower values of futuipability) the probability of shutting down
an operating plant increases dramatically, but only forctese in which there is no regulatory uncertainty.
In the presence of regulatory uncertainty the probabilftglautting down an operating plant is small for
any value of reserve margin. Uncertainty in the regulatowyirenment translates in to uncertainty about

plant profitability, hence plant owners are more hesitashittdown operating plants.

The bottom panel of Figuiéd 1 presents the probability oftsiyilown an operating plant as a function
of reserve margin for three values of spark spread volatili$10/MWh (blue circles), $30/MWh (red
squares), and $100/MWh (green triang@)/vhen reserve margin is low (future profitability is high)eth
probability of shutting down an operating plant is smategpective of spark spread volatility. In this case
the spark spread options which comprise the plant are effcin-the-money and optionality constitutes

a relatively small part of the plant's value, so spark sprealdtility is less important to the shutdown

decision.

When reserve margin is high (future profitability is low)ethpark spread options which comprise the
plant are out-of-the-money, optionality is the main sowtthe plant’s value, and spark spread volatility
is very important to the shutdown decision. When spark spwedatility is high, the option value of the
plant is correspondingly high and the probability of shwdds near zero regardless of reserve margin.
When reserve margin is high and spark spread volatilityws the options which comprise the plant are
both out-of-the-money and the volatility of the underlyiagset (the spark spread) is low, rendering the
options nearly worthless. As a result, the probability afitithg down an operating plant increases in
reserve margin. As Table VI and Figure 1 make clear, thesetsffare both statistically and economically

significant.

2l\e choose to use $10/MWh, $30/MWh, and $100/MWh in Figdre approximately represent the minimum, mean, and
maximum values observed in our sample.

15



VI. Startup and Abandonment

In this section we examine the decisions to startup and amaadlant which was previously shutdown.
Table[VIl presents comparative univariate statistics fanfs which are in the shutdown mode in yeand
either (i) remain on shutdown (SB), (ii) startup (OP), on) @re abandoned (RE) in yets- 1. For those
plants which either startup or are abandoned, the tablemiesifferences relative to plants which remain

shutdown.

A. Startup

Consider first plants which startup. Plants tend to starthpmprojected reserve margins are low and
therefore expected future profitability is high. Consisteith the discussion above, we expect startups to
be more likely when interest rates are low and therefore thegnt value of future cash flows is high. Table
VITlshows exactly the opposite - startups tend to happen vifitenest rates are high, again reflecting the
negative correlation between interest rates and reserxgimdabld V1] also shows that firms which restart

plants are not significantly different in size than firms fdnigh plants remain shutdown, as measured by

either total capacity or total number of plants.

Plants which startup are on average younger, more effi@adt]arger than plants which remain shut-
down. According to the theory, important determinants efdlecision to shutdown and/or startup a plant
are the cost involved doing so, both the one time costs antihedmg costs. We proxy for startup costs by
calculating the amount of time (in years) that a plant hanlseitdown. The assumption is that a plant
which has been shutdown for a long period of time has higlaetust costs than an otherwise similar plant

which has been shutdown for a shorter length of @@Iants which startup have been shutdown for a

221 general, the cost to shutdown a plant is small relativeheodost to restart a plant. The cost to restart varies with the
level of maintenance performed while the plant is shutdaavrg therefore is a function of managerial priorities. Weoignthe
cost to shutdown and we focus on one single technology (sieyale combustion turbines), thereby eliminating vapiatcross
technology types. A more detailed discussion based upovecsations with industry experts can be founfl in Appendix\g.
thank Steve Marshall of Lakeland Electric and Paul D. Cladf the City of Tallahassee for sharing their insights angezience.

16



shorter period of time (1.16 years) that plants which rensamtdown (2.55 years) indicating that plants

which startup have lower startup costs than plants whictameshutdown.

Turning to the real options variables, TableVIl shows thiainfs which startup have higher spark
spread volatility than plants which remain shutdown. Higdmark spread volatility means that the options
which comprise the plant have significant option value whiah be captured if the plant is operational,

therefore increasing the probability of startup.

Tablel VIl also shows that startups tend to occur when uniogytabout the outcome of retail deregula-
tion is low. Of the 184 total instances of startup in our samphly eight %1 = 0.031) took place during

a time of regulatory uncertainty.

B. Abandonment

Next consider plants which are abandoned. The last two awuwh Tabld VIl show that plants tend to be

abandoned when projected reserve margins are high andteddature profitability therefore is low.

Firms which abandon plants tend to be much (three to fourdjiaeger than those which do not. The
size of the firm may well serve as a proxy for abandonment cdstarge electric utility which wants to
build a new plant may have a very hard time locating and olistgipermits for a new site. A much less
expensive and less time consuming alternative is to useiatingxsite. By abandoning an existing plant,
the utility can free up space for the new plant. The abandahie@st in this case is positive, it looks like a

salvage value.

Abandonments take place when spark spread volatility isdod/when uncertainty about retail dereg-
ulation is low. Specifically, spark spread volatility foapts which are abandoned is 27.5% less than spark
spread volatility for plants which remain shutdown. Onlyotef the total 78 abandonment%(: 0.026)

in the sample took place during times of regulatory uncetyai
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C. Startup and Abandonment Multinomial Logit Regression

We use a multinomial logit regression to examine startup @mehdonment decisions. The advantage
of a multinomial logit regression is that it allows us to coles the startup and abandonment decisions

simultaneously.

QPR = a+ (BixRMggy1) + (B2 T10) + (Bs* EFF) + (B4 * SIZE) + (Bs * TOTCAR)

+(Bs* SBTIME) + (B7 * SPRDSQk ) + (Be * REGUNCER{ +¢, (6)

where

IQPREis an indicator which is equal to zero if planvas on standby in yearand operating in yedr+ 1,
equal to one if plant was on standby both in yeaand in yeat + 1, equal to two if plant was on

standby in yeat and retired in year+ 1,

SBTIME; is the length of time, in years, that plarttas been shutdown as of year

and all the other variables are as defined above. The resalsesented in Tab[@]@ The table presents
the average marginal effec@éProb(l RE _ l)/ax) of each independent (x) variable. For the indicator vari-
ableREGUNCERTthe table presents the change in the probability of an alvandnt when the variable

changes from zero to one.

C.1. Startup

The top panel of Table VIl presents regression results tintigp from equatiorn {6). As was the case for
shutdowns, the individual regressions show that expecteold profitability is the single most important

factor driving startups. The last column presents the tegat the full model. The key drivers of the

23The startup (top panel) and abandonment (middle panelsésdrable V1T are from one multinomial logit regressiohhat
is, each column in Tab[e VIl reports the outcome of a singlression, the goodness of fit statistics for which are tedan the
lower panel.
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startup decision are expected future profitabilRM), plant size §1ZE), startup costs§BT IME), and the
regulatory environmentREGUNCERY. Startups are more likely when expected future profitgbis
higher, for larger plants, and when startup costs are loRegulatory uncertainty reduces the probability

of starting up a plant which was previously shutdown.

In the individual startup regression the coefficient on kgread volatility 7 = 1.725) is positive
and strongly significant. Higher spark spread volatilitgresases the option value of the plant itself and
therefore increases the probability of startup. Howevethe overall regression, the coefficient on spark
spread volatility 7 = 0.613) is reduced in magnitude from the individual regressiod is no longer

significant. We discuss this further in th8tartup and Plant Size” subsection below.

C.2. Abandonment

The middle panel of Table VIl presents the results for alomndent. The key drivers of the abandonment
decision are plant sizeé5(ZE), firm size T OTCAB, startup cost$BTIME), and spark spread volatility

(SPRDSD.

Importantly, the coefficient on spark spread volatility egative and strongly significant in both the
individual regression and the full regression. Higher ksaread volatility increases the option value of

the plant in question and therefore decreases the pralyatfilabandonment.

In the full model, regulatory uncertainty is not importaot fnaking the abandonment decision. Be-
cause plants which were previously shutdown are “out-efghme” already, abandoning the plant has
little effect on the firm’s cash flows. The prospect of losimgtomers with the advent of retail competition

is therefore less important for abandonment decisions.
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C.3. Graphical Representation

Figurel2 plots, on the same graph, the probabilities ofigia®P, red squares), shutdown (SB, blue circles),
and abandonment (RE, green triangles) as a function ofvueesaargin. The figures are based upon the full

regression (last column) in Takle MIII.

The upper panel presents the cases of regulatory uncgr{emgtit) and no uncertainty (left). Compari-
son of the upper panels shows that the existence of regulataertainty has little effect on the probability
of abandonment. The probability of abandonment (greengdhes) is nearly identical in the upper left and

upper right panels.

However, regulatory uncertainty significantly reduces phebability of startup. The probability of
startup (red squares) is noticeably reduced in the pressin@gulatory uncertainty (upper right panel)
relative to the case of no uncertainty (upper left panel) eWplant owners are uncertain about the outcome
of retail deregulation and thus about potential gains adesn retail customers, they delay the decision to

restart plants which may otherwise have restarted.

The lower panel of Figurgl 2 presents the cases of low ($10/iVift) and high ($100/MWh, right)
spark spread volatility. Comparison of the lower left andéo right panels shows that the probability of
startup (red squares) increases with spark spread \@"QM\S discussed above, this result is due to the
option-like nature of a power plant. Higher spark sprea@tdl increases the option value of the plant

and therefore increases the probability of startup.

Comparison of the lower left and lower right panels of Figdrehows that spark spread volatility
has a significant impact on the probability of abandonmenthekVspark spread volatility is low, the
option value of the plant is low and the probability of abamai@nt (green triangles) increases as reserve

margin increases. However, when spark spread volatilityigh, the option value of the plant is high

24Even though the effect of spark spread volatility on stapirgbability is large (as demonstrated by the curves withrélue
squares in the lower left and right panels of Fiddre 2), itdsstatistically significant.
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and the probability of abandonment is small regardless sdrv@ margin. This effect is statistically and

economically significant.

D. Startup and Plant Size

In the regression results for startup and abandonment ite RHIthe coefficient on plant sizeIZE) is
strongly significant. Large plants are more likely to startuind less likely to be abandorlgj.FigureB
plots histograms of the distribution of plant size for ptanthich startup (top panel) and plants which are
abandoned (bottom panel). The figure makes obvious that tieglants which are abandoned (and most

of the plants which are started up) are small, less than 25 MW.

We repeat the regression from equation (6) for small plamith, less than 25 MW capacity. In order to
save space we do not report the results in a table. The fit aiill regression (psued®*= 40.3%) is
much better than the full sample regression (psuetle- 29.0%) reported in TablE'VIlI. The coefficients
on the real options variables are reduced in magnitude fhariull sample regression. While regulatory
uncertainty was signficant in the full sample regressifdas={ —0.064, significant at 1%), it is no longer
significant when the regression is restricted to small glaiihe implication is that regulatory uncertainty

matters for startup decisions, but not for the smallesttplan

It is not possible to repeat the multinomial logit regresdior large plants because all abandonments
involve very small plants. Instead we perform binary logigression for startup, similar to the full shut-
down regression reported in Sectioh V, with the sample échib plants larger than 25 MW. In order to
save space we do not report the results in a table. In conirdbe results presented in Table VI, the
coefficient on spark spread volatility iy = 2.455 and significant at the 1% level. Spark spread volatility

is important for startup decisions for all except the snslants.

25Recall from Tabld_ VIl the average size for plants which staris 46.6 MW, while the average size for plants which are
abandoned is 11.9 MW.
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VIl. Conclusions

We examine the real options to shutdown, startup, and alpaexisting power plants. We find strong
evidence of real options effects. Consistent with the thaar find that an increase in spark spread volatility
decreases the probability that an operating plant will heedsiwn and decreases the probability that a plant
which was previously shutdown will be abandoned. We alsotfiatian increase in spark spread volatility

increases the probability that a plant which was previoghiytdown will be started up.

Regulatory uncertainty, specifically uncertainty abow tlutcome of deregulation in retail electricity
markets, decreases the probability of shutting down plahish are operating and decreases the probabil-
ity of starting up a plant which was previously shutdown. W& fino evidence that regulatory uncertainty

affects abandonment decisions.
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Table |
Plant Summary Statistics

The table presents summary statistics for the age (to thestegear), size (megawatts, MW), and
efficiency (%) of plants in the sample. The ages are calalllaésed upon the first year a plant appears in
the sample.

Age (yrs) Size (MW) Efficiency
NOBS 1,121 1,121 1,121
Mean 18.6 43.1 24.7%
Stdev 14.1 41.0 4.6%
Min 0 0.4 5.4%
Max 60 246.0 41.8%

Table Il
Macro, Real Options, and Firm Variables Summary Statistics

The table presents summary statistics for macroeconogatpptions, and firm-specific variabld?M is
reserve marginT10is the ten year treasury bond ra&PRDSDs the standard deviation of the spark
spread, expressed in units of $MWREGUNCERTs an indicator variable which takes the value of one
during periods of regulatory uncertainty; see the discus#i Section Il for detailsTOTCAPIs the
average (over years) total capacity owned by the firm, espes units of MWTOTPLTIs the average
(over years) total number of plants owned by the firm.

Macro Real Options Firm
RM T10| SPRDSD REGUNCERTTOTCAP TOTPLT
NOBS 24 8 8,189 161 212 212
Mean | 19.8% 4.71%| $31.19 0.217 1,388 15.5
Stdev | 5.3% 0.62%| $15.23 0.414 2,984 24.4
Min 11.5% 4.01%| $12.07 0 1 1
Max 30.1% 6.03%| $187.44 1] 21,561 202
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Table Ill
Shutdown: Transitions from OP to OP/SB by Year

Number of plants classified as operating (OP) infthen yearand either operating (OP) or shutdown
(SB) in theto yeatr.

fromyear toyeary OP SB| Total
2001 2002 695 2| 697
2002 2003 | 803 1| 804
2003 2004 | 808 43| 851
2004 2005 | 820 12| 832
2005 2006 | 829 16| 845
2006 2007 | 848 0| 848
2007 2008 | 851 2| 853
2008 2009 | 885 0| 885
Total | 6,539 76| 6,615

Table IV
Startup and Abandonment: Transitions from SB to OP/SB/RE byYear

Number of plants classified as shutdown (SB) inftben yearand either operating (OP), shutdown (SB),
or retired (RE) in theo year.

from year toyear| OP SB RE| Total
2001 2002 | 60 221 1| 282
2002 2003 | 47 198 1| 246
2003 2004 9 143 49| 201
2004 2005 | 22 153 13| 188
2005 2006 1 158 6| 165
2006 2007 6 173 0| 179
2007 2008 | 32 139 2| 173
2008 2009 7 127 6| 140
Total | 184 1,312 78 1,574
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Table V
Shutdown: Univariate Statistics

Conditional on a plant operating in yeaithe table presents statistics for macroeconomic vasable
firm-specific variables, plant-specific variables, and ogdilons variables (i.e., measures of uncertainty)
for plants which continued to operate (did not shutdown, @Reart + 1 and those which shutdown
(SB) in yeart + 1.

Type Variable OP SB delta
Macro Reserve Margin (%) 19.1% 26.9% -7.8%%6*
Interest Rate (%) 4.68% 4.49% 0.19%"
Firm Total Capacity (MW) 6,210 2,469 3,74T1*
Total Number of Plants 56.5 28.4 28.2*
Plant Age (years) 21.4 24.4 -3.1
Efficiency (%) 24.8% 23.4% 1.49%
Size (MW) 45.1 31.9 13.3*
Real Options| Spark Spread Stdev ($/MWh) | $31.04 $21.37 $9.66
Regulatory Uncertainty Dummy 0.240 0.013 0.227*
NOBS 6,539 76

27



8¢

Table VI: Shutdown Binary Logit Estimation Results

Consider plant which burns fuelj and is located in regiok. The full model is given by

IS8, = a+ (Bu*RMs1)+ (B2+T10) + (Ba*EFF) + (Bax SIZE) + (Bs+ TOTCAR)
+(Be* SPRDSRK) + (B7* REGUNCERJ +€.

The dependent variablé&1 is an indicator which is equal to zero if planivas operating both in yearand in yeat + 1, and equal to one if
planti was operating in 7yearand shutdown in yedr+ 1. RMk¢1 is the projected reserve margin for regiofor yeart + 1. T1Q, is the ten year
treasury bond rate for yearEFF is the efficiency of plant. SIZE is the capacity of plant TOTCARis the total capacity for the firm which
owns plant. SPRDSEx is the standard deviation of yeaspark spread for plamtwhich burns fuelj and is located in regiok. REGUNCER{T
is the yeatt retail competition index. The table presents the averaggimea effects(aProb(I SB_1) /ax) of each independent (x) variable. For
the indicator variablesRE GSTandRE GU NCERT the table presents the change in the probability of a srtdehen the variable changes
from zero to one**indicates significance at the 1% levé&lindicates significance at the 5% level, dmadicates significance at the 10% level.
Each regression has 6,515 observations.

RM 0.252** 0.235**
T10 -0.902** 0.799*
EFF -0.064* -0.047
SIZE -0.133* -0.052
TOTCAP -1.718** -1.416**
SPRDSD -1.016™* -0.609
REGUNCERT -0.014** -0.012**
pseudoR? 14.3% 1.2% 0.7% 1.3% 4.1% 6.0% 4.0% 22.6%
Log-likelihood -355.8 -409.9 -412.0 -409.8 -398.1 -390.3 398.4 -321.0
AIC 715.6 823.8 828.0 823.7 800.1 784.5 800.9 658.1

BIC 729.2 837.4 841.6 837.2 813.7 798.1 814.5 712.5




Table VII
Startup and Abandonment: Univariate Statistics

Conditional on a plant being shutdown in yéathe table presents statistics for macroeconomic vasable
firm-specific variables, plant-specific variables, and ogdilons variables (i.e., measures of uncertainty)
for plants which remained shutdown (SB) in yéar 1, which started up (moved to operating, OP) in year
t+ 1, and those which were abandoned (retired, RE) in yedt. For startup and abandonment, thedta
column shows the difference from the the plants which reethion standby.

Type Variable SB OP delta RE delta
Macro Reserve Margin (%) 18.8% | 16.4% 2.4% | 27.0% -8.2%*
Interest Rate (%) 4.78% | 5.13% -0.35%" | 4.51% 0.27%"
Firm Total Capacity (MW) 2,686| 2,335 351 8,982 -6,296"
Total Number of Plants 27.5 25.7 1.8 839 -56.4*
Plant Age (years) 23.8 21.9 1.9 31.0 -7.27
Efficiency (%) 23.2% | 24.2%  -1.0%" | 20.7%  2.5%"
Size (MW) 31.6 46.6 -15.0** 11.9 19.8**
Time Shutdown (years) 2.55 1.16 1.39* 2.55 0.00
Real Options| Spark Spread Stdev ($/MWh) | $32.27| $36.10 -$3.83* | $23.39 $8.88"
Regulatory Uncertainty Dummy 0.075| 0.043  0.031 0.026  0.049
NOBS 1,312 184 78
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Table VIII: Startup And Abandon Multinomial Logit Estimati Results

Consider plant which burns fuelj and is located in regiok. The full model is given by

PRE = a4 (B1*RMi1) + (B2*T1Q) + (Bs*EFR) + (Ba* SIZE) + (Bs + TOTCAR)
+(Bs * SBTIME) + (B7* SPRDSRKk+) + (Bs * REGUNCER{ + €.

The dependent variablﬁﬂ*E is an indicator which is equal to zero if planivas on standby in yearand operating in yedr+ 1, equal to one if
planti was on standby both in yeaiand in yeat + 1, equal to two if plant was on standby in yearand retired in year+ 1. RMk; 3 is the
projected reserve margin for regi@rior yeart + 1. T1Q, is the ten year treasury bond rate for yedE FF is the efficiency of plant. SIZE is

the capacity of plant. TOTCARIs the total capacity for the firm which owns planSBTIME; is the length of time, in years, that plartas
been shutdown as of yearSPRDS[ ; is the standard deviation of yelaspark spread for plamtwhich burns fuelj and is located in regiok.
REGUNCER{is the yeat retail competition index. The table presents the averaggima effects(dProb(I58 = 1) /0x) of each independent
(x) variable. For the indicator variableRE GSTandRE GUNCERT the table presents the change in the probability of a stavtuen the
variable changes from zero to oriétindicates significance at the 1% lev&lindicates significance at the 5% level, amudicates significance at
the 10% level. Each regression has 1,574 observations.

Startup RM -0.835** -0.757**
T10 7.764* -2.145
EFF 0.542* 0.121
SIZE 1.117* 0.947*
TOTCAP -4.064 -6.124*
SBTIME -0.039** -0.035**
SPRDSD 1.725** 0.613
REGUNCERT -0.046 -0.064"

Abandon RM 1.057* 0.242
T10 -4.469* -1.237
EFF -0.588** -0.004
SIZE -2.664** -4.363**
TOTCAP 10.965*" 12.322**
SBTIME 0.002 0.013*
SPRDSD -3.229** -1.367**
REGUNCERT -0.033*  0.010
pseudoR? 9.6% 3.6% 1.9% 4.4% 7.8% 4.6% 2.7% 0.3% 29.0%
Log-likelihood -784.5 -836.9 -852.0 -830.3 -800.8 -828.7 845.0 -865.3 -616.1
AIC 1,577 1,682 1,712 1,669 1,609 1,665 1,698 1,739 1,268

BIC 1,599 1,703 1,734 1,690 1,631 1,687 1,719 1,760 1,365




Figure 1

Shutdown Probability

The top panel presents the probability of shutting down aerang plant as a function for reserve margin for
the cases of regulatory uncertainty (blue circles) and reetainty (red squares). The bottom panel presents the
probability of shutting down an operating plant as a functior reserve margin for three values of spark spread
volatility - $10/MWh (blue circles), $30/MWh (red squareapd $100/MWh (green triangles).
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Figure 2

Startup and Abandonment Probability

For plants which were previously shutdown, the figure pregenprobability of startup (OP, red squares), remaining
on standby (SB, blue circles), and abandonment (RE, grésmmgtes) as a function of reserve margin. The top
panel shows the probabilities for no regulatory uncenaifeft) and regulatory uncertainty (right). The bottom
panel shows the probabilities for low spark spread votgtiif ($10/MWh, left) and high spark spread volatility
($100/MWh right).
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Figure 3

Histogram of Capacity for Startup and Abandonment

For plants which were previously shutdown, the figure prebé&tograms of capacity. The top panel shows the
distribution of capacity for plants which startup. The battshows the distribution of capacity for plants which are
abandoned.
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Appendix A. Heat Rate Data

Heat rate data is available for 943 of the 1,121 plants in aun@e. In order to estimate the heat rates
of the remaining 178 plants, we calculate mean heat rateizbyand in-service year. The heat rate for a
combustion turbine varies (1) inversely with the size ofptant (bigger machines are more efficient), and
(2) directly with the age of the plant (newer machines arehlmmore efficient). We classify plants into size
and age categories (five of each) and then calculate thegavbieat rate in each age-size category based
upon the heat rates available from CEMS and Form 860. We therthese average heat rates for other

plants in these size-age categories.

For example, heat rate data is available for 318 plants wivight into service in the 1970s and with
capacity less than 50MW. The average heat rate for thesel8a& s 16.055 MMBtu/MWh. There are 16
plants which fall into the same size-age category and fockwho heat rate data are available. For those

16 plants we assign the heat rate to be 16.055 MMBtu/MWh.

Heat rate data is available for 26 plants which went intoiserin the 2000s and with capacity in the
100-150 MW range. The mean heat rate for these 26 plants88AMMBtu/MWh. There are 5 plants
which fall into the same size-age category and for which rai hete data are available. For those 5 plants

we assign the heat rate to be 11.880 MMBtu/MWh. And so forthsmon.
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Appendix B. Startup and Shutdown Costs

Most of the problems encountered in restarting a plant asecéted with the control system, i.e., instru-
mentation, electronic controls, and wiring. In generakthgystems do not vary greatly with the size of
the plant in question. Mechanical issues involved in shutdand restart are primarily concerned with

corrosion. Core preservation requires layup chemicals.

Restarting a plant begins with checking the control loopsint#enance personnel attempt to “shoot-
the-loop”, i.e., to check that each control loop is funciignand, if not, to determine where the problem
lies. It is common for systems that were in perfect workingeorat the time the plant was shutdown to fail

when restart is attempted.

The costs to restart a plant also can vary with the corpondtare of the owner. Oftentimes mainte-
nance of shutdown plants has a lower priority than maimaimiperating plants. A willingness to spend
money to maintain these systems while the plant is shutdowatly reduces the one time cost associated
with the actual restart. However, management may not pard¢kat spending money on a plant which is

not currently operating is a wise investment.

The unfortunate (for our purposes) conclusion is that tveoitdl which are the same size, same age, and
located in the same region can have very different shutdewinstartup costs depending on the priorities

of the management team.

In summary, there is no simple way to estimate the costs @$sdawvith shutting down and restarting

a plant based strictly upon the data available from EIA. Haaht is unique and each firm is unique.

As discussed in the main text, we focus on simple cycle gagtes only, thereby eliminating variation
across technology types. The control system issues desgtasmve should not vary much with the capacity

of the plant.

26For example, the introduction of nitrogen can prevent oryfjem coming into contact with the core and causing corrsio
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Appendix C. Status Codes SB and BU - Definitions and Changes

For every year, EIA provides variable definitions ihayoutfile accompanying the EIA 860 data. Status
code SB is not defined in thieayoutfile for the 2001 and 2002 years. However, the 20@§out file

defines SB as

“Cold Standby (Reserve): deactivated (mothballed), iglterm storage and cannot be made available

for service in a short period of time, usually requires thesix months to reactivate.”
Beginning in 2003 SB is defined as

“Standby - available for service but not normally used (litde lor no generation during the year).”

Status code BU is available only for the 2004-2006 time merié-or the 2004-2006 time period, the

definition of SB is unchanged. BU is defined as
“Backup - used for test purposes or emergency such as sbddgmwer to meet load requirements.”

For the 2007-2009 time period, BU again disappears and Séfiisatl as

“Standby/Backup - available for service but not normallgdighas little or no generation during the

year).”
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