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A Real Options Analysis of Ethanol Plant Investmamdler Uncertainty

Executive Summary

Ethanol production over the past few years has beéima haven and heartache for
investors in corn-based ethanol facilities. Redugh returns in 2006 and 2007 have vanished in
the face of precipitous drops in gross margins0d& Using a real options approach, we analyze
investment and operating decisions of corn-basedjdnd ethanol facilities and identify trigger
prices that signal the optimal times in which taehe the status of plant operations.
Specifically, we identify the levels of gross magy(price of ethanol less price of corn) that
trigger firm investment and entry, suspension aattivation of existing plants, and, finally,
exit of plants from the industry.

Margin triggers were estimated for three classqdanits, differentiated by plant size.
Entry margin triggers drop from $1.78 to $1.33 galton as plants size increases, given
economies of size in production. Exit margin triggare more similar across plant sizes, ranging
from $0.17 to $0.13 per gallon. In addition, firm#l mothball plants when gross margins drop
to around $0.17 per gallon, and later reactivateafgins increase to between $0.66 and $0.79,
depending on plant size.

As the variability in gross margins increase, eaing reactivation triggers increase
substantially, and decreases the trigger margiegitand mothball. In fact, relative to the case
where margin triggers are estimated using net ptesdue analysis, entry (exit) prices
considering real options are, on average, 207% J688ber (lower). Such differences highlight

the importance of considering price uncertaintyifimestment decisions in this industry.



A Real Options Analysis of Ethanol Plant Investmamdler Uncertainty
Abstract

A real options approach is used to analyze optimastment and operating decisions of dry-
grind corn ethanol facilities. Estimated margigdgers (ethanol price minus corn price) show
that a large plant will enter the industry when gias reach $1.33 per gallon, and will exit when
margins drop to $0.17. Prior to exit, howevernpdawill suspend operations at $0.18 and
reactivate if margins rebound to $0.66. Relativedmputed net present value triggers, entry
(exit) triggers considering real options are, 20B&0) higher (lower), highlighting the

importance of considering price uncertainty forastment decisions in this industry.
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A Real Options Analysis of Ethanol Plant Investmamdler Uncertainty

Production and demand for renewable sources ofyjgrage dramatically affecting U.S.
commodity markets, and impacting both the levet$aoiatility of industry returns in alternative
energy markets. Such impacts have significanticapbns for investment and operational
decisions of industry decision-makers. Fuelednoyaased demands for ethanol, due largely to
the establishment of the Federal Renewable Fuatsd&td (RFS) in 2005 and state bans on the
use of methyl tert-butyl ether (MTBE) as an oxydgeradditive in gasoline, ethanol gross
margins (i.e., the price of ethanol less the poiceorn) that were historically in the range of $1
per gallon or less reached record highs in 200&atly $3 (Figure 1), and prompting significant
industry expansion.

More recent expansion, however, has been tempgredamging market conditions.

Gross operating margins dropped sharply in 2007hawe continued a declining trend in 2008
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Figure 1. Monthly corn, ethanol, and gross mapgioes, 1988-2008.
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when increasing ethanol prices earlier in the yaided to keep pace with rising corn prices. The
lower operating margins have contributed to theksd development of some planned corn
ethanol facilities (Feinman 2007). With the shaguctions in crude oil prices later in 2008,
both ethanol and corn prices dropped precipitowsit) little effect on the already reduced
margin levels (Figure 1).

Furthermore, the 2007 Energy Independence and iBedut increased the RFS to 36
billion gallons by 2022, but limited the amountttban come from corn-based ethanol. Similar
incentives were adjusted in the 2008 Farm Billludag reducing the volumetric ethanol excise
tax credit (VEETC or blender’s credit) $0.05 to48). Since this credit provides the incentive for
gasoline blenders to bid up the price of etham@,dredit reduction has implications for firm
margins. Gross margins retreated to around $107 20id late in 2008 were in the range of
$0.50 to $0.75 per gallon on a monthly basis.

In addition, commodity and energy prices are exim@iincreased variability.

Commodity prices are forecasted to have high upgwotential with increased volatility

(Schmit, Verteramo, and Tomek 2008). Investordiiraeol processing need to consider both the
levels of costs and prices as well as price vathatvhen making investment or disinvestment
decisions. Whether or not corn-based ethanol willie preferred renewable energy technology
in the future, the development and reformatiornef sizable industry remains important across
the U.S. agricultural and energy sectors.

We analyze investment and operating decisions of-based dry-grind ethanol facilities
using net present value (NPV) and real options@gagres. NPV analysis is a well established
method to investigate investment alternatives. Mecently, real option analysis has been used

to evaluate agricultural investments (Purvis ef885; Cary and Zilberman 2002; Engel and



Hyde 2003; Isik et al. 2003; Luong and Tauer 20Q#er 2006). In essence, the approach of
real option analysis applies financial option thyetor physical assets, whereby entry and exits by
firms are modeled as call and put options. Whersic@mning uncertainty, a firm may be reluctant
to make an investment because not making thattimesg preserves the opportunity of making
a better investment later. Once the investmentidanhowever, a firm may be reluctant to exit
because it holds the option of keeping the opearajmng until market conditions improve.

Standard economic theory tells us that firms wolf enter an industry unless expected
returns will cover both fixed and variable costst those already in will not exit until expected
returns no longer cover variable costs. The intctidu of price variation (and real options)
causes this zone of inactivity to widen. The opgitmexit or enter have value and will not be
exercised until the discounted losses or discoupitefits exceed the respective value, and
therefore altering the price spread without risksiderations.

In addition, firms have operational decisions bealst getting in or getting out. As
prices decrease and the plant begins to incurdpss@nagers can elect to suspend operations
and mothball the plant under reduced maintenansts.cbhe plant could then be reactivated in
the future when prices improve and at a sunk esst than the original cost of investment. This
option may be particularly valid in an immatureustty subject to abrupt price fluctuations or,
in the case of corn ethanol, in an industry forakithe underlying market conditions have
shifted dramatically due to market structural cheng

We contribute to and extend the literature on ethplant investments and profitability
by directly considering the economic values of gntg suspending, reactivating, and exiting the
corn-based ethanol industry. Studies of firm inwesit and operation of ethanol plants have

focused largely on break-even analysis, NPV, returinvestment, or similar assessments in a



deterministic framework, with sensitivity analysesducted on important costs, technologies,
or prices (Eidman 2007; Ellinger 2007; Whims 20G2jlagher et. al. 2006).

Additional studies of plant investment have incogted risk and uncertainty via
stochastic simulations in the evaluation of firrofgiability and returns given various pricing
scenarios (Richardson et. al. 2007; Richardson,rhemand Outlaw 2007, Gallagher, Shapouri,
and Brubaker 2007), while others have focused on@mies of size in production and
profitability or costs by firm size (Gallagher, Braker, and Shapouri 2005; Gallagher, Shapouri,
and Brubaker 2007). In general, however, theseoagpes take the plant investment as given
and evaluate profitability over time given pricesléor price uncertainty. However, none have
considered intermediary firm decisions such as tany suspension of operations.

The application of plant investment decisions cdesng option values in the ethanol
industry has received scant attention. From a ampérspective, Paulson et al. (2008) consider
the development of an insurance approach to riskageement in the ethanol industry. While the
availability of margin insurance would affect retsrand investment decisions, the connection to
its impact on entry decisions and industry develepnwas not made. Gallagher, Shapouri, and
Brubaker (2007) considered option values in thestiminary analyses of the appropriate size of
ethanol firms, but argue that plant closure analigsless important than in the past (prior to
1985) due to the infrequency in which margins deappelow operating costs. While this
argument carried merit in the past, large redustiormargins and substantial increases in
margin volatility in recent years brings the likedbd that firm need to also consider the
possibilities of suspending operation or even egithe industry.

From this type of analysis, and with firm-speciiata, it is possible to identify firm

trigger prices that signal the optimal times in ethio change the status of plant operations.



From an industry perspective, more effectively aapt these decisions will promote a better
understanding and evaluation of optimal industryetigoments and adjustments. We continue
now with a description of the conceptual model dath collected. Next, the empirical results
and implications of the research are discussedcaMelude with some summary conclusions

and directions for future research
Modeling Exit and Entry Conditions

For the derivations that follow, the ethanol grossrgin can be interpreted as the
effective price when considering investment anthgestment decisions. The terms price and
gross margin are used interchangeably; e.g., pgkes equivalent to gross margin risk. In
considering price risk, we adapt the approach dgesl by Dixit and Pindyck (1994) to identify
ethanol gross margin levels that would encouragey @mto or exit from the industry, as well as
margin triggers that would induce currently operatiirms to suspend operations, and those so
suspended to reactivate. To begin, the Dixit amdiyik (1994) model requires that the
investment has an infinite life and is nondepraagatPresuming that most firms will replace
equipment as it becomes depreciated to maintainapial value, the value of depreciation is
included in the firm’s operating costs.

Now, suppose one can invest in and operate anatpkamt that will produce a given
level of output and incur constant operating cagt$or each unit of output. To enter the
industry, there is a fixed cokf investment per unit of output; and for opergtptants, there is
an exit (or shut-down) cost per unit of outdutp close it. If some of the original investmeanc
be recovered on exit (i.e., positive liquidatiorueg those proceeds would reduce other exit
costs and can result in an overall negative coskito

Firms also have the options to suspend operatioth$rethball an active plant, and to



reactivate a mothballed plant back to active pradac Mothballing requires a sunk costiyf >

0 per unit of expected output. Assets here reméimthve firm and positive costs, such as
compensatory costs to displaced laborers, wouiddered. Once a plant is mothballed, a unit
maintenance cost ofi > 0 is required to maintain the existing capitdle plant can be
reactivated in the future at an additional sunk obs. For the mothballing option to be feasible,
we assumen<w andr <k.

Denote the threshold price that triggers investra@dta new firm to enter &, and the
threshold price that triggers an existing plangéxa asP,. Further, denote the threshold price that
triggers an active firm to mothball &, and the threshold price for a mothballed plant to
reactivate a®,. Since the cost of reactivation is less than ¢tfighe original investment, we
expect thaP; < Py,. If we define the Marshallian or NPV trigger prsc@r entry and exit aé4, =
w + 6k andW =w —dl, respectively (wheré is the discount rate) we can express the relative
price relations a$?, > P, > W, >W > P, > P,

The ethanol gross margin per unit of outfRjtié assumed to evolve according to

Geometric Brownian motion (GBM) and can be spedifisdP = /Pdt+ oPdz, whereuP is the

expected drift rate d®, 0’Pis the variance rate &, anddzfollows a Wiener processlZ=
&/&), with £ being a random draw from a standardized norméiiloligion. To make the model

operational, we requir@> & Normalizing output to unity implies the revenuenh the plant is
simply P.

Generally, an active firm will choose to mothbadfdre it exits. However, if mothballing
costs are sufficiently high or if the liquidatiohassets returns sufficiently negative exit cobts (
it may be optimal to exit the industry directly fdiand Pindyck 1994). We assume that the

expected exit costs)(@re unchanged with the addition of the mothbglbption; i.e., the



remaining liquidation value of plant assets isgsame whether coming from active or
mothballed state. In reality, going from an acfweject to an exit may be more or less costly
than when exiting from a mothballed state dependimghe particular investment project (Dixit
and Pindyck 1994). For ease of exposition, we asdimat mothballing is used when price falls
to a certain point. Accordingly, there are fourteling scenarios: idle to active, active to

mothballed, mothballed to active, and mothballeitite?
The Decision to Enter

Let Vo(P) equal the discounted expected value of an iddgept with the option of
operating. The idle project is receiving no incdou has the prospect of capital gains if
activated in the future. If current investors ‘sdlte project and invested the proceeds instead,
they would earadVo(P). Equilibrium in the asset market will require:

(1) oVo(P) = (LME[dVo(P)],

where H ] is the expectation operator at timé he left hand side represents the normal return
from the value of the investment and the right hsideé is the expected capital gain of the idle
project. This is a differential equation with stastic variabld®. From Ito’'s Lemma, we know
for a functionV = V(P),

(2) dV=[V, + PV, + (d42)P?V, dt + oPV, dz

whereV; = dV/ot = 0 given the infinite time horizon, = éVIoP, Vy = &*VIoP? and Efi4 = 0.
Simplifying (2) and substituting into (1) resultsthe equilibrium condition:

(3) Vo =PV, + (*I2P?V] or (F*I2)P?V, + PV, -No=0

! We do not consider the option of investing in aj@et directly to a mothballed state. While in digapolistic
industry there may be strategic reasons for thiseteiable, it is beyond the scope of this artigdenerally, it is
unlikely that this route would be cheaper than stivey in an operational project upfront (Dixit aRohdyck 1994).
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The solution to this homogenous, second-orderpargtidifferential equation, as shown
by Dixit and Pindyck (1994), is:
(4) Vo=AP ™ + BoPP
whereA, andBy are constants to be determined ama: {(1-2/ )-((1-24d ?)*+851 3 ™/2 < 0
and B = [(1-2u ) +((1-2ud 0°)*+85/6°) /2 > 1. Since the project is idl¥y(P) can be interpreted
as the value of the option to enter. As s\P) should go to zero @& goes to zero. Sincer<
0 andg > 1, this requiredy, = 0, and simplifies (4) to:
(5) Vo(P) =BoP".
The Decision to Mothball

Now consider a plant that is operating and earmatantaneous net revenBe-w. Let
V1(P) denote the value function of the active plantilBorium conditions require:
(6) 6Vi=(P—w) + (Vdt)EfdVA]
where the left-hand-side is the normal return éf pfant was sold and proceeds investei] ahd
the right-hand-side is the net revenue flow plesdhpected capital gain. Analogous to above,
the value function for the active plant can be ezped as:
(7) Vi(P) = PI(J - 1) — WIS + AP + B,PP
whereA; andB; are constants to be determinBdy - 1) —w/d is the present value of the net
revenue, and.P™® + B,P? is the value of the option to mothball the pldbix{t and Pindyck
1994). As the pric® goes to infinity, the value of the mothballing ioptgoes to zero implying
thatB; = 0.2 Thus, (7) simplifies to:

(8) Vi(P) =PI(6 - t) —wWId + AP,

2 In the two-state entry-exit model, the analytiz$His point are identical, except that the valfihe option to
mothball would be replaced with the value of thé@mpto exit.
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The Decision to Reactivate or Exit

Now consider a plant that is mothballed and inogranit maintenance costsof Let
Vm(P) denote the value function of the mothballed piaitth the option of reactivating or
exiting. Equilibrium in the asset market requires:
(9) V= (Vd)E{dViy] — m,
where the left-hand-side is the normal return éf finm sold the mothballed plant and invested it
atg, and the right-hand-side is the expected capéad gf the mothballed plant less ongoing
maintenance costs. The resulting value functionbsaexpressed as:
(10) Vi(P) =AxP ™ + BrP® — V5
whereA,, andB, are constants to be determined, the first terthemight-hand-side is the value
of the option to exit, the second term is the valtithe option to reactivate the mothballed plant,
and the last term is the capitalized maintenanseassuming the plant remains mothballed
forever (Dixit and Pindyck 1994).

Deriving the Trigger Prices

Following Dixit and Pindyck (1994), at each of fleeir defined switching points, we
have smooth-pasting (SP) and value-matching (VNiddmns. SP conditions require tangency
of the value functions at the respective triggérgs. The first VM condition states that at the
investment trigger pricéyy,, the value of the option to enter must equal #lee of the active
project minus the sunk cost of investment. Thisliegp(with the smooth pasting condition):
(11) Vo(Pr) =Va(Ph) — k and V, (Pn) =V, (P).

The second VM condition states that at the mothbgtyer price Py, the value of the
option to mothball must equal the value of the rbatled plant minus the sunk cost of

mothballing:
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(12) Vi(Pm) =Vm(Pm) — Em and V,' (Pm) =V, (Pm).
The third VM condition states that at the reactviatgger priceP;, the value of the
option to reactivate must equal the value of thv@@roject minus the sunk cost of reactivation:
(13) V(Pr) =V4(Py) — r andV, (P;) =V, (P)).
Finally, the last VM condition states that at txé& &igger price,P,, the value of the
option to exit must equal the value of exiting lasy sunk costs of exit:
(14) Vm(P) =Vo(P) = 1 andV, . (P) =V, (P).
This simultaneous set of equations results in egtations with eight unknownay( By, An,

B, Pn, Pr, Pm, P) and can be solved for using a numerical anagpjaroach.
Cost Data and Parameter Estimation

Application of the empirical model requires estiggabfu ands from corn and ethanol prices,

and estimates of firm operational and investmeosss;i.e.m, En, 1, Kk, |, andw.
Ethanol and Corn Prices

Daily corn prices were collected from the Datastrg2008) representing settlement
prices for nearby corn futures contracts on the&o Board of Trade. Daily ethanol prices
were retrieved from the Bloomberg (2008) represgntiational average rack (wholesale) prices.
To compute the gross margin, we convert the cane pnto a dollar per gallon of ethanol
equivalent using an average conversion rate ofj@lldns per bushel of corhThe data
collected encompassed prices from 1 January 1968dh 2 December 2008 (figure 1).

From 1998 through 2004, ethanol prices were irrdinge of $1 to $2 per gallon. Rapid

growth in demand pushed daily ethanol prices teakpn July 2006 at nearly $3.98. Since then

® Plant data collected revealed no obvious diffeesrin yields across plants of different sizes.llIsiae categories,
yields both above and below our estimate were evide
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prices have remained highly variable and are ctiyrérading at around $2 (figure 1). Relative
to ethanol prices, corn prices were relatively kemsable early in the sample period but have
demonstrated strong price growth from October 2b@@ugh June 2008. More recently, both
corn and ethanol prices have dropped precipito@hce the beginning of 2008, ethanol gross
margins have been consistently below $1 per gdfigare 1).

Given that investors and plant managers do nolylilesspond to daily price movements,
the original data were converted to monthly le\sisveraging the daily price quotes within
each month. While it is clear from figure 1 thag thariation in corn and ethanol prices are quite
different, it is the gross margin, or the combiedféct of both price series, that is of ultimate
importance to firm investor/managers. Note, theafsactual monthly prices in our model does
not necessarily imply that managers follow naiviegexpectations. The results developed here
show the optimal levels of prices in which to chatige status of plant operations, however, the
specific prices used by managers to compare ttitiger prices may be based on actual or
expected prices.

The premise underlying real option pricing is tthegt stochastic price variable, here the
gross margin, follows a random walk; i.e., a statisgprocess consisting of a sequence of
changes each of whose characteristics (as magrotudiesction) is determined by chance. In
addition, the option model assumes that gross msuayie log-normally distributed. Accordingly,
we use the statistid; = In(P/P:.;) to compute the monthly mean and variance parame&ven
that other cost data is on an annual basis, weadimaithe monthly statistics resulting in an

annually adjusted mean of 0.07 and variance of D positive mean rate of drift implies

* Comparatively, the annualized mean and variantmates for corn and ethanol prices were 0.08 a8, @nd
0.08 and 0.11, respectively.
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gross margins have trended upward over the sanepledy a result clearly affected by the abrupt
rise in margins in 2006. Given this recent ‘biastlte trend estimate, we initially assume 0.

If gross margins follow a random walk, it followsat the natural log of gross margins
has a unit root; i.e., a nonstationary price precasd this can be tested empirically. While price
theory suggests that commodity prices should h@®stay, the empirical literature have
frequently implied the opposite (Wang and Tomek7)00ro see whether the gross margins for
ethanol producers followed a random walk in our gl@mAugmented Dickey-Fuller (ADF) tests
were conducted. Regressions were estimated ttotestrandom walk with drift and trend, with
drift and no trend, and with only a random walkagged dependent variable terms were also
included to ensure white noise residuals.

In all cases for corn prices, we cannot rejectthiehypothesis of a unit root. These
results differ from Wang and Tomek (2007) who fodlnat under most specifications, but not
all, a unit root was rejected for monthly corn padrom 1960 to 2005, notably ending prior to
the strong price increases. Ethanol prices alsw swidence of a unit root in both the random
walk and random walk with drift specifications.riglation to fuel prices, Postali and Picchetti
(2006) conclude that GBM is a good approximatianciade oil prices, implying the existence
of a unit root. Historically, ethanol and crude milces have been highly positively correlated
giving some support to the GBM assumption towaatiteast, ethanol prices. Finally, a unit root
is detected in the random walk equation for thesgmargin series. Given the empirical results
that indicate at least one specification for eaamtiable returns a unit root, it is reasonable to

assume that ethanol firms would act as if pricdlevioa random walk.

® Specifically we modeDP, = ¢, + ((/;l _1)|:>t_1 +aTREND + Zn:p’i DP_, +v,, whereDP=P; - Py, P is the ethanol
i=1

gross marginTRENDis the trend term from 1 4, andDPy; are lagged dependent variables. The null hypathesi

assumes non-stationarity, (1;1 —1) =0.
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Investment and Operating Costs

Investment and operating cost data for corn ethplaoits were taken from the existing
literature and represent actual plant data, enserjpudgets, or engineering estimates. Plant costs
were grouped by plant size to ascertain any diffegs in investment and operational decisions
to account differences in relative costs. Sizesdasvere broadly defined as less than or equal to
25 million gallons (mgal) per year, 26 - 60 mgaidanore than 60 mgal for the small, medium
and large classes, respectively. Table 1 showmtestment and operational cost data collected,
along with the value of by-product sales, namesjiliers dried grains with solubles (DDGS).

All costs are expressed in dollars per gallon baebl and converted to constant 2006
dollars for proper comparison. Capital and deptemiacosts were deflated by the Chemical
Engineering Plant Cost Index (CECPI 2008), raw mtand chemical costs by the Producer
Price Index for Chemicals and Allied Products (BX@®8), utilities and energy costs by
Department of Energy prices (DOE 2008), labor atheocosts by th€urrent Employment
Statisticssurvey of average hourly earnings of productiomkes (BLS 2008), and by-product
sales by average wholesale DDGS pri¢ese(stuff2008).

The average cost of capital investment costs, esiseTable 1, declines as plant size
increases (Table 2). Capital costs include constnucosts (e.g., equipment, engineering,
installation) and non-construction costs (e.g.d)atart up inventories, working capital). On
average, capital costs decrease from $1.95 pemgit small plants to $1.22 for large plants.

Operating costs were aggregated into four genatabories. Chemical inputs include
other raw materials and non-corn feedstocks (amaturants, enzymes, and yeast). Utilities and
energy costs include costs for electricity, steamter, water treatment, and fuel. Capital

investments were generally amortized (depreciaied) a 10 to 15 year time horizon. Labor and
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Table 1. Capital and Operating Costs, Excluding Corn, for Dry-Grind Corn Ethanol Plants, by Size ($/gal)

Operating Costs

Size Capital Chem. Utilities/ Labor/ Depre- Co- Net Op.
Year (mgal/lyr) Cost Inputs  Energy Other ciation Total Product t€osSource
Small Plan
1998 0.14 0.35 0.26 0.39 Shapouri, Gallagher, and Grol20€k
1999 25.0 1.49 0.12 0.23 0.15 0.15 0.65 0.36 0.30  McAloon. €080
2000 15.0 2.20 0.15 0.24 0.12 0.14 0.65 0.46 0.19  Whims 2002
2002 <40 211 0.11 0.31 0.18 0.21 0.81 0.29 0.52  ShapourGaiidgher 2005
2004 16.1 2.01 0.12 0.24 0.14 0.18 0.67 0.24 0.43 Rajagopélaln 2005
Average  18.7 1.95 0.13 0.27 0.17 0.17 0.74 0.35 0.40
MediumPlant
1998 0.18 0.28 0.22 0.30 Shapouri, Gallagher, and Grol2@€k
1999 48.0 1.17 0.16 0.71 0.13 0.11 1.11 0.32 0.79  English et 86 20
2000 30.0 155 0.14 0.22 0.11 0.10 0.57 0.46 0.11  Whims 2002
2000 40.0 1.38 0.13 0.22 0.10 0.09 0.54 0.46 0.08  Whims 2002
2002 1.72 0.11 0.22 0.17 0.17 0.67 0.31 0.36  Shapouri arlddgbalr 2005
2004 42.2 1.34 0.12 0.25 0.07 0.12 0.56 0.24 0.32  Rajagopdlain 2005
2006 40.0 1.17 0.10 0.26 0.08 0.12 0.55 0.29 0.26  Kwiatkoeshl. 2006
Average  40.0 1.39 0.13 0.31 0.12 0.12 0.69 0.34 0.35
LargePlant
1998 0.11 0.21 0.22 0.33 Shapouri, Gallagher, and Grol20€k
2006 100.0 1.22 0.12 0.37 0.12 0.12 0.73 0.35 0.39 Low swrisan 2007
Average  100.0 1.22 0.11 0.29 0.17 0.12 0.70 0.34 0.36

Note: Costs were converted to 2006 dollars by tRERI (2008) for capital and depreciation costsDE's (2008) energy outlook for utilities and energ
by the Producer Price Index for chemicals an@@lfiroducts (BLS 2008) for chemical costs, by ayeirzourly earnings of manufacturing workers foolab
and other costs (BLS 2008), and by the April destd dried grains with solubles prideéeedstuffs2008) for co-product sales. Empty cells indicatz the

2 respective costs were not reported. Labor cosi® @f6/gal were added to the labor/other categarifwlish et al. (2006).

3
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Table 2. Baseline dry-grind corn ethanol investnaert operating costs, ($/gal).
Operating Costs Mothball Costs
Plant Invest Exit Co- Full Net Invest Maint. React.
Size (K () Product (w) (W' (Em) (m) (r)
Small 1.95 -0.49 0.35 0.74 0.40 0.10 0.05 0.20
Medium 1.39 -0.35 0.34 0.69 0.35 0.07 0.03 0.14
Large 1.22 -0.31 0.34 0.70 0.36 0.06 0.03 0.12

Note: Baseline costs assume exit cst (-0.25%, investment mothball cosEg) = 0.0%,
maintenance mothball costs)(= 0.02%, and reactivation cost)(= 0.1k. Operating costs
exclude corn feedstock costs.

other costs include labor, supplies, administratomerhead, maintenance, and waste
management. Average operating costswere $0.74, $0.69, and $0.70 per gallon for thalk
medium, and large plant classes, respectivelygtaplWith economies of size in production
expected, we would expect to see a monotone rexiuicticosts as size increases. The fact that
average operating costs for the large plant inereasdestly from that of the medium plant is
likely an artifact of the unequal and limited numbé&observations in each size category.

By-product contributions were similar across plsines and predominantly reflect the
sales of DDGS. Some studies discuss the valuehef tiy-products (e.g., G but were
generally not reported. Rajagopalan et al. (20083gnt alternative dry-grind technologies with
germ and fiber separation equipment that produeenative by-products and alter ethanol
yields. The values of by-products are non-triviadl aepresent roughly 50% of the non-corn
operating costs (table 2)The resulting net operating costs after subtrgaint the value of by-
product salesw’) are $0.40, $0.35, and $0.36 per gallon for thalsmedium, and large plants,
respectively.

The overall value of assets if an ethanol plahigigdated was unknown due to a lack of

history with market sales of ethanol processingnetogy and equipment. We assumed that land

® The high value of ethanol by-products combinedhwitpectations that DDGS prices will be increasinglriable,
reduces the validity of the constant-cost assumgtow. While beyond the scope of the present artictiirection
for future research is to augment the model byuiliclg a separate stochastic variable for ethangirbgucts.
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would hold its value and production facilities cdie retrofitted for alternative uses, producing
a liquidation value worth 25% of initial investmeststs upon exit (i.el,= -0.2%). The
robustness of our results to this assumption isnéxed later through sensitivity analysis.

The cost of mothballing and maintaining a mothlzh#éhanol plant was also unkown. In
a 2005 press release, Terra Industries, Inc. amealtihat it would cost $5 million to mothball a
225 mgall/year methanol facilitChemical Engineering Preg05). Linearly extrapolating our
investment costs (table 2) out to this size of plaould imply a sunk cosg,) of around 3%.
Given the optimistic nature of most press releasesassume a slightly higher estimate of 5%.
Soontornrangson et al. (2003) cite mothball maisutee costsnf) for an electrical power plant
at 1% of capital costs, or around 20% of operatiogis. Applying the 20% relationship to our
estimates in table 2 results in maintenance cdstsoond 5% of capital costs. Conservatively,
we select a mid-range estimate of 2.5%. Reactinatosts () were assumed double that of the
initial cost to mothball, or 10%. All baseline paraters are displayed in table 2. Finally, we
assume a discount rat® of 8% to reflect a relatively higher credit riskethanol plant

investment.
Empirical Results

The estimated cost and margin parameters wereitstiédtinto the 8-equation system,
(11) through (14) above, and solved for using Mafiaftware (version 7.5). We begin by
discussing the results of the baseline solutiongusiput parameters from table 2. This is
followed by sensitivity analysis of the results pkey cost and margin parameters.
Baseline Solutions

Ethanol gross margins by plant size that would eraxge entry in®y,) and exit from )

ethanol processing at the baseline parametersgPalare shown in Table 3. Also included are
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Table 3. Gross margin trigger prices using netgmesgalue and
real option analyses.

Plant Size
Cost or Trigger Price Small Medium Large
Investment Costk] 1.95 1.39 1.22
Net Operating cost\() 0.40 0.35 0.36
Entry, Py, 1.78 1.39 1.33
ReactivateP, 0.79 0.66 0.66
Entry (NPV), W, 0.55 0.46 0.45
Exit (NPV), W 0.43 0.37 0.38
Mothball, Pp, 0.18 0.17 0.18
Exit, P, 0.17 0.14 0.13

Note: NPV = Net Present Value, exit cd3t -0.2%, investment mothball cost
(Em) = 0.0%, maintenance mothball costs)(= 0.02%, and reactivation cost)(
= 0.1 Net operating costs exclude corn feedstock costs

trigger prices that correspond to a NPV analydisgndW, respectively). Margins that trigger
entry drop with increases in firm size given deseshunit capital investment costs. Relative to
the small plant entry trigger ($1.78), entry triggare 22% and 25% lower for medium ($1.39)

and large ($1.33) plants, respectively.

Exit costs follow a similar decreasing pattern with size; relative to the small plant
exit trigger ($0.17), exit triggers are 18% and 2d¥%er for medium ($0.14/gal) and large
($0.13) plants, respectively. Note that while langlants exhibited slightly higher net operating
costs than medium plants, exit triggers are altctdd by the options and costs to mothball and
reactivate. Given that these costs are based isrdgercentage of capital investment cok}s (
and unit capital costs decrease with plant sizevtrolower mothball costs for the larger plant
class more than offset its relatively higher opagatosts, resulting in a lower overall exit price.

The importance of considering price uncertaintthis case can be evaluated by

comparing the NPV and real options results. Erdryt] prices considering real options are, on

" When mothballing is not allowed, trigger pricee &i.74, $1.36, and $1.30 for entry, and $0.18,&nd 0.17
for exit, for the small, medium, and large plantspectively.
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average, 207% (63%) above (below) their NPV coates (table 3). With the baseline
assumption of a 25% liquidation value, the NPV eaind exit price triggers are relatively close
— a spread of only $0.07 to $0.12. However, withdddition of real options, the entry-exit price
spreads range from $1.20 to $1.61. Idle firms widit considerably longer to invest in order to
take advantage of possible gains from higher manginhe future, while currently operating
firms will wait longer before exiting with the exgation that margin prices will improve.

Given that mothball costs are based on fixed peéages of capital investment,
differences in trigger prices across plant sizedess dramatic than for entry and exit. Firms will
mothball plants when gross margins drop to a rafig®.17 and $0.18 and later reactivate if
margins increase to between $0.66 and $0.79 (8biehe slightly higher operating costs for the
large plant result in a mothballing trigger at psaoughly the same as that for the small plant,
but lower initial investment costs imply that tlaeder plant can reactivate sooner. The relatively
high liquidation value (-0.28 compared with mothballing and reactivation cgsasging from
0.02% to 0.1K) result in trigger prices to mothball and exittthee relatively close.

Using the medium size plant results as approxinmatestry-averages, Figure 2 plots the
computed trigger margins overlaid with the numideztbanol plants that are currently in
operation or under construction (RFA, 2008) to eatd actual changes in plant numbers when
compared with times that price triggers are mesdsieon the annual plant numbers, actual plant
exits did not occur or at least the aggregate numbglants increased monotonically over the
sample period. However, relative to the NPV triggeces, plant exits would have been
expected to occur in the late 1990s, and in somedgseof 2002 and 2003. In contrast, under the
real options framework, at no time during the saanga@riod, were mothballing or exit trigger

prices reached.
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Figure 2. Ethanol gross margins, plant numberd,raal option and NPV trigger prices,
medium-size ethanol plant, baseline parameters

The real option margin triggers imply that new ants into the industry would not occur
until 2006 (figure 2). While actual plant numbeamsrieased annually during the period of 1998 to
2005 (and were consequently above the NPV entygdr), the rate of change was modest
compared with increases more recently. Our reaniionsistent with the fast growth in plant
numbers exhibited in 2006 and 2007. Also, as mardiop below the entry trigger margin in
2007 and in 2008, the rate of increase in the numbglants slowed precipitously.

Looking forward, if reductions in gross margins ttone to be realized, mothballing and
plant exits may well become an economic realityafshort-run example, flooding in areas of
lowa and lllinois in June 2008 resulted in estirdateargins in the $0.20 to $0.30 range, well

below the NPV exit prices, and close to or at #a option mothballing and exit price triggers.
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Sensitivity Analysis

Clearly, the results are conditional on a numbdaofors, including the sample period
and assumed discount rate. If the assumed diffuatvas set at its estimated value of 0.07, exit
and entry margin triggers would both decrease,aqimately 4% and 6%, respectively.
Intuitively, this makes sense — if there is an expe& upward trend in gross margins, investors
today would be willing to enter sooner and, onceniauld delay exit given an expected positive
margin trend. Conversely, a higher discount rateceterus paribus, will increase both the entry
and exit trigger prices as the opportunity costlternatively invest funds increases,
approximately 2% and 3% for each 100 basis poiatpectively
We also evaluated the sensitivity of our resulth®level variability in gross margins. As this
variability increases, entry and reactivation teggrices increase substantially, particularly for
new investment, and decreases the trigger pricesit@nd mothball (figure 3, panel a). With
higher upside potential in prices, it is optimal fioms to further delay entry (or reactivate) linti
more favorable prices are realized, while exispltaqts will stay in operation (or mothballed)
longer with an increased expectation that pricelsinvprove. It is also true that as margin
volatility decreases, the option to mothball malkess sense. All else held constant, at a margin
variance belows?® = 0.18, it would be optimal to simply exit directis prices decline, rather than
mothball to a suspended state first. As marginatiam decreases below this point, the odds of
improved margin performance in the future is so,liwvould be optimal to simply exit the
industry and invest the liquidated funds elsewhere.

As liquidation values decline, ceterus paribustyeexit) price triggers increase
(decrease) (Figure 3, panel b). To compensateidbeh exit costs, investors will wait longer to

enter until margins are increased sufficiently @mpensate, while active firms will wait longer
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to get out avoiding the higher cost of exit. Furthere, at liquidation values above 37%, if
prices decline sufficiently, it is optimal to ditgcexit than to go into a mothballed state fiss.
more of a firm’s initial investment is able to eEouped upon exit, it is increasingly beneficial
to take those funds and reinvest elsewhere ratleerdelay retrieval of those funds in a
mothballed state.

Finally, Figure 3 (panel c) demonstrates the impactrigger margins as the costs to
mothball (and reactivate) changes, assuming thatahballing costsK, m, andr) move
proportionately. As mothballing costs increasgger margins for exit increase since as the cost
to suspend operations increases, the costs tbenaime relatively more inexpensive. Likewise,
an active firm will wait longer to go into this egively more expensive state and, once
mothballed, will wait longer to reactivate to aetigproduction. Furthermore, when the
mothballing costs increase 25% above baseline satgterus paribus, as gross margins

decrease it does not make sense to consider miintigbet all.
Conclusions

Entry and exit ethanol gross margin triggers wemguted using net present value and
real options frameworks. Firm size was explicithnsidered, generally revealing lower margin
triggers as plant size grew, essentially accourfongconomies of size in production. For a
large plant size and moderate liquidation costsia firm entry is expected when ethanol
gross margins exceed $1.33 per gallon and exitdvooinmence when gross margins drop
below $0.13. However, in the face of declining esicplants would first suspend operations and
mothball their plant at prices of $0.18, and reat# if prices rebounded to $0.66.

While gross margins reached a peak of nearly $3akon in 2006, more recent margins

are hovering around $0.50 or less. If margins ootito decrease as they have in 2007 and
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2008, delayed investments and construction planspragress to suspensions and/or exits of
currently operating facilities. In addition, conigd growth in the variability of ethanol margins
will lead to delays in new plant investments anthgein exits of currently operating facilities.
Relaxing some of the assumptions in the base mmodglmore accurately reflect risk and
uncertainty in the ethanol production. For examelganding the model to include additional
sources of uncertainty and, thereby, additionallsistic variables (e.g., by-product sales, energy
prices) would be a reasonable extension (Nostbakd@06), albeit at the cost of increasing the
complexity of the models to be solved. In additithe future level and existence of ethanol
subsidies are not known with certainty. Incorpargiprobabilities of expected future subsidies
may be an important consideration for investmendt@peration decisions (Viju, Kerr, and Nolan
2006). Finally, to the extent that alternative tealbbogy becomes viable (e.g., cellulosic ethanol)

the model can be adapted to estimate and compareghlts across alternative investments.
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