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Abstract

Sustainability standards for biofuel productioncoédted via life cycle accounting (LCA) require
a certain reduction in greenhouse gas (GHG) emmssklative to gasoline. Recently it has been
shown that LCA gives biased results and shouldxbended to incorporate indirect land use
change (iLUC). We show that even including iLUCEA is still biased and distorted because it
is based on GHG emission and uptake calculatiohsshraassume economic values only if (i) the
environmental price of carbon is constant over tané (ii) the social discount rate (SDR) equals
zero. We offer a sustainability standard freehele restrictions, expressed in terms of a range
of SDRs and a maximal GHG payback period. Applyogmethodology to Brazilian and U.S.
data, we find that in Brazil conversion to biofpebduction of two land types is genuinely
sustainable, i.e., satisfies our sustainabilitpd#ad, whereas in the United States no land type
satisfies our criterion. Furthermore, the socidligaof CQe savings by having the ethanol
production from 12.8 million hectares of U.S. comproduced in Brazil instead may be as high
as $817.7 bil.



Towards a Genuine Sustainability Standard for Biofuel Production

“Some people say ethanol is like cholesterol: thesrea good one and a bad one. The good
ethanol helps clean up the planet and is competitivhe bad ethanol depends on the fat of
subsidies.” President Lula, Brazil 02/06/2008.

Life-cycle accounting (LCA) analyses of greenhogae (GHG) emissions found that
U.S. corn-based ethanol decreases emissions 2énpener 30 years compared with using
gasoline (Farrell et al. 2006; Argonne 2008). A®asequence, the Energy Independence and
Security Act of 2007 (EISA) requires ethanol praitut to reduce emissions by at least 20
percent: In contrast, Searchinger et al. (2008) found shiistituting U.S. corn-based ethanol
for gasoline increases GHGs by 93 percent overead@sywhen indirect land use changes (iLUC)
are accounted for (i.e., the conversion of uncated land in the United States and the rest of the
world such as forest and grassland to croplandsanéplace U.S. cropland diverted to ethanol).
The U.S. Congress had explicitly required the asseat of iLUC in the EISA statute, requiring
the Environmental Protection Agency (EPA) to asslesssignificant indirect emissions such as
significant emissions from land use changes.” ERA to report by October 2008 but has not
yet done sG.

This situation raises several policy issues thatiPA should address: Should the 20
percent emission savings be lowered or should etlmnduction be banned altogether? Should
regulations require GHG emissions to decline ogeyeéars or over a longer (or shorter) period?
If GHG emission eventually decreases, does it nleginsociety benefits from ethanol
production? None of these questions can be addgustdressed by LCA -- with or without
iLUCs. This is because LCA is based on GibEance calculations, i.e., comparing overall
GHG emission with overall GHG uptake over periotisroe (e.g., 30 years), and such balances

interpreted as economic benefits or costs only thé (environmental) price of carbon is



constant over time and (ii) the social discourg (&DR) is zero. Both conditions are
inappropriate: the price of carbon increases due &is long as atmospheric GHG concentration
increases (with its ensuing climate change indulezhts); and a positive (though not
necessarily constant) discount rate is requiratetermine intergenerational tradeoffs when
economic growth is expected to persist (even atlaged rate). Existing sustainability standards
(with or without iLUC) are therefore biased andtdisthe ensuing policy recommendation. In
this paper we develop a cost-benefit test for @bfuwoduction which relaxes these assumptions
and allows for a changing carbon price and a pesBDR, thereby offering a genuinely
sustainable standard for biofuel production.

Our test is represented by a sustainability stahdsgpressed in terms of a social discount
rate (SDRY and a GHG payback periog holds for any non-decreasing carbon price sanels
is calculated from readily accessible data. The $B&been the focus of the debate surrounding
the Stern Review (Stern 2007). By GHG paybackggenwe mean the time before the overall
GHG emission and uptake balance each other outinga limit (n) on this period is motivated
by recent concerns that the more damaging consegs@f global warming are those associated
with abrupt climate change (Alley et al. 2003, 82007, IPCC 2007). Using Searchinger et
al.’s (2008) data as an illustration, we find ttvad land types in Brazil pass the sustainability
standard for any SDRof 6 percent or less (in the range considered, leygCline 1992, Stern
2007, Nordhaus 2007, Weitzman 2007 and Dasguptd) 20@ any GHG payback periadf
15 years or less. On the other hand, no biofuel imversion in the U.S. passes our
sustainability standard with an SDR above 1.63gmrand payback period below 61 yeh&ur

test is conservative as it requires that the biafuep is produced on land previously not in crop



production (i.e. converted land), thus avoidingtomversy over how to measure iLUGand
impacts of biofuels on food pricés.

We also do an analysis of the global social gdiaswould occur if U.S. ethanol was
produced in Brazil instead. The social value ob€€avings by having the ethanol production
from 12.8 million hectares of U.S. corn be produteBrazil instead may be as high as $817.7
bil.

2. Costsand benefits of biofuel land conversion

The conversion of land from an original (pre-casu@n) use to ethanol production
entails both emission and uptake (sequestratio®HEs (mainly CQ, nitrous oxides and
methane, expressed in géquivalent units and referred to as£0 These emissions and
uptakes depend on the soil type, its original treepiofuel crop, and vary across geographical
locations. In the application below, we consideagety of pre-conversion uses and land types
in Brazil and the United States (see Table 1). §sian occurs mostly at the conversion year,
while uptake evolves gradually over time. Accogiyn let Co represent Ce&2 emission at the
conversion time = 0, measured in metric ton per hectare (MThand letc; = ¢, — &
represent the net annual flow of gQuptake (emission if negative) of the biofuel chapnt = 1
onward, measured in MT per hectare per year (MT year'). Herec, represents annual GO
uptake by the biofuel crop amgis annual C@ uptake by the pre-conversion use (e.g., forest or
grassland uptake of G€) foregone due to conversion.

Land conversion to ethanol production is beneficisda-vis GHGs effects if the
emission cost is smaller than the sequestratioeflierEvaluating the cost and benefit requires
expressing Cee emissions and sequestrations in monetary tereacatpoint of time and

discounting to a particular time period, say thevaysion year. The net balance of £Q.e.,



overall sequestration minus overall emission, agsuam economic value when (a) the price of
carbon is constant over time, and (b) the socsdalint rate is zero. Both conditions are at best
guestionable. The carbon price reflects the cbatmospheric GHG concentration and is
expected to increase as long as the latter incseddee SDR entails intergenerational tradeoffs
and should be positive (though not necessarilyteosif economic growth is expected to
persist (even at a reduced rate).

To obtain a better grasp of the problem at hahelps to view biofuel land conversion as
a public project for which the investment costug do the C@ emission at the time of
conversion Cop) and the benefit comes from the net flow of carbequestrationc{). Testing
whether the project is desirable requires (i) espireg the C@e sequestrations in monetary
terms, (ii) calculating the present value of thguesstration flow, and (iii) comparing with the
upfront emission cost. Simply calculating &&Malances distorts this test and may reverse its
outcomes.

Expressing Cge emission or sequestration series in monetarysteequire comparable
carbon price series; evaluating the present vdlaenmonetary series entails discounting. We
discuss discounting and carbon pricing in turn.

2.1 Discounting

It is difficult to overstate the role played by thecial discount rate in cost benefit
analyses of public projects. And it is even maféadilt to do so when the project under
consideration extends into the distant futuresabeé case when dealing with climate change
consequences of GHG emissions. A case in potheisecent controversy surrounding the Stern
Review (Stern, 2007), which revolves around thepeters of the SDR (Dasgupta 2007,

Nordhaus 2007, Weitzman 2007). The SDR is oftpresented in the form= o+ 179, whered



is the pure (utility) discount rate,is the elasticity of marginal utility of consummti andg is
the growth rate of per capita consumption. Thigregsion separates between the two main
motives of discounting, namely impatien@® €nd economic growth;g). While discounting
for impatience (or pure time discounting) is readua for private investments, it is harder to
justify in public investments, as was forcefullgaed by Ramsey (1928) and Pigou (1932). Yet,
assuming = 0 does not on its own imply a zero SDR, sineesticond ternvy) is in general
positive. An average person today is about twiealthier than his grandparents of two
generations ago. It is thus unreasonable to carganit of our grandparents’ income on a par
with a unit of our income (as implied by a zerocdisnt rate) — if only due to diminishing
marginal utility which implies that this income ti8 worth more to our (much poorer)
grandparents (then) than to us (now). If we expeohomic growth to persist in the long run
(even at a reduced rate of around 1 percent), weldfallow for a positive SDR. The above-
mentioned controversy revolves on the magnitude®fSDR — not whether or not it should be
zero.
Yet, standard LCA and Searchinger et al (2008 nendupporting materials p. 16) use a zero
discount rate, explaining this choice as follows:
“... the choice of a discount rate, and even tleéstten whether to select a constant
discount rate, a varying but continuous discout#, rar a discontinuous discount rate,
reflects an enormous range of technical and pglidgments... These are matters of great
uncertainty that the selection of a discount rate o treat as certain. The incorporation
of a discount rate directly into the model to cotaatay the value of future reductions
therefore has great potential to obscure the aeftedt on emissions of biofuels for
policy-makers in the near-term”
Indeed the quotation lists nicely the various cons@ssociated with discounting public projects

that extend into the distant future. Yet it leagae puzzled as to how a zero discount rate

addresses any of these concerns. Economists tragdéen troubled by the adverse



implications of committing to a constant discouater(see, the review by Groom et al. 2005),
and the numerous approaches offered in the literatte based in one way or another on
declining discount rates (e.g., Chichilinsky 199897, Weitzman 1998, 1999, Arrow 1999,
Cropper and Laibson 1999, Karp 2005, Dasgupta aaskM 2005). Committing to a zero
discount rate has rarely been advocated becatesoives none of the limitations of a constant
rate specification, and there is nothing magicalulzero that makes it less arbitrary than, say, a
2 percent discount rate when economic growth i®eteal to persist (even at a reduced fate).

Our approach here is to allow for a plausible eaofJSDRs, such that the cost-benefit
criterion (developed below) applies to any SDRhis tange. In the context of GHG emission -
induced climate change, the parameters assignédstandg give rise to SDR values between
1.4 percent (Cline 1992, Stern 2007), 5 — 6 per@¢atdhaus 2007, Weitzman 2007) and even
higher. This suggests an SDR range of up to 6 perce

Because the cost of land conversion (due to eamssi GHG) occurs at the conversion
time and the benefit (due to GHG uptakes) evolvadugnlly over time, assuming a zero SDR is
more favorable to land conversion as compared thglcase when a positive SDR is assumed.
Thus, Searchinger et. al’'s (2008) conclusions agdamd conversion remain valid also under a
positive SDR. However, it is possible that landegrsion to biofuel production is found
beneficial under a zero SDR but not under a pesBDR, as the empirical example below,

based on Searchinger et. al’'s (2008) data, denatastr

2.2 Carbon pricing
The carbon price at tintedenoted;, is the shadow price of atmospheric GHG
concentration. This price represents our willirggi-pay to remove one metric ton (MT) of

COye from the atmosphere (or, alternatively, for prewe the emission of one MT of G€) at



timet. This would have been the price of a permit tat @me MT of CQe during yeat had
efficient markets for such permits been presemwt. amnumber of reasons such efficient markets
do not exist and we can only use estimateR.6fPossible estimates are tt@rbon taxseries
generated by integrated assessment models (IAMg), & Nordhaus' DICE (Nordhaus and
Boyer 2000) or the PAGE model used by Stern (20&¥%)dently, these price series vary from
IAM to IAM (see, e.g., Figure 1 in Nordhaus 20076p9), so that tying our analysis to a
particular series will undermine the robustnessusfresults. Our cost-benefit test, therefore
only relies on the property thBt does not decrease with atmospheric GHG concemtrdience
with time (as long as GHG concentration does notafese with time). It is convenient to use
the normalized carbon prige= Py/Po, which (for a non-decreasiriy series) satisfiegy = 1 and

p>1,t=1.2,....

3. A genuine sustainability standard

Given a normalized carbon price sefpes 1,t=0,1,2,..., and an SDR the present
value of a net Cé& uptake process, t=1,2,...., is Z:il p.c (L+r)™ . Forthe case under

consideration, the sequestration flow is constanrtc;, and the present value specializes to
). P @+r)™ . Invokingp > 1 givesc, > p,A+r)" 2¢, > (A+r)™ =c,/r. The cost of the
t=1 t=1

(mostly upfront) emissiof at the conversion time ®Co= Co. Thus,ci/r > Cyp, or equivalently
r <c¢1/Co, ensures that biofuel land conversion pays off-@svis its GHGs effects). We

conclude that;/Cy constitutes an upper bound on the set of SDieswhich the present value
of the CQe sequestration flow does not fall short of the cdg€mission foany non-decreasing

carbon price serieR. We thus require that
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wherer is an upper bound on the set of plausible SDReglWith the guide of the above-
mentioned debate about the Stern Review; 6 percent constitutes a plausible SDR range.

The various land conversion situations in Tabselcharacterized byp andc;. If
condition (1) is satisfied, then the benefit getentdby the GHG uptake flow (at the constant rate
1) exceeds the cost inflicted by the GHG emis$igiithat occurs at the conversion time) for
anySDRr <t and foranynon-decreasing carbon price sefgs Put differently, the present
value of the net flow of C&@ uptakes wileventuallyoutweigh the cost of the upfront emission
Co for any SDR at or below and for any non-decreasing carbon price séties

However, thisventualstate of affairs may take a long time to occur—ow to be of
much use if in the meantime the GHG-induced clinchi@nge has caused substantial damage.
This concern stems from alarming evidence that softiee catastrophic consequences of global
warming will be inflicted abruptly at dates thahcat be predicted a priori (Alley et al. 2003,
Stern 2007, IPCC 2007). The risk associated viotli@t climate change is represented by a
hazard rate function that depends on the atmospbenicentration of GHGs and measures, at
each point of time, the risk of immediate occureenta catastrophic event given that the event
has not yet occurred (see Tsur and Zemel 1996, Z9@B). Since most of the GHGs emission
induced by land conversion occurs upfront and thmepensation in the form of GHG uptake
evolves gradually over time, initially land converscontributes positively to atmospheric GHG
concentration, thereby increasing the occurrenzardaof abrupt climate change. This calls for

placing a limit on the time it takes for the accuated GHG uptake to balance out the upfront



emission. For example, Searchinger et al. (20086 @nline supporting materials) suggest a
time limit of about 30 years, stating that
“... from a global-warming perspective, crop-babeifuels are generally viewed as at
most a short-term strategy to provide immediat@icgdns in greenhouse gasses as the
world pursues more transformative energy strategi&snission reductions during early
years will also be more expensive than maintaitiege reductions in the long-term
once technologies have evolved. For these reas@iselieve the net impact on
greenhouse gas emissions over a 30 year periotpsoa reasonable test of greenhouse
impacts.........The IPCC has specifically warned against delagmgssions reductions
because of the risk of harsh, long-term, unavolabpacts without immediate
reductions. Strategies that increase emissionsa@8ryear period require offsetting
additional reductions over that period to achiegarrterm goals, and those additional
offsetting reductions must be achieved at the hghpeint of the cost curve.”
The Gallagher Report (Renewable Fuels Agency 2f¥it)ires a shorter payback period of 10
year. As in the case of the SDR, there is no ¢ilvEprescription that justifies a particular time
limit and more than a shred of value judgment thgetvith subjective risk assessments are
needed. We now incorporate a payback time lindt @ptain our sustainability standard.
Letn represent a (pre-specified) maximal period allofeedhe accumulated GHG
uptake (c;) to compensate for the upfront emissi@g)( Then, we require thaic; > Co, which
together with condition (1) gives our sustainapiitandard

& rl
c, > max{r , n} (2)

in terms of an SDR upper boumdand a GHG payback time limt We say that land
conversion to biofuel production genuinely sustainabli it satisfies (2). Thus, a land
conversion situation (characterized®@yandc;) is genuinely sustainableaf/Cy does not
exceedr andCy/c; does not exceed We turn now to check whether production of corn

ethanol in the U.S. and sugarcane ethanol in Baailgenuinely sustainable.
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4. Ethanol production in the United States and Br azil

Table 1 preseniS,, c1, ¢1/Co andCy/c; associated with converting various land types for
sugarcane ethanol in Brazil and corn ethanol inlhiged States. The emission and uptake
calculations are based on data from Searchingdr €008). We see that converting a hectare
of Cerrado in Brazil for sugarcane ethanol proaucts genuinely sustainable at any SDR at or
below 6.78% and anyat or above 15 years — well within the [0,6%] SE2Rge, which
accommodates most commentators of the Stern Regieithe time limit advocated by
Searchinger et al. (2008). Converting grasslanddgarcane ethanol production in Brazil is
genuinely sustainable at any SDR at or befow2393% and any time limit at or above= 4
years.

In the United States, on the other hand, no Igpd tonversion to corn ethanol
production is genuinely sustainable at any SDR ald063% and any below 61 years. Under
the SDR upper bound of 6 percent and the paybawédef 30 years, the conversion of two
land types in Brazil are genuinely sustainable &/imlthe United States, no land type conversion
possesses this property.

It is worth emphasizing that, consistent with $harger et al.’s (2008) extension of LCA
to account for indirect land use effects, our dnstality standards require that conversion to
biofuel must be from land currenthptin food production. This is so because convertamgl
from food production (e.g., corn for animal feedkpi ethanol production entails some
conversion emission but no net sequestration, shie6&HG withdrawal of the ethanol co)(
is the same (or very similar) to the foregone wigtvehl of the feed corrcf), as revealed by
LCA calculations (see, for example, Table 1 of Skmger et al. 2008, which shows that when a

ethanol corn displaces feed corn the GHG savimgggtive). Our sustainability condition, thus,
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requires that conversion to biofuel production nusst idle land or land not in agricultural use.
This feature makes our standard conservativeamitls direct effects of biofuels on staple food
prices and avoids controversy over how to meadly€s.

Finally we note that the results in Table 1 pdysiimderstate the potential advantage of
ethanol production in Brazil relative to productite United States due to the difference in
potential yield increase in both countries. If Htate-of-the-art technology used for corn
production in the United States were applied tasw@gne production in Brazil, sugar cane
production could be significantly increased (bypgdcent according to Wiebe 2008, and by 2-3

fold according to Kishore 2008).

5. Policy ssimulations

We simulate the social value of GHG savings ie#itlanol production in the United
States was required to be produced in Brazil. iag seem as a hypothetical exercise but
actually it has some realistic aspects. It is wiggjreed that if there were no subsidies for
feedstocks or ethanol in the United States in g and no import tariff), then it is highly
likely that ethanol would be imported into the wmitStates instead of produced domestically.
Furthermore, U.S. ethanol production is expectedbidble by 2015 and the simulation provides
a first order approximation of the welfare gainagsated with producing the ethanol in Brazil
instead. Finally, a regulation that results in Le@anol production shifting to Brazil is similar t
the current 0,1 sustainability thresholds emplaygdthe United States and under consideration
in the European Union.

We simulate a reversal of the Searchinger et BD§pexercise where the ethanol
currently produced from the 12.8 million hectarésarn in the United States are produced in

Brazil instead. The C£ costs reported in Searchinger et al. (2008) aversversed and
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become savings. We assume the ethanol can onlgodaged on converted land and must be on
grassland or the Cerrado. Because the ethandl yelhectare is about twice that in Brazil
compared to the United States, only 6.4 mil. hestaf land need to be converted into ethanol
production in Brazil in order to produce currenSUethanol production levelsThe benefit due

to saving the C@ emission in the United States is{®a")
B = pCU 3 RCUH (L4 1)
t=1
The cost per hectare associated with theegG@nission in Brazil is (% ha")
cPl =pCy —i RCP/(L+r)'
=1

The overall benefit is given by

12.8<10xB"~ 6.4 16xB™I= 12,8 M{QUSA_% QB+(% Gk Qusﬁi g }

where it is recalled thak = P/Po, po= 1 andp; = 1. Since (see Table 1)

1Cf‘“‘s” -C/**=18/2-18=42>0 and ZL >1 we can bound the above benefit from

2 t=1 (1+ r)t r
below by
1 razi 1 razi 1
12.8<10P, {C(L)JSA—E Co '+(_2 cBreel- qUSAjFi|

Results in Table 2 indicate that the world’s wedfgain due to change in GHG emissions
ranges from a high of $817.7 bil. (grassland uitendhaus’s (2007a) interpretation of Stern’s

(2007) analysis) to a low of $30.8 bil. (on Cerradth Nordhaus’s (2007a) discount rate). Using
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Stern’s (2008) price $48 (30 euro) per tonne, G09), the social value of having U.S. ethanol
produced in Brazil instead is valued between $4Bil.Zand $480.2 bil., a significant savings.
If the carbon pric®; increases linearly in time for about a centurg atopex and then

levels off, the welfare gains can be more preciaplyroximated by

1

1 razi razi 1+0'
128‘ 1(5PO|:CBJSA_§ COB I+(E CLB I_ ClUSAjTj| )

Thus, the figures in Table 2 underestimate the fitemel2.8x 16 P, [(% Clrezl - C‘fs’*jgj :

r

Based on Nordhaus (2007), the slope of the carboa {3 approximately = 1.36 ora = 0.272
underr = 1.4% or = 5.5%, respectively. We find that the benefitssented in Table 2
underestimate the true benefits by $10.402 billinderr = 1.4% and by $0.206 billion under

r =5.5%.

6. Concluding comments

Current sustainability standards for biofuel laodversion adopted by the United States
and the European Union are biased — with or witlgaarchinger et al.’s (2008) extension
incorporating indirect land use changes (iLUC).eTeason is that these standards are based on
CO.e balance calculations, thus implicitly assume thatprice of carbon remains constant over
time and that the social discount rate (SDR) i® z@the cost-benefit procedure developed here
addresses these shortcomings. We formulate atemmtlh ensure that the present value of the
monetary flow of GHGs uptakes will eventually exdélee emission cost for all social discount
rate (SDR) values at or below a pre-specified tiwksr and all non-decreasing carbon price
series. Motivated by risks of abrupt climate chgnge also require that the payback period (the

time it takes for the accumulated GHG uptake ttyfabmpensate for the upfront emission) does
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not exceed a pre-specified length Put together, these conditions form a sustalityabtandard
that can be calculated from readily available data.

Our procedure is not free of value judgment, asliés on two thresholds: an SDR
thresholdr and a payback period threshold The former has been the centerpiece of the tecen
debate surrounding the Stern Review (Stern 2088@)ldtter is part of existing sustainability
standard (see, e.g., the Gallagher Review -- Reolevrauels Agency 2008). Our procedure uses
these thresholds in a way that is consistent vodt-benefit analysis and with the risks
associated with abrupt climate change.

The empirical analysis, based on Searchinger’st(2D08) data, is illustrative in that we
only look at two countries and two feedstocks pamalg one biofuel. More comprehensive
empirical testing should be done on other countfeedstocks and biofuels to get a better
understanding of the sustainability standards etfdrere. The data underlying our analysis are
constantly being updated and an “industry standardbest practice” method should be

developed over time (just like with standard LCAhe past).
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Table 1: Data on GHG emission and uptake for various land typesin Brazil and
the United States

Co C1 C1/C0 Co/Cl
gggm Net flow of
< COse uptake

emission L1 1
Land type (MT ha?y | (MTha"year)
Brazil
Tempef 739.6 14.7 1.98% 50
Tropef 823.9 18.0 2.18% 46
Tropsf 603.8 16.9 2.80% 36
Tempsf 489.9 18.0 3.67% 27
Tropof (Cerrado) 265.3 18.0 6.78% 15
Grassland 75.2 18.0 23.93% 4
United States
Coniferous Pacific 880.8 -1.2 - -
Mixed forest 770.8 0.3 0.04% 2700
Broadleaf forest 688.2 -0.5 - -
Woodland 413.0 1.6 0.39% 259
Coniferous/Mountain 642.3 1.8 0.28% 357
Chapatrral 220.2 1.8 0.82% 122
Grassland 110.1 1.8 1.63% 61

Source:Calculated using data from Searchinger et al. §200



Table 2: Social value of having U.S. ethanol produced

in Brazil
Cerrado Grassland or desert
Nordhauson r=14% ) .
r=1.4% . .
Stern Py = 48 $421.3 bil. $480.2 bil.
Nordhaus r=55% $30.8 bil. $40.7 bil.
Po=8.17

Source: calculated

17
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Endnotes

! california’s low-carbon standard targets additi@@vings in GHG emissions while the Commissiothef
European Communities developed a directive folBhepean Parliament that biofuels emit 35% less &Hf@n
gasoline.

2 california's low-carbon standard is also beingsed to factor in the impact of biofuels on lané usith the
California Air Resources Board to implement thet (yeannounced) rules in April 2009. Meanwhile, Hi¢ has
recently ordered the inclusion of iLUCs in the L€&lculation of their sustainability standard, whtre outcome is
also in abeyance.

% The Searchinger et al. (2008) study highlightedpbssibility that ethanol from Brazilian sugarcisan
exception: “the extraordinary productivity of Brian sugarcane merits special future analysis.hiysi different
methodology, our study confirms this possibilityt baly for two land types.

* To empirically calculate all indirect effects wdle a huge exercise and the chances of gettiegmgnt at the
national (let alone international) level would liiens Our sustainability standard is based on lamaversion,
thereby sidestepping the controversy over iLUC $guaing it is 100 percent. Standard direct LCAasitally
input-output analysis. To include all indirect effe (for land and non-land inputs as well as fdpat) would
require measuring impact multipliers of a lineasgmamming model of the entire world economy.

® The iLUC argument overlooks indirect uses of ispather than land that would also need to be medsas well
as “indirect output use effects” - ethanol may megiace gasoline but replace coal instead, givingedit to ethanol
production. Just as Searchinger et al. (2008) stidiet it is erroneous to assume that all agricaltproduction on
land diverted to ethanol production is not repladechay also be erroneous to assume that all oipthis case,
gasoline) is replaced with the ethanol productiorother words, there may be “indirect output usanges” as
well. This is ignored in the literature. Oil is geally thought of as “finite” while coal is consigel “unlimited in
supply”, implying that if the supply curve for ad vertical and the supply curve for coal is fthgn biofuels do not
replace any oil but replaces coal instead, whiclise® percent more Ger BTU than oil.

® Some economists argue that £@missions (or the damages therefrom) cannotdeeulited because emissions
increase the accumulated stock of GHGs and soaimage done is a cumulative function of GHGs emibhest
time. The claim is that the correct measure shbaldome present value price of each year. Thisisrit is
incorporated in our analysis through the priceabon — the marginal cost of the GHG stock. If gad to that
stock each year, you increase the cost by the ngrtioe which is incorporated in our analysis.

" Efficient markets for emission permits do not epiartly because of the long time span and thewasgrtainties
associated with the chain of events that begitaH emissions and accumulation in the atmospherdirtes
with the effect of GHG concentration on averagemiag, and ends at damages inflicted by the glolzaiwing.

8 Of the 12.8 mil. hectares of corn devoted to esharoduction, 2.245 mil. hectares are convedieectly in the
United States and 10.555 mil. hectares diverteah fegisting corn or alternative crops in the Unigdtes. Of the
latter, 8.572 mil. hectares arairectly converted from forests and grasslands in the dr8tates and rest of the
world, while 1.983 mil. hectares ar&irectly diverted from alternative crops in the United 8¢aind the rest of the
world. Having Brazil produce this ethanol instetdre are savings in upfront G&®emissions on 10.817 mil.
hectares plus the added value of annual CO2 segtiestof the 2.245 mil. hectares that is convebiadk to forests
in the United States. However, there is a lossafial net sequestration of the land devoted tanethzroduction in
the United States. Brazil requires only half thedl#o produce the same amount of ethanol (6.4hedtares) and
obtains a higher annual net sequestration ofed@m ethanol as well.
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