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ABSTRACT

THE COMMON SENSE APPROACH IN DEVELOPING FUEL ALCOHOLS*
by

Pincas . awetg®**

Fermentation alcohols can be obtained from a very divers
series of primary materials, Some of the feedstocks are biomass
and waste materials, others can be grown specificéily for the
purpose of manufacturing alcohol fuels to substitute for imported
fossil fuels, Questions arise whether the cultivation of energy
crops makes sense in terms of energy yields and overall economics,
Specific and particular conditions to a given area allow for a
variety of primary materials, and for differing economics. The
subject of alcohol fuels becomes diversified and is dependent on
! a specific climatic and economic environment. Nevertheless, one
can draw certain generalities when analizing the practicality of
developing fuel alcohols. o
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Our presentation purports at first to clear prevalent mis-
understandings when calculating energy balances for the production
of alcohol fuels., The need will be shown to develop utility fac-
tors to correct for the prevalent misuse of BTU units in enerqgy
output / energy input ratios. These factors are calculated when
comparing in terms of miles per gallon the use of ethanol-gaso-
line mixtures and pure gasoline. The introduction of utility fac-
tors allows us to show that a positive energy balance results
from the use of ethanol-gasoline mixtures. Furthermore, when
studying different ways of producing an octane-booster for low-
octane regular un-leaded gasoline, one finds that the use of
ethanol for that purpose causes large savings in crude that would
otherwise be needed when increasing the streams of aromatic or
branched aliphatic hydrocarbons from petroleum and natural gas
as starting materials,

Having considered the energy balances we shall turn our
attenticn to ways to link farm policy and energy policy. Spe-
cial attention wiili be given here to United States farm po-
licies that subsidize so called set-aside and land diversion
Programs where a percentage of the land is left idle each year
and the farmer is paid to decrease his output in order to sup-
port the price of the commodity. It will be shown that the pre-
sent subsidies for non -production on those lands could effec-
tively provide the funds necessary to establish a fuel alcohol
industry in the United States and to subsidize the distilleries
in order to make alcohol costs competitive with gasoline.

The present U.S. laws prescribe the elimination of the
federal excise tax on gasoline (four cents per gallon) for any
fuel that contains at least 10% alcohol which is made from any
primary material other than crude, natural gas, or coal, This
law will allow the importation of alcohol made from vegetation
sources overseas, thus allowing for the development of alcohol‘
industries in the Caribbeans and in Central America.,




Fermentation alcohols have been chtained from potatoes,
corn, sugar cane, cassava, wheat, beets, from agricultural
products, from agricultural byproducts and wastes, fronm sugars,
starches, and from the products of the hydrolysis of cellulose,
In short whatever can be broken down to sugars can becom: a pri-
mary material for farmantation alcohols. As long as fermcntation
alcohols vere produced for a premium market - for the aleohol
beverago market - the prica of the product was in a majo:: part
determined by such subjective criteria as tastic; ensrgy halances
in the production of the =1l:chol wars not montioned and the 0CO=
nomics w2.e determinad hy the eluzpeical rele :lons of supnly and
daemand,

Our work shop hiis: bz2n sshsZuled now, 30 to sy, in a dif-
ferent era., The discquilibrium in the balances of payment of the
nations representcd in this woricshep was caused in o major part
by the tremendous ocutflev of furis from thamo countries 23 a
result of their nead to import petroleum and pstroleum products,




Alcohols can be used as a substitute to petroleum products and

as such the economical feasibility of the production of power
alcohol and .f alcohol for feed: .ocks should be analyzed not

just in its own context - but rather in the context of its con-
tribution to that nation's general economy and the potential
contribution to the world economy that in the ultimate reflects
back to the particular national economy., The quaestion of overall
economics of fermentation alcohols becomes intertwined with major
aspects of other - to some bureaucrats sesming unrelated - areas,
The general contribution of fermentation alcohol to a particular
econcmy has to be studied and underlying this study there is the
first question: - do alcohol fuels make senss in terms of energy
yields?

In the Uniied States several major oil companies, then fol-
lowed by the American Petroleum Institute, published papers and
testified before U.S. Congress saying that two units of B.T.U.
are needed as an energy input to produce one unit of B.T.U. in
the form of ethinol, This is used as an argument by the o0il indus-
try in the United States against the phasing in of power alcohol.
Our first task in this presentation is going therefore to be to
neutralize the A.,P.I. argument. After proving our thesis that
the use of g soline-ethanol motc '-vehicle-fuel ixtures saves
petroleum products we will procead to show how creative joint-
farm-and-energy policies can provide a sound basis for improving
national policy.

1. Ihe Epexgy Balance Question:

One could try to analyze the energy output/energy input ratios
and to suggest ways whaere inputs other than petroleum and natural
gas could be ugsed,andif those inputs are indigenous and do not in-
crease the dependence on petroleum and natural gas, then these in-
puts can be eliminated from the calculations,
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Instead of going the above route we prefer to
start our a .alysis as a worst « 1se analysis by accepting the
Amarican Petroleum institute allegation that two units of BTU
input aro needed to produca one 3TU of ethanol, or that the
energy output/energy input measured in B.T.U., is 0,5,

Our analysis starts with the observation that B.T.U.ig

8 measure of heating value, but pgt of thae effectiveness of
fuel in a motor vehicle engine. Ethanol does indeed have only
about two thirds the BTU/gallon value of gasoline but when blen-
ding a mixture of 10% ethanol and 90% gasoline and using this
mixture, the so called gasohol, in a motor vehicle engins, it
was shown that the resulting effect is an increase in milea/
gallon as compared with a 100% gasoline fuel of the same quality
of gasoline that was used in the blend,

According to motor vehicle fleet tests performed in the
State of Nebraska the improvement in miles/gallon is 5.3% while
a similar test in the State of Illinois showed a 6.1% irprovement,

(a) If the athanol as part of a mixture wers 2nly as affective
as gasoline in terms of use as a motor vohicle, considaring the
BTU content of ethanol as 2/3 r“en comparod t¢ the BTU content
of gaschol which 4o 1, it 2. civar thal tie arfective use of a
BTU of ethanol is increaued by 50% or in mathematical terms, the

proposed energy balance factor of 0,5 has to be rultiplied by
a utility fﬂctcr 1.5.

(b) Now let us consider that in effect the gasohol mixture is

not only as cffective as the original gasolino but it does even
increase the usefulness as a motor vehicle fuel by (5.3 + 6.1)/200
or by 5.6 percent, This observation gives us a ce~ond utility
factor that is approximately 1.56 and we have now 0.5 x 1.5 x 1,56 =
1.17 thus showing that when correcting in o wors: casn analysis

the energy output in BTU / energy input in BTU by the appropriate
utility factor one gets a positive value for the gasoline that was
saved when replacad with ethanol in the motor enginae,
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(¢) Purthermore, one has to realize that 10% ethanol increases
the octane nurber of the mixture by 2 - 4 points (the exact num-—
ber has yet to ba detc......a by cn objective source - in the
meantime I will remark that the U.S. Department of Energy has

by now agreed on the bssis of measurements made by the Envi-
ronmental Protection Agency, that there is indeed an increase

by two octane pointa,

The importance of the increased octane value i1s that after
having legislated the start of phasing out leaded gasoline in
the U.S., it became clear that the unleaded gasoline is only of
a 87 average octane number, whereas the leaded reqular is 89
average octane number quality, As a result consumers who have
bought new cars built to use unleaded gasoline do switch to
leaded regular as the unleaded available does not perform in
thelr car to their satisfaction, spoiling the catalyst in the
process, and increasing air pollution levels Jefeating as a
result the regulations according to the Clean Air Act,

If one were to increase octane values of the gasoline via
reforming processes that create frictions rich in benzens and
toluenes, or via isomerization processes to get branched com-
pounds, ona vyuld have to spend rn additional 6 percent of crude
in these energy intensive processes, Etianol increases the octane
value by the same amount without needing the additional crude,
We can thus say that a third utility factor for the saving of
crude is 1,6 and the final utility factor becomes 1,5 x 1,56 x
16 = 3,75 or that even if it were true that the production of
one BTU of ethanol requires an energy input of two BTU's, each .
BTU of ethanol replaces three and three quarter BTUs of crude '
or crude products,

2, The Economics Qusatian:
The economics of fermentation alcohol, in today's con-

ditions in the energy and chemical feedstocks areas cannot be
based on straight calculations of buying the primary material




at market prica +1ith expectation that the product competes
in price with peotroleun based products, Our argument is that
in fact, ore has to interwine policles for the production of
agriculturaliy diiu weiiawn sdwleu wiuiyy «uterials with poli-
cies from otheyr sectory of the cconomy,

Every couniry may have particular conditions making it
possible for a particular prinory material under a specific
constelation of policy adjustments to allow the production of
fermentation alcohols banaficial to that =conomy. In order to
meke our point wa zhall procced to elucidatas the conditions
within the U.53. cconory vhile keeping in mind that for other
economies a totally different set ol creativa icdeas will have
to be applled {f one wents to produca rationally beneficial
industrial ferroatntion ~lcohols,

The Unit:d S%-tea han en oxcasiive potential for the pro-
duction of farn c-one while laiging in its foreign trade be-
cause of thn oo L Loport about haly of its fual supplies,
The Parm lolicy '.alimra h-v2 dovised a mathod of support of the
farm products Ly puinc the Inrmors to lecvoe part of their land
fallowe Ip 1970 L0, nidliey acre have sacn pul by the farmers
under a 52 c¢2lled “rat 2aid=® pregron oed in ~ruchange the far-
mers have bee~ gururai Sund mand ~um nraces for *heir produce and
have DeOa Yiv .. ovivn e wands oo ekl wrCgrams such as a
subsidized grain conerva grensan end loan proarana,

Furtherwor:, thesa faricers that hava agrecd to the volun-
tary set-aside procres Acn onililed to rocediva diract cash sub-
sidias if thoy ~gioes 2ot Lo pleant on an additional percentage
of their land, Tnir rrnoram 1e calledl the land diversion program
and in 1978 an e 'Zitienal) 5,3 milliea acrms have been left idle
under this progreme

(a) The UeSe f7rn ro7=nm: In ordar to join tho basic set-aside
of croplands, pro-rzaa Sarrccs have to let fallow 10% of their




usual acreages in fead arains {(corn, barliey and grain sorghum)
or 20% of their usual wheat acraesys, The farmers benefit then
from a guaranteed wpinim'm targel price, from a farmer-owned
grain-reserve system and from loans, In 1978 8.4 million acres
of wheat, 3,3 million acres of rorn, 1,1 million acres of
grain sorghum and 0.6 million acres of barley were left idle
under thie basic net-asode program,

farmers that have agreed to the Lasic set aside program
can then choose to increase the non producing lands beyond the
minimue requirements and receive direct payments (subsidies)
for the additional acreage, The subsidy limits are an additional
20% for wheat land and 10% for feed grains, Cotton was added to
this program with a 10% upver limit, Under this program in 1978
were registered 2,8 million acres of corn, 1.4 million acres
of wheat, 0.4 million acres of grain sorghum, 0,2 million acres
of bariey and 0,5 miliion acres of cotton. The farmers receivad
then 50 cents pear bushel of wheat produced on the remaining 60%
of their wheat land, 20 cents par bushel of corn produced on
the remaining 80% of their corn land or 4 cents per bushel of
sorghum and 2 cents per bushel of barley and 5 cents per 1b,
of cotton produced on the remaining 90% of their cotton land,

(b) The potentisl for wknanel Rroductign: Let us assume for a

moment that we could have planted corn on all 5,3 million acres
under the diversion program, At 100 bushels per acre and 2,6
gallons of anhydrous ethanol per bushel of corn, we could have
produced over 32 million barrels of alcohol., Over 115 million
barrels could have been produced if the basic set-aside acreage
would have been included and when pulling into production ad-
ditional lands the potential for production of alcohol from
agricultural commodities, grown specifically for this purpose,

on land not in use under present food crop production conditions,
could have reached in the U.S. up to 200 million barrels a year,

e -



(e) Ihe avallaidd .o iuhes SH0da! The vicids used for

the calculation of **~ mubaidv undar the divarsion program

are the historically rocoynized yields for that farmurs land

as calculated Zrom an cvnrace »f $he Yzt three ycaras of pro-
duction, Quxr calculutions raw we for aaticnal avaruges $145,28
pPer acre of corn, $.5.3 per wcra ol wheat, 342,24 por ecre of
barley, $53,95 par acia of sorghun ard $94,% par scre ot cettone

If oree had pranted ¢ ra epd uned tho rayrnand {0 nen pro-
duction in ordwr $9 crente o beidy for tha diusi:lllar cene
could have made avaiioble at loact $0.62 to subgidiz, a gallon
of ethanol, Calculatir, Fhe sursidy 24 a woighted nvorrge of
the dirferent agricul*uvral cr: (&7, an tha eothor crops rcceive
less subnidy than ccen, wiivy: who divarcien arogra.g, the ave-
rage subsidy dooi Lo o reltatial $0.44/qcllen of athanol, Let
us nots haxe thee thova eicslo“icas use cnls oha dd,nrsion
payments whil .Clldenal vhosdica ramained vatesched undor
the set=ar’d» pr~-zu:,

(4) Ibs pant ot s i et Peeerding to fire Lininoky, Bnttelle's
Columbus Loheratorac i, wue are in Qollars por sullcn cf ethanol
producad f£:n grais 10 - £ali s

the primary inU=cdian” (cumn st S0.50/buche)) $ 0,89
conversion co ¢ $ 0.44
annualiz=d canitsl charcn $ 0.20
by product crelic (-airly ez cartls faed) $(0,36)

n~t. eral pmre gallon $ 1,17

when substrazting $0.62 nu o anvr Alntiller's stbeidy, one gets
ethanol produccd at 55 e-nen e ccllon und thies 1: quite close
to the cost of i\ ¢~llizn 47 g pAlics at tha roflinery.

Furthacioorn, soxamSasina Shat alhanol 4w a 107 nthanol -
90% gasolina ri-rbvr~ incranses Ny 2-4 octana numbors the value
of low octuno ragulnr wiinndod Troolling, end axtos At into
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a higher val'e premium unleaded g9asolina, whict could easily
commeilu thd reéudiliaay asclasantiaz of 2-3 cents per gallon of

fual (thot is 20-30 cents per gallon of ethanol)., Also the

cuoat ot corn here used in this caiculation is the guarantoed
winimws target price which is well sbove the market price. In
effact, the opening up of a new merket for +the commodity should
aliow for wdditional income to -“he farmer and a decrease in the
subsidy program so that the cost of a bushel of corn when intended
for the production of ethanol should be closer to $2,25/bushel

and the cost of a gallon of ethanol would than be reduced by
9 cents,

(o) Othar V.$. policy considecaticns: The present UeS. laws pre-

scribe the elimination of the federal excise tax on gasoline
(four cents per gallon) for any fuel that contains at least 10%
alcohol which is made frowm any primary material other than crude,
natural gas or coal. This law, as it is worded, should be of
special interest to potential alcohol exploiters as it allows

the importation of alcohol made from vegetation sources overseas,
thus allowing for the development of alcohol industries that will
diffine the 'J«S. deapendency on “oreign sources of energy.

Sonslualen:

We have shown here that the present subsidies for non pro-
duction of U«S. farm lands could effectively provide the funds
necessary to esatablish a fuel alcohol industry in the United
Statas and to subsidize the distilleries in order to make alco-
hol conts competitive with gasoline, Also, the U.S, thirst for

enargy sources may eventually help outside economies establish '
alcohol export industries,
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