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THE COMMON SENSE APPROACH IN DEVELOPING FUEL ALCOHOLS* 

by 

Pineas .awetz** 

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 specifically 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. 
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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 energy 
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 upe    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 
attention to ways  to link farm policy and energy policy.  Spe- 
cial attention will 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. 
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Fermentation alcohols h«YC been chUin«d from potato«», 
cora,  sugar can«, cassava, wheat, beets, fro« agricultural 
products, from agricultural byproducts and wastes, froa sugar«, 
starches,  and fron th« products of th« hydrolysis of cellulose. 
In short whatever can be broken down to cugara can become a pri- 
mary matar ini for fermentation alcohole, Ar, long as fermentation 
alcohols were produced for a premium market - for th« alcohol 
beverago market - the prico of the product was in a majo;.« part 
determined by such aubjectiv« criteria as taste;  energy »alances 
in tho production of the alcohol wars not mentioned and th« eco- 
nomica we*« determined by the cacical reit ;iono of supnly and 
demand« 

Our work shop hw¡ hr. sr^r^led no*,  so to aay,  in a dif- 
ferent era.  The disequilibrium in the bnlancf»s of payment of th« 
nations represented in this workshop wss causad in & major part 
by th« tremendous outflow of funis fron thorto countries as a 
result of their neod to import petroleum and petroleum products. 

1 
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Alcohols can be used at a substitute to petroleum products and 

as such the economical feasibility of the production of power 

alcohol and of alcohol for feed e . ocles 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 question of overall 

economics of fermentation alcohols becomes intertwined with major 

aspects of other - to some bureaucrats seeming unrelated - areas. 

The general contribution of fermentation alcohol to a particular 

economy has to be studied and underlying this study there is the 

first question: - do alcohol fuels make sense in terms of energy 

yields? 

In the United 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 etht noi, Thii is used as an argument by the oil 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 mot< -vehicle-fuel fixtures saves 

petroleum products we will proceed to show how creative joint- 

farm-and-energy policies can provide a sound basis for improving 

national policy. 

1.    The Energy Balance Queafclon: 

One could try to analyze the energy output/energy input ratios 

and to suggest ways where inputs other than petroleum and natural 

gas could be used, and if 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 rout« we prefer   to 
«tart our a talysis as a worst » ise analysis b}   accepting the 
American Petroleum institut« allegation th«t two units of BTU 
input aro needed to produce on« 3TU of ethanol,  or that the 
energy output/energy input  measured in B.T.U.,   is 0.5, 

Our analysis atart3 with the observation that B.T.U.i» 
a me*iure of h«ating value,  but jQflfc    of the effectiveness of 
fuel  in a motor vehicle engine.  Ethanol doe« indeed have only 
about two thirds the BTU/gallon value of gasoline but wh«n blin- 
ding a mixture of 10% ethanol and 90% gasoline and using this 
mixture,   the so called gasohol,   in a motor vehicle engine,   it 
was shown that the resulting effect is an Increase in miles/ 
gallon as compared with a  100% gasoline fu«l of the same quality 
of gasoline that was used in the blend* 

According to motor vehicle fleet tests performed in the 
Stat« of Nebraska th« improvement in milea/gallon is 5.3% while 
a similar test in th« Stat« of Illinois showed a 6,1% irprovewtnt. 

(a) If ti*« ethanol as part of a mixtum were only as affective 
as gasoline in terms of uso as a motor vohicle,  conaidering th« 
BTU content of «thanol as  2/3 v^en cosiparod tf  the BTU content 
of gasohol which i* 1,  it i.» clwai; th&c th« affectiv« uoe of a 
BTU of ethanol is increaoed by 50% or in mathematical terms, th« 
proposed energy balance factor of 0.5 h*s to be multiplied by 
a utility factor 1.5. 

(b) Now let us consider that in effect th« gasohol mixtur« is 
not only as eff«ctiv« as the original gasolina but it does even 
increase th« usefulness as a motor vehicle fuel by (5.3 • 6.D/200 
or by 5.6 percent. This observation gives us a cr^ond utility 
factor that is approximately 1.56 and we hare now 0.5 x 1.5 x 1.56 
1.17 thus showing that when correcting in o worst caso analysis 
the energy output in BTU / energy input in BTU by the appropriate 
utility factor one gets a positive value for th« gasoline that was 
saved when replaced with ethanol in the motor engine. 
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(c)     Furthermore,   on« has to realize that   10% ethanol Increases 
the octane number of the mixture by  2  - 4  point»  (the exact num- 
ber has yet to be d©te^...!;««£ by z.r\ objective source - in the 
meantime  I will  remark that the U.S.   Department  of Energy has 
by now agreed on the basis of  measurements made by the Envi- 
ronmental   Protection Agency,  that there is indeed an  increase 
by two octane points. 

The  importance of the increased  octane value is 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  regular 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 
their car to their satisfaction,   spoiling the catalyst in the 
process,   and increasing air pollution  levels defeating as a 
result the regulations according to the Clean Air Act« 

If one were to increase octane values of the gasoline vie 
reforming processes  that create frictions  rich  in benzene and 
toluenes,   or via isomer i zat ion processes  to get branched com- 
pounds,  or« viuld have to spend m additional 6 percent of crude 
in these energy intensiv«* processes«  Ethanol 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 
1.6  -  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 BTU s of crude 
or crude products. 

2.        Thi Ec onorale a qunUtaV 
The economics of fermentation alcohol,  in today*a con- 

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



at market prica *ith expectation that the product conpetes 
in price with pstroleun based products« Our argument is that 
in fact»  or.«: hau to interwin« policies for the production of 
agriculturally ú*í*A »*.%,>. .<.~~ *..*..ov* «uiwiyj  ..tutorials with poli- 
cies from othffii.' sactork of the economy«, 

Every country m^j have  particular conditions making it 
possible for a particular primary material under a specific 
constelation of policy adjuctwants to allow the production of 
fermentation alcohols ¡oanaficial to that sconoray.  In order to 
make our point K»* anali proccrd to elucidate the conditions 
within the U.S. ccononr/ while keeping in mind that for other 
economies a totally different set of creativo ideas will have 
to be applied if one wpnta to produce rationally beneficial 
industrial ferir ant'itxon rlcoholn. 

The United ¿tries hi-,r«  ¿.n excessive potential for the pro- 
duction of fana C-O;>L; vini«   lagging In its foreign trade be- 
cause of tfcn   ic:    i:r; .1, port  fibout hilf of its fuol supplies« 
The Parrr. Policy I..<\\;-,I;P h-va devi sod a »at hod of support of the 
farm products by p*-r!.r".-  tb's  ífnrr.ors to loevo part of their land 
fallow»  In  IS'72 1 :.,/.'. uillioi  ncvon fcavo ¿wn y>\xt by the farmers 
under a co calice  "rzt •?« ^irt-;t% nrcgrnn ?r.d in rechange the far- 
ners have b*e.* qwxK.¿^.r\<   n;ln.f njn f.rxc^e for ^.hesir produce and 
have bco¿ yi\ ..¿    ..v-^o  ..*> ^-¿MJ.:   .u'^i^.u w;rr„grams such as a 
subsidized fjrsin r.ierr^ ¡rfr-fin ejn.d loan pro«rr*r»o# 

Purthamor.íf   tío?"» £ar;r«rs that hav» agreed to the volun- 
tary set-asido. pTtvjrff.ri n-". orVc.'.tlcd to ruceiroi direct cash sub- 
sidies if fcbsy .".crci ¿ot to  plrnt on an additional percentage 
of their land. T'nir -'rncrro.ru if call?! tho lan*2 diversion progrès 
and in 1978 ar. ?''íibiar,a3. So3 raillim «erro have bcien left idle 
under this progx~<vnc 

^•J    The U.S. f^r-n nro?r;*.ni;   in ordar to join thrt basic set-aside 
of croplands, prc-rr.ii fzirrcra hava to lot fallow  10% of their 

\ 
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usual acreages in feed grain«   <corr>,  barley and grain sorghum) 
or 20* of  their usual wheat  acreag«.  The farmers benefit then 
from a guaranteed minima target price,   from a  farmer-owned 
grain-re3erve system and from loans.  In  1978 8.4 million acres 
of wheat,    3.3 million acrea  of corn,   1.1  million acres of 
grain  sorghum and 0.6 million acre» of barley were left  idle 
under the baaic set-asode program. 

farmers  that have agreed to the b*sic set aside program 
can then  choose to increase the non producing  lands beyond the 
minimum 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* upoer limit. Under this program in 1978 
wer« registered 2.8 million acres of corn,   1.4 million acres 
of wheat,   0.4 million acres of grain «orghu»,   0.2  million acres 
of barley  and 0,5 million acres of cotton. The farmers received 
then 50 cents per bushel of wheat produced on the remaining 60% 
of their  wheat  land,  20 cents per 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 lb. 
of cotton  produced on the remaining 90% of their cotton land. 

(b)    The  potential for etnanol production:  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 etnanol 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. 



7  - 

(c>    IhM^M&LLí^lXA&^LJtí^+^^xJilWáM.*    *he vio^ds uaed for 
the calculation  of  v*-» «tibaldv uyviwr tb# diversion progran 
are the historically  racovniss€-d yiolde fot  thai:  farmer» land 
a» calculated f-on an t-rrarr  ¿f *»,«.  1.53t  three year* of pro- 
duction. Our calculuklo.no r»ft~;n u?. for national  avorugea 5145.28 
per acra of corn,   $45*3 per '¿ero oJ wheat,   ¿42.24 ^or »ter« of 
bar lay,  S S 3.95  p«r «ci-o of tcrvhuu arid 194. 5 par acr» o± cotton» 

If one- h^tì  pt,&iV:cK*. c r<» *nJ UI:Cí5 tho rayn a».t i'c- ncn pro- 
duction in ordo?  V.v oren to a nrbsidy for th* dij'.-.illor cm 
could have mada nvaiiublo ut loact So.62 to subsidies a gallon 
of ethanol. Culcviatlr* f-hs iwhaldy eo a weighted worrga of1 

the different agricultural cr;p^  AH tho oth:ir cropu receive 
lasa aubflidy tha*i eco, u, ir: ¿ha divorcien ^regrau,  tho ara- 
raga aubBidy dc«,r*;  to ;.. «•>:_" .^ial  $0.44/gcllcn cf otnanol» Lot 
uà nota h«v.v   thrfc  v.h - n mî.cvlaicati u*e cnl;   cN> d.Vvnraion 
paynento »nil    .v,e: ;.:•«•:-.,*;   vr .Ji-a roroiri.«î imtc-ührd under 
tho aet-aRidi pr—r-w 

<<*>    llMLAîïAJur:^.^"^.: /-scordila to iîr«,  kipinnky,  Battello»• 
Columbus Lchor.-if.oi.-ir.i,  wie ît.-irc  ir» Dollarn rx»r  gallen of ethanol 
producod f; -»ri çrai.-j  ir,  -" fnlji  v-,1 

tho primary ir.;;::rv'J':.V-  ícc.rrv  it  -£.50/buch*J) 
convoraion co fc 
annualirsd copi tri chirr;** 
by product crrùJ.fc   ir AÍr.ly  7cr cattle fond) 

nrk erat p*r qui Ion 

t 0.89 
i 0.44 
S  0.20 
$(0.36) 

$  1.17 

when aubotractiuq  $0.62 nu r. ¿iw 'lintiller»« subsidy,  en« got» 
•thanol produce:: «t 55 cents r. prllon and thi« is quite close 
to the coat of ;\ r-ilm y; rr.oii^ nfc the roflnery. 

Purthor.oro,   >;r..-ri^o-i-:*7 :>at nthanol iu a 10* Ethanol - 
90% gasoline r.l:<tvxr. lnc:r>a~~o ^   2-4 octano nurtoora tiie value 
of low octano regular vr.londttf ruolino,  ond atóos* it into 
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a higher val-is premium unleaded gasoline»,   which could easily 
cointMUvi   th*   roiuAir«^.^   .¿^'¿«¿antiai of 20  cent» per gallon of 
fuel   (that 5a 20-30 centj per gallon of ethanol). Also the 
cunt of corn here used  in this calculât xon  is th« guaranteed 
>r.ini»u?a target prico which  la well above the market price.   In 
effect,   the opening up of a new market  for the commodity should 
allow for additional income  to the farmer end a decrease In the 
subsidy  program ao that the cost of a bushel of corn when intended 
for the production of ethanol should be closer to $2.25/buahel 
and the cost of a gallon of ethanol would then be reduced by 
9 cents* 

<•>    Other V.S* policy conalderationst    The present U.S.  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 froe any primary material other than crude, 
natural gas or coal. This law,  as it la 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 'US, dependency on "oreign sources of energy. 

ÇpnilualQn' 

We have shown here that the present subsidies for non pro- 
duction of U.S.  farm lands could effectively provide the funds 
necessary to establish a fuel alcohol industry in the United 
States and to subsidize the distilleries In order to make alco- 
hol conts competitive with gasoline. Also,   the U.S.    thirst for 
energy sources may eventually help outside economies establish 
alcohol export industries. 
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