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PREFACE

The Office of Technology Assessment is currently preparing an assessment
of energy from biological processes. In the course of this study we have carried
out an extensive analysis of alcohol fuels from agricultural products. This tech-
nical memorandum presents these findings in response to congressional interest
in synthetic fuels. The purpose of the memorandum is to illuminate the techni-
cal and non-technical issues surrounding the development of gasohol. It dis-
cusses the resource base, production technologies, and economics of gasohol,
and its use as a transportation fuel. The report also contains a discussion of the
environmental problems and benefits of producing and using gasohol, and the
social and institutional issues about using agricultural products for energy.

While the memorandum does not present an analysis of policy issues, it
does provide estimates of how much gasohol can be used at what cost, and the
long-term prospects for ethanol production. All are important to the current
congressional debate over development of a gasohol policy.

The final report on energy from biological processes is scheduled for deliv-
ery to Congress in January 1980 and will contain an analysis of policy options
about gasohol as well as other bioenergy technologies such as wood and metha-
nol production.
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I ssues and Findi ngs

Gasohol is a mxture of one part ethanol (comonly known as grain
al cohol” or beverage al cohol) and nine parts unleaded gasoline. The ethanol
can be produced from several types of plant material using technol ogy that
is currently available, and in nost cases gasohol can be substituted for
gasoline with only mnor changes in nileage and performance. Anot her type
of gasohol can be produced with one part methanol (“wood al cohol” or nethy
al cohol) and nineteen parts gasoline. Although a consideration of this fuel
is not included here, nethanol fuel will be included in the later report on

Energy from Biol ogi cal Processes

Thi s nmenorandum addresses the nmmjor technical, economc, environnenta
and social factors related to gasohol production and use. It also contains
a summary of the current federal gasohol prograns and policies but does not
i nclude an anal ysis of policy options. The nost inportant points devel oped
in this report are sunmarized below as brief discussions of crucial

questi ons.

0 WLL USING GASOHOL SAVE GASOLI NE?

The ampunt of premium fuels (oil and natural gas) displaced by
et hanol depends critically on the boiler fuel used at the ethanol distillery
and the way the ethanol is used in gasohol. The distillery producing nost
of the fuel ethanol today uses natural gas as a boiler fuel and the ethano
is used to produce a high octane gasohol. Because local conditions enable

this distillery to be particularly energy efficient, the use of gasohol nade

this way currently saves 1/3 gallon of gasoline and natural gas energy
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equi val ent for every gallon of ethanol (i.e., for every ten gallons of

gasohol ). Less energy efficient distilleries fueled with premum fuels,
however, could result in a net increase in prem umfuel usage w th gasohol

producti on.

If distilleries are fueled with coal and sol ar energy (including
bi omass), and the ethanol is used to produce a “regular’’-grade gasohol,

however, the energy balance is far nore attractive. Under these nore

opti mum conditions, gasohol use may save nearly one gallon of gasoline and

natural gas equivalent for every gallon of ethanol used.

0 HOW MJCH GASOHOL CAN BE PRODUCED?

In the 1980's there is the physical - though not necessarily
econonmic - possibility of producing at least 5-10 billion gallons of ethanol
per year, nmostly from increased crops devoted to ethanol production. (This
corresponds to 325, 000-650,000 bbl./day or 4.5-9% of the current gasoline
consunption of 110 billion gallons per year.) In the 1990's, however, the
avail able land for energy crops could drop to a point where only about one
third this amount coul d be produced. In addition, using conversion

technol ogi es currently under devel opment, there is the physical possibility

of producing 5 billion gallons of ethanol per year from crop residues, 10-20

billion gallons per year from increased forage grass production, and
consi derably nore from wood. Due to a variety of factors, however,
gasohol’s practical potential will undoubtedly be considerably less than

that which is physically possible.




Gasohol s practical potential depends on the time frane. In the

next 3-5years, domestic gasohol production will be limted primarily by the

rate that new distilleries are built and idle capacitv converted.

Conversion should bring the fuel ethanol capacity to an estimated 40-90
mllion gallons per year by the end of 1980. This would yield 400-900
mllion gallons of gasohol per year conpared to the current |evels of

150-200 million gallons

If gasohol is produced using coal or other non-prem umfuels to supply

energy for the distillation plant and wmarketed as a “regular’’-grade

transportation fuel, currently planned ethanol capacity could save 35-80

mllion gallons of gasoline and natural gas energy equival ent per year by

the end of 1980 (2,300-5,200 bbl./day or 0.03-0.07% of current gasoline

consunption. >

In addition to domestic production, there are plans to inport 120
mllion gallons of ethanol per year from Brazil which would displace about
95 mllion gallons per year (6,000 bbl./day or 0.09% of current consunption)
of gasoline. These inmports would also increase the annual U S. trade

deficit by at least $50 million

Because there is a 2 year lead time for distillery construction and
start-up, the capacity that will come on line in 1981 depends on the current
rate of investment in new distilleries. Al though the available infornmation
is inconplete, there are at least 50-70 nillion gallons per year of new

capacity which are under study or have been ordered

Wthin the next decade, gasohol production could be limted by
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feedst ock supply.

The longer term future of gasohol is still |ess assured. Future

production costs are highly uncertain, due to uncertainties in future farm
comodity prices, feedstock availability, and the cost of conversion
processes using alternative feedstocks such as crop residues, grasses, wood
and municipal solid waste. In addition, the devel opnent of |ess expensive

oct ane boosters, or engine inprovenents which reduce the need for high

octane fuels, could jeopardize the utility of ethanol as an octane booster.
This would alter the econonics of fuel ethanol use and could reduce the

demand.

These and other uncertainties may linmit investnent in ethano
distilleries to a total production |evel below that which is physically
possible and can be sold profitably in the 1980’s. It is equally possible
that federal and state incentives may encourage the devel opnent of a |arge
scal e ethanol industry whose output may be difficult to market in the

1990’ s0O

For these reasons, both the level of fuel ethanol production that

will be achieved and the long term stability of price and demand are highly

uncertain.

0 W LL GASCHOL PRCDUCTI ON COVPETE W TH FOOD AND FEED PRODUCTI ON?
There are nunerous sources of ethanol feedstocks, including food
processi ng wast es, spoiled grain, and various  substitutions anmong
agricultural products which can free land for energy crop production. 1-2

billion gallons of ethanol per year (l-2% of current gasoline consunption)




can probably be produced wi thout a significant inpact on food and feed

, _prices. Beyond this ethanol production level, new cropland would have to be
brought into production, and the farm comodity prices necessary to induce

this land conversion are highly uncertain. Consequently, ethanol production

levels significantly larger than 1-2 billion gallons per year if derived

from food cropland, could lead to strong inflationary trends in food and

feed markets, which would be a substantial indirect cost of ethanol

Pr oducti on.

In the 1990's however. ethanol may be able to be Produced

conpetitively fromcellul osic feedstocks (e.g., crop residues and wood),

whi ch woul d have little inpact on food prices

0 WHAT ARE THE COSTS?

Depending on the nethod of financing, distilleries should be able
to sell ethanol (from $2.50/bu. corn) at between $0.91 and $1-11 per gallon
plus delivery (currently $.10 to $.30 per gallon for stations outside the
distillery’s imediate locale). Due to the strong demand created by federa
and state subsidies (totalling $0.40-$1.10 per gallon or $16.80-%$46.20 per
bbl. of ethanol) and intangible factors, ethanol was being sold for as nuch

as $1.70 per gallon (F.OB. the distillery) in June and July, 1979

Gasohol wodd be conpetitive with gasoline costing the service
station owner $070/gallon (i.e., retail gasoline at about $0.99/gallon) if
the ethanol costs $0.90-$1.00/gall on. Wth only the federal subsidy

($.04/gallon of gasohol or $16.80/bbl. of ethanol), gasohol can now conpete
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$1.30-$1. 40 per gallon.

The current federal subsidy is adequate (although nmarginally so in

sone cases) to allow gasohol to conpete with gasoline at today’' s ethanol

production costs and gasoline prices.

It should be noted that current gasohol subsidies apply to inported

as well as donestic ethanol, and the state plus federal subsidies on the

pl anned inmports of ethanol (120 million gallons peryear) would anmount to

$50-$130 million per year.

0 CAN FARMERS PRODUCE THEIR OMN FUEL ON- FARWP

It is technically quite sinple to produce ethanol containing 5% or
nore water on-farm Thi s al cohol could be used as a supplenent to diesel
fuel in retrofitted diesel engines, but even under favorable conditions the
cost of the ethanol is about twice the current cost of the diesel fuel it
woul d di spl ace. Cost estimates significantly below this have been popul ar,
but are based on questionable assunptions.

Wth slightly nmore sophisticated equi pnent, dry ethanol suitable

for use in gasohol could be produced. On-farm production of dry ethanol

could becone conpetitive with commercially distilled ethanol if relatively

automatic and inexpensive mass produced distilleries were available and if

farmers charge little for their |abor. As an econonmically profitable

venture, however, on-farm ethanol production is, at best, marginal under

present conditions.

For sone farners the cost and/or |abor required to produce dry or
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wet et hanol nmay be of secondary inportance. The val ue of sone degree of
energy self-sufficiency and the ability to divert limted quantities of corn
and other grains when the price is |ow nay outweigh the inconveni ence and
cost. As evidence, the Bureau of Al cohol, Tobacco, and Firearnms expects to

receive over 5000 applications for on-farm distillation permts this year.

0 WHAT ARE THE ENVI RONMENTAL | MPACTS?
Al'l conponents of a gasohol “fuel -cycle” - growi ng and
harvesting the bi omass feedstock, converting it to al cohol, and using the
gasol i ne/ al cohol blend in autonobiles - have significant environmental

effects.

The choice of ethanol feedstock is the nost critical factor

determining the environmental inpact of gasohol. As et hanol production

grows beyond the feedstock capacity of surplus and waste materials, new | and
may be placed into intensive cultivation to provide additional feedstocks

If corn is the primary gasohol feedstock, the result will be a substantia

increase in soil loss as well as fertilizer and pesticide use as mllions of

additional acres are put into production. The choice of other feedstocks

will drastically alter these inmpacts; for exanple, using perennial grasses
woul d considerably decrease erosion damages

The maj or inpact of alcohol distilleries -- potential degradation
of water quality fromthe waste stillage” -- can be prevented by byproduct
recovery or waste treatnent.

Despite clains of strong air quality benefits, gasohol use in

aut onobi | es appears to have a very mixed effect on autonotive pollution. It
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is difficult to categorize the overall effect as either positive o,
negative, although carefully programmed use in selected |locations (e.g.

areas with high carbon nonoxi de concentration but no snmog) or in selected
segnents of the autonobile fleet (e.g., wvery richly tuned fleets in areas
where hydrocarbons are nmore of a problem than oxides of nitrogen) may have

unanbi guousl , positive results

0 WHAT ARE THE SOCI AL | MPACTS?
The predom nant social and econonic inpacts of gasohol production
are the potential for new on-farm and other rural enploynment opportunities
and the possibilities of conflicts between food and energy uses of cropland

The pace of developnent and the quantity of ethanol produced will be

critical determinants of the social inpacts. If the demand for fuel ethanol

i ncreases beyond the supply of feedstocks, conpetition between energy and

food uses of land could result in nore rapidly rising food prices and,

eventual ly, nore rapidly rising land prices. This would benefit |andowners,

but would hurt farnmers who rent their land or who want to expand their
hol di ngs. Low and m ddle incone groups would bear the greatest share of

these costs. Al t hough farming groups have supported gasohol initiatives in

the hope that increased demand for corn would raise prices, historic

experience indicates that rising land prices would absorb nuch of the

profit.
If the demand for gasohol rises gradually and narket inbalances are

avoi ded, the overall social and econonmic inpacts of fuel ethanol production

could be strongly positive. On-farm and distillery enployment could

stabilize those rural comunities which are currently  experiencing

unenpl oynent probl ens.



| NTRODUCTI ON

The devel opnment of near- to mid-term strategies for reducing our
dependence on inported oil and natural gas is a major energy need of the
United States. Displacing such inports wth renewable donestic energy
sources is a strategy that has generated significant popular and |egislative
interest. Gasohol in particular has becone a focus of national attention,

and it is to this subject that this report is addressed.

Gasohol is a mixture of one part ethyl alcohol (ethanol) and nine parts
unl eaded gasoli ne. Al t hough autonobiles could be designed to operate on
al cohol alone, for the forseeable future the nobst econom c use of ethanol is
as an octane booster in gasoline. And of the synthetic liquid fuels from
bi omass, only ethanol can be produced with technology that is comercially

available in the United States.

Al t hough et hanol cannot by itself solve our energy problens, it may
contribute to what must be a conbination of national energy strategies.
This report will place this contribution in perspective and clarify the role
that gasohol may be expected to play in our energy future. Met hanol has not
been incl uded because the technology for producing it from biomass is not
commercially available at present and an adequate consideration of the
resource base for nmethanol production would greatly expand the scope and
conplexity of the report. Met hanol fuel, however, will be included in a

|ater report on Energy from Biological Processes.

In this report, references are given as nunbers in parentheses, with a
full reference list at the end of the report. Wth the exception of the
contractor report on Federal Bioenergy Progranms, the various OTA contractor
reports cited in the reference list will not be available for public
distribution until the final report on Energy from Biological Processes has
been rel eased.

51-718 0 - 79 - 3



TECHNI CAL ASPECTS OF GASOHOL



ETHANCL PRCDUCTI ON

Commercial Distillation

The production of gasohol requires the integration of a number of
factors, two of which are considered in this section -- ethanol distillation
facilities and their feedstocks. Al t hough ethanol can be produced from any
f eedst ock capable of being reduced to the proper sugars, present U S
production technologies rely on sugar and starch feedstocks. Sui tabl e
et hanol crops include corn, wheat, grain sorghum sugarcane, sugarbeets
sweet sorghum and Jerusal em artichokes. There is, however, no “best”
ethanol crop, since different crops will be superior for ethanol production
in different soil types and regions of the country. Current research into
sugar and starch feedstock alternatives to corn are likely to produce

strains that will outperform corn under some circunstances

In addition to primary crop production, there are nunerous sources of
spoil ed grain and food processing wastes that can be used to produce
ethanol, but their total potential is small (1,2). QO her processes are
under developrment that will permt the commercial distillation of ethano
from cellulosic (cellulose containing) feedstocks such as crop residues,

grasses, wood, and the paper contained in municipal solid waste

The et hanol conversion process consists of four basic steps. First,
the feedstock is treated to produce a sugar sol ution. The sugar is then
converted in a separate step to ethanol and carbon dioxide by yeast or
bacteria in a process called fernentation. The ethanol is renoved by a
distillation process which yields a solution of ethanol and water that

cannot exceed 95.6% et hanol (at normal pressures) due to the physica



properties of the ethanol-water mixture. In the final step the water is
renoved to produce dry ethanol. This is acconplished by adding to the
solution a chemical that changes these physical properties and by distilling
once again.

The material remmining in the water solution after the ethanol s
distilled away, called stillage,” contains sone dead yeast or bacteria and
the material in the feedstock which was not starch or sugar. Grain
f eedst ocks, for exanple, produce a high protein stillage (called distillers’
grain) which can be used as an animal feed* while sugar and cellul ose

feedstocks produce a stillage with little protein and less feed val ue.

At the present time 15-20 million gallons of fuel ethanol per year are
bei ng produced commercially in the U S., and donmestic capacity sho~d
increase to 40-90 mllion gallons per year by the end of 1980.(3) New
distilleries (e.g. , 50 mllion gallons per year) can be brought on streamin
only two years, and idle capacity can often be converted in one year or
| ess. Beyond 1980 the infornmation is sketchy, but there is at |east 50-70
mllion gallons per year of new capacity which 1s under study or has been
ordered and which can be in production in 1981.(3) In addition to donestic
production, Anmerican Gasohol (Mneola, N Y.) is planning to inport 120

mllion gallons of ethanol per year from Brazil.(4)

* The exact nutritional value of distillers’ grain in its various forns is
still uncertain (e.g., the anounts that can be used in aninmal feed and the
effect of using wet stillage as a feed). This is a subject that is

currently being researched.



Looking towards the future, there are several processes uncle r
devel opnent which will be able to use cellulosic feeds tocks as sources of
sugar for ethanol production. til of the processes require higher capita
investrments (2-3 tines higher than conventional processes)(5) because of
expensi ve pretreatments, and this limts their present applicability.
There are, however, a nunber of approaches to cellul ose conversion which can
improve its conpetitiveness by |owering the production costs of ethanol
These include |ower capital charges through favorable financing, substantia
credits for byproduct chenicals, inproved ethanol yields (gallons per ton of
feedstock), and process innovations. A process devel oped by Gulf Ol
Chemicals Co., for exanple, wuses nunicipal waste paper, and nunicipal bond
financing would nake the distillery conpetitive with conventional processes
(Because of the higher capital investnent, special financing |lowers the
et hanol cost nore than for grain distilleries.) Another cellulose process,
devel oped in the U S during Wrld War 11 and used commercially in the USSR
produces ethanol from wood. The process has recently been reeval uated(6) as
a source of ethanol and byproduct chenical feedstocks (e.g., phenol and
furfural). Al though the capital investment for the distillery is three
times that of a corn distillery, the byproduct credits are of sufficient
value to make the ethanol conpetitive. The chemnical industry, however, is
unlikely to make the commitment to these feedstocks that would be necessary

to support a large ethanol programuntil nore information is available on

the relative merits of biomass and coal derived chenical feedstocks. (7)

Asi de from special financing or |arge byproduct credits, the key to
making cellulosic feedstocks competitive is to achieve high ethanol vyields

wi t hout the use of expensive equi pment, excessive |oss of process chemcals



or the production of toxic wastes. At present there are no processes which

fulfill all of these criteria. Current research and devel opment efforts,
however, could lead to significant results in 3-5 years, and conmerci al

facilities could be available by the late 1980 s.

Anot her way to reduce the costs of ethanol from cellulose is through
process innovation. There are several possibilities for inprovenents,
i ncluding mnor changes which take advantage of the low purity requirements
for fuel ethanol, and nejor process innovations for concentrating and drying
the ethanol. An additional possibility involves a fundamentally different
process for ethanol production. Rapidly heating cellulosic materials
produces a gas which contains ethylene, a chemical that can be converted to
ethanol with comrercially available technol ogy. Al though this process is
still at the laboratory stage, prelimnary calculations indicate that the
costs and yields could compare favorably to fernmentation, and the process

woul d require | ess energy. (8) It is unlikely, however, that the entire

process could be made comercially available before the 1990 s.

On-Farm Distillation

Apart from commercial distilleries, there has been interest expressed
in the role which individual farnmers can play in ethanol production.
Produci ng ethanol on the farm however, faces a number of limtations which

may severely restrict its wi despread practice.



On site distillation of ethanol for farm use may be possible at a cost
of $1.00/gallon of 95% ethanol plus |abor. * If it is used as a fuel
suppl ement for retrofitted diesel driven tractors this would be equivalent
to diesel fuel costing $1.70 per gallon. (9) Current diesel prices woul d
therefore have to double for ethanol production to be conpetitive w thout

subsi di es.

cost estimates significantly below this are apparently based on
ignoring equipment and/or fuel costs, assigning a credit for the byproduct
animal feed that is significantly higher than its market value, and/or

produci ng ethanol containing significantly nore water than the 5% assuned

above.

If the purpose of on-farmdistillation is to develop a degree of energy
sel f-sufficiency, the higher cost of ethanol nay be acceptable. Due to
technical limtations, however, ethanol can displace only 35% of the diesel

fuel used in retrofitted diesel engines. (9)

Limtations also apply where distillation is viewed as a process for
diverting significant quantities of grain produced on the farm A typical

farm of 500 acres could produce 50,000 bu. of corn, of which 1,000 bu., or

2% would provide as nuch ethanol (2,500 gallons) as could reasonably be

* Vhile equipnent costs will vary considerably depending upon how automatic

they are, $1 for each gallon per year of capacity is plausible. Assuni ng
this equi pment cost, the costs per gallon of ethanol are: $0.58 for net

feedstock cost, $0.20 for equipnment costs (operated at 75% of capacity),
$0.20 for fuel (assunming $3/ MMBTu and 67,000 BTU gal l on) and $0.05 for

enzymes and chemicals, resulting in $1.03/gallon of ethanol or $0.98/gallon
of 95% et hanol .
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8
used as a diesel fuel substitute in retrofitted diesel engines. (9, 10)
Converting 20% of the crop to ethanol woul d produce 25,000 gallons, far nore
than could be used on the farm and would require a significant investnent

of probably $25,000 or nore.

The quality of the ethanol nost easily produced on farns across the
nation is likely to limt the uses for which it would be appropriate. As a
gasoline additive, for exanple, ethanol nmust be free of water in order to
avoid operating problems. (9, 11) Not only would producing dry ethanol
change the economics of on-farm distillation, but the current drying
processes involve the use of dangerous chenicals. Al ternate processes using
drying agents, or desiccants, can probably be devel oped, but the costs are

uncertain. (12)

On-farm production of dry ethanol could beconme conmpetitive with
conmercially distilled ethanol if relatively automatic mass- produced
distilleries could be sold for less than $1 for each gallon per year of
capacity and if farmers charge little for their [|abor. Al t hough 150, 000
gal l on per year package distilleries producing 95% et hanol can be bought for
prices approaching this value (13), OTA is not aware of any farm size (1,000

- 10,000 gallon per year) package distilleries for producing either 95% or

dry ethanol. The price goal for automatic, on-farm dry ethanol production
is not unrealistic, but it will probably require process innovations,
particularly in the drying step, and could well involve the use of small,

i nexpensi ve conputers for monitoring the process.

G her concerns about on-farm distilleries involve the fuel used to
operate them and the possible diversion of the alcohol produced. As with
large distilleries, abundant or renewabl e domestic energy sources should be
used to fuel the on-farmdistilleries, the nost appropriate of which may be

crop residues (using gasifiers currently under developnent). Another



possibility is the use of solar powered distilleries, but the costs are
uncertain. *  CObtaining appropriate energy sources for distilleries need not

be a problem but it is sonething that should be considered in |egislation

designed to encourage on-farm distillation.

The ethanol produced with nost processes can easily be converted to
beverage al cohol.** Al though ethanol can be denatured to render it unfit

for consunption, regulations will be difficult to admnister.

For sone farmers the cost and/or |abor required to produce ethanol may
be of secondary inmportance. The val ue of sone degree of energy
self-sufficiency and the ability to divert limted amunts of corn and other
grains when the narket price is |ow may outwei gh the inconveni ence and/or
costs. The Bureau of Alcohol, Tobacco and Firearns has received over 2,800
applications for on-farm distillation permts and they expect 5,000 by the

end of the year. (14) As a profitable venture, however, on-farm production

of ethanol is, at best, narginal.

* The key problem is that concentrating a 10% ethanol solution to 95%
ethanol requires a theoretical m ni mum of 25 evaporation-condensation

cycles. Since a solar powered water distillery only produces one
evapor ati on-condensation cycle, the ethanol solution would have to be put
through a still of this type many times in order to concentrate the ethanol.

Designs better suited to ethanol concentration, however, can probably be
devel oped.

** Dilute to 50% with water and filter through activated charcoal.
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GASCHOL AS AN AUTOMOBI LE FUEL

Bet ween 150-200 nmillion gallons of gasohol per year are being sold in
over 800 service stations in at least 28 states, and the nmjor U S.
aut onobi | e manufacturers have extended their warrantee to pernmt the use of
gasohol . (2, 15) Despite its increasing acceptability and use, however,
there are several technical aspects which nerit consideration. These
include fuel stability, drivability, octane boosting properties of ethanol,

and nileage with gasohol. These points are considered below.

Fuel Stability

Only minute quantities of water will dissolve in gasoline and although
the addition of ethanol increases the water volubility sonewhat, gasohol
containing nore than 0.3% water can separate into two phases, or |ayers,
whi ch can cause autonobiles to stall. Al t hough sone additives designed to
prevent phase separation with 95% ethanol have been tested, none has proven
to be fully satisfactory. (9) Consequently, gasohol blends require dry
(anhydrous) ethanol, and storage and transport tanks nust be kept free of
noi sture.  Although there have been occurrences of phase separation in a few
service stations, if dry ethanol is used and due care taken, this should not

be a significant problem

Aut ormobi | e Per f or mance

For nost aut onobi | es, per f or mance wi th gasohol shoul d be
i ndi stinguishable from that with a gasoline of the éame oct ane. A small but
unknown fraction of the existing autonobile fleet, however, will experience
surging, hesitation, and/or stalling with gasohol, due to a variety of

causes.* (9) But these problems should disappear with time as gasohol use

L . o .
The [eaning effect of gasohol, danage to gaskets, punp diaphragns, etc.,

and di sl odgi ng of deposits in the fuel systemleading to clogging in the
fuel filter and/or carburetor.
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becones nore w despread and the autonmobile fleet is replaced with new cars

manufactured to accept gasohol.

Cct ane

An inportant advantage of gasohol is that its octane* is higher than
the gasoline to which the ethanol has been added. The exact increase wll
depend on the octane and conposition of the gasoline and can vary from an
increase of 0.8 to 5 or nore octane nunmbers. (16) For “average” gasolines

the increase is about 3-4 octane nunbers.

Rai sing the octane of motor fuels woul d enable autonobile nanufacturers
to increase the efficiency of autonobile engines, but this is unlikely to
occur unless gasohol is widely available. Alternatively, the octane of the
gasol i ne bl ended to gasohol can be lowered to exactly conpensate for the
octane boosting properties of the ethanol. If this is done, there isan
energy savings at the refinery of 88,000-150,000 BTU per barrel of oil
refined. (9, 16, 17) If these energy savings are attributed solely to the
ethanol, a savings of 0.27-0.45 gallons of gasoline equivalent can be
achi eved for each gallon of ethanol wused.** Achieving this savings,

however, wll require the cooperation of oil refiners and distributors.

*

Average of notor and research octane.

** The median energy savings is 118,000 BTU per barrel of crude oil refined
(hi gher heat content). Since an average of 55% of a barrel of crude oil is
turned into gasoline, and this gasoline is mnmxed with one ninth as nuch
ethanol, then the 118,000 BTU savi-ngs is attributed to about 2,6 gallons of
et hanol . Wth a higher heat content of 125,000 BTU gallon for gasoline>
this results in 0.36 gallons of gasoline per gallon of ethanol.
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In order to realize the energy savings of ethanol it is essential that
car owners use a fuel with the correct octane. If drivers buy a higher
octane gasohol than their cars require, based perhaps on advertising clains

of its superiority, the energy savings would be negated.

M| eage

Et hanol contains |ess energy per gallon than gasoline, and a gallon of
gasohol contains 3.8% |ess energy than a gallon of gasoline. If all other
factors were equal, this would result in 3.8% lower mleage (miles per
gallon ). The gasohol, however, also “leans” the fuel mixture (i. e., noves
the air-fuel mxture to an effective value that contains less fuel and nore
air) which increases the thermal efficiency (mles per BTU in many cars,

but lowers it in a few

The nmil eage nmeasured for gasohol varies considerably fromtest to test,
but road tests have often registered better nileage averages than |aboratory

tests. The results of the road tests, however, are less accurate than

* The | ower heat content of ethanol and gasoline are about 76,000 BTU gallon
and 117,000 BTU gal lon, respectively. In addition 0.9 gallon of gasoline
plus 0.1 gallon of ethanol results in 1.002 gallons of gasohol. Bl endi ng
the alcohol result in a 3.6% drop and the expansion an additional O0.2%
This nunber, however, can vary somewhat for different gasoline conpositions.
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| aboratory tests* and have s,tines been conducted on vehicles which are

not representative of the U S autonobile fleet. Based on |aboratory data,

the mleage (mles per gallon) for gasohol is expected to average O 4% | ess

than for gasoline.

ENERGY BALANCE

The energy objective of an ethanol fuel programis the displacement of

foreign oil and gas with a donestic synthetic fuel. The inpact of such a

program depends upon the energy balance of grow ng the feedstock, converting

it to ethanol, and using the ethanol as fuel. The fuels used in the

conversion process nust also be considered.

For each gallon of ethanol derived from corn, farmng and grain drying

consume, on the average, the energy equival ent of 0.29 gallons of gasoline

* The data available from the 2 mllion mle gasohol test, (18) for
exanpl e, have been anal yzed by OTA. Using a standard statistical test (“t”
test) reveals that the spread in data points (standard deviation) is so
large that the nileage difference between gasohol and regul ar unl eaded woul d
have to be nmore than 30% (2 tines the standard deviation) before OTA woul d
consi der that the test had denonstrated a difference in nileage. Wi le nore
sophisticated statistical tests might indicate that the measured difference
in mleage is meaningful, the validity of these statistical nethods is
predicated on all the errors being strictly random and the assunption of
random errors is suspect unless the nunmber of vehicles in the test fleet is
orders of magnitude larger than any tests conducted to date.
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in the formof oil (for fuel and petrochem cals) and natural gas (for
nitrogen fertilizers). (10) The exact amount, however, will vary with
farm ng practices (e.g., irrigation) and yields. Al though corn is often
cited as an energy intensive crop (due to the high energy inputs per acre
cultivated), the energy used per ton of corn grain produced is conparable to
results achieved with other grains. (lo) In general, however, the energy
i nput per gallon of ethanol produced will increase when the farm and is of
poorer quality (e.g., set-aside acreage) and/or in dryer or colder climates

(i.e., nost of the western half of the country, excluding Hawaii)

The fuel used in the distillation process is perhaps the nost inportant
factor in determning the displacement potential of ethanol. Even under the
nost favorable circunstances, distillery energy consunption is significant.
Al t hough the distillery producing nost of the fuel ethanol used today
reportedly consunes 0.25 gallon of gasoline equivalent (0.24 in the form of

natural gas) per gallon of ethanol, (14) the derivation of this nunber

i nvol ves some arbitrary decisions about what energy inputs should be

attributed to the facility' s food processing operations, and various factors

probably woul d make the process unsuitable* for extensive use in fuel

ethanol production. Energy

1) The distillery probably uses waste heat from an adjacent byproduct

processing plant which consumes nearly as nuch energy as the distillery but
is not included in the energy balance cited here, 2) acetaldehyde is left in

the ethanol which increases evaporative emssions and the possibility of
vapor lock in autonobiles, and 3) the econonics are predicated on credits

for byproducts (e.g., corn oil), whose markets could be saturated
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efficient stand al one fuel ethanol distilleries would consume the equival ent
of 0.4-0.6 gallon of gasoline per gallon of ethanol. (5, 20) To maxim ze
the displacenment potential of ethanol it istherefore essential that
distilleries use abundant or renewabl e donestic energy sources such as coal

bi omass, and/or solar heat. As shown in the following table, reliance on
these fuels would reduce the total use of oil and gas at the distillery to

insignificant |[evels.

The anount of petrol eum di spl aced by ethanol fuel al so depends on the
manner in which it is used. As an additive in gasohol, each gallon of
ethanol displaces about 0.8 gallons of gasoline. If the oil refinery
produces a |lower grade of gasoline to take advantage of the octane boosting
properties of ethanol, an additional 0.36 gallon of gasoline equivalent can

be saved in refinery processing energy, as described on page 11

Addi ti onal energy savings are achieved by using the byproduct

distillers’ grain as an aninal feed. To the extent that crop production is

displaced by this aninmal feed substitute, the farmng energy required to

grow the feed crop is displaced.

In all, the total displacement of inported fuels achieved per gallon of
et hanol can be increased by a factor of 2.5 by requiring that 1) petrolem
and natural gas not be used to fuel ethanol distilleries and 2) |ower octane

gasoline be used in gasohol blends

Table 1 summarizes the oil and natural gas used and displaced for the
entire gasohol fuel cycle. The quantities are expressed as gallons o f

gasol ine equivalent for each gallon of ethanol produced and used

51-718 0 - 79 - 5
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Table 1 Energy Balance of Gasohol from Corn

Ol and Natural Gas Used (+) and Displaced (-)
(in gallons of gasoline equivalent per

gal l on of ethanol produced and used’l))

Set Aside and Potential Cropland

Coal Fired
Distillery
Coal Fired & Lowering of
Present Distillery Gasoline Cctane
Far m ng 0.29 0. 35h) 0. 35"
Distillery 0.24 @ @
Distillery
Bypr oduct -0.099 -QJ19° -0.099
Aut onobi | e -0. 80 -0.80 -0. 80
Ol Refinery -0. 36
Tot al -0.j6(~0.3) -0.54(fo0.3) -0.90(q).3)
a Lower heat content of gasoline and ethanol taken to be 117,000 BTU gall on
and 76,000 BTU gal lon, respectively.
b Estinmated uncertainty of -~q.]s.
c 50~ OUL1-?f1,000 BTU of coal per gallon of ethanol.
d Assuned that distillers’ grain replaces corn grown on average cropland.

Source: OTA
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i n gasohol . The three cases presented correspond to (1) the present
situation, (2) future production of ethanol fromthe |ess productive |and
that can be brought into crop production and using coal as a distillery
fuel, and (3) the sane as (2) except that the octane of the gasoline is
| owered to exactly conpensate for ethanol’s octane boosting properties.
These cases result in net displacements of (1) slightly nore than 1/3
gallon, (2) slightly nmore than 1/2 gallon and (3) slightly less than 1
gallon of gasoline and natural gas equivalent per gallon of ethanol used

It should be noted, however, that if oil or natural gas is used as a
distillery boiler fuel, the second case could result in the fuel cycle
consuming slightly nore oil and natural gas than is displaced. This is the
Situation that is alluded to in npbst debates over gasohol’s energy bal ance,

but it is a situation that can be avoided with appropriate |egislation.

In the nost favorable case (case (3) above) and with an energy
efficient distillery, however, the ratio of total energy displaced to tota
energy consuned is 1.5 (+0.4), i.e., the energy balance is positive (a ratio
greater than 1). And if the feedstocks are derived from nore productive
farmand, or local conditions allow energy savings at the distillery (e.g.,
not having to dry the distillers’ grain), then the balance is even nore
favorabl e. Alternatively, an energy credit could be taken for the crop
residues, which would also inprove the cal cul ated bal ances This general
approach to the energy bal ance, however, does not consider the different
values of liquid versus solid fuels.

The uncertainty factor in Table 1 of plus or minus 0.3 gallons of
gasoline per gallon of ethanol is due primarily to inherent errors in fue
efficiency neasurenents, differences in farmng practices and yields, and

the magnifying effect on these errors of the low (10% ethanol content of

gasohol . These factors make it.unlikely that nore precise estinates can be

made in the near-term



II. GASOHOL ECONOM CS



ETHANCL COSTS

Et hanol costs* are influenced by the capital investment in and
financing of the distillery, the distillery operating costs, and the
byproduct credits. The cost of an ethanol distillery for starch and sugar
feedstocks is about $1.00-%$2.00 for each gallon per year of capacity.
Distilleries that rely upon sugar feedstocks are nore expensive than those
using starch due to the equi pnent needed to handle the feedstock and to
concentrate the sugar solution to a syrup for storage. Coal -fired
distilleries are nore expensive than oil or gas fueled distilleries, due to

the costs of coal handling and pollution control equipnent

For a coal-fired 50 mllion gallon per year distillery using starch
feedstock, the capital related charges are about $0.35-%$0.45 per gallon of
ethanol, assuming 100% private equity financing and a 13% after tax return
on investment. The conparable figure for 100% debt financing with favorable
terms is $0.15-%$0.25 per gallon. These charges, however, can vary
significantly with depreciation allowances, tax credits and other econonic

i ncentives.

The maj or operating expenses are the fuel and feedstock costs. The
coal ($30/ton) would cost about $0.10/gallon of ethanol, which is

sufficiently I ess than oil or natural gas to conmpensate for the added costs

of the coal boiler and handling and pollution control equi pment Al though
i ncreased demand could raise coal prices, the effect on the ethanol costs

woul d be relatively small.

* M dollar figures quoted here are for 1978 and are in 1978 dollars
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The | argest cost in ethanol production is the net feedstock cost, or
the feedstock cost Iess the byproduct credit. Wth corn at $2.50 per
bushel, the corn grain costs $0.96 per gallon of ethanol and the byproduct
credit is about $0.38 per gallon, resulting in a net feedstock cost of $0.58
per gallon. Since farm comodity prices are extremely volatile, the net
feedstock and resultant ethanol cost are also variable. A $0. 50/ bu.
increase in corn grain prices (and a proportionate increase in the byproduct

credit), for exanple, would raise the ethanol cost by $0.12 per gallon.

Distilleries which rely on grain feedstocks depend for their byproduct
credit on the cost of distillers’ grain as an animal feed supplenent. There
is uncertainty, however, regarding the anopunts of distillers grain which
can profitably be added to ani mal feeds. USDA and others have estinated
that byproduct credits could begin to drop due to saturation of the domestic
feed market at about 2 billion gallons of ethanol production per year (0.13
mllion bbl./day of ethanol or about 1.8% of the present gasoline
consunption). (10, 21, 22) At significantly higher levels of production
new nmarkets for distillers’ grain (e.g., exports, protein extracts) would
have to be developed or distillers could lose the byproduct credit,

increasing the ethanol cost by $0.38 per gallon

The costs for ethanol produced from various feedstocks are shown in
Tables 2 and 3. Al though the costs will vary depending on the size of the
distillery, ethanol can be produced fromcorn ($2.50/bu.) in a coal fired 50
mllion gallon per year distillery for $1.11 (+$0.10) per gallon with 100%
private equity financing (including a 13%return on investnent) and $0.91

(~$0.10) per gallon with 100% debt financing.* About $0.10-$0.30 per gallon

* Details are given in note dof Table 2.



TABLE 2

Late 1978 Production Costs for Ethanol
From Grain and Sugar Crops
Ina 50 MIlion Gallon Per Year Distillery

G ain’) Sugar ")
Fi xed Capital $59 nillion $100 nmillion
Working Capital (10% of F.C) $5.9 nmillion $10 mllion
Total Investnent $64.9 nmillion $110 nillion

Qperating Costs:

$/gallon of 99.6% ethanol

Labor 0.04 0. 05
Chenmical s 0.01 0.01
Vat er 0.01 0.01
Coal ($30/ton) 0009 - — 0.00%
Sub total 0.15 0.07

Capital Charges:

15% 30% of Total Investment per year®) 0018 - 0.38 0.33 - 0.66

Tot al 0.33- 0.53 0.40 - 0.73

a) Includes drying of distillers’ grain

b, Includes equipnent for extracting the sugar from the feedstock
concentrating it to a syrup for storage.

c) Bagasse fueled distillery appropriate for sweet sorghum and sugarcane.

d) There are many, often conplex formulae to conpute actual capital costs.

Economic  factors considered include debt/equity ratio, depreciation
schedule, incone tax credit, rate of- inflation, terms of debt repaynment,
operating capital requirenents, and investnment lifetime. However, a

realistic range of possibilities for annual capital costs would |lie between
15% and 30% of total capital investnent.

The upper extreme of 30% may be obtained assumi ng 100% equity finance

and a 13% after tax rate of return on investment. The | ower extreme of 15%
may be obtained assuming 100% debt financing at a 9% rate of interest. Bot h
calculations assume constant dollars, a 20 year project lifetine, and

include a charge for local taxes and insurance equal to 3% of fixed capital
costs. For a nore detailed treatnment of capital costs see OTA  Application
of Solar Technology to Today's Energy Needs, Vol. 11, Chapter 1.

Sour ce: OTA and Reference 20.

51-718 0 - 79 - 6



TABLE 3

Cost of Ethanol From Vari ous Sources

Yi el d°)
Net Feedstock Et hanol (gal I ons
Cos th) cost of et hanol
Feedst ock Pricea) ($/gallon ethanol) ($/ gal I on) per acre)
Corn $2 .44/ bu 0. 57 0.90-1.10 220
Wheat $3.07-4 . 04/ bud) 0731 .08) 1.06-1.61 85
Grain Sorghum $2. 23/ bu 0049 0.82-1.02 130
Cat s $1. 42/ bu 0.59 0.92-1.12 75
Sweet  Sor ghum $15. 00/ t one) 0.79 1.19-1.52 3809
Sugar Cane $17,03/ton") 1.26 1.66 - 1099 520

a) Average of 1974-77 seasonal average prices.

b) The difference in feedstock costs night not hold over the |onger term due
to equilibration of prices through | arge scal e ethanol production.

c) Average of 1974-1977 national average vyields-
d) Range due to different prices for different types of wheats
e) Assuming 20 fresh Wght tons/acre yield, $300/acre production cost-

f) Excludes 1974datadue to the anomal ously high sugar prices that Year.

SOURCE: USDA, Agricultural Statistics, 1978 and OTA



23

shoul d be added to these costs for deliveries of up to 1,000 mles fromthe
distillery. (The ethanol is currently delivered in tank trucks, but as the
production volume grows other forms of transportation, such as barge
shipments, rail tank cars, and petroleum product pipelines, * could |ower the

cost to as low as $0.03 - $0.05 per gallon under favorable circunstances.)

* Various strategies can be used to elimnate potential problenms with the
water sonetimes found in petrol eum pi pelines. I f ethanol is being
transported, the total volune of ethanol in the batch can be kept |arge
enough so that the percentage of water in the delivered ethanol is wthin

tolerable limts. If gasohol is transported, it can be preceded by a few
hundred bbl. of ethanol which will absorb any water found in the pipeline,
t hereby keeping the gasohol dry. O her strategies also exist or can be

devel oped. (23)



VALUE OF ETHANOL I N GASCHOL

For the purpose of this report, value is defined as the price at which
ethanol is conpetitive as a gasoline additive. Cal cul ated sinply on the
basis of its energy content, ethanol costing $1.10/gal. is equivalent to
gasoline selling at the refinery gate for $1.70/gal. (2.5 tines the present

price), or $44/bbl. crude oil.*

The val ue of ethanol in gasohol, however, is primarily determned by
its octane boosting properties. Although this varies considerably depending
on the gasoline and other specifics, OFA estimates the value at 1.9-2.5
times the average crude oil acquisition price (see box on page 26 for the

details).

Wthout subsidies, et hanol presently (July, 1979) has a val ue of
$0. 75-$1. 00 per gallon. Wth the federal subsidy of $0.40 per gallon of
et hanol ($16.80/bbl. of ethanol or $0.04 per gallon of gasohol), the value
is $1.15-$140 per gallon; and with some state subsidies of $0.40-3%0.70 per

gallon ($16.80-%$29.40/bbl. ) of ethanol, the value is $1.55-$2.10 per gallon

Et hanol distilled fromcorn ($2.50/bu.) can be produced in a 50 mllion
gal lon per year coal fired distillery and delivered to a service station for
$1.20-%$1.40 per gallon, making it conpetitive with the federal subsidy alone

if the gasohol is blended at the service station. At this price ethano

* Assuming the current value of 1.64 for the ratio of the refinery gate
price of unleaded regular to the crude oil acquisition price. (24)
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woul d be competitive w thout subsidies when U 'S. refineries pay an average
crude oil price of $20-$ 31/bbl. , or when retail unleaded gasoline costs

about $1.10-$1.60 per gallon* on the average.

Several factors, however, can change the estinmated val ue of ethanol.
If a special, low octane, |ow vapor pressure gasoline is sold for blending
with ethanol, at |ow sales volunes the whol esal er m ght assign a |arger
overhead charge per gallon sold. Also, the refinery renoves relatively
i nexpensi ve gasoline conponents in order to | ower the vapor pressure** of
the gasoline, and this increases its cost. On the other hand, in areas
where gasohol is popular, the large sales volunes |ower service station
overhead per gallon of gasohol, thus raising ethanol's value. These factors
can change the value of ethanol by as nuch as $.40 per gallon in either
direction; and the pricing policies of oil refiners and distributors wll,
to a large extent, determ ne whether ethanol is econonmically attractive as

an octane boosting additive.

* Assuming cost relationships, as follows: Refinery gate price equal to 1.64
times crude oil prices plus delivery and retail mark-ups and taxes totalling
$0. 30- $0. 40/ gal l on.  (23)

** The nore volatile conmponents of gasoline (e.g., butanes) nay be renoved
to decrease evaporative enissions and reduce the possibility of vapor | ock.
Al t hough these conponents can be used as fuel, renoving them decreases the
quantity of gasoline and the octane boost achieved by the ethanol.
Consequently, the advantages of having a |ess volatile gasoline must be
wei ghed against the resultant decrease in the gasoline quantity and the
value of the ethanol. Further research is needed to help resolve the
di | emma.
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TwoWays to Calculate the Value of Ethanol

Two different values for ethanol can be derived, dependi ng upon where

the ethanol is blended to form gasohol

At the oil refinery, each gallon of ethanol used as an octane booster
saves the refinery the equivalent of 0.36 gallons of gasoline by allow ng
the production of a |ower octane gasoline (see section on octane under
Techni cal Aspects of Gasohol). In addition, the gallon of ethanol displaces
0.8 gallons of gasoline directly (2% m | eage decrease w th gasohol), |eading
to a total displacement of 1.16 gallons of gasoline per gallon of ethanol
At the refinery gate, unleaded regular costs about 1.64 tines the crude oi
price, so the ethanol is valued at 1.16 x 1.64 = 1.9 tinmes the crude oi

pri ce.

If the gasoline retailer blends the gasohol, the value of the ethano
is somewhat different. Gasoline retailers buy regular unleaded gasoline for
about $0.70 per gallon (24) and sell gasohol for a rough average of $0.03
per gallon nore than regular unleaded. (9) (The difference between this and
the retail price of gasoline is due to taxes and service station mark up
which total about $0.29/gallon. (24) One tenth gallon of ethanol displaces
$0.07 worth of gasoline and the mixture sells for $0.03 per gallon nore.
Therefore, 0.1 gallon of ethanol is valued at $0°10 or $1.00/gall on. This

is 2.5 times the July, 1979 average crude oil price of $0.40 per gallon

Both of these estinmates are approxinmate, and changing price relations

between crude oil and gasoline can change the estimates
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SOURCES OF ETHANCL

In the course of developing a |arge-scale gasohol program ethanol
supplies could be increased by taking advantage of such sources, nethods or

strategies as the follow ng:

0 spoi l ed and substandard grain

0 food processing wastes

0 direct inports of ethanol

0 reduction of grain exports

0 cultivation on set-aside and diverted cropland

0 substitution anong crops

0 substitution of forage for ethanol feedstock crops

in livestock rations

0 cellul ose feedstocks after the |ate 19801s.

Spoiled and substandard grains and food processing wastes can be
utilized to produce ethanol totaling somewhat less than 1% of current

gasoline consunption. (1, 2) In sone cases, however, they are an unreliable

source of supply, or are locally available only in snall quantities.

Realizing their full production potential wll probably involve using them

as feedstock supplenents for distilleries relying on other sources.

Et hanol can be inported from Brazil for prices lower than it is being

produced donestically. Since the inported ethanol costs a mninmm of $0.42

per gallon nore than the crude oil it could displace, the planned |evel of

imports (120 million gallons per year) would increase our trade deficit by
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at least $50 mllion,* and federal plus state subsidies totalling $50

mllion to $130 million would be paid in the process

Policies intended to |linmt the export of grains, or policies which
effectively reduce exports by deliberately raising the price of exported

grains (e.g., by fixing the price of corn to that of crude oil), can result

in additional feedstocks for ethanol production. Recent grain exports have
been 70-80 million metric tons/year. These exports could produce about 6-9
billion gallons of ethanol per year, displacing approximately $3-5 billion
in inported crude oil. The loss of $10-12 billion in grain export revenues
however, would result in a $59billion net increase in the trade deficit.
Wth corn at $2.50 bu., inported crude oil would have to cost about
$32-$40/bbl. before it would decrease the trade deficit to curtail corn
exports to increase the supply of ethanol feedstocks.** When econonic

forces (e.g., rising prices) reduce the level of grain exports, however, the
situation is nore subtle. Increasing the prices of grain would decrease the
vol ume of exports, but it might initially increase slightly the gross incone
from exports. As grain prices continued to rise, however, the gross incone

from exports would eventually drop

* According to the inporter, Anerican Gasohol, the inport price is at |east
$1.00/gallon. (4) Each gallon of ethanol, as it isused now displaces |ess
than 0.8 gallons of crude oil at $0.50/gallon ($21/bbl). If the octane
boosting properties of ethanol are exploited, the displacement is less than
1.16 gallons of crude oil per gallon of ethanol. Therefore $1 worth of

et hanol woul d di splace |l ess than $0.58 worth of crude oil, resulting in a
net increase in the trade deficit of at least $50 million

** msituation is nore favorable if the distillers’ grain byproduct can b,

exported instead of the corn. In this case, there would be no net change in
the trade deficit with the current prices of corn and distillers’ grain and
with crude oil at $20-$25/bbl. , which is near the current price.  Pursuing
this strategy, however, would increase the international price of corn and
decrease the international price of distillers’ grain. Consequent |y, crude
oil prices would have to be sonmewhat higher than $20-$25/bbl. for the
strategy to decrease the trade deficit
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Cultivation on set aside and diverted acreage is often nentioned as a
possi bl e source of ethanol feedstocks. In 1978 there were 18.2 nmillion
acres in these categories and the 1979 total is about 11.2 nillion
acres. (25) Al though the majority of this land is not suitable for corn
production, sufficient feedstocks could have been produced in 1978 and 1979
for about two and one billion gallons of ethanol, respectively. The quantity
of set-aside and diverted acreage, however, wll vary significantly from
year to year and there is no assurance that this land will continue to be

available for energy production

In addition to set-aside and diverted cropland, OTA estinates that at
least 30 mllion acres of potential cropland and cropl and pasture can be
used for the production of ethanol feedstocks in the 19807?s over and above
the land required for food, feed, and fiber production. (26) This would be

sufficient to produce 5-7 billion gallons of ethanol per year.

Crop yields for this land, however, are likely to be nore sensitive to
weat her variations* t han the | and currently under cul tivation.
Consequently, a heavy reliance on this land for grain production is likely
to increase the year to year variability in grain supplies. This could |ead
to greater fluctuations in farm commodity prices and could require a |arger
grain buffer stock to stabilize prices. The required size of the buffer
stock, and its added costs, are unknown, but increasing the buffer stock by
10% of the additional grain produced would cost about $0.01 per gallon of

ethanol in federal grain storage subsidies ($0.25/bushel year)

* An often cited reason that this land is not now in production is that the
soil does not retain noisture well or is prone to periodic flooding.
Consequently the crop growh could be very sensitive to the rainfall pattern
and could vary significantly from year to year
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The cost of converting this land to crop production varies from
negligi ble anbunts to perhaps $600/acre for sone forested |and. (26)
Al though federal grants could elinmnate the one time cost of conversion, it
is not known how rmuch |and would actually be brought into production at any
given level of farm comodity prices (see next section). Consequently, the

full cost of wutilizing this land is unknown.

As the demand for ethanol feedstocks increases and nore distillers’
grain becones avail able several types of market induced substitutions can
occur. The distillers” grain can substitute for soybean neal in aninal
feed, which could result in |less soybean production. Land which is

presently in soybeans could then be used for additional ethanol feedstock

producti on. In addition, some feed corn could be replaced with a
conbi nation of forage grass and distillers’ grain. There are numerous
uncertainties, however, about how nuch substitution actually wll take

place* and how much distillers’ grain can profitbly be fed to aninals.
Assumi ng these substitutions occur, the total quantity of ethanol could
possibly be raised fromthe 5-7 billion gallons per year from potential

cropland and cropland pasture to as nuch as 10 billion gallons per vyear.

In the 1990's, the quantity of land available for energy crop
production beyond the needs for food, feed and fiber wll probably drop and
et hanol producers may have to convert to cellulosic feedstocks. The

potential ethanol production from these sources** is over S billion gallons

* The soybean neal industry, for exanple, may continue to buy soybeans and

attenpt to export the neal. The maj or custoner, however, would probably be
the EEC, which might inpose inport restrictions in order to protect its
i ndi genous soybean nml industry. As a result there could be severe

conpetition between distillers’ grain and soybean neal, and the outcone is
uncertain.

** Assuming potential yields of 100 gallons of ethanol per ton of feedstock.
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per year from crop residues, an additional 10-20 billion gallons per year
fromincreased forage grass production, and considerably nore from wood.
And based on OTA' S assessment of nmunicipal solid waste, (27) an additiona
3-4billion gallons per year could be obtained from paper derived fromthis

source.

Wth the potential availability of grain feedstocks, the production of
ethanol in the next 3-5 years will be limted primarily by the rate that new
distilleries are built. Al t hough production could conceivably reach a | eve
of 7-10 billion gallons per year by the 1990's, expanding the total capacity
to a level above 1-2 billion gallons per year would make ethanol production
conpete increasingly with other uses for farm commodities. In the md- to
long-term this conpetition may be severe, and to naintain or expand a fuel
ethanol industry, distilleries may have to turn to cellulosic materials for

their feedstocks

COVPETI TI ON BETWEEN FOOD AND FUEL

At this early stage in the devel opnment of the ethanol fuel industry,
the cost of feedstock is tied directly to the value of farm commodities as
f ood. As the ethanol industry expands, however, this relationship could
reverse i t sel f . A conbination of ethanol subsidies and rising crude oi
prices could drive up the price of farm commodities and ultintely the price
of food. ‘L’ he extent to which this will happen depends critically upon how
nmuch additional cropland can be brought into production in response to
rising food prices and, eventually, on the cost of producing ethanol from

cellulosic feedstocks. These and other mjor uncertainties, such as future
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weat her and crop yields, nmake it inpossible to predict the full economc

impact of a large fuel ethanol program

The relatively Iow demand for fuel ethanol feedstocks currently exerts
negligible pressure on farmconmodity prices. As long as fuel ethanol
production is sufficiently profitable, however, new distilleries will be
built and feedstock purchases will expand. The increased demand will drive
corn prices up toward the distillery break even point and thereby increase
the price for all purchasers of corn. Under these circunstances food

consurmers would be indirectly subsidizing the consunmption of fuel

This indirect subsidy is illustrated in the follow ng exanple. If the
price at which ethanol is conpetitive increases by $0.12 per gallon, due to
i ncreased subsidies or a $2.50/bbl. increase in crude oil prices, corn
prices would eventually increase by $0.50/bu. Donestic consunption of 4
billion bushels of feed corn (1976-1977) would cost an additional $2
bil'lion. Al t hough there would be a nunmber of market adjustments, the
i ncreased corn cost would eventually appear as higher prices for neat and
other food products. Excl udi ng downstream markups, U S. food expenditures
could increase by nore than 1% Farm i ncome, however, could increase by

nore than 3.5%

The cost of this indirect subsidy per gallon of ethanol would depend on
the supply response to increased corn prices. If ethanol production
increased 500 nmillion gallons (about 25 tines the current fuel ethanol
production) in response to a $0.12 per gallon increase in the price at which

ethanol is conpetitive, the indirect subsidy would still be nore than $4 per
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gallon of ethanol. If the supply response were ten tines larger, 5 billion

gallons, the indirect subsidy could be nore than $0.4.Qgallon

The previous exanple is perhaps an oversinplification -- actual inmpacts
on feedstock prices and consunmer food expenditures may be larger or smaller,
dependi ng on a conpl ex of economic factors. Econom c forces, however, wll
tend to couple the prices of food and fuel and transfer instabilities from
one sector to the other. Al though rising fuel prices wll increasefarm
commodity prices in any case, a large fuel ethanol program could involve
significant indirect costs and increase the inflationary inpact of rising
fuel prices, unless the programis designed to restrain the purchase of
et hanol feedstocks in times of short supply. This woul d of course greatly
i ncrease the financial risks for ethanol producers and nake the supply of

et hanol uncertain.
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COWPETI TION WTH OTHER LI QU D FUELS

Whet her or not ethanol is worth its cost, including both direct and
i ndirect subsidies depends upon the cost and availability of other liquid
fuels and the cost of energy conservation. Et hanol shares an advantage with
exi sting conservation technologies in that it uses current technology and
thus it may be an inportant fuel during the 1980's before possibly |ess
expensi ve synfuel s and newer or inproved conservation technol ogies can be
made avail abl e. Table 4 permits cost conparisons anong some alternative

fuel sources.

As an octane boosting additive, ethanol is nearly conpetitive today.

The devel opment of |ess expensive octane boosters or autonobile engines

which do not require high octane fuels, however, could seriously curtail the

mar ket for ethanol as an octane booster. In this case, ethanol would have

to be marketed on its fuel value alone.

As a stand alone fuel, ethanol is unlikely to be conpetitive with

met hanol from coal, but it might be conpetitive as a fuel additive to the

nore expensive synfuels. The cost uncertainties, however, are too great to

reliably predict whether a strong demand for fuel ethanol will continue into

the 1990ts.

The long-term viability of the fuel ethanol industry, will depend not
only on sustained market demand, but also on the costs of conversion
processes utilizing cellulosic feestocks. A major constraint nmay be the
availability of capital for the large investments that are likely to be
needed to convert distilleries to the cellulosic processes. These

investments, for exanple, could be as large or larger than the cost of new
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TABLE 4

ESTI MATED COSTS I N 1978 DOLLARS OF ALTERNATIVE LI QUID FUELS')

Fuel Source $/ MVBTU $/ MVBTU 1990

(RaW Liqui d) (Refined Mtor Fuel®) ) Potent ial
(000 bbl . /day)

Fuel s Requiring No Autonobile Modification

I nported Crude 3.40 6. 20 4500 - 8500
Enhanced Q|

Recovery 1.70 - 5.90 3.10 - 10.90 300 - 1500
Ol Shale 4.20 - 6.80 8.90 - 14.103) 30 - 300

Syncrude from
Coal 4.70 - 7.60 10. 30

16. 209 50 - 500

Fuel s Requiring Autonobile Mdifications If Used as Stand- Al one Fuel s
Met hanol from
Coal 5.50 - 7.90 50 - 5005)
Met hanol from
Bi omass 8.20 - 14.60 50 - 500
Et hanol From
Bi onmss 10.70 - 17.80 50 - 500

1) Cost estintes for synfuels may be | ow because commercial scale plants
have not yet been built. The values given enconpass currently accepted best
estimates.

2) |, order to conpare refined liquids (e.g., methanol and ethanol) with

unrefined liquids (e.g., crude oil, shale oil, and syncrude), the follow ng
nmet hodol ogy is used. Wiere necessary (shale oil and syncrude), upgrading
costs are added to the raw liquid costs. The cost per gallon of refined

liquids is then assumed to be 1.64 tines the cost per gallon of the upgraded
raw liquid, which is the current ratio of the cost of refinery gate regular
unl eaded gasoline and the average crude oil acquisition cost.

3) Raw liquid cost of $25 - $40/bbl. plus $3.50 - $5.00/bbl. for upgrading-
4) Raw liquid cost of $28 - $45/bbl. plus $S.00 - $7.00/bbl. for upgrading.
5) This is not additive to the potential of syncrude from coal.

SCURCE: OTA, K A Rogers and RF. Hill, Coal Conversion Conparison, prepared
for U S. Departnent of Energy under contract EF-77-C-01-2468, and Coal
Li quids and Shale G| as Transportation Fuels, A Discussion Paper of the
Aut onot i ve Transportation Center, Purdue  University, West  Lafayette,
I ndiana, July 6, 1979.
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oil shale or <coal Iliquification plants of conmparable capacity. And
conparable investments or subsidies designed to encourage increased
conservation and enhanced oil recovery could yield mnuch larger supplies of
liquid fuel. Al though an assessment of the alternatives has not been
conduct ed, these are inportant questions which can influence t he

desirability of fuel ethanol production in the 1990ts.

Al'though synfuels from coal and shale are expected to be produced
during the 1990’s, atmospheric build-up of Q02 could alter these plans. If
C02 becones an overriding concern, ethanol from crop residues and wood woul d

become nuch nore attractive.

Until the uncertainties are resolved, however, investnent in ethanol
distilleries is likely to be limted to total production |evels below that

which is physically possible and economically viable in the 1980 s.



111. ENVI RONMVENTAL  EFFECTS



Perceptions about the environnental benefits and costs of gasohol have

focused on the potential air quality effects of em ssi ons from
gasohol - power ed aut onobi | es. Each stage of the gasohol “fuel cycle” has
significant environnental effects, however, and the nobst inportant effects
are likely to be the result of growing and harvesting the ethanol

“feedstocks” - starch and sugar crops, crop residues, grasses and wood.

OBTAINING THE FEEDSTOCK

Starch and sugar crops woul d be the nost |I|ikely near-term candi dates
for the ethanol feedstocks of a large-scale gasohol program proven
conversion technologies exist for these crops, and |arge acreages suitable
for conversion to intensive agriculture are currently available. At the
present tine, pressure to pronote gasohol is stressing the use of surplus
and distressed crops as well as food wastes, but supplies of these
feedstocks are limted. A conmitment to produce quantities of gasohol
greater than these sources can provide (i.e., nore than a few hundred
mllion gallons of ethanol per year) nust involve additional crop production
through nore intensive cultivation of present cropland and the devel opment
of “potential” cropland currently in forest, range or pasture. A commi t ment
to produce enough gasohol to supply nost U S. autonotive requirenents could
i nvolve putting approximtely 30-70 nmillion additional acres into intensive
crop production. Assumi ng the acreage was actually available, this new crop
producti on woul d accel erate erosionand sedi nentation, increase pesticide
and fertilizer use, replace unmanaged with managed ecosystens, and aggravate

other environnental damages associated with Anerican agriculture.

Soil erosion and its subsequent inpact on land and water quality will

be a significant inpact of an expansion of intensive agricultural
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producti on. Current agricultural production is the primary cause of soil

erosion in the U S.: between 2 and 3 billion tons of soil from American
farms enter the nationts surface waters each year. (28) The soil particles
cause turbidity, fill reservoirs and |akes, obstruct irrigation canals, and
damage or destroy aquatic habitats. In addition, they transport other water
pol | utants including nitrogen, phosphorus, pesticides, and bacteria. (28)

Al though the extent of the damage to aquatic ecosystems is unknown, yearly

mat eri al damage from sedinentation has been esttiated at over S1

billion. Aside from damages associated wth these water inpacts,
allowing a sustained soil loss of nore than about 5 tons/acre year
eventually will rob the land of its topsoil. Average erosion rates on

i ntensively managed croplands currently exceed these levels by a
consi derabl e margin. For exanple, sheet and rill erosion alone on
i ntensively managed croplands averages 6.3 tons/acre year nationally and 7.3
tons/acre year in the Corn Belt. (30) These high rates of erosion are

allowed to persist because in all but the nost severe cases the |oss of

val uabl e topsoil is slow A net loss of 10 tons/acre year leads to a |oss
of only an inch of topsoil in 15 years. Dependi ng on the depth of the
topsoil and the depth and quality of the subsoil, the lossinproductive

potential over this length of time may be significant or negligible. Even a
significant lossmaygounnoticed, because it ismasked intheshort term by
productivity inprovenents resulting from inprovenments in other farming
practices ornore intensive useof agricultural chenmical s. Eventual |y,

however, continuing lossesin productive potential could causeal eveling

off and evenadecline inUS. farm and productivity.
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Erosion from current production appears tobe areasonabl e nodel on

whi ch tobase eval uations of future erosion potential from ethanol crop
producti on. An exami nation of Soil Conservation Service |and capability
data indicates that the lands nost likely to be shifted to intensive ethanol
feedstock production aresomewhat nore erosivethan |land that is currently
being cultivated, but not excessively so. On anational basis, 48% of the
land inintensive crops iserosive conpared to53-60% of the land that is
most likely tobeshifted tointensive production. (30) Although precise
data arenot avail able, the land currently setaside probably would be both
the first tobe used and the most erosive of the [and base for biomss

energy crops.

The extent of any erosion problem will depend on the type of crops
grown. In general, annual crops are more erosive than perennials, and row
crops more than close-grown crops. Thus, corn (an annual row crop), the
most widely discussed gasohol crop, would be among the most erosive; forage

grasses (perennial close-grown crops) may be among the least.

A large expansion inintensively managed cropland will have important

impacts in addition to erosion damage. For example, pesticide use --
currently aabout onebillion pounds per year for the US. (29) -- wll
expand sonmewhat proportionately tothe expansion inacreage. Al t hough the

long-term effects of pesticides are not well under st ood, somepesticides
(e.g., Aldrin, Dieldrin, Mirex) have been banned from usebecause of their

potential to cause cancer or other damage -- and it is possible that other

wi del y-used pesticides will be discovered to be dangerous asmoreknow edge

accumulates. Public interest in pesticide dangers to human health --
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whet her proven or nerely perceived -- appears to be sharply on the rise

OTA considers it a strong possibility that public reaction to health damages
reported to be linked to pesticide use may increase dramatically in the
future. This may constrain both the continuing rise in pesticide usage and

the expansion of crop production for energy feedstocks.

Anot her inportant issue concerns the heavy use of fertilizers on new
cropl and. Fertilizer application rates on this |and probably will be high
because the payoff in increased yield is well established. Runof f and
| eaching of nutrients to surface and groundwaters wll cause premature aging
of streams and ot her damage to aquatic ecosystens. In addition, natural gas
nmust be used to produce nitrogen fertilizers for the new crops (or to
replace the nitrogen enmbodied in the residues renoved). At current
application rates, 50 million acres of corn production would require over
100 billion cubic feet of gas per year, or over 1/2 of 1% of tota U.S.

natural gas production.

The increase in cropland also would involve a transformation of
unmanaged or lightly managed ecosystems -- such as forests -- into
i ntensively managed systens. For exanple, approximtely one quarter of the
land identified by USDA as having a high or nedium potential to becone
cropland s forest, (31) and the Forest Service considers this land --

especially in the Southeast -- as a prine target for conversion. A

full-scale national gasohol program could increase the pressure to clear as

many as 10 to 30 million acres of unmanaged or lightly managed forest.
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Al'l of the inpacts associated with increased crop production are
functions not only of the type of crops grown but also of land capability
production practices, inmprovements made to the land, and other factors-
There is enough freedom of choice in the systemto significantly reduce the
environnental inpacts of a major gasohol program Asi de from choosing the
land to be cultivated as well as the crop and tilling procedure, farmers may
use a variety of environmental protection neasures such as integrated pest
managenent procedures, soil analysis to mnimze fertilizer applications
and the devel opnent of disease-resistant crops to reduce inpacts. The
Environnental Protection Agency (through its 208 areaw de planning process
to control nonpoint sources of pollution) and the Departnment of Agriculture
(through the Soil Conservation Service prograns) have nmade only limted
progress, however, in shifting farmng practices toward nore environmental ly
beni gn and soil conserving nethods. (32, 33) Also, there is considerable
controversy surrounding the net environmental effects and the potential
i npacts on crop yields of some of the nmeasures advocated as environnmentally
benefici al . For exanple, conservation tillage, advocated as an extrenely
effective erosion control, requires increased applications of herbicides and

insecticides (34) (the latter to conbat insects that are sheltered by crop

residues left on the surface as a nulch). Loss of these pesticides to
surface waters wll be slowed by Ilessening erosion, but i ncreased
contamination of groundwater nmay still result. Similar anbiguities

especi al |y about the possibility of |owered net yields, surround neasures

such as pest “scouting” (nmonitoring), organic farming procedures, and other

practices.
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In light of farmer resistance to controls, the apparent |ack of high
priority given to nost agricultural environmental problems by the EPA and
the possibility that certain environmental neasures may replace one adverse
envi ronnent al impact with another (for exanple, conservation tillage
replacing erosion with increased herbicide use), OTA concludes that the
environnental effects of converting tens of mllions of acres to intensive
production may be at least as great as the effects observed on simlar

acreage today.

Al though food crops currently may represent the nost econom ¢ et hanol
feedstock, the potential for substantial increases in corn (and other
sugar/starch crop) prices and for inprovements in conversion processes for
alternative feedstocks points to the eventual primacy of these alternative
feedstocks in ethanol production. The use of crop residues, forage grasses,
and other alternative feedstocks will have environnental consequences that
are substantially different from those caused by growing and harvesting

sugar/starch crops.

Crop residues nay be used either as an ethanol feedstock or as a

distillery boiler fuel. Although |eaving crop residues on the surface is an
i mportant tool for erosion control, substantial quantities can be rempved
from flatter, less erosive soils in sone parts of the Corn Belt and

el sewhere without causing erosion to exceed 5tons/acre year. (35) Qso,
many farmers plow these residues under in the fall to prevent them from
harboring crop pests or to allow an earlier spring planting, thus |osing
their protection anyway. Thus, the use of residues will cause additional

erosion only if they otherwi se would have been left on the surface, and only
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if they are renoved fromerosion-prone lands or in excessive quantities.
Unfortunately, conflicts between short-term profits and [ong-term | and
protection could easily lead to inproper use of residues unless effective
institutional controls or incentives for environmental protection can be
devel oped. Also, there is sone concern (although Ilittle substantive
evi dence) about possible harnful effects of reductions in soil organic

| evel s caused by residue renoval.

The intensive cultivation of forage grasses would cause pollution
effects from fertilizers and pesticides, but could be expected to produce

far lower levels of erosion than food crops (as noted above).

The major factor controlling the inpact of these alternative feedstocks
will probably be the efficiency with which they can be converted to ethanol.
A breakthrough in conversion efficiency could nearly double alcohol
production per ton of feedstock and halve the acreage -- and inpacts --

necessary to sustain the desired gasohol use.

ETHANCL PRCDUCTI ON

Significant environnental effects of ethanol production are associated
with its substantial energy requirements and the disposal of distillation

wast es.

New energy efficient ethanol plants probably will require about

50, 000- 70, 000 BTU per gallon of ethanol produced to power the distilling,

drying and other operations. I ndi vidual distilleries of 50 mllion

gal | ons/year capacity will use as nuch fuel as 50-70 MV powerplants; a 10
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billion gallon per year ethanol industry will use about the same anount of

fuel as needed to supply 10,000-14,000 MWV of electric power capacity.

New Source Performance Standards have not been formulated for
industrial conbustion facilities, and the degree of control and subsequent
emissions are not predictabl e. The nost likely fuels for these plants wll

be coal or biomass (crop residues), however, and thus the most likely source

of problens wll be their particulate enissions. Coal and bionass
conbustion sources of the size required for distilleries -- especially
distilleries designed to serve small local nmarkets -- nust be carefully

desi gned and operated to avoid high emssion |evels of unburned particulate
hydrocarbons (including polycyclic organic matter). (36) Fortunately, nost
distilleries will be located in rural areas, and this wll reduce total

popul ation exposure to any harnful pollutants.

The effluent fromthe initial distillation step -- called “stillage” --
is very high in biological and chenical oxygen demand and nust be kept from
entering surface waters wthout treatment. The stillage from corn and ot her
grains is a valuable feed byproduct and it will be recovered, thus avoiding

this potential pollution problem The stillage from sone other ethanol

crops is less valuable, however, and may have to be strictly regulated to
avoi d damage to waterways. Control techniques are available for the

required treatment.

If fermentation and distillation technologies are available in a wide
range of sizes, small scale on-farm al cohol production may play a role in a

national gasohol program The scale of such operations may sinplify water
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effluent control by allow ng |and disposal of wastes. On the other hand,
environmental control may in sone cases be nore expensive because of the
| oss of scal e advant ages. Also, the current technology for the final
distillation step, to produce anhydrous alcohol, uses reagents such as
cycl chexane and/or ether that could pose severe occupational danger at
i nadequately operated or namintained distilleries. Athough alternative (and
safer) dehydrating technol ogies may be developed, in the nmeantinme special
care wll have to be taken to ensure proper design, operation and

mai nt enance of these smaller plants.

The decentralization of energy processing and conversion facilities as
a rule has been viewed favorably by consumer and environmental interests.
Unfortunately, a Proliferation of many small ethanol plants may not provide
a favorable setting for careful nonitoring of environnental conditions and
enf orcenent of envi ronnent al protection requirements. Regul atory
authorities may expect to have problens with these facilities simlar to
those they run into with other small pollution sources. For exanple, the
attenpts of the owners of |ate nodel autonobiles to circumvent pollution
control systens conceivably may provide an analog to the kinds of problens
that might be expected from small distilleries if their controls prove
expensive and/or inconvenient to operate. Congress should carefully wei gh
the potential costs and benefits of centralized vs. decentralized
(“on-farnf) plants before providing incentives that m ght favor one over the

ot her.



47
GASOHOL  USE

The effects of gasohol use on autonotive enissions are dependent on
whet her the engine is tuned to run fuel rich or lean and whether or not it
has a carburetor with a feedback control. Al t hough sone gasohol advocates
have claimed that the enmissions effects are strongly positive, in fact it is
difficult to assign either a beneficial or detrinental net pollution effect

to gasohol use.

Gasohol use will have the following effects on nbst cars in today’'s
autorobile fleet (i.e., no carburetor nodifications are nade and fuel

“l eaning” takes place): (9)

0 i ncreased evaporative em ssions (although the new em ssions are
not particularly reactive and should not contribute significantly

to photochen cal snog)

0 decreased emnissions of carbon nonoxide

0 increased em ssions of al dehydes  (which are reactive and

conceivably nmy aggravate smog probl ens)

0 increased NOX emissions wth decreased enissions of exhaust

hydrocarbons, or decreased NOX with increased HC (dependi ng on

the state of engine tune).

The emnissions effects on automobiles which are nmanually or automatically
adjusted to maintain constant air/fuel ratios (i.e., no “leaning” effect)

will be considerably |ess.
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This mixture of observed enissions reductions and increases, and the
| ack of extensive and controlled em ssions testing, does not justify making
a strong value judgenent about the environnental effect of gasohol used in
the general autonobile population (although the mjority of analysts have
concluded that the net effect is unlikely to be significant). It may be
possible to engineer an unanbiguously beneficial effect, however, by
channel ing gasohol to certain urban areas with specific pollution problens
(for instance, high carbon nonoxide concentrations but no snog problens) or
to vehicle fleets with engine characteristics that could neximnmze potential
benefits from gasohol. The federal governnment could stinulate this type of
use by initiating federal fleet use as an exanple, and by providing econonic
or regulatory incentives to fleet operators or to areas that would benefit

from gasohol use.

GLOBAL EFFECTS OF THE GASOCHOL FUEL CYCLE

The em ssion of carbon dioxide (C02) has becone a nmajor issue in the

debate over synthetic fuels production.

Net CO2 emissions from the gasohol fuel cycle are dependent on the
extent and nature of land conversion needed to grow the feedstock, the fuel
used to fire the distilleries, overall energy efficiency of the fuel cycle,
and the type of fuel displaced (gasoline from natural crude or gasoline from
coal-derived synfuel). If a minimum of forested land is permanently cleared
for growing ethanol crops, if the major distillery boiler fuel is crop
residues or some other renewable fuel, and if the ethanol is efficiently

used (as an octane booster), then universal use of gasohol wll reduce
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current CO2 emissions from autonobile travel by about 10%.

It should be stressed, however, that even naxi num use of al cohol fuels
inthe US. can have only a small effect on total worldw de C02 emi ssions.

A conbination of nmjor changes in the current energy system and a
significant slowdown of deforestation, effected on a worldw de scale, would

probably be needed to put a brake on increasing atnospheric C02 |evels.

* One uncertainty in this conclusion is the extent to which organic |oss on
cultivated land is an inmportant C02 source”



Iv . SOCI AL | MPACTS



The w despread production and use of gasohol can be expected to have a
nunber of social and economic effects. These include inpacts that are nore
likely to be perceived as inportant at the local |evel (such as changes in
empl oyment, denography, public services, and quality of life) as well as

i npacts that can be national orinternational in scope (for exanple, changes

in the econony, |and ownership, institutions and politics and ethical
consi derations). Sonme of these inpacts are quantifiable, while others can
only be discussed qualitatively. It should be noted that the scope and

magni tude of these effects are highly uncertain because no reliable
met hodol ogy for predicting the social inpacts of energing technol ogies
exists and because the size and location of projects are unknown.
Consequently, this discussion will only be able to identify so= of the

potential social changes that could occur if gasohol were used wi dely.

LOCAL | MPACTS

I ncreased production and consunption of gasohol would create a variety
of new jobs. Approximately 15-19 mllion additional hours of farm | abor
woul d be required to produce 1.3 billion gallons of ethanol per year from
corn (0.1 quad/year). (37) (Conpar abl e productivity estimtes were not
avai |l abl e for f eedst ocks ot her than corn.) Addi ti onal enmpl oynment
opportunities would arise in the transpoartation of feedstocks to
distilleries and of ethanol to refineries or gasohol distributors, as well
as in the manufacture and delivery of fertilizer, farm machinery, distillery
equi pnent, and in the construction and operation of distilleries. Estimates
of the nunber of distillery operating, mai nt enance, and  supervisory
personnel required to produce 1.3 billion gallons of ethanol per year from

corn range from 1,200 to 4,000. (5, 20) Conparable figures were not
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avai l able for distillery construction or for the manufacture of distillery

equi prrent .

The production of distillery fuels would also «create enploynent
opportunities on farns or in coal mines. The use of crop residues and/ or
cellulose crops to fire distillery boilers would require additional farm
| abor, but not on the sane scale as would the production of corn for ethanol
feedstocks. For exanple, harvesting corn residues requires 6-10 nmillion
work-hours per 1.3 billion gallons of ethanol for a |arge round bal e
system or 3.5-4.5 mllion work-hours per 1.3 billion gallons of ethanol for
a large stack system (lo) Labor requirenments for harvesting collectible
residues and noving themto the roadside are summarized in Table 5.
Additional |abor would be required to transport the residues to a
distillery. Alternatively, if distilleries are fueled with coal,
approxi mtely 375, 000- 600, 000 underground coal mine worker shifts or
125, 000- 200, 000 surface mne worker shifts would be required to produce 1.3

billion gallons of ethanol. (38)

TABLE 5

| ABOR REQUI REMENTS FOR HARVESTI NG COLLECTI BLE RESI DUES

(mllion work-hours/1.3 billion gallons)

Large Round Bal es Large Stacks
Corn 6.2-9.7 3.5-4.4
Small Grains 3.8-6.8 3.4-4.1
Sor ghum 14.4-15.2 10.0-10.3
Rice 14.8
Sugar Cane 11.2

Sour ce: Ref erence 10.
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For the nost part, the enploynment opportunities discussed above
represent the creation of new jobs rather than the transfer of existing
agricultural and energy sector enployment to the production of gasohol. To
the extent that current food and feed production is used for ethanol,
however, new jobs are not created. In addition, wuse of corn stillage as
animal feed would conpete directly with soybean neal and may reduce

employment in that industry. (10)

It should be noted that estimated labor requirements in agriculture are
very uncertain. Crop production is highly mechanized and labor requirements
have declined continuously since 1950. |If farm labor productivity continues
to increase, the estimates given above are high. Other uncertainties are
introduced by the projected method of increasing production; more labor
usually is required to expand the number of acres in production than to
increase the output per acre, and some crops require nore |abor than
others. In addition, during peak farm seasons such as planting and
harvesting, agricultural |abor often is scarce. Enphasi zing crops that

require less intensive management and that are harvested at different tinmes
of the year from conventional food and feed crops could alleviate this

probl em

The inpacts of new enploynent opportunities depend in part on where
they arise and in part on whether they are filled by residents or
in-mgrants. The eastern half of the U S. has the greatest anount of
potential cropland. (31 Assuming that these lands are used to produce
et hanol feedstocks, nost of the enploynent opportunities associated with

gasohol would arise in these regions. Productivity on some of the lands in
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the North, however, ultimately is limted by water availability, climte,
and ot her factors. Thus, increased production in the North probably wll be

greatest in the Corn Belt and Lake States

On-farm enpl oynent and new jobs asociated with distillery operation
(except for jobs requiring special skills) probably would involve |ong-term
rural residents. This could reduce off-farm migration, shift the age
distribution in rural areas to a younger population, revitalize small
fanning communities, and increase the demand for migratory workers during
harvest season. On the other hand, distillery construction is nore likely
to involve tenporary in-mgrants or conmuters. Rural agricultural areas are
not well equipped to accommpdate in-migrants, and tenporary shortages of
housing, education and nedical facilities, and other public and private
sector goods and services could occur during construction. These inpacts
will be mnor, however, in conparison to those associated wth energy
devel opment in the West. Although a distillery would contribute significant

amounts to the local tax base, tax revenues usually do not begin to accrue

until a facility is in operation
NATI ONAL AND | NTERNATI ONAL | MPLI CATI ONS

In addition to increases in tax revenues, ethanol production could have
significant economc inmpacts on the price of food and farm and. Shoul d the
demand for ethanol feedstocks increase nore rapidly than the supply, the
result would be increases in farm commodity prices and farmincone. Many
agricultural econom sts believe that this situation leads to increases in
farmand prices that permanently increase the cost of fating. Al t hough

this would benefit the landowner, it also would threaten the viability of
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farmng on rented land by elinminating gains in farm incone. In addition, it

coul d endanger small farmers' ease of access into the market and accel erate

the trend toward large corporate holdings of farm and.

Increases in the cost of farming and conpetition for ethanol feedstocks
between energy and food narkets could also increase the cost of food. This
increased cost falls disproportionately on the poor. In addition, increases
in US food prices are likely to increase the cost of food on the
international market. Sone countries will not be able to afford food
imports, and others will export crops now used domestically for food. In
either case the net result would be to worsen the world food situation. It
is not known, however, at what level of increase in |land and food prices

these effects will occur, and their final inmpact cannot be deterni ned.

The institutional inmpacts of increased gasohol use include changes in
governmental and social structures and in attitudes and public opinion as
well as ethical considerations. Wthin the government, the principal
changes would occur in federal and state agencies. The use of farm
commodities “and currently unproductive cropland to produce ethanol would
require the Departnments of Agriculture and Energy to cooperate on both
energy and agricultural policy. Changes in existing tax policy also may be
necessary to facilitate the production of ethanol for fuel, and to prevent
the loss of tax revenues that normally would accrue from sales of gasoline

and al coholic beverages.

Changes in social institutions probably would evolve over |onger

periods of tinme. Increases in enployment on farns and in rural agricultural
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areas woul d decrease the nunmber of young people |eaving these areas and

ultimately strengthen the rural fam ly and farmng as a way of life. n the
other hand, significant population increases in rural areas with “one-crop*’

econom es could result in inpacts that would destroy long termresidents

sense of community and rural quality of life

Favorabl e individual and group attitudes and general public opinion are
politically and practically necessary to |arge-scale production of ethanol
Favorabl e public opinion is politically necessary for the funding and
i mpl enentation of governnent prograns directed toward the supply of and
demand for gasohol . Favorabl e attitudes among farners toward the conversion
of currently unproductive land to ethanol feedstock production are also
necessary if these prograns are to be effective. Al t hough the use of
agricultural lands for ethanol feedstocks is likely to be politically
popul ar among nost non-agricul tural groups, the conversion of non-productive
federal land (for exanple, Bureau of Land Managenent |ands) to cropland

probably woul d be opposed by some interest groups, such as conservationists.

In addition, favorable attitudes in the farm sector toward the
production and use of ethanol fuels will be necessary to the success of
smal | on-farm systens. Recent research on the adoption of innovations in
agriculture suggests that the best predictors of the adoption of commrcia
(as opposed to environmental ) innovations are above-average farm capital
size and sales, as well as the farmer’s education. These findings were

correlated with traditional agricultural extension service strategies for

the voluntary adoption of innovations by farmers. (39) These strategies are

based on the well-documted diffusion process of conmmercial practices, and
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probably can be applied to the on-farm production and use of ethanol.

Finally, the increased use of gasochol can raise ethical considerations
related to the conflict between food and feed, on the onehand, and energy
on the other. This conflict has becone increasingly promnent in the |ast
decade as both food shortages and the finiteness of conventional energy
resources have becone recognized as world problens. In the U S., this
conflict historically has revolved around the use of prime agricultural |and

for surface and, to a |esser extent, underground coal mines, and around

energy uses of water in the arid regions of the West.

Increased demand for farm conmodities to be used for donestic fuel will
highlight this conflict because fuel use will conpete directly with U S*
food and feed exports. If food exports are reduced significantly in order
to augnment U.S. energy supplies, adverse foreign responses could result.
The use of farm conmodities for ethanol also will conpete directly with
donestic consunption of food and feed, and limts on the sale of comodities
for energy could become necessary. In addition, if ethanol feedstock

suppliers are given long termguarantees in order to stinulate production of

gasohol, and if the demand for food continues to rise, Anericans ultinmately

coul d be forced to choose between relatively inexpensive food and relatively

i nexpensi ve fuel.

O the social and econom ¢ inpacts discussed above, those that are nost

likely to become problenms include potential increases in farm commodity and
farm and prices, and potential conflicts between the use of comodities for

energy rather than food or feed. The timing and nagnitude of increases in
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the price of food and | and cannot be determ ned, however, and their total
effect is uncertain. The production and pricing of ethanol feedstocks could

be integrated into overall U S. agricultural and energy policy before these

i npacts become severe. Gther long-term social and econonic inpacts of
gasohol production and use -- revitalization of farm famlies and rural
comunities, as well as increased donestic energy self-sufficiency -- would

be beneficial.



v. CURRENT FEDERAL PROGRAMS AND POLICIES



| NTRODUCTI ON

The responsibility for gasohol devel opnent is spread anmong a nunber of
federal agencies having different duties as well as contrasting, and in sone
i nstances conflicting, perspectives on gasohol. No clearly focused or
operational federal policy on gasohol devel opnent has appeared to exist. The
thrust of the federal government’s efforts has typically been to respond to

Congressional initiatives.

In FY 1979, OTA estimates that federal expenditures of between $13 and
$17 mllion directly supported the devel opnent of alcohol fuels from
bi omess. In FY 1980 the Administrationfs research activities are expected
to be funded at a level between $18 and $25 million. Addi tional subsidies
include $40 million in loan guarantees, exenption of the federal excise tax
on gasohol (for domestic production and inports), eligibility of alcohol
fuels for entitlenent awards, and an investnent tax credit of 20% on al cohol
fuels facilities. Well over 90% of the federal governnment’®cunul ative

expenditures (since 1975) have accrued in the last year.

The Departnent of Energy is the |ead agency responsible for formulating
energy policy and for the devel opment of alcohol fuels technol ogy. DOE' S
responsibilities overlap the Department of Agriculture’s responsibility to
adm ni ster food and fiber production prograns, and although a nunber of
ot her agencies are involved (including the Departnments of Conmerce and
Treasury), DOE and USDA are the principal agencies with jurisdiction over

al cohol fuels devel oprent.
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USDA PQLI CY

The USDA has been involved in agriculture policy since the Federal Farm
Board was established in 1929. The Department has typically relied on
carrot-and-stick conbinations of supply control and price support progranms
to insure market stability, incone protection to producers, and food
security. These prograns, together with extensive research and devel oprment
progranms (USDA FY 1980 sol ar energy R&D expenditures total nore than $27

mllion), place USDA in a unique position to devel op bionass.

USDA policy towards gasohol devel opment has historically |acked clear
or consistent direction. Many agencies and prograns within the Departnent
have sonetimes advocated conflicting or contradictory positions on gasohol.
The Departnent has characteristically been in the situation of reacting to
gasohol initiatives proposed by the Congress rather than devel oping or

i mpl emrenting their own.

The current thrust of USDA gasohol policy is to take a wait-and-see
approach towards new or nore energetic gasohol initiatives, other than those
al ready proposed and enacted by the Congress. The Agency has enphasi zed R&D
rather than inplementation on the prem se of resolving technical and policy
uncertainties before inplenmenting broad-scale prograns having many unknown
i npacts. It is the view of USDA that Congress has already provided the
agency with sufficient authority, particularly in the 1977 and 1978
Agricultural Acts, to support alcohol fuels production. USDA does not
advocate further expansion of prograns or policies until it is clear that

additional initiatives are warranted.(23)
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USDA'S cur rent stance toward alcohol fuels is that agricultural
policies and programs, and an alcohol fuels industry, can be nutually
supportive only in various incidental or accidental ways. USDA further
explains that (a) agriculture price support and stabilization policies
serve different functions than any alcohol fuels program and therefore no
substitution and shifting of outlays is sensible; (b) due to extrene
uncertainty in cropland availability, any comitnent to a grain-based
et hanol program should be restricted, in order to retain the options of
foregoing further commtment, or of wi thdrawi ng conpletely, to minimze

unr ecover abl e costs.

USDA R&D

No agency in the federal governnment has nore abundant resources or
greater administrative capability to research and inplenent biomss and
al cohol fuels than does the USDA Al cohol fuels developrment is so
intertwined with food policies and the agricultural sector that in many
cases USDA'S role in its devel opment is essential. Bi omass energy R&D,
however, has a low overall priority in USDA'S research, in part because the
Agency has no real energy mandate. The agency has a tendency to avoid
burdening its (declining) research budget by funding work relating solely to

energy.

Al t hough al cohol fuels R&D has been enmphasi zed over
inplenentation-oriented activities, alcohol fuels have received relatively
little attention. In ry 1978, of the $6 nmillion biomass budget, little

supported al cohol fuels devel opment directly. In ry 1979, about $1 nillion
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supported al cohol R&D (out of a total bionmass budget of $9 nmillion). In FY
1980, it is expected that somewhere between $4 million and $6 mllion wll
be divided approxinmately equally between alcohol feedstock production and
advanced conversion systems (of a total biomass budget of alnmost $24
mllion). (The ranges in the budgets reflect the department’s uncertainty

In determning expenditures.)

Bi onass and al cohol fuels R& in the Department of Agriculture have,
with some exceptions, suffered from a |ack of direction and poor
coordi nation. For exanple, USDA has nmade it a goal to aid the
agriculture sector in becom ng net-energy self-sufficient by 1990(41). The
Agency has not, however, developed any plans, nor is it follow ng any
specific research strategies, to develop alcohol fuels or any other energy
applications in the agriculture sector. Athough this is due in part to the
| ow enphasis given to alcohol fuels, it is also a reflection of USDA S
hi ghly decentralized managenment w th historically well defined areas of
responsibility. A great deal of managenent responsibility for research
resides in field offices and land-grant institutions, and it can be
difficult to direct R&D policy under these circunstances. Newl y est abl i shed
bi omass/ al cohol fuels prograns in Fy 1980 may alleviate these sorts of

difficulties, but they will not change fundamental nanagenment problens.

DCE PCLI CY

The Departrment of Energy is the |ead agency responsible for devel oping
al cohol fuels technol ogies. In the past, DOE has focused its efforts in the

area of R&D;, little enphasis was given to commercialization. Recently,
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however, DCE has taken a sonewhat nore active role in supporting the
technol ogy’ s near-term devel opnent. Its role has been nore aggresive than

that of USDA.

DCE'S current policy is designed to achieve low to noderate |evels of

ethanol production in the near term The Agency is relying predom nantly on

two federal incentives: (1) exenption of the federal excise tax on gasohol
bl ends, worth $16.80/barrel, and (2) entitlenent awards to alcohol fuels
worth 2 to 3cents/gallon, or roughly $1.00/barrel. Wth these subsidies

DOE projects that ethanol production can reach 500 to 600 million gallons
annually by 1985 using wastes (e.g., cheese whey) rather than agricultural
commodities. The Agency at this time does not support any significant
expansion of programs or subsidies to further stimulate the production of
gasohol. (It should be noted that the Administration has recently proposed
several synthetic fuels initiatives that are projected to achieve ethanol
production levels of over 1 billion gallons annually. It is unclear at this
time, however, whether these levels can actually be reached with the

initiatives proposed.)

DCE R&D

DOE has responsibility for molding the federal governnent’s al cohol
fuels research effort. In FY 1978, DOE expenditures for alcohol from
bi omass R&D total ed al nost $5.5 million. In EY 1979 and FY 1980, OTA
estimates that alcohol related expenditures will total $12 to $14 mllion
and $14 to $17 nmillion respectively. During these years, 50%to 65% of

program funds supported conversion R&D, 25% to 35% supported end-use
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studies, and 15%to 25% went towards production and collection research.

Overal I, DCE' S t echnol ogy devel oprrent efforts on conversion
t echnol ogi es have been bal anced and supportive of a range of promsing |ow
to high-risk technical options. The same is true to sone extent in the area
of biomass production and collection. OTA has found that DOE biomass
programs have supported a narrow range of I ong-term technol ogi cal
applications, but this has not been the case in the specific area of
al cohol fuels devel opnent. Whereas OTA has determined that many DOE bi omass
prograns have been fragnented and adm nistered ineffectively, managenent
probl enms do not appear to have substantially affected the Agency’s al cohol

fuel s devel opment efforts.

| NTERELATI ONSH P BETWEEN DOE AND USDA

The Department of Energy is designated as the |ead agency in bioenergy
R&D and as such has responsibility to integrate and coordinate al cohol fuels
technol ogy devel oprent. At the same tinme, USDA i S responsible for
admni stering agricultural production policies, as well as R&D. Si nce
al cohol production and use is intertwined with the farm and energy sectors,
t he success of an al cohol fuels devel opnment programis in part contingent
upon the inplenentation of conplinmentary production, conversion, and end-use

policies and research programs by the two agencies.

The agencies, however, have nmade few efforts to integrate agriculture
and energy policies. A conprehensive framework has not been established to
performthis role adequately, and inter-agency coordination has been poor.
In the area of research, the coordination of DOE and USDA bi omass prograns
has been inmproving. [Inter-agency coordination of alcohol fuels prograns has
not, however. If coordination is to inprove, admnistrative and technical

di f ferences between these two very different agencies nust be resol ved.
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RESEARCH AND DEVELOPMENT NEEDS

OTA has identified najor areas where research and devel opment seem
particularly inportant. The purpose of this section is to describe these
research needs and to indicate to what degree the federal research effort is
currently addressing them It should be understood that not all possible

research areas should necessarily be addressed by the federal governnent

Feedst ocks

Devel op feedstock crops with higher yields of ethanol per acre

Conparative studies of starch and sugar crops, and high-yield hybrids,
whi ch are candidate feedstocks. Regional studies should exam ne
productivity as a function of soil type, weather, etc. (The federa

government directly and indirectly, has supported a great deal of
research in this area. The research, however, has focused on food and
feed production rather than on energy production, and research is
needed to assinilate the existing data.)

Investigation of the effect of uncertainty and variability of prices
and supplies in the agriculture markets on the potential of producing
energy from agriculture. (The Federal governnent has supported a very
limted and narrow range of investigations in this area.)

Devel op ethanol feedstock crops which are nitrogen fixing, so as to
reduce the energy inputs to farmng. (USDA is supporting a significant
amount of research in this area.)

Investigate the feed value of distillers grain, particularly at high
levels in the feed and with large water content. (uSDA i s supporting
some research in this area.)

Develop nitrogen fixing bacteria which can be substituted for nitrogen
fertilizer. (This is a basic research area which NSF has supported to
some degree.)

Screeni ng of unconventional plant types as candi date feedstocks. (The
federal government has supported little research in this area.)

Regional studies to evaluate the availability of residues. Detail ed
eval uations need to be perforned to determine how residue use can
alleviate and/or exacerbate environmental problenms such as soi
erosion. Analyses of institutional constraints of residue use are also
needed. (USDA has supported research in this area. Institutiona
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i ssues, however, have not been addressed.)

Environnental effects of increased forage grass production. (The
federal government has sponsored little research in this area.)

Investigation of the environnental effects of pesticides, herbicides,
fertilizers, soil erosion, and other effects associated with increased

agricultural production. (USDA has supported a linited anount of
research in this area, but litle has been done regardi ng energy

production.)

Anal ysis of the availability and productivity of potential crop |ands,
the costs of bringing this land into production, and its effect on
agriculture markets. (Little research has been done in this area.)

Inpacts of protein (e.g., distillers’ dried grains) on conventional
(and non-conventional) domestic and international markets. (Little
research has been supported in this area.)

(There are many R&D probl enms associated with obtaining feedstocks from
the forest sector which are not nentioned here but which could greatly
influence feedstock availability.)

Conver si on

Research into inmproving the yields of cellulose hydrolysis. (DCE and
NSF are supporting research in this area.)

Basi ¢ thernochenmical research into rapid pyrolysis, particularly to
attain high ethylene yields. (The federal governnent has supported
little research in this area.)

Application of solar-thernmal systems to distillation. (The federal
government is supporting little research in this area.)

Devel opnent of sinple and less energy intensive nethods for
concentrating ethanol -water mxtures, e.g., phase separating salts,
vacuum distillation, absorption processes, desi ccants, freeze
crystallization, nenbrane applications, and extraction. (The federal
government is supporting research in these areas to a very limted
degree.)

Devel op lowcost nethods to produce anhydrous ethanol in small-scale
applications. (The federal governnent has supported little or no

research in this area.)

Definition of the environnental effects of distilleries. (The federal
governnent has sponsored a linmted anmount of research in this area.
Little analysis, however, has been done on on-farm systens.)
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Devel op on-farmdistilleries which are relatively autonatic. (USDA and
DOE are beginning some research in this area. )

Devel op continuous fermentation processes. (DCE is sponsoring research
inthis area.)

Gasification of bionmass as a source of hydrogen. (Present source of
hydrogen -- wused to produce fertilizer -- is natural gas.) (The
federal government is sponsoring little research in this area.)

Exam ne energy and non-energy uses of liquid by-products. (Alimted
amount of research is funded by NSF.)

Resarch on the conversion of hemcellulose to Iiquids.
(DOE is sponsoring a limted amount of research in this area.)

End- Use

Determ ne the thernmal efficiency of gasohol, in terns of best fuel
bl end. (DCE has recently begun work in this area.)

Devel op enmul sions and additives which can elimnate the need for using
dry ethanol. (The federal governnent has supported litle research in
this area.)

R&D on the use of pure alcohols (and applicable lubricants) in the
notor fleet. (DOE has work on-going in this area.)

Determine long-run effects on performance, efficiency, and materials
conpatibility associated with the use of gasohol. (DCE has funded a
limted anount of work in this area.)

Study of the effect of net increased al dehyde concentrations on air
pollution. (DOE has begun sone research in this area.)

Studies on the conbustion chemstry of gasohol. (The federal
government has supported research in this area.)

Exam nati on of the potential for using gasohol in specific regions
where its use may have unanbi guously positive results. (The federal
government has sponsored no research in this area.)

Research various gasoline conpositions to determine ways of effectively
usi ng ethanol’s octane boosting properties while mnimzing evaporative
em ssi ons. (DCE has sponsored a limted anpbunt of research in this
area.)

Field test phase-stability of gasohol in distribution systens. (Little
research has been done in this area.)

Evaluation of the long-run effects of wusing alcohol in diesels.
(Little research has been done in this area.)
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