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ETHANOL YIELD EROM CORN
(UNDENATURED)

Gal./bu. L./Tonne

1970's 2.5 370
1980's 2.65 390
1990's 2.75+ 410

NOTE: 2.8 GALLONS PER BUSHEL (415 LITERS PER TONNE)
DEMONSTRATED



WHEAT, BARLEY, AND
OTHER GRAINS YIELD
PROPORTIONAL TO
STARCH CONTENT




EXAVIPLE
20 MV GRY: PLANT

WHEAT 210,000 (+8%) 70,000 (+26%) 34 - 40
BARLEY 234,000 (+21%) 98,000 (+77%) 28 - 34
CORN (base) 194,000 55,500 39 -143



WHEAT vs. CORN
PLANT

INVES TMENT: +15-20%

OPERATING COST +2 -3 CENTS PER GALLON

QUANTITY +25-30%
QUALITY  LOWER PRO-FAT

DDGS




BARLEY vs. CORN
PLANT

INVES TMENT: +20-30%

OPERATING COST +4 -6 CENTS PER GALLON

QUANTITY + 70 -80 %

QUALITY LOW PRO-FAT
and PALATABILITY

DDGS



TODAY IN USA

“SQUARE BOX
IN A CORNFIELD”




Natural gas ‘




NO CONMPETITIVE DISTINCIIONS

SLAVE 1O EOSSIL ENERGY PRICES

NO'EEEDSTOCK ELEXIBILIATY:-
SLAVE TO ONE LOCAL GRAIN

NOITT READILY ADAPTABLE TO
SIGNIFICANT FUTURE
OPPORTUNITIES

PURE COMMODITY BUSINESS

“IF YOU'VE SEEN ONE,
YOU'VE SEEN THEM ALL"



THE " SQUARE BOX™
RISK

- COMMODITY CYCLES




FUEL ETHANGL PLANT
HISTORY, — (1980 — 1992)

- FIRST CYCLE -




FUEL ETHANOL IN USA: REVIEW OF REASONS FOR 75%
FAILURE RATE OF PLANTS BUILT

Philip W. Madson, P.E. Senior Vice President
Raphael Katzen Associates Internationa!, Inc., Cincinnati, Ohio, USA
and
John E. Murlagh, Ph.D.

Murtagh & Associales, Winchester, Virginia, USA

ABSTRACT Erhang gn used intermittencly

for ar purposes in  North
During the decade of the 1980's, fuel Amer as Furope, since the
ethanol production in the USA grew from a 1920 hut  hal 'y seen significant
concept to an industry producing more o rodu i ca, Y and public
than 3,000 willion licers annually cept since 9. This develop-
Nearly 8% of pascline consumpticn im t] £ bl \n  larj art, been due to
U4 is provided as a 10%¥ ethanaol blen ral scate ernment financial
Approximarely 165 commercig z hav tives -ax exemptions for
been constructed, with - the i 1 fuet special tax credics
primary feedstock, rang in & ALy fal v+ plant construction,
from 2 milliongliters | year b i
than 1,000 m on litel BT yea : Fa i starting point of nearly zero in
those 165 reial=s0 fog L » the U.5. Department of Energy
constructed, than ¥ ! WWOE) had anticipated the rconstruction
operation a/ {: of 1990. Wwhile s of some 2400 echanol plants by mid-
factors . che @ public oo ls 1985, producing about 10,000 million
fraudulent inves: t sche - liters per year. This vision was not,
government encoura, &t of FIN ily and could not have been, realized.
non—-competitive pro] have contributed
to project failures, wst significant During the 1280's, fuel ethanol produc-
causes have besn i ¢er technology tion in the USA pgrew to more than 3000
selection and improper engineering million liters annually (Figure 1).

design. Many technology problems relate



U.S. FUEL ETHANOL PRODUCTION

1980 - 2002

80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02

Source: Energy Information Administration and
Renewable Fuels Association




THIRD CYCLE

HOW MANY FAILURES

777



PROGRESSIVE
STRATEGIES




NORITH AMERICA PEANTS
MULTIPLE FEEDSTOCKS

BARLEY

WHEAT

CORN

MILO

HULLESS BARLEY

DEHULLED BARLEY
(HULLS TO BOILER)
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.
EUROPE PLEANTS
MULTIPLE EEEDSTOCKS

WHEAT

BARLEY.

CORN (MAIZE)

GRAIN SORGHUM (MILO)
TRITICALE

SUGAR JUICE
MOLASSES

WINE ETHANOL
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INNOVATIVE
ENeErRGY

STRATEGIES



Natural gas
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Caltle Manure
Digestion for

Boller Fuel
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TOTAL ENERGY BALANCE
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SIOMASS



|-

SIOMASS FOR BOILER FUEL (UsA)
(GMMM GPY ETHANOL)

@ US$40 / TON BIOMASS
THEN — $400,000,000
OR —12.56 | GAL
VS, — 306 / GAL (NATURAL GAS)
SAVINGS — $875,000,000 PER YEAR



ALTERNATIVELY, |F
SAME BIOMASS CONVERTED
TO ETHANOL
THEN — 1IMMM GAL / YR,

REQUIRES — 87.56 | GAL EXTRA
PROFIT ON THIS ETHANOL
TO OFFSET — $875MM FUEL VALUE



SIOMASS

SOILER FUEL
Or¢
= TFANOL FEEDSTOCK
777
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Science

Technology

Commercial
Demonstration

Commercial
success
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SlOETHANOL

SUGAR STARCH CELLULOSE




1S TrierE

ANOTHER WAYY



“Wild Maize ”



“High /. Cellulose "




“High S{tarch ”

A\
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“Energy Corn ”



Biomass Fuel

ENERGY CORN



“Wild Wheat ”



“High Protein ”

|

“Wheat”



“High Starch ”

“Energy Wheat ”



Biomass Fuel

—

ENERGY WHEAT
AND BARLEY
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