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THE FUTURE
BEYOND CORN
THE FUTURETHE FUTURE

BEYOND CORNBEYOND CORN



MORE  THAN  6,000MORE  THAN  6,000
ETHANOL  PLANTSETHANOL  PLANTS

WORLDWIDEWORLDWIDE
SOURCE:  DR.  JOHN  MURTAGHSOURCE:  DR.  JOHN  MURTAGH



RANGE OF RANGE OF 
TECHNOLOGIES TECHNOLOGIES 

EMPLOYEDEMPLOYED





������������





�� �����������		
���
������������		
���
�

�� ���������	�	�	���������	��	����������	�	�	���������	��	�

�� ���������� �� 
	������	
	������	

�� �����	��		
���
�������	��		
���
��



WORLD  COMMODITY  PRICESWORLD  COMMODITY  PRICESWORLD  COMMODITY  PRICES

��



YIELDYIELDYIELD



ETHANOL  YIELD  FROM  CORNETHANOL  YIELD  FROM  CORNETHANOL  YIELD  FROM  CORN
(UNDENATURED)(UNDENATURED)

1970’s
1980’s
1990’s

2.5
2.65

2.75+

370
390
410

Gal./bu. L./Tonne

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

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



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



EXAMPLE
20 MM  GPY  PLANT

EXAMPLEEXAMPLE
20 MM  GPY  PLANT20 MM  GPY  PLANT

FEEDSTOCK
Ton/Yr

WHEATWHEAT

BARLEYBARLEY

210,000 (+8%)

CORN CORN (base)(base)

DDGS
Ton/Yr

70,000 (+26%)

PRO-FAT
% BD

34 - 40

234,000 (+21%) 98,000 (+77%) 28 - 34

194,000 55,500 39 - 43



WHEAT  vs.  CORN
PLANT

WHEAT  vs.  CORNWHEAT  vs.  CORN
PLANTPLANT

INVESTMENTINVESTMENT

OPERATING  COSTOPERATING  COST

DDGSDDGS

+ 15 - 20 %

+ 2 - 3 CENTS PER GALLON

+ 25 - 30 %

LOWER  PRO-FAT

QUANTITYQUANTITY

QUALITYQUALITY



BARLEY  vs.  CORN
PLANT

BARLEY  vs.  CORNBARLEY  vs.  CORN
PLANTPLANT

INVESTMENTINVESTMENT + 20 - 30 %

OPERATING  COSTOPERATING  COST

DDGSDDGS

+ 4 - 6 CENTS PER GALLON

+ 70 - 80 %

LOW  PRO-FAT
and  PALATABILITY

QUANTITYQUANTITY

QUALITYQUALITY



TODAY IN USA

“SQUARE BOX
IN A CORNFIELD”

TODAY IN USATODAY IN USA

““ SQUARE BOXSQUARE BOX
IN A CORNFIELDIN A CORNFIELD ””



Natural gas



� NO COMPETITIVE DISTINCTIONS
� SLAVE TO FOSSIL ENERGY PRICES
� NO FEEDSTOCK FLEXIBILITY-

SLAVE TO ONE LOCAL GRAIN
� NOT READILY ADAPTABLE TO

SIGNIFICANT FUTURE
OPPORTUNITIES

� PURE COMMODITY BUSINESS

�� NO COMPETITIVE DISTINCTIONSNO COMPETITIVE DISTINCTIONS
�� SLAVE TO FOSSIL ENERGY PRICESSLAVE TO FOSSIL ENERGY PRICES
�� NO FEEDSTOCK FLEXIBILITYNO FEEDSTOCK FLEXIBILITY --

SLAVE TO ONE LOCAL GRAINSLAVE TO ONE LOCAL GRAIN
�� NOT READILY ADAPTABLE TONOT READILY ADAPTABLE TO

SIGNIFICANT FUTURESIGNIFICANT FUTURE
OPPORTUNITIESOPPORTUNITIES

�� PURE COMMODITY BUSINESSPURE COMMODITY BUSINESS

““ IF YOUIF YOU’’VE SEEN ONE,VE SEEN ONE,
YOUYOU’’VE SEEN THEM ALLVE SEEN THEM ALL ””



THE “SQUARE BOX”
RISK

THE THE ““ SQUARE BOXSQUARE BOX ””
RISKRISK

- COMMODITY CYCLES-- COMMODITY CYCLESCOMMODITY CYCLES



FUEL  ETHANOL  PLANT
HISTORY – (1980 – 1992)
FUEL  ETHANOL  PLANTFUEL  ETHANOL  PLANT
HISTORY HISTORY –– (1980 (1980 –– 1992)1992)

NUMBER  OF  PLANTS
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- FIRST  CYCLE -
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Source:  Energy  Information  Administration and
Renewable  Fuels  Association

U.S.  FUEL  ETHANOL  PRODUCTIONU.S.  FUEL  ETHANOL  PRODUCTION
1980 1980 -- 20022002



THIRD CYCLETHIRD CYCLETHIRD CYCLE

HOW MANY FAILURESHOW MANY FAILURESHOW MANY FAILURES

????



PROGRESSIVE
STRATEGIES

PROGRESSIVEPROGRESSIVE
STRATEGIESSTRATEGIES



NORTH AMERICA PLANTS
MULTIPLE FEEDSTOCKS
NORTH AMERICA PLANTSNORTH AMERICA PLANTS
MULTIPLE FEEDSTOCKSMULTIPLE FEEDSTOCKS

• BARLEY
• WHEAT
• CORN
• MILO
• HULLESS BARLEY
• DEHULLED BARLEY

(HULLS TO BOILER)

•• BARLEYBARLEY
•• WHEATWHEAT
•• CORNCORN
•• MILOMILO
•• HULLESS BARLEYHULLESS BARLEY
•• DEHULLED BARLEYDEHULLED BARLEY

(HULLS TO BOILER)(HULLS TO BOILER)





HUSKYHUSKYHUSKY





Barley

ETHANOLETHANOL

Osage Bio EnergyOsage Bio Energy
DEHULLEDDEHULLED

BARLEYBARLEY
(91(91--93%)93%)

STEAMSTEAM

Dehulling

Ethanol
Plant

Biomass
Boiler BARLEY BARLEY 

PROTEIN MEALPROTEIN MEAL

RENEWABLERENEWABLE
FUEL PELLETSFUEL PELLETS

HULLSHULLS
(7(7--9%)9%)

BETABETA
GLUCANASEGLUCANASE



EUROPE PLANTS
MULTIPLE FEEDSTOCKS

EUROPE PLANTSEUROPE PLANTS
MULTIPLE FEEDSTOCKSMULTIPLE FEEDSTOCKS

• WHEAT
• BARLEY
• CORN (MAIZE)
• GRAIN SORGHUM (MILO)
• TRITICALE
• SUGAR JUICE
• MOLASSES
• WINE ETHANOL

•• WHEATWHEAT
•• BARLEYBARLEY
•• CORN (MAIZE)CORN (MAIZE)
•• GRAIN SORGHUM (MILO)GRAIN SORGHUM (MILO)
•• TRITICALETRITICALE
•• SUGAR JUICESUGAR JUICE
•• MOLASSESMOLASSES
•• WINE ETHANOLWINE ETHANOL



TARKIMTARKIM
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BIOETANOL  GALICIABIOETANOL  GALICIA



CASTILLA  y  LEONCASTILLA  y  LEONCASTILLA  y  LEON







INNOVATIVE
ENERGY

STRATEGIES

INNOVATIVEINNOVATIVE
ENERGYENERGY

STRATEGIESSTRATEGIES



Natural gas



POWER 
GENERATION WITH 

WASTE-HEAT 
RECOVERY

POWER POWER 
GENERATION WITH GENERATION WITH 

WASTEWASTE--HEAT HEAT 
RECOVERYRECOVERY



DRYERBOILER
TURBO-

GENERATOR

TO GRIDTO GRID

GASGAS EXHAUSTEXHAUST EXHAUSTEXHAUST

STEAMSTEAM

DRYDRY
ANIMALANIMAL

FEEDFEED

WETWET
DISTILLERSDISTILLERS

COCO--PRODUCTPRODUCT

TO PLANTTO PLANT

ABENGOAABENGOA





DRYER
TURBO-

GENERATOR

TO GRIDTO GRID

GASGAS EXHAUSTEXHAUST

TO PLANTTO PLANT

HUSKYHUSKY
DRYDRY

ANIMALANIMAL
FEEDFEED

WETWET
DISTILLERSDISTILLERS

COCO--PRODUCTPRODUCT

HRSG
EXHAUSTEXHAUST

H.P. STEAMH.P. STEAM

TO REFINERYTO REFINERY



REFINERY
H.P. STEAMH.P. STEAM EXHAUSTEXHAUST

STEAMSTEAM
ETHANOL

PLANT

HUSKYHUSKY

FROM FROM 
HRSGHRSG

H.P. STEAMH.P. STEAM





Cattle Manure Cattle Manure 
Digestion for Digestion for 
Boiler FuelBoiler Fuel



Internal
Animal Feeds
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REEVEREEVE
AGRIAGRI--ENERGYENERGY



POUNDMAKERPOUNDMAKER



ETHANOL
PLANT

BOILEREXTRACTION
CANECANE BAGASSEBAGASSE

ETHANOLETHANOL

ELECTRICITYELECTRICITY

STEAMSTEAM

BRAZILBRAZIL
STRATEGYSTRATEGY

GENERATOR

SUGARSUGAR
JUICEJUICE

TO GRIDTO GRID

STEAMSTEAM
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TOTAL ENERGY  BALANCE
(�����"����� %7'

TOTALTOTAL ENERGY  BALANCEENERGY  BALANCE
((�����"����� %7'

Ethanol (CORN)Ethanol Ethanol (CORN)(CORN)

GasolineGasolineGasoline

Ethanol (SUGAR)Ethanol Ethanol (SUGAR)(SUGAR)
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BIOMASSBIOMASSBIOMASS



IF
BIOMASS FOR BOILER FUEL (USA)

(5MMM GPY ETHANOL)

@ US$40 / TON BIOMASS

THEN – $400,000,000

OR – 12.5¢ / GAL

VS. – 30¢ / GAL (NATURAL GAS)

SAVINGS – $875,000,000 PER YEAR

IFIF
BIOMASS FOR BOILER FUEL BIOMASS FOR BOILER FUEL (USA)(USA)

(5MMM GPY ETHANOL)(5MMM GPY ETHANOL)

@ US$40 / TON BIOMASS@ US$40 / TON BIOMASS

THENTHEN –– $400,000,000$400,000,000

OROR –– 12.512.5¢¢ / GAL/ GAL

VS.VS. –– 3030¢¢ / GAL (NATURAL GAS)/ GAL (NATURAL GAS)

SAVINGSSAVINGS –– $875,000,000 PER YEAR$875,000,000 PER YEAR



ALTERNATIVELY, IF 
SAME BIOMASS CONVERTED

TO ETHANOL
THEN – 1MMM GAL / YR.

REQUIRES – 87.5¢ / GAL EXTRA
PROFIT ON THIS ETHANOL

TO OFFSET – $875MM FUEL VALUE

ALTERNATIVELY, IF ALTERNATIVELY, IF 
SAME BIOMASS CONVERTEDSAME BIOMASS CONVERTED

TO ETHANOLTO ETHANOL
THENTHEN –– 1MMM GAL / YR.1MMM GAL / YR.

REQUIRESREQUIRES –– 87.587.5¢¢ / GAL EXTRA/ GAL EXTRA
PROFIT ON THIS ETHANOLPROFIT ON THIS ETHANOL

TO OFFSET TO OFFSET –– $875MM FUEL VALUE$875MM FUEL VALUE



BIOMASS

BOILER FUEL
OR

ETHANOL FEEDSTOCK

???

BIOMASSBIOMASS

BOILER FUELBOILER FUEL
OROR

ETHANOL FEEDSTOCKETHANOL FEEDSTOCK

??????



CELLULOSE
as

FEEDSTOCK

CELLULOSECELLULOSE
asas

FEEDSTOCKFEEDSTOCK
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U.S.A.
LIQUID  FUEL  DEMAND

U.S.A.U.S.A.
LIQUID  FUEL  DEMANDLIQUID  FUEL  DEMAND

CornCorn Million TonsMillion Tons
RequiredRequired 1,8501,850
ProducedProduced 310310

Max. Possible ProductionMax. Possible Production 500500



� 	�0 !! %����!!%���6���"���
��%(��%��

� 	�0 !! %����!!%���6���"���
��%(��%��

FUEL  ETHANOL
PRACTICAL  LIMIT

(North  America)

FUEL  ETHANOLFUEL  ETHANOL
PRACTICAL  LIMITPRACTICAL  LIMIT

(North  America)(North  America)

< 4% of fuel requirements< 4% of fuel requirements



Natural gas
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Cellulose!



When  will  the

“FIRST”
Cellulose - to - Ethanol

Plant  be  built

???

When  will  theWhen  will  the

““ FIRSTFIRST””
Cellulose Cellulose -- to to -- EthanolEthanol

Plant  be  builtPlant  be  built

??????



CELLULOSE - TO - ETHANOLCELLULOSE CELLULOSE -- TO TO -- ETHANOLETHANOL

- Germany
- USA
- Germany
- USA
- Germany

Russia
Japan

- World

- 50 Gallons/Ton
- 2 Plants
- Scholler Process
- KATZEN Plant
- Improved Process

- (Operating – 2004)

- Technology Understood
Uneconomic

• 1898
• WWI
• 1932
• WWII
• 1952

• 1985
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Science

Technology

Commercial
Demonstration

Commercial
Success



“New” technology is not 
necessarily “good” just because 

it is “new.” It only becomes 
“good” after it is proven to be 

commercially sensible.

““ NewNew”” technology is not technology is not 

necessarily necessarily ““ goodgood ”” just because just because 

it is it is ““ new.new. ”” It only becomes It only becomes 

““ goodgood ”” after it is proven to be after it is proven to be 

commercially sensible.commercially sensible.



Many “new” technologies
rise and fall…

Most are reinventions
of old wheels.

Many Many ““ newnew ”” technologiestechnologies

rise and fallrise and fall ……

Most are reinventionsMost are reinventions

of old wheels.of old wheels.



CELLULOSE - TO - ETHANOL 
PREDICTIONS

CELLULOSE CELLULOSE -- TO TO -- ETHANOL ETHANOL 
PREDICTIONSPREDICTIONS

- “Three Years Away!”
- “Five Years Away!”
- “As soon as oil stays above $50/bbl.”
- “Five Years Away!”
- “Eight to Twelve Years Away!”

• 1981
• 1986
• 1990
• 2000
• 2008



BIOETHANOLBIOETHANOL

FEEDSTOCK            COST

FEEDSTOCK            COST

FEEDSTOCK            COST

SUGAR            STARCH           CELLULOSESUGAR            STARCH           CELLULOSE

TECHNICAL  COMPLEXITY

TECHNICAL  COMPLEXITY

TECHNICAL  COMPLEXITY



IS THERE
ANOTHER WAY?

IS THEREIS THERE
ANOTHER WAY?ANOTHER WAY?



““ Wild MaizeWild Maize ””



““ CornCorn ””

““ High      CelluloseHigh      Cellulose ””



““ Energy CornEnergy Corn ””

““ High StarchHigh Starch ””



ENERGY CORNENERGY CORN

Biomass Fuel



““ Wild WheatWild Wheat ””



““ WheatWheat ””

““ High ProteinHigh Protein ””



““ Energy WheatEnergy Wheat ””

““ High StarchHigh Starch ””



ENERGY WHEATENERGY WHEAT
AND BARLEYAND BARLEY

Biomass Fuel






