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Heartland Ethanol Project
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Unparalleled Access to Corn, Rail and Major Ethanol Markets
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Dry Grind Corn Ethanol Plants

Typical LPR Production Profile

2.64 gallons ethanol / bushel of corn More Ethanol
1.5% residual sugars

4.55 gallons water / gallon ethanol
32.6 KBTU of natural gas / gallon ethanol Less Energy
0.96 KW-hours / gallon ethanol

Bottom Line: 32% energy gain (based on “Chronological Summary of Net
Energy Balance Studies Since 1995")

« All ethanol figures based on undenatured quantities
 All energy figures are based on 100% DDGS conversion

Huge Strides in Productivity and Efficiency
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Differentiation of Ethanol Producers

@ties in... Commodities out... Limited Sites
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Kinetics Control
Fractionation Separation

Cream Yeast
Cold Cook

Gasification

Biomass Boilers Process Control

HPR/HED
Anaerobic Digestion Cellulose

Technology Becomes the Basis of Competition
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Impact of Technology on Production
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Solid Opportunities to Improve Production Throughput
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Impact of Technology on Energy Consumption
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Gas vs. Steam Drying
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Real-Time Process Control
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«—— HPR/HED vs. LPR
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Solid Opportunities to Improve Net Energy Gain
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Other Factors... The “Wild Cards”

Cold Cook vs. Hot Cook Technology R e|\\j\‘\0‘°be
* Trading-off energy for enzyme cost \a\’L\Jm\No\)Q“S
Cellulose-Based Ethanol - 3(63\‘
« Dramatic expansion of feedstock base

Biomass Boilers ) e 635“\5
* Alternative fuels for steam . %?ep\aoe e

* Surplus DDGS for steam
Gasification
* Surplus DDGS to syngas

Larger Opportunities on the Horizon
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