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A Great Conversion Technology 
Is Only A Start 

  Need for infrastructure to grow, harvest, 
transport and process biomass sustainably in 
large quantities  

  Challenges are political, legal, technical and 
economic  

  New approaches needed- System must reflect 
energy value of material, like coal, oil and 
other competing fuels  

  Goal will be least cost system which adds 
value at each step  



Corn For Ethanol Production Has 
A Mature Infrastructure 

  But corn has problems  
  Not enough of it to significantly replace 

petroleum in the long term 
  Food vs fuel 

  New focus on ethanol from ligno-
cellulosic biomass 
  Billion ton study 
  Federal development push underway (eg. 

GLBRC) 



Ligno-cellulosic Resource Base-US 
(from Billion Ton Study) 



Potential Feedstocks 

  Forest thinning & slash wood 
  Woods harder to process Ð high lignin content 

  Corn Stover 
  Straws Ð Wheat, oat, barley, etc 
  Municipal green waste 

  Wood, leaves, lawn clippingsÉ 
  Municipal solid waste 
  Paper Sludge 
  Vegetable processing wastes 
  Distillers grain 
  Forage crops   

  Alfalfa Ð leaves for feed, stems for Ethanol, no N required 
  Dedicated energy crops  

  Switch grass / prairie grasses 



Maximum Ethanol from 
Biomass (Jeffries) 

Biomass Source Ethanol Produced 

Agricultural Residues 20 - 25 B gal (conserv.) 
36 - 45 B gal (optim.) 

Energy Crops 33 - 61 B gal 

MSW 5 - 10 B gal 

Forestry/Mill Waste 0.5 - 1.0 B gal 

Total (average) 66.5 Ð 107 B gal 
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Challenges Facing Cellulosic Fuel 
Development  

  Is Feedstock Sustainable? 
  Can Feedstock be Economically Grown, 

Harvested and Transported? 

  Can Crop Variability be Managed? 
  Can Fuel be Economically Produced? 



Feedstock Sustainability 

  What inputs are needed? 
  What quantity of residual must remain 

in the field? 

  How can soil health be maintained? 
  Will it be worth it to farmers/foresters 

to grow it? 



Crop Variability Issues 

  What are tolerances for ethanol 
production process? 

  What are seasonal variations? 
  What about weather events and other 

disruptions? 



¥    



Will Farmers Grow It? 

  Cost of production 
  Cost of harvest 

  Cost of transport  



Supply Chains: Store, then 
Transport 
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Bioethanol Production 
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Source-Kevin Shinners, UW-Madison 







A truck load of corn stover 



  Reduce passes and soil compaction 
  Higher HP requirements 

  Densify materials to reduce transportation costs 
  Bailing, Cube, Compactor 

  Specialized collection equipment 



Hydrolysis Cellulosic Ethanol 
Process 
Harvest 
Biomass 

• Ag. residues 

• Energy Crops 

• Solid Waste 

Pretreatment 

• Acid 

• Alkali 

• Solvent 
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Lignin  (Can be burned  to 
generate electricity or steam) 

Source: Karl Green, CNRED, LaCrosse Co.;  

                    “Lignocellulosic biomass processing:  A perspective”, Knauf & Moniruzzaman,    
 International Sugar Journal 2004, Vol. 106, NO. 1263 
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Adding Value on Farm 

  Densification 
  Pelletizing 
  Cubing 

  Compacting 

  Pretreatment 
  Ensiling 
  Drying 

  Enzymes 
  Chemical (acids/bases) 



O2 

! Pulp 
$5.5 Billion 

Steam, 
Power & 
Chemicals  

! BL Gasifier 
! Wood Residual Gasifier 
! Combined Cycle System 
! Process to Manufacture 
   Liquid Fuels and Chemicals 

Black Liquor 
  & Residuals 

The Forest  
Biorefinery 

Manufacturing  

66 x 10 6 MT CO 2 

Extract Hemicelluloses 
New Products 
   Chemicals Polymers 

Power Export  
or 

Liquid Fuels/Chemicals 
Syngas 



Conclusions 

  Building the infrastructure for the 
bioeconomy will take time 

  New technologies and equipment for 
handling, harvest and transport are 
under development 

  The goal will be an environmentally and 
economically sustainable system 


