
 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

1 

A01392.0014.4005 

Biorenewable Insights  
Cellulosic Feedstocks 

Table of Contents 

A Report by Nexant’s  

Biorenewable Insights– Published July 2014 

http://thinking.nexant.com/program/biorenewable-insights 
 

Section Page 
 

1 Executive Summary ...............................................................................................................  1 

1.1 Overview....................................................................................................................  1 

1.2 Biomass feedstocks ..................................................................................................  1 

1.2.1 Cellulosic Feedstocks...................................................................................  1 

1.3 Economics .................................................................................................................  2 

1.3.1 Next Generation Biomass Crops Competitive Economics ...........................  2 

1.4 Capacity Analysis ......................................................................................................  4 

1.4.1 Global Overview ...........................................................................................  4 

1.5 PATENT ANALYSIS ..................................................................................................  9 

1.5.1 Granted Patents: Activity by Region ............................................................  9 

1.5.2 Granted Patents: Activity by Assignee .........................................................  10 

1.5.3 Patent Applications: Activity by Region ........................................................  10 

1.5.4 Patent Applications: Activity by Assignee ....................................................  11 

2 Introduction .............................................................................................................................  12 

2.1 Overview....................................................................................................................  12 

2.2 Food versus fuel ........................................................................................................  14 

3 Biomass Feedstocks ..............................................................................................................  17 

3.1 Cellulosic Feedstocks ................................................................................................  17 

3.1.1 Grasses as Biomass Feedstocks .................................................................  17 

3.1.2 Wood/Wood Wastes.....................................................................................  26 

3.1.3 Agricultural Residues ...................................................................................  36 

3.1.4 Milling Wastes ..............................................................................................  42 

3.1.5 Refuse ..........................................................................................................  50 

4 Economics ..............................................................................................................................  62 

4.1 Introduction ................................................................................................................  62 



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

2 

A01392.0014.4005 

4.1.1 Next Generation Biomass Crops Competitive Economics ...........................  63 

4.2 North America ...........................................................................................................  66 

4.2.1 Switchgrass ..................................................................................................  66 

4.2.2 Hybrid Poplar ................................................................................................  69 

4.2.3 Corn Stover ..................................................................................................  73 

4.2.4 Municipal Solid Waste (MSW) ......................................................................  76 

4.3 South America ...........................................................................................................  79 

4.3.1 Sugarcane Trash (Collection) ......................................................................  79 

4.3.2 Energy Cane ................................................................................................  80 

4.3.3 Municipal Solid Waste (MSW) ......................................................................  83 

4.4 Europe .......................................................................................................................  87 

4.4.1 Wheat Straw (Collection) .............................................................................  87 

4.4.2 Municipal Solid Waste (MSW) ......................................................................  90 

4.5 Asia ............................................................................................................................  92 

4.5.1 Rice Straw ....................................................................................................  92 

4.5.2 Empty Fruit Bunches (EFB) .........................................................................  94 

4.5.3 Municipal Solid Waste (MSW) ......................................................................  94 

5 Capacity Analysis ...................................................................................................................  97 

5.1 Overview....................................................................................................................  97 

5.2 CapAcity Analysis ......................................................................................................  97 

5.2.1 Global Capacity ............................................................................................  98 

5.2.2 North American Capacity .............................................................................  106 

5.2.3 South American Capacity .............................................................................  109 

5.2.4 European Capacity .......................................................................................  113 

5.2.5 Asian Capacity .............................................................................................  115 

5.2.6 Rest of World (ROW) ...................................................................................  118 

6 Patent Analysis .......................................................................................................................  119 

6.1 Overview....................................................................................................................  119 

6.2 Granted Patents ........................................................................................................  120 

6.2.1 Global ...........................................................................................................  120 

4.5.4 North America ..............................................................................................  122 

4.5.5 South America ..............................................................................................  126 

4.5.6 Europe ..........................................................................................................  128 

4.5.7 Asia...............................................................................................................  129 

4.6 Patent Applications ....................................................................................................  135 



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

3 

A01392.0014.4005 

4.6.1 Global ...........................................................................................................  135 

4.6.2 North America ..............................................................................................  138 

4.6.3 Europe ..........................................................................................................  146 

4.6.4 Asia...............................................................................................................  147 

4.6.5 ROW .............................................................................................................  148 

7 References .............................................................................................................................  152 

 

  



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

4 

A01392.0014.4005 

Figure Page 
 

1.1 Biomass Comparative Economics, as Produced ...................................................................  3 

1.2 Biomass Comparative Economics, as Produced ...................................................................  4 

1.3 Global Available Cellulosic Biofeedstocks by Type................................................................  5 

1.4 Global Available Cellulosic Biofeedstocks by Region ............................................................  5 

1.5 North American Available Cellulosic Biofeedstocks by Type .................................................  6 

1.6 South American Available Cellulosic Biofeedstocks by Type ................................................  7 

1.7 European Available Cellulosic Biofeedstocks by Type ..........................................................  7 

1.8 Asian Available Cellulosic Biofeedstocks by Type .................................................................  8 

1.9 ROW Available Cellulosic Biofeedstocks by Type .................................................................  8 

1.10 Overall Patent Activity by Region ...........................................................................................  9 

1.11 Granted Patents by Region ....................................................................................................  9 

1.12 Granted Patents by Assignee.................................................................................................  10 

1.13 Patent Applications by Region ...............................................................................................  10 

1.14 Patent Applications by Assignee ............................................................................................  11 

2.1 GHG Reductions Possible Through Feedstock Selection .....................................................  12 

2.2 Next Generation IBRs ............................................................................................................  13 

2.3 Sun Grant/DOE Regional Biomass Feedstock Partnership 2010 Field Trial Locations ........  14 

2.4 Investment in Biofuels and Bio-based Chemicals ..................................................................  15 

3.1 Map of Annual Switchgrass Yields, as of 2009 ......................................................................  17 

3.2 USDA Hardiness Zone Map ...................................................................................................  23 

3.3 Composition Variation for Sugarcane and Type 1 and Type 2 Energy Cane ........................  24 

3.4 U.S. Estimated Supply of Wood Waste at $80 per Dry Ton ..................................................  29 

3.5 United States Forest Resources by Type ..............................................................................  29 

3.6 Schematic of Biomass Sources from Industrial Forestry .......................................................  30 

3.7 Breakdown of U.S. Forest Resources by Production Volume ...............................................  32 

3.8 United States Regional Distribution of Forestry Residues .....................................................  33 

3.9 United States Logging Residues ............................................................................................  34 

3.10 United States Slash Residues ................................................................................................  34 

3.11 United States Lumber Mill Residue ........................................................................................  35 

3.12 United States Regional Distribution of Urban Wood Wastes .................................................  36 

3.13 United States Regional Production of Corn Stover, County-level ..........................................  37 

3.14 United States Corn Stover Availability in Top-Producing States ............................................  37 

3.15 Corn Stover Availability at Different Prices ............................................................................  38 

3.16 Brazilian Sugarcane Field Trash Burning ...............................................................................  43 



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

5 

A01392.0014.4005 

3.17 Production from a Palm Oil Mill ..............................................................................................  45 

3.18 Pulp and Paper Solid, Liquid, and Gaseous Wastes .............................................................  48 

3.19 World Map indicating Major Forests .......................................................................................  49 

3.20 Trade of Paper and Paper Products ......................................................................................  49 

3.21 MSW to RDF Sorting and Pelletizing Process .......................................................................  53 

3.22 U.S. MRF Ownership, 2012 ...................................................................................................  54 

3.23 Differences in Global MSW Practices ....................................................................................  56 

3.24 U.S. Regional Differences in MSW Management Practices ..................................................  56 

3.25 MSW Generation Rates by Country .......................................................................................  57 

3.26 Split of Global Production of MSW .........................................................................................  58 

3.27 Global MSW Generation Rates ..............................................................................................  58 

3.28 U.S. Waste to Energy Plants, by State ..................................................................................  59 

3.29 U.S. MSW Generation by County Map ..................................................................................  60 

3.30 U.S. Population Density Map .................................................................................................  60 

3.31 Global Population Density Map ..............................................................................................  61 

4.1 Biomass Comparative Economics, as Produced ...................................................................  63 

4.2 Next Generation Biomass Comparative Economics, Dry Tons .............................................  64 

4.3 Comparison of Conventional Carbohydrate and Next Generation Biomass Crops ...............  65 

4.4 Current Annual Switchgrass Yields ........................................................................................  66 

4.5 Switchgrass Cost of Production Sensitivity to Yield ...............................................................  66 

4.6 Hybrid Poplar Yield versus Tree Age .....................................................................................  70 

4.7 Hybrid Poplar Cost of Production Sensitivity to Yield ............................................................  70 

4.8 Average Corn Yield ................................................................................................................  73 

4.9 Corn Stover Cost of Production Sensitivity to Yield ...............................................................  74 

4.10 United States RDF Cost of Production Sensitivity to Tipping Fee .........................................  76 

4.11 Average Sugarcane Yield by Major Producing Countries ......................................................  79 

4.12 Sugarcane Field Trash Cost of Production Sensitivity to Yield ..............................................  80 

4.13 Energy Cane Cost of Production Sensitivity to Yield .............................................................  82 

4.14 Brazil RDF Cost of Production Sensitivity to Tipping Fee ......................................................  85 

4.15 Average Wheat Yield ..............................................................................................................  87 

4.16 Wheat Straw Collection Cost Sensitivity to Yield ...................................................................  87 

4.17 Western Europe RDF Cost of Production Sensitivity to Tipping Fee .....................................  90 

4.18 Rice Straw Collection Cost of Production Sensitivity to Yield ................................................  92 

4.19 China RDF Cost of Production Sensitivity to Tipping Fee .....................................................  94 

5.1 Global Available Cellulosic Biofeedstocks by Type................................................................  98 



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

6 

A01392.0014.4005 

5.2 Global Available Cellulosic Biofeedstocks by Region ............................................................  99 

5.3 World Corn Stover Production by Region ..............................................................................  99 

5.4 World Wheat Straw Production by Region .............................................................................  100 

5.5 World Sorghum Production by Region ...................................................................................  101 

5.6 World Barley Production by Region .......................................................................................  101 

5.7 World Rice Straw Production by Region ................................................................................  102 

5.8 World Soy Residue Production by Region .............................................................................  103 

5.9 World EFB Production by Region ..........................................................................................  103 

5.10 World Rapeseed Residue Production by Region ...................................................................  104 

5.11 World Sunflower Residue Production by Region ...................................................................  105 

5.12 World Sugarcane Bagasse Production by Region .................................................................  105 

5.13 World Sugarcane Field Trash Production by Region .............................................................  106 

5.14 North American Available Cellulosic Biofeedstocks by Type .................................................  107 

5.15 North American Available Cellulosic Biofeedstocks by Country ............................................  107 

5.16 United States Available Cellulosic Biofeedstocks by Type ....................................................  108 

5.17 Canadian Available Cellulosic Biofeedstocks by Type ..........................................................  108 

5.18 Mexican Available Cellulosic Biofeedstocks by Type ............................................................  109 

5.19 South American Available Cellulosic Biofeedstocks by Type ................................................  110 

5.20 South American Available Cellulosic Biofeedstocks by Country ............................................  110 

5.21 Brazilian Available Cellulosic Biofeedstocks by Type ............................................................  111 

5.22 Argentinian Available Cellulosic Biofeedstocks by Type ........................................................  112 

5.23 Other South American Available Cellulosic Biofeedstocks by Type ......................................  112 

5.24 European Available Cellulosic Biofeedstocks by Type ..........................................................  113 

5.25 European Available Cellulosic Biofeedstocks by Country/Region .........................................  113 

5.26 European Union Available Cellulosic Biofeedstocks by Type ................................................  114 

5.27 Ukrainian Available Cellulosic Biofeedstocks by Type ...........................................................  114 

5.28 Other European Available Cellulosic Biofeedstocks by Type ................................................  115 

5.29 Asian Available Cellulosic Biofeedstocks by Type .................................................................  115 

5.30 Asian Available Cellulosic Biofeedstocks by Country ............................................................  116 

5.31 China Available Cellulosic Biofeedstocks by Type.................................................................  116 

5.32 Indian Available Cellulosic Biofeedstocks by Type ................................................................  117 

5.33 Other Asian Available Cellulosic Biofeedstocks by Type .......................................................  117 

5.34 ROW Available Cellulosic Biofeedstocks by Type .................................................................  118 

6.1 Overall Patent Activity by Region ...........................................................................................  119 

6.2 Granted Patents by Region ....................................................................................................  120 



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

7 

A01392.0014.4005 

6.3 Granted Patents by Assignee.................................................................................................  120 

6.4 North American Granted Patents by Assignee ......................................................................  122 

6.5 South American Granted Patents by Assignee ......................................................................  126 

6.6 European Granted Patents by Assignee ................................................................................  128 

6.7 Asian Granted Patents by Assignee ......................................................................................  129 

6.8 Patent Applications by Region ...............................................................................................  135 

6.9 Patent Applications by Assignee ............................................................................................  136 

6.10 North American Patent Applications by Assignee ..................................................................  138 

6.11 Asian Patent Applications by Assignee ..................................................................................  147 

6.12 ROW Patent Applications by Assignee ..................................................................................  149 

 

  



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

8 

A01392.0014.4005 

Table Page 
 

1.1 Next Generation Biomass Comparative Economics, As Produced .......................................  2 

3.1 SWOT Analysis of Grasses as a Biomass Feedstock for Biofuel Production ........................  19 

3.2 SWOT Analysis of Trees as a Biomass Feedstock for Biofuel Production ............................  31 

3.3 Top Five Corn (Maize) Producing Countries in the World, 2011/2012 ..................................  39 

3.4 Composition of Wheat Straw ..................................................................................................  39 

3.5 Top Five Wheat Straw Producing Countries in the World, 2011/2012 ..................................  40 

3.6 Nutritive Content of Rice Straw ..............................................................................................  41 

3.7 Top Five Rice Straw Producing Countries in the World .........................................................  41 

3.8 Top Sugar Cane Bagasse Producing Countries in the World, 2011/2012 .............................  42 

3.9 Top Sugar Cane Field Trash Producing Countries in the World, 2011/2012 .........................  43 

3.10 Top EFB Producing Countries in the World, 2011/2012 ........................................................  46 

3.11 Typical MSW Composition .....................................................................................................  51 

4.1 Selected Regional Biofeedstocks Assessed ..........................................................................  62 

4.2 Next Generation Biomass Comparative Economics, as Produced ........................................  63 

4.3 Biomass Comparative Economics, Dry Tons .........................................................................  64 

4.4 Cost of Production: Switchgrass (50 % Moisture) (U.S., 2014) .............................................  68 

4.5 Hybrid Poplar: Plantation Founding Model .............................................................................  69 

4.6 Hybrid Poplar: Existing Forest Model .....................................................................................  69 

4.7 Cost of Production: Hybrid Poplar (50% Moisture) (U.S., 2014) ............................................  72 

4.8 Cost of Production: Corn Stover (50 % Moisture) ..................................................................  75 

4.9 Cost of Production: United States MSW-RDF (Dry) (U.S., 2014) ..........................................  78 

4.10 Cost of Production: Sugarcane Field Trash (50 % Moisture) (Brazil, 2014) ..........................  81 

4.11 Cost of Production: Energy Cane by Mechanical Harvesting (Brazil, 2014) ..........................  84 

4.12 Cost of Production: Brazil MSW-RDF (Dry) (Brazil, 2014) .....................................................  86 

4.13 Cost of Production: Wheat Straw Collection (50 % Moisture) (Western Europe, 2014) ........  89 

4.14 Cost of Production: Western Europe MSW-RDF (Dry) (Western Europe, 2014) ..................  91 

4.15 Cost of Production: Rice Straw (50 % Moisture) (China, 2014) .............................................  93 

4.16 Cost of Production: EFBs (50 % Moisture) (Malaysia, 2014) .................................................  95 

4.17 Cost of Production: China MSW-RDF (Dry) (Brazil, 2014) ....................................................  96 

6.1 Key Global Granted Patents...................................................................................................  121 

6.2 Key North American Granted Patents ....................................................................................  122 

6.3 Canadian Granted Patents .....................................................................................................  123 

6.4 United States Granted Patents...............................................................................................  124 

6.5 Key South American Granted Patents ...................................................................................  127 



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

9 

A01392.0014.4005 

6.6 South American Granted Patents ..........................................................................................  127 

6.7 Key European Granted Patents .............................................................................................  128 

6.8 European Granted Patents .....................................................................................................  129 

6.9 Key Asian Granted Patents ....................................................................................................  130 

6.10 Chinese Granted Patents .......................................................................................................  130 

6.11 Japan Granted Patents ..........................................................................................................  133 

6.12 Other Asia Granted Patents ...................................................................................................  134 

6.13 Key Global Patent Applications ..............................................................................................  137 

6.14 Key North American Patent Applications ...............................................................................  139 

6.15 Mexican Patent Applications ..................................................................................................  140 

6.16 United States Patent Applications ..........................................................................................  141 

6.17 European Patent Applications ................................................................................................  146 

6.18 European Patent Applications ................................................................................................  146 

6.19 Key Asian Patent Applications ...............................................................................................  147 

6.20 Asian Patent Applications .......................................................................................................  148 

6.21 ROW Patent Applications .......................................................................................................  150 

 

  



Biorenewable Insights – Cellulosic Feedstocks  July 2014 Report Contents 

 

 www.nexantthinking.com 

Biorenewable Insights 
Cellulosic Feedstocks 

10 

A01392.0014.4005 

 

Biorenewable Insights
  

 
www.NexantThinking.com 

 
 

Biorenewable Insights builds on our well established Process 
Evaluation/Research Planning (PERP) program and relies on Nexant’s history, 
methodology, and contacts within both the biorenewable and conventional 
petrochemical industries. 

 
 

Contact Details: 
 

Steven Slome, Senior Consultant 
Phone: +1-914-609-0379, e-mail: sslome@nexant.com  
 
Marcus Nogueira Cesar, Vice President, Global Products, E&CA: Nexant Thinking 
Phone: +1-914-609-0324, e-mail: mcesar@nexant.com   
  
Heidi Junker Coleman, Global Programs Support Manager 
Phone: + 1-914-609-0381, e-mail: hcoleman@nexant.com 
 
 

Nexant, Inc. (www.nexant.com) is a leading management consultancy to the global energy, chemical, and related industries. For over 38 years, 
ChemSystems has helped clients increase business value through assistance in all aspects of business strategy, including business intelligence, project 
feasibility and implementation, operational improvement, portfolio planning, and growth through M&A activities.  Nexant has its main offices in 
San Francisco (California), White Plains (New York), and London (UK), and satellite offices worldwide. 

 

Copyright © by Nexant Inc. 2014.  All Rights Reserved. 

 

 

mailto:hcoleman@nexant.com

