


Introduction

The stars aligned well in 2006 for biofuels. Politically, biofuels took center stage with
President Bush’s “America is addicted to oil” comment in the State of the Union Address.
Financially, Wall Street took notice along with investors like Bill Gates and Richard
Branson. Economically, high oil prices led to unprecedented profitability in the ethanol
sector. Public sentiment for biofuels was strong and few business stories were more
popular in Midwest newspapers. The Des Moines Register proclaimed Biofuels as the
top business story in 2006. By virtually all measures, biofuel was the darling of 2006.

Figure 1.1: Number of Biofuel Mentions in the Des Moines Register in 2006
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Context began the research for this project in July 2006. There is no shortage of
reference material on this topic. Given its popularity and the enormous amount of public
and private resources being applied to understand it, the challenge becomes “where do |
start?” Herein lies the value of this report. Context has taken an analytical, but practical,
approach to understanding this industry. Context does not “make a living” in the biofuels
industry. We are not ‘insiders’ and have nothing to gain or lose by our views and
forecasts for the future. They are based on our objective analysis of the industry.

This report is over 400 pages. In our effort to be comprehensive, we recognize that
we’ve probably provided information and data that may not be relevant to every reader.
It has been our aim to provide summaries, conclusions, and forecasts where
appropriate. The following list shows where summaries, conclusions, and projections
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can be found within the report. As well, the Executive Summary provides many of these
conclusions.

Summary, Conclusion, Projection Page
Primeron Crude Oil . . ..................... 32
Transportation fuels market structure . . ... .... 37
North American energyusage . . ............. 45
North American transportation fuel potential . . . . 47
Supply situation forcrude oil . . .............. 79
Demandforecasts . ....................... 97
Transportation fuels critical issues . . .......... 98
Biofuel marketsegments .................. 109
Biofuel market structure . .. ................. 120
Biofuel market drivers and constraints ........ 123
Ethanol summary (in the overview section) . . . .. 136
Biodiesel summary (in the overview section) . . . . 142
Ethanol market drivers and constraints . . . .. . .. 196
Cornethanolsummary .................... 202
Corn and sugarcane ethanol summary . ....... 218
Future feedstock ethanol summary ........... 263
Ethanolforecasts . . . ...................... 269
Composite ethanol forecast . ............... 281
Biofuel market drivers and constraints . . . ... .. 305
Soybean and canola biodiesel summary ....... 317
Future feedstock biodiesel summary . ......... 323
Composite biodiesel forecast . .. ............. 337
Competing technologies summary ... ......... 396
Expert Workshop summary points. . .......... 409

The content of the report begins with Chapter 2, a very thorough and interesting analysis
of the transportation fuels market. This is where biofuels will succeed or fail. As in
previous reports, we start by understanding and analyzing the competitive space. For
biofuels, this is the transportation fuels industry. Therefore, we have gone to great
lengths to provide the reader with a solid grounding in this industry. In addition to
significant data, information, and analysis, we have provided very succinct, precise
conclusions. Within this section, we actually refer to these conclusions as “tipping
points”. Tipping points are events that cause a marked change in a market. We felt this
was an appropriate way to summarize this chapter, given the role that biofuels will be
playing in the transportation fuels industry.

Before going into an in-depth discussion of ethanol or biodiesel, we have provided a

perspective on the industry from a macro and global level in Chapter 3. We refer to this
as an overview, but, within its 45 pages, we go into some detail around market structure,
key players, history of the industry, and, importantly, key market drivers and constraints.

Chapter 4 is the detailed analysis of the ethanol industry. The chapter is organized in
three sections. The first section introduces the chapter and compares ethanol to
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gasoline in terms of product differences and market acceptance. The next three
sections discuss corn ethanol, sugarcane ethanol, and future feedstocks, respectively.
In these sections, we provide significant detail from a technical, economic, and
infrastructural perspective. Summaries, comparisons, and projections provided at the
end of these sections enable the reader to quickly ‘get to the point’.

Chapter 5 is similar to chapter 4 in terms of structure. Here, we discuss biodiesel.
Sections in this chapter go into detail on biodiesel from soybeans, rapeseed, other fats
and oils, and future feedstocks. Again, summaries, comparisons, and projections are
provided at the end of these sections.

As in any emerging industry, there are several key firms who appear to be generating
much of the interest. We have profiled 27 of these firms in Chapter 6. Included in this
discussion are the recent strategic alliances or partnerships that have occurred.
Through this research and analysis, several major trends and characteristics emerge.
The first trend is to gain size as rapidly as possible in advance of what many see as
inevitable consolidation in the biofuels industry. The second is to integrate key strategic
activities, such as grain origination or ethanol marketing, into the competencies of the
organization, generally through partnering arrangements. The third is to trend toward
utilizing private capital from partner companies or the equity markets to expand
operations.

While the scope of this project was biofuels, we felt that it would be somewhat
incomplete if we didn’t address other alternative energy sources. Chapter 7 provides a
discussion on propane and natural gas, methanol, butanol, and synthetic fuels (GTL,
CTL, and BTL). In the summary and conclusions, we provide an assessment of how
successful these technologies will be and what that may mean for biofuels.

In December 2006, Context hosted a biofuels workshop attended by several industry
participants who live and breathe the biofuels industry day-to-day. Chapter 8 is a
synopsis of this meeting.

And, we conclude the report with Chapter 9, where we address what we feel are some of
the most important questions about the future of the industry.

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network | Page 23



Table of Contents

EXeCUtive SUMMANY ... s s s s s snnssnnssnnnen 1
INErOAUCTION ... —————— 21
The Transportation Fuels Market — A Macro Perspective.........cccccceevieeiiievieeeinenneen, 24
A (Very) Brief Primer on Crude Oil ...........ooiiiiiiii et 28
Market Structure & DIMENSIONS.........eiiiiiiiiie e e e e e e s eeee e e e snneee s 33
The Supply Side (Crude Oil & FUEIS) ...veviiieiiiieee e 72
The DemMaNd SidE........eiiiiiiiiie ettt e e et e e e e e e enee e e e ennes 92
Summary of Critical Issues and Possible Tipping Points ..........cccooviiiiiiiiiciieeee e, 98
Biofuels INdUStry OVervieW......... e 101
=30 1= L3 = 11 01 o S 101
Market STIUCIUIE ...ttt e e e e e e e e e e e e e e e e e ennneeee 102
Market Drivers and CONSTraintS .........ooo i 123
Current Status — United States Biofuels INdustry ..., 136
Biofuels Development in Canada and MEXICO...........c.c.ueeeeiiiiiiiiiiiiiiee e, 143
Ethanol ... e 147
Ethanol’s Performance Compared to Gasoline...........cccoeeeeiiiiiiiiiiiiie e 148
Market Acceptance 10 Date ...........ooiiiiiiiiie e 150
Government ROAAMEAD ... ..eiiiiiiiiie ittt e e e e e e e anees 152
Current North American FEEASOCKS ........oiiiiiiiiiiiee e 154
70 1 o PSRRI 156
STV Lo F= (o= o1 T PP P PP 204
Comparison of Current Feedstock Technologies ..o 214
FULUrE FEEASIOCKS ...t e e e e e e e e e 222
Ethanol Market Potential — U.S. .........ooiiiii e 265
Ethanol FOrEeCasts.........oooiiii e e e e e e 269
BIOI@SEI ... s 282
Biodiesel's Performance Compared to NO. 2 Di€S€l ..........ccooveiiriiiiiiiiiiiiiieeeee e, 283
Market Acceptance 10 Date ...........eoiiiiiiiiiie e 285
Government ROGAMEAD .......uiiiiiiiiie ittt e e et e e e e e e 286
L1014y o1 =Yoo £ o Ted (R 286
Soybeans & SOoybean Oll..........ocuuiiiiiii 288
Rapeseed & Rapeseed Ol ...... ... 309
Comparison of Current Feedstock Technologies ..o 314
FULUIE FEEASIOCKS ... e e e e e e 320
Biodiesel Market Potential — U.S. ..o e 324
BIiodIeSEl FOrECASTS ......eeiiiiiiiiie et e e e e e 329
Key Players and Strategic Partnerships...........cccoovvmmmmiinicicsisnns e 338
Competing TechNOlOgies ... 365
Propane and Natural Gas...........coooiieiiiiiiii e e 366
Other Alcohols (Methanol and Butanol) ..o 371
Synthetic Fuels (GTL, CTL @nd BTL) ..cccoiiiiiiiiiiiie e 376
L 1Yo (e o = o PP PRSPPI 396
Summary and CONCIUSIONS..........iiiiiiiiie i e 396
Biofuels Expert WOorkShop SYNOPSIS ....cuuueeeummemmmmmnnnnnnnnnnnnnnnnsnsssnssssnsssssssnsssnsssssssnnnes 399
Summary & CONCIUSIONS.......ccccumeerrii i 411

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network | Page i



Table of Contents: Figures and Tables

Chapter 1: Introduction
Figure:

1.1

Number of Biofuel Mentions in the Des Moines Register in 2006 .................

Chapter 2: The Transportation Fuels Market — A Macro Perspective
Figure:

2.1

2.2

23

24

2.5

2.6

2.7

2.8

29

2.10
2.1
212
213
214
215
2.16
217
2.18
219
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.31
2.32
2.33

Table:
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

Costs to Produce a Gallon of Gasoline, June 2006 .................oeeeeeieeeeeeeennn.
Movement of Crude Oil and Gasoline Prices Over Time...........ccccccvvvveeennnn..
Physical Arrangement of a Typical Hydrocarbon Atom - Methane................
The Petroleum Industry from Production through Consumption ..................
Diagram of the Transportation Fuels INndustry .............cccoieeiieiiiiiiiiieeeen
Energy Consumption by Region of the World (in Quads) - 2004 ..................
Effect of Analysis Assumptions on Total Potential Market Size ....................
US Transportation Fuels Use — 1995 10 2005 ............cvvviiviiiiiiiiiiiiiiiiiiiiinnnnns
US Transportation Fuel Sales (in million $’s), 1994-2004 .............ccceeveennenne
Number of US Refineries, 1994 = 2004 ........ooonoe oo
Costs to Produce a Gallon of No. 2 Diesel, 2006............ccooevveeeiieiiieeeeiineees
Different Fuel Use Locations - 2002.............uuueiiieeeiiiiiiieiieeee e
Effect of Consolidation in the Oil Industry from 1997 to 2002 .......................
Spot (refinery gate), rack, wholesale and retail prices for gasoline...............
Modeled Price of Crude Oil .......cccooeiieieieeee e
Decline of US Refinery Reserve Capacity.........ccoooeeiieiiiiiiiiiiiiiieei e,
Net and Gross Profit Margin in % of FRS Companies..............ccccceeeeeeeeeennn.
US Refiner Profits in $'s Per Barrel Produced...............cccoeovviveeiieeeciieeciee
Refining Industry Return on Investment, 1997 10 2004 ............cccvvvvvvvvvininnnns
Difference - FRS and S&P Industrials Return on Stockholders Equity..........
US Dependence on Imported Crude Oil and Petroleum Products.................
US Crude Oil Input QUANEIES .....eeeveeeeeiiiiiiieieee e
Historical and Forecasted World Oil Surplus Production Capacity ...............
Crude Oil Price versus % Spare OPEC Production Capacity .......................
US Gasoline Production and Imports (1000 barrels/day)...........ccccccceeerennnnnes
World Refinery Capacity Utilization, 1980 - 2005...............cccoo,
US Refinery Capacity Utilization, 1991 - 2005 ..........cccoiiiiieieiiiiiiieeeeeeeee
Oil Production at Prudhoe Bay and Surrounding Fields, 1968 - 2005...........
Oil Production from the North Sea.............c.ccoo i
EIA Peak Oil FOreCasts ......cuuuiiiiiiiieiiiieee et
Availability of Conventional and Unconventional Oil ..............covvviviiiiieennennn.e.
Growth in World Consumption of Light and Middle Distillates, 1980 - 2005..
EIA Projected Crude Oil Prices - Annual Energy Outlooks (2005 and 2006)

Types of Transportation Fuels Currently inUse...........ccoooeiiiiiiiiieneee,
Types of Fuels and Their USes ...
Percent of Total World Transportation Fuels Use by Individual Fuel (2003).
Typical Hydrocarbons in Crude Oil..........cooooiiiiiiiiiiiiieeee e
Comparison of the Composition of Various Crude Qils...............cccoovvniinnnn.n.
Elements in Crude Oil ..........uuiiiiiiiiiiiiiiiiiiiiiiii e
Spot Prices of Various Crude Oil (August, 2006) ...........ccccvmmireeeeeeiiniiiiinee.
Percentage of Refined Products Produced From a “Typical” Barrel of Oil.....

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network |

Page i

26
27
28
34
36
44
47
48
49
49
54
59
63
67
67
68
69
70
70
71
75
76
77
77
81
83
83
88
88
90
91
93
95

24
25
25
29
30
31
31
32



Table of Contents: Figures and Tables

2.9

210
2.1
212
213
214
2.15
2.16
217
2.18
219
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30
2.31
2.32
2.33
2.34
2.35
2.36
2.37

2.38
2.39
2.40
2.41
242
2.43
2.44
2.45

Downstream Sector Market Participants and theirroles ....................oooo. 35
World Energy Consumption (in quadrillion BTU’s) by fuel and sector........... 44
North American Energy Use by Type of Fuel ..., 45
Uses of Refined Products - US .........ooiiiiiiiieiiieiiiieiieveeeveeeeeeenee 46
Summary Measures of the Oil Refining Industry Size by Country (2003) ..... 46
Different Types of Gasoline Marketed in the US - 2003.............cccciiiiieennenn. 51
Summer Gasoline Types and their Volumes............ccceeeiiei, 51
Fuels Market by Regions of the World — 2003 .............oovvvviiiiiiiiiiiiiiiiiiiniinnns 55
Top 20 States Consuming Gasoline in the US -2003..................c, 55
US Gasoline Usage by PADD Region - 2003.........ccooiiiiiiiiiiieeeeiiiiiieeeeeeenn 56
US Gasoline Usage by Redefined Region - 2003 .............vvvveivviivivivivininnnnnnn, 56
Top 20 States Consuming No. 2 Diesel inthe US -2003 ...............ccoeveeeeen. 57
US No 2 Diesel Usage by PADD Region - 2003 ........cccoeeiiiiiiiiiiiiiieeieeeeeeenn, 57
US No 2 Diesel Usage by Redefine Region - 2003..............oevvviivviiiiiiiinnnnnnns 58
Summary of Gasoline and No 2 Diesel Product Segments by Country - 2003 59
US Gasoline Product Segment by Grade and Formulation - 2003................ 59
US Diesel Fuel Product Segments - 2003.............cevvviiiieiiiieiiiniiiiiiriiiiinnnnnnn, 60
US Consumption of Alternative Fuels - 2003 ...........ccccceeeeiiiiiiiiiiiiee e, 60
Fuel Consumption by Vehicle/Use in Million Gallons - 2003...............c..evveee. 61
Number of US Refineries — 1990 10 2004........cccooiiieeiiiiiiee e, 62
Largest QOil Refining Companies in the US (as of Jan 1, 2006)..................... 64
Refining Capacity by Type of Refiner - 2006.............ccccviiiiiieeiiiiiiiiiieeeeen 65
OPEC and non- OPEC Oil Production, 1994 - 2005 ........ccoeieeiiieeeeeeeeeenn . 72
Largest Crude OIL Producers - 2004 ............ooeiiiiiieiiiiiiiieeeeee e 73
Production Trend of Largest Crude Oil Producers .........ccccocoeeeeeiiieeiiinneennnnn. 73
Top Qil-Producing States in the US, 2005 ..........ccooeviiiiiiie 75
Largest Exporters of Crude Oil and Petroleum Products to the US .............. 75
Motor Gasoline Production by Country in 1000 Barrels Per Day - 2003 ....... 80
Gross Imports of Finished Motor Gasoline and Gasoline Blending ..............

Components by County, 2005............oueiiiiiiiiiiiee e 81
Distillate Production by Country in 1000 Barrels Per Day - 2003.................. 82
World Refinery Capacity Changes in 1000 Barrels Per Day, 2005 - 2010.... 84
New Oil Supply Projects, 2006 ........ccccooiiiiiieiiiei e, 85
New Oil Supply Projects, 2006 - 2010..........uuueiiiiieeiiiiiiiieeee e 86
Projections of the Peaking World Oil Production..........ccccooeeviiiiiiiin. 89
World Apparent Consumption of Gasoline and Distillate ..............c............... 92
Average Growth in Light and Middle Distillates by Region, 1980 - 2005....... 93
Long-term Forecasts for the Demand for Oil ..., 94

Chapter 3: Biofuels Industry Overview
Figure:

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8

Structure of a Sugar and a Fatty Acid Molecules ..., 101
World Biofuels Production, 1975 = 2005.......coo oo 115
US and Canadian Fuel Ethanol Production, 1980 - 2005 ............ccccvvvvvvennnes 116
US Biodiesel Production, 1999 = 2005 ......coouieieeeeee et 116
Biofuels Share of the World Transportation Fuels Market - 1975 to 2005 .... 118
Summer US Gasoline Demand versus the Spot Price of Crude Qil.............. 126
US Monthly Ethanol Production............ccuuueiiiiiiiiiiiiieeecce e 139
Consumption of US Corn for Ethanol Production..............cccccoeeei. 140

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network | Page iii



Table of Contents: Figures and Tables

3.9
3.10

Table:
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
3.1
3.12
3.13
3.14
3.15
3.16
3.17
3.18
3.19

Ethanol Terminal Price, April 2005 to September 2006 ...............cccvvvvvvvvnnnnes 142
Canadian Ethanol Production, 1996 - 2004 ...........cccooeeviiiiiiieeeeeeeeeeeeee e, 144
Grades/Blends of Ethanol and Biodiesel Available ................cccccccoiiiiinnneen. 102
Difference in the Types of Biofuels Consumed by Region - 2005................. 103
Differences in Fuel Ethanol by Region .........cccooooiiiiiiiiiiii, 104
Ethanol & Biodiesel Industry Concentration by Country, 2005...................... 105
Export Destinations for Brazilian Ethanol - 2005............ccccccvvviiiviivviviiinninnn, 106
US Imports of Fuel Ethanol - 2005 ..............ouiiiiiiiiiiiiiiiiiiiiieeeeeees 106
Industry Concentration in the US and Brazilian Ethanol Industries............... 108
Industry Concentration in the German and French Biodiesel Industries ....... 108
Industry Concentration in the US Biodiesel Industry - 2006.......................... 109
Major US Ethanol Marketers ............coo i 110
World’s Largest Producers of Ethanol and Biodiesel - 2005........................ 115
Number of US Ethanol Plants — Existing and Under Construction................ 117
Summary of International Biofuels Goals .............cccoeee 123
State Biofuel Incentives and Mandates .............ccccoeee 130
Ethanol Industry StatiStiCs ...........uuviiiiiiiiiii s 138
Ethanol Production Capacity by State..........cccccoiiiiis 139
Ethanol Blended Fuels Consumption by State - 2005............cccccvvvviiivivnnnnnn. 141
Canadian Ethanol Plants as of September, 2006 ..............ccooeeeeiiieeiieeieeeenn. 145
Canadian Biodiesel Plants as of September, 2006 ...........ccccceeeeeiieiiiinnnennnnn. 145

Chapter 4: Ethanol

Figure:

4.1 Effect of Fuel Energy Content on Average Fleet Fuel Economy................... 148
4.2 Ethanol Price Versus Gasoline — January to October 2006 .................cccu.ee. 150
4.3 Progression to the Integrated Industrial Biorefinery .........cccccceeieeiiiiiiiiieeennnn. 153
4.4 US Corn Production — 1985 10 2006 ............uuvvuviiieimiiriiieiiiriieeneeiennneeneennnennne. 157
4.5 Corn Kernel Physiology ... 159
4.6 Composition of Components of Corn Kernel...........cccooeeeeee, 160
4.7 Starch Polysaccharides.........ccooooieeiiiiii 161
4.8 US Corn Yield 1975 — 2006........cooeieiiiiciiiiiieee et e e e 162
4.9 Main Steps in the Dry Grind ProCeSSES......cccceeiiiiiieiiieiiiee e, 168
4,10 WEl Mill PrOCESS...uuuviiiiiiiiiiiiiiiiiiiiiiiiiiai e e e 179
o I B [ 0 To [0 1S £ g VS T4 WP 191
412 INAUSTTY GrOWEN . 192
4.13 U.S. Ethanol Biorefinery LOCations...............uviiviiiiiiiiiiiiiiiiiiiiieiiieieinienineennnnn, 192
414 Average Plant SiZe .........oooiiiiiii s 193
415  Corn ULIIZation ... 193
g L T = {aF= T gL Iy o 194
4.17 Corn Production and Use — 2000 t0 2007. .......cceeeeeeiiiiiiiiiiieeeeeeeeeiieeeeeeaenn 200
4.18 Additional Acres of Corn That Come Available by Changing Crop Rotations 201
L IS 1 U (o =T g 0= o L= SRR 201
4.20 U.S. Sugar Cane Production — 1991/1992 to 2004/2005 ...........ccccvvvereeenennn. 205
4.21 Components of a Sugar Cane Plant..............cccevvviiiiiiiiiiiiiiiiieiaeeas 206
4.22  Simplified Primary Cell Wall .............oooiiiiii e 223

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network | Page iv



Table of Contents: Figures and Tables

4.23
4.24
4.25
4.26
4.27
4.28
4.29
4.30
4.31
4.32
4.33
4.34
4.35
4.36
4.37
4.38
4.39
4.40
4.41
4.42

Table:
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
412
4.13
4.14
415
4.16
417
4.18

4.19
4.20
4.21
4.22
4.23
4.24
4.25
4.26

Simplified Process Flow Diagram for a Cellulosic Ethanol Plant................... 226
Bagasse in a Sugarcane Field ...........ccccooiiiiiiiiiiii e 230
SWItChGrass ....cooooiiei e 232
Miscanthus X Giganthus .........cc.uuuiiiiiiiii e 234
2004 Consumption of Biomass inthe U.S................ccccc, 237
Potential Biomass Resources — 2030 t0 2050 .......ccccooviiiiiiiiiiiiiiieieeeeeeee, 239
Future Biorefinery PrOCESS ........uuvvviiiiiiiiiiiiiiiiiiiiiitiiiiiaiire s aeaneeaeeeaeeaaenanaaanes 240
Cellulase 3D MOAEI ......coooeeeece e 247
Schematic of @ CellulOSOME.............uviiiiiiieeie e 248
Gross Heating Value of Most Common Future Feedstocks .......................... 260
Improvement in U.S. corn yield: 1975 - 2005. .........ccccovvvvvevviieiiiiiiiiiiiniinninanns 266
EIA Forecast of Ethanol Production — 2006 t0 2015 ..........ovvvvvviiiiiiiiiiiiiiinnns 270
Consultant’s Forecasts of Ethanol Production — 2006 to 2015 ..................... 272
ACE Forecast of Ethanol Production — 2006 to 2015.............cevvvvveiivvininnnnnns 273
Grain Processor’s Forecasts of Ethanol Production — 2006 to 2015............. 274
Other Biofuels, Bioenergy Experts Forecast Ethanol Production 2006-2015 275
Comparison of Ethanol Production in 2006 from Various Forecasts............. 277
Comparison of Ethanol Production in 2012 from Various Forecasts............. 278
Comparison of Ethanol Production in 2015 & 2016 from Various Forecasts 278
Forecasts of Cellulose and Grain Based Ethanol Production by Khosla....... 279
U.S. Ethanol Production Capacity by Feedstock - 2006................ccvvvvvvvnnnnes 155
U.S. Corn Production StatiStiCs ............uueeeiiiiiiiiiiiiiii e 158
Composition of Components of Corn Kernel............ccccooeeeee . 160
Ethanol Targeted Seed Marketing Programs. ............ccceeveiiiiiiiiiiiii s 163
Mavera™ Kernel CompoSItioN........ccooiiiiiiiiiiiiii e, 166
Products from Dry Grind and Wet Mill Ethanol Plants.............ccccccoiiiienn. 167
Products of Quik-Germ, Quik-Fiber and Enzymatic Milling Fractionations.... 176
Operating Costs for a 50 MGY Dry Mill Ethanol Plant.............cccccccoiiiiinnen. 182
Example Income Statement for a 50 MGY Dry Mill Ethanol Plant................. 182
Dry Mill Fuel Ethanol Production Estimated Cost Worksheet........................ 183
Effect of Change in Corn Price on the Gross Margin per Gallon of Ethanol.. 184

Effect of Change in Ethanol Price on the Profitability per Gallon of Ethanol. 184

Corn Ethanol Plant Break-Even Analysis ..........ccccccceii 185
Corn Ethanol Plant Break-Even Analysis (Fully loaded) ..........ccccccoonininnnnne. 186
Main Sugar Cane Producing Countries - 2004............cccceeeeeeeeiiiiiiiiiieeeeeenn 205
Estimated Capital Costs for Alternative Feedstocks .............cccvviiieeiiiniinins 211
Comparison of Ethanol Production Costs — Corn and Sugar ........................ 213
Comparison of Annual Production and Yield for Corn, Wheat, Grain

Sorghum and Barl@y...........oooiiiiiiiiie e 215
Ethanol Conversion Factors for Grain and Sugar Feedstocks ...................... 216
Yield of Ethanol for the Most Common Feedstocks ...........cccceeeeviiiiiiniiinnee. 216
Comparison of Feedstock Costs per Gallon for Other Feedstocks ............... 217
Comparison of Ethanol Production Costs — Corn and Sugar........................ 218
A Comparison of Corn and Cellulose Based Ethanol..............cccccvviviiiininnnes 223
Improvements in Cellulose Enzyme Performance..........ccccccooviiiiiieeeneinnnnnes 225
Potential BIomMass RESOUICES ........uiiieaee e 238
Comparison of Typical Feedstock Composition ............cccoeeeeeeiiiiin, 241

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network | Page v



Table of Contents: Figures and Tables

4.27
4.28
4.29
4.30
4.31
4.32
4.33
4.34
4.35
4.36
4.37
4.38
4.39
4.40

Effect of Physiochemical Pretreatments on Lignocellulosic Biomass ........... 242
Reaction Parameters-Physiochemical Lignocellulosic Pretreatments........... 245
Biomass Production Plants, NOV 2006 ..........cccovieiieiiieee e 252
Broin Patent Portfolio (in-house and licensed in) .........ccceevvieiiiiiiiiiiiieenneen, 254
logen Key Cellulosic Ethanol Patents ...............ceuvvviiiiiiiiiiiiiieiiiiiiiiiviievvivnnnnns 255
Patent Portfolio of Lee R. Lind, Licensed to Mascoma, InC............ccccceeennnnn. 258
NREL Biomass TeChNOIOQI€S........cccvveiiiiiiiii e 259
Comparison of Typical Feedstock Composition ...........cccoeeevveeiiiiee, 261
Comparison of Future Feedstock Yield per Acre, Cost and Ethanol Yield.... 262
NCGA 2015 Projected Ethanol Production Potential & Assumptions............ 267
Estimates of Grain-Based Ethanol Market Potential ................ccccccveeeerini. 269
Summary of the Types Of Ethanol Forecasts Publicly Available................... 269
Summary of Key Production Volumes from Ethanol Forecasts..................... 276
Comparison of Forecast Growth Rates and Inflection Points........................ 280

Chapter 5: Biodiesel

Figure:

5.1 Soybean Plants and Seed............cccuuuiiiiiiiiiii 288
5.2 Uses of U.S. Soybean Harvest...........cccuvviiiiiiiiiiiii e 291
5.3 U.S. Production of Soybean Oil — 1980 to 2005.............cevvvevveiviiiiieiiiiinnnennns 292
5.4 Transesterification Reaction for Biodiesel (Fatty Esters) Production ............ 294
5.5 Biodiesel Production ProCeSS.........uuuuuuuiieiii s 295
5.6 Biodiesel Plant Capital Cost in $’s per Gallon of Capacity ............ccc.occ........ 299
5.7 (230 Yo [T=XT=T I o o Yo 11 o 1o o 1 301
5.8 Biodiesel Production Capacity.............uuuuuuiiiiiiiiicecc e 302
5.9 Biodiesel INdustry Growth ............oeeiiiiiiiii e 302
5.10 Location of Biodiesel Plants ...........ccooiiiiiiiiiiieeeeciieeee e 303
511 Biodiesel Plant Size.............oooiiiiiiiii e 304
5.12 Biodiesel & NO. 2 DieSel PriCeS......cccoviiiuiiiiiiiee e 304
5.13 No.2 Diesel Prices by Month — January 2006 to January 2007..................... 307
5.14 Rapeseed Plants and Seed.............ccccoiiiiiieeeeeeeeeee, 309
5.15 U.S. Rapeseed Production — 1993 t0 2005.............cooovvviiiiiiiieieieeeeeeeeeeee 310
5.16 Soybean Oil Prices vs. Canola Oil Prices — 95/96 to 05/06........................... 316
5.17 Yield of Qil Per Acre for Various Plants................ccccccccieeee 321
5.18 EIA Projections of U.S. Biodiesel Production...................ccccccc, 327
5.19 Summary of the Types of Biodiesel Forecasts Publicly Available................. 330
5.20 Consultant’s Forecasts of Biodiesel Production — 2006 to 2015.................... 331
5.21  ASA Forecast of Biodiesel Production — 2006, 2008, and 2015 ................... 332
5.22 Biofuels and Soybeans Experts Forecasts of Ethanol Production ................ 333
5.23 Potential Biodiesel Growth Trajectories ...........ccccouiiiiiiiiiiiiiiiiieeeeeeen 334
5.24 LECG Forecast of Biodiesel Production Using SBO and Yellow Grease...... 336
5.25 EIA Forecast of Biodiesel Production Using SBO and Yellow Grease.......... 336
Table:

5.1 Comparison of Fuel Properties and Cost of No. 2 Diesel and Biodiesel........ 283
5.2 Biodiesel Effect on Vehicle EMISSIONS ..........iiiiiiiiiiiieee e 284
5.3 U.S. Biodiesel Production Capacity by Feedstock — 2006 ................ccvvvvenees 287
54 U.S. Soybean Production Statistics..............ceiiiiiiiiiiiiicieeeeeee e 290

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network | Page vi



Table of Contents: Figures and Tables

5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
5.20

Breakdown of Biodiesel Production COStS .........cccccovviiiiiiiiiie e, 297
Sensitivity of Biodiesel Production Costs to Changes in Feedstock Costs ... 298
Breakdown of Capital Costs for a 15 Million Gallon Biodiesel Plant ............. 299
USES OF GIYCEION ... 300
Top Soybean Production States...............ccccciie 303
U.S. Canola Production StatistiCs .............uueviiiiiiiiiiiiiiiiiiiiiieeees 311
Supply and Disappearance of Canola Qil in the U.S. — 1992 to 2006........... 312
Fatty Acid Composition of Soybean Qil vs. Rapeseed Oil..............cccvvvvvenee. 314
Fuel Properties of No. 2 Diesel, Soy Methyl Ester & Rapeseed Methyl Ester 315
Comparison of Current North America Biodiesel Feedstocks....................... 316
U.S. Production and Consumption of Soybeans — 2005 / 2006 .................... 325
U.S. Production and Consumption of Canola — 2005/ 2006......................... 326
Summary of Supply Constrained Market Potential........................................ 326
Estimates of Biodiesel Market Potential ..., 328
Summary of the Types of Biodiesel Forecasts Publicly Available.................. 329
Summary of Key Production Volumes from Biodiesel Forecasts ................. 333

Chapter 6: Key Players and Strategic Alliances

Chapter 7: Competing Technologies
Figure:

7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8

Table:
7.1
7.2
7.3
7.4
7.5
7.6
7.7
7.8
7.9
7.10

Propane Consumption in Vehicles — 199510 2004 ........ccccooveeiiiiiiieiieieeeenn, 368
CNG and LNG Consumption in Vehicles — 1995 t0 2004..............ccceeeeeennnnn. 371
Chemical and Physical Properties of AICONOIS ...........coooiiiiiiiiiiiiiiiiiiiee, 372
M100 and M85 Consumption in Vehicles — 1995 t0 2004 ..........cccceeeeeeeennnnn. 374
Basic Process for Converting Hydrocarbon to Liquid Fuels.......................... 377
Integrated Gasification and Combined Cycle ...........cccvvvvvviiiiiiiiiiiiiiiiiiiininnns 378
BasiC PYrolyiS PrOCESS ......cooiiiiiiiiiieie e 380
Choren Carbo-V BTL ProCess..........uuuuiiiieeeiiiiiiiiiiieeee e a e 393
Competing, Alternative Fuels by Category and Application ......................... 365
Propane Properties Compared to Gasoline........ccccooiiiiiiiiiiiiieiei e, 367
New Vehicles Equipped for Propane Use - 2005 .........cccooeeiiiiiiiiiiiciicieeeeenn, 367
CNG and LNG Properties Compared to Gasoline............cccoeeeeeeieeeieeeeeenn. 369
New Vehicles Equipped for CNG and LNG Use - 2005 .........ccccoeviiiiiieeeennnn. 370
Methanol Properties Compared to Gasoline ..........ccoooeviiiiiiiiiiiiie e, 373
Butanol Properties Compared to Gasoline.........cccccoviiiiiiiiiiiiiiiiiii e, 375
Cost Estimates to Produce F-T Liquids from Natural Gas...................ceeo.... 382
Leading GTL Technology COMPAaNI€S.......ccccceeiieeiiiiiiieeiie e, 383
Relative Comparison of Direct and Indirect Coal Liquefaction...................... 388

Chapter 8: Biofuels Expert Workshop Synopsis

Table:
8.1
8.2

Game Changers and Wild Cards. ... 407
Panel EStMates ... 408

Chapter 9: Summary and Conclusions

The Future of the North American Biofuels Industry | A Multi-Client Study by The Context Network | Page vii



Order Form

The Future of the North American Biofuels Industry can be purchased for $37,900. To
subscribe, please read and agree to the following statement:

“To protect our investment in this report, and that of other subscribers, we agree to
maintain confidentiality of the study results within our company. We may make this
report available to any subsidiary company in which we hold more than 50%
interest, or to a parent company that holds more than 50% interest in our firm. We
understand that we may use or disclose any information in this report that is public
knowledge, or that was in our possession before receipt of the study, or that comes
to us from third parties independently of this report.”

Acknowledgement of Acceptance

The completion of the information below confirms that | want to subscribe to The Future of
the North American Biofuels Industry report by The Context Network, and agree to be
invoiced for one-half of the purchase price upon receipt of this signed order form, with the
remainder due upon shipment of the final study.

Name:

Title/Position:

Company:

Street Address:

Mailing Address:

City: State: Zip:

Telephone: Fax:

Email Address:

Signature:

Mail, fax, or scan and email this signed order form/agreement to:

Alex Fink

The Context Network

1501 42nd Street, Suite 472
West Des Moines, |IA 50266
P: 515.225.2204

F: 515.225.0039
alex.fink@contextnet.com

Order Form |The Future of the North American Biofuels Industry | www.contextnet.com



