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Everything You Ever Wanted to Know About
Lignocellulosic Feedstocks and Biofuels Production
(But were afraid to ask)
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msemmmwi DOE Biorefining Industry 2030 Goals

bremass pregram . o . .
Displace a significant fraction of gasoline demand

~ 60 billion gallons/year by 2030

Biomass as Feedstock for a
Bioenergy and Bioproducts Industry:
The Technical Feasibility of a
Billion-Ton Annual Supply

~1.3 Billion tons/yr
Biomass Potential
In the U.S.

Sugar Platform

Syngas Pla

i
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Including Corn Grain, an Estimated 600 — 700 Million ___Tons
of Biomass per Year is Needed for 60 B gal of ethan  ol.
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Lignocellulosic Feedstock Types

bremmass pregram

* Dry Herbaceous — Agriculture Residues/Crops
less than 15% moisture

» Wet Herbaceous - Agriculture Residues/Crops
greater than about 50% moisture

* Energy Crops — Dry, Wet, and Woody

» Woody — Forest resources and woody energy
crops

Supply systems
must be tolerant of
a diversity of
feedstock
resources and
moisture
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Biochemical Conversion
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Pretreatment _
Size Hydrolysisof Cellulose (two steps)

reduction‘ °ge::u:ase-clellob|ose
eHeat eluliase-gliucose
*Acid

Base
Enzymes

Fermentation
*Ethanol
eButanol
Acetone
*Organic acids
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Thermochemical conversion: Pyrolysis
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: ':Pyrolysis IS the chemical decomposition of organfc
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Thermal Platform Integration - Pyrolysis

* Pyrolysis Temperature
 Products
Gas
liquid
Char



) e Gasitication (the blunt instrument

approach)
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Thermochemical Platform Integration - Gasification

Gasification is a process that converts  Thegasificationprocess occurs as the char reacts
carbonaceous materials, such as with carbon dioxide and steam to produce carbon
coal, petroleum, or biomass, into carbon monoxide

monoxide and hydrogen by reacting and hydrogen, via the reaction:
the raw material at high temperatures with a

controlled amount of oxygen C _I_ HI}G Y :[-_[,_;| _|_ Cl,':l

and/or steam.



Cellulosic Ethanol Potential

Energy Efficiency and Renewable Energy

and Status
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All Costs are 2007 $

< 700 7 2001 2007 | 2012
?Q 600 (dollars per | (dollars (dollars
< i .
O Cost reductions gallon) per per
S gallon) gallon)
o 500 - to date
2 Enzymes 3.11 0.32 0.10
%3 400 - Feedstock* | 0.82 0.74 0.51
£ 300 Future goal
7 \ Conversion | 2.02 1.23 0.72
E 200 Total 5.95 2.29 1.31
@
=100
e *Feedstock is assumed to be $53
g 0 : ' T T : per dry ton in 2007 and projected at
= é' § g § § § § § g g g g $46 per dry ton in 2012.
= N d & § & ] & N N d &« N-th plant scenario

B Enzyme [JFeedstock I Conversion I

NREL Modeled Cost
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Supply System Overview
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Performance Metrics:
o Efficiency ($/hr)

Biomass Production * Equipment Capacity (ton/hr) -
 Agricultural Resources: . | o
* Forest Resources: *Biomass Qua Ity ($/ton) &
1 o
Harvest & Handling & % Biomass Conversion:
Collection =»| Storage =» Preprocessing =¥ Transportation =» Queuing atthe =»>g§ = | * Biochemical
- - (D . .
R Biorefinery ;-;. Thermochemical
 Equipment Capacity 3
« Equipment Capacity * Equipment Efficiency » Handling efficiencies o
» Compositional Impacts * Material Bulk Density « Handling compaction S
« Pretreatment Impacts * Compositional Impacts « Material Bulk Properties 3
* Pretreatment Impacts 3

» Shrinkage

» Compositional Impacts * Truck Capacity
 Pretreatment Impacts * Loading compaction
» Soluble Sugar Capture * Loading efficiencies




(&) oz o Evaluating Progress: Biomass

Feedstock Cost Target and Metrics
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_ | Grower Payment Efficiency [$/h|'] Quallty
/fton = + +
® [ [$/ton] } [Capacity [ton/hr]  [$/ton]

Therefore
$35-75/ton = $10-$50/ton +

Supply and Deman
Drives Grower
Payment and
Avallable
Resource Mix

$25/ton

Feedstock Supply System
R&D Plan Contributes:

* Engineering Designs

* Technology Developmen

L

demand Cost Target (2002%)

2012 Industry initiation/low

$25 Adjusted to 2006 Costs = $32.80
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Energy Efficiency and Renewable Energy FeedStOCk LogIStICS R&D Scope
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« Connect Feedstock Supply System to Feedstock Resources

* Improve Feedstock Supply System Logistics

 Develop a Uniform Lignocellulosic Commodity Supply System

e Connect Feedstock Supply to Uniform Format Biorefinery
Conversion Facilities

| Uniform Feedstock Supply System >|

| Logistics Efficiency Improvements
Resource Conversion










« Advanced Material

— Bin Density (10 ft Diameter Bin)
o 30.7 Ibs/ft3

— Compressibility (%)
e 18 %

— Permeability
» 0.3 ft/sec

— Springback
e 3.7%



Availability of Straw in Eastern Idaho

Paul E. Patterson, Extension Agricultural Economist
College of Agricultural and Life Sciences, Univéysof Idaho
(Report submitted to Idaho Wheat Commission)

Table 1. Eastern Idaho Net Available Straw: 5-Year Averages, 1998-02
Total Distance in Road Miles from Idaho Falls

Tons 100 Miles /5 Miles 50 Miles
Spring Barley 312,169 302,271 274,448 227,393
Spring Wheat 431,433 427,264 411,392 340,757
Winter Wheat 263,886 250,610 242,962 189,412
Total 1,007,488 980,145 928,802 757,562

In order to realize benefits of scale, DOE estimates a
lignocellulosic plant should process approximately
800,000 tons of biomass per year.

800,000 tons X 90 gallons Etoh/ton = 72,000,000 gal Etoh



10% of the estimated 1.3 billion tons of biomass is a sufficiently
large supply to establish biochemical and thermochemical
biorefining capacity in every region of the United States



Major DOE Biofuels Project Locations
Geographic, Feedstock, and Technology Diversit



Cellulosic ethanol energy return

Corn grain ethanol
energy return
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2012 — 2017 Time Frame:

« Grain Ethanol >7 billion gal. s ="

50 Cellulose

= Combined Total

» Cellulosic Ethanol 3-4 billion £«
gal. (estimated 35-45 M tonsg

2030 Time Frame:

e Grain Ethanol 13-20 billion
gal.
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b CeIIUIOSIC Eth anOI 40_50 2000 2005 2010 2015 2020 2025 2030
billion gal. (estimated 400-500 e
M t Chart representing ethanol volumes predicted from the high oil case using the
OnS) transition model for the 30x30 NREL report. Date: 09/05/06, contact — Bob

Wooley, National Renewable Energy Laboratory






DMT Available (2003)

800,000
largest tonnage (51.7)

700,000 -

600,000
mass weighted mean (55.3)

500,000 -

400,000 -

300,000 -

200,000 -

100,000 -

ZAK (63.2)
0

51 53 55 57 59 61 63 65

Total Structural Sugars (% wt/wt)

1

MESP ($) 1.33 1.29 1.25 1.21 1.18 1.15 1.12 1.09
Price ($) 18.11 20.36 22.60 2485 27.09 29.33 31.58 33.82

*Mean and variance marginally useful
*Quality factor considerations when choosing biarefy locations
sImpact of biomass quality on grower economics
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Key Factors Affecting Cost:
« Storage — lost sugar yield, composition, pretreatment severity
* Preprocessing — moisture, bulk density/rheological properties

targets, composition

» Harvest/Collection — machine efficiency/capacity, composition
e Transport/Handling — moisture, bulk density, rheological

properties



$12.00
$11.00 +
$10.00
$9.00 +
$8.00
$7.00 +
$6.00 +
$5.00
$4.00 +
$3.00 +

Transportation Cost Impact ($ per dry ton)

$2.00 +
$1.00 +

$0.00 it
0%  10% 20% 30% 40% 50% 60%  70%  80%

Initial moisture removal (above 25%) requires less
energy and time than lower moisture content
removal (below 25%)

Biomass Moisture (wt%)
Transportation Cost Sensitivity to Moisture Content
INL Technical Report, In preparation



-Rotting at A,, 0.7
suggests moisture limits
for dry storage:

Corn Stover: ~ 15%
Switchgrass: ~ 12%
Wheat Straw: ~ 16%

-Opportunity for enzymes

70
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Microbial Activity:

(Beuchat, 1981)

Enzymes only
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Suggested Storage:

Aerobically Stable Storage




