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Ligno-cellulosic Feedstocks Conversion
State of the Technology
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First Generation Biofuels - Feedstocks
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First Generation Biofuels - Production
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General Comment

« Oil prices increase 700% in
ten years.

« Exxon records $40 billion

ELOD.

and countless lives
protecting Middle Eastern
oil fields.

« Corn prices increase 200%
in 100 years.

« America can stop paying
farmars ngt togaym.

. AnBaAin from
farms to cities will be
reversed.
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Second Generation Biofuels Technologies
Biomass Process Matrix
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Second Generation - Sugar Platform
Chemistry and Process Basics

Second Generation Biofuel Technologies
Research & Development Areas

« Sugar Platform

— Chemical

— Chemical / Biochemical
« Thermochemical

— Metallic Catalyst

— Biocatalyst
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Carbohydrate Chemistry

Simple Sugars
— Monosaccharides (reducing sugars)
+ Xylose, Glucose / Dextrose
« Fructose
— Disaccharides
+ Sucrose, Maltose
«  Complex Sugars
— Polysaccharides
« Starch, Cellulose, Hemi-cellulose, Beta-glucan, Arabinoxylan
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General Carbohydrate Classes

« Simple sugars
— Building blocks
— Quick access energy
+ Starches
— Energy storage
+ Cellulose, Hemicellulose
— Structural
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Starch Structure

Amylose
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Simple Sugars

Glucose
C-6

advancebio
W Fuel b Chemical Technologies

Starch - Cellulose Comparison

Amylose

" = Cellulose
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Glucan Structure
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Arabinoxylan Structure
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Constituents of Biomass

Lignin: 15%—-25%
- Complex aromatic structure
« Very high energy content
« Resists biochemical conversion

Hemicellulose: 23%-32%
« Xylose is the second most
abundant sugar in the biosphere
« Polymer of 5- and 6-carbon
sugars, marginal biochemical feed
Cellulose: 38%-50%
« Most abundant form of carbon
in biosphere
« Polymer of glucose, good
biochemical feedstock
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Plant Cell Wall Model

Pectins: HG and RG 1
HG- RG 1 with o-arabinans

{1=3).0 | =4 )-fen-glucan

Cellulose
microfibrils

Glucuroarabinoxylan .
Buckeridge et al., 2004
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Cellulose Crystalline Structure

Cellulose is a crystalline
structure that resists
water penetration

This makes disassembly very
difficult since the enzymes and
acid catalysts are in solution.
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Biomass Feedstocks
General Composition

Hard Wood
Soft Wood
Corn Stover

Wheat Straw

Bagasse
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Corn Stover Composition

< Protein
Acetyl 1.2%
Other 5 gg4
Hemi. 5.2%
Corn Stover
Cellulose
33.9 . 9.7% _gg
0
/ / Uﬁonic Hé
Extractives Sucrose Acid Ash :E
) i 6.2% 40% 350, 93
(dry weight basis) o!
i
S
Specific Composition
1007
* W starch
80- o fat
£ B cutin
2 70 O  protein
g — | o e
5 60 B extractives
5 5 B lignin
5 B uronic acids
& 40 — O acetyl
B arabinan
30 B galactan
O  mannan
2 O xylan 9§
B glucan a]
10
wi
ol Uy
HARDWOOD  SOFT WOOD CORN STOVER  SUGAR CANE CORN FIBER EE
BAGASSE *
>3
5 v ]
i

Biomass Feedstocks
Improvements in Analysis
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Effect of Stover Compositional Variability

Number of Occurances

100

90

80

70

60

50

a0

30

20

10

0

53

L3

- --|I||||h
IR RS

% ® e PO
£ . J ®
D P P P 9

&
K
L

R

“llllll---- ey
SR AR NSRS SN
B

>
¥

DD DD D DD D e D L

MESP ($/gal)

advancebio
W Feel & Chemical Tedhnologies




Starch Hydrolysis Reaction Mechanisms

Substrate + H,0
(Starch)

Substrate + H,O
(Dextrins)

Substrate

(Glucose)

Energy + Enzyme

(Alpha Amylase)

Enzyme

|

(Gluco Amylase)

Yeast + Nutrients
———

(Ethanol, CO,, Biomass)

Product

(Dextrins)

Product

(Glucose)

Product
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Pilot-Scale Acid Pretreatment System
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Biomass Hydrolysis Reaction Mechanisms

Substrate + H,0O

(Biomass = Cellulose,
Hemicellulose, Lignin)

Substrate + H,O

(Cellulose)

Substrate

(Glucose)

Substrate

(Glucose, Glucans,
Xylose, Xylans)

Energy + Catalyst

|

(Acid)

Enzyme

|

(Cellulase “Package”)

Yeast + Nutrients

|

(Cellulase “Package”)

GMO + Nutrients
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Cellulose Hydrolysis

« Higher C6 cake solids are
critical to reducing
production costs.
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CORN STOVER

Sugar Platform Fermentations
Choices and Challenges
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Cellulose Enzymatic Hydrolysis Reaction
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Thermochemical Pretreatment
Gasification

- Process
— Partial combustion in
controlled O,
atmosphere
« Types
— Air
— Oxygen
— Steam
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Ethanol from Synthesis Gas
Catalytic Route

SEPARATOR
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Thermochemical Pretreatment
Gasification Stoichiometry

Air / Oxygen Blown Gasifier Stoichiometry

8 CH,O + O, +(4 N,)— 6 CO + 2 CO, + 8 H, + (4 N,)

Biomass

Steam Blown Gasifier Stoichiometry

5 CH,O + 2 H,0 — 3 CO + 7 H, + 2 CO,

Biomass 3
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Ethanol from Synthesis Gas
Biological Route

FROM
DESTILATION

o
CESTILATION
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Ethanol from Synthesis Gas
Biological Route
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Ethanol from Synthesis Gas
Biological Route - Stoichiometry
Air / Oxygen Blown Gasifier
8 CH,O + 0, + (4 N,) 2+ 2.33 CH,CH,OH + 3.33 CO, + H,0 + (4 N)
Biomass
Theoretical Yield : 136 Gal / Dry Ton Biomass
Steam Blown Gasifier
8 CH,O 2167 CH,CH,OH + 1.67 CO,
Biomass
Theoretical Yield : 136 Gal / Dry Ton Biomass - Air Blown
155 Gal / Dry Ton Biomass - Steam Blown o
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Ethanol from Synthesis Gas
Biological Route — Basic Reactions

6 CO + 3 H,0 — CH,CH,OH + 4 CO,
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Third Generation Biofuel Technologies
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Third Generation Technologies Third Generation Technologies
+L.S9 « DuPont / British Petroleum
— Sugar — Sugar
— GMO Fermentation — GMO Fermentation
— Hydrocarbon properties — Hydrocarbon properties
«Virent « Greenfuel Technology
— Sugar - CO,
— Catalytic / Chemical 0 — Algae 0
— Hydrocarbon properties ﬁg — Lipids and carbohydrates ﬁg
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Third Generation Technologies
. Lignocellulosic
o Amyrls Sugar Platform
— Sugar Biodiesel Starch & Sugar
Bioethanol
— GMO Fermentation _. ‘
- Hydrocarbons
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Always remember....
....ov bad day fishing is stil better than a good day at work....




