ZeaChemos Hybr
Conversion for Bio - Based
Chemicals

Dan Verser, Founder and EVP R&D
Bio -Based Chemicals Summit
February 8, 2010



Company History MDV

MOHR DAY IDOW YENTURES

A Founded in 2002

P,

A Series A ($6MM) in 2006

_ | FIRELAKE
i Led by MDV and Firelake Capital Splics el

i Proved out technology at lab scale

. . GLOBESPAN
A Series B ($34|\/||\/|) In 2008 — CAPITAL PARTNERS

i Co-led by Globespan and PrairieGold Ventures
i Valero Energy Corporation
I Money raised for demo plant

prairiegold venture partners
A Current Status

i Construction is underway, online in 2010 /V

i $25 MM DOE grant selection
i Leveraging strategics for 1 st commercial VALERO
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ZeaChem Yield Advantage

A Currently two known paths

-115¢alBDT - Bjochemical: Enzymes

Hemi -
Cellulose cellulose

-115gaBDT ~ Thermochemical: Gasification

ZeaChem leapfrogs
both approaches

Values are highest theoretical yield
- 2 - .
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ZeaChem Process

Cellulosic
Biomass C5&C6
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28% 3304 Core ZeaChem Technology
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Yield 135 Gal/BDT

-

ZeaCem



Biochemical + Thermochemical

Biochemical Platform
(ZeaChem Core Technology)
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Product Flexibility I Fuels and Chemicals

Two Fundamental Alternatives s C3Chain
A Change organism G Lactic Acid
i A Propylene Glycol
A Change downstream chemistry A Acrylic Acid & Esters
C Propionic Acid
A Propylene

A Methacrylic Acid & Esters

( Current Platform \

C2 Chain
ZeaChemods C Acetic Acid
Technology >|  C Ethyl Acetate

C Ethanol

C Ethylene

\C; Ethylene Glycolj

—> C4 Chain
C Butanol

—> C6 Chain
C Hexanol
C Hexene
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Comparison of Theoretical Yields

Biochemical-Only Route ZeaChem Hybrid Route
Glucose - 2EtOH +2 CO, Glucose +6H, - 3EtOH+3H,0
Xylose- 2EtOH+ 2 CO, Xylose+5H, - 3EtOH+35H,0

HAC +2H, - EtOH +H,0

Theoretical Theoretical
Yield, Yield,

Component Gal EtOH/BDT Component Gal EtOH/BDT
Glucan 79.8 Glucan 119.6
Mannan 9.2 Mannan 13.8
Galactan 0 Galactan 0
Xylan 17.2 Xylan 25.8
Arabinan 0.7 Arabinan 1.0
Acetyl 0 Acetyl 7.8
Total 106.9 Total 168.1

A ZeaChem Has 50 *% Higher Yield From Carbohydrate

A ZeaChem Chemistry Has Good Match with Feedstock
i Chemical Energy: 2/3 '™ From Carbohydrate, 1/3 ™ From Hydrogen
I Slight Excess of Lignin Used to Raise Steam and Power for Factory
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Source of Hydrogen Atoms

A Feedstock and Water Are Sources of Hydrogen Atoms
I Gasification of Feedstock: CH,0, +z0,- CO+((x-y-2z+1)H, +(y+2z-1)H,0
I Water Gas Shift: CO+H,0- CO, +H,

A Energy for Gasification Comes From Lignin, Fermentation
Residues and Other Non -Fermentable Fractions of Feedstock

[ Acetyl
3%
Cs Sugars
9%
Lignin )
For 33%
Biochemical <
Processing For
>Thermochemica|
Processing
Ce Sugars Other
k 46% 9% )
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Gasification Strategy

A Gasification performance is not as
critical for ZeaChem

A Not integrated with main process flow so we can deal
with downtime

A The size is 1/3 of that required for thermo -chemical
only route

A Plan to License Gasification Technology
for 1 St Commercial

A Run Vendor Trials on Lignin residues from Pilot plant
Several Multi -ton Trials with Realistic Feedstock

A Pre-Qualified Five Vendors

¥ ZeaChem
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Repotec 1 Gussing 8 MW
Operating Hours Per Year
Year 2002 2003 2004 2005 2006
Gasifier 3182 4695 6137 7078 7191
Gas Engine 1251 4152 5463 6487 6826
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