VIRENT IS A WORLD LEADER IN CREATING
SUSTAINABLE FUELS AND CHEMICALS.

Our patented BioForming® process transforms sugars
from renewable feedstocks into everyday products
such as gasoline, diesel, jet fuel and chemicals.
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Generation of Hydrocarbons from Carbohydrates
with In-situ Hydrogen Generation O
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/ Potential Potential
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Overall Theoretical Stoichiometry
with in situ hydrogen generation

Hydrocarbon contains 65 % of Sugar Carbon
Hydrocarbon contains 94% of LHV of Sugar

*Potential LHV of liquid fuel product/LHV of
carbohydrate feed




Catalytic Carbohydrate Conversion ,\

Technology & VIRENT
A catalytic route to renewable hydrocarbon fuels and chemicals.

r"—
« Feedstock Flexible

— Conventional Sugars
— Non-Food Sugars

« Drop-in Products
— Liquid Fuels and Chemicals
— Tunable Platform
— Infrastructure Compatible

 [Fast and Robust
— Inorganic Catalysts
— Moderate Conditions
— Low Residence Times
 Energy Efficient

— Exothermic
— Low Energy Separation

Virent Demonstration Plant



BioForming® Platforms O
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Production of Hydrocarbons from ,\

Reactive Intermediates " VIRENT
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BioGasoline Product

Premium product with the same components as petroleum derived gasoline &
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4.0 S0 60 7.0 &80 an 100 1.0 min
~2

liters of sugar derived

Unleaded Gasoline
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gasoline

from Virent’'s BioForming process.
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Catalytic Processing Offers Flexibility to
Replace More than Fuels
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Bio-reformate can replace typical reformate which is dominant

feedstock for many chemicals, fibers, and plastics in use today.
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Composition Shifted for
Aromatics Production
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Process Scale Up — Gasoline/Aromatics O
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S8 74 * Carbohydrates-to-Aromatics process
“ B - Scale-up of x100 from pilot plant
» 10,000 gallons per year

g8 - Full Length Reactor and
Commercial Scale Catalyst

* Product volumes for registration
and fleet testing

M - Feedstock handling and purification
system flexibility

N ° Operations started in November 2009

l « Overall success: On time, under
budget, high quality product
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BioForming® Platform - RPN
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Virent RPN Characteristics
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Feedstock flexibility for catalytic conversion O
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Catalytic VS. Microbial
Routes Conversion

Monosaccharides

Hexose
(Glucose, Mannose, Galactose)
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Sugar Degradation
(Furfurals, HMF, Organic
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=% _|—>

Hemicellulose
(15-35%)

N Soluble Cyclics &
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Biofuels Consortiu

NABC Overview  PlRacri

Consortium Leads Process Strategies

National Renewable Energy Laboratory [ T T T l | Cross-Cutting Technologies
Pacific Northwest National Laboratory @ 50 Yo T W T

o | || o 1]
Feedstock Logistics

Consortium Partners = L = | =

Albemarle Corporation Pretreatment

Amyris Biotechnologies u - u u B

Argonne National Laboratory Separations

BP Products North America Inc. o o E o &

Catchlight Energy, LLC Catalyst Development/Upgrading
Colorado School of Mines N o | o &

lowa State University Pyrolysis Modeling

Los Alamos National Laboratory

Hydropyrolysis
Syngas to Distillates

Pall Corporation Engineering and Economic Analysis

Catalytic Fast Pyrolysis

RTI International

Hydrothermal Liquefaction

Tesoro Companies Inc. Sustainability Analysis

Fermentation of Lignocellulosic Sugars

University of California, Davis

Catalytic Conversion of Lignocellulosic Sugars

UOP, LLC Refinery Integration

BT BT BT BT AF AY AT W

L. AP O . W A AR AR W

Virent Energy Systems

Washington State University % NABC

Y Y \y \ Wy \ Yy \ 9 National Advanced
NABC: For open distribution = SIZHE ok

Virent leads the Catalytic Conversion of Lignocellulosic Sugars (CLS) strategy. The underlined parties above are
currently collaborating within the CLS strategy.
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Virent Deconstruction Partners

 Dilute acid pretreatment and

enzyme hydrolysis

A\
&w VIRENT

« Strong acid pretreatment

A,
« SNREL € HCL ceanech
) B . *.5,9 * HCL Enabling Bio-Fuels
Dilute Acid/Enzyme Hydrolysis )
National Renewable
i SR S Concentrated Sugar Recovery and
e Emyrr‘;’l"s'g:";‘g Innovation for Our Energy Future Loblolly Preparation gHCL Recytzlye
Lobiolly pine or slurry, b =) "‘n’ﬂ”s‘ pine Tail Osi:ﬂns?nmal & HCl — (Propristary solvent
com stover el Insoui tgin & Deconstruction process)
" . insoluble unconverted Soluble C5 & C6
l Dilute Acu?i - m‘:‘.g;s:& Enzyme_ cellulose, Fitlsation » sugars ‘]
Deconstruction Hydrolysis i * HCL
Lignin Recovery _I o - e Bi:
Sots and HCL Recycle Final Purification 4 s:::':r‘;s
(mastly lignin) (Proprietary)
Steam Sulfuric acid Caustic Enzymes Water ‘
Lignin
m eV t catalytic d truct
« Wet oxidation and enzyme Irent catalytic deconstruction
Catalytic Biomass Deconstruction O
» a— “VIRENT
Wet oxidation / Enzyme process WASHW H; recycle
@ L IVERSITY I Water soluble
. i nglro;‘ysis slurry P::;!;?(;;:::::ES
Ol e sugars,
e ke, it il 5eparator fmgp U p o

Loblolly pine or
com stover

hemicellulose Insoluble lignin &

unconverted
cellulose.

Insoluble cellulose

Wet Oxidation & lignin,

Deconstruction

Enzyme
Hydrolysis

L

v

Filtration

Soluble C5 & C6
sugars

t 1 ttt

Steam Oxygen Caustic  Enzymes Water

1

Solids (mostly lignin)

Biomass

—

Deconstruction

Catalytic

?

L)

v

Catalyst
separation

Catalyst recycle

Slide 15

Carboxylic Acids



Catalytic Lignin Conversion O
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Hydrogenaolysls
OH OH

2-methoxy- & CH,0H
phenol Hydrolysls

CH
HZ

RN

Traditional Approach to Lignin Hydrotreating
Removal of Phenols is Challenging
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IF YOU CAN GROW IT,

we can convert it into everyday fuels, plastics and chemicals.

VIRENT
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