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Low-Cost Sugar ENERGY |Eerey Effciency &

Renewable Energy

“If you can make low-cost sugar, you can make anything.”
Phycal CEO Kevin Berner

Renewable Fuels & Fuel Renewable Chemicals/Materials Nutrition
Intermediates

Surfactants, lubricants, polymers (plastics),

Diesel, Jet fuel, Gasoline, Butanol synthetic rubber, emollients ‘(mgisturizers), Amino acids, industrial yeasts, enzymes, flavor
detergents, carbon fibers, binding agents, anhanicers

dispersants, phenols

Pelletized Energy Source Carbon Fibers Flame Retardants

\\ .o A‘b

Lignin as an energy source for Virdia plants Lignin-based complex carbon fibers to Flame retardants for use in plastic compounds, ° °
and other industrial manufacturing plants incorporate into composite materials for a replacing petroleum-based compounds in VI r Ia
large number of industries. common manufacturing technologies.

Source: www.virdia.com/markets
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‘Sugar Rush’
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greentechmedia:

NOVEMBER 21, 2011

Cellulosic Sugar
Could Be Next
Sweet Investment

A Piper Jaffray analysts says the
industry has space for companies
devoted to just breaking down
biomass into sugar to sell to
biofuels companies.

UCILIA WANG: OCTOBER 22, 2008

BiofuelsDigest

Virdia ups the ante in the Race for the

New Sugars

Jim Lane | March &, 2012

g | Low-cost
— cellulosic sugar
announces $100 million
in financing; name
change from HCL
CleanTech, support from

maker %

S —

Mississippi. The race for leadership in low-cost

sugars heats up.
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CHEMICAL & ENGIMEERING MEWS

THE SUGAR MAKERS

Start-up firms target cheap sugars to make possible
COST-EFFECTIVE BIOFUELS and biochemicals
MARC S. REISCH, C&EN NORTHEAST NEWS BUREAU

lasticsTechnoloay

FERMENTABLE SUGARS FROM BIOMASS ARE CLOSER TO

COMMERCIAL REALITY

From: Plastics Technology
Issue: April 2012

The brave new world of bioplastics relies in large part on fermentable sugars from plants (see Close Up on Biopolymers in this
issue). Industry wants to get away from obtaining those sugars from food crops such as corn and fo use instead waste plant matter
and other inedible cellulosic materials, referred to collectively as “biomass.” Although there is currently no industrial-scale

production of fermentable sugars from biomass, a number of firms are working toward that goal.

BiofuelsDigest

BlueFire and the race for low-cost
sugars

Jim Lane | February 17, 2012

5 | BlueFire

Renewables’ low- ’

cost sugars \
subsidiary, SucreSource, 2
announces a major project
in Korea backed by oil

refiner GS Caltex.

W Tweet

i

Who else is gaining traction in the race to provide low
-cost sugars? A generation of magic bugs — who turn
sugars into renewable fuels, chemicals, flavors,
fragrances and more — await them.

e oy 7O HOMASS NATTR DLING
INSIDE 4 RTICA Smm.'gulowA\ MATTREAL HANDLING

ning

MAGAZINE




Industrial Sugar Providers Energy Efficiency &

Renewable Energy
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Breaking the biofuels cost barrier”
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Weyland
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Industrial Sugar Providers

COMPANY FEEDSTOCK TECHNOLOGY BUSINESS STRATEGY

Energy Crops, Agricultural & Wood Wastes,

el ErETE e UL Construction & Demolition Debris, MSW

Concentrated Sulfuric Acid Hydrolysis Direct Sales, Technology Package

Direct Sales, Seeking Sugar Convertors to

Virdia (formerly HCI CleanTech)

Weyland (Norway)

American Process Inc. (AVAPCO)

Blue Sugars (formerly KL Energy)

Chemtex (Beta Renewables; Italy)

Comet Biorefining

EdeniQ / Logos Technologies

Fiberight

RSA (Old Town Fuel & Fiber)

Sweetwater Energy / BioGasol

Agricultural Waste, Woody Biomass

Agricultural Waste, Woody Biomass

Energy Crops, Agricultural Waste,
Woody Biomass

Agricultural Waste, Woody Biomass
Energy Crops, Agricultural Waste

Energy Crops, Agricultural Waste,
Woody Biomass

Energy Crops, Agricultural Waste,
Woody Biomass

MSW & Industrial Waste

Woody Biomass

Agricultural Waste, Woody Biomass

Concentrated Hydrocloric Acid Hydrolysis

Concentrated Acid Hydrolysis

Enzymatic Hydrolysis

Enzymatic Hydrolysis

Enzymatic Hydrolysis

Enzymatic Hydrolysis

Enzymatic Hydrolysis

Enzymatic Hydrolysis

Pulping Process / Hydrolysis

Locate Near Future Mississippi Plant

Technology Package, License Technology

Initially Direct Sales then License Technology

License Technology

License Technology

License Technology or Co-location

Corn EtOH to Cellulosic Bolt-on Technology

Retrofit Corn EtOH Plants to Cellulosic;
Co-location with MSW & Industrial Waste

Direct Sales

Hydrolysis by Decentralized Processors Produce Own and License Processors to Biomass Producers,

Separate C5 & C6 Sugar Streams

Sell Sugars to Biorefineries

Cyanobacteria Grown in Photo-Bioreactors

Co-location at Fermentation Facilities
Produce Sucrose

Proterro CO; + H,0 + Nutrients

Energy Crops, Agricultural & Wood Waste,

R " .
enmatix Woody Biomass

Supercritical Water License Technology, Co-location

8 | Biomass Program eere.energy.gov
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Chal Ienges EﬁMERTﬁEFY Energy Efficiency &

Renewable Energy

POLITICS FINANCE

i *REUTERS

biofuels international

Insight: "Green Fleet" sails, meets stiff May 2012

headwinds in Congress
» biofuels finance

As growth in new advanced biofuels technology marches on to a breakthrough
for worldwide commercialisation, currently led by Ineos Bio in the US, Enerkem in
Canada, and Beta Renewables in ltaly, project finance options for ‘first of a kind’
technologies remain scarce

The project finance
market - is it open
for biofuels?

By David Alexander
WASHINGTON | Mon Jul 2, 2012 3:12pm EDT

10 | Biomass Program eere.energy.gov
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THE GEOPOLITICS OF ENERGY PROJECT

OIL: THE NEXT REVOLUTION

THE UNPRECEDENTED UPSURGE OF OIL PRODUCTION
CAPACITY AND WHAT IT MEANS FOR THE WORLD

HEONARDO MAUGERS Figure 1: World oil production capacity to 2020

(Crude oil and NGLs, excluding biofuels)

The biggest increase
since the 1980s

80

104%
of demand

2000

ECONOMIC PREREQUISITE
An oil price higher than
$70 bl to 2020

% HARVARD Kennedy School
BELFER CENTER for Science and International Affairs

Maugeri, Leonardo. "Oil: The Next Revolution." Discussion Paper 2012-10, Belfer Center for
Science and International Affairs, Harvard Kennedy School, June 2012.
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Challenge: 100 Year Supply of

Natural Gas?
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HOW MUCH GAS ARE WE SITTING ON?

Future Matural Gas Supply Estimates
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2192 1
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@ 2000 —

E POSSIBLE
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2

0
Potential Gas High Shale  Reference Case  Low Case
Committee Resouce Case Production through 2035
(PGC)

Data from the U.S. Energy Information Administation (EIA)

HOW LONG WILL IT LAST?

Based on the Potential Gas Committee Estimates and 2010 Consumption Rate (of 24 tef / year)

Probable
Resources

Proved
Resarves

95

YEARS
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Natural Gas: Threat or Opportunity

Energy Efficiency &

for Ce”UIOSiC Sugars? ENERGY Renewable Energy

Natural gas uses besides chemical feedstocks:
« Compressed natural gas (CNG) vehicles

« Conversion or replacement of coal-fired power
plants with natural gas

« Possible Sasol natural gas to diesel plant in
Louisiana

« Celanese TCX™ process to produce ethanol from
natural gas

13 | Biomass Program eere.energy.gov



Challenge: Sugar Standards ENERGY | Creroy Effciency &

Renewable Energy

« Quality of sugar will depend on the
production process

« Each organism has specific requirements
for inhibitors (e.g. lignin, organic acids,
furans), type of sugar, and concentration

* Produce the highest quality sugar

Process Samples
Laboratory Analytical Procedure (LAP)
Issue Date: 12/08/2006

A. Sluiter, B. Hames, R. Ruiz, C. Scarlata,
J. Sluiter, and D. Templeton

Determination of Sugars, :mcg fm
Byproduc.ts, a.nd_Degrad.ation January 2008 . ] ) -
Products in Liquid Fraction pOSSIble Or tal|0r SugarS tO IndIVIduaI

organisms?

« Chemical conversions of clean sugars will
also require sugar standards

 NREL developed various standard

biomass analytical procedures
http://www.nrel.gov/biomass/analytical _procedures.html

NREL is operated by Midwest Research o Battelle

14 | Biomass Program eere.energy.gov



Opportunity: Cellulosic Butanol ENERGY | 5reroy Effiency &

Renewable Energy

Butamax

gevo Advanced

Buofuels i

seore F GRD

Plastics, Fibers, Rubber and Other Polymers

PMMA POLYESTERS/ POLY- RUBBER, LUBRICANTS
XYLENE/STYRENE PROPYLENES & ADDITIVES

Hydrocarbon Fuels

_.@-—-lla/

GASOLINE DIESEL

Isobutanol

GEVO SEC S-1 Filing, August 12, 2010
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Ethanol Plant & Cellulosic Sugar
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Corn for Grain 2011

Production by County and Location of Ethanol Plants 6
. as of March 8, 2012
af - H OLDTOWN FUEL&FIBER.
segevo/ ... Wriberight
‘L, Luverne, MN Blairstown, IA 1
4 Converting corn ethanol
e lant to cellulosic (MSW

( § SWEETWATER
Y ENERGY
Rochester, NY

> Pilot

Eniq : th virdia

Danville, VA
® o y
o 0 e Demonstration
Visalia, CA > ]
Corn to Cellulosic :
Migration Pilot 1 PR[FJ%E%%
_ HEE
(Bolt-on Technology) YYVYVYVVY
: Thomaston, GA
Corn Production r Demonstration
(Bushels)
Mot Estimated
i 1,0051}',% Ethanol Plants
1,000,000 - 4,999,939 ®*  Producing "\ . .
5,000,000 - 9,999 929 L Under Construction Vlfdla
10,000,000 - 14,999 5999 .
15,000,000 - 19,933.999 O Cellulosic Sugar Facilities Mississippi UL,
20,000,000 + Location TBD USDA | vl
Mote- The depicted ethanol plants use com or other feedstock Commercial U ¥ m.-—-""' '
Data Sowces: U.5. Department of Agriculture, National Agricultural Statistics Senvice. 150,000 tpy ""_'" i ina
“USA Plants.” Ethanol Producer Magazine, March. 2012, hitp:Mewmw. ethanoiproducer com/plantslistplants/ LIS A/ Opp™
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Swe etwate r E n e rgy U.S. DEPARTMENT OF Energy EfﬁCiency &

Decentralized Processing ENERGY | renewable Energy

e03

FEEDSTOCK
PROCESSING

g SWEETWATER

ENERGY

503

FEEDSTOCK
PROCESSING

FEEDSTOCK
PROCESSING

Liquid Precursar

Hydrozate
Concentrate
Liquid Precursor Ligquid Precursor
Hydrozate gg-  Hydrozate
903 concentrate Concentrate
Liquid Precursor s < Liguid Precursor
; . FEEDSTOCK | ") qozate - Biorefinery e Hydrozate — FEEDSTOCK
- SweetMach"‘le PROCESSING Concentrate Concentrate PROCESSING
Harvest Biomass sM Concentrated
(Ag and wood Processor sugar solution N
residues) Liquid Precursor Liquid Precursor
\\ / Hydrozate | jquid Precursor Hydrozate
Concentrate Hydrozate  Concentrate 903
Y Concentrate

903

FEEDSTOCK
PROCESSING

FEEDSTOCK

“Near the farm” = significantly reduced logistics costs PROCESSING

903

FEEDSTOCK
PROCESSING

US Patent Application
Pub. No. 2010/0144001 A1
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Market Pull: Commercial Aviation

Energy Efficiency &

Alternative Fuels Initiative ENERGY | renewabie Energy

The Commercial Aviation Alternative Fuels Initiative (CAAFI) seeks to
enhance energy security and environmental sustainability for aviation
through alternative jet fuels.

A/
P WCAAF Y

IEROSPACE INDUSTRIES '\ Air Transport Association

ISSOCIATION "“\ ACI-NA __-;.':

NORTH AMERICA

AIRPORTS COUNCIL
INTERNATIONAL

18 | Biomass Program eere.energy.gov



Market Pull: GE Aviation’s Ohio or

Energy Efficiency &

Midwest-regional Renewable Jet Fuel ENERGY | renewable Energy
GE Aviation
o B OAl

5 million Gallons beginning in 2015

19 | Biomass Program eere.energy.gov



Market Pull: Food & Consumer

Energy Efficiency &

P rOd u CtS ENERGY Renewable Energy

Plant PET Technology Collaborative (PTC)

The Cctely Company
B & PG
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INSERT BIOMASS 2012 LOGO
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