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U.S. and World Sugar Prices Are Fluctuating Wildly
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| 2000 but the trend is clear.
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World Commodity prices peaked at $65/100 kgs in |

mid 1975 and have seen similar costs in 2012 at

$57/100 kgs recently and the trend is also clear. )

With ever greater pressure on this food commodity, what is the near and
longer term answer?

Cellulosic Sugars for metabolic conversion to higher

value products!

With Biofuel values in the $3/gal volumetric range (~$20/100 Ibs), higher
value solvents, biochemicals and plastic precursors can be valued several
times this price.
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BlueFire/SucreSource Technology Provides Competitive Entry
into Bio-based Chemicals and Target Market Segments

Arkenol technology has been used to produce the bio-chemicals shown below. Over 140 common
chemicals were produced through fermentation commercially prior to 1940 and can be again with
competitively priced cellulosic sugars.

Raw Material

Agricultural Waste

Recycling Sludge
Industrial Waste
Grain Straw

Rice Straw

Cut Shells

Saw Dust
Newsprint

Yard Waste
Wood Chips
Paper Mill Waste

Fast Rotation Crops

Grass and Clippings
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Technology Chemical Class
T Organic Acids
BlueFire's Acid
Hydrolysis
Followed by N
Fermentaton @ ——] Solvents
and/or Chemical
Conversion
| Other

Bio-Based Chemicals

5
)

Ethanol

Fumaric Acid
Gluconic Acid
Isopropanol
Itaconic Acid
Lactic Acid
Oxalic Acid

Xylose

77/7'/,

End Markets

Acidulants
Adhesives
Agrochemicals
Cosmetics
Electronic
Emulsifiers

Flavors Fragrances
Food Additives
Industrial Chemicals
Pharmaceuticals
Plasiticizers

Plastics

Research

Solvents

Surfactants

Petrochemicals

Fuels



Typical Biopathways to Future Bio-Chemicals

Identification of Actual and Potential Pathways to Building Blocks from Sugars

Building Blocks Bacterial Bacterial fEIi"r)rtl:laﬁI:‘n_

SucreSource produced LA
cellulosic sugars are clear e p R Ptz C L e e | o | pare |
(no solids), concentrated e T I

Lactic acid

(~12-18%), contain low : A
inhibitors (<1%) and will Serne __ : —
typically feed microbial tepgiocons : .

metabolics better than Penarte Aerd : S

Fumaric Acid _ L _
laboratory sugar standards alc acd_ : I—
(~10-20% improvement). Threanine '

5 Carbon
[Arabitol
Furfural

_Glutam ic . |
Itaconic Acid

Chemical hydrolysis
approach allows

transformation of lowest E— I
cost mixed biomass e Catbor —
feedstocks for lowest Qreartbonyic acd i
sugar production costs SITEET T 1+ s T ] s S

(~$10-15/100 Ibs). f.iﬂ;‘;ﬂi::;i I

Mumber in each
Pathway category*
Commercial
[OCESSES

*DOE, “Top Value Added Chemicals from Biomass, Vol 1, August 2004,DOE/GO-102004-1992"
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Biofuels Beyond Ethanol &
BioButanol

’LQ < ;
Natural Gas %Q:\j / Fel’mentatlons
¢1 Ethane (\0\‘
C-2 Propane Fuel W4 < .

.‘.' 2O Chemical Conversion
X’ /
&}’ S

20

Butane Fuel

Lipid Oil Trans-esterification

‘% oew Heterotrophic Algae
C(\m* or GMO Bacteria

C ’5
c-24
C-25
C-26
4. C27
Petroleum in its pure form consists of multiple molecules %/56 c-28
s %
containing carbon and hydrogen. When connected C-29

together they form “alkanes” of the formula C H,, ... C-30
Groups of Alkanes are separated by boiling points to form
product “cuts”.
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Potential Customer /
Strategic Relationships

Genomatica
GMO Bac. To
BDO,
Biobutanol
solvent or fuel

GS Caltex
GMO Bacteria,

To biobutanol
Solvent or fuel

Virent
Solid Catalyst
sugar to oil,
Hydrotreated
Gas, diesel,
jet fuel

Segetis
Levulinic acid
to higher value

Chem products

Myraint
GMO Bac. To
Succinic Acid

solvent or fuel
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Solazyme
Hetrotropic

Algae to Lipid oil,
Fatty acid ester or
Hydrotreated
jet fuel

GMO Bacteria to
biobutanol or
fuels

Sugar eating
Algae to fuels
and oils

Bluefire
Renewables/

SucreSource
Cellulose to mixed
C5/C6 sugars or
Levulinic Acid

LS-9

Chemical Paths

GMO Bacteria
to fuels and to Lipid oil,
Fatty acid ester or
pI’Od UCtS Hydrotreated
jet fuel

GMO Bacteria to
Higher chain oils/ fuels

Amyris
GMO Bac,
Fatty acid ester or
Hydrotreated
jet fuel

Tetravitae
GMO Bac. To
ABE,
Biobutanol
solvent or fuel

GEVO
GMO bac to
i-C40H, ABE
ferm for solvent
or fuel

Zeachem
GMO Bacteria,
Acetate to ethanol

Cobalt
GMO Bacteria,
To biobutanol
Solvent or fuel




Biomass Opportunities for
Sugars

Component Percent Dry Weight
Cellulose 40-60%
Hemicellulose 20-40%
Lignin 10-25%

Typical levels of cellulose, hemicellulose and lignin in biomass

Material Six-Carbon Sugars Five-Carbon Sugars Lignin Ash
Hardwoods 39-50% 18-28% 15-28% 0.3-1.0%
Softwoods 41-57% 8-12% 24-27% 0.1-0.4%
Ag Residues 30-42% 12-39% 11-29% 2-18%
Grasses 30-42% 30-39% 17-20% 4-5%
Bagasse 44.8% 36.7% 17.61% 0.82%

Sugar and Ash Composition of Various Biomass Feedstocks (Weight Percent)
Mean deviation from best to worst waste mix is :

Material Six-Carbon Sugars Five-Carbon Sugars Lignin Ash
Mean Feed 42.1% 22% 21.4% 1.5%
Deviation +/- 4% +/- 8% +/- 2% +/-0.3%

o
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Feedstock Flexibility

Tier 1 Tier 2 Tier 3
Minimal Cost Per Ton $15-S50 Per Ton $35-$125 Per Ton

Municipal Waste Forestry Waste Agricultural Waste

e Non-Recyclable Paper
e Tree pruning's

e Grass clippings

e Lumber

e Wood Chips

e Landscaping Residue

e Construction &
Demolition Debris
(woody portion)

Wood Chips Corn Stover
Harvesting Slash Switch Grass
Saw Mill Waste Energy Cops
Paper Mill Waste Cereal Straws

Disease/Beetle Infested Sugar Cane Bagasse
Trees
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Starch vs. Cellulosic Sugars

Starch crO
Sugars are more commonly found in the form of biopolymers that must be MOHO
chemically processed to yield simple sugars. In the United States, today's fuel o oL, 6-glycosidic tirkage
ethanol is derived almost entirely from the starch (a biopolymer of glucose) CH,0H
contained in corn. Starch consists of glucose molecules strung together by a- Al o
glycosidic linkages. These linkages occur in chains of a-1,4 linkages with HO
branches formed as a result of a-1,6 linkages. )rﬁ:@(

CH,OH
Cellulose
Cellulose, the most common form of carbon in biomass, is also oL, 4-glyosidic lmkﬂ%es o
a biopolymer of glucose. In this case, the glucose moieties are O AL
strung together by R-glycosidic linkages. The B-linkages in Site of attack by enzymes OR acid
cellulose form linear chains that are highly stable and much g
more resistant to chemical attack because of the high degree of - B

hydrogen bonding that can occur between chains of cellulose. T omo CHOH oo H Z B opon
Hydrogen bonding between cellulose chains makes the %Wo/m}lwo o
polymers more rigid, inhibiting the flexing of the molecules that - ) HO o H Ho 4 H

must occur in the hydrolytic breaking of the glycosidic linkages. n “HoH H HO cion © NN
Lignin

Lignin or lignen is a complex phenolic chemical compound most O}% W

commonly found in wood, and an integral part of the secondary cell Ko ~sonin ):ﬁj

walls of plants. It is one of the most abundant organic polymers on

Earth, exceeded only by cellulose, sequestering 30% of non-fossil M ocn, oo
organic carbon and constituting from a quarter to a third of the dry mass o - @u o C S )

of wood. As a biopolymer, lignin is unusual because of its heterogeneity b o
and lack of a defined primary structure. Its most commonly noted ’[PM

¥ 7% U.S. Department of Energy ».@—S @/g
i ( | Energy Efficiency and Renewable Energy J‘b %

ngnin

function is the support through strengthening of wood cells in trees.

u

Figure 3 - Structural Motifs of Softwood Lignin

4 SucreSource



Leading Biomass Conversion Processes:

- l l@ e Conventional combustion produces ~$1.8
Biomass to Power Fuel—) > ash /ton of feed
Makeup4>q;ﬁr"D -
Biomass — O
ThermOChem|Ca| 100 gal/ton alkane or alcohol mixed
Decom DOSItIon products Nno sugars
Biomass R v jig o o
Enzymatic - Ly
COI‘lVQI‘SiOI‘l to h 60 gal/ton ethanol ~ 950 Ibs sugars ~
S E, $18/ton feed
ugal‘S N g — e
E_g e
Biomass
Chemical
CO“VE"S'O“ to 80 gal/ton ethanol ~1200 Ibs sugars ~
Sug ars $26/ton feed
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Technology Feasibility Checklist

Ideal Concentrated
Hydrolysis =Enzymatic Weak Acid Strong Acid Acid
Issues Technology Hydrolysis | Hydrolysis | Hydrolysis Hydrolysis  Gasification  Pyrolysis
|
Capital Cost (55 mvcpy size) low $15-20/gal = $12-15/gal = $10-15/gal = $8-10/gal $5-20/gal | $8-15/gal
| | | | | |
Energy Usage low 97kBTU/gal | 83kBTU/gal = 88kBTU/gal | 105kBTU/gal = 167kBTU/gal | 137kBTU/gal
- All Genus same ' All Genus same All Genus need | All Genus need
Feedstock FIeX|b|I|ty high 1-genus, 10var Decryst Decryst Al Cere H2:CO ratio H2:CO ratio
. ] 40-50% C6, 40-50% Cs, 50-60% C6, 70-80% C6,
Sugar Selectivity high 10-20% C5 | 10-20% C5 15-25% C5 60-70% C5 N/A N/A
Sugar Yield high 30-50 gal/BDT | 30-50 gal/BDT = 40-60 gal/BDT | 70-80 gal/BDT | 80-100 gal/BDT | 50-70 gal/BDT
. 0. C5 Deg, C5 Deg, C5 Deg, CO2, Catalyst
Production of Inhibitors low Furfural, HMF | Furfural, HMF | Furfural, HMF %1% Organic Acids|  Deactivators PCBs
. . . Low Volatility, High Temp, High
P . I H I h H Si:iﬁ:): Volatgiizgganlc inorvaor:?g":ci ds Most Common Pres. Flamable Carcinogens
otential Health Hazard low y 9 Chem Gas
i:]).agal 10% $0.5/gal Chem, | $0.4/gal Chem, |$0.85/gal Allin, $0.6/gal Chem &  $0.3/gal Waste,
Op Cost Gross Margin high lR;yme’ P 10% RR -5% IRR 25% IRR Cat, 5% IRR -5% IRR
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Acid Hydrolysis Process Development Timeline

First German Dilute Acid
Process 20 gal/ton

1898

1900

German 1915

improved
Dilute Acid
Process 50

gal/ton 1925

1920

1935

U.S. develop Madison
Dilute Acid Process

Japanese Hokaido
Process Developed

SMB development has been proven at
commercial scale for hundreds of facilities
including mining that uses acid/mineral
separation techniques utilized even more
effectively for acid/sugar separation

i+ SucreSource

U.S. develop
1910 “American” Dilute Acid
Process 25 gal/ton

U.S. Forest Service 2-
step Perc. Process 50 1965
gal/ton

Acid Hydrolysis has been commercialized in
many plants over the past 100 years but only
recently has the process improvement of SMB

been added to allow the more efficient
concentrated acid hydrolysis to become
commercial with acid recovery and reuse.

Germans develop Scholler
Dilute Acid Process

Germans develop Dilute
HCI Acid Rinheau Process

U.S. develop Dilute Acid
Butadiene Rubber Process

1940

1955 1960 U.S.S.R. develop Tavada

Dilute Acid Plant

SMB Hydrocarbon Sep.
SMB Sugar Sep.

1975

TVA Conc. Acid
Process 65 gal /ton

TVA builds Pilot Plant dilute
and conc. Acid hydrolysis

SMB Process Development

SMB Drug Sep.

MSU Conc. Acid
Process 45 gal /ton



Arkenol-Bluefire Ethanol Development Timeline

Pilot plants built for IP development and patent protection, third party
validation of technology, commercial scale-up confirmation and cellulosic
sugar production for customer testing with > 5,000 hrs operation.
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SucreSource™ Conversion of Cellulosic Biomass to
Mixed Sugars
* Using Arkenol's Concentrated Acid Hydrolysis Process
Concentrated  Sulfuric Acid Acid

Reconcentration
Dilute Sulfuric Acid

”

/

Filter
Solids

Steam

Biomass

Condensate
Return

NN

Lignin Boiler Fuel

I

Acid Recovery

Pump

“SMB” Chromatographic
Separation

Acid/Sugar

Solution

Mixed Sugars to Customer’s
Fermentation:

- Biobutanol

-BDO

- Succinic Acid

- Citric Acid
Neutralization - Lactic Acid

- Heterotrophic Algae
A— Gypsum or Direct conversion:
- Hydrogenation
- Thermal conversion

Sugars

e

Water ll

Sugar Solution
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Feedstock —
1-ton, 2,000 Ibs.

60% - 1,200 Ibs Cellulose

- 0% Ash processing

25% - 500 Ibs. Hemicellulose
12% - 240 Ibs. Lignin

3% - 60 Ibs. Ash

0% - 0 Ibs. Water

.

ARKENOL Concentrated Acid
Hydrolysis of Cellulosic Feedstock to

Fermentable Sugars Process-1 Bone

Dry Ton Breakdown

Decrystallization (Pretreatment) —

1,200 Ibs Cellulose
500 Ibs. Hemicellulose

Water

Chemical Hydrolysis -
290 Ibs Cellulose

90 Ibs. Hemicellulose
1,280 Ibs C6+

180 Ibs C5+

80 Ibs. inerts

240 Ibs. Lignin

2,760 Ibs. Water

2,100 H2SO4

Water

240 Ibs. Lignin

60 Ibs. Ash
76% recovery of Cellulose, 82% Hemicellulose
81% conversion of feed to sugars by wt. 700 Ibs. Water
12.6% Sugar (11% C6, 1.5% C5) 2,100 H2SO4
97% Recovery of H2SO4
17% lowest conc. H2S0O4 66 lbs 93% I
Batch Filtration run in parallel w/surge vessels Makeup H2S0O4
SMB Acid Recovery 98%, Sugar Recovery 100%
<24-hr feed to product, 1-min pretreatment, 45-min SMB- Extract
Hydrolysis, 1.5 hr SMB, 6 hr ferm to ETOH 2 |bs C6+
Hydrolysis yields based on temp, decryst, acid, time 0 Ibs C5+
Lignin (~3500 BTU/Ib), soil or plastics feedstock 1 Ibs. inerts
Neutralizer 10,020 Ibs. Water
1,217 Ibs C6+ LS 2,038 H2S04

2 |bs C6+
160 Ibs C5+
1 Ibs. Gypsum PO /
: 1 Ibs. inerts
e ok LG 10,020 Ibs. Water
: 2,038 H2SO4 Filtration Liquor-
Neutralizer 1 lbs Cellulose
6 Ibs C6+ SMB- Raffinate 0.5 Ibs. Hemicellulose
8 Ibs C5+ 1,223 Ibs C6+ - 1,225 Ibs C6+
58 Ibs. Gypsum 168 Ibs C5+ 168 Ibs C5+
43 Ibs. Water 4 |bs. inerts 0.5 Ibs. inerts
9,320 Ibs. Water 1 Ibs. Lignin
42 H2S04 ’Q 5,510 Ibs. Water
0 2,080 H2SO4
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Filtration Lignin Cake-
289 Ibs Cellulose

89.5 Ibs. Hemicellulose
55 Ibs C6+

12 Ibs C5+

79 Ibs. inerts

239 Ibs. Lignin

800 Ibs. Water

20 H2S04

ARKENOL




Typical SucreSource Questions and Answers:

(Actual Customer Questions)

>

>

i+ SucreSource

1. Could you provide some actual data including

- Hydrolysis yields of cellulose and hemicellulose (%)?
The cellulose and hemicellulose contained in the biomass feedstock must be
separated from the lignin (pretreatment) before being broken down to
monomer sugar components. The conversion of 76% cellulose and 82%
hemicellulose in the feed to soluble polymers attackable by hydrolysis is
achieved by our concentrated acid decrystallization.

- Sugar recovery yield and final concentration (%)? sugars
are created from cellulose (92-100% C6) and hemicellulose (50-60% C5, 40-
50% C6) polymers using chemical hydrolysis where there is enough water
present in an acid solution to cleave monomer su?ars and complete the

molecule with water weight gain. 81% of the available cellulose and

hemicellulose is recovered as monomer sugars but weight of sugars is 110% of
initial cellulose and hemicellulose due to water weight gain.

~ Recovery yield of sulfuric acid (%)? with all of the sulfuric
acid loses considered, 97% of the acid is recovered and reused in the process.
- The lowest concentrations of hydrolyzed sugar and

sulfuric acid in the entire process? The lowest concentration of
sugars is 12.6% (depending on feedstock) in the product stream with
] 7% acid concentration being the lowest in the SMB extract stream to
the reconcentrator.



Typical SucreSource Questions and Answers:

(Actual Customer Questions)

» 2. Are overall steps continuous process? If there were any step of batch
process, which is the step? The entire process is continuous with the exception of
filtration. Multiple filters are used in batch mode with feed and product surge vessels so
that filtration times do not affect continuous flow of processing.

» 3. Is it possible to increase the recovery yield of sugar and sulfuric acid in the
SSMB step? Yes, but the economic returns don'’t justify adding capacity to improve on
98% acid recovery and 100% sugar recovery currently achieved.

» 4. What kind of mixing method is applied to the first hydrolysis step? How
long time does wood pieces stay in the extruder? Solid wood pieces are pushed
into a twin barrel kneader to be mixed with the concentrated acid. The resulting biomass
paste containing solubilized cellulose and hemicellulose is pushed by the extruder into
the hydrolyser pump within 60 seconds to be mixed with water and hydrolyzed.

» 5. What do you think about the major factor that determines the hydrolysis

yield of biomass in the scale-up concern?
Acid Hydrolysis of Biomass

Acid hydrolysis sugar production and
degradation kinetics depend on operating
temperature, acid concentration, solubilized
cellulose and hemicellulose and residence
time in that order. Scaleup is affected by
plug flow reactor axial back mixing and
radial mixing to uniformity. Temperature
rise during reaction is negligible and heat
loss minimal due to low thermal conductivity
of hydrolysate.

=
3]
[

‘\
/ ™
0.05

0.00 - . | ‘1::r I

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

Concentration (mass fraction)
m

Time (hours)

— ==glucose ===H ===xylose degraded
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Typical SucreSource Questions and Answers:

(Actual Customer Questions)

» 6. Is there any other use of lignin else burning? Polymorphic Lignin
can be extracted from lignin cake and converted to adhesives, plastics or phenolic
solvents, used as a soil amendment or fuel (~8,500 BTU/Ib dry).

» 7. In lignin stream, is there any additional recovery of sugar and

sulfuric acid? 7re filter cake uses a 4 x counter current wash that removes all
but ~1% acid and 2% sugar content by weight of cake using only 1.x cake volumes
of rinse water.

» 8. What is the composition of the ST 7
recovered sugars (% of dextrose/ . e |
Xylose/galactose/arabinose/mannose - |
%? Dimmers? Oligomers%)? Typically <3% A
dimmers, < 0.5% trimers and no oligomers. S

» 9. What is the amount of
HMF/furfural/lignin VA LA
derivatives/organic acids in the final . ——
sugar product? T7ypically <1% furfural and

L]

. . . . o o NumberComponen! Retention Area | Sugar Standard curves X % Sugar
Organlc aC/dS gO/ng to SMB W/th <]0% Of that /1. 1 [cetiobiose 871,56 |Y=20330X — 9.578; R = 0.9999 0.04 0.69
2 | Glucos 85 | 28319.9 |Y =19640X - 16.72; R2=1 1.44 22.95

ff d 0 Oy) 3 | Xylose | 1303 | 148996 |Y = 18630X — 29.07 R2 = 0.9996 08 | 1275
ra lnate pro UCt (< - ] o/- _Gal;clcse_ 13.98 | 856.41 Y =17350 X -22.41 R2=0916 | 0.05 0.81
5 |Arabinose| 1563 | 1763.41 |Y = 19700 X - 34.99 ; R2 = 0.999 009 | 145

6 Mannose | 17.85 67464 Y = 19010 X - 22.95 ; R2 = 0.9998 0.36 5.67

Total % sugar = [ 44.32
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Arkenol Concentrated Acid Hydrolysis
Technology Bio-Chemicals

Concentrated Acid Hydrolysis Technology can Transform Lower Value Biomass Mixed
Wastes into Fermentable Sugars, Lignin, Gypsum and Residual C5 Sugars. The
Fermentable Sugars can be Fermented or Chemically converted to Biofuels, Solvents,
Plastic Feedstocks or Other Higher Value Products:

Lignin Pathway to Phenolic Chemicals

&
ey Y 00T

=gy ] loluznz Nfens

DICH, Hy oD DCH,
hew

:-—D—ﬁ_; technology technology
[ Cu ology . or many cthers including. acids. diacds,
Sdehydes, catechols, crescls, rescrenos,

podyhydrosy aromatics, keto acds, etc

Arornatic chemica's, mdon intermediates,

’ resins and many others
bisphenal & ¥ acetic ack, phena

itrophenal - : phenolz, cresols subsiBuisd phenals, OO,
s Em;;_' subsHiuled phenols i —
cyclohaxan Frdraganation PHTCIGlE
N oM \ oH / phenol, subsiButed I -

— amncphencls phercis -— - ihsrmolyels 3TESens, stylens
cyclohexanone oH o
~ B ,©: —— —
\-:‘:\"'%O \ Hal NH;
U Ii-: Tugion
pigments, dies, resol resins, anitoxidatnts,urea resins, vaniin oxldatlve \&N‘[Py

formaldehyde resins, alkyl phosphites and others dimethyizude, phenolic acks,

fact

muathyl mercaptan catechol
Top Value-Added Chemicals from Biomass cimethyl suboods —
ml::rnblal \c-r:luatlur
Volume II— Results of Sarnlni.ng for Potential =an -I'E'l".'-lﬂnl;l
Candidstes fopm Bicrrl;i.nury L.lgm.n n lanin 'I'IETEIF;-!a‘E: oxldized lignin for
Pacific Northwest ! ————— nairks and coxtings
National Laboratory palymerzation - - =
al Laborator) coumaric and oihs
perased by atsdic for 1

clds
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SucreSource™
Acid Hydrolysis Hydrolysate Sugars

Analysis of CSP Hydrolysate for Sugars by ARI
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SucreSource™
Acid Hydrolysis Hydrolysate Sugars

Figure 1: HPLC Analysis of the Hydrolysate (60 min run time)

120000
RetTime Type Area Amt/Area Amount Grp Name
{min] [mv*s] (g/1]
——————— e e B el )
6.146 MM 1.83461e5 2.94065¢-5  5.39552  DP4 Despite
ToOD ey “T° 6.603 MM 1.90264e5 2.347%0e-5  4.46721  DP3 : )
7.180 MM 5.77936e5 2.68973e-5 15.54491  Maltose Lactobacillus
8.800 MM 1.07144e6 2.80853e-5 30.09160  Glucose . .
9.383 MM 5.03175e5 2.63347e-5 13.25094  Xylose contamination of
10.611 MM 3.40460e4 2.57289e-5 B.75968e-1  Xylitol
80000 - - ---—--- --- 12.446 VWV 2.51972e5 6.81068e-5 17.16101  Lactic acid | sample, BTR
13.684 VP 1178.90967 7.65319%e-5 9.02242e-2 Formic acid .
14.945 VP 2.87617¢4 6.63574e-5  1.90855  Acetic acid Analysis of CSP
15.959 - - - Levulinic acid
21.344 BV 3.65118ed4 5.91462e-5  2.27783  Ethanol Hydrolysate
> | ___ 32.033 = - - HMF
2 60000 46,699 i = = Furfural ] Sugars showed
virtually no HMF
or Furfural
O At R S A il
inhibitors.
pi1 1 E e AR T R e e e e B S S D S S SR
0 . . . . .
0 10 20 30 40 50 60
Time (min)
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SucreSource™
Acid Hydrolysis Hydrolysate Sugars

Column : Alltech I0A-1000 Organlc Acids
Serial No.: 05510327 Lot no. 056-29 300 mm x 7.8 mm Part No: 9646 Bin : G45
Hardware Type: Female (B)
Temperature: 40,0°C Flowrate: 0.4 mUmin ========> Pressure: 66 - 70 psi
Detector: UV / Wavelength: 210 nm
Software : PEAK SIMPLE CHROMATOGRAPHY DATA SYSTEM

03/13/09

Rxn - 31209

W e 00855 Pilot Plant Sugar Concentrate

itric : 12. g . . .

= — Organic Acid Analysis by APC for
i Customer showed little organic acid

generation at low temperature
pretreatment and hydrolysis
conditions.

JEoL]

Component | Retention Area | %
Distilled Water 8.62 | 1946.11
Unknown 9.42 2446.02
unknown 10.62 728.84
Unknown | 1122 | 1462.16
CitricAcid | 1315 | 1920.8
Pyruvic 14.07 601.12 0.03
Unknown | 1508 | 64.09
Unknown | 17.18 | 21.08
Unknown 19.35 30426 |
Lactic | 2167 | 12208 | 0.1
Formic | 2238 | 5629 | 004
unknown | 23.65 48.16
Acetic 247 | 603 | 006

Total Acid | 0.24
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SucreSource™

Acid Hydrolysis Hydrolysate Sugars

¢Standardless? result spectra

A9-Mar- 2@@‘3 E?J 5'5 HE BlusFire EEOH Sugar Soln w/ ppt. 38kU, no Filter

A9-Mar-2889 11 1?'59

Pilot Plant

[ <Goldgdl> 38 BB kU 4 ufl <none? He 248 =ec 4528 6l cps
g" 1
Nole" i
o < r SoletHom wae o
| i |
i N ol of 3ok g 5V kotd ||
-~ I
& PR wae=T7 (1
|
|}
bty [
ml_-.
LY Cr
o Iﬁ * 'Ll.n
_u::r
(=l
c
5
’n KA
-;"-_r:_ | I
o |
i
=4 {!
K KA g
l e 8 [
Rk LA I| il . J !
b B [ i
e Rh. LB} i
’I i M KA | l[ &
- sl Il Al e
E | . v,
p kAl [ (R D o kol ] ,J i +< lIE Ko n
o avka | S ey “1 KE £
Zn LA L I;LU-'I 'LJ . 'LJ “Ca KA / E.e': _E‘I__ ] "_I : ot it e -—~.*.~1
oL i——%'“-'——kkl—ﬂ“‘"‘*"" . |

= —lﬁ T T 7T B B . T T
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184 112 128 128 136

Hydrolysate
Mineral
Content by
BTR of CSP
Sugars for
Nutrient
Assessment
Metal ppm
K 2000
Al 277
P 496
S 429
Ca 118
Cr 82
Mn 185
Fe 3,672
Ni 47
Cu 77
Zn 1,017




SucreSource™
Acid Hydrolysis Hydrolysate Sugars

Table 1: Results of fermentations with hydrolysate

Hydrolysate Fermentations Testing Sterilization Procedures
Thermosacc Thermosacc Thermosacc
S. cerevisiae S. cerevisiae S. cerevisiae
Hydrolysate Hydrolysate Hydrolysate
"as is" pH adj "pasteurized” pH adj "autoclaved” pH adj
YMXA: Aerobic Xylose only (20 g/L)
glucose initial (g/L) 30.0916 30.12684 308101
glucose final (g/l) 10.34098 16.97947 15.93271
xylose initial (g/L) 13 2509 13.3315 134710
xylose final (g/L) 12 6078 12 1572 12 5925
Cell biomass:
foil&filter (1=0) 1.1214 1.0873 1.1600
foil&filter&dry biomass, dml (1=0) 1.1220 1.0876 1.1604
cell biomass initial (g/L) 01200 0.0600 0.0800
foil&filter (t=19hr) 1.1405 1.0562 1.0604
foil&filter&dry biomass, 5mi (t=19hr) 1.1468 1.0599 1.0650
cell biomass final (g/L) 1.2600 0.7400 0.9200
cell biomass growth (g/L dry wt.) 1.1400 0.6800 0.8400
ethanol initial (g/L) 22778 22158 1.9715
ethanol final (g/L) 53932 4 0636 3.8474
pH initial 448 4 45 4.4
pH final 423 4 34 427
Glucose utilization (%) 66 44 48
[ Xylose utilization (%) 5 9 7
Y cenix (9/9) 0.058 0.052 0.056
Y etonx (9/9) 0.158 0.141 0.126

Pilot Plant Hydrolysate BTR Fermentation Test shows
superior metabolic utilization of raw (pH adj) hydrolysate
sugars by Sc yeast against treated and Laboratory Standard

sugar media for growth and production.
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SucreSource™

Acid Hydrolysis Pilot Plant Hydrolysate Sugars

Dilute Acid Pilot Plant Hydrolysate sugars
use higher temperatures and longer
residence times to produce representative
hydrolysate sugars, but with higher
organic acid contamination and Calcium
ion levels due to reduced separation of
lime neutralization and evaporative
concentration.

120
104 48 hr Cultivation (Flask)

100

80

6.0

Product Titer (g/L)

40

20

0.0

Acetone Ethanol Butanol Actic Butyric
acid acid

M Control MHydrolyzate

Typical Mixed Hydrolysate Sugar
Utilization
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Expressed as:

Bluefire
pH 7.55
Glucose 159.92
Xylose 132.93
Arabinose 1.21
Maltose -
Succinic Acid 1.16
Acetic Acid 2439
Lactic Acid 096
Pyruvic Acid -
Malic Acid
Fumaric Acid -
Xylulose 281
- Formic Acid 1.29
E Glycerol 0.07
HMF
Furfural -
Levulinic Acid 2.95
Ethanol
Syringic Acid 0.028
Vanillin 0.007
Vanillic Acid 0.011
Syringealdehyde -
Hydroxybenzoic acid
Transferrulic Acid
2-Furoic Acid
Sulfate 46.7
Phosphate 21.7
; Chloride 3274
= Ammonium 89
As -
Ca 11430

g/l or ppm

Cu -
Fe 2.7
K 7133
Mg 1272
Mn 17.8
Ni -
Ph -
Zn 1.2
Na 605.2
Cr -
Asp 15.8
Glu 1159
Ser 3.7
His 2.0
Gly 48.0
Thr 44.2
Arg 0.0
Ala 94.0
Isr 2.6
Val 77.5
Met 0.0
Phe 16.5
Ile 25.9
Leu 62.7
Lys 2.3




Cellulosic Sugar Economics

As the plant capacity increases the cost per produced product is reduced and economics improve.

Cellulosic Biomass to Celusloic Sugars

600.00 35

Prod Cost cents/Ib @15% IRR
500.00 + T T30

2 Projected China/Brazil Cost Curve 1 _§
L E > 400.00 + Capacity KTPY _‘g’
c g = . T2 a
= :, § 300.00 4 PrmechA US Cost Curve 0 E @
T B . A N =il P15 8 o
© 0 20000+ @ 0 t——M— /SN e e e o = = = — > 8
= e rl= =10 €
M4 - e e e e === - 8
100.00 + 15
—4§
Prod Cost cents/Ib @10% IRR
0.00 f f f f 0
|

139 357 764 1,426 1,961
Bone Dry Tons Per Day Feedstock

—a— Plant Cost per 100ton sugars —e— KTPY Sugar Output
—x— Foreign Plant Cost per 100 ton — — Production Cost Cents/Ib @10%IRR
—«— Production Cost cents/Ib Sugarl @ 15% IRR

Example: 770 bdtpd biomass feedstock = 156 ktpy mixed sugars (—~125
ktpy Glucose), at $150/100 ton x 1560 = $234-million EPC, ¢15 U.S. @15%
IRR or ¢11 U.S @ 10% IRR 80/20 Debt/Equity
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Fulton 18.9 MMGPY (770 bdtpd) Plant Layout -

38 acre site (~20-acres occupied by biomass to ethanol plant, ~ 16 by
biomass to sugars portion of plant)
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Statistical Validation of Predicted Plant Performance

* Using Crystal Ball’ Monte Carlo Simulation Software

Assumption: E12 Cell: E12 Plant Predicted Output (MMGPY)
Normal distribution with parameters: £z (E12) Predicted Glucan Forecast ETOH Anmual Production
Mean 45.08% H H : g
Standard D 2510 Distribution _ !
andard Dev. 1% 10,000 Trials Frequency Chart 137 Outliers
[ PN PR UT IRV Sy ST S PR SR Y T PN 022 21
Assumption: E18 Cell: E18 L T — B 1L ———————
2 L 3
Triangular distribution with parameters: e (E18) Predicted Feed B 011 e —— g
Minimum 25.00% [ =
H H : H -] o
Likeliest 35.00% Moisture Distribution g HHHHHHHH HH‘ 2
MaXImum 5640% n- Tl I ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ H ‘ H ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ i, - Q
Selected range is from 25.00% to 56.40% oo 000 E 3 y
Assumption: E24 Cell: E24 12.48 14.77 17.08 19.40 217
Certainty is 90.00% from 14.72to 20.74 MMGPY

(E24) Predicted Hydrolysis

Tri lar distributi ith ters: 24 -
o i | on W PATBMETETE oo Conversion Tornado Chart of Inputs Affecting Outputs
Likeliest 80.00%
Maximum 88.00% Sensitivity Chart

e o Target Forecast: ETOH Annual Producti

Assumption: E27 Cell: E27

(E27) Predicted Filter Press

Uniform distribution with parameters: il .
Minimum 90.00% Sugar Retention
Maximum 100.00%

Assumption: E66 1: E66

Triangular distribution with parameters:

Mnimum gz (E66) Predicted Fermenter
Maximum 0516 Yeast Conversion

Monte Carlo Simulation varies all inputs within a predicted
value profile and depicts the resulting output as a statistical
probability of performance. U.S. DOE requested Tornado
diagram identifies relative impacts of different inputs on

targeted output capacity (relative Risk)

E)
T P — =
H e S g g
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Products & Markets

’

Maximum Flexibility in Feedstock

BlueFire Technology

Lignocellulosic Materials

Other
Chemicals

Power
Production

Summarizing:

k7

o
383
-
%am
2 o0
23 E
S rum
© Q8 o
> 0
© Qg C
598
>

G-Valerolaets
Levulinic >o_./

/%@Vﬂﬁ a

I\

temperature into lower
cost, clear, concentrated,

Ny Surfactants

Petrochemicals

low inhibitor sugar
products in front to back
time of <24 hrs. No waste
products only coproducts.

Adhesives
Agrochemicals
Cosmetics

Electronic Chemicals
Emulsifiers

Flavors & Fragrances
Food Additives

Industrial Chemicals

Pharmaceuticals
Plasiticizers

Plastics

Research Chemicals

Solvents

Fuels
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Sampling of Arkenol’s Patents

i) Patent No. 5,562,777 for Arkenol's basic technology, "A Method of Producing Sugars Using Strong Acid Hydrolysis of
Cellulosic and Hemicellulosic Materials" on October 8,1996;

ii) Patent No. 5,580,389 for "Method of Separating Acids and Sugars Resulting from Strong Acid Hydrolysis as Amended
on December 3, 1996;

iii) Patent No. 5,597,714 for "Strong Acid Hydrolysis of Cellulosic and Hemicellulosic Materials" on January 28, 1997,

iv) Patent No. 5,620,877 for "A Method of Fermenting Sugars Resulting From Strong Acid Hydrolysis As Amended" on
April 15, 1997;

v) Patent No. 5,726,046 for "Method of Producing Sugars Using Strong Acid Hydrolysis" on March 10, 1998;

vi) Patent No. 5,782,982 for "Method of Removing Silica from Solids Resulting from the Strong  Acid Hydrolysis of
Cellulosic and Hemicellulosic Materials" on July 21, 1998;

vii) Patent No. 5,820,687 for "Method of Separating Acids and Sugars Using lon Resin Separation" on October 13, 1998;
viii) Patent No. 5,892,107 for "Method for the Production of Levulinic Acid and Its Derivatives" on April 6, 1999.
(ix) Patent No. 6,054,611 for “Method for the Production of Levulinic Acid and Its Derivatives” on April 25, 2000;

(x) PCT International Publication Number WO 03/010339 A1 for “The Separation of Xylose and Glucose from Process
Acid Hydrolysate” on February 6, 2003;

(xi) Patent No. 2,158,430 for “Method of Producing Sugars Using Strong Acid Hydrolysis of Cellulosic and Hemicellulosic
Materials” on December 16, 2003; and

(xii) U.S. Patent Publication Number 2004/0173533 Al “Separation of Xylose and Glucose” on January 26, 2004.

~Patents allowed and pending on all continents~
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Contact Information

BlueFire Corporate Offices
31 Musick

Irvine, CA 92618

main: 949-588-3767

fax: 949-588-3972

email: rgklann@bfreinc.com

Media Contact

Laura Finlayson

Beckerman Public Relations

One University Plaza, Suite 508
Hackensack, New Jersey 07601
email: Ifinlayson@beckermanpr.com
phone: 201-465-8007

BlueFire Renewables, Inc.
2012
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