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Total – Amyris: A Partnership Leveraging Expertise 


• Industry-leading renewable fuel development expertise  
and capabilities 


• Technology converting plant sugars into hydrocarbon 
fuels and chemicals 


• Access to low cost feedstock (e.g. Brazilian sugarcane) 


• Leading international oil & gas company and jet-
fuel supplier to the aviation sector  


• Technical knowledge of the target drop-in molecules 
• Technical expertise in industrialization and DSP: 
      - Finding synergies with existing plants and optimized    
       refining technologies for the final Downstream Processing       
       (DSP) steps 







Direct Sugar to Hydrocarbon (DSHC) Technology 


C15: FARNESENE/FARNESANE 


YEAST CELL 
ISOPRENOID PATHWAY 


ANTI-MALARIAL DRUG 


ISOPRENE 


C10 MOLECULE  SUGAR SOURCES 


INDUSTRIAL SYNTHETIC BIOLOGY PLATFORM 


Jet A/A1 Fuel 







Fermentation of sugars directly into a hydrocarbon, followed by DSP 
finishing into an ASTM compliant Jet A/A1 Fuel  


Amyris-Total DSHC Production Process  


São Paulo , Brazil Usina Paraiso, Brazil 







Chemical Transformation: 
 
 
 


Bio-sourced Farnesane 
Farnesane (C15): 2,6,10-trimethyldodecane 
CAS: 3891-98-3 
C15 iso-paraffin molecule 
 


Production of >30,000 liters of bio-jet to date 
 
Fermentation Precursor: trans-β-Farnesene 
CAS: 18794-84-8 
Terpene hydrocarbon 
 


Amyris has produced well over a million liters of farnesene to date and is completing 
construction of the purpose-designed farnesene plant in Paraiso, Brazil with up to 
50 million liters per year at target efficiency. 


FarnesaneFarnesene


Hydroprocessing
Sugar


Fermentation


Usina Paraiso, Brazil 







Key Molecule Neat Properties 
Farnesane (C15) 


Property C15 Results ASTM D7566 Annexes  A1.1 & A2.1 
Acidity Total mg KOH/g < 0.002 (w/o BHT) 0.015 


Physical Distillation (°C) 


10%: 244.6 
50%: 245.0 
90%: 245.7                       
FBP: 251.0                  


Residue: 1.2                     
Loss: 0.2 


10% <205 (SPK) 
 
 


FBP <300 (SPK) 
Residue <1.5 (jet spec) 


Loss <1.5 (jet spec) 
Flash Point 108 °C 38 °C min 


Density at 15°C 773 kg/m3 775 to 840  kg/m3 (jet spec)  
Freezing Point  < -100 °C -40 °C max 


Lubricity 0.643 mm <0.85 (jet containing more than 95% of 
hydroprocessed compounds) 


Existent Gum, mg/100 mL 4 and 3 (w/o BHT) <7 (HEFA) 
FAME, ppm <4.5 mg/kg <5 (HEFA) 


MSEP 87 (95 w/o BHT)  >85 (jet w/o antistatic) 
Thermal Stability - 2.5 h at 380°C 1                           <3 


Net Heat of Combustion, MJ/kg 44.0 MJ/kg >42.80 (jet spec) 


Farnesane properties make it a good candidate for blend in jet 







Jet Fuel Properties: Freezing Point & Sulfur Content 
Farnesane blended with petro Jet A1 
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Jet A/A1 Fuel Properties HoC & Smoke Point 
Farnesane blended with petro Jet A1 
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Jet A1 Fuel Properties: Distillation 
Farnesane blended with petro Jet A1 


Petro-like Distillation Characteristics 
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Jet A1 Fuel Properties: Flash Point & Density 
Farnesane blended with petro Jet A1 
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ICONE results for the biojet fuel by life cycle  
 


-60


-40


-20


0


20


40


60


80


100


Fossil kerosene Biojet fuel (syrup) Biojet fuel (syrup + 
molasses)


GH
G 


Em
iss


ion
s (


g C
O 2


-eq
 / M


J)


Molasses


Fuel Production


International Land Use Change


International Farm Inputs and Fert N2O


Other (fuel and feedstock transport)


Domestic Land Use Change


International Livestock


International Rice Methane


Tailpipe


Domestic Rice Methane


Domestic Farm Inputs and Fert N2O


Domestic Livestock


Net Emissions


15.2 gCO2/MJ 
15.7 gCO2/MJ 


Results revealed net life cycle emissions of around 15 g CO2eq/MJ, which leads  
to mitigation around 82%* of the GHG emissions considering fossil fuel 


*Based on US EPA Jet A Baseline = 83.8 gCO2eq/MJ 







4.180 liters/year 


2.839 liters/year 


CAMELINA 


AMYRIS CANE-DERIVED JET FUEL 
1365 km 


927 km 


Amyris - Total Renewable Jet Fuel 
Land use efficiency in comparison to other alternatives in Brazil 


3.246 liters/year 
1060 km 


JATROPHA 


Source: UNICA, Jatropha Alliance, Wiley Online Library 







Successful Demonstration Flight with Renewable Jet 
Fuel containing Farnesane, p-Menthane, p-Cymene   


(at 20%, 20% and 10%, respectively) 
 


São Paulo , Brazil, June 2012 


All rights reserved: Amyris 







Courtesy of Embraer 


Obrigado 
Merci 
Thank You 
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“Drop-In” Renewable Jet 
Fuel Containing 
Aromatics and 
Cycloparaffins 
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Overview 
 Process 


 Process Background 


 Process Chemistry 


 Jet Fuel Quality 


 Certification Challenges 


 Test Activities 


 Summary 
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ARA Hydrothermal Process (patented) 


• CH uses water to convert triglycerides, esters, and fatty acids directly into 
cracked and cyclized hydrocarbons  


• Same hydrocarbon types as petroleum – distributed over entire boiling range 


• Hydrotreating saturates residual olefins and removes residual oxygen 
• Aromatics and cycloparaffins are preserved 
• Hydrogen consumption & GHG generation are much less than SPK from HEFA 


• Fuel gas, naphtha, jet, and diesel products 
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CH Process Background 
• ARA developed “Catalytic Hydrothermolysis “ (CH) in 2006 


• A hydrothermal process where water mediates the CH reactions 
• U.S.  patent 7,691,159 was awarded April 6, 2010 


• Goals of the CH process: 
• Produce a true “drop-in” fuel containing aromatics and cycloparaffins 
• Renewable aromatic drop-in Jet fuel – Readi Jet® 
• Renewable aromatic drop-in diesel fuel – Readi Diesel® 


• Commercial benefits 
• Eliminates hydrocracking, hydroisomerization and catalysts consumption 
• Reduces hydrogen consumption and carbon footprint 
• Provides energy equivalent to petroleum fuels on both weight and volume bases 
• Avoids blending and infrastructure modifications 
• Reduces logistics costs – able to ship neat, without petroleum 
• Eliminates concerns regarding petroleum quality if/when comingled 
• Results in higher-quality, lower-cost, renewable fuels – blended or un-blended 
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Typical Alternate Fuel Hydrocarbons 
SPK from 


FT & HEFA 
Catalytic Hydrothermolysis (CH) 


Cyclohexanes 


Cyclopentanes 


Alkylbenzenes 


Polycyclics 


+ Paraffins 


+ 
+ 


+ 
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GC of Hydrotreated CH Crude Carinata Oil 
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ReadiJet® from Carinata Oil via the ARA CH Process 


March 2012 


April 2012 
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ReadiJet® from Carinata via ARA CH Process 
Specification Test Results (Provided by AFRL & AFPET) 


Specification Test MIL-DTL-83133H  
Spec Requirement 


ReadiJetTM   
from Camelina 


ReadiJetTM  
from Carinata 


Petroleum JP-8 
Reference 


Total Acid Number, mg KOH/g ≤0.015 0.011 0.012 0.003 


Aromatics, vol % ≤25                 24.2 16.8 18.8 


Olefins, vol % ≤5 1.3 1.8 0.8 


Heat of Combustion (m), MJ/kg ≥42.8 42.9 43.2 43.3 


Hydrogen Content, % mass ≥13.4 13.3* 13.8 13.8 


Smoke Point, mm ≥19 22 26 22 


Thermal Stability @ 260°C:         


Tube Deposit Rating ≤3 1 1 1 


Change in Pressure, mm Hg ≤25 0 0 2 


Flash point, °C ≥38 48 46 51 


Freeze Point, °C ≤-47 -54 -57 -51 


Viscosity @ -20°C, cSt ≤8.0 3.9 3.5 4.9 


Viscosity @ -40°C, cSt ≤12.0  7.4 6.5 9.9 


Density, kg/L @ 15°C 0.775 - 0.840  0.818 0.802 0.804 


Lubricity (BOCLE), wear scar mm  ≤0.85 0.59 0.57 0.53 
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ReadiJet® from Carinata via ARA CH Process 
Hydrocarbon Type Analysis – GC x GC Results 


  
ReadiJetTM  


from Camelina 
ReadiJetTM 


from Carinata 
Petroleum JP-8 


Reference 


 GCxGC (mass %)       
n-Paraffins  24.0 30.3 18.8 
iso-Paraffins 5.9 8.2 31.4 
Monocycloparaffins 29.8 31.1 20.8 
Dicycloparaffins 14.6 10.4 5.7 
Alkylbenzenes 16.2 11.8 15.1 
Indans and Tetralins 8.0 7.8 6.5 
Naphthalene 0.4 0.1 0.1 
Naphthalenes 1.0 0.4 1.6 
Total 100 100 100 
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GC x GC Reversed Column, Bubble Chromatograph 
Canmet Energy, Natural Resources Canada 


Petroleum JP-8 Carinata ReadiJet® 
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ReadiJet® from Carinata via ARA CH Process 
Metals Analysis by ICP-MS 


As, Ba, Be, Cd, Cu, Pb, Mn, Hg, Ag, Sr, Sn < 5 ppb wt 


  Concentration (ppb wt) 


 ReadiJetTM 
from Camelina 


ReadiJetTM 
from Carinata 


Petroleum JP-8 
Reference 


Aluminum 134 189 306 
Calcium 8 7 7 
Chromium <5 <5 <5 
Cobalt <5 <5 <5 
Iron <5 <5 <5 
Magnesium 7 5 7 
Molybdenum <5 <5 <5 
Nickel <5 <5 <5 
Phosphorus <500 <500 <500 
Potassium 23 28 <5 
Selenium <2 <5 <5 
Sodium 8 27 49 
Titanium 8 41 <5 
Vanadium 28 <5 10 
Zinc <5 <5 6 
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ReadiJet® from Carinata via ARA CH Process 
Volume Swell of Selected O-ring Elastomers 


Compared to Average Values for JP-8 


*Plasticer pre-extracted 


  
Material ID 


  


  
Material 


  


JP-8  -  90% Prediction Interval ReadiJetTM 
from Camelina 


%v/v 


ReadiJetTM 
from Carinata 


%v/v 
LL 


%v/v 
Mean 
%v/v 


UL 
%v/v 


N0602e* Nitrile Rubber 16.38 21.43 26.54 25.69 21.92 


N0602 Nitrile Rubber 3.39 6.92 10.52 8.83 7.11 


L1120 Fluorosilicone 5.01 5.95 6.92 5.93 6.14 


V0747 Fluorocarbon 0.19 0.44 0.69 0.27 0.31 
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Certification Challenges 


• ReadiJet®  cannot be procured under ASTM D1655 or ASTM D7566 
• Meets ASTM D1655 (and JP-8) spec requirements, but..... 


• Not petroleum derived 
• Meets ASTM D7566 Annex 2 feed stock and conversion requirements 


• ReadiJetTM is Hydroprocessed Esters and Fatty Acids (HEFA), but….. 
• Does not meet synthetic blending component spec - Tables A2.1 & A2.2: 


• Limit aromatic content to <0.5 mass % 
• Limit cycloparaffin content to <15 mass % 


• Limit density range to 730-770 kg/m3 


• ReadiJet® Requires a New Annex – Relative to Annex 2: 
• No change to Table 1 requirements 
• Increase limit on aromatic content to 25 vol% - same as petroleum specs 
• Eliminate limit on cycloparaffins – same as petroleum specs 
• Change density range to 775-840 kg/m3 – same as petroleum specs 


• New ASTM Task Force established – “HEFA SKA” 
• Additional tests are on-going 
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First Flight Test conducted on 100% “Drop-in” ReadiJet® 


• National Research Council Canada 
• 29 October 2012 
• Falcon 20 Aircraft 
• Ground tests on GE 700 2D2 Turbofan 
• Unblended fuel that meets D1655 spec 


• Operation on ReadiJet® at 30,000 ft 
• 20 minutes of operations  
• Variable thrust settings 
• Both engines running at cruise 
• In-flight engine shutdown and relight 
• In-flight emissions measurements 


• Performed better than Jet A 
• Specific fuel consumption was lower 
• Reduction in black carbon, oxides of 


nitrogen and aerosol emissions 
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Testing Under the FAA CLEEN program 


• Pratt & Whitney – Feb 2013 
• PW615 Turbofan engine test 
• Tests to be performed by P&W Canada 
• 400 gallons of ReadiJet® hydrotreated at AFRL 
• Fuel derived from Canola oil feed stock 
• Follow-on endurance test option 
 


• Rolls-Royce – testing in progress 
• Thermal stability (JFTOT and HiRets) 
• Elastocon seal performance test 
• Altitude re-light/combustion/operability rig tests 
• Auxiliary Power Unit tests 
• Same fuel as NRC flight test 
• Follow-on larger engine performance test option 
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Production of Fuels 
for Certification Testing 


• CH Pilot system – operational since 2010 
• 120 gal/day treatment capacity 
• Short residence time (<5 minutes) 
• Thousands of gallons of crude produced 


• Evaluated many different feed stocks 
• Algal oil, Camelina, Canola, Carinata, 


Castor, Corn, Jatropha, Peanut, Shae 
Butter, Soybean, Tall oil fatty acids,   
Tung, WVO 


• Conducted two hydrotreating campaigns 
• Chevron – at pilot plant in Richmond CA 
• Air Force Research Lab – WPAFB, Ohio 


• Engineering 100 bbl/day pilot 
• Produce certification quantities of ReadiJet® 


• Teamed with Chevron Lummus Global 
• Preformed preliminary engineering 
• 3500 and 5000 BPD commercial facilities 
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Summary 
 CH technology offers unique process advantages 


• Water is the primary conversion medium 
• Optimal conversion chemistry in a single step operation 
• Very short residence time 
• Adaptable to many renewable feed stocks 


 ReadiJet® exhibits chemical, physical, and performance characteristics nearly 
identical to petroleum-derived jet in testing to date 


• True “drop-in” fuels containing aromatics and cycloparaffins 
• High density – same as petroleum 
• Excellent low-temperature and thermal/storage stability properties 


 Commercial advantages relative to hydrocracking & isomerization 
• Smaller footprint, fewer unit operations, reduced hydrogen and catalyst consumption 


 Certification challenges still exist 
 Test requirements, blending requirements, specification  
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ATJ – Alcohol to Jet from Isobutanol 


 
4th International Conference on Biofuels Standards 


November 14th, 2012 
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Forward-Looking Statements  
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Certain statements in this presentation may constitute "forward-looking statements" within the meaning of the 
Private Securities Litigation Reform Act of 1995. These forward-looking statements include statements that are not 
purely statements of historical fact, and can sometimes be identified by our use of terms such as “intend,” “expect,” 
“plan,” “estimate,” “future,” “strive” and similar words. These forward-looking statements are made on the basis of 
the current beliefs, expectations and assumptions of the management of Gevo and are subject to significant risks 
and uncertainty. Investors are cautioned not to place undue reliance on any such forward-looking statements. All 
such forward-looking statements speak only as of the date they are made, and the company undertakes no 
obligation to update or revise these statements, whether as a result of new information, future events or otherwise. 
Although the company believes that the expectations reflected in these forward-looking statements are reasonable, 
these statements involve many risks and uncertainties that may cause actual results to differ materially from what 
may be expressed or implied in these forward-looking statements. 
 
For a further discussion of risks and uncertainties that could cause actual results to differ from those expressed in 
these forward-looking statements, as well as risks relating to the business of Gevo in general, see the risk disclosures 
in the Annual Report on Form 10-K of Gevo for the year ended December 31, 2011, as amended, and in subsequent 
reports on Forms 10-Q and 8-K and other filings made with the SEC by Gevo. 
 
This presentation is based on information that is generally available to the public and does not contain any material, 
non-public information.  This presentation has been prepared solely for informational purposes and is neither an offer 
to purchase nor a solicitation of an offer to sell securities. 
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Target 
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Proprietary Technology 


Direct 
“drop-in” 







ATJ – Alcohol to Jet 
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Gevo ATJ Utilizes Proven Commercial Processes 
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Alcohols Olefins Kerosene Jet 
Blendstock 


• Fermentation 


Synthetic Alcohol-to-Jet (ATJ) 


ASTM in process, Gevo targeting approval in 2013. 


Olefins Kerosene Jet 
Blendstock 


Synthetic HEFA Jet Fuel 


ASTM Specification and in commercial use 


Triglycerides 


Olefins Kerosene Jet 
Blendstock 


Synthetic FT Jet Fuel 


ASTM Specification and in commercial use. 


Gasification 







Proven Demo Scale ATJ Production 
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Alcohols Olefins Kerosene Jet 
Blendstock 


• Fermentation 


Synthetic Alcohol-to-Jet (ATJ) 







Simplified Process Flow Diagram 
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ATJ & ASTM 
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ASTM History 
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• ASTM Task Force in ASTM D02-J6 Initiated by Gevo® (June 2010) 
• Group of producers assembled (Fall 2010) 
• First task force meeting with engine OEMs at (Dec 2010 ASTM) 
• Task Force meetings held at both 2011 ASTM and CAAFI meetings  
• Task Force focused in two main areas:  


– ATJ-SPK (paraffins)   
– ATK-SKA (w/aromatics) 


• ASTM Members in 2012 building assets and tolling capacity. 
 







Overview of Alcohol-to-Jet Companies 
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Dehydration 
Oligomerization 
Hydrogenation 


Alcohol-derived SPK 
Gevo® 
Cobalt 


ZeaChem 


Dehydration 
Oligomerization 
Hydrogenation 
Aromatization, etc. 


SPK w/aromatics 
Byogy 
Logos 


Both Options 
Lanzatech 
Swedish 


 


Alcohol: 
Single   Mixed 
Gevo® (i-C4)  Logos  
Cobalt (n-C4)  ZeaChem 
Byogy (EtOH)   
Lanzatech/Swedish (EtOH)  







Route Forward 
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• Following members have/working on Fit-for-Purpose testing 
– Gevo  
– Navy/Cobalt  
– Swedish/Lanzatech  
– Logos  
– Byogy  


• Engine testing being completed on ATJ (Gevo) 
– US Air Force 
– Honeywell 
– Pratt & Whitney  
– Rolls Royce 


• Currently creating ASTM research report 
– Goal produce draft to OEMs by fall 2012 
– Goal submit for ballot spring 2013 ASTM  


 
 


 







ATJ Data 
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ATJ Fuel Property Data 
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Jet Fuel Tests Units Specification 
ASTM D1655/7566 


Gevo® 
AD-SPK 


Freezing Point °C < - 40 < -78 


Flash Point °C >  38 45-50 


Distillation (D86) 
T90 – T10 °C > 22 25-70 


Energy Density   MJ/kg >  42.8 44.0 


Density @ 15°C kg/L 0.73-0.77 (SPK) 0.76 


Aromatics % < 0.5 0 


Sulfur % < 0.0015 0 


JFTOT Breakpoint °C > 325 > 350 







Blend Distillation 
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Kinematic Viscosity 
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Peroxide Formation 
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Gevo ATJ Fuel Makes History in USAF Flight 
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“It flew like a usual A-10  
without any issues.”  


 
Maj. Olivia Elliott, A-10 pilot  


 


“You won’t be able to determine the  
difference and you won’t care,  
because all perform as JP-8.”  


 
Jeff Braun 
Chief for the Air Force Alternative Fuel 
Certification Division 


 







ATJ-A10-Video 
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Thank you for your time and attention 
 
 
 
 
Glenn Johnston 
Executive Vice President Regulatory Affairs 
Main: 303-858-8358 x2281 
Direct: 720-267-8600 
gjohnston@gevo.com 
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Virent at a Glance 
The global leader in catalytic biorefinery research, development, and commercialization.   


Employees 


Technology Infrastructure 


120 Employees 
 


25x Development Pilot Plants 
1x 10,000 gal/yr Demo Plant 


 


Partners & Investors 


Converting plant-based feedstocks 
to fuels and chemicals 


 > $77 MM in Equity Funding 
> $76 MM in Gov & Industry  
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Virent’s BioForming Technology 


Fast and Robust 
 Inorganic Catalysts 
 Moderate Conditions 
 Industry Proven Scalability 


Energy Efficient  
 Exothermic 
 Low Energy Separation 
 Low Carbon Footprint 


Premium Drop-in Products 
 Tunable Platform 
 Infrastructure Compatible 
 Fuels and Chemicals 


Feedstock Flexible 
 Conventional Sugars 
 Non-Food Sugars 


Leading catalytic route to renewable hydrocarbon fuels and chemicals. 


“Eagle” Virent’s Biogasoline Demonstration Plant- Madison, WI 
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Fuels and Chemicals from Biomass 


     Fermentation 


     Fermentation 


APR 


Refining 


Fischer-
Tropsch 


Catalysis 


Gasification 


Pyrolysis 


Hydrolysis 


Syngas 


Bio-oils 


Sugars 


Diesel 
Jet Fuel 


Ethanol 


Methanol 
Ethanol 


Liquid Fuels 


Ethanol 
Butanol 
Hydrocarbons 


Gasoline 
Jet fuel 
Diesel 
Chemicals 


CH1.4O0.6 


CH1.6O0.4 


CH2O 


CO + H2 


CH2 


CH2 


CH3O0.5 


CH3O0.5 


CH3O0.5 


CH2 


CH2 


CH3O0.5 


Virent’s 
BioForming  
Process 


Biomass 


© Virent 2012 6 







Overview 


 General Background on Virent and Biofuel Industry  
 BioForming Technology  
 Fuel Composition & Quality 
 Aviation Fuel Program Activities 


 
 
 
 


© Virent 2012 7 







The BioForming Concept 


Corn 


Slide 8 


Reformate 


Distillate 


APR/HDO 
 
 
 
 


Modified 
ZSM-5 


Condensation 
+ 


Hydrotreating 


Aromatics 
Gasoline 


Jet Fuel  
Diesel 


Biomass 


Sugar Cane 


Corn 


Biobased feedstocks to direct replacement products. 


H2 
H2 


(optional) 
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Natural Gas 
 







APR/HDO Reaction Pathways 


OH


OH


R1


OH


R1


OH


OH


R2


OH


R2


H2O 


+  H2O 


+  2H2 + CO2 


H2 


Aqueous Phase Reforming 
APR 


Hydrodeoxygenation 
HDO 


OH


OH


R2


OH


R2
+  H2O 


H2 


Aqueous Phase Reforming 


Hydrodeoxygenation 
HDO 


External Hydrogen Generation 
(e.g., Steam Methane Reforming) 


H2 


Option 1 : In-Situ H2 Production 


Option 2 : Ex-Situ H2 Production 


 Decision is based the relative cost of carbohydrate feedstock vs. H2 
derived from Natural Gas 


 Intermediate options exist using combinations of in-situ and ex-situ H2 
to varying degrees 
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Process Chemistry 


HDO/APR Soluble Sugars Finishing Condensation 


H2 H2 


O


OH


OH


OH


OH


O


OH


OH


OH


OH


OH


Reactive Oxygenates 
 
 


Sugars, Oligosaccharides, 
Polyols, Furans 


 
Carbon Chain Length ≤ 6 


 
2-6 Oxygen/Carbon Chain 


O


O


OH


Moderate Functionality  
Controlled Reactivity 


Oxygenates 
Alcohols, Ketones, Furans, 


Carboxylic Acids 
 


Carbon Chain Length ≤ 6 
 


1-3 Oxygen/Carbon Chain 


Hydrocarbons 
 
 


Alkanes,Cycloalkanes, 
Aromatics 


 
Carbon Chain Length 4-40 


 
0 Oxygen/Carbon Chain 


 
 


Low Functionality 
Hydrocarbons and Residual 


Oxygenates 
Alkenes, Alkanes, Aromatics, 


Ketones, Esters 
 


Carbon Chain Length 4-40 
 


0-1 Oxygen/Carbon Chain 
 


O


Hydrocarbons 
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Virent Jet Fuel Properties 


 


Distillation 
 


10% recovered (T10), °C  ≤205            182 164 


EP, °C ≤300 265 290 


T90-T10, °C ≥22           62 86 
 


Thermal Stability 
 


Temperature 260°C 325°C 


Tube Deposit Rating <3 1 1 
Change in Pressure, mm 
Hg ≤25 2 0 


140


160


180


200


220


240


260


280


300


0 20 40 60 80 100
B


oi
lin


g 
Po


in
t, 


°C
 


Volume % 


Virent Conventional Jet A


 Excellent freeze point and density 
due to unique Virent jet composition 


 


Physical  and Chemical Properties 
 


Heat of Combustion 
(measured), MJ/Kg  ≥42.8 43.3 43.3 


Flash point, °C  ≥38             51 40 


Freeze Point, °C  ≤-47 -50 <-60 


Density @ 15°C, kg/L           0.775 - 0.840  0.804 0.805 


  Specification Test 
MIL-DTL-


83133G  Spec 
Requirement 


JP-8  
 


 Virent D-86 comparison to Jet-A 


 High thermal stability indicates low 
levels of impurities 


Similar Properties to Conventional Jet Fuel = Balanced Blending Component. 
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Balanced Blending Component 


SPK 
50 gal 


Virent 
Jet 


50 gal 


Petro 
Jet A 


50 gal 


Petro 
Jet A 


50 gal 


ρ = 750 kg/m3 ρ = 790 kg/m3 


ρ = 790 kg/m3 ρ = 805 kg/m3 


50/50 Blend 
100 gal 


50/50 Blend 
100 gal 


Jet A 
ASTM D1655 ! 


Benefits of a Balanced Blending Component Example: 


+ 


+ = 


= 


ρ = 770 kg/m3 


ρ = 797 kg/m3 


Jet A 
ASTM D1655 


Minimum density requirement of 775 kg/m3 
(correction required) 
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Jet Fuel Activities - Summary 


Synthetic Aviation Fuels Specification 
ASTM D 7566  


(New Annex to be Approved) 
FAA Award 
$1.5 MM Grant 
Scale-up & Certification 


Shell – Virent Collaboration 
Technology Development 


DOE Award 
$13.4 MM Grant 
Stover-to-Jet 


Certification Activities Jet Product Development Activities 


 


7566 Annex X 
 


HDO SK 
 


Hydro-Deoxygenated 
Synthesized Kerosene 
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DOE Jet Fuel Award 


DOE Award 
 Announced June 10, 2011 
 Cellulosic sugars to jet fuel 
 $13.4 MM Grant 
 3 year project 


Jet fuel production 


Corn stover supply 


Corn stover processing 


Modeling 


Project Partners   
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FAA Project 


 Award to support production of jet fuel for ASTM 
certification 
 


 Program will support the design, construction, and 
operation of 5 gallon/day distillate pilot plant 
 


 Objective is to satisfy CAAFI’s Fuel Readiness Level 6.1 
requirements (fit-for-purpose properties evaluation) 
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Virent converts plant-based sugars into 100% renewable chemicals and fuels. 
Our bio-based products are identical to those produced from petroleum—direct 
replacements that utilize today’s processing, storage and transportation 
infrastructure.  If you are interested in strategic partnering opportunities please 
contact: 


 


THANK YOU. 


Aaron Imrie  I  Commercial Manager, Fuels  I  Virent, Inc. 
3571 Anderson Street  I  Madison, WI  53704  I  USA 
aaron_imrie@virent.com  I  P: +1.608.237.8635  
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Henry Hub NG to WTI Crude Spread 


Data: EIA historical and EIA AEO 2012 Reference Case Projections 


Fuel product price  
correlated to crude oil 


Feedstock H2 price  
correlated to natural gas 
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Theoretical Conversion Limits 


1.0 gallon 


9.18 kg 


9.40 kg 


APR/HDO of Sugar to Jet - No External Hydrogen  


APR/HDO of Sugar to Jet - Maximum External Hydrogen 


6.11 kg 0.44 kg 


Fermentation of Sugar to Ethanol Followed by Conversion to Jet 


1.0 gallon 


0.03 kg 


1.0 gallon 


Hydrodeoxygenation of Free Fatty Acid 


0.09 kg 3.32 kg 


1.0 gallon 


Assumed Feedstock Costs: 
Corn Starch @ $289/tonne; H2 @ $1150/tonne; FFA @ $970/tonne 


3.58 C6H12O6  1.0 C14H30 6.5 H2O 7.5 CO2 


2.33 C6H12O6 15 H2  1.0 C14H30 6.5 H2O 


3.50 C6H12O6 1.0 H2  1.0 C14H30 7.0 H2O 7.0 CO2 


1.0 C14H22O2 3.0 H2  1.0 C14H30 2.0 H2O 
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$2.71 $2.71 


$1.77 $0.50 $2.27 


$2.65 $0.04 $2.69 


$3.22 $0.10 $3.32 







Theoretical Conversion Limit Costs 


Assumed Feedstock Costs: 
Corn Starch @ $289/tonne; H2 @ $1150/tonne; FFA @ $970/tonne 


Route To Jet Fuel Sugar/Oil Cost 
($/Gallon) H2 Cost ($/Gallon) Fuel Cost ($/Gallon) 


APR/HDO of Sugar to 
Jet Fuel – No  
External H2 


$2.71 $2.71 


APR/HDO of Sugar to 
Jet Fuel –  Max 


External H2 


$1.77 $0.50 $2.30 


Fermentation of 
Sugar to Ethanol – 
Ethanol to Jet Fuel 


$2.65 $0.04 $2.69 


Free Fatty Acids (FFA) 
to Jet Fuel 


HEFA 
$3.22 $0.10 $3.32 


Starch and FFA prices based on 5 year averages for  
US corn starch (Virent estimate) and US soybean oil.   
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Energy Cost Comparison 


Heating Value Data Sources: GREET and Aspen Plus 


Bio-based 
Raw Materials 


Fuel 
Products 


Fossil-based 
Raw Materials 
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Cellulosics – Portfolio Approach 
Dilute acid and enzyme hydrolysis 


Wet oxidation and enzyme hydrolysis 


Cold Acid Solvent Extraction 
(CASE™) 


Catalytic Biomass Deconstruction 
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Strategic Investors & Fuel Partners 


Feedstock  
Logistics 


Conversion 
Platform 


Deployment 
Opportunity 


Customer 
Acceptance 


 Major shareholder 
 Participating in 


feedstock 
development and 
commercial 
deployment 


 


 Platform R&D 
 Technology 


provider 
 Feedstock R&D 
 Catalyst 


development 
 Operations 


 


 Major shareholder 
 Development 


partner 
 Fuel qualification 
 Scale-up partner 
 Market channels 


 Shareholder 
 Support efforts to 


determine 
sustainability in 
current and next 
generation 
engines 


Develop, deploy and commercialize at scale a renewable fuel platform that 
can utilize existing infrastructure. 


© Virent 2012 24 



http://upload.wikimedia.org/wikipedia/en/e/e8/Shell_logo.svg





Feedstock Flexibility 


Development Portfolio 
• National Advanced Biofuels 


Consortium 
• Virdia Collaboration 
• In-house Technology 


Development 
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Historical Feedstock Pricing 
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Military Fuel Testing 


US Air Force 
Wright Patterson AFB 


US Navy 
Patuxent River NAS 


F-76 
Naval Distillate Fuel 


JP-5 
Naval Jet Fuel 


JP-8 
Jet Fuel • CRADA executed 


• Samples tested 


• CRADA executed 
• Samples submitted 
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GC – GC Analysis 


JET A 


C8 C9 C10 C11 C12 C13 C14 C15 C16 


Po
la


rit
y 


Boiling Point 


Paraffins Energy, Combustion 


Naphthenes  Density, Volumetric Energy Content 


Aromatics Seal Swell, Density, Vol Energy Content 


Paraffins Energy, Combustion 


Naphthenes  Density, Volumetric Energy Content 


Aromatics Seal Swell, Density, Vol Energy Content 
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Virent Demonstrated Yields 
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Safe Harbor Statement 


The following information contains, or may be deemed to contain, “forward-looking statements”. 


These statements relate to future events or our future financial performance, including, but not 


limited to, strategic plans, potential growth, planned operational changes, expected capital 


expenditures, future cash sources and requirements, liquidity and cost savings that involve 


known and unknown risks, uncertainties and other factors that may cause Neste Oil 


Corporation’s or its businesses’ actual results, levels of activity, performance or achievements to 


be materially different from those expressed or implied by any forward-looking statements.  In 


some cases, such forward-looking statements can be identified by terminology such as “may,”  


“will,” “could,” “would,” “should,” “expect,” “plan,” “anticipate,” “intend,” “believe,” “estimate,” 


“predict,” “potential,” or “continue,” or the negative of those terms or other comparable 


terminology. By their nature, forward-looking statements involve risks and uncertainties because 


they relate to events and depend on circumstances that may or may not occur in the future. 


Future results may vary from the results expressed in, or implied by, the following forward-looking 


statements, possibly to a material degree. All forward-looking statements made in this 


presentation based on information presently available to management and Neste Oil Corporation 


assumes no obligation to update any forward-looking statements. Nothing in this presentation 


constitutes investment advice and this presentation shall not constitute an offer to sell or the 


solicitation of an offer to buy any securities or otherwise to engage in any investment activity. 


 


 







Agenda 
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1. The Company 


2. Technology 


3. Feedstock – Current Mix and Development 


4. Renewable Aviation Fuel 


5. The Role of Standards 
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The Preferred Partner for  
Cleaner Traffic Fuel Solutions 


• Neste Oil Corporation is a refining and marketing company 


concentrating on low-emission, high-quality traffic fuels.  


• Neste Oil is the world leader in renewable diesel 


• Neste Oil has invested billions of dollars in renewable diesel 


 


 Refining capacity  260,000 bpd (petroleum) 


    44,000 bpd (renewable) 


 Employees  5,000  (approximate) 


 Sales   Euro 15.4 billion (2011) 


  


• World headquarters in Helsinki, Finland  


• US office in Houston, Texas 
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  Global Leader in Renewable Diesel 


Location   Capacity  Investment       Completed 


 


1. Finland #1  190 000 tons € 100 million 2007 


2. Finland #2  190 000 tons € 100 million 2009 


3. Singapore   800 000 tons  € 550 million 2010 


4. Rotterdam  800 000 tons € 670 million 2011 
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Alternative Fuel Options 


BTL 


Vegetable oils 


Animal fats  


Esterification 


FAME = 


Biodiesel 


In 


Out 


BTL GTL 


Crude Oil 


Gasoline 


Jet 


Diesel 


CnH2n+2 
 


CnH2n 
 


Paraffins 
Aromatics 


Polyaromatics 


Refining 


Natural gas 


Coal 


Gasification 


Fischer- 


Tropsch 


CnH2n+2 


 
 


Paraffins 


 


Gasoline 


Jet 


Diesel 


Vegetable oils 


 Animal fats 


 


Hydrotreating 


CnH2n+2 


 
 


Paraffins 


 


HVO = 


Renewable 


Gasoline 


Jet 


Diesel 


Biomass 


Biological 


Chemical 


Thermal 


CnH2n+2 
 


 
Paraffins 


Renewable: 


Gasoline 


Jet 


Diesel 


Commercial Commercial Commercial Commercial  


by Neste Oil  
NExBTL technology 


Development 


 phase 


Esters 
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NExBTL process chemistry 
Hydro de-oxygenation (hydroprocessing) 


Triglyceride, R = nC 


R-C 


O 


CH2 


CH2 


HC 


O 


C-R 


O 


R-C 


O 


O 


O 


R'-CH2-CH3 2 H2O + 


R'-CH3 CO2 + 


R'-CH3 CO + 


CH3-CH2-CH3 


H2 


Catalyst 


H2 


Catalyst 


Feedstock Reactions & Products 


NExBTL Renewable Fuel 


Propane (fuel gas) 


... NExBTL
 
is a stable and pure hydrocarbon 
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Routes to Advanced Liquid Biofuels 


Fermentation 


Sugars 


L
ig
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Cellulosic ethanol 


Cellulosic butanol 


Oxygenates 


(Alcohols, 


ketones etc.) 


Biological 


Thermal 


Chemical 


BTL biofuels 


Fractionation & 


hydrolysis 


Biofuels 


Hydrotreatment 


BTL biofuels 


Hydrotreatment 


Fermentation 


Alcohols 


Fischer-Tropsch 


Catalytic 


Catalytic 


Reforming 


Fermentation 


Catalytic pyrolysis 


Gasification 


Pyrolysis oil 


Syngas 


Microbial oil / 


hydrocarbons 


NExBTL 


Biofuels 
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NExBTL 


renewable diesel 


Renewable 


propane 


NExBTL Products 
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NExBTL 


renewable 


aviation fuel 


Renewable 


gasoline  


Flexible and 


sustainable 


feedstock: 


a wide range of 


vegetable oils and 


animal fats 
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Renewable Diesel  


Market Experiences 
• Superior diesel blending component 


• Being used in blends and as a neat fuel 


– "Green diesel" is our premium 10% diesel blend 


– Helsinki buses running 100% NExBTL 


– Select group running 100% NExBTL in LDV 


• Completely fungible - no incremental costs  


• No storage stability problems 


• Excellent performance in cold climates 


– Temperatures in Alberta reached -40C 


• Very high cetane number (80...100) 


– Less noise, easier starts 


• Reduced exhaust emissions 


• Meets specifications of ASTM D-975 







Waste animal 


fat from the 


food industry 


Wide Variety of Feedstock 
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Palm oil, stearin,  


palm fatty acid 


distillate  


(PFAD) 


Waste fat from 


fish processing 


industry 


Camelina oil Jatropha oil Soybean oil Rapeseed oil 







New Raw Materials and Process Alternatives 
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Algae oil Microbial oil 


Harvesting 


residue and 


biomass 


gasification 


Non-food 


vegetable oils  


Waste animal 


fats, waste oils, 


residue and side 


streams 



http://www.google.fi/imgres?imgurl=http://aht.seriouseats.com/images/20091023mayodeli.jpg&imgrefurl=http://www.seriouseats.com/2009/10/the-food-lab-meatonnaise-mayonnaises-mayos-bacon-lamb-duck-beef-fats-science.html&usg=__D-jQ-BWyyqWnEtUppsfFNEF9R5k=&h=333&w=500&sz=50&hl=fi&start=34&itbs=1&tbnid=bnesvcKvmoWb4M:&tbnh=87&tbnw=130&prev=/images?q=animal+fat&start=20&hl=fi&sa=N&gbv=2&ndsp=20&tbs=isch:1





Potential Future Raw Materials 


• Cooperation with over 20 research institutions around the world. 


• 80% of Neste Oil’s R&D costs (~EUR 42 million in 2011) directed to 
researching renewable raw materials and the refining technologies. 


• The first ever pilot plant in Europe to produce waste-based microbial oil 
recently opened at Neste Oil’s Porvoo refinery in Finland. 


Microbial oil Algae oil Biowax from forest 


harvesting waste 







14 


Europe’s First Pilot Plant For Waste 
and Residue-Based Microbial Oil 


• Neste Oil is investing in a pilot plant in Finland to produce 


microbial oil from waste and residue streams 


• Scale up to commercial production in 2015 at the earliest 


BIOMASS 


Agricultural or pulp 


and paper industry 


residues etc. 


 


BIOREACTOR 


Biomass is 


transformed into 


microbial oil 


 


OIL-RICH 


MICROBES 


NExBTL PROCESS 


Microbial oil is 


converted into fuel 


PRODUCT 


NExBTL  


Renewable diesel / 


Aviation Fuel 







NExBTL Renewable Aviation Fuel 
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• Offers airlines an easy way 


to cut their emissions  


• Compatible with existing 


aircraft engines 


• Performance demonstrated 


on over 1,000 Lufthansa 


flights 


• Capable of being produced 


in commercial volumes 


• Offers Neste Oil future 


growth opportunities 


 







High Performance Level Proven by More 
Than a Thousand Flights! 
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1,187 


 flights 


1,557 tons  


of Neste Oil 


renewable aviation 


fuel blend (50%) 


consumed 


1,471 tons  


reduction in CO2 


emissions 
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Perfect Fuel For Aviation 


1. During the operation 


 Aircraft and engine performed 
excellently 


 1% lower fuel consumption due  
to the higher energy content 


2. Inspection after the program 


 Fuel system, combustion chamber 
and turbines in a perfect condition 


 Normal function and tightness of  
fuel bearing parts 


3. Storage stability 


 Density steady at 783 kg/cbm 


 No microbial issues 


 
Source of the picture: Lufthansa 
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Standards 







The Role of Standards in Renewable 
Aviation Fuel – Fuel Quality 


Standards defining the quality of jet fuel are in the key role in fuel 


production: 


• ASTM D1655 – 12: Standard for Jet A, Jet A1 from conventional sources. 


Annex A1 references ASTM D7566 for synthetic components 


• ASTM D7566 - 11a: Standard for synthetic components’ quality (FT-SPK 


Annex 1 and HEFA Annex 2) 


• Defence Standard 91-91 Issue 7: Military standard for petroleum jet quality. 


Includes a reference to ASTM D7566 for synthetic components. 


• JIG Issue 26 - 4th May 2012: includes the strictest requirements of ASTM D 


1655 and DEF Stan 91-91. 


 


• The most challenging requirements for synthetic components: 


• low density, flash point, freezing point, and distillation temperatures 


• Very strict metal levels requiring complicated, expensive and time 


consuming analyses 
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The Role of Standards in Renewable 
Aviation Fuel – Fuel Handling 


Handling instructions for jet fuel are included in: 


• JIG 1 (Into-plane) 


• JIG 2 (Airport Depots and Hydrants), and 


• JIG 3 (Supply and Distribution) instructions. 


 


• The same instructions are valid for jet fuels 


containing synthetic components. 


• Supplements to the above instructions will be 


included in 2012 JIG Bulletin No.57. 
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Neste Oil’s Renewable Fuels -  
Solutions for Energy and Climate Challenges 
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Premium quality, 


drop-in renewable 


fuels commercially 


available 


Significant reduction 


in greenhouse gas 


and exhaust gas 


emissions 


Securing  


of energy supply 


and reducing the 


dependency on 


fossil fuels 







Kiitos! 
Thank You! 
Neville Fernandes 
General Manager, USA 


Neste Oil Corporation 


neville.fernandes@nesteoil.com 





