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Outline 

• Company/Technology Background 
• Quality Drop-in Products 

– Gasoline, Jet fuel, Diesel and Chemicals 
– Impact on „replacing the whole barrel‟ 

• Feedstock flexibility and development work 
– Biomass feedstocks 
– Impact on „supply the whole market‟ 
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Virent Energy Systems Overview 

• Founded in 2002 

• Based in Madison, WI 

• > 110 employees 

• 63,000 sq. ft. facility 

• > 20 pilot plants supporting 
 development and scale-up  

• 10,000 gal/yr process plant 
 supplying product for testing 

• > $ 76 MM of equity financing 

• > $ 61 MM of development 
funding from government and 
industry 
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Virent Demonstration Plant 
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Strategic Investors & Partners 

Feedstock  
Logistics 

Conversion 
Platform 

Customer 
Acceptance 

• Platform Research & 
Development 

• Technology Provider 
• Feedstock R&D 
• Catalyst Development 
• Operations 

• Shareholder 
• Support Efforts to 

Determine 
BioGasoline’s 
Suitability in Current & 
Next Generation 
Engines 

• Major Shareholder 
• Participating in 

feedstock 
development and 
commercial 
deployment 

Deployment 
Opportunity 

• Major Shareholder 
• Development Partner 
• Fuel Qualification 
• Scale-Up Partner 
• Market Channels 
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http://upload.wikimedia.org/wikipedia/en/e/e8/Shell_logo.svg
http://en.wikipedia.org/wiki/Image:US-DeptOfEnergy-Seal.png
http://en.wikipedia.org/wiki/Image:United_States_Department_of_the_Navy_Seal.svg
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BioForming® Concept 

Slide 5 

• Virent uses Chemical Catalysis to convert renewable 
feedstocks to drop-in hydrocarbon fuels and chemicals 

 
 
 

• Quality Products 
• Feedstock Flexible 
• Proven Deployment 

• High productivity 
• High yields 
• Scale-up 
• Heat integration 

 

Translates into 
• Infrastructure Compatibility 
• Energy Security 
• Domestic Job Creation 
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Drop-in Biogasoline 

Premium Biogasoline – 120,000 Btu/gal 

 

Virent fuel in Scuderia Ferrari race fuel 

 

Slide 6 
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Petroleum Reformate → Renewable BioFormate™ 

• This BioFormate was made from 

cellulosic material (corn stover) 

Typical Reformate  
(Vol%) 

Virent Bioformate 
 (Vol%) 

Paraffins 22.5 20.6 

Naphthenes 0.7 3.9 

Aromatics 60.8 64.4 

Overall Totals 84.0 88.9 

• Rich in C8 Aromatics - Mixed Xylenes 
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Virent Chemicals 

• Leverage biofuels development to supply “like-for-like” 
chemicals used in everyday materials. 

• Benefits of Virent‟s approach 
– Infrastructure compatible → Fast to market 
– Enables renewable content in a broad range of products 

including PET, Polyurethane, and Polycarbonates. 

 
Separation 

Ortho-
Xylene 

Meta 
Xylene 

Para-
Xylene 

Toluene Benzene 

Virent’s BioForming 
Product (BioFormate ™) 
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http://images.google.com/imgres?imgurl=http://www.indiamart.com/satyaluxmiinternational/pcat-gifs/products-small/Polyester-Film.jpg&imgrefurl=http://www.indiamart.com/satyaluxmiinternational/fiber-glass-products.html&usg=__gfpGiHkmKspY80-BPNPZXArJeMA=&h=240&w=240&sz=13&hl=en&start=52&sig2=QkenmQvFPGw4J4jOn5DdFQ&um=1&tbnid=zEc0T6vOJ5h1XM:&tbnh=110&tbnw=110&prev=/images?q=aromatics+PVC+polyester&ndsp=21&hl=en&rlz=1G1GGLQ_ENUS286&sa=N&start=42&um=1&ei=2IkMSrqHDYyWlAfhl6GNCA
http://www.google.com/imgres?imgurl=http://www.tela.it/immagini/imballi.jpg&imgrefurl=http://www.tela.it/products.html&usg=__8Hsv5gqBuazdASPuFe7SN1SuC_o=&h=544&w=621&sz=37&hl=en&start=6&sig2=QleLu1LgNSTWWMyg7arNSw&itbs=1&tbnid=FDKjLpy1xYDvKM:&tbnh=119&tbnw=136&prev=/images?q=polyurethane+foam&hl=en&gbv=2&tbs=isch:1&ei=m7zxS76nIp3sMMOpxeoL
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Virent Bio-Based Paraxylene – BioFormPX™ 

• Virent‟s bio-based paraxylene - 

BioFormPX™ - was separated and 

purified from BioFormate™ made on 

Virent‟s 10,000gal/yr demonstration-

scale plant 
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Adapted from Coca-Cola website graphic 
http://www.thecoca-colacompany.com/citizenship/plantbottle_basics.html 

PTA 
69% 

MEG 
31% 

Ethylene PX 
Petro-based 

feedstock 

PET Resin 

Blow molding 

Petro-based 
feedstock 

Bio-based 
feedstock 

Ethanol 

Bio-MEG 
31% 

Bio-based 
feedstock 

BioFormPX 

Bio-PTA 
69% 

Bio-PET Resin 

Blow molding 

• 100% Recyclable 

• 100% Renewable 

BioFormPX™ Enables 100% Renewable PET 
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Virent’s  Distillate Products 

Slide 11 

Processes are tunable to produce Distillate products per ASTM. 
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Virent’s Jet Fuel Characteristics – ‘RPN’  

• Range of molecules makes very good boiling point profile 

• Good density and High energy density 

• Excellent Freeze point and sulfur content 
Slide 12 

• RPN – Renewable Parrafins and Naphthenes 
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‘Replace the Whole Barrel’ 
Virent Technology can Address > 90%  of the Barrel 

Slide 13 
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‘Supply the Whole Market’ 
World Petrochemical Volumes 

Ethylene 

Assoc. gases / Naphta 

115 
Mt/a 

Estimates of world demand , 2009 
Sources: ICIS Chemical Business; BMI, CMAI. 

Propylene Butadiene* Benzene Toluene Xylene 

Olefins Aromatics 

Crude Oil 

70 
Mt/a 

11 
Mt/a 

40 
Mt/a 

23 
Mt/a 

40 
Mt/a 

Natural Gas Liquids 
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• Approximately 300M tonnes in 2009 

• Market value ~ US$400B (today) 
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Feedstock Development Work 

Slide 15 
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Virent Biomass Deconstruction Technology Portfolio 

Slide 16 

Dilute acid and enzyme hydrolysis 

Wet oxidation and enzyme hydrolysis 

Concentrated Acid Extraction 

Catalytic Biomass Deconstruction 

Water 
soluble 

oxygenates
Monoxygenates, 
furans, organic 

acids, 
solubilized lignin 

species.

Catalytic
Deconstruction

Catalyst 
separation

Separator

H2 recycle

H2 make-up

Catalyst recycle

Biomass

Concentrated HCl 
deconstruction

Loblolly 
pine

Preparation
Sizing

Tall Oil Removal

Sugar Recovery and 
HCL Recycle

Lignin
Deacidification

Final 
Purification

HCL

HCL

Soluble
C5 & C6 
Sugars

Lignin

Tall Oil

Soluble
C5 & C6 
sugars

Dilute acid 
deconstruction

Enzyme 
hydrolysis

Caustic WaterEnzymesSteam Sulfuric acid

Loblolly pine or 
corn stover Pretreated 

slurry
Hydrolysis

slurry

Solids
(mostly lignin)

Solids 
Removal

Soluble
C5 & C6 
sugars

Wet oxidation 
deconstruction

Enzyme 
hydrolysis

Steam Oxygen

Loblolly pine 
or corn 
stover Pretreated

slurry
Hydrolysis

slurry 

Solids
(mostly lignin)

Solids 
Removal

Caustic WaterEnzymes
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NABC Overview 

Slide 17 

Consortium Leads 
National Renewable Energy Laboratory 
Pacific Northwest National Laboratory 
 

Consortium Partners 
Albemarle Corporation 
Amyris Biotechnologies 
Argonne National Laboratory 
BP Products North America Inc. 
Catchlight Energy, LLC 
Colorado School of Mines 
Iowa State University 
Los Alamos National Laboratory 
Pall Corporation 
RTI International 
Tesoro Companies Inc. 
University of California, Davis 
UOP, LLC 
Virent Energy Systems 
Washington State University 
 
 
 
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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Recent Developments - Biogasoline 

NABC Work 
• Stover from ISU, pine residues from Catchlight 
• NREL, WSU, and Virent making Hydrolysates 
• Virent converted hydrolysates into BioFormate™ gasoline product 

Slide 18 
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Feedstock requirements (qualitative) 

*E.g., Deactivation of metal catalysts in liquid phase organic reactions; Besson and Gallezot, Catalysis Today, 81 (2003) 547-550 

• Desirable Feedstock Characteristics 
– 30 to 70 wt% soluble „carbohydrates‟ 

• Pentoses and hexoses 
• Mono- & oligosaccharides (DP1 to DP10+) 
• Significant wt% Furans, organic acids 

– Primary Impurity concerns 
• Amino acids (nitrogen)* 
• Low in ash (e.g., sulfur)* 

– Biochemical & Thermochemical process synergies 
• Decolorizing is less important; hydrotreating is possible 

Slide 19 
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Recent Developments - Biogasoline 

Cellulosic biomass to gasoline, 6/2/2011 

Virent’s Project Collaborators 

Slide 20 
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Virent's plant-based para-xylene 

Recent Developments - Bio-Based Plastic for Bottles 
and Fiber 
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Recent Developments – Jet Fuel Award 

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

Slide 22 

Jet fuel production 

Corn stover processing 

Modeling 

Project Partners 
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Links to Recent Progress 

Recent Virent Press Releases 
• Biogasoline - Virent Makes Biogasoline from Cellulosic Biomass 

• Chemicals - Virent Makes Renewable Paraxylene 

• Jet Fuel - Virent DOE Jet Fuel Award Announcement 

 

Other sources 

• Biogasoline announcement from NABC public website 

• Chemicals – Biofuels Digest Article 

• Jet Fuel – DOE site - 

http://apps1.eere.energy.gov/news/news_detail.cfm/news_id=17442. 
 

Slide 23 

http://www.virent.com/News/press/06-02-11_Virent_Makes_Gasoline_From_Cellulosic_Biomass.pdf
http://www.virent.com/News/press/06-06-11_Virent_Makes_Paraxylene.pdf
http://www.virent.com/News/press/06-06-11_Virent_Makes_Paraxylene.pdf
http://www.virent.com/News/press/06-10-11_Virent_DOE_Jet_Fuel_Award.pdf
http://www.nabcprojects.org/pdfs/virent_nabc_make_bioformate_gasoline.pdf
http://biofuelsdigest.com/bdigest/2011/06/07/khosla-slams-big-oil-virent-launches-plastic-bottle-alternative-at-ethanol-summit/
http://apps1.eere.energy.gov/news/news_detail.cfm/news_id=17442.
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Andrew Held 
Director Feedstock Development 
andrew_held@virent.com 
 
Virent is replacing crude oil.  Visit our website to learn how. 
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