
Next Generation Hydrocarbon BiofuelsNext Generation Hydrocarbon Biofuels 

International Sorghum for Biofuels WorkshopInternational Sorghum for Biofuels Workshop 

Houston, TexasHouston, Texas

John R. RegalbutoJohn R. Regalbuto
Catalysis and Biocatalysis ProgramCatalysis and Biocatalysis Program

Directorate for EngineeringDirectorate for Engineering
National Science FoundationNational Science Foundation

August 19August 19thth, 2008, 2008



Current Situation in BiofuelsCurrent Situation in Biofuels
•• Energy Independence and Security Act of 2007Energy Independence and Security Act of 2007
 36 billion gallons of renewable fuel by 202236 billion gallons of renewable fuel by 2022
 15 billion cap on corn ethanol15 billion cap on corn ethanol
 Increase average gas mileage from 25 to 35 MPGIncrease average gas mileage from 25 to 35 MPG

Flex fuel: 25 MPG Flex fuel: 25 MPG 

 

18 MPG18 MPG
Renewable fuels must be exempted from CAFE increaseRenewable fuels must be exempted from CAFE increase

Challenge 1:  Challenge 1:  
How to produce a renewable biofuel without How to produce a renewable biofuel without 
incurring a loss in gas mileage.incurring a loss in gas mileage.



• CO2 debt is created 
when land is cleared

• This CO2 debt can be 
considerable:
– rainforest
– woods or thick 

grassland

• Will take a long time 
to repay if:
– land is heavily 

wooded
– payback is slow (soy 

based diesel, corn 
ethanol)

Challenge 2: 
Fargione et al; Land Use Change Penalty



Avoidance of Land Use Change Penalty
• Use fallow/abandoned 

farmland and marginal 
land with high debt- 
paying energy crops:

– Lignocellulose:
• Switchgrass
• Sorghum

• Avoid land use change 
altogether:

– Forest waste
– Agricultural residue

(?)
(?)

energy crops on 
marginal land

forest waste and 
ag residue

Optimal regime 
of operation

Fargione et al:  “biofuels made from waste biomass… or grown on 
abandoned… lands planted with perennials incur little or no carbon debt…

time “banked"



Challenge for Biofuels: Challenge for Biofuels: 


 

Mass produce a renewable biofuel which Mass produce a renewable biofuel which 
incurs penalties in neither gas mileage or incurs penalties in neither gas mileage or 
lifecycle greenhouse gas emissions.lifecycle greenhouse gas emissions.

The Solution: The Solution: 


 
Hydrocarbons from lignocellulose grown Hydrocarbons from lignocellulose grown 
with minimal land use changewith minimal land use change



Roadmap for Hydrocarbon ProductionRoadmap for Hydrocarbon Production


 

2007 NSF/ENG and DOE/EERE Cosponsored 2007 NSF/ENG and DOE/EERE Cosponsored 
Workshop in June, 2007Workshop in June, 2007



 

Workshop participants:Workshop participants:
–– 71 invited participants71 invited participants
–– 27 academics from 24 universities27 academics from 24 universities
–– 19 companies, small and large19 companies, small and large
–– 13 representatives from 5 national labs13 representatives from 5 national labs
–– 10 program managers (NSF, DOE, USDA)10 program managers (NSF, DOE, USDA)



 

Workshops Goals:Workshops Goals:
–– Articulate the role of chemistry and catalysis Articulate the role of chemistry and catalysis 

in the mass production of green gasoline, in the mass production of green gasoline, 
diesel and jet fuel from lignocellulose.diesel and jet fuel from lignocellulose.

–– Understand the key chemical and engineering Understand the key chemical and engineering 
challenges.challenges.

–– Develop a roadmap for the mass production Develop a roadmap for the mass production 
of next generation hydrocarbon biofuels. of next generation hydrocarbon biofuels. 



 

Final Report Released April 1, 2008Final Report Released April 1, 2008
–– www.ecs.umass.edu/biofuels/roadmap.htmwww.ecs.umass.edu/biofuels/roadmap.htm



 

Input for Interagency Working Group on Input for Interagency Working Group on 
Biomass ConversionBiomass Conversion



The Catalyst:  Heart of a The Catalyst:  Heart of a 
Catalytic ConverterCatalytic Converter
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Catalysts:  Heart of Petroleum RefineriesCatalysts:  Heart of Petroleum Refineries
Fuels, Chemicals, Materials (Textiles)Fuels, Chemicals, Materials (Textiles)
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Gasoline from Cellulose 
by Catalytic Fast 
Pyrolysis in a Single 
Reactor

Cellulose

Glucose in ZSM-5
Pyrolysis to
Sugars,
Adsorption into
catalyst Gasoline,

CO2 , Water

Catalytic
Conversion
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BCC = Biomass Catalytic Cracking

CA-Biomass



KiOR connects the Biomass and Oil Industry



 

Bio-Crude compatible with refining streams (but no Sulfur, metals etc)



 

Technology based on existing refining technology



 

Compatibility with existing infra-structure  lower entry barrier 

 fast Time-To-Market!



 

KiOR creates feedstock diversity for oil refiners !

Bio Crude

Crude oil



2nd Generation Biofuels 
Perspectives of a Global Refiner

Lisa Myers
Congressional Research & Development Caucus
Washington D.C.
October 4, 2007



2nd Generation Biofuels

• Anything other than Ethanol and Biodiesel
• Require massive low cost resource

– Ag./forest waste, wood, grass, cane, MSW

• Want omnivorous, efficient conversion technology
– Makes the most of the resource
– Should integrate with manufacturing infrastructure
– Linked to distribution infrastructure

• Need conversion to market compatible fuel
– Gasoline, Diesel

• Other Issues: Sustainability, Economics



ADM and COP Alliance
• Research next-generation biofuels

• Seek to commercialize technology for:
– Conversion of biomass into biocrude
– Refining biocrude into transportation fuels

• Target Fuels which are:
– Sustainable economically & environmentally
– Compatible with existing infrastructure; such 

as renewable gasoline or renewable diesel



Courtesy of Laurel Harmon, UOP
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Jim Jim DumesicDumesic:: 
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Virent Energy Systems Overview



 
Founded in 2002 by Dr. 
Randy Cortright and 
Professor Jim Dumesic 
from the Department of 
Chemical Engineering of 
the University of 
Wisconsin



Cane Sugar to Green Gasoline



Green Gasoline Composition

Unleaded Gasoline

Bioforming
Green Gasoline

Same Components as Standard Unleaded Gasoline

Bioforming
Green Gasoline

115,000 BTUs/Gal

Ethanol
76,000 BTUs/Gal

Unleaded Gasoline
115,000 BTUs/Gal
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ConclusionsConclusions



 

Think Think ““cellulosiccellulosic gasolinegasoline”” (and diesel and jet fuel)(and diesel and jet fuel)


 

no distillation; cheaper to produce and lower C footprintno distillation; cheaper to produce and lower C footprint


 

no loss of gas mileageno loss of gas mileage


 

fits into existing infrastructurefits into existing infrastructure



 

Catalytic and Catalytic and biocatalyticbiocatalytic routesroutes



 

New New ““green gasolinegreen gasoline”” paradigm is gaining momentumparadigm is gaining momentum



Federal Agency UpdateFederal Agency Update


 

NSF:NSF:


 

Hydrocarbons from Biomass (Hydrocarbons from Biomass (HyBiHyBi) selected as FY ) selected as FY ‘‘09 topic for EFRI 09 topic for EFRI 
(Emerging Frontiers in Research and Innovation) program in ENG (Emerging Frontiers in Research and Innovation) program in ENG 
directoratedirectorate
 55--7 projects, $10 7 projects, $10 –– 14 million14 million
 $2 million total, 4 years$2 million total, 4 years



 

DOE/Office of Science:DOE/Office of Science:


 

$100 million FY $100 million FY ’’09 budget request for Energy Frontier Research 09 budget request for Energy Frontier Research 
CentersCenters



 

DOE/EERE/Office of Biofuels Program:DOE/EERE/Office of Biofuels Program:


 

$25 million markup of FY $25 million markup of FY ’’10 budget for advanced biofuels10 budget for advanced biofuels



 

““Next Generation Hydrocarbon BiofuelsNext Generation Hydrocarbon Biofuels”” have been written have been written 
into the National Action Plan of the Biomass R&D Boardinto the National Action Plan of the Biomass R&D Board



Potential advantages of  Potential advantages of  
hydrocarbonshydrocarbons



 

SelfSelf--separation from water separation from water -- 
no distillation required.  Less no distillation required.  Less 
energy input:energy input:
–– lowers processing costlowers processing cost
–– improves the C balanceimproves the C balance



 

~30% higher energy ~30% higher energy 
density; wondensity; won’’t suffer a t suffer a 
commensurate loss of gas commensurate loss of gas 
mileagemileage



 

Reduction of water useReduction of water use



 

Green gasoline/diesel/jet fuel Green gasoline/diesel/jet fuel 
fit into current infrastructure; fit into current infrastructure; 
no need for engine no need for engine 
modifications or new modifications or new 
distribution systemsdistribution systems



Liquid Biofuels CapEx Drivers 
100 million Gallon/year facility

BioForm to 
Gasoline

Ethanol
(Starch feedstock)

Residence time; 
drives vessel size

60 minutes 3,000 minutes

Distillation Minimal; gasoline 
doesn’t mix with H2 O

Extensive; must boil 
off > 88% H2 O

Catalyst/enzymes 
/yeast OpEx

~ $0.04/gallon
Leased Catalyst

~$0.04/gallon
Enzyme & yeast

Estimated CapEx 
per gallon of 
Capacity

~ $1.80 per gallon ~ $2.0 per gallon
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