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Biofuels
Energy source products that are 
generated from organic raw materials.
Organic materials primarily part of living 
plants or animals.
Examples:  
• Stems, stalks, and/or roots of grasses or trees
• Fruits or seeds of corn or soybeans
• Flesh or fats of animals
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1st Generation Biofuels: 
Two Commercial Products

Ethanol from Corn Biodiesel from 
Vegetable Oils

Gasoline-Based Diesel-Based
Engines Engines
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1st Generation Biofuel Limitations

Ethanol:
• Compatibility with 

existing fuels
• Energy density
• Energy 

transformation 
efficiency

• Feedstock 
availability/cost

Biodiesel:
• Cold flow limits
• Energy density
• Stability
• Feedstock 

availability/cost
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Next Generation Biofuel Pathways

• Biochemical Conversion - Biomass is 
broken down to sugars using either 
enzymatic or chemical processes and then 
converted to ethanol via fermentation.

• Thermochemical Conversion - Biomass is 
broken down to intermediates using heat 
and upgraded to fuels using a combination 
of heat and pressure in the presence of 
catalysts. 

• Crop Oil Conversion – Triacyl 
glycerides/fatty acids/lipids are chemically 
transformed to fuels                                         

http://www1.eere.energy.gov/biomass/biochemical_conversion.html
http://www1.eere.energy.gov/biomass/thermochemical_conversion.html
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Gregory Pal, LS-9, “BIO World Congress: Panel Discussion”, The 5th World Congress on Industrial 
Biotechnology & Bioprocessing, April 27-30, 2008, Chicago, Illinois
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Next Generation Biofuel Pathways

Biochemical Conversion

The Sugar Platform

Some examples of current work.
There are MANY others

http://www1.eere.energy.gov/biomass/biochemical_conversion.html
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Colin Mitchinson, Genencor, “Development of an Enzyme Product for Cellulosic Biomass Conversion”,
The 5th World Congress on Industrial Biotechnology & Bioprocessing, April 27-30, 2008, Chicago, Illinois
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Randy Cortright, Virent Energy Systems, “Liquid-Fuel Generation from Sugars Utilizing Aqueous- 
Phase Reforming”, The 5th World Congress on Industrial Biotechnology & Bioprocessing
April 27-30, 2008, Chicago, Illinois
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Randy Cortright, Virent Energy Systems, “Liquid-Fuel Generation from Sugars Utilizing Aqueous- 
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Next Generation Biofuel Pathways

Thermochemical Conversion

Gasification Example

http://www1.eere.energy.gov/biomass/thermochemical_conversion.html
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Gerson Santos, Abengoa, “Next Generation Biofuels: An Abengoa Market Perspective”, The 5th World 
Congress on Industrial Biotechnology & Bioprocessing, April 27-30, 2008, Chicago, Illinois
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William Roe, Coskata, “Coskata’s Vision”, The 5th World Congress on Industrial Biotechnology & 
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Next Generation Biofuel Pathways

Crop Oil Conversion

1.  UOP Example

2.  Our Work
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Tom Kalnes, Terry Marker, David Shonnard, and Kenneth Koers, “Life Cycle Assessments for Green 
Diesel Production”, The 5th World Congress on Industrial Biotechnology & Bioprocessing
April 27-30, 2008, Chicago, Illinois
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SUstainable eNergy
Research Initiative & Supporting Education

An interdisciplinary cluster of North Dakota 
researchers committed to solving complex 

energy related problems.

25 Faculty in 12 Departments
One Spin-off Company (SUNRISE Renewables)
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Sustainable Coal Utilization 
• DOE EPSCoR IIP

Crop Oil Conversion Technologies

Energy from Diffuse Sources (wind/solar)
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Syngas
LPG

Gasoline
Jet Fuel
Diesel

FA Chemicals
Aromatics 

OUR VISION
THE CROP OIL REFINERY

SUNRISE 
RENEWABLE
CONVERSION

TECHNOLOGIES

Canola
Soybean

Corn
Cottonseed

Jatropha
Jojoba

Linseed
Tallow-Beef

Tung oil 

Multiple
Feedstocks Multiple

Products
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COMMERCIAL 
PARTNERSHIP

http://www.bayercropscience.com/
http://www.crowniron.com/index.cfm
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Where We Are
OFFICES:   UND Technology Incubator

4300 James Ray Drive, Suite 175      
Grand Forks, North Dakota

Northwood Mills -
first demonstration 
facility site.

The Pilot Plant
facility

is the right 
hand

portion of the
building.

http://www.undrf.org/images/galleries/construction/render6l.jpg
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FA
ExtractionCracking

Feed Oil Purifi-
cation

Biojet fuel

TarsRecyclables

Light 
ends

SCFAs

Middle
Distillates

FA
Recovery

SCFA
Purifica-

tion

LCFA
Decarbox-

ylation
FA = fatty acids
SCFA = short chain (<C9)
LCFA = long chain (>C8)

Biofuel from crop oil 
with fatty acid extraction

Biofuel
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Biojet fuel from Crop Oil Maximizing 
Aromatic Chemical Production

Catalytic
Cracking

Feed Oil Purifi-
cation

Purifi-
cation

Aromatics for 
Chemical and 
Fuel Products

Tars

Alkanes for Fuel 
Products

Recyclables

Light 
ends

Middle
Distillates
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STATUS

• Base Biofuel Process:
– 90 gallon per hour feed capacity pilot scale 

facility under construction
– Samples of biojet fuel with USAF research lab 

to certify compliance with JP-8 specifications 
• SCFA By-Product Process: bench scale 

optimization and evaluation
• Aromatics By-Product Process: lab scale 

research complete – bench scale planned
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Conclusions

• Next generation biofuels will become 
commercial in the next 2-5 years

• Viable processes from all three pathways 
are predicted
– Biochemical, Thermochemical, Crop Oil 

Conversion
• Next generation biofuels will overcome 

many of the limitations of the two existing 
biofuel products
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