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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



1st Generation Biofuels:
Two Commercial Products

Ethanol from Corn Biodiesel from
Vegetable Olls
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1st Generation Biofuel Limitations

Ethanol:
o Compatibility with
existing fuels

* Energy density

 Energy
transformation
efficiency

 Feedstock
availability/cost

Biodiesel:
e Cold flow limits

* Energy density
o Stability

e Feedstock
availability/cost



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.

e 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

Meeting Key Market and
Environmental Criteria

% 1,59, INC.

%‘i [;5 fhee wenewable pedrolenm gomparye™™

@ @
£§ o 2 g ¢ >
[ Fermentation Catalytic = O B 3§ 5 5%
2 ¥ E £ § B¢
. - . i (=] =] = .
Com, etc.  Biomass —| Biomass Plant Qils o v o o w ad
l ‘ l 4 l Com-Based Ethanol J ,’
Syngas
Sugars  Syngas l Cellulosic Ethanol J ,/ ,/ ,/
I Methanal, Hydrocarbons Butanol ?
EE::. Ethanod ‘, "/ " *’ :
CilBased Biodiesel | 4ff WA
—_— Qil Hydrocracking ,/ J 22
Elant Algal CTL & GTL ?
Cils Dils J J .J J
Renewable
| | Petroleum™ Biofuels " ‘/ ‘U‘ \’ ‘/ ‘,
~
Bicdiesel The alternative fuel to ultimately succeed in the
market will possess the benefits of petroleum-
derived fuels and be renewable, domestically
produced, and cost competitive.
* bdost commonly dlscussed akemative fuels; w

Dot comprehensive of ail possiie 3pproaches

3

Gregory Pal, LS-9, “BIO World Congress: Panel Discussion”, The 5th World Congress on Industrial
Biotechnology & Bioprocessing, April 27-30, 2008, Chicago, lllinois



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”,
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Generation of Hydrocarbons from Sugar with
In-situ Hydrogen Generation
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Overall Theoretical Stoichiometry
3.58 CH,,0f > Cy4Hy+ 7.5CO, +6.5H,0

Hydrocarbon contains 65 % of Sugar Carbon

Hydrocarbon contains 94% of LHV of Sugar

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, lllinois




BioRefinery with Virent APR @vmm
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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, lllinois




Bio-Gasoline Composition @mm

Same Components as Standard Unleaded Gasoline

Unleaded Gasoline
115,000 BTUs/Gal

Unleaded Gasoline Bioforming

Green Gasoline

iy Bioforming 115,000 BTUs/Gal

Green Gasoline
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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, lllinois 1



Next Generation Biofuel Pathways

Thermochemical Conversion

Gasification Example
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http://www1.eere.energy.gov/biomass/thermochemical_conversion.html

Thermochemical Pathway

NEW TECHNOLOGIES
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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, lllinois 13



The Coskata Process

~ Ethanol
~ Recovery

William Roe, Coskata, “Coskata’s Vision”, The 5th World Congress on Industrial Biotechnology &
Bioprocessing, April 27-30, 2008, Chicago, lllinois 14



Next Generation Biofuel Pathways

Crop Oil Conversion

1. UOP Example

2. Our Work
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Simplified Process Flow Diagram
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Tom Kalnes, Terry Marker, David Shonnard, and Kenneth Koers, “Life Cycle Assessments for Green
Diesel Production”, The 5" World Congress on Industrial Biotechnology & Bioprocessing 16
April 27-30, 2008, Chicago, lllinois




Process Chemistry
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Tom Kalnes, Terry Marker, David Shonnard, and Kenneth Koers, “Life Cycle Assessments for Green
Diesel Production”, The 5" World Congress on Industrial Biotechnology & Bioprocessing 17
April 27-30, 2008, Chicago, lllinois
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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)

Mayville
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OUR VISION
THE CROP OIL REFINERY
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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

The Pilot Plant
facility
Is the right
hand
portion of the
building.

Northwood Mills -

first demonstration

facility site.
(COELSAT), a 50000 SF2 facility is being constructed on LIND's y
EEI‘E‘ME in UMDRF's Research Entarprise and Commercialization (REAC)
ar

The Center of Excellence in Life Sciences and Adwanced Technologies
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http://www.undrf.org/images/galleries/construction/render6l.jpg
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£ STATUS

e 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
— Blochemical, Thermochemical, Crop Oll
Conversion
* Next generation biofuels will overcome
many of the limitations of the two existing

biofuel products
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