©CBIRC

eeeeeeeeeeeeeeeeeeeee
eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

Bioproducts: Research and
Development

Brent Shanks
Director, CBiRC

lowa State University
November 20, 2014

CENTER. FOR. BIORENEWABLE (CHEMICALS



New Processes and Products ©CBIRC
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Costs
1.Research and development
2.Process operating costs
3. Process capital costs

Revenues
1. Market size (Ibs)
2. Market prices ($/Ibs)
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Need to Leverage All Costs ~ ©UBIRC

wable Chemicals
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Research and development
1. Platform technology
2. Multiple products

3. Development infrastructure
1. Scaling equipment
2. Process integration
3. Value chain integration

Process operating costs

1. “Learning” curve

2. Feedstock utilization (matching market size)
Process capital costs

1. Incremental investment
2. Feedstock utilization
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Commercialization Path ©CBIRC

1. Higher value products (minimum viable
product)

2. Process learning curve
3. Alternative feedstocks

4. Lower value products*

* Market (revenue) potential has to be sufficiently large
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Other Monomers

Solvents

NSF Engineering Research
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ETBE
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Bio-Jet Fuel Mixtures
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% Isobutanol Platform ©CBIRC

/I\/k Bio-Diesel Blendstocks/Additives

Isooctene \ /I\/L\ or /’\)\
\ Bio-Gasoline Blendstocks

PET
other polymers

———

Xylenes and other

aromatics terephthalic acid
Methyl Methacrylate (MMA)
Butyl Rubber

Additives (antioxidants, plastics modifiers)

*Catalysis for the Conversion of Biomass and Its Derivatives, Behrens and Datye, eds., 2013
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Draths Corporation Platform*  ©CBIRC
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Triacetic Acid Lactone Platform ©UBIRC
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O Acetyl acetone A
An inorganic ligand !

HO' Used in metal extraction

Chirally-hydrogenated TAL ~ and dye production

A precursor to statin drugs
)\/\)]\o/\

_y S-hydroxy ethylhexanoate
Precursor to alpha olefins
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HO™
Pogostone Sorbic acid

A preservative

A natural antimicrobial

O O

HO™

Dehydroacetic acid
A fungicide and bactericide

Katsumadain A, a naturally occurring influenza
virus neuraminidase inhibitor
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