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An array of bio-based opportunities: 

• Polymers, Paints, Coatings, Resins, Industrial Chemicals 

• Packaging, Bottles, Containers, Inks, Dyes 

• Adhesives, Sealants, Construction Chemicals 

• Surfactants, Cleaning Agents, Specialty Chemicals 

• Food additives, Flavorings, Fragrances, Cosmetics 

Petro-based 
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Bio-based 

Adapted from:   http://climate-connections.org 

Biological and Chemical  
Engineering 

Biobased 
Chemicals 
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Challenge 
BENZENE 
benzene  
nitrobenzene  
cyclohexane  
adipic acid  
caprolactam  
linear alkylbenzene  
cumene  
phenol  
acetone  
bisphenol-A  
methyl diphenyl diisocyanate  
aniline  
ethylbenzene  
styrene  

ETHYLENE 
maleic anhydride  
ethanol  
ethylene  
ethylene dichloride  
vinyl chloride  
ethylene oxide  
ethylene glycol  
a-olefins  
vinyl acetate  
ethanolamines  
diethylene glycol  
butene-1  
1,4-butanediol  

XYLENE 
toluene diisocyanate  
phthalic anhydride  
o-xylene  
terephthalic acid  
p-xylene  
butadiene  

METHANOL/GLYCEROL 
glycerol  
methanol 
methyl tert-butyl ether  
formaldehyde  
acetic acid  
methyl chloride  
Chloroform 
methyl methacrylate  

PROPYLENE  
propylene  
acrylonitrile  
propylene oxide  
acrylic acid  
n-butanol  
isopropanol  
propylene glycol  
2-ethylhexanol  
methyl ethyl ketone  

Alkanes/Cycloalkanes/Aromatics 

http://en.wikipedia.org/wiki/File:Benzene_circle.svg
http://en.wikipedia.org/wiki/File:Propylene_skeletal.svg
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Opportunity 

Acids/Alcohols 

Furan Rings 

Multifunctionals 

Pyrone Rings 

O

R

1
2

3
4

Starch / Cellulose 

Sugars 

Diacids/Diols 

DIACIDS/DIOLS 
Succinic  Acid 
Adipic Acid 
Butanediol 
Propanediol 

ACIDS/ALCOHOLS 
Lactic Acid 
Acrylic Acid 

http://en.wikipedia.org/wiki/File:Sorbins%C3%A4ure.svg
http://en.wikipedia.org/wiki/File:Adipic_acid.svg
http://en.wikipedia.org/wiki/File:Acrylic-acid-2D-skeletal.png
http://en.wikipedia.org/wiki/File:Caproic_acid_acsv.svg


Center  for  Biorenewable  Chemicals 

Adapted from:  PetroleumOnline.com 

Risk 

IHS 2012:  
Light Naphtha – 47 c/lb 
Naphtha Ethylene – 69 c/lb 
Shale Gas Ethylene – 18 c/lb 

Biomass 

Building 
Blocks 5-20 ₵/lb 

Fermentation 
Feedstocks 

Intermediates 

20- 40 ₵/lb 

Crude 

Oil 

Hydrocarbon 
Feedstocks 

Building 
Blocks 

Plastics & 
Resins 

Consumer 
Products 

Intermediates 

20- 25 ₵/lb 30- 40 ₵/lb 
40- 50 ₵/lb 

50- 60 ₵/lb Market Prices 
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CBiRC Partnership 
• Universities 

– Iowa State University (Home Institution) 

– California Irvine, Michigan, New Mexico, Penn State, 
Rice, Salk, Virginia, Wisconsin, (USA) 

– International Institutions (Europe) 

 

• Centers 
– BioEconomy Institute (BEI) 

– BioCentury Research Farm (BCRF)  

– Center for Crops Utilization Research (CCUR) 

 

• Innovation Partners 
– Centers for Entrepreneurship 

– Research Parks & Small Business Administration 

– Offices of Intellectual Property 

 

• Economic Development 
– Industry Members 

– State Economic Development Authority 

– Seed/Angel/Venture Funds 
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New Biocatalysts for 
Pathway Engineering 

 

Joe Noel (Salk) - Lead 

Basil Nikolau (ISU) 

Eran Pichersky (UMich.) 

Tom Bobik (ISU) 

Peter Reilly (ISU) 

Eve Wurtele (ISU) 

Microbial Metabolic 
Engineering 

 

Jackie Shanks (ISU) - Lead 

Nancy Da Silva (UCIrv.) 

Julie Dickerson (ISU) 

Ramon Gonzalez (Rice) 

Laura Jarboe (ISU)  

Costas Maranas (PSU) 

Ka-Yiu San (Rice)  

Suzanne Sandmeyer (UCIrv) 

Zengyi Shao (ISU) 

Chemical Catalyst 
Design 

 

Robert Davis (UVa) - Lead 

Brent Shanks (ISU) 

Jim Dumesic (UWisc) 

Abhaya Datye (UNM) 

Matt Neurock (UVa) 

George Kraus (ISU) 

Klaus Schmidt-Rohr (ISU) 

Keith Woo (ISU) 

Jean-Philippe Tessonnier (ISU) 

CBiRC Faculty 

Techno-Commercial and Life Cycle Analysis 
Rob Anex (UWisc) - Lead 

Raj Raman (ISU) 
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Separation 
Biorenewable  

Chemicals 

Inventions & Know How in 

Enzyme and Pathway 

Engineering 

Inventions & Know How in 

Catalyst and Catalysis 

Engineering 

Processing 
Biomass 

Opportunity 

Overview 
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3-Ketoacyl-ACP  

Synthase 

Methylketone  

Synthase 

Acetyl-CoA  

Synthetase 

Acyl-CoA 

Carboxylase 

CoASH  

Synthase/Reductase 

Thioesterase 

   

4, 6, 8,,,,16 

CH3 C 

O 

CoA CH3 C 

O 

CH2 C 

O 

ACP + CH2 C 

O 

ACP HOOC 

starter extender 

CH3 C 

OH 

CH2 C 

O 

ACP 

reduction 

CH3 C 

H 

CH C 

O 

ACP 

dehydration CH3 CH2 CH2 C 

O 

ACP 

reduction 

Metabolism 
Carbohydrates 
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Metabolic Engine 
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http://en.wikipedia.org/wiki/File:Caproic_acid_acsv.svg
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Proteomics             

Metabolomics Flux Analysis 

Omics and Flux Analysis 

Metabolic Evolution Transcriptomics 

Gene Targets 
(from Thrust 1) 

Strain Selection and 
Transformation 

Information 

Characterization 

Strain Selection and Evolution 
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http://www.pharmaceutical-technology.com/projects/eli_lilly/eli_lilly3.html
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200nm200nm

• Hydrogenation, Decarboxylation, Ring opening, 
Dehydration, Conjugation, Stable catalysts, 
Catalyst evolution. 
 

• Significant progress is being made with 
palladium, platinum and rhodium-based 
catalysts. 
 

• Hydrothermal stability studies are underway 
with support systems and catalysts. 
 

• Catalytic yields are approaching theoretical 
limits. 

Chemical Catalysis 
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Progress 
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http://en.wikipedia.org/wiki/File:Sorbins%C3%A4ure.svg
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Ancient   Current        Future 

Ethanol 

Bio-Based Chemicals Future 

Ethanol (cel) 
Propanediol 
Butanediol 
Lactic Acid 
Succinic Acid 
Adipic Acid 

Olefins 
Dienes 
Diacids 
Bifunctionals 
Rings 
Aromatics 

R 

http://en.wikipedia.org/wiki/File:Ethanol-2D-skeletal.svg
http://en.wikipedia.org/wiki/File:Bernsteins%C3%A4ure2.svg
http://en.wikipedia.org/wiki/File:Adipic_acid.svg
http://en.wikipedia.org/wiki/File:Lactic-acid-skeletal.svg
http://en.wikipedia.org/wiki/File:Sorbins%C3%A4ure.svg
http://en.wikipedia.org/wiki/File:Piperylene.svg
http://en.wikipedia.org/wiki/File:Hydroxymethylfurfural.png
http://en.wikipedia.org/wiki/File:Adipic_acid_structure.png
http://en.wikipedia.org/wiki/File:Ethanol-2D-skeletal.svg
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Thank you!! 
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CBiRC 

Biomass Primary 
Intermediates 

Secondary 
Intermediates 

Fatty Acids Sugars Uses 

Value Chain 
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Testbeds (1L) Pre-Pilot (250L) Pilot (5,000L) Plant (T) Iowa (10mT/yr) 

mg/batch           1-10g                  1-2kg                20-40kg           1,000Tonnes        100,000T 

Implementation 
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Iowa 
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Carbohydrates 

Pyruvate Acetyl CoA 
Ethanol 

Lactate 

Amino Acid  
Metabolism 

Fatty Acids  
Polyketides 

Glycolysis 

Citric Acid  
Cycle 

Sorbitol 

Succinate  Keto Acids  Array of Chains,  
Branches & Rings 

Furans 

Glycerol 

Terpenes 

Pathways 

O

R

1
2

3
4
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Vision 

Starch 
 
 
Cellulose 

Furan Rings 

Pyrone Rings 

Multifunctionals 

O

R

1
2

3
4

Sugars 

Carboxylic Acids 

Diacids/Diols 

http://en.wikipedia.org/wiki/File:Sorbins%C3%A4ure.svg
http://en.wikipedia.org/wiki/File:Caproic_acid_acsv.svg
http://en.wikipedia.org/wiki/File:Adipic_acid.svg
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Vision 
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Innovation 

A de-risking technology for translational research. 

Ideas 1-5 Yrs 2-5 Yrs   6-10 Yrs 2+ Yrs 

Concept Generation          Knowledge & Patents Product R&D Commercialization 

Startups, Members & Innovation Partners 

ID
EA

S 
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Danisco 

Michelin 

DSM 

Lesaffre 

Partnerships 

Evonik 

BASF Toray 

Endicott 

FocusFirst 

Allylix 

ChevronPhillips 

Frontline 

GlycosBio 

Elevance 

MBI GlucanBio 

NCAUR 

BBAM 

GPC 

Solazyme 

Genomatica 

Ashland 

OPXBio 

IFF 

PineCreek POET 
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Making Biobased Chemicals 

PetroleumOnline.com

CBiRC 

Biomass Primary 
Intermediates 

Secondary 
Intermediates 

Fatty Acids Sugars Uses 
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Separation 
Biorenewable  
Chemicals 

Inventions & Know How in 
Enzyme and Pathway 
Engineering 

Inventions & Know How in 
Catalyst and Catalysis 
Engineering 

Processing 
Biomass 
Opportunity 

Research 
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Future 
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NSF Translational Research 

Ideas 

 NSF ERC Funding 

Technology Development 

 Transformational Technology 
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