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Outline of the Presentation

• Biorefinery & Biocatalysis:  The larger picture

Oil b d Bi b d f d t k & l tf h i l• Oil-based vs. Bio-based feedstocks & platform chemicals

• Biocatalysis:  Core technology for Biorefineryy gy y

• Center for Biocatalysis & Bioprocessing (CBB) @
The University of Iowa: What are we doing in the areaThe University of Iowa: What are we doing in the area
Biocatalysis & Biorefinery
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• Summary/Conclusions



What is Biorefinery?

Biorefinery is the co-production of a spectrum
of bio-based products (food, feed, materials, 
chemicals) and energy (fuels, power, heat) from 
bi [d fi iti IEA Bi T k 42]biomass [definition IEA Bioenergy Task 42]
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Bio Refinery ConceptBio-Refinery Concept
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Chemical Industries
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Differentiated Chemicsls/
Materials/Polymers



(Modified) Crops
& Microbes& Microbes

(M difi d)

Production
platform for fuel, 
chemicals drugs(Modified) chemicals, drugs

and proteins!!
Biodiesel/lubricants

Ethanol
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Pharma intermediates &
Fine chemicals



Human- Industrial Pl tHuman-
Therapy

•Protein drugs
•DNA/RNA

Industrial
(Biofeed-

stock/energy)
•Bio ethanol/diesel

Plant-
Biotech

•Weedkiller/ 
i t i t t•DNA/RNA

drugs
•Vaccines
•Stem cells

•Oils
•Corn starch
•Chemicals
•Enzymes

insect resistant 
crops

•Healthy crops
•Plant made

RED WHITE GREEN

Stem cells y •Plant-made 
medicines

RED WHITE GREEN

O C O OG
Genetically Modified …… Starch/Sugars

Ag. Residues
Energy Crops
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BIOTECHNOLOGY Wood/Waste



Core of Industrial Biotechnology is BIOCATALYSIS

“Bi t l i * tili li /d d ( bi t/ i d) i b t“Biocatalysis* utilizes live/dead (recombinant/engineered) microbes or enzymes to
generate products as well as environmental assessment of products”

Fuels

Ag ChemicalsSecondary

Biocatalysis
Ag. Chemicalsy

Metabolites

PharmaceuticalsCommodity
Chemicals,

Biomaterials
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Finc Chemicals

*Including Fermentation



BIOCATALYSIS:  Involves many technologies/disciplines

Enzyme/microbe
Discovery

Early-stage validationManufacturing y g

Biocatalyst

g

Product Biocatalysis y
improvement

Metabolic

Recovery Biocatalysis

Metabolic
engineering/

Synthetic biology

Process Development/
Fermentation/separation

Biocatalyst
ti i ti
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Value of White Biotech
P d tProducts

 
Product Group Market Value ($ 2003) ApplicationsProduct Group Market Value ($, 2003) Applications

L-amino acids >2 B Nutrition, cattle feed, 
medicine 

Nucleotides >360 MM Nutrition 
Vit i B12 75 MM N t iti di iVitamin B12 75 MM Nutrition, medicine
Citric/organic acids 1.5 B Nutrition, chemistry, 

electronic, other technology 
Antibiotics 35 B Medicine 
Cyclosporin A 1.5 B Medicine 
Statins 15 B Medicine 
Taxol* 1 B Medicine 
Avermectins 1 B Veterinary medicine, Ag.Avermectins 1 B Veterinary medicine, Ag.
Industrial Enzymes >2 B Nutrition, chemistry, 

biocatalysis 
*Mainly from plants/plant cultures 
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Erick Vandamme, SIM News, May/June 2007, 81-91

In terms of value, pharmaceuticals still dominate!!
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O
Bio-Based Commodity Chemical

C N C
O

NH

Nitrile hydratase

NH2Immobilized
bacterial catalyst

20,000 tons/year
(Nitt Ch C J )(Nitto Chem Co.,Japan)

J Chem Soc Perkin Trans I 1679 (94)
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J. Chem. Soc., Perkin Trans I, 1679 (94)



I d i l L b i f SIndustrial Lubricant from Soy

Continued
Oxidation from
N GMONon-GMO soy
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GMGM S b E bl d thS b E bl d thGMGM--Soybean Enabled the Soybean Enabled the 
ProductProduct

GM Soy OSI = 192GM Soy OSI = 192
Conventional Soy OSI = 7
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Thanks to Dr. Lou Honary, Associate Professor,
U of Northern Iowa; CEO, Environmental Lubricants

Manufacturing, Inc. for the slidesManufacturing, Inc. for the slides
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Chemicals from Corn & Soy

• IOWA is very rich in agriculture -
#1 in Corn and Soybean Production#1 in Corn and Soybean Production 
in the United States

#1 i bi th l & #2 i bi di l• #1 in bioethanol & #2 in biodiesel
• Biorenewable chemicals from 
crops and crop residues is a “great 
fit”
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fit
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Chemical Industries
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Differentiated Chemicsls/
Materials/Pllymers



(Modified) Crops
& Microbes& Microbes

(M difi d)

Production
platform for fuel, 
chemicals drugs(Modified) chemicals, drugs

and proteins!!
Biodiesel/lubricants

Ethanol

MVS 9/08

Pharma intermediates &
Fine chemicals
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What is Driving Industrial Biotechnology Today?
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Aromatics from Petroleum 
OHO HO2C

HO OH

NH
CO2H

HO2C

hl l i l
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benzene
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OHOHHO
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HO
pyrogallol

hydroquinoneresorcinol

Courtesy:
Prof. John Frost

Draths Corp.



Aromatics from Sugars!!
OH

NH

O
CO2H

HO2C

di i id

Aromatics from Sugars!! 
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Aromatics from Renewables

• New chemicals• New chemicals

• New chemistries

• Improved performance
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E i t l I t

Aromatics from Renewables

Environmental Impact:
benzene

V l til• Volatile
• Carcinogen (leukemia, non-Hodgkin’s lymphoma)

OH
OH

OH
HO

O OH

OH
OHHO

D glucose

O OH

OH
OH

D xylose

HO

OH

OH

HO
L arabinose

HO OH
OH

l lD-glucose D-xylose L-arabinose glycerol

• Non-volatile

N t i
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• Non toxic

• Carbon-di-oxide consumed



US Department of Energy (DOE)US Department of Energy (DOE) 
Goal

By 2025:

• Replace 30% liquid transportation fuel withReplace 30% liquid transportation fuel with 
biofuels

• Replace 25% of industrial organic• Replace 25% of industrial organic 
chemicals with biomass-derived chemicals
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O O O O

DOE “Top 10” Platform Chemicals from Carbohydrates

HO
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O

O
HO OH HO O
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BIOCATALYSIS is Integral Part of Biorefinery

Starch hydrolysis

Fermentation for fuelsLignin to chemicals

Biochemicals

g

Cellulose/hemi Biocatalysis Biochemicals

Metabolic Engineering

hydrolysis Biocatalysis

Metabolic Engineering
for fuels &
chemicals

Modified start/lignin
In plants

Biomaterials/
Pl ti
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Plastics



Enzymes are essential across the board, for processing renewable 
feedstocks

Corn Stover

C6/C5

Biocrude
Biodiesel*Oil

Energy Crops

S
C6/C5

Sugars* Butanol*
Starch
Sugar

W d M
A

SS Thermochem
Chem/Bio* Ethanol*

CO2 + H2
Woody

Biomass

B
IO

M Pyrolysis
Chemicals*/
Materials*

Cellulosic
Waste

B Lignin*
Aromatics*

Biomaterials**Biocatalysis
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Biomaterials*Biocatalysis



Cellulosic Ethanol: 
Enzymes are one of the barriersEnzymes are one of the barriers

– Cost-effective pretreatment

– Reduction in cost of saccharification enzymes 

Saccharification efficiency of hemi cellulose and cellulose– Saccharification efficiency of hemi-cellulose and cellulose     
sugars

– Ability to efficiently utilize both C5 and C6 sugarsAbility to efficiently utilize both C5 and C6 sugars

– Economics of co-product streams

MVS 9/08

– Successful process scale-up 
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University of 
IIowa
Center for 

Biocatalysis & Bioprocessing
(CBB) - Fermentation Pilot Plant for

Red and White Biotechnology
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University of Iowa, CBB

CBB MissionsCBB Missions

Education, Research TechnologyTechnology,
Research felloships

Internships
NIH Training Grant

C f E i D

TechnologyTechnology
Transfer to BiotechTransfer to Biotech

CompaniesCompanies
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Conferences, Economic Dev. CompaniesCompanies



CBB:  Biotechnology Capability

Manufacturing

Discovery Process Development

Technology Transfer
To

Manufacturing

Early stage
Validation:

Confirmation

Discovery
Phase:

“Create the
Organism”

Process Development,
Scale Up & Product

Recovery
2L-1000L, Robust

Process Documentation gConfirmationOrganism Process, Documentation
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DASGIP System for Biomass/DASGIP System for Biomass/
Protein Optimization & Reaction Engineering
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CBB- Future Plans

5-Year Vision - Biocatalysis Center

National Center for Microbe/Enzyme/Gene
Resource for Biocatalyst Discovery & Screening

Applications
**Biocatalysis also

suitable to offer ‘early 
stage’ products

for validationfor validation

Pharma/Ag**
Intermediates

Fine
Chemicals/
Recruiting
Genes for

Commodity
Chemicals

Environmental
Assessment

Of
Feedstock
Utili ation
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Intermediates Genes for
Metabolic

Engineering

Chemicals Of
Compounds

Utilization
Diagnosis



GO (Plant Enzyme) - UI Technology

H C

O O

UIowa-DuPont GO Technology

Glycolate

GO (Plant Enzyme) UI Technology
Simplified Process for Production of Pyruvate -

H3C
OH

HO H

H3 C
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O
Lactic Acid    Pyruvic Acid

(Chem. Intermed;

H2O

H2O21/2 O2Catalase
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O O
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     Nutritional)

H2O

H2O21/2 O2 Catalase
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PO3 R2
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H2N-CH2-PO3R2

Glycolate
Oxidase

 Glyoxylic Acid 
(Ch I t d

Glycolic
Acid

Glyphosate
 (Herbicide)

(Chem. Intermed. 
     Vanillin)

•GO-based production of pyruvate, Operations reduced from 7+ steps to 2!!
•GO-based production of glyoxylate (glyphosate, vanillate)
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p g y y (g yp )
•GO-based production of other keto-acids
•GO-based resolution of racemic ∝-hydroxyacids
•GO-technology being patented; LO signed with a company + research funding



University of Iowa Strengths in a Bioeconomy Platform
Center for Biocatalysis & Bioprocessing (CBB) Capabilities

•C & N utilization (waste
source) vs. alcohol yield

•Fermentation optimization
S l t 1000L

http://www.uiowa.edu/~biocat/index.html

•Enzyme screening

•Enzyme screening
•Gene cloning
•Enzyme PD •Scale-up to 1000L

•Technology transfer

y g
•CBP-enzymes
•Characterization
•Process development
•Technology transfer

•Enzyme PD
•Technology transfer

Ag. Residues Harvesting Pretreatment Hydrolysis Fermentation

Consolidated Bioprocessing

Large scale biofuelMicrobiology/Enzmology
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Large scale biofuel 
productionChemicals

Metabolic Engineering



Summary:
• Industrial Biotechnology (White Biotechnology) has lagged• Industrial Biotechnology (White Biotechnology) has lagged 

behind Biopharma (Red Biotechnology).  However, the  
timing is right for large growth in this area

F bi f l t h i l t bi t i l th i• From biofuels to chemicals to biomaterials, there is a  
global resurgence (Biorefinery)

• Iowa is well positioned to lead in this areap
• US DOE has set clear targets by 2025:

• 30% transportation via biofuels
• 25% industrial chemicals from “Bio”• 25% industrial chemicals from Bio

• Biocatalysis is the “Core” of Industrial Biotechnology
and Biorefinery

CBB (U f I ) h l i “Bi t l i ” Pl tf
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• CBB (U of Iowa) has an evolving “Biocatalysis” Platform
- Involved in biofuels and biochemicals      


