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]bﬁl Braskem directives for this talk
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* What are the possibilities/constraints for the Synthetic Biology approach?
» How does this approach complement Chemical Conversion and Gasification?
* What are the commercialization prospects? Is it economically feasible?

» How will these commercial applications change over the short/medium/long term?
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» Context — brief introduction to JBEI
« Examples of Synthetic Biology applied to bio-based chemicals
* Plant (feedstock) engineering
* Lignin structure (towards aromatics)
 Targeted lignin expression (greater sugar density)
 Microbial engineering
» Access to many different metabolic pathways (custom products)
* Emerging technologies (BioCAD/CAM, rapid strain construction)
« Commercialization prospects

» Techo-Economic analysis

« Commercialization of JBEI technologies
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« JBEI

— IS not a company
— 1S a government-funded institute dedicated to basic science
— Is focused on biofuels, not bio-based chemicals

— develops technologies that can be transferred to the biofuels and
bio-based chemicals industries
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« Examples of Synthetic Biology applied to bio-based chemicals

* Plant (feedstock) engineering
* Lignin structure (towards aromatics)
 Targeted lignin expression (greater sugar density)
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Lignin - a complex
polymer that
occludes cellulose
and hemicellulose
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]bGl Engineering lignin structure
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]bGl Biosynthesis of novel monolignols
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]b@l Targeted expression of lignin
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« Examples of Synthetic Biology applied to bio-based chemicals

 Microbial engineering
» Access to many different metabolic pathways (custom products)
* Emerging technologies (BioCAD/CAM, rapid strain construction)



]bCl Engineering microbial metabolism

Joint BioEnergy Institute

Cellulose microfibril

Sugar )

Microbes B'\

Mevalonate pathway Mevalonate pathway m
(TOP) (BOTTOM)

Acetyl- N\ v
Meval [ ¥ e o b FPP
- N EIEPIITL) Mevaionate | \ETEN T NI )

i CHy OH
—_— — )\/\/'\/\/k/\o
H,C SCoA HO, OH PR /\/HI

Goal:

Produce hydrocarbons
compatible with our
existing transportation
Infrastructure.

/ %‘-5 U.S. DEPARTMENT OF Offi f
@ ENERGY scicnce




]b@l Hydrocarbon biosynthetic pathways

Joint BioEnergy Institute

Glucose —» Ggp —>» 6PG —>» X F

Geran)gieramolz>GGPP Galadose > G1P R Glp/l
iterpene
Mannose — M6p — F6P Xylulose
Farnesol E4P T R5P
FP
Sesquiterpene ‘/FBP / Xylose
| DHAP l S7P Ribulose
Geraniol ~ j
>GPP G3P T
Monoterpene — . l / Arabinose
/ PEP —»
DMAPP «—> PP, e T
A I T
Isopentanol«— Isopentenol Pyruvate Aromatic
N hydrocarbons
|So renoids AN €O, Acetaldehyde
But | —— .
P O —— Butyryl-CoA «—— Acetoacetyl-CoA +—— Acetyl-CoA \ Aromatics

Ethanol

4_
Isopentanol " Valeryl-CoA <

. Even chain
- ( fatty acid

Aliphatic < VariOUS<_.¢ Alcohols

hydrocarbons esters

= < \._Odd chain g
fatty acid

Short,
highly-branched
hydrocarbons

Propanol <~ Propionyl-CoA +——<—— SUC-CoA

Fatty acids \_ \ —°

Office of
Science



]bel Some advanced biofuels
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Alcohols
« Low miscibility with water < ""0H

« High octane )\A
OH

 Appropriate vapor pressure

oo plkanes

« Diesel (or gasoline) replacements
PGNP « Appropriate cetane (or octane) numbers

Esters
« Diesel replacements
« Appropriate cetane nos.

Cyclic alkanes/alkenes
« Jet fuel replacements
* Low freezing point
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]bel Combinatorial pathway assembly in yeast
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« Commercialization prospects

» Techo-Economic analysis
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]b€1 SuperPro process modeling
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— Feedstock handling

| =T _ Pretreatment

Product recovery

Fermentation

Wastewater treatment

Steam/Electricity
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]b@l Scenarios affecting process costs
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« Commercialization prospects

« Commercialization of JBEI technologies
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» Synthetic Biology, Chemical Conversion, and Gasification are complementary
» Keep abreast of what is possible to achieve with the different approaches

* Process optimization should consider all routes and include economic, social,
environmental and political costs.

» There are current examples of commercially viable Synthetic Biology approaches

« Initially, Synthetic Biology will likely contribute to higher-value products, especially
those difficult or impossible to achieve through chemical means

* Rapid advances are anticipated for Synthetic Biology
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