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]bel JBEI provides the basic science
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bel Eight key factors have the biggest impact
. BioEnergy Institute on the price of biofuels
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bel Engineering cell wall deposition in fibers
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Challenges

 High-density biomass would reduce transport costs
and increase fuel yields

» More sugar and less lignin is preferable
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Engineering cell wall deposition in fibers
- the positive feedback loop
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Stacking technologies: Engineered plants with
low lignin and high cell wall deposition
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bel Dominant lignin engineering approach:
] Joint BioEnergy Tnstiute use of competitive pathway

Wild type Biosynthesis pathway
Target product
(e.g. lignin)

Biosynthesis pathway
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bel Diverting lignin intermediates reduces lignin
.mm.m.. e and improves sugar release
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bel Some key challenges in converting
Iignocellulosic biomass to fuels
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Challenges
* We need better pretreatment processes that
yield cleaner cellulose/hemicellulose
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bel lonic liquids pretreatment produces clean
cellulose/hemicellulose
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Switchgrass undergoing IL pretreatment
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* [C,mim][OAc], 120°C
* In situ studies using bright field microscopy

» Complementary Raman and fluorescence studies indicate
that lignin is solvated first, then cellulose
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Does pretreatment with ionic liquids
improve cellulose hydrolysis?
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bel lonic liquid pretreated biomass
],,, e 1S hydrolyzed more quickly by enzymes
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]bel IL pretreatment of mixed feedstocks
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b ei Achieved >90% IL recycle and maintained
ql Joint BioEnergy Institute pe rform an Ce
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Neat and recycled [C,mim][OAc]

» Achieved >92% recovery of the ionic liquid [C,mim][OAc]

* Recycled IL preserved >90% original pretreatment efficiency
if pH is appropriately adjusted

» Preservation of IL structure after recycle

* No apparent lignin compounds but trace sugars in recycled IL
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bel lonic liquids can be made from lignin:
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be‘i Renewable “bionic’ liquids have comparable
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Challenges

* Biofuels are needed for all kinds of engines,
particularly diesel and jet engines

» Many fuel-producing organisms can only utilize a
fraction of the sugars from biomass
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lbﬁ] Fuels investigated by Fuel Synthesis Division

@ Joint BioEnergy Institute
Gasolines /KA < >"0H
 High octane OH

* Short-chain alkanes

~— ~ f * Many branches )\)\
A ; * Some aromatics ©\
Diesels

* Appropriate cetane numbers  a._~_~,
« Long-chain alkanes ’
e Few branches o

> Eer—— . © i
+ Some aromatics /\OJ\/V\W /

Jet fuels
¢ Long-chain alkanes
* Few branches

Office of

EﬁbnY Sciencd

b€l Engineered microbes convert sugars
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b€l Engineered microbes convert sugars
into advanced biofuels
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be ] Many useful diesel fuels

I[ int BioEncrgy Institute can be made from fatty aCIdS
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Diesel-range methyl ketones in E. coli

Re-engineering B-oxidation
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Phase separation allows
simple purification of fuel
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bel Engineered microbes convert sugars
Imml ioEnergy Institute intO advanced biOfuels
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bel Improving isopentenol production
.E,w.“.. wn e USING proteomics and metabolomics
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bei Production of isopentenol is highest
. ioEnergy Instiute on IL-pretreated biomass
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bei JBEI's research program
m. s NAS reduced the fuel cost 10,000 fold

Fuel cost ($/gal)
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$10.000.00 Price of fuel with current technology = $39.76/gal
T Price of fuel with best technology = $3.66/gal
$1.000.00 - [ Price if you sell heat from lignin = $2.21/gal
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b€l JBEI products are shared
J _Iuwnl’:iul‘nv—rg Institute Wlth the SCIentIfIC Communlty

Data made available through JBEI-created databases
— disseminated to external databases, including Kbase
« JBEI computational tools made available to the DOE community
« JBEI collaborates with Kbase to develop new tools for rapid synthetic
biology
« JBEI research tools help advance other Genomic Science Programs:
— Nano-initiator Mass Spectrometry (Northen) enables ENIGMA research
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DOE Bioenergy Research Centers:
Publications, Patents, Licenses
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Moving BRC advances to the marketplace
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