Food, Feed, Fiber & Fuel (Plastics-Chemicals)
“New” Missions for Agriculture
Anticipated by Carver and Ford (ca 1942)
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George Washington Carver and Henry
Ford Shared a Bio-fuel Vision

Food
Feed
Fiber

&
Fuel

&
Plastics

George Washington Carvér ahd Henry Ford shared a vision of a future in which
agricultural products would be put to new uses: fuels, plastics, solvents, paints.

In 1942, Ford showcased a car with a “plastic body” made from soybeans,
Tubular frame, 30 less weight steel, more flexible and durable.
Designed to run on ethanol instead of gasoline.

This novel idea failed to catch on.



Woody Biomass ~60-70% Carbohydrate (structure)

Corn ~70% starch (stored energy, C6 glucose)
Sugarcane, energy beets, sweet sorghum - (chemicals)
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Black thermoplastic &
that can be burned
to provide energy

for ethanol
production.

Primarily pentoses,

o 5-carbon sugars

Homopolymer of glucose,
hexose, a 6-carbon sugar.

Composition of Lignocellulosic Biomass



Bloenergy crop

Acid or Base pretreatment is essential
for deconstruction of lignocellose.

Plant cells
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Xylose, arabinose, Mosier et al, 2004
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1. Dilute acid pretreatment = syrup of hemicellulose sugars C5 sugars
2. Enzymes to convert cellulose 2 glucose syrup C6 glucose
3. Biocatalyst that ferments C5 and C6




Made by fermentation with
Z. mobilis (and yeasts)
Glucose only

Excellent ethanol production

E. coli -- Ferments all sugar
constituents in woody biomass

Mixture of fermentation products
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HEXOSES (C6)

Microbial Platform

Embden-Meyerhof-Parnas
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Entner-Doudoroff Pentose Phosphate

+ NADH

(Zymomonas mobilis)

Pyruvate Decarboxylase
0.4mM (pdc)

Acetaldehyde + CO,
Alcohol Dehydrogenase

- NADH
(adhA, adhB)

Ethanol (95% Yield)

Lactate Dehydrogenase Pyruvate
7.2 mM (IdhA Formate-Lyase
Lactate 2 mM (pflE)
Acetyl-CoA T Formate
}/ Ethanol CO H
Acetate 2 ?
Japan -- MSW

Thailand — oil palm

“Plug and play fermentation”




Fermentative Metabolism

6 Xylose = 5 glucose

No external electron acceptor

Low cell mass €- Low ATP yield

High Product Yield

Selecting for faster growth
and higher cell densities
co-selects for higher
productivity and titer
(and resistance)

Japan -- MSW
Thailand — oil palm
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Metabolic Evolution

minimal salts + 2% Xylose 7
N
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37 C seed
120 rpm flask

24
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minimal salts 5-14% Xylose

+ 1 mM Betaine
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37 C, pH 6.5, 150 rpm
Inocula: 1:100 to 1:350 dilutions

24
hours



Lab sugar and mineral salts medium

Xylose to EtOH 37C
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Bacterial ... Fermentations @
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UF Engineered Bacteria for Plastics and 'Fuel
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Osaka Japan
(also Thailand)

Purac D-Lactic Acid
Ricardo and LOI




[MYRIANT

TECHNOLOGIES
Chemistry refined...naturally!

£ | 30 mil Iblyr
Lake Providence, LA

In 1925, Henry Ford predicted that biochemistry would
unite agriculture and industry, Myriant Technologies
has realized that vision: next-generation biorefineries
where pounds of sugar can replace barrels of crude.

Myriant biobased Succinic Acid lets you improve the
emvironmental impact of your specialty chemical offerings.

Learn how at: www.myriant.com
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Renewable Fuel and Chemicals

Pentose Sugars Uronic Acids

Hexose Sugars
Solazyme

Succinate
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Non-food Sugars for Bioproducts

A. Sulfuric Lignocellulose Process

Lignocellulose
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Side products of hydrolysis

(hydrolysate inhibitors)
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B. New Phosphoric Lignocellulose Process
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Phase |: State Board of Regents -Legislature/DOE EERE
Campus Biofuels Lab - Unit Ops (50 Ib batches)
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Research Advances Required for Process Simplification:

1. Developed biocatalysts with improved resistance to hemi toxins.

2. Replaced Sulfuric with less aggressive acid — Phosphoric
Gypsum piles replaced with crop fertilizer "
Eliminate Zirconium N
Lower the level of inhibitors

v A‘ ". 3. Solved mixing and pumping issues with high fiber solids 10-20% dw
| (Liguefaction tank; 6 h residence) Velcro = flowable “marbles”

e 4. Developed process using only fertilizer chemicals
33.'_';5’ (N,P,K,Mg,S,trace metals) Coproduct - New crops

- Eliminated fiber separation, detox, separate fermentations,
& identified value for all process materials.




Mixing & Pumping: Liquefaction with Cellulases

Pumps that did not work! 60°C 0.5-10% BioW pHz 10% Solids
Rotary lobe 20500
Gear ‘
Diaph
DRI oty Sugarcane Bagasse |
Centrifugal —= 0.25 FPU/g fiber
Peristaltic — 0.50 FPU/g fiber
= 20000 —» 5.0 FPU/g fiber
2 5 FPU - 99% reduction in viscosity
T 19500~ <5% digestion of cellulose
_;;’ 10000—_
S 5000- The velcro and marbles model
> 6000—-
. CRT with 6 h retention time
4000
2000 A ﬂ.
. 0- T T | 1 |' Y_i f Y
Claudia 0 1 2 3 4 5 6 23 24

Time (h)




Model 2 CSTR - 6 hr residence

After liquefaction
Velcro — hooks and loops (cellulase)

Evef F eel fke

you are losing your
marbles?

http://www.architerials.com/



_ : High Temp
Raw Bagasse o Pre 3
>teain

Fermentation Liquefaction
(C5+C6) Enzymatic

Distillation

No substrate fractionation
No liquid/solid separation
No toxin cleanup

No purification of sugars

No Zirconium or exotic metal




Buckeye Technologies, Perry, Florida
(dissolving pulp)




Stan Mayfield Biorefinery Pilot Plant

with Buckeye Technologies, Perry FL

Size: 3 tons of cellulosic biomass/day

Wood o i
=% | .l Seed Plant
Woody Crops | ]
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» hel
cvestsogmang | Developme nt

Related sugar crops

Organic acids,
Cap acity (lignocellulose)

Up to 100,000 gal Et/ yr or up to 1.0 mil 1b lactic / yr
Up to 400 gal ethanol/day or 5,000 Ib of organic acids

Process borrows water and nutrients that
are used to grow new energy crops. UF UNIVERSITY of

FLORIDA
IFAS




U F Stan Mayfield Biorefinery

3,500 sq. ft.

service labs

8,500 sq. ft. prcess
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Everything entering the process leaves as

. 210 — 350 gal/day
a commercial product

Product | Ethanol

> Pretreatment > Seed.
Propagation
) /—*\ —> Distillation
Biomass , )
(70% Sugar)
3-5tons/day | Lliquefac- Fermentation *
tion Beer Well Decanter

Fertilizer Solids
Na Pa Ka MQ Co-Products (Boiler Fuel)

1 -2 tons/day

S, Fe, Ca “Borrowing water and nutrients”

Day 0 Day 1 Day 1-3 ~ Day3 Day 3-4

Pretreatment . Distillation
Fermentation Beerwell Decanter

Seed Propagation Liquefaction
Fermentation
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Reducing Fermentation Times

80-88 gal/dry ton
bagasse

Sugarcane Bagasse
(South Florida)
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Stan Mayfield Biorefinery
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UF Stan Mayfield Biorefinery

________________________________________________________ , Membrane Technol.
Biomass Handling| (Diversified)
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