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NC STATE UNIVERSITY

There are several opportunities upstream and
downstream for biochemical processing
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Conversion of traditional lignocellulosicsto ethanol
(Chemical pretreatment + enzymatic saccharification +
fermentation)

W ood/Lignocellulosics Ethanol

)

Dehydration

aEEE Ditillation

Eg@r’ matlC Fermentation

olysis

reatment: 25-35% of conversion cost

Pr e

Pretreatment is necessary becauselignin in plant cell walls
limits enzyme’ s accessibility to polysaccharides.
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Upstream Processing: Making
“better” biomass

Qee iI] 0‘1 O;E}/

Aspen Lo it : a
Hybrid poplar ‘, a4 );
Eucalyptus .

i'—:l -':5};

L Obl OI Iy pl ne 5E-alr_.ftt-.i-,.n matslioptotef ;mlqli_lf;g:-r
'- i



- = 4 .hlw. :

i

¥
é‘
il

1gn

¥

S

ng of L
;%l
“

"
I-_-?.

d

&

etic En

Gen



NC STATE UNIVERSITY

Transgenic Populuswood with reduced lignin
can bedirectly hydrolyzed by enzymes
without chemical pretreatment
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Conversion of low lignin wood to ethanol
(Direct enzymatic saccharification + fermentation)

A process would be similar to current
ethanol production from corn grain

W ood/Lignocelulosics Ethanol
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Distillation Dehydration

Enzymatic -
Hyé>r/olysi S Fermentation




|
Downstream processing: gas-phase CO,

adsor ber capable of biofuel synthess

e Advantages of microbial synthesisof ethanol from gas-phase
CO, (CO,or CO)

— Recover gas-phase CO, as useful fuel
— Make C-C bonds from CO,

— CO, can be from fermentation exhaust + H, or biomass
gasification (syn-gas)

— Lesswater use, better mass transfer than submerged syn-
gas fermentation process

— Higher total gas-phase carbon conversion efficiency to
liquid fuel
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H30

Autotrophic acetogen/ethanologen
(Clostridia ljungdahlir)
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source
e Anaerobic

underway

recycle

* Acetateis sole energy

* (Genome seguencing

e CO, and CO potential for
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C. ljungdahlii -OTA1 vs. WT ethanol production
on MRCMfs

* Reinforced Clogtridial Medium with 5 g/L fructose in batch (50
ml mediain 160 ml serum bottles) and reducing agents under 1
atm syngas (20 % CO,, 20 % CO, 10 % H,, 50 % N.) (MRCMfs)

* Ethanol to acetate ratio

Time(h) | OTA1 WT
24 0.19 0.12
48 0.40 0.08
72 0.36 0.09
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Results: C. ljungdahlii-OTA1 EtOH +
Acetate Production in O, Exposed Cultures

Ethanol to acetate ratios for
1900 - 3500 C. ljungdahlii-OTA1 in control and
~ ij | 3000 oxygen exposed cells.
3 120 500G
é 1000 - 2000 é
_g 800 - 1500 %
q 00 - o E
R 1000 ¢ Time(h) | 0%0, | 6%0, | 12%0,
M0 - 500
0 0 12 0.08 0.08 0.20
0 12 24 6 a3 i 72
24 0.27 0.23 0.17
Time {h)
48 0.40 0.56 0.19
Dashed red lines, ethanol (diamond, 0 72 0.41 0.57 0.18

% O,; square, 6 % O,; triangle, 12 %
0,) Solid blue lines, acetate
(diamond, 0 % O,; square, 6 % 0,;

triangle, 12 % 0,).
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Stages in Development of C. [jungdahlii —OTA1

Latex Coatings for Gas-Phase Syn-Gas
Conversion

Stages: 1 2

3 4 5 6
Filament
@ pal n - coating,
& 9 3
= %0 0 Syn-gas nonwovens
> c c
Suspended cells Suspended Submerged Gas-phase Gas-phase coating
(intrinsic cells + latex coating coating, T .
kinetics) emulsion (pg gyhstrate) above liquid-phase d'q tp rad
(contact o outgrowtn  (filter paper " (media-saturate
toxicity)  from coating substrate) ilter paper substrate)
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Results: C. ljungdahlii-OTA1 Latex Coatings

* Non-toxic latex coating emulsion, anaerobic coating
methods developed

— Polyester coatings (non-porous substrate)
— Media-saturated filter paper coatings

* Media-submerged coatings consume syn-gas, produce
EtOH, but demonstrate cell outgrowth (sealant topcoat
devel opment needed)

* Reproducible syn-gas consumption by coatings above
Iquid-phase and on satur ated filter paper without
Iquid-phase demonstr ated (no outgrowth)

* Gas-phase coatingreactivity, EtOH + acetateyidd
(experiments in progress)

15
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Summary

* Biochemical pathway manipulation

— Has potential to iImprove ease of processing of
material

— Offersunique end products and product
selectivity

— Can reduce water utilization
— Can improve biofuel yield
— Isa productivetool in process engineering
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