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verview

® Urgent needs for alternative energy

® Butanol as an altemative energy for transportation
® Butanol production

® Recent development in butanotresearch

® Perspectives of butanol production using algae

® Summary
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ckground

® Limitation-of fossil fuels

@ Increasing oilprice ($150/ Barrel, May,
2008)

® Concerns of environment
> Kyoto protocol
® Energy security
> Competition in development of energy

@ Initiation of energy projects
> MEtS MY E

energy

® Wind, fide,.wave, solar, geothermal energy
> Electricity

® More energy needed?

@ Alternatives for gasoline
> portable
> Reduction of CO, emission
> Price competitiveness
> ethanol, butanol, diesel
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butanol?
The second Industrial feedstock
generation liquid ;
el chemical

t 2

® Higher energy content than
ethanol

® Higher flash point/lower
vapor pressure

® Less corrosive
® Alternative of gasoline

s Flavor extractant
modity chemical
ic_industry

Butanol as a fuel

Methanol M Butanol | Gasoline @ Performcnce Of
CH4OH | C,HsOH NC,HgOH | Many CH
butanol as an

Energy .
Cfgte”t 63K | 78K | 110K | M5K O”em.ahve of
tw/ gasoline

gal)
Vapor

%e?f)‘(’)r,f 4.6 20 | 033 | 45

(psi)

Motor
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tanol production by
solventgenic clostridia

® ABE fermentation ® Strains in research
> History and industry
> Physiology
> Products
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tanol production = Biorefinery

® Development of biorefinery infrastructure
> Production o
+ 4 carbon backbone-chemicals:
+ Organic acids
+ Ethanol
+ Hydrogen
+ Riboflavin
« Extracellular enzymes

ABE Fermentation
using different sugars
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conomics in butanol production

AN

Note: Federal electrical price data have not been updated. Public hay
and straw prices are not changing through the summer

Effect of substrate price on butanol
price (ABE yield= 0.42)

Fossil Fuels Date Market Price $IMMBTU

Crude oil 9/26/08 $106.77 $/Bamel 51841

Gasoling 9/28/08  §3.632 $/Gallon 520.06

Diesel Fuel 8/28/08  §3.959 §/Gallon 530.78

Natural gas 10/1/08 776 SMMBIL 5778

Liquid Propane (Gulf) 9/26/08  $1.52 $/Gallon 516.59

Heating il 9/26/08  $2.996 3/Gallon 52171
Electricity retail, rasid. Feb-08 10.24 ¢kWh 530,01

Coal 9/26/08  $84.00 $ion 5358

\ Liquid Fuels

Ethanol (lowa) 10/3/08 $2.05 $/Gallon 526.97

\ biodiesel {lowa) 10/2/08 $4.26 $/Gallon 536.10
| Soybean oil (Cantral IL) 10/308 4183 ¢lb 524,65

No 2, Yellow grease 1008 §27.50 $lewt $17.86

Trans IChemE, Vol 78. Part C, September 2000 Solid Fuels

Fuel pellets 10/3/08  $280.50 $Ton 517.53

Shelled com 10/3/08 $4.17 5/Bushel §8.14

Compost 10308 §25.00 $reu. yard 83.63

Wheat straw 10/2/08  $105.00 $Ten 5709

Grass hay (ig md bale) 5/15/08  $80.00 $Ton 55.33

DoGs 9/30/08  $132.50 §Ton 57.05

Recent development in
butanol research
-part 1. World-

Regional development
Progress in academia
Progress in commercialization
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cent development in buanol research

ional

Europe
South Africa
New Zealand

U

Russia

Brazil
China
Korea

Technology in butanol production

BIOMASS
\

® Substrates (media)

2>pretreatme
® gleovsgllgrl:)umésfrm -—> Lignin(by product)
® Fermentation( Batch/ \

continuous..Immobilized) FERMENTABLE SUGARS

- Optimizing & L/

Mon”oring —> Organic acids
® Distillation, 3 Carbon dioxide
pervaporation, gas yarogen
stripping—>Separation |
technology _ Celisolids -~

® Commercialization=>

Marketing/ price -

\Z

BUTANOL~ 4

(by produtt)
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Substrates

® Tradition
® Candidates
® Substrates in use

® Production of
hydrolyzates

Substrates | Main Carbohydrates | Upstream processing steps
Corn/
Degermed | Starch 71%
Corn ’
Dry/wet milling

o
Molasses Sucrose 50% Dilution & sedimentation
Whey Lactose 4-5%, Cooking—mashing

ermeate Mineral Steam explosion

Soy Oligosaccharides & hydrolysis
Molass 43% Enzyme treatment
Jerusalem lin
Artichokes
Potatoes Starch
Agricultural

Wastes

Hemicelluloséxlignocellulose: Corn stover, straw,
grass

A wide spectrum of substrates, resistance to

inhibitors, complete utilization of subsfrafes are'

required for desired strains!!

15

Use of renewable substrates for
butanol production:

Rice bram, rice water, wood hydrolyzates



Administrator
Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2                                                                                                       3766                


Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2

search in Strain development

® Mutagenesis:
> C. beijerincKiirBA10]T

® Recombinant strains:
> C. acetobutylicum ATCC-824
> E. coli

® Targets to develop better strains
® Tools for metabolic engineering

utagenesis

® High butanol production

® Wide spectrum of substrates

® Complete utiliization of substrates
® Resistance

Solventogenic Clostridia should
be a platform for metabolic
engineering!
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Fermentation & Recovery

A schematic diagram of integrated production of butqnom

Concentrated feed Cell & water recycle

v

Fermentation Recovery —> ABE

k Fermentation broth /

utanol Industry

Tetravitae Bioscience

B-Basic

Bio-based Sustainable

s green | biologics

20
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imitations and perspectives of
butanol production

® Research'in Clostridium :
> a limited society=> collaboration

® Source and supply of substrates
> Sugarcane-> a variety.of substrates

® Price competitiveness in market
> Commodity Chemical-> Fuel

21
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Recent development in
butanol research Il
- Part 2. Korea -

Background
Recent development
Limitations«and perspectives

23

ckground

® Urgent needs of sustainable/ renewable alternative
energy

® Belated initiation of bioenergy
® XNEtA=AMZEL 5 2HI0] 20N K| (2008. 8. 15)
® Traditionally sfrong background in“fermentation

® Recent development in butanol researc
> Interest in butanol production
> Few research groups
> 39 generation substrate: Algae

24
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or

lgae as a substrate for butanol
uction

Substrates

Starch-based

lignocellulosics

Red algae

Carbohydrate
contents

Starch

Cellulose,
; se,

Glucan (20%) &
galactan (60%)

Harvest cycle rs 4-6 times/yr

CO, fixation 5-10 ton/h

Hydrolyzate xylose | Glucose and

properties lignin | galactose

Disadvantages None
problem

Cultivation Land, water, |Land, water, Unlimited: Sea
Fertilizer Fertilizer

25

USi

® Algae as

iobutanol production

red algae

® Selection of red algae:
> highin glucan, nutrient & minerals
> low in galacan and protein

® Problem of accumulation of residua

® Metabolic engineering for efficient galacto

® Fermentation inhibitors produced during pretreat

e 39 generation of substrates
® A newer is a better competitiveness!!

gar (galactose)

metabolism

26
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imitation and perspectives of
biobutanol production in Korea

® Lack of fundamental research and expert>
available high~quality labor

o dF Fdtote 371H @7 s7d A= +E

o HEXMZO ALHEH F5 A HEH XH (BHM, XE= S)
® Relationship with Clostridium socie

© =7z =/2FI|H/H 4 (coordinater)

® International collaboration- university (212)

27

mmary

Butanol is prior to ethanol

Use of Clostridium as a platform

Use of superior substrates: algae

Plans for short terms and long terms

> Production of commodity chemical (S), market

> Biobutanol production (L), labor, strain development
Collaboration with internationalresearch group
® Purchase of license and foreign technology

© <HE-7|H-AP> HH TS
> Advisory board for consulting and coordination:

© ® ©®©®

®

28
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