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� Urgent needs for alternative energy

� Butanol as an alternative energy for transportation

� Butanol production

� Recent development in butanol research

� Perspectives of butanol production using algae

� Summary 
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� Limitation of fossil fuels

� Increasing oil price ($150/ Barrel, May, 
2008)

� Concerns of environment
› Kyoto protocol

� Energy security
› Competition in development of energy

� Initiation of energy projects
› 저탄소녹색성장

3

� Wind, tide, wave, solar, geothermal energy
› Electricity

� More energy needed?

� Alternatives for gasoline
› portable

› Reduction of CO
2

emission

› Price competitiveness

› ethanol, butanol, diesel
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� Higher energy content than 
ethanol

� Higher flash point/lower 
vapor pressure

� Less corrosive

� Alternative of gasoline

The second 

generation liquid 

fuel

Industrial feedstock 

chemical

� Flavor extractant
� Commodity chemical
� Plastic industry

Methanol

CH
3
OH

Ethanol

C
2
H
5
OH

Butanol

C
4
H
9
OH

Gasoline

Many CH

Energy 

content 

(Btu/ 

gal)

63K 78K 110K 115K

Vapor 

pressure 
@ 100F 

(psi)

4.6 2.0 0.33 4.5

Motor 

Octane
91 92 94 96

Air: fuel 
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6.6 9 11.1 12-15

� Performance of 

butanol as an 

alternative of 

gasoline
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� ABE fermentation

› History

› Physiology

› Products

� Strains in research 

and industry
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� Development of biorefinery infrastructure

› Production of

� 4 carbon backbone-chemicals: 

� Organic acids

� Ethanol

� Hydrogen

� Riboflavin

� Extracellular enzymes 
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•Effect of substrate price on butanol

price (ABE yield= 0.42)
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Europe 

South Africa 

New Zealand 

USA

Russia  

Brazil 

China 

Korea

Recent development in buanol research
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� Substrates (media) 
�pretreatment

� Clostridium�strain
develop

� Fermentation( Batch/ 
continuous..Immobilized)
� Optimizing & 
Monitoring

� Distillation, 
pervaporation, gas 
stripping�Separation
technology

� Commercialization�
Marketing/ price

BIOMASS

Pre-treatment/hydrolysis

Separation

FERMENTABLE SUGARS

Continuous

Fermentation

production

Lignin(by product)

Organic acids

Carbon dioxide
hydrogen

Cell separation
Cell solids

(by product)

Solvent recovery

BUTANOL 14
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� Traditional

� Candidates

� Substrates in use

� Production of 

hydrolyzates

Substrates Main Carbohydrates Upstream processing steps 

Corn/ 

Degermed

Corn

Starch 71%

Dry/wet milling

Dilution & sedimentation

Cooking-mashing

Steam explosion

& hydrolysis

Enzyme treatment

Molasses Sucrose 50% 

Whey 

Permeate

Lactose 4-5%, 

Mineral 

Soy 

Molasses

Oligosaccharides

43%

Jerusalem 

Artichokes
Inulin

Potatoes Starch

Agricultural 

Wastes

Hemicellulose, lignocellulose: Corn stover, straw, 

grass

A wide spectrum of substrates, resistance to 

inhibitors, complete utilization of substrates are 

required for desired strains!!
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� Mutagenesis: 
› C. beijerinckii BA101

� Recombinant strains: 
› C. acetobutylicum ATCC 824

› E. coli 

� Targets to develop better strains

� Tools for metabolic engineering
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� High butanol production

� Wide spectrum of substrates

� Complete utililzation of substrates

� Resistance

Solventogenic Clostridia should 

be a platform for metabolic 

engineering!
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Fermentation

Cell & water recycleConcentrated feed

Fermentation broth

ABERecovery

A schematic diagram of integrated production of butanol

Tetravitae Bioscience
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� Research in Clostridium : 

› a limited society� collaboration

� Source and supply of substrates

› Sugarcane� a variety of substrates

� Price competitiveness in market

› Commodity  Chemical� Fuel
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� Semi annual academic meeting since 

1990

� Only society for solventogenic clostridia

� Academia/ industry

� Collaboration/ network
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� Urgent needs of sustainable/ renewable alternative 
energy

� Belated initiation of bioenergy

� 저탄소녹색성장-해양바이오에너지 (2008. 8. 15)

� Traditionally strong background in fermentation

� Recent development in butanol research
› Interest in butanol production 

› Few research groups

› 3rd generation substrate: Algae
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Substrates Starch-based lignocellulosics Red algae

Carbohydrate 

contents

Starch Cellulose, 

hemicellulose, 

lignin

Glucan (20%)& 

galactan (60%)

Harvest cycle 1-2 times/yr 1/8 times/yrs 4-6 times/yr

CO
2

fixation 5-10 ton/h 5-10 ton/h 5-10 ton/h

Hydrolyzate

properties

High in 

glucose

Glucose & xylose

(low yield), lignin

Glucose and 

galactose

Disadvantages Ethical 

problem

Limited, etc…. None

Cultivation Land, water, 

Fertilizer

Land, water, 

Fertilizer

Unlimited: Sea
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� Algae as the 3rd generation of substrates

� A newer is a better competitiveness!! 

� Selection of red algae: 
› high in glucan, nutrient & minerals 

› low in galacan and protein

� Problem of accumulation of residual sugar (galactose)

� Metabolic engineering for efficient galactose metabolism 

� Fermentation inhibitors produced during pretreatment
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� Lack of fundamental research and expert�
available high quality labor

� 정부주관하의장기적원천기술개발계획수립

� 범부처간의시스템구축및제도적지원 (면세, 지원금등)

� Relationship with Clostridium society

� 외국기술도입/우량기업/연구소 (coordinator)

� International collaboration- university (인력) 
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� 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 international research group

� Purchase of license and foreign technology

� <정부-기업-연구>  체제구축
› Advisory board for consulting and coordination
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