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AgflationAgflation ((agriculture+inflationagriculture+inflation))
While we worry about gas prices, the cost 

of milk, meat and fresh produce silently 

skyrocket 

- Victor Davis Hanson -

Twenty In TenTwenty In Ten
Goal To Cut U.S. 

Gasoline 

Consumption By 

20 Percent Over 

The Next Ten 

Years

… We'll also fund additional research 

in cutting-edge methods of 

producing ethanol, not just from corn, 

but from wood chips and stalks, or 

switch grass. Our goal is to make this 

new kind of ethanol practical and 

competitive within six years

State of the Union Address, 2007

State of the Union Address, 2006

is the point or timeframe                                       

at which the maximum 

global Petroleum 

Production rate is 

reached. After this 

timeframe, the rate of 

production will enter 

terminal decline

Peak OilPeak Oil
- M. King Hubbert -

Prediction & ProspectPrediction & Prospect
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Energy ExhaustEnergy Exhaust

Global WarmingGlobal Warming

Water AvailabilityWater Availability

Food, Feed, FuelFood, Feed, Fuel

Economic supplyEconomic supply

Bio HydrocarbonBio Hydrocarbon

HydrocarbonHydrocarbon

EconomyEconomy

Carbohydrate Carbohydrate 

EconomyEconomy

High yield, low input energy cropsHigh yield, low input energy crops

Sustainable feedstock systems with Sustainable feedstock systems with 
favorable GHG profilesfavorable GHG profiles

Renewable BiomassRenewable Biomass
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“Crop-based fuels such as ethanol and bio-diesel are quietly becoming a

crucial component of the global energy supply……..

Biofuels production is rising rapidly, while other fuel sources are failing to 

keep peace with demand. ……..

Global production of biofuels is rising annually by the equivalent of about

300,000 barrels of oil a day. That goes a long way toward meeting the 

growing demand for oil, which last year rose by about 900,000 barrels a day.

Without Without biofuelsbiofuels, which can be refined to  

produce fuels much like the ones made from            

petroleum, oil prices would be even higher. 

Merrill Lynch commodity strategist                            

Francisco Blanch says that oil and gasoline   

prices would be about 15% higher if biofuel

producers weren't increasing their output.”

Wall Street Journal March 24, 2008Wall Street Journal March 24, 2008

Advanced  Advanced  BiofuelsBiofuels
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Cost-competitive cellulosic ethanol

U.S. transportation fuels contain at least 3 billion      

gallons of cellulosic biofuels**

U.S. transportation fuels contain at least 16 billion    
gallons cellulosic biofuels**

Displace 30% of U.S. gasoline consumption*

Ramp up the production of biofuels to 60 billion gallons

20122012

20152015

20302030

2007

20222022

BiofuelsBiofuels TimelineTimeline

US DOE  Biomass Program, 2008US DOE  Biomass Program, 2008
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New Renewable Fuel StandardNew Renewable Fuel Standard

� Expand use of renewable fuels to 

36 billion 36 billion gallons annually by 2022

� Cellulosic biofuels component
- 3 billion gallons by 2015

- 16 billion gallons by 2022

� Additional Areas of Interest and 

Responsibility
- Infrastructure Development Grants

Numerous studies, R&D on infrastructure 

and other topics

EISA 2007: New TargetsEISA 2007: New Targets

Energy Independent and Security Act., 2007Energy Independent and Security Act., 2007
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Cellulosic Ethanol PotentialCellulosic Ethanol Potential

Cellulosic ethanol anticipated cost competitiveness and 

sustainability  attributes are key to biofuels growth potential

Historical and Projected Cellulosic Ethanol Costs

2001

(dollars 

per gallon)

2007 

(dollars per 

gallon)

2012

(dollars 

per 

gallon)

Enzymes 3.11 0.32 0.10

Feedstock* 0.82 0.74 0.51

Conversion 2.02 1.34 0.72

Total 5.95 2.40 1.33

*Feedstock is assumed to be $53 

per dry ton in 2007 and projected at
$46 per dry ton in 2012.

All Costs are 2007 $

Future goalFuture goal
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Cost reductions 

to date

NREL Modeled Cost

US DOE  Biomass Program, 2008US DOE  Biomass Program, 2008
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Fermentation

Hydrolysis

Product

Recovery

Pretreatment

Ethanol

Sugar based bioethanol

Sugar based bioethanol

Starch based bioethanol

Cellulose based bioethanol

1st

generation

3rd

generation

2nd

generation

BioethanolBioethanol from Biomassfrom Biomass
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Biochemical

Conversion

•Enzymatic    

hydrolysis

•Lignin conversion

Thermochemical

Conversion

•Pyrolysis

•Gasification

Integrated 

Biorefineries

Delivery 

Infrastructure

•Distribution vehicles 

(pipelines, tankers, 

etc.)

•Fueling stations

•Vehicles

•Fuels

•Power

•Bio-products

Feedstock

Production & 

Logistics
•Energy crops

•Residue harvesting

� Codes and Standards

� Market Transformation   

Efforts (e.g., outreach,  

policy)

Two Major Paths to SuccessTwo Major Paths to Success

US DOE  Biomass Program, 2008US DOE  Biomass Program, 2008
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BioethanolBioethanol from Nonfrom Non--Food BiomassFood Biomass
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ChallengesChallenges

• Non-food biomass is difficult to process due to:

– low accessibility of crystalline cellulose fibers
– presence of lignin “seal” & hemicellulose cross-links
– small pore sizes in lignocellulose

• Acid pretreatment methods result in the formation of byproducts
that are inhibitory to subsequent biofuels fermentation and result in 
a loss of sugars

NonNon--Food BiomassFood Biomass

• NonNon--Food biomass Food biomass is able to improve biofuels production capacity.
• Technologies based on non-food biomass are considered as

advanced processes advanced processes to increase the number of products and raw
materials, as well as to optimize the use of biomass

• Ethanol consumption will increase. Since ethanol production capacity
from cereal is limited, it is necessary to produce it from Non-Food.        

• Conversion technologies based on the hybrid concept cereal + non-
food + ? will be introduced.

JEBI; Joint JEBI; Joint BioenergyBioenergy Institute, 2008Institute, 2008
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Rhodophyta

Chlorophyta

NonNon--Food BiomassFood Biomass
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Digestibility

Crystallinity Surface area
Hemicellulose

content

Lignin

content

Pretreatment of biomass

Initial hydrolysis rate Effective enzyme

Pretreatment FractionationTotal Hydrolysis

Lignin and ExtractivesCellulose-Hemicellulose

Cellulose Hemicellulose Hydrolyzate

Wood Chip / Herbaceous crop

Alkaline Treatment

Acid Hydrolysis

FermentationSSF / SHF

Biomass TreatmentBiomass Treatment
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Costs in 2002 Dollars
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DOE

Cost
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DOE

Cost

Target

State of Technology Estimates

Feed $53

per ton

Feed $45 per ton

Yield 75 gal/ton

2005 Yield

65 gal/ton

Feed $30 per ton

Yield 90 gal/ton

$0.120
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Relative Ethanol Cost Sensitivity to Process Improvements

$0.00 $0.05 $0.10 $0.15 $0.20 $0.25 $0.30 $0.35

Reduce cellulase cost

(2x reduction)

Eliminate sugar losses

in conditioning

Increase xylan conversion

(63% to 90%)

Improved Fermentation

(yields, robustness)

Decrease feedstock ($53 to $35)

Ethanol Cost Reduction ($/gal ethanol)

Kelly Ibsen, 2005 Biochemical Platform Analysis, US DOE

29.0

19.4

16.1

14.5

6.5

6.5

6.5

6.5

Key Processing Cost ElementsKey Processing Cost Elements

US DOE  Biomass Program, 2006US DOE  Biomass Program, 2006
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Ref.: K. S. Kim, KITECH, 2008

Red Algae,Red Algae, FeedstocksFeedstocks Potential Potential 
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Ref.: K. S. Kim, KITECH, 2008

Red Algae,Red Algae, FeedstocksFeedstocks Potential Potential 
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Fractionation of Fractionation of galactosegalactose

fromfrom Red Algae Red Algae through dilute through dilute 

sulfuric acid hydrolysissulfuric acid hydrolysis
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②

③

⑪

⑩

④

⑤

⑥

⑨ ⑧ ⑦
⑫ ⑬

① Timer and counter ② operator's control box ③ Voltmeter ④ Ammeter 

⑤ Digital thermo-controller ⑥ Digital indicator ⑦ Bath(Cooler) ⑧,⑨

Bath (Heater) 

⑩ Batch reactor ⑪ Electric motor ⑫ Power switch ⑬Main switch

Composition: 

15 ml Bomb tube reactors

Pre Heater, Heater, Cooler 

Automatic operating system

Purpose: 

Hydrolysis of Biomass

Temperature range: 

150~250°C

4 reactions can be 

carried out in once

Experimental SetupExperimental Setup
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Chemical Composition of Chemical Composition of Red AlgaeRed Algae

• BioLC(Advanced Bioscan 871 System

with PAD, Metrohm, Swiss)

Metrosep Carb 1-250
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Fig. Production of galactose and glucose with 1% 
        H

2
SO

4
 for 15 min. at various temperature
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Pretreatment/HydrolysisPretreatment/Hydrolysis (Red Algae)(Red Algae)

• HPLC(Breeze HPLC system, Waters,  Co., USA)

Aminex HPX-87H(bio-rad)

- Mobile phase : 5mM H2SO4, Flow rate : 0.6 ml/min

- RI detector and column  temperature : 30, 65℃
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Pretreatment/HydrolysisPretreatment/Hydrolysis (Red Algae)(Red Algae)

Pretreatment of Red Algae with Pretreatment of Red Algae with HydrosulfuricHydrosulfuric acid(0.75%) acid(0.75%) 

and Fractionation of and Fractionation of galactosegalactose
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Pretreatment of Red Algae at 150Pretreatment of Red Algae at 150℃℃ Reaction Reaction temperature and temperature and 

Fractionation of Fractionation of galactosegalactose

Pretreatment/HydrolysisPretreatment/Hydrolysis (Red Algae)(Red Algae)
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Pretreatment/HydrolysisPretreatment/Hydrolysis (Red Algae)(Red Algae)

Process variables Process variables 

�� Reaction temperature: Reaction temperature: 140~160140~160℃℃

�� Acid concentration(HAcid concentration(H22SOSO44): ): 0~2%0~2%

GalactoseGalactose Decomposition RateDecomposition Rate
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Variable Symbol
Coded value

-1.414 -1 0 1 1.414

Temperature(℃) X1 136 140 150 160 164

Concentration(%) X2 0.65 0.75 1 1.25 1.35

Process variables Process variables 

�� Reaction temperature: Reaction temperature: 148~162148~162℃℃

�� Acid concentration(HAcid concentration(H22SOSO44): ): 0.8~1.4%0.8~1.4%

�� Reaction time: Reaction time: 15 min.15 min.

Optimization MethodOptimization Method

RSM; Response Surface MethodologyRSM; Response Surface Methodology

with  with  SAS programSAS program

Optimization of Pretreatment ConditionsOptimization of Pretreatment Conditions

2222 Fractional Fractional FactroialFactroial Experimental DesignExperimental Design

Pretreatment/HydrolysisPretreatment/Hydrolysis (Red Algae)(Red Algae)
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Future WorkFuture Work

�� New protocol to analyze and characterize the  New protocol to analyze and characterize the  
macromacro--algae should be built upalgae should be built up

�� Pretreatment & conversion process should bePretreatment & conversion process should be
newly developed newly developed 

�� Making profit of byproducts in algal Making profit of byproducts in algal hydrolysatehydrolysate

�� Cooperation system should be established with Cooperation system should be established with 
mutual trustmutual trust
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II’’ d like to express d like to express 

mymy heartfelt thanks heartfelt thanks to you  to you  

Kyeong Keun OhKyeongKyeong KeunKeun OhOh
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