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

Pretreatment/Saccharification of 1= Alggs
for the Production of Bioethanol

Kyeong Keun Oh

Dept. of Applied Chemical Engineering
Dankook University

Special Symposium on R&D for Marine
Bioenergy
BEXCO, Busan
October 23, 2008

- i ade . Symposium on R&D for Marine Bioenergy
Biomass Research ) Sl Ak

N Prediction & Prospect

Paak Ol is the point or timeframe TW%IJEY In Ten
- M. King Hubbert - ;:;’;’):'f;‘ett?zl;"j:mum Goal To Cut U.S.
Wake UP!!! | Production rate is Gasoline
reached. After this B pLiOMEEY
timeframe, the rate of 20%Bercent Over
production will enter "

terminal decline Years
State of the Union Address, 2007

Peak Oil

IJE" flon (agr'CUIture+'nﬂat'°n) .. We'll also fund additional research
While we worry about gas prices, the cost in cutting—edge methods of
of milk, meat and fresh produce silently producing ethanol, not just from
skyrocket - - but from , or
- Victor Davis Hanson - . Our goal is to make this
new kind of ethanol practical and
competitive within six years
State of the Union Address, 2006
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High yield, low input energy crops

Sustainable feedstock systems with
favorable GHG profiles
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Advanced Biofuels

“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 biofuels, 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.”

Advanced Biofuels
Min. Volume

2005 2008 2010 2015 2022

Wall Street Journal March 24, 2008

W Com-Based @ Advanced Biofuels - Non Com-Based |
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Biofuels Timeline

2007

2012 Cost-competitive cellulosic ethanol

2015 U.S. transportation fuels contain at least 3 billion
gallons of cellulosic biofuels**

2022 U.S. transportation fuels contain at least 16 billion
gallons cellulosic biofuels**

2031 Displace 30% of U.S. gasoline consumption*
Ramp up the production of biofuels to 60 billion gallons

US DOE Biomass Program, 2008
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EISA 2007: New Targets
e~

Maw RapaywEols Fue)

® Expand use of renewable fuels to
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
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Cellulosic Ethanol Potential

Cellulosic ethanol anticipated cost competitiveness and
sustainability attributes are key to biofuels growth potential

Historical and Projected Cellulosic Ethanol Costs
2001 2007 2012

Cost reductions (dollars | (dollars per | (dollars

to date per gallon) | gallon) per
gallon)

All Costs are 2007 $

Enzymes . . 0.10

Future goal
Feedstock* . A 0.51

Conversion . . 0.72

Total . . 1.33

= Modsied BLS *Feedstock is assumed to be $53

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

s
b
O

US DOE Biomass Program, 2008
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’ Bioethanol from Biomass

Sugar based bioethanol

Fence o[ 2, |
ecovery
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31-:!
generation

Sugar based bioethanol

1S|
Starch based bioethanol generation

Cellulose based bioethanol e

generation

Sym osium on R&D for Marine"Bjoenergy
Biomass Research .. Ak



Administrator
Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2                                                                                                       3677                


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

Two Major Paths to Success

Integrated
Biorefineries

( Biochemical )

Conversion Delivery

*Enzymatic Infrastructure
Feedstock i
. h_ydroly3|s . Fuels «Distribution vehicles
Production & «Lignin conversion -
Logisti Power (pipelines, tankers,
ogistics P Eio-products etc.)
"Energyciees -Fu.eling stations
*Residue harvesting /Thermochemical\ s
Conversion
*Pyrolysis
*Gasification ® Codes and Standards
® Market Transformation
Efforts (e.g., outreach,
policy)
US DOE Biomass Program, 2008
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Bioethanol from Non-Food Biomass

Breakdown
hemicellulose to
sugars

% Make enzymes,
tireakdown cellulose
| to glucose, and
éferment all sugars

Biological steps:
Cellulase production
Procejss Heat, Hydrolysis

ici Fermentation

Ethanol recovery |

Exportedé Fuel ethanol

b Lignin, etc
electricity,

Process effluents ﬁIVERSIUE
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Non-Food Biomass

» Non-Food biomass is able to improve biofuels production capacity.

» Technologies based on non-food biomass are considered as
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.

Challzngas

» 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

| f
S JEBI; Joint Bioenergy Institute, 2008
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Non-Food Biomass

¥ Non-Food Biomass )
Fast growing

Wood & wood waste from Corn stover pine and
hardwoods

Switchgrass Rhodophyta

Hybrid poplar
Chlorophyta
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Pretreatment

Digestibility

Effective engyme
Hemicellulose Lignin
content content

Pretreatment of biomass

Initial hgdrolysis rate

Surface area

Hydrolysis.

Goal: Break down cellulose into its.
component sugars using
enzyme preparations

Pretreatment
Goal: Make cellulose more accessible to
enzymatic breakdown (hydrolysis)

d solubilize hemicellulose sugars

Cellulose

Total Hydrolysis

Biomass Treatment

Alkaline Treatment

Cellulose-Hemicellulose

Lignin and Extractives

Acid Hydrolysis

Cellulose

SSF | SHF

EXEO, Busan

Hemicellulose Hydrolyzate

Fermentation

Decrease feedstock ($53 to $35)

Wielas,

(63% to 90%)

sugar losse:

Il 1 29.0

$0.00 0.05  $0.10 15

I #19.4

$0.20

$0.25 $0.30 $0.35

Tost Reduction ($/gal ethanol)

f Technology

Feed $53

perton

i

i 16.1

| 4 6.5

Bt

MrimumBterd Sdlirg Pice ($ per ¢

b DOE
Cost
Target

2005 Yield
65 galton

Feed $45 per ton
Yield 75 galton

B Enzyme
W Feedstock
B Conversion

Costs in 2002 Dollars

DOE
Cost
__Target

f

Feed $30 per ton
Yield 90 galton

i ) 2005

Symposiu
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2010
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Classification Crop-Based Wood-Based Red Algae
[1% Generation] | [2" Generation] [3" Generation]

Harvest Cycle 1~2 Times/ year 1 Time /8 years 4~6 Times / year

CO, Fixation Ability (tnn.p’ha)I 5-10 16 36.7

Complex

Manufacturin:q Process L S"“D|9 fignin Rewaval]

Simple (No Lignin)

Disadvantage Food- Relaled Forest Damage None

Sun nght. CO, Sun Light, CO, Sun Light, C0,,

Cultivation Environment Water, Land, Fertilizer Water, Land, Fertilizer Sea Water

Ref.: K. S. Kim, KITECH, 2008
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' Pac Algzio, Feedstocks Potential

Fermentation (>80%) W Total EtOH Yield ~37%  (Wood-Based, 20~25% )

80% Sac\charification » 16% + *;5{)% Saccharification ®» 30% = 46%

Agars (Galactan)
about 60%

Ref: K. S. Kim, KITECH, 2008
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Fractionation of galactose
from <=/ \/: < through dilute
sulfuric acid hydrolysis

Symposl on R&D for Marine Bioenergy
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Experimental Setup

Composition:
15 ml Bomb tube reactors
Pre Heater, Heater, Cooler
Automatic operating system
Purpose:
Hydrolysis of Biomass
(D Timer and counter (2) operator's control box (3) Voltmeter @) Ammeter Temperature range:
(5 Digital thermo-controller 6 Digital indicator (7) Bath(Cooler) 8),(9) 150"'25_0“0
Bath (Heater) 4 reactions can be
carried out in once

(@10 Batch reactor @ Electric motor (12 Power switch 03 Main switch
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)& Chemical Composition of 2|

¢ BioLC(Advanced Biosc
with PAD, Metrohm, Swiss)
Metrosep Carb 1-250

Carbohydrate

C. Protein

Red algae 19.24 0 3012

Agarose 143 0.64 3545
Cellulose 94.38 4] 364

Symposium on R&D for Marine Bioenergy
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io-rad)
- Mobile phase : SmM H,SO, Flow rate :

EEE Galactose
N Glucose

Concentration (g/L)

160 180

Temperature (°C)

Fig. Pra ion of g and g with 1%
H,SO, for 15 m|n at various temperature
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Pretreatment of Red Algae with Hydrosulfuric acid(0.75%)
and Fractionation of galactose

Concentration{giL)
Concentration{g/L)

- ot
¥ 1m0t
- 1w

10
& 10T

=

5 10 15 E 25 E) 35

Time(min) Time{min)

Fig. Time course of galactose concentration with | Fig. Time course of glucose concentration with
reaction temperature at acid concentration of

reaction temperature at acid concentration
0.75%. i of 0.75%.
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Pretreatment of Red Algae at 150 'C Reaction temperature and
Fractionation of galactose

Concentration (/L)
Concentration{g/Ly

—e— DE%H,S0,
v 075%H,S0,
m 10%H,S0,

) E

Timeminy Time(min)

Fig. Time course of galactose concentration with Fig. Time course of glucose concentration with
acid concentraion at reaction temperature of acid concentraion at reaction temperature
150°C. of 150°C.
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Relative concentration(%)
Relative concentration(%)

15 20 0 15

Time(min) Time(min)

Galaictose Decomposition Rat
Process variables

@ Reaction temperature: 140~160TC
@ Acid concentration(H2S0a): 0~2%

Relative concentration(%)

Time(min)

Symposlum on R&D for Marine Bioenergy
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_"_ I Pretreatment/Hydrolysis (7= Algz2)

Optimization of Preireatment Co tions

Process variables

@ Reaction temperature: 148~162C

® Acid concentration(H2S0a4): 0.8~1.4%
@ Reaction time: 15 min.

H,S0, Concentration (%)

Optimization Method
RSM; Response Surface Methodology
with SAS program

150 160 170 180
Temperature (°C)

Fig. Contour graph of galactose concentration with

22 Fractional Factroial Experimental Design acid concentration and temperature

Temperature(°C)

Concentration(%)
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uturefVork

New protocol to analyze and characterize the
macro-algae should be built up

Pretreatment & conversion process should be
newly developed

Making profit of byproducts in algal hydrolysate

Cooperation system should be established with
mutual trust

= o Sym) m on R&D for Marine Bioenergy
Biomass Research = " cn DKl

I’ d like to express
my 12z trelt irznKs to you

Kyeong Keun Oh
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