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(1) 71A13 E2(Mechanical Comminution)

Ao ® HAe FAHLE @=9 &S HLs|EteE 2 A 7]EY
z3toll ot F3HT T 7P dEAHolal x7]d 875+ AAY Aol
vz Z1AZ 24 A, o7]ds welem2e] A7]7 1-3 cmAETE He &
& (comminution) ¢]oll = wFaf(grinding) =+ Al E(milling) 74 o] Eg+H )

Z71Z4 A8l ZAHchopped size; 1-3cm AE)S A Lslas A RE
AEo] v e AE0.2-2.0mm) FHS A= s, 7IAE AETHES
3 wlolemi~o] TAHAL FUIEA Hal, wEbd TEAE T L2 AY] Tk
T Z7FeAl 8 Aolth. a8y oleld FAHES AXte] Bol AQ8HI, dqYA &
2ot we & FAS0lt vio]l 229 37]7} 0.15 mm o]3td wo] A8 == o
UAlE 1 vpe]luj2rt 7RA L e T oy A 25% oS AHASka, =717}
0.07-0.08 mm o]&td 7-¢ol= 23] uHiolemz F A9 100%7F E+ <4
A7 a9l stk vel 2o FRY FA0 wEt A ztol= ARAAR
A7tA ExE AAg o B3 AFAHAEC] F2 0.25 mm o] A7 Ht

eULE BE A W olsh B olfelA M

(2) &Ze a(Alkali Swelling)

NaOH, ob®, Jelm ¢kmyol 5& BeAlGwelling agend@ 2Hg3ke] S
o] £3tHo] 9= Hlol oo WES =AAZITE AA ulo] Qo] YlEy] o]
30,000 Dalton® w NaOH ¢ 72 =, 7|2 =77} 40,000-50,000 Dalton7}t=]
Z71Eth 71F =E B2ARY] g4 Zay 4

Boee 37142 & ok

stk Bl glad 3ol A xREAEoY HF 5o AZ™AEAAE o
o

h=4 -
<7k AE AP w2 Z3E HAARL, gad dEol =
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Aol &35 BA EsiAotal stk dvke Ao 718 des ¥EEad | o
22, fad aga Ades o] JdlaEZA3(ester bond)e WIF3E  WHE
(saponification)e]t}. &3] A EZ =9 ety gl 1d AHdEE2] uronic ester
A9 HlF3 g o R Hio]oujA WEEE FAAERTY 2 W& EAS 2
Aot fFARRE 7127 e® R Y ol 3 WEAE 283t kel A dA dl2H

A B3t WG ol FFEEAYVL o] 28 E AN, FR Yol Ao o &
B ZAg¢] ammonolysisell ©s] ofr| =7} AT NaOH Ao ®lsf hryol A
golA BEEE= thh BoX AT G2 Yol= NaOHel| HIs] 7}Ao] 1/3 ol 1
A3, RS 7HA 7] WEe 3T foldtths Aol ol E AAT
ZlEodl e dEYoLY ARRFE FH solval Ak

2 uf

=

L. 3}

£
o

i

(1) <k4F 7F=E-3ll(Dilute Acid Pretreatment)
2k, B3] gatolyt Aty o] R-r)ak(mineral acid)e] JlEES) En)r]) 5o
ofAbA 27t B Hlo| w2~ A FAHL ZXbo] He Ylwolth 23 AlAHA
Aol A4S ol &8l vHiol ujAE TR SAAT, 4 2% ol A
o
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g Aok =3 YIadd AFARREY rdER 0 o

2 Afae EAS 5 FVMIIE AFRE et JAERE LY VMR

3 £ AHY &, W%, 183 1/ H & oEsH, BE FrAEEL

27V YASHA 7R E 7] Y= 160C oA 57 108, 140C oA 30~ 602

S A1 7o) Ao "t S Zth(corn cobs)ol thall 34+ 0.45-0.5%% 140-160C 2]
e A & wf Ao 7 FE0] 90% oldelgtal BiE

o) 2 Al A Ao L R A L A(NREL)S] HFo] @ uf] -9

AR AEHo o, HZole F ©A 2&=wEh

AAY T B&S TUHAIZIY] AT A77F YD
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(2) 571 =4 A A 2] (Steam explosion)

=71 F4H AAY 3AHE 252 7P AYEet] AR 3FoE AAAL
ATH & AAg A Hlel Rz =Z7]7F & #lo]leuj~E it R
A 7130 160~260C ¢ 2315715 &olgo]l FxA FEF¢ 7HwEs-(100~700
psia)S AZ o, AR2HA dES BESATIE g vlolmAE dS F 3
ot o] HAHoA FrAERC| 2~ JlEEl, Yde Fx7F #IHr| A e
Hup Het vk APEe ElE op7|Al7I=T, 250CodlA 13 7k R
= AP S o AdTo] ¢k faAHIL 280 AYPE wels 60% olde] A
dE27F R FHATL et TV F AAYY ZFHE A 55T sndE=R
229 §3=E A% ulolemjro) FEUILE & F U, F AR S Ast
o3k 7|AA whEo] wio]lujo] HiEo], AFHe a2 g Hio] w9
x4 7 & F Utk

ofit A F Aol Ao mITIA R EAE = AT EelES
of o] mA=E i3 ZA FFS PAA HER EEY AXIHS HAE S
o, o] #AFNA &ld T EHo] oprjHER, FH T F&o] oA EAA

o] doFATt.

(3) ¢xYo} ZH(AFEX; Ammonia Fiber Explosion)

o] e mj A5 R UolrE Thet RESAXIY. SUIEA HA et nlalshe
Hl w2 233k HhS2 A ~ 90T, 150-180 psia)oll Al dxyole] a3kl 2|s)
Hiol @ufj 0] Zaf Aol dojdth. Yot Hiolewj~E oF L:l(w/w)e] HlE
2 qkg7)o] Y FAHENA FAZEESE WEAIZIH dRYoles Hiolomjs 2
2 gA FJF3 Soi7tedl, g Fodle o dRUotsE FHLAIIESE WA AA
Tt AFEX A E 2822 =0y 74 & Tl F83ES o, oF 80-90%2
FrES HEAAIT, ey AZEQEXE B3 50% olste] BdrE&S
Ueto] gd ko] & Hpoleu 2o disi= a3l AARE dA st
o HAEA Y AFEXE 283t o, I stefTolAet nxriAl = 40% ol st
o] P& eIt o], AFEXE A& 753 wiol e 2rl dgEe) 9ee
& 4 Atk AFEX HA = %_L?}E] Aol Ao 712 wzb7EA = Qh Ry ofof o
Fe BEE ofyg, AL AABANE TS FH
Hu=doh, =3 hryole] g&3 SHEER s F7] F AgolAet 2o
Hiol Qo 20 FHA S A o w FIVIAAFT. AFEX HA o s ofk HAe

AMAE ®s F T3 Aol 2THA Fon, dHHoE 2 25 o=
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oL HEFAHAA W Ee dadow ojgd F o

s3o] 53 mFHoley B & ok

(4) vlo)l 2~ B (Biomass Fractionation)
nlo] e 29 &rlE] FEEo|Y Blad BIEEL LaAAEZA 83}
A EZ e~ W A
) o 9gsioh =3 A

A
A FHFE ALEX) Hoges @8 §80] =& Ho

O

250 oA o5 T Wy B UB FAHoR Aot T A
stebEA, AH @ U GuE st Ao/ Stk npoloujs o
F BAL ol% T4 HRSL dde AXY & 2@l o B e, 47
o g5 BA GE AL GEsted, ulol 2wl o] §E S FTFIE Holth of
g A7l os) erhE F2 PUA G AEl &S o] g3t nolenjaE Bl

ol A=A 4 z33lke] switch-
grass®] 74 AEES < ol&ste] Al
AHAEZ s 3] WS u, 7&% H}o 1°UH/\-4 AEE 70%S] Adfrast
30%] =1 o] tRyol JE3A o 10%°] 214

= g
o] GHol Y 4P Hie BREL B2 £ AUTT HaSA.
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HER 74 HE 2a)5 23
24 o, g5y —Suny o —>uto| Qo ghe/P e
- ATROER
| BgEs & —> selery e
ST 24
i =
e T . S0, Zoiz4 g —> AE A
HoFe
J|EFEALE
#EF SR e
1y yE EEEESL
Database 313
L . 27t
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=4 7|=9 NE 57
- g47|80| B - CIE R B e
- apglo] wE 9 284 T
B - P Ax | A
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D) Z=x=F El5s Ne

ZAxFo] AEEH B3 ol&EHE BhAE BAEAL 7E BolAE 2]
o Zoll FAAAE R 49 Aol HgstEE FAAFE g oyt Hasth
o 227 g3 AExHe F AR EAEAY AR g ste ¥
HE EA3t. 227 Axyd EAste v©r3lE2 alginate?} fucoidano =
Z FAHA o celluose fiber o] &A% EA]3t} Alginates 22/ ATHY

12-34%9) 3= Fucoidan® =x%FH v} T =%
of & &A%t Fuith FHFLS Zo|r}

A EARYT FHA Aok

o

o<

Jom AxzHe] AFFe] oF 8-15%7t

Aol EAEHA o ZEF

outside
Outer cell wall Cellulose Fibers ——
amorphous
embedding matrix Phospholipid !,
(771117777 Lt L] .-

Inner cell wall 'j'i"l::l..!!- i "'""‘!’ Protein o
fibrillar skeleton L7 111 “-"'lp- ., Alginate & -

7] Alginate F

L Fucoidan Matrix m

(2%

1-2-2] Cell wall structure in the brown algae.

dxro AF g3t A F FFE 7AEHY =Tl mannitold
laminaran®. 2 A% o] v} Mannitol®] ¢ F&A 7)o uwlg} 2pol7b AT A
Z%ol HY 68-15%7Fx EAEH  laminarane  glucose®E o] FojA o
0.5-3.7%°1¢ SA}T LdHA AT
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: . . Pyrophos-
_— —D-
Alginate B —D-mannuronic acid |— phoiyase‘ Mannose
Alginate
C5 epimer Guluronic
a —L-guluronic acid |~ scid_ [l~m| Giucose
reductase
Cellulose Il Cellulases‘ll > Glucose
: Fucoidan ‘ _
Fucoidan lyases | Fucose(7| 54 A=)
(29 1-2-3] Z2F TAAEE AESH A8 3 A=
2) =7 B3laie M8e
TxH9 Fa FAAEL agar9} carrageenanl 2 FAE Zggolt) o]
RN Tz2H 843129 60%0 MNFE™ 20% 71eF2] celluoloseE E3Hsl1 Qo).
Agar I Agarases ‘I »| D-galactose
N\ )
Agarases|
¢ | 3,6-Anhydo-L-galactose A= ‘ -
: y g hydiolase L-galacotse
|
Cellulose Il Cellulases‘ll > Glucose
Carageenan CarageenaSESI »| D-galactose
v
Carageenases AHG ‘
hydrolase
3,6-Anhydo-D-galactose 4
[291-2-4] 257 TA4EE YE5td A8 34 ZA=

Q) AETH A a4 ME A%
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[Z 1-2-1] slz=59 &4 7 A3

A 'mab A &a? Mg &4

Cellulase (&

)
. . o
Glucuronic acid reductase .

C-5 epimerase (&%) | Glucuronase (&

( ) Pyrophosphoryl Xvloel (5% ?E)
rophosphorylase oglucanase (F=%
AHG hydrolase (o Z7) * ) yl oate lyase ( ‘rr)

pa
Gululuronic acid reductase a
Agarase (¥Z%F)

(EZF) !

Carageenase (%)

D ANFES A AAHcR A B3 G424 2R3 ZsaEs oy o
Hd AAE E3AAY FAAE 2R X B4

2 JrE s g gk AR 2 %
2 Eag AL ZAo] m o3t

VD MFE L Gl gk A7}
o] dojof AL At Ze AL =3

q2R/HE ol&3ld WA= FAEES 23AYsY Rille s zte 7
ETES AEHAT ol EUE Y vAES &5 2y 2 g F Bl
= FAE FES AdEST AEE #5E5 FH3, ugd 543 16S rRNA
gene sequence analysis®} API test(dTADE o] &3ty A4t A4S S3A7]
71 A8l Aoyt HolfREHS o] &ste] EdMolE Yo% $ adaptations

o
r °]
AZl & B0 BYd FFE HE A
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Complex organic matter
(Carbohvdrates, Proteins, Lipids)

Mono— and Oligomers
(Sugars, Amino acids. Fatty acids)

Propionate
Butvrate
Hyvdrogengtion Alcohols
Alcohols «—
Acetate Hz, COz
CHy. €O, Hydrogen
Methane

(19 1-2-5] @714 438F ZdE MY

W74 23 BAE) AR 2 AW ERNARL ol gt Ao ohe
AdAe] EASE BaAn RS D0 F85E Eglne WEe] 47Ed
of Wa g, olol weh Airel Wag wle A7 deFd 4 glom Hole

wlzo] FFol @Al Aol 7}

2
o 1rte] HaE UER FUT B

ofr
oh
v}
rlr
)
o
v}
t
e
=
o
to
=
[
S
Ll
do
ok

Zavt gtk

Hgtolu $A7F HEFEINEY Aol YR o RE AFHoE Ee
HE=Z 3l5u)go] HA ok Wi AAARTE FEEY Aol 4T A
T2 EAEte f714bE o9Al BAHCE w5shevt sty A fU1AE &2
SE I 22% F4E o9A FHII- st ZAIVF siAEo oF &
o =3 HFHOoZ AAEE AEo] dFL] TFECIEZ £43 Hlo]ARE
A Ao FrlHed AAFTAHL D= st= @™ol Ytk o|H g olf& <l
o ANMA & HE7t~E Btes AT Agslel] FHsko dth
U 2FERE F714 43E T dAAS s HE

MEFE ARE ol&sto AV 435 ot HEIt~E Aibete e
3 2ZA vlolewj~E A AZE B3t VFAE AAS & olE EYREIEE
Agsts 7l MEHCRE e Zzp J838 s dA A HZa U o]
T 7HA Tee 58 Ve, S A2RERE FUAE &3 T A BaEA7ANE 3
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Pl o714 AR VFASS 3t & Fa37t ihee Bt EREasES A

1= 7)&e olRx AEdE Aol (18 1-2-14)).

2
ol
rr

A

met s | | 2IEA !
1 N 1

I bl

k4 1 v / v 1
JtxEH | | +E¥S !
_ ! !

I |

I I

me oA\ Eggns !

B BRI

[719 1-2-6] VFA £ F<S o] & sl=REHE LIS Y4 d=

VFA ZHEFL sxFo 53] AT zo=2 43"t S Holtzapple &

(2008)2] A7+ Aol ojst FAA wio]lwj2E o] &3 VFA 342 FdA N £
gd glad el &2ei7F =EA 17 dZel 50 780 e i Wk A|Zto] #

]
sy, jx27o Agole gldo] 2ol YA &7 wWEel 4 AAd RS
(acidogenesis) & 3¥ AHEQ Lo 7|7to] BUE A2 ®RuEy rHMatsui et
al., 2006). =g+ =/ A fole Aidol w7 o HdA 9 2 OP‘*&‘ Xl
2} 43f Au7t oty d
He F4F gt %

TARHCRE oidE = o

i)
&,
2
oo
N
1o
>
ofo
b
N
)

Lol
of
ol
N
2

M
=2
Fl
l
=2
ox

ox

FEEHFA| H]stA,

- ABGEIRFY 7)) dE Adke] gAY Lot
- g g8 1A HE2HE AM AL S ok

-EX 5§42 /I dav) gloh

- @, A T Brste o]9o RUIdEEE VFARS] M olfHERE
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- Eduielr] dEel Hue & éﬁlﬂ glom mebd o] w dad xS d3t
& g

- ERYIEL & PRt A8 540 ¢35t

- F7IAE ARAAAE olv] AR AFAT FAFAgNM o FFE
Fote] AR TEFE o] wel Hol gloeng wE A el d8371A

o
i
_1

0
i

H g7k Aol Blshe,

- APLREAIFAILE 2~3Y9)+ WEEEGA FALL 15~259) R vHE& 57 5~6
Hj w2 e g A4k o] Eoh

- etg gA A CO2 £A4F+E carbong 3|FdozA E& F8o] 7Yy
o
(FRo| A AFAE daZE 100 kg 714t 2RE 22 Nm'e] vlgs 34
st Carbon 3|4&2 50%] B33ttt & 7714 9 carbone] 50%7F w3
52 CO,E loss)

- fUIMMCERE dIESES de TFES 80%E MHE BS
0% Z2RE 7|thE e EFLAEY ¢S 61 kgo|tHelg& 7]& 771
NURA =2 Fatdt A weg b 2.1 v, 7lde 2 vad 49 g g
o] & FIPHAE JHITH(E 1-2-2).

[ 1-2-2) VFA ZAE] oot AAEE EFLAL(CIBEL HuZ HD)
7 vgke] oA g 2 RV wm

| & N
AL F(ED) 22Nm’ 77 ¢
AxY 50MJ/Kg 26.8MJ/Kg
ANAA FE&MJ/E) 786 1628
H] & 1 2.1
o} 700 ¥ /Nm’ 700 ¥/ ¢
BV (4 /E) 15,400 53,900
F7kA Bl 1 3.5
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- 1A 2 AAle] A AdEd] ofste AHE frIde AAHCcE w5

8 587] 1@ WEe] AATAY Lol Basth oL At Bur
Hl-5 o] 7] ool distillationol] &gt Ee|Wro] & &o] Har o} VFAS
A5 oRE Buo MSHo] ¥ el e AAPP Sgo] Basih

Hydrogenation ©AloA B Qg 49 g1 2 HAH EA: VFA FH;Ee

A4 B4 AR 2Y wolows 717
Heb £ Adsl fusls AS B VFA ZUES] AA4L HA9as o)
S Z0% fkolth A& whel o] A WEA AAHE ol ortx Foli

- f714F 28 BAY #A: vlo] @7t TA| o] 7] vl AMEE wjgH o2 HE

w27F Joh 23y VFAE wjddel v w52 g3lE dEHE SAs] W
of dlxvl23}t Bhg3 F43 HhE2 517] Mol WA HjgdozRE A7
TEAN7IE GAVE Basit webAd o] FA S0k Ay A St HlgS HA

]
SN 71 79 o] Hastt
- a9 SR 9 AAA A vlo] 7t A4 Aldle B 8% Aot wet
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O
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Aol IEE o VY &5E Fto] WETlEE AT F olE 1%5‘}04
A71E TAskE Z1eo] RAIGANA At o5 Harol ofstd 5704

of Nged A3 1 EEETDY 452G =5 OAKGE 0%)ZHE HF 22
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T 08 A715FS Tokyo tighe] A5 Aol oJstd tAwtZFE 7]

A &3l 2ldte] 0.25-0.28 Nmi/kg-vs ¢ ®g Yields It ole gAnt 59

vs(volatile solid) content(0.112 Kg/Kg wet-weight)S 7Ferst of A7) Tokyo Gas9l
AT At FAG FEITH22-25 Nm'/&).
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M 3% sesd & MENL

Al A =7 @ dAg A

E OFRe g4 Astel g 74 A A
A g Ymo
webd B ATME thAnke] 4 Helo] o3 Foh wgS St 7

H &8k AT 7% ASE HEFOE AFFAATT

. AT WE

(D 250L Glass ¥H$-7]E o] &3te] thAnle] o83 X g

(2) 2+e] FES} HEEAIZYe] WE AAE &8 S

Q) d7NA 43 &
£ 3

(4 theF A Al A
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2. A7 W9

7t APAA

NE

A=

(D A= 5 AeF

seaweed powder

98% CaCOs3 95% At

(2) AFAA]

Filtering &3
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PR E

(1) TAw} 20kg= Swt% S48 180kg<
(2) ¥-3719 WH2EE 100CE 5=2A17]aL 5004% ¥k&-
Q) w&

CHAIOF (20Kg)
ZHA=EM 5Wi% (180Ka)

<>

l

(19 3-1-1] A@dA}



T Batch el TR717HY) H]
2] ZF(Kg)
E-1 45Kg |249(2 Batch) | FHF% 33,
Q gF
H ° E-2 20Kg 5¥9(1 Batch) | F+HF=
S F=
(Extraction) - s e
E-3 120Kg |179(4 Batch) | 48 3333,
EASFZ 23]
P-1 20Kg 54 P-1: 274 )
P-2 20Kg 59 P-2 1 24
Q 2k
R P-3 20Kg 5 P-3 : 24
2 A € : .
- A P-4 :
(Pretreatment) P-4 20Kg 5 k!
P-5 20Kg 54 P-5: 274 )
P-6 20Kg 54 P-6 : 274 ]

4. g°f gl Ald

7} Powder el &% =34 &Y (ThAInF 185Kg A2 &+=)
74, Hexane, Ethyl Acetate)

L} Granule Feje] &F F= 3 A3

o AR e dAE 38 g5 (AR 120Kg A 2 =)

2} OATF JA 8] FA ol A filtration &-A ] bottle-necke. = 28

(1) 442 $ Filter 7}

(2) 3} W& % Filtration 715

o}, g3 Filter press =¢o] ¥ g

5. FFAEY D 53



A 2 A4 A7 L3l 93 bench scale F7]14F A FA

L AERERE qUAR 7 S5t 48715 B
@714 238 Tt ol /b YRR A4EE & dx fUl4ke
B4 FA 1% LS YT Yok B ATE AP FRe| ATE EGR )

S z=F vlolevml~ FAFTAHES 3 = FdEl FR(bench scale)d] 7|&S 7)Esk

T

of F714ke] dite AATIe FEEs Aol HHon & AFe dxFe %
A #ggs A Fe &8 Zede V2d v 2 g e ZeE A4dn
AT uE

o
2 A H-E —’F"“EV] Azt o] &
8 glo] FAIAERI7E AA L8 FHE AA
gk vtol & wj oA {714 A 9 WEs AdstE AET
A o|YA] EobollME FES Wl Utk ofHH FHA VAN EY Te
okE A AF}HA L}E}lﬂ—}f o2 A “gr|Ad o] LH Z =2 A|(anaerobic biotech-
nology)“gh= EHE A& Utk @714 &3 HAHoA ALEE 7]k 240
(C2), ZEI4HCI), FHEL

¥d g OHE‘ri TR, FEEE \ddn geps, B A7 sEF vloj e
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D siz=7F ©A e

Aol AHEE dE2Fe XA AiE gArE, I9d FEE F AE
AHE3ATE AEZRFE FHHS0)C R AATE PstF o, Fak Wy & 3}
E flste 8445 (CaCoy)s AFESIAT. s/ 4 AAeE= [19 3-2-11%
Zorm MFE AT A A3 A1-e CsEF dETF dAAY T L F

=

m

Seaweed Acid solution
20 kg 180 L

Autoclave

Reaction Condition:
Reactor
Temp.: 100 °C
v Time: 500 min.
Neutralization
by CaCO;s
Residue Liquid
Drying to .
remove H,O Mater}al for
experiment
Amount
measurement

(19 3-2-1] siz=7F HAd.

ZAE= WA 40cm, =o] 100cmZ 100L&2F2] 3709
HES-717F AEE Ado] FHol 9lom, Feo uwt 3|E2(batch)I A4
[e)

A= e |
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= m
=2 WXl 72 3, 6, ILE FAsIAH. Aol AHEI FYH-S NHHCO;
2g/L. KH,PO, 1g/L, MgSOs- 7TH,0 0.01g/L. NaCl 0.001g/L, NaMoO, - 2H,0
0.001g/L, CaCl - 2H,O 0.001g/L, MnSQO, - 7TH,O 0.0015g/L. 2 0.00278g/L ©]t}.

oA dA

AE2 Ao e WA 7 5, IEYNA Ao V2ARE B
e Ao $de st &4 49 dae s FAFel U3 =
7 oHbelem 2o {714 A Fe AR 27 sE= 20gL7t HES F
Yoha 7+E JFAE FYS F, A2AAE 8 DarkaE 08D FYSAT
O % SYAE 44 3, 6, 0L FstaL, 1A &3 JAHEA oA = pHE
zx4d3st7] $1% NaHCO38 95 pH controllerol| A A Eo] FUHEF 3ttt pHE

JAA FAeH 22 3B5CE FASAT. Wdds Sty st

(o))
\]
14
\]
(e}
o
i - jg
N

WREFAE o]&ste] 30rpme = WRFAIA Flow, Wedd o] &ste] {7]4ko]
M HR] GEE JAAZA 8 2= X E(indoform: CHI)-& ol &-S(ethanol: C,HsOH)
of =< 20g CHL/L CHsOHE Fd3tith whg7ldlA dAst= T 7t2~5 FA s
71 #18t 7h2E ZHVIE AAEt 48 dedh werY A5 &S 3
B2 A3 2345 EUE eSS IL FYsiRoH AR e €2A wEPr s
At WA Z T AEA oA o FeshE A JFAIIHHRT)S 8AZFo. = Al &6t
SAIZI7EAl "SAIA AP Bttt
A&

fFr714ke] A9+ widFde] dAFES AAE23,500rpm, Smin)sted]
A AARS BEsta, AAY 10mel 10-mMe] wWE 2y 24Kinternal
4-methyl-valeric acid: ISTD)2} 3-M<2] <l4Hphosphoric acid: HPO)S Z+2: 1ml & #
btk sstekES AU AlsEe oAl 94 E8(15,000rpm)e e & 2AH
ZH(capillary column, Agilent Technologies, Inc. model HP-FFAP, 50m X 0.32mm X
0.50pm)©] &&= GC(gas chromatograph, Shimadzu 17A)S AH-&3te] =A3ch A
712+ EBZol23l #H<E7|(flame ionization detectot: FID)E AF&3IA T HP£7]
A F WAsE VtaE €AEE A ZE7](thermal conductivity detector: TCD)E

t3k GC(Shimadzu 9A)E o] &3t FSAsIAH. wWESAS T GCo =2
injector &% 200C, detector &% 250C 12H, flow ratex= 30cc/minZ A3FA
o f714ke SA3-A = [O9 3-2-3]13 2o

Ho e

Ly
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1ml.

¥

Centrifuge

imL of the

Centrifuge
Pipette
of sample
Add chernical
Analysis

mixture into a glass GC

Pipette

(19 3-2-3] 714 24 23,

A5 A

3.

o
ol
i
o

LHER R

=

=

udg Fro IJE
Aok (18 3-2-4]

==
LN

Fel oF 20041 Zkoll A H LA

°

A 27}

™

714 F2E AUtk 300L FE
S

o

e FEE

=

[e)

i

<

i
(19 3-2-5)~[19¥ 3-2-7]

of) A
o} 20g/Le]
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il
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&
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el 24k
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[ 3-2-2] 324 423
Total acid concentration (g/L)
Time(hr)
Reactorl Reactor2 Reactor3
0 0.000 0.000 0.000
20 0.370 0.335 0.386
40 1.456 2.079 3.959
60 2.547 3.611 1.729
80 3.607 4.388 4.574
100 4.503 5.757 5.661
120 5751 4.169 4.896
160 6.471 4454 4.553
180 5.526 3.850 4.427
200 6.526 6.038 6.286
240 6.866 6.578 6.589
280 6.246 5.925 6.047
300 6.446 5.389 5.260
300 6.503 4619 5.111
330 4.602 3.640 3.990
350 4.566 3774 4406
370 4.697 3.767 3.831
400 5.608 5.262 4.043
420 4.554 3.735 4370
450 4.993 4552 4.609
470 5.166 4707 4.654
500 5.081 4.365 4.985
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Concentration (g/L)

Concentratlon (g/L)

8.0

7.0

6.0

5.0

4.0

3.0

20

1.0

0.0

45 -

40

35 1

3.0 1

2.5

20 +

15 4

1.0 4

0.5 -

0.0

i —@i—Reactor 1 =—te=R eactor 2 =t=Reactor 3

0 100 200 300 400 500 600 700 800

Time (hr)

[Z19 3-2-4] 3|24 AddelMe F 74t A w5 W3l

== A cetic
== Propionic
== Butyric
eV aleric
e HEXANOIC
== EtOH

A Ag'_-‘f \ .-ﬁ:m:':‘: s o)

)

100 200 300 400 500 600 700 800

Time (hr)

(18 3-2-5] 3] &2 AFeAe /74 % W3} (Reactor D).
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Concentratlon (g/L)

Concentratlon (g/L)

4.0

3.5

3.0

25

2.0

15

1.0

05

0.0

4.0

35

3.0

25

2.0

1.5

1.0

0.5

0.0 =

=—4=Acetic
=#=Propionic
== Butyric

e\ Aleric
==t=Hexanoic
=4=EtOH

0 100 200 300 400 500 600 700 800
Time (hr)

[7% 3-2-6] 3] &4 AFNA 714t 5= W3} (Reactor 2).

=g Acetic
=P ropionic
=dr—Butyric
w—ime—\/alEriC
=== Hexanoic
=——EtOH

I ks "‘ —
Y, \ e PO = ¢ = S R
- __‘-I
VAR
200 300 400 500 800

Time (hr)
(28 3-2-7] 3] &2 AFoAe /74 5% W3} (Reactor 3).

700 800
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gol EskA AFAT D44 Aol BE D AL B AL
S 77 T4giLe) 8.8glLE UEhton), s8] AdelAE 27 50g/L9) 6.6g/LE
1

wA e ol WA nAEe

E continuous

batch
80

7.0
6.0
50
4.0

3.0

Concentratlon (g/L)

20

1.0

0.0

gverage maximum

(7% 3-2-9] 3182137 A2 APe] F714 FE va

=

2

=79 TOCE 21g/LAt B AP oA e 4uf 3438t ALEstRoE
5.25g/Lolt}. 3|&2 A3 z+ uWkgr|(Reactor 1~ FAI HFIIAHES g
Carbon/LZ A4k}, Reactore] 7% oAl EAHC2), 23] 24HC3), FEY }
C4), T HAdx=4E ChH), 7}:3_1’51/‘}((36) 2 9 e-e(C2)= 22 1.696, 0.401, 0.272,
0.438, 0.477 2 0.405g C/LZ % AA4E & 4 o 3680g CLLYTH %29 7
o= oA EAHC2), Z23]24HCE3), w‘:% 2K, C), YRR 24 CH), 7=
Z4HC6) 2 o e-2(C2)+= 2+ 1.251, 0.433, 0.389, 0.239, 0.420 ¥ 1.522g C/LE
e dao] F& 4.258g CILAT. 714 43t o3k {74t He&e & A
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st 0.7kge] ©47F 4ARlETH

S

9] 20%7} A3I}HAG 7HA
W gk} o] 23l Er A o] AT
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0.027kgel Atk

&

|

7178 23t ¢

&S AR W we} HE

o

r

AR XSRS
2.458 kg C as VFA (70.3%)

/1 0.700 kg C as Cell (20.0%)
Unknown 0.315 kg C (8.9%)

0.027 kg C as gas (0.8%)

B

Anaerobic

st7] WEo® {riEn. [19 3-2-1012 &4 =

S

Reactor

o]
H

Digestion [ —— [100%

717 23AH e AA

k=]
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-
&

I AAAE F

9

F Sxfo A w
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e
T

e

o
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1
b 7.4g/Le} 8.8g/L=
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Ho4 %=

o

SdT 3 HHFO 2 7|0k

FH

A1 AT S5 2 S 29

1. A7 e 53
TE | 47T 52 AT e 5 A
zro fag| O BAIFRe] d&F AxE 71< A
AA 34 | O iz AAA BAst= EAF gof g oA el
7N AR
T&3A

oy | B2 &gt | O F
A =718 -
&7 9]%} bench A

scale 714t | O &= 9
AR EFH T !

=4 A
A 4=
} AFATEE B
Hd _ _ 2]
2 (@7ARA 7128 ATER) Echl %)
) Az TAwt Iton B 7714 |- Ax BAEE lton & {714 100
300kg ©14F A4 370kg ©14F WA
5 H71A 423} [ WE&F |- Powder o &F F=FA 100
AAY 71& N g4
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A2Hd7e 74 2 A=

ZE= dlo]

Sz vloleulzel BRA B8rEe A% AAEE (19 42209 2
of FEY & Utk WA AGL/EZYA, §ul, A5 T oy FE716S H§y
e PAs] FaAE, FTeldlEs, Faolw, WA Al AT BHE
52 A5 5 AL Aol ol Zo| FEARe AASY HEF ol enj it
714 a8 9 i A7t BE PE L B VAL Foho] wolodne e A
AT 5 e Holth ol F £HAE Axstel §& GEATH FUste] whole
o AT T EE Ay $3F HADHS A5HE FUH BEE
AAEE 44T 5 Aok AT A5254F AASE 9% FAT F0S 257
2 Aoz st

HIO|2 2% 95 kg, EtAR
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e
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CEEIENLES > Za%tEl
o x| 8
' | 2gdx |— SaHs
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LIRS | 2gdx [— 47 2422
Y  CheE (F2O|E
(B4+5E) bommete ~ (EHFH) r----- - YU
: I s 5
» EI|FX |— HO|2YEZE
| &3ix|
= > — H0|22 Y
%() o 8L Aol wat WaAl Mg =28 A==
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B goingle Botel sl2R wlolonae] BEA B8 dlstd 1AUE
A7AT e olo] mrk FAHolT TP /&S AgIgon, 1 A% net 74
4ol S ERAATE £Eate] (19 4-3-117 o] Vet & A7) 57
9HS s b Bobe] ARATE TAAAG ARIATY AFALA AgE
e AzRe BA BEe A Ar HolEWolx THY AEFRE A
JEHEAY HPEYEd FY 2 A5H 4F 2AHE 5 1A
AT S0, AR2AT HEHH ABTHATLAAE H2Fo =G
A 955 Tt goEvY AFYA dx4d 2 3R A% FI n5E
HEA R D vlelodme 4% AW ATE, AN3ATE aeluA g
FANEPAAE TANUAE A AT Bade) TR FAY ds
FYe B, AZA M 2L AUA e Hols ERAnS Y4 7|
AT AT, B, YRLEE VBN F Qb BFD FA9 9B I} bs
I ompeleed vl AW @ AEBA W £F ATSFY, AMATY 5Y
Fg L ABNLYAMNE 2T vlolonj 22 RE BE 8L AT A4 B
G349 A 2 AANE WAL, BABAAN BAYHE NE2F FUES BE
shel JZABAF L AR WOl LBFAR AT AT, BF, 2] FEAE A
Demopilo EAE 34 75 A% AFE FH5n Atk S AFoIME 2

& g8 WFH Aoz 7 velres

A A9 71+ 532013 ~20163, 433)
[e)

— FHE| SHMEL2E) =5
— R EEE BHMELAE) Hio| 20 A
— 20| K] 2 (M 52,3,4E]) (CHEHA A

HN2/P8 | unes
(B2
ZEET)

(18 4-3-1] =7 Hiolemz= 8-S AT 7eSTHIEE
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4| - Ba FY BT O neAg 44 9w O w373 e
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O AEAe 32)(22%) -
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O #7347 &33A F1
O =749 R&D ArJ A 8]
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EE
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7},

B},
A},
o]._

7},

A ¢ 2011 79 3-5A(Y-5h
REEI I ES RUEEE BN 2 R I R IEEA R RV E

(International Symposium on Seaweed Biomass Production &

Bioenergy)
A4 50 8|4} 22, diskal 75, A4 29
TH . sHFAER
T8 FAUSty AN IedTLE, S¢EL

A aro] EA 25l 2, AFY) - FEREFE vlo]edF A4k

Yuki Kashiyama(BAL Chile #}o] 2 AA A4, CEO, vl=0) @ AZFEZHE A7
T3 AR sE AAAE At AEFA
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/ International Symposium on Seaweed Biomass Production & Bioenergy\

July 3-5, 2011 / ChangPoGo Memorial Hall, Wando, Korea

- Supported by : Ministry for Food, Agriculture, Forestry and Fisheries
- Hosted by : The Institute of Cleaner Production Technology, Pukyong
National University, Wando County

graM,

7.3 | 18:30~20:30 = Welcome Reception
08:30~09:00  * Registration
09:00~09:10  * Opening Remark
- 09:10~09:30  * Congratulatory Remark
: . | Dr. Kyeongkeun Oh
Sessionl | Chairman | (Prof. Dankook University)
09:30-10:20 Production of Bioethanol from Dr. Myung Kyo Shin
A Macro Red Algae (Vice-President, Biolsystems)
* Synthetic Biology for Mr. Yuki Kashiyama
10:20~11:10 = Renewable Fuels and (Co-founder & CEO of BAL Chile,
Chemical Production from Macroalgae = Bio Architecture Lab, USA)
11:10~11:20  Coffee Break
* On-shore Aquatic Biomass: M Jaihies Coke
11:20~12:10 = Opportunities and Challenges in the 20, Al ;
Mekong Delta - (CEO, Algen Sustainables, USA)
12:10~13:30 = Lunch
. . ' Dr. Heon-Tae Kim
T4 e ' (Prof. Pukyong National University)
13:30~14:20 Brown Seaweed Lipids as Dr. Kazuo Miyashita
: ¢ Nutraceutical Ingredients (Prof. Hokkaido University, Japan)
14:20~14-40 ° Current Status and R&D Roadmap of = Dr. Hee Chul Woo
i N Seaweed Biomass Technology in Korea (Prof. Pukyong National University)
14:40~15:00 Introduction to the Mass Culture Dr. Nam-Gil Kim
o System of Kelp in Korea | (Prof. Gyeongsang National University)
15:00~15:10 | Coffee Break
: : Dr. Yong-Cheol Park
HeRIOn 3 _ G | (Prof. Kookmin University)
15:10~15:30 ° Biological Conversion of Seaweed Dr. Kyoung Heqn Klm
’ ’ Biomass into Fuels and Chemicals  (Prof. Korea University)
15:30~15:50  * Potential Utilization of Sesweed Dr. Hyeung-Rak Kim
Biomass as Nutraceuticals | (Prof. Pukyong National University)
» Green Liquid Fuel Production from | Dr. Dong Jin Suh
15:50~16:10  Seaweed by Fast Pyrolysis and (Researcher, Clean Energy Center,
Anaerobic Digestion ¥01‘ea Institute of Science &
. Technology)
101700 ; . Chairman Dr. Hyeung-Rak Kim,
16:10~17:00 = Panel Discussion (Prof. Pukyong National Usiiversity)
7.3 09:00~ Discussion and Seaweed Farm Tour
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International Symposium oh Seaweed Eomass Production & Blioenergy
July 3-5, 2011 / ChangPoGo Memorial Hall, Wando, Korea

— Supported by : Ministry for Food, Agriculture, Forestry and Fisheries
— Hested by The Institute of Cleaner Production Technology, Pukyong Mational University,
Wando County

Program
Date Time Suhbject Lecturer
7.3 | 18:30~20:30 | - Welcome Reception
08 30~09:00 | - Registration
09:00~09:10 | - Opening Remark
09:10~09:30 | - Congratulatory Remark
. . Dr. Eyeongleun Oh
3 1 | Chairman
FeSIn (Prof Dankodk University)
0o-30-10:20 | Production of Bioethanol from Macro Red Dr. Myung Kyo Shin
) ) Algae (Vice-President, Pidlsystems)
N Mr. Yila Kashiyara
10:20~11:10 (S:flnm'?hi g”’l{fgg’ﬁ fmg‘me‘;;me Fluds = | (Co-founder & CEO of BAL
Bl Frotuclion om LMaeroaigas Chile, Bio Architechire Lab, USA)
11:10~11:20 | Coffee Break
1201210 | On-shore Aquatic Biomass: Opportunities Nt James Coke
) ) and Challenges in the Mekong Delta (CEQ, Algen Sustainahles, USA)
12:10~13:30 | Lunch
. . Dr. Heon-Tae Kim
3 2 | Chaimman
EesIen (Prof. Pukyong National Uriversity)
13301420 |~ Beneficial Health Effect of Seaweed Dr. Kazuo Miyashita
7 4 ) ) Bio-actives (Prof Holdmido University, Japan)
) 14-90~14-40 - Current Status and R&D Roadmap of Dr. Hee Clud Woo
) ) Seaweed Biomass Technology in Korea (Prof. Pulgyong Mational University)
. Dr. Mam-Gil Kim
- Introduction to the Masscult 1 f
14:40~15.0p |~ [oiroduetion 1o the Massculture System o (Prof Gyeongsang Naticral
Kelp in Korea o
University)
15:00~15:10 | Coffee Break
. . Dr. Yong-Cheol Park
3 3 | Chai
eesion e (Prof. Kookrmin University)
15101530 |~ Development of Biological Conversion Dr. Kyoung Heon Kim
) ) Process for Utilizing Brown Macroalgae (Prof Korea University)
15:30~15:50 - Potential Utilization of Sesweeds as Dr. Hysung-Rak Kim
) ) Mutraceuticals (Prof. Pulgyong Mational University)
Dr. Dong Jin Suh
15:50-16:10 |~ Green Liguid Fuel Production from Seaweed | (Researcher, Clean Energy Center,
) ) by Fast Pyrolysis and Anaembic Digestion Kore Institute of Sdence &
Technology)
: : . . Chairman Dr. Hyeung-Rak Kim,
16:10~17:00 | Panel Discussion B it R, T i
75 09:00~ Discussion and Seaweed Farm Tour
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