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Optimization of Simultaneous Saccharification and Fermentation
Process for Ethanol Production using Waste Paper
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1. A&
L1 oA ddx - A58 g

AZ7tA AF AL FH5] d& ASHALZ dUA ALE F2 AR AR
Bolth el gAdaE Afed Hgdoez FAHH oy o FoM Aie AFS
Aol glolMde ¢td oj$ FaF U Aol HUxn o] WA AbgEHT Yt 2
EM giERe Mg vjgRe FFAW AFH An WFFo] @S] Ut 53] A

fre A FAl o -s%xl"omiw—ﬁ-—l AFFTFol BEEARA & AT 4 AQe= 4
FEES € 9 BEHE v Lo £& FAYE /AT Utk =¥ QA nEFde &
g2 2013 A& HEF, FF 50] Ad2HEA HAHE FHELAEL AA d=oA A
g #FFAZ dF=dn vk ojHF AF duxe YL FAYE L dF37] A
SAAEE WAT & Ue OFE U Ade sge] BREA HURL 2 FAME =
8 Af2A voleviaz e AojAE A8 dggd #FF A7t %“a 3 APsm A
E}“‘Z} AR aA velem22 e FojAe d8d dEge o33 Ze FHL A 3
e

1) dete AaA u$ Mo ko] ulueAd] $7]7l2(Non-methane organic gas)7} W& 5
2 ol F frlvtae AEHer A d7|#FE EAE fFEAIE 2%E(0zone) A4
g 2Fe Fsisty e st U
2) 7tEd didl dEE d8E AMESHE vloloulie ojidEea AtojEg 1A @&
o olitztetie] wlEFE 12% FAAF 5 don, vlojeu2e] ofidstgd Ale]EE
g o ojitsgsd WEFS 90-100% FA2AE F Uk
3) olgtg d4A formaldehyde, benzene, 28] 3 13-butadieneZ< F5A4 Ede I&
& FaeAE F Ut
4) ABELE AEA A5 7HEY dE FVMAR ALSE F A3 10%9] ANE& 90%
o] 71Ed TR ALY S 9, engine powerE 5% FAAIA 4+ AR 5 unitse] &I}
& SN # oy T3 wlEstae YA Fe 30% TAAE 5 Aok
AEHOZ Jdage A £4d9d82A FHFo] Bold ALhE Fr]odo] Heon ¢4
g SE7E e B 1A wlolev22 R doA £ Ue °1]L17<] ZF 71 &gl ¥
degtn 2 £ Uk F 2L FAAHY SHol EHAHA ZHEAA v 58 o
UAgez frigolxin, 197030 FtolA X372 A28 @SS HHaA golaw
2Z5H BEqUE FA4 7140 B0 Holxlm 3

o
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ARE g2 4udart € £ A AR voluas A FA ol vl FRF o
oz EAqn Qo £F HAY 4 e Aotk AFHRA A5 S Aee Adadse
AEHE ARaA voleujat AA S3A wolevlx, $REA uvelevx 83 1
g H7)EA uvoleu22 Y¥olA, AAE 1Y HUEA uoleuj2az Fole AM
48%, NEAE dEozw 14%E A AP

HAe R FAse AEAE BE 569 AYLY 4 U1, 2 Folls Agzo~
AH7t Folg BEIldE o$ B3 AfHHo FHAM A ES Aol @t AR
gRrEe] Hiad 1Y HYEL uPe)} 2zto] ofd Hasol g3 B3 o) Fold
e $ert Tudoz FAHI Ue NFAAN FA=E AX At SAHA 9o
A E Az A= Ao 71EAY AgEHA 2z HIEE AAHAE HAE
YREZ 59 AR S L AAFGH 2ztojud wjPo ojE AYPHoAE HAE FA
A9 deEggz ANFezN g de Ay Butoh e HIE FE £ &
YE B4 AP AL F A

2. o8

2.1. TA 93} A (Simultaneous Saccharification and Fermentation : SSF) mechanism
NeaA voleujAz R ARS dwes AAsE e 7 zElle 35 Fhxz 2
= Aok

rificati
Cellobiose formation
(CeH100s)n + (H20)2t ——comine — fy2) CizH220n1
Cellobiose to glucose
Ci2H22011 + HoO  —beoucosidese . 2 G5H1206

Fermentation
Glucose to ethanol
CeH1206 ———Yeast 2 GHsOH + 2 CO2

22. AT LE FH 2Y®

Lignocellulosic
biomass Simuitaneous Saccharification
& Fermentation (SSF)

Acidic or
| | Prehydrolysis | | Glucose | | Product
pretreatment | | h" W'z"“;fii [ | fermentation recovery | Ethanol

Xyipse Xylose ____J
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) Chemical
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Processing | booster, or
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Fig. 1 Schematic diagram of SSF process
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Bael ogk @siuige 7|d2 o8 dH HAE NEA(FAY AE:)E AMgsden, 714
2% ball-milling A2 HAAEZ, 2~3 cm FEEZ shredding$® 41 & A 22 (shredded
paper) 18]35 s 7)o o3 Had A (dissociated paper) &el2l7} o] £=HUL AiE
Trichoderma reesei WoladFo] o& 44" 444 E29Q Celluclast 1.5L (Novo Co.,
Denmark)$} B -glucosidaseE 73§ Novozyme-188 (Novo Co., Denmark)E A}-&3l¢lch
gt WwHd] o]fE T#FE Brettanomyces custersii CBS 55128 2752 o AW
olAA Agd WAAH EERTFF B custersii H1-398 ol&stdct 4% wixl2 YPD
broth(1%(w/v) yeast extract, 2%(w/v) peptone , 2%(w/v) dextrose)Z& A}&3}% o}

32 MEgy

BAE ol8% Z34H-2& 500 ml Erlenmeyer flaskol 7133 pH 482 A& 05 M
citrate buffer £4-& 100 mL9 £&@2 WEd AHuF7IdA FPsIdct HEEF 5
mL¥ AEE AHE 587 100°C FLF2AdA 528 E84Y8Az2 & 445359
de Arodg BAstA. old ABuigrle HAEEE 250 rpmelALe s X 40°Co
At A9 FAFHEEE 500 mL Erdenmeyer flaskel 7123} citrate buffer® & ¥
4454 6 g/l =9 TAE 10%vVE HEFFE F 52E FUEld #3388, olq
H%Z 29 100 mLolln Aeujgrie 232 gatukes FUstgch v (FFLE
71 Ade ZA§ 5L ¥geE 248y 2 L2 A4

33 24y

FEd £ XxF FEE X2F §AE ARITALE o183 GOD-POD E4Eo
2 002 mie] ¥rgodo] ¥xF AsEA 3 mLE HIMele 37T 1887 wEAZ ©e
ZutE2 YZAAIA 505 nmoA e EFEZRYH I FEE ZPsgod, #49 FEE
DNS#He sl ZAssch dad F9 dekg sEE EE o2 HE&7(Flame
lonization Detecter)7t Z2r=ojgle 7txazalEadsf(gdd77)E ol &3td Z4&A.
Column< Porapak Q(80/100mesh)’} 4 € column(SUPELCO)& AL UHEEE
2= 1% Isopropanol& AM&3k4 ).

4. A28
4.1. A4 wix]e] 44

Table. 1& ¥ A4bu]=)Q0 YPDE AP ¢ CSL(corn steep liquor) & & &7] $3A
CSL ke #HHag #8483 A E veid Aotk 3 CSL ¥5& 2%v/v)E2 23
Aot

42 2dt7] f3e AR

Fig. 29 Fig. 3& €84 7122 dAE& 4834 £FNAE + A& avrz daa-
Rl antrle A -2 2l g f7HY SSFA Zwt& el wstel o
AEFE Hag Roloh FIHA sFA 25 side EFo) HEHF anrle
A&l sEol wan e dEg YUY Holv dd-YE A ARHUG

43 BEEx Holrzte B A
Table. 2= FAIZsdael Hu ZAYA 2ot TE2E EYAE Haslsy]
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AsiA EAR HAHYLEQ S0TAN B F, LHELES H0T2 ABE HELS
SSF #92 SxhelAz AAel el dEhd Aot HAHe] LE Hol AT 5 hros
2R Ak

t

5. 74
B 47E dFdUAr|edTay AFH Ader F£yPHQew, A7y Yo AL
=gy
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Table 1. Optimization of CSL concentration.

“Ethanol production vield

Medin.lr'n Maximum ethanol concentration based on Corn steep liquor
composition (g/L) (/L /mL)
*YP broth 6.117 -
"CSL 1% 6.296 0.179

CSL 2% 6.608 0.246

CSL 3% 6.829 0.237

CSL 4% 6.867 0.188

CSL 5% 7.080 0.193

a) YP broth consisted of 19%(w/v) yeast extract, 2%((w/v) peptone with
Na-citrate buffer solution.
b) CSL(corn steep liquor) was added as a volume ratio(v/v).

) maximun ethanol concentration — 6.117

¢ com steep liquor concentration
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Fig. 2 Effect of impailer typss on agitation speed
in the 5 L bioreactor at 46C, 250 rpm. initial subst-

rate concentration : 6% (w/v) dissociated paper (A, B,

C : addition of 4% (w/v) dissociated substrate)

Ethanol concentration (g/L)
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Fig. 3 Eftect of impeller types on eoth. i prod

tion in fed-batch SSF using 5 L vessel at 40 °C, 250
rpm. Initlal substrate concentration : 6% (w/v) disso-
clated paper, enzyme loading : E  =30FPU/g cellul-
ose, E,=1330IU/L (A, 8B, C : addition of 4% (w/v)
dissociated paper)

Table 2. Non-isothermal enzymatic hydrolysis data

*Temperature

Final glucose concentration (g/L)

shift time

4%(w/v) ball-milled

8% (w/v) ball-milled

40°C -
50 — 40°C 3 hrs
50 ~ 40°C 5 hrs
50 ~— 40°C 7 hrs
50 — 40°C 9 hrs

50°C -

5.34
6.00
6.02
5.57
5.63
6.24

10.25
10.78
11.13
10.64
10.76
11.30

*Temperature was shifted at given time
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