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Table 1. A comparison of some features of acid hydrolysis and enzymatic hydrolysis of cellulosic materials®

Acid hydrolysis

Enzymatic hydroysis

Pretreatment
Rate of hydrolysis

may be necessary

fast (minutes)

Temperature high(e. g 200C)
Pressure overpressure
Yield varies depending on

material and process

details
Formation of interfering probably formed
by-products
Industrial processes in use

Economical feasibility 7

yes (in Soviet Union)

necessary

slow (hours)

low (e. g. 45C)
atmospheric pressure
varies depending on
material and process
details

not likely

no (pilot plant only)
9
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Fig. I. A simplified scheme of some processes and

products based on hydrolysis of cellulose.

B3 HFEoR 5k 2 AHoloh Fig. 1l
cellulose®| $E{boll =& £pEpolt T RS
ZFeFstAl bt

71 A& cellulose®| MEMLTR 2 4T

CH,0OH

Ezoll BHeH, cellulose®] #ith, cellulase® 4
FEFARRSl BEEIEEME, cellulose®] HiEFE
o} LT R % cellulosetpES] LT HEE
5L Lo O RHESEA BEEC el
Eapuicia=

[I. Celiulose2} Cellulase

1. Cellulose2| E4

celluloset™ 2E WA o2 ks
o2 FAxA e o1/3, dAR(F) N4+ 90
%ol Aol fEfEsk=, KHGH fEMl 2lsf A Al
A A= el E, ubdRr 9o nys) )
% (urban garbage, wood remnants, -&A4-3|
71 E) A cellulose A3to] v Fhs{ofg]
o}, BN Y= hemicellulose ¥ lignin &
Abeheko] T itEo] 9o v of 7] 4= cellulo-
seol| &l Au}l FEahghet,

cellulose= D-glulose”} B-1.4-gluloside
fifre2 oAds=l k&S foleh. (Fig. 2)

KK cellulose®| MG 100001 ol 42| g
-anhydroglucose’t R#E Hst glo o
ol oy f-&Eo] oF 1508 F oS Jeluic),
A Z 9 F2 celluloset microfibril s K3}
H, 77 10~30nmA Eolz, Aol B mel]
wele Aol ook X#abrol U negative 4
ikl ofqt Mzp sdn|Aabakol 4§44k £ (e
hain molecule) 7} “F{T o2 Flgigh &40
e FA 3~ 4nmd elementary fibrilo] =|
3L, o] o] 2od A microfibrilS Hehkgtcha
feE=lo ek BRIREES cellulose: #58
B7t =3 BEEEkEES] OH Xt A9 glod,
ol -fikel cellulose chaine] KE&ESO.
B O ol Fa ol3E Jeble, 1 A o)

Fig. 2. Conformational formula (chair form) of cellulose (poly~-g-1, 4-D glucosan;,
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72 MR-L KR cellulosed] 48] o] 23t
o - RSB pmel BT BT AT
o] FAlo] ={eof glet,

2. Cellulase 4E#%

Cellulose®| BEHI57# process? HHAIL
E st A= iG] ¥ cellulase® FIASH
+ Ao Aol whe EESl Mol cell-
ulose & syfEsl=|at @E =2 LEHS K
4 ppiiiast COM wlekst 222 RBEYl
g bol A ANEHE celluloseE KBHES &
SRRYE 4+ A= iEtke]l =L cellulase® £ E
e Mg ofF A 2xolct, AETe] B
H (fungi) ==,

ride), T. Koningii, T.lignorum, Sporotrichum

Trichoderma reesei (T vi-
pulverulentum (Chrysosporum  lignorum),

Penicillium funiculosum, P.iriensis, Aspe-
rgillus wentii, Polyporus adustus Fusarium
solanii, F.lini, Sclerotium rolfsii, Eupe-
nillium javanicum, Schizophyllum commune
%‘ol 9;11, ﬂ%ﬁ(bacteria)i'{-, ‘Clostri-

dium thermocellum, Thermomonospora sp-
Cellulomonas sp. 2 Stireptomyces flavog-
riseus 3¢ ¥HA ok, P ke HAY
abo] Rtk celllose 25 E] ERY WS
S A s =3 ALk cellulase® 4 ESH
2k, dl {22 MEMHL carboxy methyl

cellulose (CMC) ¢} 2--& K##2] cellulose
FEEUS 7REslE cellulase & A ERC) ©
ol2igt 7HH2 cellulase’} B¥E == BfKy)
=8k B F (enzyme like factors)®| #Hagget
+ A7 HEU T o BB cellu-
lasefl #8%] ZEM o] HEdLE B4
7l #Eoloh celluloseHES KRS
BILTEAN A cellulased] & 4ol &
A s HABERL Bk cellu-
lose s wHe] F#sEAY 2ET M-S el A
5, wkxl KBS celluloseFHE 4HMEs)
= BFES EES s MEWE cellulase 9
HEEKE 43387 RFgsct.

Ascomyceted]! Chaetomium thermophile
var. dissitum, Humicola sp- ¥ Thermomo-
nospora sp- o - AW MAEME KR
cellulose & 7Y + 9+ cellulase BEKREE
T HEDCL fFEM MAENS REE cel-
lulaseff 2 Bo]|z|ul o]Fo| 4EEs= cel-
lulase7t it MAEHS cellulase B} W=
Al BgziEdEe] Frbanke g4 got "

H, st cellulase’EERKEEEEH &
TRRES] cellulase® 7] 18, EEEgEHE
HEF Vot RARMRA 23 HEFkSA
B FRA AL FA5o b AR
2K cellulose® sl #HT cellalase 4
EEKE 484 Trichoderma reeseid] #E
Broll A3t BAEE ANReh. EBEF - Natick

Table 2, Some important cellulase producing organisms and increase in their yields

through mutation

: Organism' Filter paper activity Cellobiohydrolase Endo-glucanase Cellobiase Reference
{units/ml) (units/ml X107°) ° (units/ml) (units/ml)

Pestalotiopsis westerdijkii QM38 0.15 2.93 50 N.a. 10
Penicillium iriensis QM9624 0.77 11.58 81 N.a. 10
Trichoderma reesei QM6a 0.55 18.91 . 59 0.3 10, 11
T. reesei QM9123 1.68 29.26 9% N.a. - 10
Sclerotium rolfsit CMC 142 14 N.a. 200 11 12
S. rolfsii UV-§ 2.0 N.a 190 18 13
T. reesei QM 9414 9.5 57.0 110 0.5 12, 14
T. reeset MCG-77 10.5 60.8 100 0.9 11, 14
T. reesei NG-14 14.6 58.9 135 1.35 11, 14
T. reesei C-30 14.0 N.a. 150 0.3 14

N.a, not available
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(catabolite repression) Foll A &3 E£ %
S Ve = A NG14(19774) ¥ MCG
77(1977) 01 XS slet. NG149 filter pa-
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Fig. 3 Schematic representation of synergistic
action of enzymes in cellulolysis 72!
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A sty Axbd = yEES ARE
KR cellulosed| JEfSMtEsl REREES
HMAAA, RN DREES HRES féﬂﬂ
A7l Hikolch!»™® MY figEEike] &

%ol 42 RS ARt @At 3)«“’]“"'
ball-millinge] F& A 2j4jo]=ju} oiubA
]-g-o] ko] 4Lg s}

{LEBRYRI B & H.PO,, H,SO,, Z.Cl,
Cadoxen ¥ NaOH% ¢ AL FIBIS cel-
lulose®] FEBBEE #&LA71AY lignin &
BrEske Fgkolok™ kel vebd %= 9
alkalifR BB 2 ¥ 3o Eisldcl.'*® NaOH
© cellulose fibers& 41712 EHES
EFA71=E 0.1~0.5%2 NaOHell 23t 4
FRpfH) BB =
acetates® saponificationd Y4.07| =, o]d
w2l cellulose®id7t B2l =+ #kib=ch &
HigEol A=, ligningt hemicellulose?t ¢
LA sl E ol MA R} A5
A5 1% NaOHE 24Coll A 6 4|7+ ﬁ@”]’
H 9%, 4% NaOH, 60C, 347 #hell=
17%7 247 gt & dote]doo] 9
gt cellulose®| M-S cellulose?] BEFERY M
KGRE BAEAZI A8k, 4~5%2] slefle

uronic acids®| esterification,

’

HE Lt ml BHS -T"_—a}-fs}ﬂ]fs}m], cellulo-.
setk ol AR AE A Aolr}

A7 de A Q= GiEE ol A HER
A FiEL dotel gl ball-milling2] M40

Aozl s cellulosert BEAol §o Z|ak o 4] cost Al kol olgirim
m2 iR AE) A SRR afest, 30 AR
Table 3. Al kali pretreatment methods **
Material Dry mater  NaOH Temperature Time
g/ml % T min
Aspen, cotton 0.05 1 30 60
Newsprint 0.02 2 70 90
Bagasse 2 72 60
Cotton, spruce, beech, oak 0.05—0.1 0.5—17.5 20 30
Rice straw 2—4 160 10—60
Bagasse, rice straw 0.14 1 100 180
Bagasse 0.04 7 80 >180
Newsprint, rice straw 0.03 1 22 960
Bagasse 0.4 120 15
Barley straw 0.06 40 (high pressure)
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olel, 4ggel %ﬂil@— BEgstAl b, pro- o R HEKS o3k dAldeletd EER
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R g ez RS SISk, lulosedt wEBC] HE 1 920(W/W) o2 F5AS
cellulose®| BE{LT#S pilot plantHEE & gle] 45C, BEFEiEME (3.5 Filter paper activi-
3t Wilkes'™"® 9 BERFERE PLo= & ty), AlFA1ZE A0EFE S 2 53R ( cellulose 9

H o} 5075 $EfLA17)gtel  cellulosed T3
Product sugars 2.01 ><106 GPD Overflow
97T/D
(3.4%so0l'n)
2N
Miled (] tL{ l ' l '
newsprint x 10°
885 T/D | | 4 x10°
L3S_t-age counter ch:ent mLxer filters or mixer-centrifuges  GPD liquid
| Solids bypass (optional) Wash water 833T/D SO]idSL
' ] | Spent solids
‘ h l l l l l———» —» to furnace
¥ Sugars - ~ 580T/D
' 84T/ | Hydrolyzer (6. 3 X 10“ gal) Filter
6.03%10° GPD b= A5C.pH8 >
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34.4T/D | 2X10°GPD —~—
Proflo oil | Enzyme soln 3.5FPA(10.4T Protein/D) 2.07x10° GPO
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> e
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|

|
Growth fermentor 4 Induction formentors
(5.75X 10 gal) ! (5. 69X 10° gal) 30'(3 pH4 8

| Filter

Mycellium - 34. 7T/D
Fig. 4 Flow diagram for a hydrolysis process'?”"

Fig.4+ Wilke% o] EB3l cellulose L2 oAztsted BT cellulosex EFE F
kel TREe|tl. o] processw Bl Haket, &, BFEE afdls e o
cellulose?| #E{t, cellulase¢] 4 % SCP H2 BbE BB v R+ fsE = I8
o} oleb=e] MEEERESE o vk ¥t cellulose®} [iftiepbsls &3 EEE}
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el =2 cellulose® BERZ M % %
K5+ glucosed T2 WHAFIZEY g
EERCH PV}, MEMNCE HEksle ta
system22 cellulosetd¥E 2-4-ef E# el
T AEY T oA, o= B RES
4 cellulasesl 525 Ejigo] FHSE sys-
temolc}, o] FEEE —MMl 2B ML
- o] o ¥ A2 gy

e delEL 2B glucose £t cel-

2=

BHE24 ball-milling®r S48 (9, 5g/0) &
AR&EE 7 B KHIEHEEE (maximum spe-
cific growth rate, um)-+= 0.3hr7o]3, ki#%
#elle 4% HEe| ML= 3,4g/08 #
A, 0.5g/29] olelbE (B 0.8g/9) o] 4@
= et cellulose (Solka Floc SW-40, B-
rown Co.) & ZERsle FEHHEECE 60
Wefd] BEE S 7%, 8.2g/49 RITEY 4g/2
o] oflebzo] AJ4k=gitt. cellulosed] HHAE
< LA ERANA HIE cellulose(gr) #%
0.21~0.26g9] ollelEo] AAlsn] Ly
(FEAHEE) S KRS 40~50%7 He A #@
&ska e}, Fig.50 ol €o] Edt BEEM
3l cellulose ”aL_ﬁ_procéssoﬂ %t block dia-
gramg YERYCE 714 qr, ax ¥ e F
7 B, 2AHY dlelEo] HAEEE (g
product/g cell hr) &, D= 3 4&, X+ B
BERES Jeblich o)eigh cellulose?| [EHE:
RRRE-2 2 BrPE Ol B —MBE ol Bl o8

7hAl Ao dAlsk, F3 Aduleid A0 s}

lobiose7t cellulasecll |2l FAEMFAES  gpg + goe g 2 odo) getn &
At
Fermentation
Qr=1.0 g/g-hr
. - : Qu =0.35¢/g-hr Solid-
Corn Residue | Size Re.dl'lctlon Qe =0. 22g/g-hr _—_—— Liquid
-___‘.‘200 10K/ by milling D=0.1 hr' Separation
X=15g/¢
V=17x10°¢"
Solids
Prodfxct - »Combination
Fig. 5. Separation 60x10¢ kg/yr

Block diagram of a direct cellulose fermentation process scheme for a facility handling
200X 10° kg/corn residue fed/year with a fermentable polysaccharide content of 70% on

a dry weight basis.

Ethanol:16 X 10° kg/yr;yield=0. 11 g/g. Acetic acid:25X10°kg/yr;yield=0. 18g/g. Reducing sugar:71 x

10°kg/yield=0. 51g/g.
U Hom 2r2 Tl A9
2R @Hikslo] gleh
Cooney ' '-& fF£:ME HERIES Clostridium
thermocellum$- $5%3te) cellulose| spMES}H
EjEfl olletsS st KRS et &

BEhsE o

Ghosest Tyagi'™ & bagasse 150pm= £}
BEelaL ole] A 1(W/V) %2 NaOHZ 120€C,1
] BE lignindt#§ T.reesei QM94147}F 4B
e cellulaseZ BE(LI #, LRS- {FHshA

Saccharomyces cerevisiae S HBENCE B2

- 60 —



#abol olebE/bE S Batshadeh g
Y ke R o ikl 45
23.68/0°] HEEENE Foll A 6 5 B 4Eeko) 9.7
(W/V) %2 sllEbzo] ks ok, Hifgisiol 4
+© 48.5g/ 0% IMEEERIL L S, oflebEe] gy
KBRS 32.08/8/hrol St ollebse]
PEM-L Oﬂﬁl-ii)%ﬁpgl HRel A Eigme =
WA= et = BB 2E glucosed o
E}&-of] 2 2] E@@}St 95~97% QA vt sk

s oleh, (£ 4)

Nulose®| fol] vlz]= HEMEHES wxgo
22 odlebEE-S 40%7H2] =A4 =lol BE
BEbkel #ES Anme nskel s
90 %l 1EJFebar ghet,

g, el ogt dlelsEEAN = Fib
gt cellulose?] BILT B4 HE= o= 2%
o ogrol A g REEF Fitel A, olleks
of AEEES Folrl $g WA wE 2
B LSl a7t st Bogfc}
—Hryo 2 oebEe| BIBFEESC RS Bl

Table 4. Rapid ethanol production from bagasse hydrolysate using S. serevisize in batch and

continuous cell recycle systems *"

Process parameter

Bagasse hydrolysate (BERC process)

Batch Continuous Continuous
cell recycle cell recycle

and Oz
sparging

Fermentable sugar conc. 20 15 15

(%, w/v)

Ethanol conc. 12. 7 9.5 9.0

(%, v/v)

Product yield 97 97 95

(7 of theoretical)

Fermentation time (h) 5.0 5.5 3.5

Yeast cell conc. (g/1) 27.9 32.0 42.0

Productivity (g/1-h) 12 18.3 32.0

KansasMol ¢l Gulf Science & Technol.

ol HEE 112 cellulosed dlElEE s
X 7; 1983F7h= A 200012 EHMlplant &
Scale up=o] HaEFE] T&|S o Ak ™

Gulf & cellulose® glucose® fEsdl= 7
3} [l glucosed olelE2 Eslc 2o
2, E¥ cellulosetw %, F3 % X4 s87]
% (FHgtet, cellulose® M T. reesei
o) MR £ESIE cellulase® 3}z,
ose?] ollE} 5ol 2 o} o]l = Saccharomyces
cerevisiae, S-carlsbergensis % Candida

brassicae7} FIR =l FIEEES cellulose sl
urrydll & 7.5~15%2] cellulose’} ‘@& =
b, Al A gt 2 BERES] 2,880] ]
ol #TH o2, A MEE glucosert whiol
bR #Eslcl debd glucosed 23t ce-

gule-

ol Bigt Rl A%,
= ﬁ@/ﬁoh- @ﬁiﬁ&@&% Fol7l flsl, Hkk
RV EERBE Y, GRE HiEe g
BMERL (dleb =M, A= 30g/¢ +hr)?
Poal FELECEERERI R (ol eF S AL, 50g
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uct inhibition) & <qlall, gL & L2 24
HFe vk e},

oleigt Bl 9|3t olel-=MiRsell e, &
f Zymomonas3r2| M-S FAT 4T MRy
7} %=1 120g EtOH/2 -hrels B2 4

o) W= ek @ o] ZhE glucoses R

RIEO-ZRF R 1R B U o A1 2] g o)
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