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H1 FEOES MM OME
T F0Ol B ESpSE OErSMMEr Z|EMMMES
Saccharomyces cevevisiae R 19 AR () k)
S. uvarum BoR 19
8. sake R 19
(hexose )
Luctobacillus brevis B 0.7 A H1.5)
(hexose, pentose)
Ruminococcus albus SR} 0.7 Z=4H0.7)
(cellulose, hexose, pentose) H, (2.7)
Sarcina ventricuri bR 1.7 Z25H0.2)
(hexose) H, (0.4)
Eymomonas mobilis o 19 Ak EF)
(hexose)
Closdridium thermocellum 5 R 0.7 Z2H0.7)
(Cellulose, cellobiose) (60~65C) H, (0.1
(". thermohydrosulfuricum P 1.9 Z=2H01)
(Starch, hexose, pentose, cellobiose) (68¢C) H. (0.1)
Thermoanaerobacter ethanolicus =R 1.8 g 2H0.1)
(hexose, pentose, starch) (69C) Z2H01)
Thermoanaerobium brockii iR 1.0 3 2H0.8)
(Starch, hexose, cellobiose) (65~70C) H, (0.5)
Thermobacteriodes acetoethylicum B i 0.8 FAH1.0)
(Starch, hexose, cellobiose) (65T) . (1.2)
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A3}71#e] amylases}t, F%Bolql Aspergillus,
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BOEkol = BB FEEe) f10]A), amylaseut
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W{tIRel ¥xoz 97drt mepy &
IR o quixst BRE ZFo)7] 9
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o] A&57t 7estAl HAo U ofA s ok
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24 Y B} 2~5809] glucoamylase”} H &
g Aol o] sHAsty] AMME & U #Eb
F10] %2 glucoamylase?] 7i&o] AA o} 3}A
U, BiEMEEE % Wk MR A9 g4
AHEFE 9 F Ade W] Uk EAE I
vy fEREZo] RE MY BaER A
3t7) 2@ Holo}, 2B g Z4Zte] A8 w
g E53xn /g 283< o Mt &
Ao} e Y8EY Fro g FAHY
—7fb7t Ba3ith AlAde ®HigdlAe st
Aes ez HEHY Agdol & Aol o
o] AL A RFgAe PHA 3}, W& PHell
A ¢ odgE mEEEke] Jdn shEhA R
o] P AFH I Ak AAdE A& o3|
ZasH e AA} 7HedtER Wi BEEEEE 7}
wE FFe MAdn A ettt BEEEK
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2ZAGs g @7 2eng el £48 93
of £#¥ oiEREC]
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&35t7] faMe oM AT BANES
Hag gart doh

$-4~3F Rhizopus, Aspergillus

32 3 glucoamylase

A BHEXE Y ARRRE 7B

AEZ L7 vto]Qm 2A4Y-& A7 A 7}
Z kol Be Ao, Y7t LOEE o149
AEZ2RIE o] 48 sy FEEHR U
on, SavetllE dH ITEE ol 4do] M4t
3 Qlth wroleedA Aake sl AR E
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7 FAANA 7} K st of g WEE A
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2 Aatele BRAEERS NEst, Ea4de
A9 N5 cellulase A pEMT HES 34

A} B Atrh @] W& vk g
lignin 53 ##ik ol ol 3t ligning B F g 7},
A2 20l Gl Fol| A=
looligosaccharide & #fate 24-¢7F HAEde
F o|E o] By E2 ¥3u hemicelluloses
o] 23 hemicelluloses FBER 2 MAe 7
s 5 ATk

ddo] gz o] Fajols b Bk o
BErERE O s doldoh &M (crystal), Ik
&dh 7k (amorphous) o AE2 2 Y S 1
220 F A AT
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cellotriose 58 AWAA|7)1 3, C,2 FAHE £-1,
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2 jiLE.‘i glUCOSe ‘——[1%1}—7}[)’—1, 4 glucoside 723?15—}
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e

)
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NA A, ——NAN
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AW iy
AAAA
/ A
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e f .d/@
" o C,/ Cx ,ﬁii
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H
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— B-glucosidase n

——————o -7 ¢
glucose

a2l 2. Cellulosed) 2|3} Cellulose 25§D

&3t 1+ cellobiose 9] 2 afshml, Chbz i
A &l += B-glucosidas + cellobiose &  7}=%-3) 8}
FEAE A4t olE &
FES Baligo] i g-okstAnt o] 5 o]
FAOl 28stw e R e MR
#F (Synergism) 7} vk @ ol% i H
2-8] Hal *g 53] cellobiosel} glucoseol] 2] &)
imtEel A war glejM, Md = A kel A
E228 dgke gog FajAl] SlaiMe
s Zdslof ah= & Zﬂﬁ?l Ziojt}, ololth gt & A
ool e EEft
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o7 AE

olf ru‘,m
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Py
e
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H 2 Cellulose &% #<E4

M (FEEE, PRE)

Collovibrio fulous
Cellulomonas
Pseudomonas fluorescens

M (OREY, PRE)
Ruminococcus albus

B (R, BiRw)
Clostridium thermo cellum
C. thermocellulaseum

FFo| (HFEMN, WiRHE)
Sporotrichum dimorphosporum
8. thermophilum
Chrysosporium lignorum
C. pruinosum
Phanerochaete chrysosporium
Humicola insolens
Chaetomium thermophilum
Thermoascus aurantiacus
Talaromyces emersonii

B (FF RAE, PR )

Streptomyces (QM814
BORE (IR, SiEE)
Thermo actinomyces
Thermomonospora curvata
Thermonospora fusca
gl (R, FiRm)
Aspergillus niger
Aspergillus aculeatus
Trametes sanguinea
Myrothecium verrucaria
Pestlotiopsis westerdijkii
Penicillium iriensis
P. purpurogenum
Pellicularia filamentosa
Fusarium solam
Trichoderma viride
 Trichoderma reeset
Acremonium cellulolyticus

H 3 F28F Lignin 8% W&

Classification

Basidiomycetes

Fungi imferfecti
Ascomycetes

Bacteria

Species name

Coriplus versicolor

Poria subacida
Sporotrichum pulverulentum
Phanerochate chrysosporium
Gandoderma lucidum
Lentinus edodes

Fusarium solani
Streptomyces badius

8. wiridosporus
Pseudomonas
Flavobacterium
Agrobacterium
Xanthomonas

Micrococcus
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5. H}O| 22| HE{(Bioreactor) 2} EFE{LHEeEs

EREE

o Ere MBEE S 111 A1 4] o EF 9] cost-
down® o|%7] SIslA MZE MBEMS} SEH)
io) Bigto] 53 ol FolHA B Yt o

Atk olE2

71Ee AefA moBEEES N

A EEEEE S AYsta glon, 28 A%

B4, JH2E olete LEHe vl

U urel ool Hggs A dEax Wil AL
AR Rk&Es FwEo Y aliEs TwE
of EEILAY)E FEE{LHmBEeR 2T
ok

B Al B MR B (simple  continous
stirred tank reactor CSTR), % py 38 fEFE8E (se-
ries CS.TR), Bi#amyEIa (cell recycle), BRI

Process

Ethanol productivity

Comments

Batch fermentation
Simple CSTR fermentor

ries CSTR fermentors
erforated plate
CSTR with centrifuge
cell recycle
CSTR with alternative recycle
scheme
Tower fermentors

Slant tube fermentors

Packed bed, tower fermentor
Dialysis fermentor-

Pressure dialysis_ fermentor
Rotor fermentor

Hollow fiber

Plug fermentor
Gel entrapment
Chemically bound yeast celis

Direct extractive fermentation
Membrane extractive
fermentation

Selective membrane
fermentation

Vacuum fermentation

Flash fermentation

Very low
(1.8-25g1 ' h™Y)
Low

6gl"th™

2-3 times rate for simple CSTR
Not reported

High

(3040g1* h~Y)
High

High

High

High
Not reported

Not reported but potentially high

High
(36gi~'hY

Not reported but potentially high

High (72 times greater than for similar

batch fermentation)

90% yield from 10% glucose solution

inl0h

Not reported

Potentially very high

Not reported, but potentially very high

Not reported but potentially very high

Very high
(80gl1~'h"Y)

Very high

Very high capital and operating cost

Mechanically simple equipment, simple continuous
operation

Simple continuous uperation

Mechanically complex

Added energy requirements and added operator
attention required for centrifuge

Settlers appear to be too large for industrial
uppiication. Whirlpool separators may be attractive
Mechanically simple with simple continuous
operation, but start up period is very long
Mechanizally complex

Plugging and by-passing are major problems
Reaction rate limited by substrate diffusion through
membrane,

Membrane fouling may require frequent shutdowns
Membrane fouling will be a major problem
Membrane louling problem overcome but the
fermentor device is mechanically quite complex.
Membrane destruction by mechanical shear may be
a problem

Expensive units. Mass transfer limitation may

limit productivity

Frequent shutdowns for yeast rejuvenation in an
acrobic environment will be required. High power
feed pumps are required

Very simple system with no agitation or recycle
equipment required. Half life of entrapped cells must
be increased to make this process attractive

The cell viabilities do remain high after covalent
bonding. If productivitics aiso remain high, this could
yield in very simple, high productivity system

No suitable extractant has been found

Membrane fouling may be a problem. Process is
otherwise simple

Membranes with sufficiently high throughput rates
have not yet been developed

Mechanically complicated equipment requiring
constant monitoring. Small added energy requirements
for vapor compression. Contamination of the vacuum
vessel may be a problem. Pure oxygen must be
sparged

Mechanically very complicated. Energy requirements
only slightly increased over conventional processes.
Countamination problem greatly reduced as compared
to direct vacuum process and pure oxygen is not -
required




62

B¥ 1% (tower fermentor) 47 I RREE 4 (membrane
fermentor), 2 EN ] ATEE T A
A% gagroan Ygodeged g dEgar
o A5 AE H & = HBRREE: (vaccuum
fermentor, extractive fermentor), CO,%} aire
We R 353ty L agxe 452 flash vessel
N ANEEE 3 F oJdg G FEREAL
2 flashing A7)+ flash®B@¥iE Solt}. olw &
BEMERET L E A ] Aol A oA An
A7 S 9, 48 EAM 9 B AR
= AXLH HAsE 1g YAt Jd B
4ol N2 oNgg FaFxol s 2 Y4
FEPe s AR EEvEgsS
HEEYe] Yggel 2, HRmES S
WREKTEY A HiE BHRE RAUM
FAANE 5 Avke FEYE EREE
HEH A ol g3t Adte AP olFolRX
B A7t o3 RALE AT ALk
2& &8 AR 1A A 7] & S5k (entrapment )
I We ol mol a3l B, bén g 9
A BRI = BFE(attachment)o] At
BEE AHSHE RitE s RAWER BEN
9] alginate, 41 #:%f 2] caraginan#} agar @ gelatin
o] o]&5n], ATAKMWHES polyacrylamide 7}
AHEE ) B e FRE, PVC, U, cellite,
o] 2 MIE o) BElh W= A g

N. #HAR&ESY ulo] X
BAEE BN :

.=2ea3

Batd & 197359 Kk Akl 4
AfEtsel dZAQ 51 kel & BERRKY
o}st2 pEEXS TiRS Mdsy] 9y
%  Alcoholzt#|(PROALCOHOL) & 19754891
BAAZIEA RN 7P 9A REE i@

&9 WALE olF&3th olF 1979F 4] =7}
FZAYE M2l =F(CNAL)ES 19904 7t
A8 REE#IS F238 Aok BepE e dx
o 40070 °]’de] o |E YT FANA 19733l
£ 1507keE AAgla, 1983ddle 580HkiE
A 1986 3= 1,000Hkedl] o2 ALAFE
71831, o8& FrteAe ALEHa Ak A
A eSS Bt AR AEe PP A ¥
W s F= AFae] HEASE AR
Ha gtk Behde A 24059 o1 AF
a7} 100% 9] A A8 2 AH8-3te Aol
20%9) lg&-& gasolined] 7}t gashol AHE
g XA AA 9 67%0132 AFA o
©2E d8E AHSEa e Axolth

Bgdel nlolediz A #F AFte
AR MIEE 449 STI(Secretariat for Tec-
hnology & Industry)4t3te] A4 JutgF
M A% 9] IPI(Instituto de Pasguisas Technologia
S/A)s g¥dt= 2 vigty Hald 29MG
3]A19] PETROBRAS ol A F#3lo] 4233}l
At}

2.0/ =

19787 o] SR ] ‘T EFAMETHET A 7]
250l 197048 ol ‘LA B S 29 Ao
ol-2al 1980 ol oV A4, sHs%(USDA)A
o] d77l@s 7 gigto] Fojske ‘Biomdss

‘Energy and Alcohol Fuel Acts'S 28N 2§

Q1 vjo] Qv 29 FEF AL FHAFL UTh
SF4E YEE A AN eSS 10%E
gasolineol] &3} gashole] w|=o] fhfigof A A}
€51 glen, gasoline?] @IS FFATI=
dolx o] &3l A mEEMEMERZ O Dol
o] En3th ol g2 AAagFo] 19859l o]n] 350
Fkeol @31, 199039 += 3,800/7ké E gasholz
A AYSALET JoHA, o8 AT 3
A3 JEHE FAo) AAst At
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3 =2

JEL Selete} vlol uj AgiE ] AE] 7}
o FARSER HEF o] oEHYE H &
o] H{E AF Fdste olede FFe] KE
iz Atg A3 vto]Qujx o] &9 R
o thd P Aol FAsT}, o eh-& o] REME
29 A 83l o] vto] Quf 2214, AFA of
&) e ErbEstAT, Fe o AFagAlv]
g g ZEan FVAHA A7 HEE =7t
o} FE3tol A F A 7] ok,

ulol Qv 22 RE|S] MEAH odErE A4S
A3 A= HEE S DA FMEER B
WAl A (RAPAD) * ol A M2 Fs g
(NEDO)'} “#hkt L ZEBHMAEMEA(FA-
RA) & 43t 5,389 74, W 714
o] o3l FEATE MY ok

olEe] FH ATEok: wolor2el W
o] &71&9 MES AT A5 & EIFAY cel-
lulose 2 €] ] o &g, ¥ @A 7%, KBl
VX9 EgeRz ol wigA2E AP g
FHH FEHEES B, KB KHEIE
o] &4 MY Folx, MEL nlolemf iAol
NS $slA AiEtEY, wlo) ol AN, B
upol @ v 0] 7 o},

ol9} #E& ZAFHo L FFAHI AFAAS
T%02 YdRo| ulo] om0l g & ME Al
A A 7Hg 2 dejol o213 vk JEEL
AR ol gh-g A abel] A3 ATl Y BETTE
AL F23 Ywo|ty, RAPADE AlgFse
AEH 7| B ¥E 59| cellulose A E Y82 3}
o 8hFo 720kge] YEE BE 150~2001 & o

&5 YA 4 9lE Bench Plantg &3t

Q2o ol wol ool axde) FALE
A7) sl FRFEe] oA Fobrlol
753 A% 3 $APant ARE AW F
AYHE Sl 28 Ak

A, L ES

A TR BHREES 2oz §9 fk
B FRHES 471903 vto]uf 9] o]
719 Mo FHE T Jow, sk
o] S feA] upo] o 29] Fh ko] 2l
methanol 2 o] #fol= F4 S 7]-&olar ok
nho] Q@ uf 0] 0] 8- Tdt Y AFELEA T}
ol mftmiEfES £EWR S ©) &8 F73
IR

ZHihe AMILES BHE o83 dagd
23} o €h-& 9] gasolined) 10% 3713l gasohol

FH3IAL ol olAE, L& TS

WER 5E Agasto] gasolinedl 7l & grrbe)
%3 gasohol A 4ol o] &3t3L7} sich,

dn >z

Mo 1in

V. Feuete] o] 241X
PRI 3 B

aFR BACA 9 vt e o] BIEES] thih
e 197054 S0h7] R o]Folx gt} o]
Mol ERREL] oeE Aol A3 HrpIR
< R Ao R Age &2 2 & U vele
a2 FE e TS AN BHEgMRe] I
T2 19707480 Ftel Al EA BAFHog
AF7F AFbE] Aok 1eivh 1980448 2] Futol
ol27] HiZtXNE HBREARS 7127 @A
s Ee} ARk 18t o] Foke] Ae] LB
o] AZFHHA 19844 ol ‘Bio- energy B # A A
& AVIZ BIRRITAA S 225 ulole
A=A Mg F35A = At 19874 % ‘K
BHoll A BRI 0] Al E A, vl ey
A 9] Aol giARIFEH S BHRRATES] A&
7lvko & dted M=ol BA PR FFIH, ¥
AM A7 €718 HA HAch

Bt7F A8 BEHS EFT vlo] o)~
Rigo] oA ¥ o] 87t RiFOLZE K
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"qHu HE o dE2LFH W2 +
Auztel M= dAAH o o5 A FES
A% Hefi el FAgEol B asta, o1& ulo] )
29 KEHRE 913 FThmiel e 2o
3ot Mo R = REREY, WEREY HiE
BEEE, #iTh £ EEBEEW 5 08T West
29 AR vl$ Fa3 Aot a3 kXK
vlo] A AFL 2 A}Bo] 7hed F-3E i
el £/EE 1= okt ¥ upo] nj
224 47 o] &8 5 e AYAfetpo] FH
g EHEE 59 M= Hhstd vlole
AUAKIFES G5 F e A2 2o &
Aot}

BEA] nio]l ol AT & & EokillA
T ol= Axe £Fd o= oy, ALY 1
oleoix] g AT FAHamA HENAe
o}z uFg dAFo|t}. vpolemig FE| w
ololA] AL FIABMNAY HRERBFR
sl A B9 ste, TR, BEmE, &
L2, 5 FEHS, RE HE RETE 5o o
F BRSEHGS BFHA HHE FHAT
e 4 Arh

A o] HRBARL A3 vgrts At
AsHol dov, AE22 HFEHEM, KERE
Fo) SRS, MEMEMED S AEZLE o8
g oEg REEAYNTG FA7tAY S g
MRE Fa EmEE J2doh BAMEANY
FRE AN e vBeE B 3
FHQ Aol HAwEs] AFF fuete 1t
ARES] 2RAHY FFoz A oS HR
FEol Bt 7haby) df ol nlo] @ ol ABER
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