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Biomass is a carbon neutral material and the development of processes for the use of the bioethanol is
accelerating worldwide as the demand for its use as an alternate transportation fuel increases. The bioethanol
has various advantages in the fuel performances of the environmental and the octane number, etc. But the
amount of heat of combustion for each unit volume is about 70% of gasoline, the price of bicethanol is
necessary to be less than 70% of the gasoline with competitive for gasoline. It is assumed a current gasoline
refinery cost is about ¥40/L (crude oil, $50/bbl). The ethanol production cost is preferable to be less than ¥20/
kg to be competitive to gasoline cost. Then the rationalization of the bioethanol process is necessary. The
examination of the use of the lignocellulosic biomass with the possibility of cheap and a large amount of
supply as a raw material biomass and the rationalization in the process are necessary. We reported on the
rationalization process in the refinement process of the bioethanol by the former report. Herein, the design
of a high speed fermentation process which uses recombinant Coryneform type bacteria transformed by a
recombinant DNA technology for the cost reduction is reported. A high speed fermentation of 30kg-ethanol+
m~*h~! was assumed by the application of a high bacteria concentration of 30wt% (wet base). The produc-
tion cost including both fixed and variable cost of the newly designed process was evaluated at an annual
production rate of 206,000t-ethanol. The resulting cost was compared with the production cost using a future
NREL (National Renewable Energy Laboratory) process. The high speed fermentation process, whose reten-
tion time was 1.7h, required smaller volume of fermentators than those for NREL process by 5%. This reduced
the investment cost by ¥0.3/kg-ethanol compared to that of NREL process. The variable cost of the new
process could be reduced by ¥1.1/kg-ethanol. Further research work to attain the above cost reduction is for
the confirmation of high bacteria concentration fermentation with low nutrient dose.
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Table 1 Performances of biocatalysts on ethanol yield and productivity
Biocatalyst Substratet Ethanol E;}ilgl?l prfcizizzlity References
(g/D e/l %) /b

N Corn fiber AFEX? hydrolysate | 21 98 16 Moniruzzaman et al(1997)

Saccharomyces 1400
1(G35,X7.5,A5,G all)

E.coli KO11 Corn fiber AFEX hydrolysate | 27.1 | 92 105 | Moniruzzaman et al(1997)
E.coli KO11 Corn-fiber acid hydrolysate 347 80 116  |Dien et al(1997)
Z.mobilis CP4 Corn-fiber acid hydrolysate 22.6 88 1.04 Bothast et al(1999)
Z.mobilis CP4 G25,X25 24.2 95 0.81 Zhang et al(1995)
Z.mobilis CP4 X25 11 86 0.57 Zhang et al(1995)
Z.mobilis AX101 G40,X40,A20 42 84 0.61 Mohaghehi et al.(2002)
Z.mobilis CP4 X60 23 94 0.32 Lawford and Rousseau(1999)
E.coli KO11 X90 41 89 0.85 | Yomano et al. (1998)
E.coli FBR5 G30X30,A15 34 | 90 092  |Dien et al (2000)
Corynefofm ATCC13032 | G96 7 o 1.7 Yukawa et al(2001)
K.oxytoca M5AI X100 46 | 95 096  |Ohta et al. (1991)

a

> AFEX : ammonia fiber explosion, a detoxification procedure
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Corn stover
88t/h

3650m3#5

Waste water | i
H2S504
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Cormn steep lig.
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Fermentation

545

PR E iy R

Scrubber

Prehydrolyzer
(H2504:1.1%)
Combustion boiler |
86 atm steam [ Turbine/generator : Evaporator 116 92°¢c
185t/h m S2~eiMw k
|
e '
|
 p— Power 1
BFW |
|
LP(4atm) !
i steam —> :
: Condenser
HP(13atm)steam |
| » 37t/h
Ethanol(Product)
24.7/H
Fig. 1 Bioethanol process (NREL); Biomass 2000t/d, Ethanol 206kt/y
Corn steep liquor :1.1t/h To Scrubber
Enzyme 568kg/h |
41t/h
\z.mobilis0.2t/h
From b
Prehydrolysis —.>j E — >
‘:‘ 2t/h To Rectifier
429t/h 433t/h solid: 5.5%
solid:11.2% glucose:31t/h Ethanol:24.0t/h
xylose:18t/h z.mobilis1.1t/h
glucose—2Ethanol +2C02
Fermentor 3xylose—5Ethanol+5C02
. . 41°C
Saccharification Tank 43.6t/h (3650m3 x 5) residence time 36hr
(3650m3 x 5) Yield Glucose 95%
r xylose 85%
i
Cellulose — Glucose ;
(conv. 909) E To Scrubber
65°C !
residence time:36hr \—’i
|
B ——

Com steep liquor :0.2t/h
DAP:0.03t/h

Seed Production

Fig. 2 NREL fermentation process
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Table 2 Design conditions of NREL and new processes

NREL process New process
Experifnehfal condition| Design condition |Experimental condition, Design condition
Simultaneous Sacchari- -
1)Mode fication and Co- Co-fermentation Co-fermentation Co-fermentation
Fermentation (SSCF)
. Zymomonas mobilis Corynebacterium .
2)Organism Zymomonas mobilis Coryneform
39676-pZB4L ATCC13032
3)Temperature 32T 41T 30C 30C
4)Initial solid level 12.60% 20% 9.60% 20%
5)Ethanol production rate 0.3kg/m® - h 1.5kg/mé- h 1.7kg/m?® - h 30kg/m® - h
6)Residence time 7 days 1.5 days 37hours ~ L7hours
7Inoculum level 0.3wt% (dry base) ' 6wt%(dry base)
Corn steep Corn steep liquor, Ammonium sulfate, Diammonium phos-
8)Nutrient liquor,diammonium diammonium phos- kalium phosphat, phate
phosphate phate minerals etc

Fermentation reaction and conversion

1)Glucose — 2Ethanol+2CO: 0.95 095 0.95
2)Glucose — Others 0.041 0.047

3)3Xylose — 5Ethanol+5C02 0.902 0.85 - 04 or 0.85or 0.95
4)Xylose — Others 0.084 0.093

Saccharification condition

1)Mode SSCF Saccharification | ] Saccharification
2)Temperature 32T 65C 65T
3)Initial solids level 6%-cellulose 22%-total solids 22%-total solids
4)Residence time . 7days 1.5days R 1.5days
5)Cellulase loading 15FPU/g-cellulose | 1 2FPU/g-cellulose 12FPU/g-cellulose

Saccharification reaction and conversion

1)Cellulose +nHz20 — nGlucose 0.9 } 09 ‘ 0.9
Ligni d
J'IINF?':::WI’B To Scrubber _
Enzyme
Wash water Di.mmm?‘:hm ) ‘I:‘-l::r:;:.ts?

45t/h o bacteria (Batch wise)
glucose:0.4t/h iy .
xylosa:0.3t/h Fermentor (semi batch) Beer storage
From ) To combustor 450m3 372t/h
Prehydrolysis 2 5 Ethanol:23.6t/h
L 20 1
To recycle]  oqler ‘ermentor filtqr
water :‘o&“z
insoluble solid:5.0% (batch wise) é
Saccharification 390t/h (batch wise)
Tank glucose:29.1t/h Fermentor buffer tank
xylose:17.1t/h Used bacteria
40t/reactor
85°C hacteria:19.5¢
Bacteria Production (batch)
Fermentor
Bcteria super Bacteria
O:-':‘:‘ centrifuge filtrate tank
Diammoniumphosphate
etc.
Batch wise
operation Culture

Bacteria storage

buffer tank tank

Fig. 3 High speed fermentation process (Coryneform bacteria)

NI | -El ectronic Library Service



The Japan Institute of Energy

J. Jon. Inst. Energy, Vol. 85, No. 7, 2006 547

B X 30g/l-h & L7z, TN 7 7O4H4GIE 30 B
& L7,

3) REEWILIEA BB LT, BRGNS LS, N 7T
DFMmDzH, 0HBICEBRELELL, N7 ) T %
BB SHEH L, FO®BIINT 7)) 7 2 55EEE I
BT 5,

1) FEERAM TIT YV, N7 T TIZERE L 2V,

YN TUTIIEETRTEEL, "ROSHRT N7 T
worHE LSBTV 5,

T ARFHIH W &R EROBEY TH b,

2221 & 1k

AL D ZfEIE NREL YUY R EF—TH b, LT —¥
(cellulase) # b HWVWT, LNV EB—RXZ VI — AT h, 7
V= ZANOHEALFRIL 0% TH 5,

V7o DFEBIIHT AHERE 2 o, L TRM
HEEIEN 7 A NE —THBL, U7V SERES T B
DRI THRET 5, 74NV — AT v VOEREIZ100wt% (82
;R L L, AEGOHERIBMBET S, AT v U
OBBETOEMES ThAH IV a—Akxuo— A2 OILT
b7z, kAl LR OB R80 & 70wt % B L, ([
Pokix) A 7 ke Lo TRTENRT %,

2222 % [

INA A L LT, BB L 7z Corynefornvy 7 7 T &
B B (W001/096573) 7 # B 212 LT, EEERmBET
OEAZFHEE L, BEETO/NZ 7 TIEEIL 30wt%- wet
base (dry base: 6 wt%) FEELMBE L, BEMESMET 30T
TLy - VEEEBI%) . BREEMTE, N27U7T
B L v N7 7Y T OFmE0HRELEEL, B
FCHERL, SOHMMER LBEGOREILNI T TR
RAMCHER T B, FOBRE LWNZ T T RITEDREICE
BAEICTEE T 5, N7 T ) THEMICIENT 5 M, widE
BLTHAL, =8/ - VEETARBIIEEEICREL:
ATV 74y —hbiEfE L TIRER T, BEENDON
CTVTRETRNPOEREICT S I ENTE, HEHE
HEBLTERMRIILY /) — VEENTETH L, N7 T
TWEHTHILY )= VHER R BT L7120, ARy ) —
WVIREIZ S wWtBRBE L 75, N7 7 TREEERENTE
D, FU—-RABLY /) - VEBITETHL, FLU—-X0D
I¥ 7 —VIRIZNREL 7o+t & LEMIZ, 8% & L7z, T
y = VEEI R PR TI, FYO—-A0T Y ) — VL=
#395% (Table 1IZ/R L7, ¥V E—ATORENDZSY /) — )
=) O, TRREBIED v d, 40% &K
LM L7z, VT —ADI Y ) — LAOELEIL, NREL
THEREREEIZB%E LT,

Iy ) —VOREEREX, 30g/1-h & L7z,

TN F)TENy FREATHERT 570, %E#EE 2
HHIE LYY B2 EEYy B4 (30 H M EREIEEEE L,
ZOHRIBETNI T ) TEBRT 2) HFMOREINZ T

T3S BEBRBEE TR 5,

RO OKIEFE, FFRF (W001/096573) DILHIC &
g, %, KHePOs:, KeHPOs, MgSQOs-7H:0, FeSO4-7H:O,
MnSOs - nH:0, & EFF >, WHF7 I, REBEFII 7L
Thb, FaF T, ERIFETH A%, pHAZED -0 Dk
F R LABREEZBIZEMLTEY, XEFOIAMNIED
LEGVWREKE LD, N7 TIIRBETETIIHEEL 2w
728, FERMIIEFEBEO /D113 Y BIEE v 72 2 A1E
REBMBDIATVESOATREVEE R /2, ) VERIEE L
TiX, NREL 7Ot R LML R ) VBT v E =7 4
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% EOREOIHER, HELE L BREEOBTELET 5, £
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T4 5, PRIV I—A, FLO—X, TH53E/)—2R
(arabinose), +t 1 ¥+ — & (cellobiose), #+ 'V T~ —7 E055
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INTVEY, AEUREORDE, NFMELE LTRPD
FNVIA—ALF L U—ADWETRD/z, £H#EL$ 5 NREL
TR ADEE, FVI—ALF O —ADhLEKTAILY
J=VTEERTY = VD% % EDLDT, WHEDT IV
-2 EF U —ARM{EMEE LTIV, New 7O 22D
B, V) 7= VERESOWE R BAL L TR % BT
HELTHIY /- VAEERIIISINBEICRT TS, $/2
FMOREINT 7)) T o GHRET LR, THAT v
JHOIY )= VIidiBE LY, Ty ) —VEERZREIT
2H, TOHEEIHEL001%TH S,

F 7zCorynefornvN7 ) TIZE AF 0 —ADILY J— )
INFEDS95% F 7213 40% L RET A & &, NREL 70t AIl}h
N, LF - VOEERILY) 7= BRGSO K
SOBEEEODL &/ A 1022%, SL1%EE 5,

32 HfEEH
NREL 7H & 2122w\ T, NREL O#EZ0HE* Hw
770 BREEREET T ¥ AIZOWTIENREL 70t X TORH

BHZL &, LEBUTOTRATAT -V LTH
L7720 NREL DEEZIZF—7 D%, BEMX YT
T AN —REELTEBIIOWTIE, T VI BEYS
FICLTHRHWERLEL L/, EERKE 20HEF % Table 3
WRL7z, BETROBRMBEMIZ, NREL 70+ 2 T3 1252
HAACHL, BEEREE T A TIZBHAHTH > 72,
A I 297 TAHABIBTE 2, HL 7R ALBOBA
Y% & B7-012, NREL7E A2, BHEIETY /=%
REFE2THETAENAEHOBHEME L, 58
RETOCACB) VBT A VI —DAT v Uik
AL L-ERE LTCIOERTAEME Lz, MO EEE
Rix, BEMEO/NULTH L, =87 ) - VOFREEEEIZL
LMY V7 OREBRTH Y, NREL 71 A Tid3650m® D
5 S EELETH- 7205, EEEETTLATE, 450m
DY 2ETRASTH S, HEEREORKEA T,
NREL7 Ot A TiZ4555 T TH 5 75°, BRERE LA
TR ITTEAHET IS G AHEEENG, S Va—A, T
Q—ADILY ) — VIIEREZ & A295%, 8b%E&THLEE, 1Y

Table 3 Comparison of the main equipment of New process with that of NREL process

NREL process ] ] New process
Main equipment Specfication Number|Cost(M¥) Main equipment Specfication Number|Cost(M¥)
(Fermentation zone) 1 (2 455) (Fermentation zone) (2177)
Fermentor 3650m? 5 330 Fermentor 450m? 2 31
Agitator for fermentor 75hp 10 27  |Agitator for fermentor 18hp 2 3
Fermentation cooler | 220m? 6 10 |Fermentation cooler 220m? 6 10
Fermentor recycle pump 4m®/min 6 26  |Fermentor recycle pump 4m?/min 6 26
Fermentor feed pump 4m?®/min 2 9
- Fermentor filter UF 100m? 2 10
Fermentor filtrate pump 190m?/hr 2 10
o B Fermentor buffer tank 450m? 1 17
o O Used bacteria filter 3.2m?/hr 1 20
Used bacteria feed pump 4m?/hr 1 7
Beer storage tank 1730m? 1 36  Beer storage tank 1000m? 1 23
Agitator for beerstorage tank 137hp 2 14  |Agitator for beerstorage tank 26hp 1 2
Rectifier feed pump 6m?/min 2 12 |Rectifier feed pump 4m?/min 2 9
(Culture zone) (2174) (Culture zone) (2156)
155" Seed fermentor/Agitator | 180m?®/25hp| 5 136 |Culture tank/agitator - 100m?/8hp 1 8
| Culture tank pump 65m?3/hr 1 7
Seed hold tank 880m? 1 21 |Culture buffer tank/agitator 100m®/8hp 1 8
Centrifuge feed pump 16mé/hr 1 7
Bacteria super centrifuge 5md/hr 2 100
Bacteria filtrate tank/agitator | 100m?3/8hp 1 8
Seed transfer pump 2.3m*/min 2 17  |Bacteria feed pump 23m3/hr T 7
Bacteria storage tank/agitator | 170m?/14hp 111
(Others) (2604) (Others) (Z614)
Lignin pressured filter 390m?/hr 4 588 |Lignin pressured filter 390m3/hr 4 598
Saccharification cooler 120m? 3 16 |Saccharification cooler 120m? 3 16
Others 19  |Others ‘ 8
' D 1252 p) 955
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J — VIEFERIINREL 710+ X TIHER 206 T b 23 LT,
EHRERE IO ATE, VISR VS —COEH
B DB D78 203 F b v LEPEATHHEI 1%
ToH Y/NS CEH LTIV, BRINBIEERE S % 4 M
HBHO20% & U TRAMBEEREEM %KD B &, NREL 71
T ATIEL22M/kg-2 %/ — )V, EEEESEE T O v A Tl30.94
H/kg- 1% 7 —éhb, #0200 /kg- 2% /=N DI R
MR & % B o

33 ETHEHA

331 NITUTICLDRBD-HOKRED

REELR, N7V TORRIHRTONT 71 T ORES
T 2Bz Y 5. SRR T O XIT0onTIE, §F
# (W001/096573) N— A THGET L7z, FBELARICDWTIE
HOMIEE VO T, FHEZIE) YRRIEOATI WY, 1
VEEREE LT, U VEEREN ) T AOMRD ISR VR
272w (DAP) ML, HEL, HFAFTOMH
ErFEREL L CEVREIZE VRS, TApHRARIIARE L
L7zo M58 L72K3RIE, FEEALRIE 1 m3d 72 1 0.65ke i
MY, VEE2T VEZY ADOH(M % NREL K& X— A D
171  /kg (110 / FAMTIRE) L35 L, RESOEHE
FIZ0.14H /kg- T % / — v & 7% B¥ED ) NREL 711+ 2 CTid
INA G TH B Zmobilis DSEEAE TS 5 DO THRES L
LT, boEa O EERE 3 (con steep liquor)
EVVBR2T VRS ARG L T B, RESOLRBIE X
corn steep liquor 1.03 /Y /kg- =% / —)v, ) V27 V&=
L0111 /kg-% /=), EF 1150 /kg- =% /) — )V Th
bo NI T TORETERTORESHVLETH S, EFH,
U CERE, MgHOME I b T VS Tk KRR - A DOINE
TREY, BELLNZ T TOAWMEERBIZUIA 2L
WS L, mOoHE L7282 F U TICFEET B85 0EE
DHFHIT %o HRICLERKESEMZ0.0L M /kg- =¥
= VEETHYKE { puniEs,

332 & &
FNaA—=ANEDTY ) —VERNIGIE, BRFETHY
FEHERE BT 101.4k)/mol- V2 — A THh b, F-RERE
#30C L L, BLEEIR65CTH 20T, FHEELETIIEH
PUETH D, GHAOBHIZHO0IM /ke- =5 /) — VT
ENEVDTHEETEL, ZITREAEZORZVWEEGHE
ELCENMBHOAREEL 72,

B 5 B AR IS ORI BB ) O i % Table 412,
BHOLE % Table 51233 F, #HHAE/IL, NRELT 12+ R

R BEENR—AOMS (BL, BEEF FU Y ARER) F5K
SrEAM, BEZE15M/ke, ) VBRI KEA ) 7 A550H/
kg, WEE~ 7 AT ™ 4 - 7T AEE60M /kg & RET 5
KEGORMEHIHIBM /kg 2y 7 —NEi b, &
BEPANETET, YA L LTRY TR,

WiE2) BEELLZNZ T TOLAREEBREIC)FA 7V L%
WAL, BRICLERFESE, 01 /ke-25 / —
W& b,

T3 1267kW CTH b, HEEREE 7T LA TIL 79IkKW TH
D, AT6KWHIK S N5, BEAEERONIIC & 5 BEE O
FRETIEIEOFES K E VB, Ry THICDW TS, FEAES
Ry TIIHEBCTORBREEECRET 2720, Mot
ATEE R, HEEEERE 7T v AT, #E0RMES
{, #OHNREL7H YR L )Ry FICETHEIEEV, T
LEERERE IO AT, BRELANZ T TOSEICE
LOEEEBHT 0T, ZOSENEE V., BBETTEA
COBNEMIL, BHHME 45 /kWh & ¥ 585, NREL 7
O+ 2 CId023H /kg-=% / — )V, EEERE7OEATH
0.15M /kg- =% /=&Y, 2 A MHIAEZ0.08H /kg- =
y =Nk b,

3.4 HEYEIX hHEER

EMERE T O AL, KL T A NREL 72 ATOR
BT BT A 8E D 2 b Bk % Table 5 12777,

Table 52T, EEEREE 712 +¥ A (New process) (1)1, *
PO —ADTY ) — VEALEDS, NREL7O A LR L TH 5D
85% DA, RIS O A (2) 13 LR A5% & & R
E L7726, EEEEREE T T A (3) IR lEA540% LRV R
ELISBETH D, FBEFERE 71+ X (1) ENREL7 1+ X
PHEBT A, BETREIIBIIAILY /-3 A MNLEOR)
FIIL37TH /kg- ¥ )=V TH Y, AEHLEIL L5FEE
0.36 M /kg- =% 7 —)b (AR . E=EH 0.28 [ /kg- =¥ / —
vV, BABETOSM /kg-2v /=) ThHH, XEBHD D
H26%TH 5B, WIITELERESOBRMHIBIIR DA
KEw,

Iy — VIR, =¥ —VOEERICEEYET LT
O, RBETRIYVDO LA LEO TR CTET 5 FEAM R HBAL
ICREREEY5 25, NRELZYI ¥ A TI3, BILARETHAT
BN <A, WlE, AIK, EVT—RIZXBBADOERNE
172 /kg- =% ) =V TH 5D, SEERBETILZ()T
(&, 175M/kg-1.¥ 7/ —), BEERER T O (2) T, 168
M/kg-x% /7 — )b, ERERET TR (3) T, 21.2M/ke-
Iy )= Nkhh, FEIETOIA FFMELT, NRELY
O, BEERE7OER(]), BEEREIUEAQ), B
WEREE 7O R (3) T, %4198H/kg-=% / — ), 187
M/kg-x% 7 —)v, 180 /kg- =¥/ —)b, 227H /kg- -
77—k h, NREL7 O+ &N, xylosed % /) —)
IR AT 85% & NREL 70t 2 & D EREIEE 7T X X
(DT, LI /kg- 2% /=D MEIEE % 5o

Fig. 4, Table 6 |2, NREL 7Ot ZiZxt LT, ERERE

Table 4 Comparison of the power consumptions

Equipment NREL process New process
Pump etc 527kW 574kW
égitator 626kW 75kW
Filter, centrifuge 114kW 142kW
> 1267kW 791kW
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Table 5 Cost comparison of New process with that of NREL process

NREL process New process (1) New process (2) New process (3)
Sugar conversion to ethanol G 95%,X 85%a G 95%X 85% G 95%,X 95% G 95%,X 40%
Productivity 1 0.984 0.984 X 1.039=1.022 | 0.984 X 0.824-0.811
Production rate 206kt/y 203kt/y 210kt/y 167kt/y
Fermentation zone ¥ /kg-Ethanol
Installed equipment cost 1252M%¥ 955M¥ 955M¥ 955M¥
Variable cost -
Nutrient consumption 1.15¥/kg 0.14%¥/kg 0.13¥/kg 0.17¥/kg
Power consumption 0.23¥/kg 0.15¥/kg 0.14¥/kg 0.18¥/kg
Fixed cost 1.22%/kg 0.94¥/kg 0.91¥/kg 1.14¥/kg
Manufacturing cost (A) 2.60¥/kg 1.23¥/kg 1.18%/kg 149¥/kg
Material cost in the upstream ¥/kg-Ethanol
 biomass feedstockb(3.1¥/kg) 123¥/kg | 125¥/ke 12.0%¥/ke 151¥/kg
sulfuric acid(3.0¥/kg) 0.4%/kg 0.4¥/ke 0.4%¥/kg 0.5¥/kg
lime(8.4¥/kg) 0.8¥/kg 0.8%¥/kg 0.8¥/kg 1.0¥/kg
cellulase(13.4%¥/kg) 3.7¥/kg 3.8¥/kg 3.6¥/kg 4.6¥/kg
i >(B) 17.2¥/kg 17.5¥/kg 16.8¥/kg 21.2¥/kg
A+B 19.8%/kg 18.7%¥/kg 18.0¥/ke  22.7¥/ke
a G : glucose, X : xylose , () : unit price
TR RIBIT S xylose DE¥ ) — VIR GFHGHE) & WREWT EFbHI B, /N4 %< ZFURHE BT R0 523850 JH HL
¥ = I A MEROBEBEE RS, BMEREE 02T FMROFNSHAMOTLSY ) — V2 X MIEZBEBIRE,

A PHIBRI R 2 /5 121, mmwwiy/uwm+im%u
Lf&é EHRPETH B, TF )= A MIED DI
I, BEoOmD - BRLICIAMEID L, IEH LORE 4. %
VO —ARNA T AZERETHLY /- VEET T
Y ADFEHIRIZONWT, SHROGEADOTREEEZMET L, K
DEETHLPIILA, ¥, SITHEEL-REEREBE T
Y, BEREEEEOTY ) — VBT HIEE L7-DNA%
W EuRiE U 7z Coryneformvy 7 7)) T2, FONZT7I 7T
PR L R VWHIB RS T TRBES L 72 LATHD, K
DOxF5lF, NRELO 7O A (L¥ ) — VAR 206 Tt/4F)

Total cost sav e Thb,
-2 -

o
L

[

(]

Nutrient

-

e

J B A -}‘t""/‘

Equipment]

) BHEREOD, KEMARHN NREL 70X A T3l
18000m?® 1233 L, 900m® [ZKIEIZHIM TE 5, £D720
BRI, H297ERMEETE, # *%In_?ﬂifﬁ%l]%/
kg-x ¥/ — ), LEEEEOUELEEITH0.1M /ke-
¥ /=), Fit#04H /kg- % /= X MHIET
&5,

-3 K. -

4 o

Cost saving vs. NREL process (¥.”kg-Ethanol)
1

1
o

30% 40% 50% 60% 70% 80%

Xylose conversion to Ethanol

Fig. 4 Effect of xylose convertion to Ethanol on cost

90% 100%

Table 6 Cost saving in the high speed fermentation process

Manufacturing cost Cost saving
(¥/kg-Ethanol) (3¥/kg-Ethanol)
NREL process (Base process) 198 -
High speed fermentation process
1)xylose yield 73% + Nutrient:onfy phosphate 19.8 0
2)xylose yield 85% + Nutrient:only phosphate 18.7 11
3)xylose yield 95% + Nutrient:only phosphate 18.0 1.8
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2) 87 F ) T L BEREED ORI B KDL, B
TEHL WD EARIC) VBB OANEE TS & &I,
¥LOM/kg-= % / — VDI X MHIRTE L[ REMD D 5,
L LHAOREIEMHES JUIZ5 2 &, 12 /kg-2¥
J=VOaAMEERY, KEEOSHIEIE I A MR
YIHTH 5B,

3) R LW TOY V=) VI — AR EOAERY
BN 0, T8 ) —VEEENEASL, FhZIL b
IR MEIEH 03 /kg- Y S = ThHhA,

DPEFEIY, FLO0-RDLY ) —VIIERE 85% ¢ T 5
NREL 7Bt X L [MEDOH AL, ¥ 1L1H /kg- ¥ /=)
DA NERD W REMED D B

5) ¥ U—ADLY /= NNELBR EPETELLE, T
¥ = NVEEEFEML, W18 /ke- 25/ —LDIA
MO TR Z b » T b,

6) Coryneform N7 ¥ ) T THF O —ADIY J — VILE
X, SHEAAIEEEL2OICIIRE 3% ENLETH
5o

7) AFEETEUEREICL ) SO ARG RIEEE L B
Too FD0, EEBEEROT TN T T EiEERE,
ERFBIBRINTOSREE, ¥ 20— A, Ny 7Y
TEHEMGLREDHEBIZOWTIR, EBRYIHIAOLEND
5
BETULATIE, NAAMETHLAROBER L (=4

J = VEEREREE, ¥/ — ViR ks, T8 — VREIED A~

DOiftE, HERLDH L EORMEE L L) O L3RI, B

D70 DLERBEFORBARITIIHREI A NS 528

PRELEETH S, WOLRIIDWVWTIE, FIZFIa—2

DIY ) = VEALRON EHLETH 5,

B

AKifFE i NEDO @ the International Joint Research Grand
Project DB B TE I abh T Lz, BREMICHEILE L BT
T4,
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