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Bioethanol, regarded as a renewable natural resource, has been great concern in many countries. In
Japan where natural biomasses are insufficient, utilization of biological municipal solid waste (BMSW) would be
beneficial for bioethanol producticn. These raw materials are bulky and scattered in low density. With the aim to
reduce the total production cost in Japan, an alternative efficient system that produces ethanol from local raw
materials and to consume the resultant ethanol in the region where it is produced, namely
“locally-produced-and-locally-consumed”. In conventional ethanol production systems, however, the smaller the
scale facilities, the higher the capital costs and energy consumption per unit of bioethanol. Thus, a new
geometrically-distributed production system that produces ethanol at a reasonable cost with a low energy
consumption even in small scale need to be developed
To save the cost and input energy for bioethanol production, a consolidated continuous solid-state
fermentation (CCSSF) system composed of a rotating drum reactor, a humidifier and a condenser was developed.
Biomass, saccharifying enzymes, yeast and a minimum amount of water are introduced into the system. Ethanol
produced by simultaneous saccharification and fermentation is continuously recovered as vapor from the
headspace of the reactor while the humidifier compensates for water loss. From raw corn starch as a biomass
model, 95+3, 22649, 458426 and 509464 g L' of ethanol solutions were recovered continuously when the ethanol
content in reactor was controlled at 10-20, 30-50, 50-70 and 75-85 g kg-mixture!, respectively. The residue
showed a lesser volume and higher solids content than those obtained by conventional liquid fermentations.
There is no cost for intensive waste water treatment and the continuous fermentation enabled the sustainability
of enzyme activity and yeast in the system.
From the practical aspects, further development of the system is a strategy for preventing reduction of
yield in ethanol fermentation caused by bacterial contamination. Lactobacillus plantarum NRIC1067 was used
as a contaminant model. In the CCSSF that saccarification, fermentation and ethanol recovery are performed

simultaneously, initial addition of external ethanol to the fermentation mixture at 50 g kgl prevented

contamination and the ethanol yield reached to 0.45 g g''. In CCSSF, this ethanol as the additive for preventing
contamination can be recovered. That is, by recycling a portion of produced ethanol in the next batch of CCSSF,
it is possible to repress contamination without addition cost.

To demonstration the advantages of CCSSF, the ethanol production cost of various raw materials was
estimated. The ethanol production costs on the CCSSF system of a starchy food waste, off-spec rice and waste
cotton were estimated to be 111, 50 and 162 yen L1, respectively. In Japan, the Ministry of Agriculture, Forestry
and Fisheries of Japan (MAFF) set the target price ol ethanol to 100 yen L. For the off-spec rice, since the
estimated total cost is half of the target price, a profit will be expected. The sensitivity analysis was used to
analyze the crilical parameters that affect the production cost of the CCSSF system. As the results, the
contributions of the fermentation time, and the capacity of CCSSF system to the balance of payment were found
to be relatively large. To reduce the production cost in future, technologies that reduce the fermentation time
and increase the capacity of CCSSF system are need to be developed.

From these considerations, the CCSSF system was concluded to be available to reduce the production
cost and energy consume in bioethanol production process. Especially, the initial cost per unit of ethanol would
be small even in small scale because saccharification, fermentation and product recovery were combined in
single step. Running cost for saccharifying and yeast would be smaller than those in conventional system
because the yeast and enzyme can be rveuse by repetitive addition of biomass. The CCSSF system discharges
little waste water that requires energy and cost for treatment. In addition, it would be possible to recycle
residual waste as fertilizer for agricultural lands because the water content is low and no antimicrobial reagent
contained. With these all prospective, the CCSSF accomplished the primary propose to save energy consume and

reduce production cost for bicethanol production.
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HERRE TORBNERE, SRETUETTEARED LT, RREENLONAFIY /- OEETEERRES
o TS, KANA AT AZERE L TR+ THS ARCBN TR, DEERREYD? S ONA ALY /) —IVE
BRI e FiEE WA B, BBETCHOAMLZRFETH D DI, TOENPEEFEORENEENT
W3, KR TH. NAATANE DEBEGNAATY /—VEEZEEL. BEERMTERE (aconsolidated
continuous solid-state fermentation, CCSSF) D7= & ORISR N EBRET 2T T 5,
E2EIIBNTIE, BEZ2I—-2 29 —F &L, BBEBIUBERERMIMTE S CCSSF iKW T, MlnEkas
NZTy ) —VEERANITHL. BEELUTORDEEOEEI DV TEBKIRF Z2T> TS, £2, EERIA
RiZeefl KOWHROLDOMER. RBLY / — IV EENT2HBEREMAEOEENI AV T VI —ATLIZT
HEEMPOTY ) —NEBEELAEMLEE (1020, 3050, 5070 BXU 7585 g kg -1). FEEEREN OLLEEITS
ZET. FNEN, 9543, 22649, 458426 and 509464 g 1-1 DAFEREHERL, IT.Y /I EROBEWIT E AR
MEETHIE2AMLTVE, N1F YT —OBEEHEROBMAN 513, BREEORTEBLETSE3AT. =
% ) —)VER 50-70 g kg'mixture'l TOREEMEL TWA T EMHESNELTVD,

H3BITBW T, BRAMESNS, BBEMOOVYIZ—2a VBIECBT B HEREMEILTWS, BTV
W& UTHBE (Lactobacillus plantarum NRIC1067) &N, L J — IV HEEICH T SHMEBFROFEIIONTO
BETR, HEBERE. N A TAQEBICERINE /N A—AEHEETHEDIC, I8 ) —)VEERELET
IEBHIENHENELTVS, S5, BEBLUABREICHL. 17/ V&2 LBEEEICD W TORSTE
BT, ABESEEBLT. K0y /- EEL. $iK, 15/ —)ERE0 g kg ‘1 TRBHRERT L%
ALEMELTNS, KHBENAT YT VI —ICERALEEZA, NAATARKHTEISY ) —)VIER 050 g g-1
CENREERL. BERBENS TS /- EAICED, ABEOBELZHAIEL DD, BEEBEBIUERICLS
I )=V EEETREETAIEZHLNELTWS, Ko T, AHKIL, CCSSFIZBWIALY /— )V AEENER -
ZAREE L. MOBEFIERERZBATE IR UVICHEEIITY CENTESFHRELTEETH S I EARENT
W3,

EABIBNTR. ANTFU T2 F—2BWENAARANSDOLY /= VEEICDWT, TRINF—EEIX
DBEANSERREREHL TS, NMFYAELT, BREEY. BR/kBIVERO 3EEMNRIC, TREh.
I =)V IL &0 111, 50 BL 162 MEAEEIRA MEZEHRLTWS, £, BaO/NTA—FITHT DRE
EIFIC R O, RFFETIREL /= CCSSFIE. MERONAATANBDOLY J —)VEEORKEEL T, EEA -V
NAEL D, PHIBRENNSNIETEETHAHIE, 51, HERMOBRZSTINIF VT I —FED
HMRILDEEIANOETZRADD %, HEL TV,
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