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Development of resource recycling-oriented process by methane- and ethanol-fermentation of biomass

and activation of rural area
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Abstract

Waste biomass of about 300 million ton is being discharged every year in Japan, and in addition, the

emission quantity of CO, has to be reduced for global warming prevention. In order to solve these problems, we

studied about the recovery of biogas from waste biomass by methane fermentation, and by our technologies, a
biomass-town had been constructed on Okimachi in Fukuoka Prefecture. We also focused our study on the

production of bio-fuel ethanol from various biomass such as garbage, resource crops and cellulosic biomass

(bamboo, com stover), corporating with Sojo University and Peking University. Based on these achievements of

ethanol production, the construction of a resource recycling-oriented city in Minamata area is being considered.

Moreover, we aim to develop a zero emission process for the production of ethanol from agricultural waste straw

and make it industrialize in China as well as other Asia countries.
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Fig. 1 Waste discharged in Japan and its content

(Total waste=500 million tons; Biomass waste =280 million tons.)
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Due to the limited resources and high labor cost. biomass in Japan is not
necessarily used easily in the economy compared with other countries.
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The construction of regional system represented by
biomass town is important also in the policy.

Fig.2 Aiming at the a.chievement of biomass town plan by
biomass energy.
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To make methane fermentation friendly water treatment technique

to global environment

Development of treatment process for various wastewaters,
where methane fermentation is the core technique

Efficient process for removal of NH4*

Influence of the addition of Ni2* and Co2*

Stability of methane fermentation

(Microbial diversity analysis and metabolic pathway clarification)

Thermal recycle of biomass wastes using methane fermentation

Garbage, livestock manure

Sewage sludge

Construction of resource recycling-orientated city
using methane fermentation as core technique

Development of novel sewage treatment technology
without emission of sludge, nitrogen and phosphate

Fig. 3 Research details on methane fermentation in our lab.
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Industrial and fuel ethanol production using molasses
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Fig. 4 Research details of ethanol fermentation in our
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Table 1 Countermeasure for problems of methane fermentation.

Problem Countermeasure

Suitable for limited kinds of | Treatment research on wastewater/waste with various organic matter concentrations

wastewaters —— Establishment of respective processes — Ordinary water treatment technology

Low reaction rate Improvement of TOC loading rate (shochu distillery)

Novel reactor
42 g/l (thermophilic methane fermentation)

Addition of Ni*" and Co**
24 g/l/d (mesophilic methane fermentation)

Increase of NH," Simultancously removal with remaining organic acids in methane fermentation

(shochu distillery—whisky distillery)

Unstable treatment technology Clarification of metabolic pathway by molecular biology techniques
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RO (REFE L THERZAN 23, =48
IRATL) T 7 52—\ K DA R A1 T o 7= NI L OV Co?
SR CIIARE D005 d" TUA Y 2T 7 kLA, iR
5 Z L&Y D=0.7 d! OFMETHEE LTSI TTRE & 72
St BT, BIRFOR & AR B S D RS R
FMELZEZA, 2l /4 FREUF430 8IZD=0.1d" £T
AR & L HITEARITHEML, FRL EORIRKT—E L7
v, FRENOMEIX 0.64umol Co®'/g- AR LT 0.57umol Ni*'/g-
Bk Th o7, FRESEREORIN . & HICEREE S L,
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Fig. 5 Microorganisms related to methanogenesis from acetate.

| =, Low dilution rate ; = = = High dilution rate. |
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BT o 2 —DIRAE & BREPEREIARIL Y 7 7 4 —TH D
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BREAT-T. 1 RIOMBIANE T LIRS, Koo a—t—
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Foratia—2, JFEB IO 7= 435 0E 70%, 91%,
5% SRS =11, 12].
322 ACHDOEREAIVFEELDY—TILI AL

ETBDA L AL, NTAZH & AT R 22 5%
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HAEZHOK) 85%INHIL SID Z Lotz Flz, A A
T AR BT RF U TRERE 15% T D Z L2k, A A0
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T B A IR, 2 (AR L b D& RTINS L,
S3COEM CRIBIRK M LR A T o 7. FORER, FH=
B L 250 B 72 oK TS BAEAN 8 kg/m¥/d &5 2 &3
TE, 4000 f5DAF—)VT v A LT-. £7-, BEMLEE
Z WSS T AFERED 75% IS4 5K a2 M69 25 2
LT LD A AT AR ORI A 100~200 ppm LA FIZH
452 ENTET

FALAKSEIIHE 2 B0 ST 572012, BRSO AT A
B A & RN OB TG & A & ARG O
16S rRNA AT L UNIEER SOEIS T dsrA ITEED < PEY)
EAEMT LT [14). S@BKOFEDD D BT A X ARG
K2 dsrA OWHEBEFE OGRS RIZRE 72 EASERD B
S7eDT, WU L DFAERIKRONNE, =& UCThiii
TRTCHIEIC L 0 AEPE ST LKA, A En) (14
VEAVANEE) 12, BBV A E SRR T h
HLBEZTND.
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MR RIS L OWRIRZ RS 1 : 1 TREL, Avyvahbh
HW(E 2.5 mmx2.5 mm)iZ K RESRPEHRETRRL, TRy
D—fil% Table 2 (SW)ITR LT-. ZOBETHRIZ N, Co*'&%h
ZR15mgl, 06mgl L7225 K HICIINLIZb0%, Y=
¥ BILAEN LT A AT & FetE LT eI Y 7 72— fiG
L, WEHEEE 37°C O RA B RiT 5, 370bb VISHE
FHATT 2.0 gl/d >0 18.0 glid DA CUBIERBR AT 72, 78
Afif 8.0 g/l/d (HRT=5.8day) DEAFT, 7 L E=7 BHELENT 5
ToDITHEN pH & 7.5 LLTIZHHEI L 72 & 2 A, /S AT 254
23400 ml/g-VTS 725 500 ml/g-VTS £ CTHIINL7-. BFEAHTZ
18.0 g//d (HRT=3.2day)|Z_LiF 7= Befi CHEPN D S-TOC 35 KUY VFA
DOEFENEE D, /A AT AFAERD 280 ml/g-VTS £ TEA L,
F TN A I ARNCE ENAHARRED R S e < 72 o
7o LI EORERD B R KA AT & LT15.0 g/ld (WEEH$3.2
AT S Z LN TE[15]. oML, ERIEShTn
LERNGHEIAR D 2~25FTh Y, EEFRRY 77 #—%&H
WD L ENEBECH ZIRIMLZE L & 2TV 5,

Table 2 Typical compositons of waste biomass such as garbage, screened

swine manure and screened dairy cattle manure et.al

Parameter Garbage SM DCM Garbage:SW | Garbage:SM:DCM
1:1 1:16:27 1:19:12
(Kikuch) (Aso)
TS (g/h) 202.2 62.7 69.8 121.4 68.8 65.5
VTS (g/h) 195.2 49.4 52.7 110.1 54.4 50.0
SS (g/h 158.4 386 474 74.2 46.5 37.1
VSS (g/l) 154.4 33.6 36.9 69.9 382 34.9
T-CODcr (mg/l) NM 89,000 71,000 162,000 NM 81,000
S-TOC (mg/l) NM 19,451 9,726 7,825 4,505 16,910
S-IC  (mg/l) NM 849 1,926 158 1,700 977
T-VFA 1,267 37,145 11,822 9,560 8,053 31,064
Succinic acid ND 348 ND 237 ND 256
Lactic acid ND 19,770 ND 3,202 2,087 16,980
Acetic acid 452 7,050 9,261 3,000 3,827 7,830
Propionic acid 815 3,525 1,480 1,257 1,077 2,282
Butyric acid ND 3,960 418 1,800 490 2,479
I-valeric acid ND 1,046 ND ND 275 571
N-valeric acid ND 1,446 66 494 ND 666
PO, 120 625 50 NM NM 463
NH," 245 1,382 1,412 NM 806 1,432
PH () 53 55 7.1 6.1 7.1 6.1
Viscosity (cp) ND 200 4,900 NM NM 280

SM, screened swine manure; DCM, screened dairy cattle manure; VTS, volatile total solid; SS,
suspended solid; VSS, volatile suspended solid; T-COD, total chemical oxygen demand; S-TOC,
soluble total organic carbon; VFA, volatile fatty acid; NM, not measured; ND, not detected.
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R T UL, UL, BanTE 10 gld 12 BT 5 &5k
TFAMSIEIREE LS 2500 mg/l £ CRIKITHIINL, TARARBIKT
L7z, 2D DFERINDIRKAHIaN A 8gld & Liz. Zod
BEOD AT AFEARN T 250 ml/g-VTS T, A ¥ U ERIL60% Th-oT-.
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REARIROFHAE R B Ptk L OSENEE L, RER
PR, AR L O ARG T19: 121 1, %ET
16 :27 : 1 DEGTREG Uiz, FIEFENOIRGIROFSED 280 cp
LAED o TeDT, REATHUAREERIL Y 7 7 2 —% AV TRl
A B BRENSTERER AT o 1. BHANTA 2 glid 725 10 g/lid
F OB BiFT= & 2 A, A AT RRARITART 6 glid F
T 600 ml/g-VTS Th-7=. LaL, Az 8 gld, 10gld 12
BT B EZOEEN AFERIHMRT L, FERET AHmE R
L, AHENT 10 glid OFAETOH AFA RN 420 mlg-VTS
Thotz. —F, VEHAHETEOLEROE A NORATR
TIL, BRREEWERIZS g T, ZD&XDH AFARIT 250

ml/g-TVS TKZ KT L7[16].
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2 SRR CRgE Uiz T BH(LZSE (351 2MR) 2HY
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BRE L7 NBEIR & —HEIC U C IR C iR A & Rl
GTOIC L VIR U 7=, SR RO B R AT 24g//d
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% (HRE H4020 HIF) ClE, BEEWR A A~ Rl 2 |\
L7l & X0 b3 AW ARARIT 1254121 _E L 840 ml/g-VSS
Tholo. FETZHIRA X R HIRICZER %A AT AR
D T5%IZ725 X OITHER LT L 2 AL AT AR HS IRE
15200 ppm 75 Sppm (KT L, Bifid 5 TERESHERTESZ
NI BT, FENCK DIREEEER L T3TC—
2°C—37COT T FEATV, WEERRIC RIE IR OB E
=LK SSCONENEE DI GITEMWEREIC 2 B L) T
DT, ZOFKZHLNIT BT DITHIRA & L FEEHFEN O
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thermophila 259 2EIEE CTH Y, EiRRIENOBEY
EED BT DO, NEHREDY 7 Mo 8
T PIEE U CRPBECE 2. ZOERRICHESE, 2006
F11 AICBRBE e ¥ — 1< DDA PETL, FEER
PN e ABE LTI LTS, S8k b (A4
UHBERR) 1L, AKfEle EOMRIEE L CRIEA S, #lss
NERKITT T2 RE” BODSH” THREATNA.
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Fig. 6 Construction of Biomass-town on Okimachi in Fukuoka
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7=, T, HROMGERES L OV LR ESE 57200
T at ARREIT T
351 ZENHILERIZKBRETHFRD AR Hik
WG X HIRARMALEE T, $UTETE (GRENGIE) 1 3miReEE
SMHALBRT R B RS FLROT N L BD o T- DT, SR
HEBIRIST 2SR b (53°C) Lictg, ZOiEIR &5
ZRG UL AAT O ZBEELZREIC & 0 TG & 084
DI EAT o 72 [17]. SFEWNEGIROmIRHILIE, VSS BREAT
B BT & VSS TEESRITR 2 LK T LIS B &
i1 8 g//d LA BT 40% C—E L, I REERIES 5 7,000 mg/l
TELE. UL, AZUAERIERIT 80 ml/g-i#Hk VSS &K
MBI T L7=. VSS BREAT 14 g/ld CHEiRiM b S =151e L )
B EIRA LR Uiz, —J5, sgE L CHERRRT
TR AR Z1TV, MREMIR 21T o7z, —BEZRIERIC L D
PR, FHE L7205 VSS AIHARTI JOVVSS 1R 25 H
LEHili L7z 25, ZBAH(PZEIC X 0 AEEOR) 2 5l X7
BECK VSS FRiAN 7.7 gld ks 5 Z &N T, [F—Afr
BUF % VSS M EERISHERIEIZHR: LTI 10%Eh o 72
352 BEEXERL CUEBL-REEEFRED A2 5
SRFGRITEL LTAZ T U TR SN TWHOT, Lk
L7 &9 IR B D THOIMERITE o2 22T, &
FEREIGIE (VSS,274 g/l) ZARTERAPEE (RIEE 10 kefem’G
PUF, #ERE 150°C) CRIERT 2 Z LIz X 0 iEkgEom L&
HiEL7o. AGMCRERIRINEZ HRmE (VSS Zoeaibd 5
(CNBNERER) D 120%F9N L CHE 5 2 L2k D VSS 4y
PRI 63%I TR LT-DC, T ARAR T RIF S TRERINEOR
FEATo T2, BERIRIIR A 2 U L 7 AR 5T ml Sy
KEEM R E T o728 25, HRRED 40%ORESRIIET
HAFERBN b ED T, T2 T, AN CEEELL
T AT VSS FAEAT 8 gl/d CRiRIH b L7ofER, fif
AER Y 6D 1= SRISHETEIRD VSS I EERIT 69%\ 2] | L7-.
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Fig. 7 Comparison of performance between the two-series digestion
with the thermophilic liquefaction of thickened surplus sludge and
the conventional digestion.

(open symbols, the two-series digestion; closed symbols, the conventional digestion.)

353 FERELZEFRE)OLHELUAVLFHRA T/KUET DR O
%

TP OIR DT ZA4T - TR, AR L0k
TRENLOERGKIZEZ OFEHRE D UNEENTERY, F22
B OERKEIE T/KEDDT DN 1/100 THDHZ L3 mh -7,
THIEARE T L S Lo o ToiBIR(LME, RIEIGIE L MRS, ),
Bk TRECTHIKIBIEE 720, FORYNIEL DEREHELLT
WAEDHNEIRTHD. £ T, ZORMLIHRANERAB L
MR UT-%%, WEHEIEE L= 2 A, RS T 6%, BET
54%, BRE LT8%mfiESI, £V b 67%RETE -
T, KEWERE Fig. 8 1R L7 & 9 1=\ b,
[Tl U TR OBUR, % OB OB OB A~
D%, £i-, ERSEEEERICEGT S ) % MAP & LR
W L72%%, PEERAEMr PO LI ES R, 2 DBK AR D
RGBT GRE T2 IHEIC LY, (FlREER LTI L
72< U EENT BH TR e ZA2BRT 5 Z L2
T&[18].

4.  IHR/—ILHEBZKBZY—I) Y AL EEREREED
3KY
HIERIERE LB LA E D RV — R D, /3 A< 2D
OB T Va2 — VOEFENTERER SND Lok, 7
AUA, TIUOMILBAADZ EHERe I —1 v X TREH
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T a—)VOEEFERCIIRE N AL y FTHED LTV 5. bbb
N, RABMEMRERZ V- BEREE (LI, B LIRS
DOTIEM « B 7 L a— L OBIRZ D TR Y, ol Tk
TEPEREEESCBEIER M A~ AL TR, BURSMEEM (GRS
=ONE, W), BIRED(E— ] - YV H L =V a—R)
BIOBLa—Z 5] A~ RS ORI 7 L 2 — VO AERE
DI=dOT e AR AEE L Tb. F7z, b OWFFK
RS EKEHIR CO A A B ) — VAR ks &3
HEFIEEE LSV ZHIBLTVA. ZZTXINH O
FENANC B LTS3 5.
41 EEMEREROBNNERENSOBBAT ILa—IL
DHEFE [19,20]

7’a 7T A NAIT L B UTRREM R A T,
foeTElE 7 T AR LIRSy 3 7 1t ADBHZERHFS 21T o 7.
RPBEEICBNTL, A BT EREIT, BEOREE
X>7-.

411 FOrTSRMREICKDEEERBOERE [21,22]

7 4 U B OT )V a— VT CHEH SO EIREE - IRk
HEM%R): Saccharomyces cerevisiae EP1 & EHEMHE#ER] S. cerevisae
IFO 1953 & B\ & S. cerevisae IR2 & D712 7T A hhE&AT
STz BABBTEREIT, WEOLEtEM -1, Bbih
T B RER O FEIERE 2 R ) SRR 1 0 R L 71, BEsEIHRE
HA-2 B3 L OVKF-7 A MBSk S L C#tk L. HA2 BRI
BFE L7 HS-2 KREBIFE L7 b 0O CHFE ) b O AR
MWz, ET72KE-713, 47, #aR UREGFEREGERERIZ 23,
Z OB N TN D,

51T, KF-78 6 HCWMKE (23] IR OiEEE A5
ERMRERE K211 BRA UG L, SREESAL CTOMR LIRSy 55HE
BRI L7
412 RN THA—EREREEGRE T D XD

YT 7 H—& U CHEERICERIR =B 2 A9 288 Y 7 o
H—%H\ Wz, ZOV T & — B LT BEENRERE A O
(DHBsifsessls 7 v ADBHEE, @ilX( T COBRiFENE 7 =&
R X RN ZEE L, QM R iR == A D
%%, @ ENEANEEL Y 1 AT X D - e -
FREHEGRBE T 1 & ADOBROTFIECHGREE: 7 1 & A DOB%E
{177,

Reaeration tank
(submerged filter tank)

Sanitization | Effluent

Recirculation (r=2)

Wet oxidation with p—— i — A § — " ‘

A

Recovery of P

Fig. 8 Development of novel sewage treatment process without discharge of sludge, nitrogen and phosphate.



A T BB S B REAE C VT, BRI OIS A HE 5
F2DICEIEICHER, £l )UK DHEEBE LT3
TR (BRI E) (20X 1 H OTRHED &\ EREE 2

EEEICHEHIEES T A Z LIc kY, D=02h' OFETERTZ
—VRE PSS gl ZEERTHZ LN TE. ZOfE (P, 85¢g;
PD, 17 g/\h) 13, RHIMEAREEREERT T Tk L7 b DT,
THFENZEOFHZ ST D (@, Fig. 9 o™ IR . 723,

BEL U THESNTODAERT Y/ — VIR L ZORFOERE
P& Fig. 9 IZffFE L7z [24]. KIGBIB e K 91T, ARk
J—VIREEDEL 70D EAFEEMEL 22D, T HREEED
PEEND Z &35, LLED & 5 2B%FIEH (D~®@) 12k
D mT 4 ) —/VIREE T CRINEE A B A ffesr L7z

30

6670 80 9 100
Fig.9 Comparison of reported data obtained from fermentations using
molasses medium at 30°C.

(Symbols: O, continuous fermentation by immobilized yeast; [J, continuous
fermentation bv flocculatina veast: A. batch or repeated-batch fermentation.)

COFFHHSE, BEA T 0V hO—DIIBML, W
SN PEMEERC L THIIRBE AN 2.5 f5 s\ IIEPERZE (RS i,
150 mg/gHFE) DDA AT K ) — B FE T v ADR
Fh, WY 7 7 B— L ESEVERE KP-7 kA2 W T To 7 R
RIFZEBRE T, 1R 9 2 4.5.1 OBRH/NDIFERHIC A X H Y &
W95 2 & 7 < SRR OBGT ATV, BEHATEMED R b =)
ST FEFERE 33 COSMTANFERELZ&GD L LIk, &
g S — VIR 70 g/l, AERENE 14 g/Vh B3RS 5 2 N TE
72[25].

413 #RLEISFEEH T L DIBL AT L a— )L ELER T D BEFE

[22,26]

BEFD7Z 0 b CREEENE L U CHBIEAD) 2V TE
T ) —)VIRE R CTEEM - BREVR T L2 — VDRI A
TERUVNED=—RITEZ DT, EHEMEEREZ TV -
W LRIy REEAN OB 1T o7, TAa— VR T
BT ) — VRS R CTHE (=X —JF) 232< 725 &2l
B L QL OC, AEY UG UIa sy RS = OB 51T -
1o, [ REERBRRE R CIE O &, FEEINA T35 LR L B
ZHENNAFIE S, BRSNS L7ot%, R n I 2 Bl
IZBI&ERE, ZO®BH LOBEERMA A L, Wk s BiRa it
D5 EIZRVROFFEE PGS L7 0 7T LaF LT
TOFER, 2~3 [EIDORHR LRy 3L AR T 22 IRl D
13 BHENCHENE S 4, 9 50 [BlDZERE L 7oAgaK UIalsy36k42)5 ATHE
720, REMTHERES /) —/VIREE 91 g/, EFENE 53 glh %3

W08 [MRFHVE S AR Y 7 A TR EME

RE L7z (Fig. 9 AP 2R) [23]. MK IRV FEEEORHEIE, Rt
FEREZ D Z LT K 0 BEEE T4, 0o E VWD Z &
72, WET BT CHERF A EICEIRCE 522 & THY, [H
OYEBERAT & L COIIRICE -5 b0 TH S, RBHAEEESR
TR, AR PRSI A I VR LRy SEEELC &
B THMT L a—UBERANT, H23E O NEDO 7 /Lo —/L#

FEHTEES TV,
414 HBRER) T O8—E AV -BREERAER IO EAD
F%

FRECIIBEE 2 5 & 5 & &I L D50 a bhIET 5
72D RN X QB 28,  ZREEBEIR ORI
JACRERIEE 72> TCND. FIT, W LR\ HEE &
BETRORSEERDREERE 2 FC, By ) — VR T TR
BHSFIE TX 72U W E D= — RIS Z B T0OIT, EHENTERE
KF-7 ¥k & BT R o iR 2763 2 Wb B RS E & N C
BRI A FEM LT, SR A EmE T 2 B
HETHEBEEIC LY, D=0.075 h! D5 T By B IR D
AEEE 4-4.5%10° cells/ml (ZHERFS 5 Z L8 TE, ZOREE,
AR 7 —/VIRIE 80 g/l, AEPENE 6 gh BT D Z &N TH
72[27). EFRIFSESECH 2 IU) | ERER A TRETATNE, 2009
2 HICRREICH BT L a— A THECEIRB AT, Ar—
VT AT T LTS
42 TUTVBRINNATRADLDINAF IR/ —ILDEREE28]

BpEgETE L U CHEY ¥ A & A LE TR SR &N
By TEGT, EEEEREC L DREHT 2 ) — kG
HOBsEITo7-. BEV Yy e vay 72 EEN T2 11Tk
G L%, BRiRE - BbaiTol. iRz blcimy
TLRAL (FERE, 1465g/0), BT 2 &7 ditia L
D=04h", FEAHRLE 33 COFRMTERTY / —VIRE 65 g/, £
PEME 20 gllh B3R 5D 2 LN TE . FTz, HEEORMAMINE
INBDESSFEAZ L D3 AL ) —)VEFEORETEIT, J
% 48 I CAERTZ / —/VIREE 96 g/l, 91 g/l 23 TlTiEEk L C
W5,

43 HEZHDSDINAA TR/ —ILDEE

NEBD OHEEITBNTH, 2030 4E0 N AFHICIEAERH=
EeSteEAl T, WITHTERO N 3T 5. 22T, bhvb
AU SHEETA A A~ AGFRE LTE bx, REXREL
F v L SADAGERN DHRN SN DTN O D/ 2 )
—NVAERERTRIT. BRI Lo O o T > DR
PR AT T 20885 5. FUBERERR & PR ORI
MLEAZES ZEEMVIRLZEZ A, ETH% 1 HEBENG
10 HRVEISE 5 Z L7 RIFTH Z LN TE . IR
FFraZ &icky, BERHbc L 27 v a— AR, K
U7-7RAR & His U C 10%58m = L7z [29]. &2 C, #91 B
FFUIEZHBERWCTHRIRT 5 2 L2 BB bi%, [RIFRRE(L-
WS H T OB RO E Tl FREREIAEFEE LT
MB URIRERE - 250 CRBREETE 30°C, WEM 2 Bef, SHEX &
70%) ZATVY, ARRTH /—/VIREE 20 g/l, ARPEME 7 gVh 23Rk



THZENTE. L, SFEREORVFEERE Z 4% H
WDRRY AR & ) — VR A R D Z LIS TERVDT, £
HFEBRRRHE B OFER A FAV TAPEMERCRBARE OMG 21T
ST FRENS BIOEERE LRI 3EBECTH 7208, FEHE
BE3TCIZRW T HAERT Y/ —/VIREE 46 g/l, TEAIEE 82% T4
PEPE 184 g/h &Rk T 5 2 N TE - [30]. 3 TIT, HEA A
(BRI 2008 AR YT Cratier R - FeE D SRR A T
VY, AT—LT AL TN .
44 BREIEMTHAEES 1—REENSDN(A TR/ —IL
DERE

BhE & OBEREN S, TR LI WEIRIER) DD/ A
TH ) —VOEFENER SN TWD. FIT, T4 L TIHEL
T2 Z &7 BN L7=fi3E 2 kit L7z n — Y 2 — A5
DIREHHT= % ) — A\ BE T o 2 OB To7-. Ay sz
BRIZ L 0 FEBINEE & 70 D OB AT o 721%, TRk
R LS D =012 Ca TRITBEOMG 21T 7-. Ca®" =
NH," 722N a — Y 2 — A BT 5 2 &7 B
WY 7 7 2 —=ITHG L, BHBEERRMEAR A T o728 25,
HEPEIRTE 35°C, D=03 h' DM CRME LIm g s A aTRE & 72
D, FEBENE 8%, Rt J—IVIRE 70 g/, AEpEME 21 g/lh
BERT DI ENTER [B1]. £, INTATD 2—RA0r—
VY — ATCTHEREIEEER AT, FERIRE L OVEREME &
HIZFEORREH TN D.
45 BILA—RZRNAFIRADLDINAA TR/ —ILDEE

A — AR A AGPE LTRSS L O B0
PSS FI Y ) —)VAEFEORRG RS L - B v A
IZRViTo72.
451 BEEEMOODNAFITH/—ILDERE

NEDO 7'a =7 k [ A= A5 DENIRT IV —2
HapAiBazE ) O TS A=k ) — U ilERRC SN L, 2002
~2005 FEE o7 o TREEFRM N DDA F 5 ) —)VBLET
e AR EIT o7, N ATy ) — NV REERNBIRIE, A
FERES L O v 32— U & RN R L OpE R LRSS
FVEM LIz, JERNIE L LTSS C, Fig 101ORLTZ &
D \CURHRER KR UT=4%, Rl a0l L T D7 ik
Z W CHEENEERE KF-T T2 ) — /Ll 1TV, TR
R B XL OBERUK OB =% ) — 2 ET 2 L O TH 5.
DIHOIAEY UT-EEEMRE RN LD =¥ ) — /il &
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RIS, B LIRIZ A & 77 U (K,S,05) ZHRINT 5 Z LT & 0 4%

BRI 0 A BN CE 720, KSR L Tn5
AT A MNEIA A OPEEET D Z LNl 22T,
A K T3 ) AN TR RGOS 2 AT o 1o AE R, 5
B£pH4, D=02h' OFMETHEEE 720, ARG TEK=Y /—
JVIREE 65 g/l, FEREINER 85%, AEPEM: 13 glh 3+ 5 2 &8
T&E77[32].

—75, 73—V ZREBEI(TOC 2% 20,000 mg/l, NH,-N-+
NO5-N=460 mg/)iZiZ SO A3 3,000 mg/l & ENTV=DT,
FEERBLY 77 &2 —% N T A X 3580 & B RIREEL 2170,
FOBAEEREYEIINE - A CERT NH, & A & ROk
FT AR E FIRHCERE Lz, A X B0 HRiceg %
IS F I AR LT 15% T2 2 Lic kb, NI A4H
AHID H,S FEFEIK 10,000 ppm 735 100 ppm BL IR C X,
TOC FFEAMZ 3gd T CTEHH I ENTE., Fz, fERK
EWPFIOMEE - AR 3 0 AWEEK O TOC P & NH, N+
NO;-N ZZN2HN 270 mg/ll L 30 mg/ 1ok T2 2 &
MTEI[33].

452 DDA ITH/—ILDEE

BEFER 72 1%, Ty TR ENIH%T v THRA T7—T, H
DUVNTAIREDIRBEZ XV VA 7 VT DHEREE>TND
Te DI U TR S 13 E 2 e\ — T, A1 Table 3127R
L7 & 91220 10 4FTHAKIIFED ) 2 FHTHIT 5 < BV iR
HENHL, FOTDICHRERRETDENMbOLy, Jul%
BCEOMNRNKREIDFFEE 7po QD FIT, A<V
TS DA F & ) — NV AEFEOISEBIR 1T > T 5.

Table 3 Estimation of bamboo resource

1997 Now (27Jan08 Asahi newspaper)
Rank | Administrative [ Bamboo | Average dry Rank | Administrative | Bamboo | Average dry
divisions area(ha) | weight (ten divisions area(ha) | weight (ten
thousand ton) thousand ton)
1 Ki i 16,309 99.8 1 Ki i 31,500 192.6
2 Ooita 13,338 816 . 2 Ooita 23,000 140.6
Doubled in
3 |y i 11,073 67.7]  tenyears | 3 | Kumamoto | 20000 122.3
4 Fukuoka 11,020 67.4 4 Fukuoka 16,000 97.8
5 Ki 10,578 64.7 ‘ 5 ‘Yamaguchi 15,000 91.7
6 Tottori 9719 62.6 6 Miyazaki 14,000 85.6
7 Chiba 5896 36.0 7 Hyogo 12,000 73.3
8 Kyoto 5412 33.1 8 Ehime 11,000 67.2
9 Miyazaki 4991 30.5 9 Kyoto 10,000 61.1
10 | Okayama 4938 30.2 10 Kochi 8,000 489
1n Kochi 4388 26.8 1n Shizuoka 7,900 48.3
12 Shizuoka 4195 20.6 12 Okayama 7,800 47.6
13 Ehime 3967 24.2 13 | Shimane 6,800 415
Sum 105,824 645.2 14 Saga 6,200 37.9
. . 15 | Nagasaki 6,000 36.6
(Prefecture marked with pink color are located in Sum 195,200 1.193

Kyushu Island)

TR BERBE( LIS DUV TR L T2 & 24, Billkp s CRER MRS
23200 FIN-= % /=)L ERDITHEWT &0, IR ko
WTRETLT=. B T A v 7 I VTl LT A IRk, (7]
b, 75%ME T 30 o fELEE ; BE(k, 30%FidEE, 90°CTC 1 R
) 32 2 L1280 80%SEROFEE LT 2 Z LN TE T, 2
DYRFRERSE IR DA A 23 E Ot % /ol L7 bia
FHL, PERICE ENDAY DREENKIE LT, KR L
T HRR I NN a— AL oo —2ANEE LTEENTEY,
FNENOBEIT 951,313l Th-o7z. pHIFFEE L%, %
EVHERE KF-7 & FWCRIGHEERR 21T o7z 24, Fom—




RIFHEECTE I o T VERRT & ) —/)VREEIT 48 g/l T, /L=
— AR TR D FIRITH 95% L IERICmD > T2 [34].

KF-7 BRIZ o v — R EEEEZ A L CUWRND T, SRR

TR0 CEIETFEMEIC LV 3o 0 — 2 35e s G+ AR0E
FEZ I LD, BREMEERE KF7 OVINEA#T X 0 BUS L7z
~TaHY v 7 e —E R E TR v a — R REEEREOEN T
TAHAR AR L. AR RO CRISREERR AT 7- & =
B, IV —ANGERITIEE SNDHIDND T — ADTEE )
BHE VK 24 KT X ) — AT T2,

46 IH/—)VEEEDREMEL-EREREFES OVUER

[35]

AR T, MR bt K USRI R E LTk ) —
IV AN & L CRIREER
INRHBEDITEENRRE TH D Z LD, KRR A ZF]
L TEFRIEY (r—o VA L) OxFERER%E TN i
EWGer 2 — L FEE L TWA. E2, KEDD 100 km FEPIS
PINEELTRY, TOBIFRIIYAAHAE T 17,000 ha (12T
5. 2T ERUAIZERE: 44,45 ZEAL, Fig. WITRL
7o K OB LD DIEGRREAC L ) S F ok ) — %
FERIGE L, REATIEIL b2 h - s CHYRELE L TR 5.
Fie, FERETROLHRNSNAZEHBERIC OV, FERICE
FNDEERNIBL AR D & L X7 PR E LTY YA 7V LEKE
IRERWRT D, FEFIRITARBEFER L — R A 2 HFRREIC
L AEREN, FE LT A AT RIEBOZ VTR E L
THIF, &5I2A % RRERRI TR E ORI SR &
L BT 5ERIESRI S o A58+ %. 2L T, BT
TR & U CRRIE ST KRR L OVKIRE ek 2 Ree ]
REZMIREA S &35 2 LI L 0 sk oTEME L& X > Tl
5. BIFFEASIERT O I NODA)IZ LD EERREYI— A

—I\DDDINAFTHR/—)LERE [36]

ETCIE, B L LRI DT TICT VS
T, A ATHD TR avnBBREHT & ) — L )MER]
120 5 h o bEEE SN TN D08, BEHLOEIEC hyEm 23
DOBREHHT Y ) —NAFERWROGER N FTEEE IR S, FEAkE
FRB N — AR A ANSIRE =& ) — VB AFET D
T ENRESNTL. L LIERRSR, BIIEF v v Yo (HRE

Cellulosic biomass

HEHO D EZREL TN,

528 MRFIFE Y VAR YT A WG EME

O—FE) D 1 FrOT A a—LEEET 2 & 2000 ha L LD
BHEHANEEL 70 50T, EEBRE LT 22 Licid. —
77, FRETIXERREYSR D DRI CRRR 78 N &R
BICHEH SN, 205 B0 40%LL EAEHEM R & CREA S Utk
JERS R RO KRB L AEMEAS IS LD, £
T, IS ORBIT & ) — N AEREOISERRR DB & LT
JbmRE:, SRRFEEERILT [V 7 b A~ 2D BOMRE
M=% ) —AET 12 ADBHFEIIIE] % FERK 20 0> Bk e
HED TRERAGTRIBAR SN FE] CEML TN,
BARIZIE, Fig. 12 IR LIZE 2 ica—r A b= (FUER
avibb) AP GRS KGR Lotk BEEDBEL
ToRETRD > B rRshie - VAR R 2 I T BRI 2 0 L
X )N HERET DR F T T U MR RERR L, FERORIE L
ToIEMZERRBEIR D A & R K % 7 e Ak & U CRA
A2z licky, BEARMOBKIIRLbRNW Yoo vig
YRz ) — VBGET o AR R T S,

6. HhYIC

HIERIRIE LR 721 T < =L — BRSO R D B,
INA T ANHD A F BT )L — VIR L BT L
F—DOBIRESHF SN TS, A X URFET I —a v EHul
2, THAa—VHEALIT A BT 7 Vv ERNCERESh
TWBA, DREOBSE - EREA E— MIRE < HELTH
DT D, ZOFERNE, S A~ AR R TR M
NDOEHNARTF T HERE L, X524 CDM (Clean
developped mechanisim) (Z & ¥V “F{LRFHEHMEZ BV EA D &
THONEDOLENZ LD bDEEZLND. bHAAMRELE
EOBREEZ T 572D COM ITEETH 273, WA T L TENTH
VHfuﬁﬁﬁ%bk&ﬁ%%&éﬁﬁﬁhﬁ&%&w.ﬂE
HOWFFE TR LIz L 91T, A X RFHZE L CIEFEHERS
E:“%n%@};%ﬁ%ﬁ/mevxﬁﬁﬂﬂiféﬂ 7L — LIS
BALTHAEZAD LD BRFEFMR A A~ 272 EDk R
—AFA A~ AR LR LTRIF LTV 5. %< O3
FRERAIGH L, s E2IE) L EIRIEBR £ H3< 0 247
VY, HUFOTEME b K OMRERSEAES DRI D72 T 7S
RS20, Z0T0Ich, 127 ZEIEL & T-BER O
REFTHIHETHD.
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Fig. 11 Construction of resource recycling-oriented city in Minamata area putting bio-ethanol as core.
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Fig.12  Zero emission process of production of fuel ethanol from corn stover.
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