LC

ExFRLEEORRBRIC@ITTIS
EiTS L OREE - HEZOEENIFYAICEDL

s*.

1/ R=Y3 VBRIUEDICOHDRES

B i b

NAAN AEEVIDOAY V58 (Vol.2)

— 70 ADOSEBLZEHILT—

YR 27F 3 A

Methane Production from Biomass Wastes by Anaerobic

Fermentation (vol.2):
Reaction Engineering Approach towards the Rational Design

Strategy for Technology Development

Proposal Paper for Policy Making and Governmental Action
toward Low Carbon Societies

B YA ST R F i AR 2 e il 4w S8R

BExRXREZEREY Y —

I

LCS-FY2014-PP-08
(R 27 5 4 RENRIMR)




BRRMESFRICATERIEDHDRES
BAliGAZER | /N1 4~ AEEYD A 2 U FEEE (Vol.2)
27438

M=

BERTHIERC R SR> D BRIED A 2 U FEREILBRIT K 5 A A AEREAT, =RLF—L
LCHIEMS 27 m e 2085E = 2 b 2Et LR, SEMIBITIZT 2 2 LB RAIRTHD 2
EMRDoTe, BRRDERDIZDIZ, I A MU ZERT D007 1 ZADOER e £ D
IR L A A~ ABEFEM ORI EDOHR T AT AR AR5, £, HIFHED
HARRZRES OT 0 A A~ ZADOBEVEHIEE T v 2 AT BUS TS ST - Btz
AT 3 R NHRRO ATREME A T S,

Abstracts

Reports on methane fermentation from the biomass waste based on the chemical reaction
engineering methodology have been very few because of the complexity of reaction mechanism
composed of parallel and consecutive reaction steps such as disintegration, hydrolysis, acidogenesis,
acetogenesis and methanogenesis.

We have completed the first stage of the process simulation work by utilizing the Anaerobic
Digestion Model No.1 (ADM1) proposed by IWA (International Water Association) in 2002 as
well as the popular numerical solver and just started the 2nd stage by utilizing advanced numerical
solver. This will realize more scientific approach of the process design rationalization in near future.
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1. NA AT ADRKEBILET I ERFER

AR BT AT A0 0 E LT, EEEKE 2 (International Water
Association : IWA) 73 2002 4|2 B METHLE 7/ (Anaerobic Digestion Model No.1 : ADM1)" ?
E LD, K LUITEYSROES TREE OBRISGHERZ RT2, ROSIEMERZER - OFREOG
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Ry, =1.08X4 Ry>=0.295X Rys=0.09X3
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U s ORSEE) 03 S =M Ss
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FOsiE, O F~ ZFEEEY) (B¥W) Naa A RYE - IBRRYED R A 72 & D55 TR
72 DM RO TR, @OFE 2 OFIBEAMNESRIC X 0 RACIZERERC, X VR BIXT 2 BRI,
R I EARAER & Y 77U & a— W7 K FREOE TR, @BME (ZFva—R) 72 g,
ERRAENIER L, M OMIEEZ & b7 5 BEAC LD . BEEE, SEEE. o v d Ui, Bilee E AR
BRI\ 72 DA RS TR:, OEAEE, SERE, 70 B4 UERASIEEEIC L 0 WEBRIC 72 2 WERR AR Al S
THE, mBICOBEN A X ATl D A Z A HERBOGS TFED 5 DSOS TN B85, R kRS
DB EE I FA IR EE DO— IR, KRG IEBOSIZRANS), #2378 IREORED—IK
BT 5, BB, BERAERS NI LA Z A AERRBUGIE, FEARMICREETH D . X
S r 13D K9 72 Monod B E A T 5,

r=hkm X XTI

Ks + S
Km @ Je REEROGHEE (d Y, S SYEEEE (g-CODIL) . Ks : W E% (g-CODIL).
X AEMBEE (g-CODIL), I: AA vF 7R (0<I < 1)

AL F U ZEEEBE, RO pH, KFBIRE 72 EORIG~DF L FRTEARTH 5,

FRE RSO Se A 2 ARG TliE, DD L S BRILPHE O E I L AT TVnD,
1) 7a e F A A D IREOG
CH,CH,COOH+2H,0 — CH,COO0H-+3H,+CO0,
2) EEEEA A DAFIRIG
CH,CH,CH,COOH+2H,0 — 2 CH,COOH-+2H,
3) 7L F USRS
CH, (CH,) ,,COOH+14H,0 — 8 CH,COOH+14H,
4) KFEOWE
H,+0. 25C0, — 0. 25CH, + 0. 5H,0

1), 2), 3) OISTIIAZEAER L, 4) ORUSTIIKRELZMEE LN bISHET, =
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F2 NS DRSBTS HI21E. &% DG TO Gibbs =TR/LVF—ZAENATH D Z & NNE
Thbd, 1), 2), 3) OUNMIKRIEDEMELS 2T IUIRISIFEE 22, £724) ORIGITK
FREMELS 220 T8 ERUSITEE 2\, RIS A & o F THGICETT 5121, KFE
REEONERAA A L REN S D —EOFRPH TH L MENH DH, ADML ET /L TIEZ OB A KFE R
FEICETAAAL v F U TECERD LTS,

F I SS TR TORIy ~D 7 BLER | S FELUSFREN L, /3o A~ ZABEFE) O S i -
BOSSAHC L0 e B, A X ARGEECEERWIGEE 70 EOSISIEED XA F X v 7 IRIEE %
HIE LT, UGHEDRFE T A =X NRD 5N TWD,
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—HEZBIT DNy FRONETE L, 2Ty FRX A2 -, FFEZ A (At) 12005 BT
HD, LML ADML THZ BN T A= TIEitEN R L, FRRXEES Z L IxTE o
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Bk Uiz, BUICERH LI ART A—=2 ZRTCRY, £72F LICHE Ldsin E r~d,

2 ERIAZERR R AR RAHRE RS (UST)
BRFHEHEE Y 2— (LCS)



BRRMESFRICATERIEDHDRES
BAlGAZERR | /N1 4~ AEEYD A 2 U FEEE (Vol.2)
27438

K1 ARVERRS EIWAHAERX GEEAER)

1) dXc/dt=-0.25*Xc

2)  dX1/dt=-0.05*dXc/dt-1.08%X1

3)  dX2/dt=-0.05*dXc/dt-0.295%X2

4)  dX3/dt=-0.0625*dXc/dt-0.09*X3

5)  dS1/dt=1.08*X1+0.00045%X3-27*S1/(50+S1)*X4

6)  dX4/dt=0.05*27*S1/(50+S1)*X4-0.02*X4

7)  dS2/dt=0.205%X2-27*S2/(50+S2)* X5

8)  dX5/dt=0.15*27%52/(50+52)*X5-0.02%X5

9)  dS3/dt=0.0855*X3-12*S3/(1000+S3)*X6

10)  dX6/dt=0.05%12*S3/(1000+S3)*X6-0.02*X6

11)  dS4/dt=0.124*27*S1/(50+S1)*X4+0.221%27%S 2/(50+S2)*X5-20*S4/(40+SAy*X7*S4/(S4+SE)
12)  dX7/dt=0.06%20%S4/(50+S4)*XT*S4/(S4+S5)+0.06*20*S5/(40+S5)*XT*S5/(S4+S5)-0.02* X7
13) dS5/dt=0.196*27*S2/(50+S2)*X5-20*S5/(40+S5)*X7*S5/(S4+S5)

14)  dS6/dt=0.257*27*S1/(50+S1)*X4+0.0425*27*S2/(50+S2)*X5+0.20%20*S5/(40+S5)*X7*S5/(S4+S5)-13*S6/(10+S6)*X8
15)  dX8/dt=0.04*13*S6/(10+S6)*X8-0.02*X8

16)  dS8/dt=0.39%27*S1/(50+S1)*X4+0.34*27*S2/(50+S2)*X5+0.665*12*S3/(1000+S3)*X6+0. 75*20S 4/ (40+ S 4 *X T*S4/(S4+S5)
+0.51*20*S5/(40+S5)*X7*S5/(S4+S5)+0.55*13*S6/(10+S6)*X8-8*S8/(150+ S8)*X10

17) dX10/dt=0.05*8*S8/(150+S8)*X10-0.02*X10

18) dS7/dt=0.181%27*S1/(50+S1)*X4+0.051%27%S2/(50+S2)*X5+0.285*12*S3/(1000+S3)*X6+0. 19%20*S 4/(40+ SA)* XT*S4/(S4+S5)
+0,14%20*S5/(40+S5)*X7*S5/(S4+S5)+0.41*13*S6/(10+S6)*X8-35*S7/(7+S7)*X9

19) dX9/dt=0.06*35*S7/(7+S7)*X9-0.02%X9
20) dS9/dt=0.94*35*S7/(7+S7)*X9+0.95*8*S8/(150+S8)*X10
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BAEFARDWIPETE DRI & WD D IR « #2308 - IR BRI AT L4 2
(L TAR D SO AR I DB A fet LT,

X 5- 1 ICHEIRYRE DR, X 5-2 I EEE DORE (% 2 R 25 HOBA) 2R7,
AU B ZIE A & RS OTBTE HIEIBIE) O—HD U A 7 VEIRO I % e+ 2501 9
E B R A A~ ZABEEY) ORI LB RIE 2 IR A U TR bSO ER S 2 RE <35 8D
HRICBES 5, K 5-1, 2 TiX, HOVRELZ 2%, 7-MHMbEEL 10 509 n &, AX v
FEAERIL 20% N9 %, [Fl—THE R C A # VA DY 20% B8N 3- AU g o 2 M 3K 17%H!
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3. ¥EH

AKX FEECEE T D BEEMEELET L (ADM1) %, DAE VAT A HWTHRERD S Z L
Tz, A X UREBEERIIEME RSSO T, & L TERIC L A2METCABELRGE 72 & i <
TN\, 5% ZORISET VEFRIR LIZGEMEHR T, RBEHEE T LV ORFDELITITA D &
INZTpoTe, BB ANA A~ ZABEFEY O TR RBES IR 2 at L, /N T A —F 2B L,
TR OBRIESRNE, FBBE S AT b etk SALF U AT A E LTt L, AEMLEESR, FE,
A A M L = A NEIR O FTRENE 2 IR 5.
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