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TFARIBIESCLE D F 70 E DA T~ ABEFEM DO A X B ERRT D A B U REEATIZ OV TR,
BHFEZ OETERICFHIN TN D, EFFIC R VKRB EMRT DD, A X FHEEEORE
LK FBRBEOEEIZ OV TEERNRFEI T TR, D7) I Z TIXEERKEHS

(International Water Association) ¢ ADMI (Anaerobic Digestion Model No.1) & W\ T, DA ¥ >
FElE A 2 Bl C1T 5 L @55 CORIRTIT 5.2 2D 7 —AIZOWTEEYLDOZR 2t LT,
TKIGROY G FFHRE 2 55CORIBTHREET S &, 35COPIRFERHIKT LT, COD /ifigs
13 33% LR35, FEEEl 2 2 BE ORI T1T 9 & COD 73fiFRI% 35COLE 6~8% N
Do T AL FEEEa RV TR T 5D L KB ERT D, A ¥ HBEE DA DOEIZBNT,
HIHREE, pH, WK &L X—IEE @ 2RI OV TGRS L7z, pH MR TOK
FREEE A TR 1 AREEE TITV, ZORBHE ORI TA X U REFZ1T O & COD 7313 8%
FREE, IKFEE A Z D)X —pElT 11 %NS 2 "l RetEnsd %,

Summary

Methane fermentation that produces methane from biomass waste such as sewage sludge and garbage has
been put to practical use. Hydrogen is also produced depending on the conditions, but there are insufficient
quantitative studies on the rationalization of methane fermentation and the mechanism of hydrogen
fermentation. The ADM1 (Anaerobic Digestion Model No.1) was used for a quantitative study of methane
fermentation to examine the effect of rationalization in the two cases of methane fermentation being
performed in (case 1) a two-stage continuous tank and (case 2) a high temperature of 55°C. In the case of
sewage sludge, when fermentation is performed at a high temperature of 55°C, the COD decomposition rate
increases by 33% compared to the medium temperature fermentation at 35°C. When the two-stage continuous
fermentation is used, the COD decomposition rate increases by 6~8% at 35°C. Hydrogen is generated when
methane fermentation is carried out in the acidic pH range. The increase in energy yield achievable by
combining hydrogen fermentation with methane fermentation is examined based on factors such as
fermentation temperature, pH, and residence time. When hydrogen fermentation in the acidic pH range is
performed with a residence time of one day and then methane fermentation is performed under conventional
conditions, it is possible to increase the COD decomposition rate by 8% and the amount of energy (H>+CHs)
generated by 11%.
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1. (FC®HIC

TFAKVBIERAE Z 70 EDONA A~ ZAFEEEY) > b TRV F— % D T A & U REERATIC W
TiE, RFEZ L OETEBRICHH SN TN D, FERMITEVKEREGERT DR, A X %
DB BUL /KB I EE DB OV T e ADEBEIIMRGHI T2,

ZD7-$ Z ZTiL, ADMI1 (Anaerobic Digestion Model No.1) [1]% FHUNT, A ¥ U REHED A B
fb& = RNF—ApEERE T DA RetEd 2 KFERBEOWME Z et LT,

AT DWW TR, pH=7~8 OHPHEUTEE CUBE I D A ¥ U REEONHE L RE T HT280, HEE
% 2 Be Ol 1T 9 r— A L S5COEIRTIT 9 2 DD — R ZOW TR A MRFT LT,

BFNZONWTIL, A X R CHEMT 2 EAKBIREKT H, A X HBEE OMAED
FIZRWT, FBEHEEE, pH, W RFE 72 &= L —IEZ @ 5ROV TRET LTz,

FB1ITAH B - KBFHBEOIGBEDOT IS Z T, KFEREED & & BRAEEE TOx
2 ) —NVDERSN— N E bR B D,
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2. A3 UHE . BRREEL 2 REBOMHR

LCS #25E (Vol.3) [2]C, /N A H 2B a 2 b 28T 5 Fik & BRI H>WTHE L, [
FREETIX, 1RO | BT SRR % 2 BrE S ERHE RIS EE I LT ORh R E L O, #Ek
DFBERSE 35°COTRFEREZE S5COREIBREAZ LIZFEOR ROV THREF Lz, IGY AT A
ET VX, ADMI E7 /L CTh b, Lo LFEEOS3f#E D Carbon balance & Nitrogen balance (22U T
R—ENRH Y | AREEETIHELE L= ADMI 5 /L% HVi=[3],

FRERGEAR, KSR - A X AERGRRR DK RSy O 4yl R X OBEE E 5T, FEARE 35°Co
& &, LCS #2EE (Wl3) R0 &RV THY , FEARE 55Ch L X%, ADM1 ET/LVDT 7
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4V ME[LAVZ R Lo, R VITHW T ROSHEEEARE 27”7,

£1 REGEERMG L
Km,process Ks,process
Monod&® ALt R RERE (1/day) 50%8aF1E# (kgCOD/m®)
35°C | 55°C 35°C 55°C
i - Nk REIR
B 0.25 0.4
|47 1.08 1
EQHE 0.295 1
R 0.09 1
B - BFRERTE
BHiE 27 107 0.05 0.2
T/ 27 107 0.05 0.2
SRR RS 12 37 1 2
3 20 89 0.2 0.45
EER 20 89 0.2 0.45
TR v 13 30 0.1 0.15
i3 8 52 0.15 03
e 35 178 7%107° 5x10°

FOeadE v 1%, LA Monod O TIEELE L5,

r=k

m,process KS’process'i_S

S
Xg -

I

S HVEIRE. Xs: HIEE, 1: FAERH.
km,pl’ocess : MonOd %kttﬁmﬁ§4%£&\ KS,prOCCSS : So%ﬁ/ﬂﬂsuﬁiﬁ

TARBIEE AT HE RS L, JFEHD COD JiRE L, 58.6 kg-COD/m3 & L. #HAIREIFE 2 O
LBV THD, ETREHOREEIREIL, LCS $#2%53E (Vol.3) [2]& R U< Razaviarani o> 3Lk

[ANCHEC Tz, BRRKTIRE 2 % 3 1R T,

£2 TK/AECHDEWAS (V5S) #M (kg-CODIM®) (BEEBEIFXEFELLY)

TACER | H
RALKZER 16.7 34
RNGE 15.3 11.7
fe & 13.1 12.9
NEEYE 13.5 0
Bl 58.6 58.6

£3 BEDOSREMKERE (kg-COD/m?)

=% Xsu

Xaa

Xfa

Xc4 Xpro

Xac

Xh2

=]

0.675

0.345

0.42

0.171 0.1

0.594

0.294

2.6
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Bt L2 AT 2 &2 K 21589, A A~ AEEYOHAETHEIL Sm¥d TH 5,

HKEHAR HEAR
(CO,.CHs  H, 75E) (CO,.CH, 12&)
5m3/d >
58.6kg-COD/m’
(+#{k 2.6kgcOD/m’)
—> =14 7y > EorE —>
TKFBIR/IEZH SHAE®&
. pHEREEA A
#LRk (%) . (HCO3 #3&)
Tk EZH
pokdes 2e s HEESAIET 208
SR 26 20 HBRE  35°C / 55C
fEE 22 22

TEHEME 23
B2 A2 %E BRESATL

1 BeOHFEALEL D & X%, WRIRERT 20 H & L., 2 BeBEREEEORF XA OMHE R 245 10 B, &t
20 HE L. ZBALOIRE MG Uiz, FREEHEEIZOWTE 35C L 55COGAIC > MEt L
77 FEREFRAITRT,

£4 REEE. 2B OPR
([R# . $H4&E 5m¥d. BB 58.6 kg-COD/m?)

Bx} TKER TFoKiER TFokiBiR TKER £TH ETH £ZH | ETH
EBRE (°C) 35 35 55 55 35 35 55 55
RS 1 2 1 2 1 2 1 2
THEE SR (d) 20 10+10 20 10+10 20 10+10 20 10+10
pH 7.87 7.83;7.98 8.06 8.03; 8.30 7.81 7.78; 7.96 8.04 |8.01;8.3
CH, 2R 8 (m®/d) 65 70.2 103 106 87.5 93.1 105 109
IaLF—EREMI/d) 2,327 2,513 3,688 3,795 3,133 3,333 3,741 3,897
CODHARE CHLE) (%) 47.9 51.8 63.7 65.6 65.7 69.8 64.8 67.7
COD#%i#=LE (35°C/55°C) 1 1.33 1 0.99

COD% R (1B/2E%. 35°C) 1 1.08 1 1.06

CODS#EERL (1B/2E%. 55°C) 1 1.03 1 1.04

2.1 REEEODHE
FEEERE DN A K 3 1T, FEERE A 55°CICT 52 L2k, FARBIROEE. COD 4y
FRSRITEEINT 20, ATHDEEIFE A EEL L2V,
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TAKVBIEDY A, FEARE % 35CH b 55CIZ@EiE 35 &, COD fiE1333% FA-7 5, Z
DA R % 35C 5 SSCITIET D72 DIZBAT XL X — NN TH D03, A A~ AD3
FEEL  (-36kJ/mol-biomass) & FEEEAE H O & OENEIL THNEIZ L E /2 = L — & 1 RITHAS
HIENTE D, FAETHOEAEIREFEONFIZH 2,

TARBIROY A TR LT —a & ME30%RREL < 725, LCS #5E (& TR [5] T,
A F T AEE a2 ME 33 H/MI Tho7278, 55°COEIRREE:TIIR 2.3 /M L7225,

FEBEIR T 2 SIS T A RIIR &V, 7277 ADMI £ 5 /LT 55C DA O EH 72 & D Fp)
BH7pl | BRET DM ERH D,

22 ZERIEDHE
R 20 H & L, 1 BECREET DA SRR 10 H OREEE 2 2 BiPdisirt & LT
T AT OE . FERE 35C L 55COLABIC X mat L, M4 ICiEETR~T,
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PP 2 2 BT 2 Ll k0, RERRE 35Co & XX, COD iEFIL 6~8%. FEHE
JE 55°C DA 3~4%Hn4 %,
— IR DA, 2 BYEF L EGAER S as Tk 2 #5 B 0 CO UGN Xa lE

1
~ (1+kp)?

THETE 5, kKIIMONEERE. 1 XS OMEE TH 5,
1BED & X DHIEEZ Car, RN Z 2 L, 2BOE XOH DOEE% Ca. RN Z 1/2
ET5 L. HORERIT

CAZ _ 1 + kT
Ca; (14Kkt/2)2

LD, HOEEH L kt (=x) OFMRIZK S &725, 1 BN—EDKE, FUSHEERE K& WE
EZEHEDONBITRE VN, PakIED & X1E Car/Car 1% 1 TH A IXE—T 2 Bbo#hF i
fcib\o

1—X,
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2E/1ER FEHRELL
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RERMK < BB

5 2B/1BDEEDEHOREL

F 72 Monod DX TITIEREE N E WA TIGNE 0 IR T, FEREMENE 1 Rk TilEde,
ADMI1 EF/LTIE 2 By L | BROBREHIE 0.92~0.97 TH Y . 1 IRBUG & B & & OGRS
I EW, L L 2 BUEOZh RTINS WA, FAKTGTE CRELLE 35COHE 8%COD /) fif=R H3 1
W42, HEREEO 2 Bbo =ik, FRIMIZITEE THEOLTHIGAHETH D, LCS 2%
E ETEME) [S]3—ATIE, N A T AR Ea 2 MI3.0MH/MI L5,

3. KFERE

BRI IC L DKFERBETIE, FBE L LT RIS FIH SN 5, MK IEEIZ XV
BRI fRE A, EO%XEE, Bilg, . o4 Vi, Bk, =%/ —L7e EORE
B AR T, KFBEART D, BIITEREN 7V a—R (CHROs) DA, 72— A 1 mol
O, BEREREEE CIlIm R 4 mol, BEEETENE CIIi K 2 mol DKENFAET D,

[aireiiea CeéH10s + 2H,0O — 4H, + 2CO, + 2CH;COOH
BE LRI CeH0s — 2H, + 2C0, + C3;H,COOH
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R MK Z ARG O FE & UC. Clostridium J&. Enterobacter JB& DM H A0, 2 Hi%
REEHROE2 2FTICAER L, A X UREEGIE, TAKIBIR, 20 RA MR EDIRERDY AT AT
LKEREBITIARECTH D, A X UREEEHOT D EE, A X RBEMEBEOIEEZ M6 L, KB
TR RE 2 ST AUX LV, Clostridium J&7¢ & O TEAGE O1-1X 1000CTH 1 Rz
FE DB 2 D23, A X VI 7RIS 72 SR 2Rk L 72 WOHEEE 1 60°C, 30 3 F2E
DEMTIRITTERITIEWT D, FTo/KR AR TR DNHE < | BORFH] O W RE IRFfE Tk SR %%
BENFIRE b 5, AKFEAMMEREZE S(b45720I2, pH ZEeME, MR, WREEREZ/ S <Th
E RV 6],

AIRRETIL, pH % 4~8, FFHEIE A 35CL 55°C, M4 04 B (2445 ~10 B2k
ST, FTAKBIR « ETHDT—ATKE « AX LI EONA T HAERBEOENERDT-, &
PHERAEE S IORT,

KB IIFEREAE O pH 723 4~5 OO & T AR L, 1BH O A X UHEERFO pH=7~8 TIXZ & A
EARR LV, EREBHRE N SR (55°C) KEDIF 9 BAEMEIZZ,

TR RTE OKFETEBE) 55C, pH=4~5, #%B (X ¥ %88 35C, pH=7~8 O 2 BETIT\,
KFDOERE., HERERGFT LIz, FKAIBGIR, EZHOEE. NA AT AFROKFEDOLEIL 2~
A%FEETH Y K& ehotz, MR 0.4 H OLGE THKREIZHKF S BAET D,

AR Z 20 B & U, BB & $R Bt OUE RN 2 280 S/ TRET L7, KEFREE ORI 1
H+ 2 & 3EFEOWERERE 19 H OB ENILOYE &, A X2 U REEO BRI 20 H O H— Lt
DOEE & T 5 & COD fR1T, FES FAKBIROEE . B 52%. %H 48%. ETHD
e, i 2%, %HE 66% THY . AiFE OEEBEO T3 8% W iE=RIIR & < 72 b, /AT
HOYGE BB CHEREE 1| FREOME 1T 21X, 2EOMLRIT 2% T EL, A&
DA THRIBRERO N RO A REME S 8 5,

BI1IZ A R - KRFEREBEOB)S R LT, KBEFHBEDO L Z Ty ) —/b— M EEE
G20, VAT ARFHZHW 2 ADMI BT /WIS AA I TWRW, 5% EEE T LV E2 G 5,

BEEDORFFE Tl TGRS A X V3BT EHEAMED R =V, BiLFEED 2T L
L. L 30~50C, pH=4~7 OFMT, FARKFEAMEIL 1~2 mol/mol-monosaccharides (0.117
~0.234 Nm*-H,/kg-COD) 73F 541 TV 5[7,8],
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x5 KRREE BHER
(F# . H#GE 5m®/d, BE 58.6 kg-COD/m?)

R | Famr | Fame | FAamR | FaER | £ ESH
FE1E
BE (O 55 55 55 35 55 55
pH 4.82 4.83 4.86 4.37 4.79 4.83
HERE (d) 0.4 1 10 10 1 10
CO, £/ E (m3/d) 5.92 11.9 22.4 25.4 9.13 18.1
MR (m?/d) 3.06 4.31 5.13 2.56 4.21 5.47
(30.8vol.%) | (23.9vol.%) | (16.0vol.%) | (9.14 vol.%) | (29.6 vol.%) | (20.2 vol.%)
CHARE  (m¥/d) 0.968 1.85 4.53 0.056 1.36 3.49
(9.7 vol.%) | (10.2vol.%) | (14.1vol.%) | (0.2 vol.%) (9.3 vol.%) | (12.9 vol.%)
N (m3/d) 9.9 18.1 32.1 28.0 14.7 27.1
IRILF—45RE (MJ/d) 68 113 218 30 94 184
E218
mE (°C) 35 35 35 35 35 35
pH 8.19 8.19 7.8 7.97 8.14 8.06
mEERERE (d) 19.6 19 10 10 19 10
CO kR E (mP/d) 57 55.3 50.9 43.2 82.8 80.7
H, A= (m®/d) 0.0023 0.0251 0.0039 0.0024 0.004 0.0065
CH. A F R (m3/d) 67.9 69.1 44.7 60.2 94.5 72.9
(54.4 vol.%) | (55.5vo0l.%) | (46.8 vol.%) | (58.2vol.%) | (53.3vol.%) | (47.5vol.%)
IE (m3/d) 124.9 124.4 95.6 103.4 177.3 153.6
T xLF—4REMI/) 2,431 2,474 1,600 2,155 3,383 2,610
LR H RESI(IMY/d)

62.9 67.2 73.3 68.6 91.9 98.8
€0 (46.7vol.%) | (47.2vol.%) | (57.4vol.%) | (52.2vol.%) | (47.9 vol.%) | (54.7 vol.%)
H, 3.1 4.3 5.1 2.6 4.2 5.5

(2.3 vol.%) (3.0 vol. %) (4.0 vol.%) (1.9 vol.%) (2.2 vol.%) (3.0 vol.%)
CH, 68.9 71.0 49.2 60.3 95.9 76.4
(51.1vol.%) | (49.8vol.%) | (38.6 vol.%) | (45.9vol.%) | (49.9vol.%) | (42.3 vol.%)
HeET 134.8 142.5 127.7 131.5 192.0 180.7
TxF—EpRER (MJ/d) 2,499 2,587 1,818 2,185 3,477 2,794
(RH, TxIL¥—8) 33.1 46.8 55.4 27.7 45.5 59.1
AFCOD#E (kg-COD/m?) 61.2 61.2 61.2 61.2 61.2 61.2
FIEHOCODERE 60.9 60.5 60.1 58.6 60.7 60.4
E2EHOCODRE 30.3 29.4 40 31.6 17.2 27
FE1ECOD iR 0.005 0.011 0.018 0.042 0.008 0.013
£COD 9K (HILR) 0.505 0.520 0.346 0.491 0.719 0.559

PHATE TR D AV KBRS 2 Bl (monosaccharide) & 7272 L. 5 1 K7 & DK A% & % 2
THLEEELRD,

®6 BUKILMBHGESH-VYDKRELEE (FREFHIGE : 5SmY/d)

K TABRE | TAER | FAER | TAEE x| ETH
R (as monosaccharide) 0.435 kmol/d 0.885 kmol/d
KkFEFEEE (kmol/d) 0.137 0.192 0.229 0.114 0.188 0.244
KEFE S/ FKALYHEEEEE (mol/mol) 0.31 0.44 0.53 0.26 0.21 0.28
ENTIAZRR A AR EAHREEE  (JST) 7
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G IRALAKTE 72 V) O RKFEAREERIL, FAKIBIE T 0.53 mol-Ho/mol-iR AR b, 4 ZHT
0.28 mol-Ho/mol- Kb & 72 5.,

BEAE D EBRAE R & e 5 & ARSI S VAR E <A TR, BfEME X 2 U 3EERIC
XL TR S ADMI BT /UL BEEMKFHREEZOISHTEZ S Th D, T kai{boiz
D, FHIEREVNIETH D,

KFREEOEFIL, 1) KEAEREICLD COD NiERO LRFICEL D, ZRLX—ERED
W, 2) VHIEDBEMAERIZ K5, IIAKSESER BIZ KD A X U5sEER (COD 7ofif=R) DK,
3) BREFEMOEEE LT HIROFIA, ERH D,

XTI, PAKHIE, ETHEERE L KFEFEEE (55C, pH=4~5, HERFM 1 H) %A X
EE (35°C, pH=7~8, MEKH 19 H) O —A L A X U%EE (35°C, pH=7~8, 5]
20 H) O —ATAERT RNV —EBE I LT, AilELE U COKERBELZHAAND &, =L
F—ERE 1% EERINT 5,
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F71 KRRBLIRILVX—EHE
([R# . $H&E 5m¥d, BB 58.6 kg-COD/m?)

JFkY TAER| TAEBER| £ZH | £TH
IKRFEENE HY 7L HY 7L
mE (CC) 55 55
pH 4.83 4.79
R (d) 1 - 1 -
CO4.mE  (m*/d) 11.9 9.13
H,AmE  (m?/d) 4.31 4.21
CH,AmE  (m?/d) 1.85 1.36
NEE (m3/d) 18.1 14.7
TRILF—ERE (MJ/d) 113 94
AR REE HY HY HY HY
mE (CC) 35 35 35 35
pH 8.19 7.87 8.14 7.81
RERE (d) 19 20 19 20
CO .M E (m®/d) 55.3 55.5 82.8 81
H, A& (m®/d) 0.0251 | 0.0016 | 0.004 | 0.0026
CH,AEmE (m®/d) 69.1 65 94.5 87.5
NEF (m3/d) | 124.4 120.5 177.3 168.5
TRILF—4EpEMI/) 2,474 2,327 3,383 3,133
IERNF—4KEFT (MJ/d) 2,587 2,327 3,477 3,133
(WH, TX/IL¥—8) 46.8 0.0 455 0.0
AR v FEBEonly DL 1.11 1 1.11 1
AECODEE (kg-COD/m?) 61.2 62 61.2 62
KRFEEHOCODEE 60.5 — 60.7 —
X R RHBEEHOCODRE 29.4 32.3 17.2 21.3
FE1ECODHRR 0.011 0.008
£COD 4#%E (H{L=xR) 0.520 0.479 0.719 0.657
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4. F&H

BERME A & B KEFRFEDOME % ADMI1 OFF /L TIT o TofER. A Z U HBEOHER O T
RIKBREEDORFHZ ADMI E7 /VITBURTHFIHTE 5, L LERT —F M & Offs, KIEL
T NORELIR EASBOPETH D,

AL FEFET S, DO ZEALOIFITH 0 . FTKGIROYE 3~8%., £ ZHDEH 5~6%
D COD i (A& ARE) O ERA LI,

pH BRI COKBEFREEZ TR 1| ARRE TITV, WFOFRMFTA X 3BEA1T 5 &, COD
IPRERIT 8% FERE . TRV —E R 1% RN 2 AIREMEN B 5.

TARIBIEIND A X B L DHEBRT v /UL, 26TWh/FREDH D . BMFESCFE SHE
Wy 7e & DA T~ ZFEFEW DS DIEART 2 ¥ LlE 20TWh/EFRRE DO RTREMEN B 5, LasL
A B R IKBRBEOEREIZ OWTIL, BRDIERNR VAT AMRFPLETH D,

5. S DEE

1) BEEKERS - o AT ADERMIMNT - Bam(t a2, FATBEIRICOWT S COD g% 80%
VLRI D BENSBETH 5,

2) KFEAERRFEEL & A X VA RORBEEIT R D A X L AERREEE A B L. KA R
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