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High-Rate Methanation of the Food Wastes and Garbage by a Two-Phase Process
with Circulation of Digested Sludge

FERL KEHEZ fvEsES 2 ILTHEE] 2
Yu-You LI, Osamu MIZUNO?, Keisukei FUNAISHIZ, Koji YAMASHITAZ

Abstract; This study developed a new high-rate biogas process for treating food wastes and garbage. This process is
composed of three parts, mixing tank, thermophilic hydrolytic/acidogenic reactor (55°C), mesophilic methanogenic reactor
(35°C). In this process, the shredded garbage is firstly mixed in the mixing tank with the digested sludge re-circulated from
the methanogenic reactor by weight ratio of 1 to 1 for making fluid sturry. The slurry is then hydrolyzed in thermophilic
acidogenic reactor to soluble organics such as acetate, propionate and lactate etc. Finally, the hydrolyzed slurry is converted
to biogas in mesophilic methane fermentation reactor. In order to demonstrate the performance of the process mentioned
above, a bench-scale continuous experiment was conducted with shredded garbage by changing the retention time of the
process from 30 days to 10 days. By using this process, garbage with a moisture content of 80% (TS 20% ) was effectively
degraded to biogas at a short HRT of 12.5 days, corresponding to a CODy, loading rate of 30 kg-CODg~m>-d”, without
adding dilution water. The experimental results demonstrated that the organic degradation efficiency was high as 85%, and
one ton of garbage produced biogas of 150 m® with methane content of around 60%.

Keywords; methane fermentation, two-phase process, mesophilic methanogenesis, thermophilic acidogenesis, organic

fraction of MSW, food wastes, garbage.
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T-COD gkg 294
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TS gkg 2328 1238 1169 4338 TS gkg 2328 1220 1173 518
VS gke 2202 1129 1062 33.4 VS  ghkg 2202 1137 1083 42.0
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NH,"N mgkg 96 1455 1550 3030 NH,“N mgkg 96 1198 1305 2448
PO,P mgkeg 342 283 369 58 PO,P mgkg 342 311 394 45
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9. 25 (9. 25+6. 75) =57. h L FHE NS, EREIZ N SIHIF UVEEZ R UL, BATS B2 O A4
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IX 64g OEERITHENT B (ThOD) DT, lkg @ ThOD BEFBA Z TR BETH & 22.4/64=0.350 DA F 1V
T2, &L COD TThOD LI TE S L35 L, kg DCOD BERFETH L, 0.3 DAY HAPERENDF
BB, SEIDA X T AAERFRIIERDE 00D H7-VH 0. 35m’/kg-COD 72> TRV, OB LITT—HK
TAEIMF O,

3.4 RAX UHEEEERONR

HRT20 B OB TOS | & P& REFEIR A AT, BAGRBREITV ., AR ETEROMERE T Lz, BKIZ
130, S%DRY T IV (EhFAUEBKARY = —) RRETINL CREEFRIK . R 7 I PUEiE=1:0.32),
T80 SRR CAEREIT o7, BB CN ES 6.1 LEL . IR OEHEED, AHEREneEE
LEHAE R DEREF BRI SRR SN CO BRI GV MECh o Tz, T, A X VRBHIIST DEIMO SR
X O BATERTOESBESE BRIIESTI LB L BXONADT, ESHERETHE L TV 2 EEBEIC
OUVTHHT LT L 25, TRTCOEBICHREN NI E2MEETETL, 6o, A ¥ UREHEDBATGIE AR
FTLITCRERHEL 2B 2 L 3B b,

BAASROKETR 8 I\ RT, HIRBEOTOREFY AT LOBEEGRI LRICE 2 Dle, ZITAEYRY
ZF A, REM VAT AR R o RATF MIOTRGAEZ AR LFROESY (1S BE 10-13%) 2R 25%
BOEBRERTHD B, KBRS BOD JBEEIME \DIZST U CEREEN HRITEL Pk QuRRI~
OB TAGERG /2 L1 L » TR TE ZBA 5T, ZOABIHKE L TORBESYLETHS, WS
B UTIIESBENE D, AV EIRERT 227 A MY v B /R FlIc LV ERREAEAT S
EASEYE Bioh b, AREHTTIIARAZINZ QW2 OBUK AIROREREI DR | T T=TRE L HE
HEODT, TrE=T A N v U ZERIVRNEEZ IS,

R8 A X HEHEEEIUKIER O HOKE

HH  (BHD ABZERIN.2) | AL RAYRAFLSD | REM S RTF LD | JRyPLRAT LD
o o) 8.18 - - 8.7
BOD  (mg/L) 1, 600 1, 310-5, 440 1, 150-2, 720 4, 000
coD  (mg/L) 3, 100 - - -
T-N  (mg/L) 2,410 - 1, 450-1, 800 2, 500
NH, N  (mg/L) 2,220 1, 090-2, 480 1,340-1, 710 -
TP (mg/L) 43 - 15-62 70
PO>-N (mg/L) 39 17-26 - -
4. B

4.1 B COWEIORE

FERE RIS & | M TR BT DR (o AHRT & 15 A~20 B & LO) 2177z,
HTH%E Lt/ B TET ARE0 7 n— EMEIRR AR 4 ORT, BOEE CE=— L08R R E DR
BETNE RO BRE | R ARG CREBER LIRS 21T, 3~4n® OFIREEREAE CREREL 1T\, 12~160° DH
RA T HPEE T FHARERSED, ERBISUDET DD, BN FH AT 16m /B, AFE
HEH 60%THY . ThNDLHTRI PR 7 ulAE—E | BREE: VI X D B LBE|HEZT,
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TRV EFTD 2 EBARETH D, HALL P TIISEENERE 25% & T2 LK) 230kwh 23, ZREVEMZEE
T, BESHEE 5% T R 24h EFREBT DN TEDEREINT, A ¥ U RFERIRORERT
A LT ZABEROR SO L7V, ZIUIKRL AT AOBKOFHSO—>ThH D, ZORBIARY T
IPUERRMUTBIA L, B/AESUOBIAIEIRA 0. 2t 5503, AROMY Thaig U CHitTaZ L
BARETH D, BAARIRA LA T HBEROR SSFYETHY . FOKEMN LAY R LSRR
L ABHEBREE TS A2 LB E L BND,

< FILEER —+— AT o REERE ———+— B A -P‘Q— PeAKET R —

ﬁxﬂmowwﬁxﬁij

ETH
1.0t/R

HRALUTL $#230kwh
-HEEN  $9324kwh

A jizszsEi5mY/H
9

P B SR
RYT IV .
e EMPRTRILBE
0 ‘25 ¢ TPUESTAMIE LY
.‘l 'T?KBI%

H 0.85t
E e v
Wik oo B r— 08
t HKES0% p HR-ERL
1.0t 0.2t -RALRE

4 ATIMERTASREA ¥ LR 0 RE WA THOBEA ¥ L AEROERE T u— L PEIK

4.2 o XFHE

ARFTE CHER L7 FHEB TSI A X V3 7 0B A0 R LN T 57010, TS &> COD A,
DIREROBAE ZHERITRIT 5 A & L REEBERORAE( SR 2 EOBEBERRG 3T A—Z [z OO TSR &
AFEDOEMZ B LT T—H 2R 9 ICF L DT, MEROFEMERIENO A 5 L SEBERI 1T DR 0a%a 4

K9 EHBRBE T A—H BT DREFEGT L AR D ~ AR oo gk

HETEE BEfEA =Y ARG OB
B 1 Brminnhs 1 BrhiR R IR - R 2 BeA X LRk s - BB 2 AER
BATSIEE &) 10-13 8-13 10 20-25

HRT >15 >15 >15 15

TS B (kg/n’/d) <8.7 8.7 6.7 18.6

COD Bt (kg/m/d) <10 <10 <10 23.5

COD 53fER (%) 70-75 70-75 67-73 80-85

BAE BT D 1L.84% L8 1.8 0.84%

A B BERREEE
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{413 HRT 15 A, COD &% 10kgCOD/m3d TH Y, Lovb TS BEDE RSFEEY2 EOFE, 10%HiE
IZFHEDT-OIZHEFKE AV AVEND D, BEHEITKNEE L2 udR b 0Bk ARORIL S & OB
BORIZ 1.8 #2725, AHMN CIIBBAR AR LZE OV ETFH 2 L3 T 2130, FRKEHER L2V
D THARDRAERNRERDF L2450 LIEFICA2 | PRGSO 2EORE L 230 MIRLZER
ARETHD, Fir, ATIEER A ISIEEREE TR A X VREBOBE 7 o — XA L, LabHEAZ
REEFEE b O —EEREERREE ~FE L UL TV A0 T, BEMOSIEMEE S, 5 E LT COD 4%
IR L D 10%EERL 2o TNALEZ LD, ZOL T, ARICL Y Z 2 CIRE L Il S
ERE A & 358 1 R VB AR e U T B 2R R 8 D,

B IR O RYEN T OV VT A RIDEREFERIZ I\ VT, 6 4~T OBEREREEDRTLD SS BLUVSS BE %
B2 L, BERRHEOHRTRASS, VSS @ 30%EL ERSRENTI Y, #RE COD 730 20~80%#ML T\ %
ZLh, EIEEREHE T L AR EARER TR I L E R D, T, HITo 7B A ¥ L RERE O EREE
BEAFROIRy B 30iC LU, SHESEH RO GRES IR A & L REEEER SS ORI 36% T,
ThOD #ELD> VFA R 15000mg/L & 732> TW%, Zhag COD X—ADBARRICHET S L, EiR5b:
(2 & BIEEETRD VFA ARRid 30% & 722, Hib, M1 KU 4 1281) 2REERORERIRIL. BAMOF
OB BT HAROEREL KE W, ZORE 7 = —A0FE LIS SO TSR OSEEREE L2,

4.3 7 oE=THEROBEIZOVWT

e D hE EFR TR T 554, RbRASNARRRLY v 0 BOSRENERT 7 BT RETH
5o EELOINE TOWZE 00 AU, A THREIROEIRE A # R 5 NHa-N BLERE &R
FEETIT 2000-2500mg/L (6 LT, FPIRZEEETIE 4000-5000me/L &Mt 38 < 70, AIRDER 4~T7 1T T
& 51, BEBREERE R ONEA ¥ L REAE BT 5 NHe-N EBETF121 1500me/L BT RO 3100meg/L L
T CHoTDT, Tore=TREDUEIIRD > T2, FEIOREN 80-85%LF<, LrbAETHOERS
FHEH T600mg/L & ED>->7-0Di2, NHeN EEDS 3000mg/L FBEIZ & Bk - T3 BRIBEREEOBEICH
Do ABIED/r—ATIE, A Z UREHSTRE L TV VS (T & A PBEMERTE OBACsH0N) & E LT
RUN2 (5 #5) CTHETH L, 33g/L @ VS IZEEIN TV D NEBENT 334X (14/113)=4140 mg-N/L &
720 B NERFERIBEE DR 54. SRTAHN T 5, ZOFEIZ LV 15515 NHe N B (7600-4140=3460mg-N/L)
ARG DFERT — H D METH ~ 17, o TA X L RERINO NHe-N AL TR 554, REMHEO
R L AEESLERT A ENBELER D, &) RSB r— A% E R DT, £ 10
WAEZREROFET —F 2L L, ThE 005D L 510, EZHROEREFREL 3000-7750mg/L @
FICH Y . AR b OIEERRESE o T, AINERTEEN Y o TRl — A RO
T, —RBREAE ZHICH L TA v A EA L TH T A E=THEOCRER W B2 b,

F10 AW VA ZBOPRIR b SCEE & DR

HH AFEBR AASS A 7 —flE FELOPFE GEER
STl EE (n o) 3 @ 5 ) ) (8) €))

Vi ) 76.7 | 75.0 | 85 68 77 78 77.1 79 82.2
TSIEE %) 23.3 | 25.0 { 15.0 | 32.0 | 23.0 | 22.0 | 22.9 21 17.8
VS/TS (%) 94.6 | 88.0 | 8.7 | 87.5 | 91.3 | 86.4 | 93.9 | 95.7 | 95.5
T-CODcr (%) 29.4 | 240 | 13.0 | 25.0 | 23.0 | 19.0 | 33.5 | 33.1 | 30.5
T-N  (mg/kg) | 7600 | 4800 | 3000 | 9700 | 5100 | 6200 | 6280 | 7750 | 6450
T-N/TS %) 3.56 | 1.92 | 2.00 | 3.03 | 2.22 | 2.82 | 2.74 | 3.69 | 3.62
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5.

o)

ARG TR Ul AR B A & L 5EE 7 m ATHL, AR IR B L TR I ZES
BV TR Z ERTEBIEN, FFRKEHER LRV O THKORERIERDR X245 LIEFIDRL, HiK
KRGS 7= RO 37 MDA Y v "d D, AT AT A8 RERE T oI R, £
TR U CIROBSRER AT 5 Z & B30T,

@
@
®
@

KA RERND LT, ETHIFRKETIM L2V THEY A 80~90HElL TE Tz, A7 nt
AV RRREE T AONEICER T E B LE X DILD,

BEMmE L U BRSO HRT 12 3~4 H, WRE 55°C, A ¥ L REHED IRT 1 12~16 B, KR 36CTH 5,
T A0 COD BARAT 15~20kg/n’/ B TR A & L HBELATH Z LB TET,

1t OAEZBILRIRA X L EHEIN 60%D/ 34 A H A% 15 AFETE, b LAAT I TRETDIRD
%7 230kwh, PRBIEMIFEER 555 324keh OB ZEULTE 2 BRI,

AT B ATIIA X U HEORRTRANE TARERON SR L2 0 | BB L TR BILDBIAASIK
IR v F K Ch ot
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