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EBRMENT, BEETS (2P - FeRUB%.
Yods Fu—TIN—YD20%. HEA10%.
£10%. KER10%. DE5%. MHEL%. EWS% (W Inhd
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CKBFBEORIBIEE L, FAKBA LI5REEETT

WRASSTIVME - IKRFEREGTEEDIR L. —BFEREER:

K& - AV CBHBERRT S oy —hE

! :_; o P~ . it )'L . Yo . =
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2 FKMER
(ORBECH| (DREER
— +TREAK | [Vabyd —#RE K
_________________ TS (mg/L) 54,300 97,600
ﬁgﬁ;’; »[xa] Y - VS (mg/L) 51,900 91,900
“““““““““ TR SS (mg/L) 46,600 64,500
IR FEREE Ay REHE -
VSS (mg/L) 45,500 62,400
CODy, (me/L) 75,500 128,000
vy 74 i Lo .| vem é*ﬁsi— (mg/L)* 46,700 39,600
----------------- TEL TS —)LEERE (mg/L) 1,510 2,520
KRR *5 o REE
£BE (mg/L) 4,000 23,000
B 2T P O ERESERER O 7 O— BB (mg/L) 3810 15,400
pH 4.2 40
X5 a—x g
=1 ERNEREEOEG A
WAL - KR REAE AR SRS
FKIBAE|FREEZE| HRT VSET |(HEEHXAZ| HRT VSE
(/R) e (B) |vs/LA)|] (W) (H) |[(evs/L-H)
X% | 065-1.05 | 0.35-055 | 1.9-30% | 12.6-203 1.0-16 15-24 | 14-22
Y% | 1.0-14 0 2.1-30 17.3-24.2 1.0-1.4 17-24 1.6-2.2
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B2 REBRGHEIHOKE - AY D BRREBIUES AT LADTO——b
(EROBRER & 2 Ly 5 —# 50-T0ke/d)

£-3 752 FEREBOTIAL - KEREEOEGRE G
BEXKBAE|FRBREE| 2w TLHEAE x| VSEfr
(L/d) (Lyd) | PRRBELE| (of" Jmpvs) | HRT@ ™ (/3. )
Run A 50 100 067 0 2.1 202
Run B 45 60 0.57 27 2.9 15.3
Run C 70 90 0.56 75 1.9 27.9
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FE0.67) o Run BERun CTIABVBR®EE TV U EAR
fERLUCEERL = (BIERER0 56-0.57) , £z, 1]
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BiZlaoll EREEL. BENERTOHEGERERL. 35
WZHLUT, 751 Oy MEBRTIRZER 674 Uiz,
b) BERERS 1. Ly & — Rk OHE
ERERELT, M) EEENREPFEROD I
REEFB LUEEETH SHHI NS REBRRB LY
Ta by AR~ SEERICIE Uiz BESRIIY
HKETEERRZERT S MNEZTERL., 40LA%
M—KBLEZTEER BABRETHRELE. 1ED
72 0 O ARIZ50~300kg (ASHAS. WABEOELE
BIUORBRPOFREREDOEIGITIRAESED0~
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3) PHAE

TS (Total solids), VS (Volatile solids), SS
(Suspended solids), VSS (Volatile suspended solids),
BOD, 4 IV¥—)VEE, oW TKealgAE (1997
FERR) ICUEU =, COD 20 #Ti 3 kE dStandard Methods
18th Edition (19924F) IZ¥EU 7=, 1EFSMEISRRIIRER
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YA TR, BEEERNEE M) THRLE. KE
HA/REEH AL, 538EH 5 Llnibeads C 60/80, 7
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X1 TRNAFHAEREARD 5NZDITH LT, —i&
Y 1 TOHAFERIENTH o, FET ML
X 1°TidH, 25~63%. 00, 35-72%. (I, 0-3.5%. YIT
138, 2~45%. C0, 46-95%. CH, 0-2. 8% TH o7z,
X1&Y1DF7—4%F&DT, ol FHERER. &

BHESERIT DWW TEN LR ER-4CRY, XIT
VoIS PA L DB BITAKRERRCOET L, ZNLD D
{RVDHGA T TIRSR A R ERME T B EFICH D
IREBERFISTIIHGEHREET BB 6N (8-
40) o KBRERHPEST L 72pbFHE TR OEMRE
HEFERII80% DL EANHE S UTHAES S RER DR E 1
FeDWTH L. pHAHE TIIERIEEBNRE T & &
Bz, AENSERL TV (B40.0) . =5 Y
1 TRFEICAENIERLZRETH Y. tli~45ThH-
el EMNGD, Y 1 TIRKRERIEE A LEER N2
TeEEZ SNz, AHAMERIGICEEL TR, VSSEHETX
1 TH20%. Y1 TiE%E 7, e ZH+TP R
Kid, TP BENLIBEEL. EITHHOBEIMED

o7l ®iz, X 1 TOVSSFIELHRIZ0% L{EN -7
DERLND,

BRSHEMIE T & /K REBHF QMY I L T
TN a—-ZRETIIRBEED & U TR ORI 2 AR T
HEETRFEEREEDS K (3 BLTAY) . —A
HEBPERESNDE/T. ENEEERHL THEN
EREN. REETHECRNI EOEKBEREL RN
sahtnsd HKid) 9,

C4H 1,06 +2H,0 — 2CH,COOH (Et#)+2C0, +4H, (1)

C¢H 1,0 — CH,CH,CH,COOH (B58:)+2C0, +2H, (Ib)

CgH,,06 ~ 2CH;COCOOH (E)V ¥ Z B+ 2H,
2CH,COCO0H (¥ VK > #)+2H, - 2CH,CH(OH)COOH (L&)

REER

A

(AX2HECERERE A2 )

60,000 85
HRI 248} HRT208 | HRT17H | HRT {58
- 50,000 80
& 40,000 75
= 1
o 30000 chat 70 &
2 20000 ﬂw 7 @1— 65 R
10,000 it 1 6.0
0 55
0 30 60 9 120 150
EIRAH(E)
B)Y2F¥E (—@E A4
BY2H (—BR A7 FREEE) WRT 178
60,000 HRT 248 HRT 208 o ?Z’S 8s
50,000 W Yo P‘% 8.0
o 40000 e 15 T
# 111 30,000 ry 70 5
R J0000 | AxneR] 65 &
\E/ 8 —— pH .
10,000 6.0
) 55
0 20 4 60 80
EiRRHE)
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AR TOFATEHEER OISR 1 B 565ng/L.
-EEEET3Img/L. FLEEL T2mg/L TH o2 DIc LT, X
1 TRBARDTED 5N BE OFEHRICIIERR ], 070
~1, 210mg/L. n-EE&EE940~3, 160mg/LASERR I N= = &
5. B BEEEMROKERBIET L D & HER
SN, Fe. X1 FREERT OFABEII460~1, 490mg/L T
HofzEins, X 1 TRABREBIETL TWRNnE
ZA6Nk,

PLEow[iEly - REFEEERBERL D, KE - XF¥ >
TEREE T O AICHBNTIE. AY CRBERO—E 2T
B - RERBEHEIORE L SR 3 HIEIIRA

(o  THBIENDbholk,
0. 06L/gVS 0. 49L/gV$
He& B HE25-63% CHiSH %53-58%
| XFRFI (FRELD) | =~
ﬁl i
DA | — , .
+TPJRA ;{ggﬁ rEURE >
""""""" SVSHMRE T4%
pH5-5. 5 RN O—RHRE 6%
C A Y HRERE 74%
- 0. 57L/gVS
Y&RF(—BE) 0. 01L/eVSELF CHIS & EE53-57%
H&HHE2-45% ﬂ
CHBECH | TE | > —
LITREA kTR St - VSSMEREE TT%
pH4-4. 5 RO —RSHEE 6%

~ AY U HAEBRE 78%

B6 BENEREBICIDI-_BREBHEROILD
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b A& FEEEE

Ay REEX 2 BLUY 2 OBGSBRERO N X F4
BENBLER-SIORT, X2, Y 2B biokE
UTeilR A Y RSB IR Th o T, Y 208
BAY 5B (RIWA, L O—ZE&#]L 224-8) T
V. SEERERII%. VSHRETT%. (0D, SMREET6%.
T ) =)l RAE AR & B )L 00— 2 E S
FRZRY6% T > =0
0 ZEREBOWEIN:
| ENEBRTHESNEAR - AY L BRRBEOERER
F—F DEEDER-GITRY. YRFIETRFNCONT,
QB HYEEE U e Ees @i AR T o COD, My IS AT %17
STHER. XRFIDRAY L FBAE TIIEHEMIDTA% DS A
FIHAERE N, YRFITIX8% A Y > H ks
WENE, Eo. VSORRIEIXRFITUY, YRFITI%.
Y O—ZAMERITTRFIE HI% TH Y, HBISKER
DEREEE —BRA YRR LTI REOH IS
fRIERETH 5T,

BHEBERNOKE - XY L BRRET O AT
A YRR IR &I - KREREAEIRSE LS
5EEET B 2 & THAME - KRR T OpIURE & B,
FEEBEDAREE /2 0. RIBY A REN, BT R
& 2 H R EMELEATAD T ENDM o T2,

@ MOy +TS52 bPRBRICEATA - kERED
L Hd

A Oy MERTIFERHBENENERL D BVSE
ETHISMERRETH I EMD,. BENERTOF
VEIRIE O3S ZARHLIC, T5IEIRELLO6TTD X & > FakE
WBORED A L DTNEL « IKFERBEEAEZ A2 (Run
A) o RIZ, TIEAE - KEFEREPHS Of R TO AL -
IRFEFBEEREE RN (FIBRE+ 7V U AR CHl
&, Rm B) . 2O, BREREEETNAVEAZDERA
L - B ErhEERE OB RE A 87z (pH58, Run C) ,
a/NA FHRER & pHEE{L

B-7iZRun A~Run COEFEEERRFO N ZFa4ER, HA
TR HENPHEL SRS, Run ADEEL TiipHS7-6.1,
H 2 FE4EZR0.10181/gVS, Run BTIpHA9-55. JTAFEE
#0.120261/gVS. Run CTIIpH5559. A F4 2018
029L/gVSTH o 7ze INA A H ZHERISAKEH X HERE40-
54%. AY I ABEIT0IBLL FE 57z,

TG - K ERESERRSORBERSE, YR
B2 RATRY, Run A&Run CEEEFTA L, Run C
THUKFRERZRITED © F-AVSS/M AR & 4 kA e i
RiHEn o iz, EHSRERIIDWTIERNY L - TIFER
H/Eolt. —7H. Run BTIKBERE, SRR
HIZRm A, RunCL D BHIEL, "iRft - AREFRBEREHN

< Bl »
w »

BiERE SRR E + 7MhFERM
4 ; ; :
~ Run All Run B i Run C
o, |[BnAl  [Foe)
3 | WY
{302 QA,\ " . .
e T
,E 01 :
00 —
100
80 —o—H2
& m 0 —~—CH4
2 e -
® T -0-c02
= Mt b d\)j 4 Eﬁﬁm@ﬁ
% 40 ¥ % :
R %
o oo RN o
85
6.0 W%X; 1
Ess S5 ,"2 Y
50 zik ()(‘8¥QVV
45
11 12/1 12/31 1/30
A B

Bi7 BTS2 hORlgb - KERBERIER
(RunA, RunB, RunC)

-4 ERT T2 O - KRFEBEMERED

Run A RunB l Run C
EREE | HREZEHTAHEA
pH 58 50 - 58
A HRF A
WLevs) 0.16 0.20 0.26
IKEH AL (%) 46 48 53
LHEIRE (%) 94 70 92
VSSHHRE (%) 53 37 33
AR
(R VS) 033 0.17 0.24

L/ AAHR 065 keVSS/d matssiE
0.16 L/gVS(NTP' ] €-1(#:)
46 %(H,) T 6.5 keVSS/m’

BERME 354 keVSS/d ey mm] 236 kevss/d
BEARE 50 19 (Rl 150 L/d
08 KevSS/m® SSC VRO ]
149 1evSS/m® VS;%.?E* i
B8 FEEHTZ > bOTAL - AFRRESEE Rund 1B S
VSS 3R
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HHBRRE (mg/L)

2LEE BEER ot Bl n-EREE |
[ERun A 171 4,360, 329 3.000
| 5660 7.000 195 3.540
B8punC 474 9390 1,150 4830
B me/l
B9 EBRTS > bOUEL - KEREHI BT ARG EEE
TET U EE R D,

b) AIA{L - IKEFEEEIERE
FHIBREEIC X DRun ADTIIA(Y, - KERENMRERF
W UTAERE, pHSS. N4 AFE4EER0I6L/EVS, 7KK
HAEHERI6%, VSSHRERS2% TH o, HIERE+
7 h UEABSERIRIC X BRm BT, pHS0. N1 A
AFEHEHO0L/VS. IKFEIT A EHRBY%, VSSHFRZE
37%. Run CTIIpHS S8, /N A1 AFEEZR026L/VS, 7K
THAEHRNY%., VSSHAEEBX ThHhok (F4, K-
8) . INHDEERLD. pHSOSSD WAL - KEFEEE
ST TIKEN A ERE TR ET DINA FHAEANE
55 EMNbhol. —H. BERMOTELRICD
WTIL, - SRS & > TVSSHRIEEN B % Z & 48
ol
o ERREHEEERE DR

YL - KBFHESEE R CTVSSHRR - A A HE
BELLBENMEN - RREER U2, RNTERERGHE
%K%, Run COEFEEBEIIRu AD2EE B2 - 7x,

HEAEN OB EREED, RnAl38017mgl, RnBL

Run CTI16600mgLTH D, IBIERE+T IV A UBREA

TEE LR ERRIRE S B0, Jhid,

TIVH VIREA DS S ERA R OFREMES RS
7o, BHEENRRE TEEL THREBRENELZH0
EHRIND, 2B, BREGRERIZ. Run AT, TS
15000mg/L, VS 9800mg/L, Hif£1,100mg/L. pH84. RunB
T, TS 11,000mg/L, VS 10900mg/L. &EiE3,270mg/L.,
pH8.1, RunC TILTS 33,000mg/L. VS 25800mgL. MHFEE
3400mg/L, pH787=57%,

iR OBER KRR TIL. R IR 200mg L, [
TKBERBEADRNFENR SN, HARERT Iy
WVIME T % Z EAMEIN TS, AEBRORm AT
VL YR 330mgL. Run CTIX730mgL L HEFE S D
Z&EMB, Run CIZBWTIEEEREIC L 2 HEAENAT

TWeEbDEHEIND, §7bE. Run CTOVSSS
fREB(ET & A LLROK FTOZERTOIDEL
T, R X DRBEHENRE<SBHRL TS &£
537z,

4,

() BHE4ETHHTPEKRDKSE « AY 2 BHEEEN
EBRTIE. AY UREBHRO—HENEL - KEFEE
BIORET A HRNT, L - KEREETIINA
T AFEHEER006L/gVS. A Y FBETIENAFHR
FAEHOAL/gVS, A Y > H Adrifi#R74% (CODoE:
#E) RES5Nz.

@ BERHES 2Ly —HOREL - KBRS
Oy b 752 MERICBWT. AY S HBERDES
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Biogasification of Garbage and Waste-paper by Hydrogen-methane Two-stage
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Bench-scale continuous digestion experiments were conducted with a thermophilic hydrogen-methane
fermentation system, composed of a solubilization/hydrogen fermentation reactor and a methane
fermentation reactor, using simulated garbage + toilet-paper as raw material. For promoting digestion in

the solubilization/hydrogen fermentation reactor, part of the methane fermentation slurry was returned to

the solubilization/hydrogen reactor to facilitate pH maintenance and microorganism enrichment. The
solubilization and hydrogen fermentation reactor exhibited a biogas production rate of 0.06L/gVS. The
hydrogen gas content of the biogas was 25-63%. The methane fermentation reactor exhibited CODc,
removal rate of 74%. A semi-pilot scale plant for treating food leftovers and waste paper by hydrogen-
methane two-stage fermentation was tested. Pre-treated strong slurry (VS 91,900mg/L) was solubilized
and digested under thermophilic hydrogen fermentation conditions of HRT of 2.1 d and recirculation ratio
0f 0.67. VSS removal rate at pHS5.8 was found to be 52%, biogas production rate to be 0.16L/gV8.
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