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Fig. 1 Schematic diagrams of whole system in this study.
1, sludge bed; 2, sampling port; 3, Gas-Solid Separator (GSS); 4, scum breaker;
5, gas bag; 6, pump; 7, distributor; 8, wet-test gas meter; 9, H,S trap; 10, water
seal; 11, sponge;12, gas samplimg port; 13, samplimg port.

A D EGSB U 77 X —id@ & 44m(H 7 L ;4.0
m. GSS ;04 m). &7 LPRF0.13 m(GSS Pt
0.3m), &&FHIT 71 L(H 7 2,53 L,GSS;18 L) THh D,
h/d kt(height/diameter ratio)i%, 31 Th5, V727 X
—I R, FRSE TR KRR AL
72(9-27°C), fEfE/HIR & LC, HIRE5C) 7 T =a—
JV% 1670 gVSSireactor #2 A\ L, i#EinZBRIG L7, &
HRBRAAT% 29 H B 3 & 850 L/day, HRT2.0h
D—EFMF T CTIEHE L7z, 7o, EHRORKGI -
T GSS [ZAN LOEFEN MR ST, AT
KD SS PREE AR 5 7=, JEiRBHAA% 218 H H
|2 EGSB i A UL A e LT, TR, 42
AAE300 L Th Y, EHIFERIL, I8 X% 56K
MTHD, HhED2BEXDHS V77 2 —i%, BT
LFEEH20m, F1 7 LEEARI L2823 0.2 m DIE
FEF L, FEIZ80 L THDH, BT LNITHRY
T LA LRID I —T L RIAR V% 35 L S LT



(AR TFRIERAA%), AP ER I 28 U
C 420 L/day, HRT2.0 h(based on sponge volume)>—
EE LIz, 1EEHD DHS U 7 7 % —(1% DHS) ~DZ
SR EIL, 22K EOTEIN FTREZR AR 7 AT
v, IR L, RIS U OIRRESE R A S
L7=.2 BEH D DHS U 7 7 #—(2" DHS)~DZe5 ik
L, =7 —R TR R E A IS LT,

2-2. FHRERB LOBE
2-2-1. EfEHEK AL ERE

EGSB V7 /4 —& 2 BEXNDHS V7T 7 #—IZ &
DRI A Fig. 2 1R LT, 18R
BRART: 218 H HIZIXEGSB VU 77 # — D NEBIZIL
B AR T T, TRERRERR &AL, EGSB U T #—
D FERIZ AT LOZERED RO, WEKEDIARLETE
Thotz, KRS FIZBW T FKROEHEE 1T
A, MUKRCHEE L C SS O a9
(Rebac et al., 1997; Zeeman et al., 1997; EImitwalli et al.,
2002; Mahmoud et al., 2004), Z#3 Y 727 Z—HIZ
2, HDOWVIRE T SN D LWV O BIGAR
MRETEH LN E IR oT, AT LOEFEOREIL,
HE IR 29 5 B TR L7 1T U 70 B 7 4
Thol=l-8, FANT/KD SS LR SHTAH L
DOEME< Z L2 B E LT, HisBHA% 219 H
HIZY 7 72— NI 2 3% ) 7=, IR oD
FRELIL, FEAD SS 721F T2 L UKD SS 122 7E
Lz, £72. VT 7 X —NTDOAD LOERES R5
R Tgole, EHIT, HBAERRERT & i LT, 7%
BE% ClIaERENN E LX) ICR 5, 22
T, VB ER & ik {E% D4 CODer [RERA
B L7e & 2 A BRIERT COMRIRDS 20°CLL Pz T
1L 36% T o7t DD, BERERIZIBUNTIL 44% & 7]
U7z, 72 AVKIEDY 20°0CLL BBV T, g
FERXE R4 CODer BREFN 19% Th 72 H D03,
IR ERIZIT 43% LB B LT, 2Dz &b,
RS DORYEIL, AR ESROm R E KX
L7z EHER SN D,

AWFGECTHWZ 2 BeUDHS U 7 7 Z—(2 X B8k
KAERMEREIL, 2N ETO DHS U 7 72—
MRE(Agrawal et al., 1997; Machdar et al., 1997) & Lk
L TEWEER & 7272, 1% DHS VU 77 Z —3AAF
AL DR ZE L LTNAHT20, Z25iihEs
HIE L CGEiR LT D Z 20D, Bl % AW

ZE b 2 DIZET DEEFEN R LTz EHEH S
%, —J5. 2V DHS U 7 7 Z— L2 2ok A hih
LCWeiesh, B E IR LT 5 DICET DRI
+53 VT 7 Z—NIHFE Sz, JUERMEREAMK
WERFR & L CTEZ BILD DA, DHS N TOERGHTRD
AL AR URMEBIBRPIERIET % 2 &g
FUITSHIEE U T KE D E AL L7z H o EHE S
%, DHS W COREHETE & IGIEDIER kX, B CHi
WTE T, BERRORBIL, FAKOHUKIFEDOS
R & DHS OWEAAET 52 L TUEETELHD
EEZOND, —H, IBIROIEKXILORTEEIL, DHS
WTONTOAEBDPHGERTE N7 Enb,
T X DIBIROFHREN RN L & 2 -, 2T,
2006 49 H 12 HiZ, 2™ DHS V 7 7 #—DOlEC
E L7z — M &R L TN 2R IAAT, R—
MEfE D 2006 459 H 15 HIZI%, DHS Iz T8
B IAENTAR T 2SI D 2 E DRIz, AR— |
ZBILLTo5 14 HE D 2006 49 H 26 HIZIZ,
JERAE LTGRO 72 IeoTe 2 e, T
EATIZEDHRICE Db D EEZ T,
2-2-2.EGSB V) 77 #—|Z8I} 3 COD Ik
Fig. 3 {2 EGSB ~®Djift A COD {245 COD ¥

i R S T L (R LT, TR ERTE, Y
T U A —NTDA LOEFEEDOREN o727
b, COD NGO T-, B R ERIL.
FXIERAN AT COD MWE D L )T oTET
D, RIRE L TR AE U DR L Ip oz, Lo
L. VLR ER T, SRR @< 7RIz T
COD DR 3 h 70 < 2 BAEMS R vz,
F72, COD KT HDHD A X AERKOEIGIL, 15
FENE L 72 DI ON THIIG AEAA R bz, —
J77C, Wil t(Sulfate Reducing Bacteria: SRB)IZ -
% COD VHED ED 2EIGIE, IREME NI 2129
> THIMT D H - T, BcE= Y —3 T A
PIZIBUNT A & ARl il & BlaE o 23 it
BEHRCH Y HEAKTD COD & SO,Z DRI
72 E OB ST & o THE D2 L9 5 (Harada et
al., 1994; Omil et al., 1997 and 1998; Yamaguchi et al.,
1999), Z DA, WlEREIGME & A & L AERGE
OB BIRITREL I A S L, IRIREREE Tl
FRETCAEAME Sk L7=DIZx LT, miEsRE: FC
XA X AR ENME S L L2 AR T H O
T D,



inst ;lllmg:rcnlcd tank (a)

& Ambaent A Sewage|

E
1 b ¥
i 4
é‘ 15 £y
= e )
5 &
£ D
&
E
3 s
L]
(b)
800 =
- »! o Raw sewape 4 Settied sewage @ EGSB effluent
s A 1st DHS efyent A 2nd DHS effluent
¢
600 -] .

Total CODer {mglODVL )}
P
=1
=1

b
=

(c)

by EGSB A by Ist DHS| A by Ind DHS
> by whole system [

=

o
=]

=
(=

a
(=1

Total CODer removal efficiency (%)

100

]
=

@
=

Biogas composition (%
e
=

[
=]

B 140 ©
B Total methane production L

}:l 0 = ﬁ 7

‘g-l()ﬂ ] bl LR B =

“é 0 'l- . - Pl

e —

g2 P gl = L]

A L] B L] o

£ 40 3 = 4. T J

= [}

,‘E (1] = z

@ Dissolved methane in EGSB effuent (theoretical value )
Dissolved methane in EGSB i (f)

jent (experimental vitlue )

L)
? l:..;i ;'3:':
( ® o ot
. i .o ']

Methane production (meCH&-COD/L)

®, o
>t T
Oj & ol N
Mt'.g"" .
[Winter  Spring _ Summer Autumn _ Winter  Spring  Summer _Autumn_ Winter |
0 100 200 300 400 500 600 TO0 B0
Time (days)

Fig. 2 Time course of temperature, total CODcr, total
CODcr removal efficiency, biogas production,
totalmethane production, and methane production.
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Fi=Ka(Cy; 'Cé,i ) [1]

where
F; :diffusion flux at i (mmol/day)
K a:overall mass - transfer coefficient (L/day)
C; :concentration of gas dissolved in liquid phase at i (mmol/L - liquid)
Cg’i :concentration of gasin gas phase at i (mmol/L - liquid)

2F [2]

j=CH,,N,,CO,,0,

t+1 _ t+1
Qsi  =Qgis +

where
Qg : gas flow rate (L - gas/day)
F; :diffusion flux at i (mmol/day)

dC L,i
dt

Vi =QLCLin-QLCLi-F [3]
where

V, :liquid phase volume at i (L)

Q, :liquid flow rate (L/day)

C, ;.1 -concentration of gas dissolved inliquid phase at i - 1 (mmol/L - liquid)
C, i - concentration of gas dissolved in liquid phase at i (mmol/L - liquid)

F; : diffusion flux at i (mmol/day)

dCG,i

Ve dt

=Qg.i+1 Cg,iv1 - Qi Cei t Fi [4]

where
Vg : gas phase volume at i (L)
Qg : gas flow volume (L/day)
Cg i.1 -concentration of gasin gas phaseati-1 (mmol/L - gas)
Cg,i - concentration of gas in gas phase at i (mmol/L - gas)
F; :diffusion flux at i (mmol/day)

3-3. EBERBLUBE
3-3-1. EfEEIERE

AEA & AN DHS (2 X 2B K OB
{EA 5 Gl RS A Fig. 7 1R LT, 18
BRI HIE, DHS ~DZ2 5 il &2 E IR Le,
AR F b 78 < IX FAKIRAME )~ 727280, I8
{7 A % F DHS ORI E L7 EGSB U 77
B TR D A X AREIIE 5T, EORER,
DHS ~Dyit AIK T DB DIE T A &
IMEREECTH - To728, [BILA & 2 T ADPRE HAK
MoT-—F . BAEA X DEIERIE 0% % B2 7~
FOt%, 2K MG EA 30-40 Liday (ZZ5 L Clis
Lizd A, BT A A X ARRE R RIT 3%
IZEEL, TOCHRT S L AR LTZ, L,
ZESMAE VDT b | B K OPRAF A X R AT
BOEMLCLE >BEARON, £ T, 225
kG B4 52 Liday (ZHINSHT- & 2 A I(FA X
[FIERDS Q0% LA 2R LT,



S100 Fumemwse g
25 80 :
Eg % T
Zz 201 >
ag 0 ,SS:

0 50 100 150 200 2
Time (days)

Fig. 7 Time course of dissolved methane recovery
efficiency and recovery methane gas concentration by
DHS.
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Fig. 8 Results of simulation. (a), recovery methane gas
conc.; (b), dissolved methane conc. in DHS effluent.
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