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Fig. 1 Schematic diagram of dynamic membrane bioreactor (DMBR)
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G IR, 2 FIREFR IR ITTRE N RLIREGETY, JH 3B FW Hl WAS IR &
Pl Sy 410 T ), R LTR G 50T L2 5 gl m It vk S 30 O 1k i 45 SR 05 B0 i FH 45 Rl 18
i FW Fl WAS A R4 CSTR I HER!, M AT 9.0 Lo AR M FW. WAS, IRA %
Jo RN A2 Rl T T R AR AP A R 1 TR .
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Table 1 Physicochemical properties of substrate and seed sludge

- TS/ vs/ TCOD/ SCOD/ L HEABY E2 NH,"-N/
x5 . L . . pH 5 4 5 5
(gL (gL (gL (gL™ (gL™) (g'L™) (gL (gL™)

FW 140.0415.3 134.0+13.2  220.0+18.5 104.048.3 4.4 1.730 2.74+0.03 85.30+4.10 0.3120.01
WAS 56.048.3  30.4+4.2 522473 — — — — — —

BAET 1240206  115.0+0.5 181.042.3 745+1.4 3.9 0.001+0.000 8.200.12 2.71£0.03 0.10+£0.01

BMisle  39.1+0.6 19.7+1.5 27.240.3 3.1£0.0 7.9 0.003+0.000 0.81+0.03 0.27+0.02 2.6240.17

T —RRARMAE

1.3 LWRE

P& DMBR & 490 14 OLR H1 HRT 43 5114 (1.84£0.45) g L7'-d' f1 62.5d, J38hisfr 72d, W&
RGN BATIERRSEM N BB e . B Bis r 45l 5, SRR 50 17 FW/WAS F
FM ZHiAk, L s W3R 2. FW/WAS #EIRSEE7E F/M 2Ry 0.145 (R T vS) ifdh iz & 7 24, Hrp
245 FW Fll WAS B & B . F/M AL IR 520 7E FW/WAS Jy 4.4:1 398 8 8 4H . A b ik S2 1 24 7
120 mL I 3& M o b i AT, B E s Hd ., i, SO 5Sm AR E 2 0P 17, YIRGHE
JoT R Bl e I A MLV AR R A R, AR 3 min, R FEEIRE E T 39 C fHREIK

F2 HORLBHIETRE
Table 2 Operating characteristics of the batch experiments

S H FW/WAS FM FEFY/mL  FW/mL ~ WAS/mL IRAFEFT/mL ZE1R8/K /mL
FWIHLE [ 1:0 0.206 30 0.905 0 3.095
WASHLR 0:1 0.206 30 0 4.000 a 0
FW/WASIRA K 8% 3:1 0.206 30 0.680 1.000 2.320
FW/WASTEA K% 4:1 0.206 30 0.725 0.800 2.475
FW/WASIR A K 8% 44:1 0.206 30 0.740 0.740 — 2.520
FW/WASIRA K% 5:1 0.206 30 0.755 0.670 2.575
FW/WASTR A K 8% 6:1 0.206 30 0.775 0.575 2.650
FIMIR& K1 4.4:1 0.090 30 0.960 14.040
FIMIR& K 4.4:1 0.176 30 1.865 13.135
FIMIR& K I 4.4:1 0.354 30 3.750 11.250
F/MIRG K BE 44:1 0.472 30 5.000 10.000
FIMIRA % 44:1 0.567 30 6.000 9.000
FIMiR & K1 44:1 0.708 30 7.500 7.500
FIMIRA K I 44:1 0.944 30 10.000 5.000
FIMIR & K1 44:1 1.417 30 15.000 0

T “—FRAEH
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Fig.2 Operating performance of DMBR system

90

S/ (mg - L)



3680 ok L B ¥ W Fl6 &

B 557 JoT i COD 1% 35 57 FP Be 7 &y (294+13) mL.
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Fig. 3 Changes of trans-membrane pressure (TMP), flux and

o M4hZE21h, HEFEIKT 2 40% (F 0.42
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NTU AR, RUASNEBEEIE K. BEE S8 B A SEAT, M MR B g, RS TR
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E RN B, BARENBESR . WA, MEER K220 2 40 kPa i), #FATEh SRS, fig
g P T BB AR, AR R Y 22 2 R N (AN &L 3), K 1S 17 B v sl A A A 2 AL R 0 A
b0 32 ZEARAENO SR AR R A S AN ALAR B S AL AF , DL R KRS FF AN FW iR A& S8 i b A7 R AR &
KWE, WARTS TR R o B AR, AR A HLY IR B R A 5] 95.9%, S5 AT 8h A B A BE AR
A o 38 A A RFLAR SR A FIE L ny & OF 2R b U 2, BB 4 4% 48 6 A 1) I 1y a8 35 47 ¢
FE B B G 0 290 ) J 2 Ak D b R 2 I AR o AR R 9T B SR KT Bl AR BB 1 ol 0 R TR AT T SRAE,
it B — 2 R AT Sh A BEUE D Z L UEMLEE . AN, XHEFY . B4T R B s A g UEE M R SR
AT R AFEEHERE . IREKMRSE AR R E, Hd 4 2 A Bacteroidetes
(30.5%~44.6%) . Chloroflexi (10.5%~24.5%) F1 Firmicutes (23.1%~36.5%) , # W + & 4 #§
Methanosarcina (53.0%~97.9%) 1 Methanobacterium (0.16%~18.7%) - A~ [R] BT A 9 TR FE 445 #4) 20 il S
AL, X T A B TE BN S RE A — B RS, HAE LA R 2 —

Rt — 24 R Bl A B U AR R AL RE Y R AR e I, TE RN AR B AT IS 7. 150 21, 28, 41,
53 1 60 d WAL 3 B 3l 25 Bt U8 W P TCOD. #E M it e Z W o & Wk . W&l 4(a) fr s, K
TCOD BJfik T3 gL', HBh& X TCOD I8 B FE ] I8 5] 99.5%, feZ g TE 99% LA |, Xk
WY, A0 E X AL A P SE A B R BT e, SEBUA ALY A W RS R o T 4(b) B
N, G B AR R A B 220 o I B IR T 300 mge LY, AH L % AR R 220 A RE SRR
T 95%, Hrph, MBEARREREGLXS T2, FEHTRAERPEARIEREEZ
BBV BE Y 3 A5 LA (R 1) 5 [mIEE,  HORMER PR B R EE BT T R, AN A KBRS E S N . 43
BrH R 22, W T IR A 2 2 B 28 15T A A B RO B W o s AH I, HRORE 2 0 T v B e
AHEIN, ARR I 2R R A K, AR ALE KT (395%) L Bl AR B Y ik R Ak AR %5 U0 AH
Ko BHASMERE DRI B T 2 L B I 2 IR B R T AR G W I AERA VO E R A R
I AR PR IE I A, R N A 3 DB A BA AL B Rk — AL TR AR BT, DA S 3 Bl A K 2 1 JB R 22 0 1) A
R

turbidity during the operation period in DMBR system
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Fig. 4 Permeate characteristics of the DMBR system during
the long-term operation

# 3 [E FW/WAS # F/M &3 & IF Gompertz R M — R HZERNEGFZRITMES K
Table 3 Kinetic parameters of CH, production with respect to different FW/WAS and F/M obtained from the modified
Gompertz model and first-order model

& 1E i Gompertzi%i %I — ) AR

SEHIH FW/WAS FM
PymL R, ,/mL t/d R PymL kd' R
FW LK % 1:0 0206 16 4 02 0975 17 0287 0971
WASHLR 0:1 0.206 325 22 0.7 0984 344 0.022 0.988
FW/WASIRA K 8 3:1 0.206 70 6 0 0984 74 0160 0.993
FW/WASIRA K 8 4:1 0206 78 10 0 0982 8  0.169 0.989
FW/WASIRA K% 44:1 0206 82 11 0 098 8 0.172 0.99%
FW/WASIR A K # 5:1 0206 67 9 0 0987 74 0179 0.990
FW/WASIRA & % 6:1 0206 63 8 0 098 68 0.181 0991
F/MIRA K I 44:1 0090 51 105 0 098 51 2610 0977
FIMIR& K 44:1 0176 91 85 0 0979 91  1.610 0.989
FIMIR& K 44:1 0354 166 99 0 0969 169 0.968 0.981
F/MiR & K 44:1 0472 219 126 0 0980 223 0.874 0.987
F/MIR& K I 44:1 0567 240 118 0 0982 246 0.751 0.990
FIMIR& K I 44:1 0708 277 106 0 0989 286 0575 0.996
FIMIR& K 44:1 0944 325 43 0.02 0.994 402 0.135 0.984
F/MIRG &% 4.4:1 1417 0 0 20 0902 0 0 0
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Fig. 5 Cumulative CH, production with same volatile substrate
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Abstract To explore the feasibility of anaerobic dynamic membrane bioreactor (DMBR) in the field of
anaerobic digestion with typical urban organic wastes, the operating efficiency of the continuous anaerobic
dynamic membrane co-digestion system with food waste (FW) and waste activated sludge (WAS) was
investigated, and the substrate mixing ratio (FW/WAS) and the food to microorganism (F/M) ratio of the co-
digestion system were also optimized. The results showed that the continuous anaerobic co-digestion with FW
and WAS can be start-up under hydraulic retention time (HRT) of 62.5 days and organic loading rate (OLR) of
(1.84+0.45) g-L7"-d”". After 72 days of long-term operation, the system pH and average methane production
were stable realized at 7.6-8.0 and (0.41+0.08) L-L™'-d”', respectively without volatile fatty acids (VFA)
accumulated and maximum TVFA/Alkalinity less than 0.024, which indicated that the stable system was
realized. Through analysis of the dynamic membrane characteristics, the dynamic membrane can be formed
rapidly with a low permeate turbidity (<50 NTU), indicated that the dynamic membrane interception effect was
remarkable to achieve good permeate. Through the batch experiments to optimize the FW/WAS and F/M ratios,
the optimal FW/WAS ratio of the co-digestion system was 4.4:1 (based on VS) after long-term operation. Thus,
a higher methane yield can be achieved through adjust FW/WAS ratio regularly. Moreover, the corresponding
maximum F/M ratio was 0.944, which can be used to guide the subsequent operation of the continuous dynamic
membrane co-digestion system with FW and WAS. This study can provide a reference for the low-carbon, high-
rate and stable operation of anaerobic digestion system with typical urban organic wastes.

Keywords food waste; waste activated sludge; anaerobic co-digestion; continuous flow; dynamic membrane

bioreactor
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