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Development of a Novel Hybrid UAFB-Anoxic-Aerobic MBR for Energy

Production and Nutrients Removal from Domestic Wastewater

GAO Da-wen, AN Rui, FU Yuan, REN Nan-qi
(State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China)

Abstract: The combined treatment process making up of up-flow anaerobic sludge fixed bed ( UAFB), anoxic tank and aerobic
membrane bioreactor (MBR) was used to treat domestic wastewater. And the ability of reclaiming methane and reusing wastewater was
investigated. The efficiency of the combined treatment process treating wastewater at optimized parameters was studied in this paper.
The combined treatment process treating domestic wastewater run at optimized parameters (20°C ,HRT were 3 h,3 h,3.5 h) indicated
that, the anaerobic gas production was 1.55 L/d,the COD and NH,’ -N removal efficiency were 93.28% and 90. 60% respectively,
UAFB effluent including 54. 74 mg/L of total VFAs, corresponding NO, -N accumulating rate was 45. 19% and TN removal efficiency
was 45.51% . At the same time, it was found that sludge concentration of anoxic tank and aerobic MBR could be maintained at a low
level, which is so rich in significance for sludge reduction and delaying membrane fouling.
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Fig. 1 Diagram of experimental system
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Fig.2 Gas production in UAFB
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Table 1  Influent dissolved COD balance analysis in combined process

AT COD COD y, COD yphe COD¢y, () COD¢y, (8) COD, COD
A/ g d ! 12.91 7.53 311 3.00 2.87 0.07 2.44
& 1l LLFE &, K% @PE COD h F 400

46. 17% %4kl W e, UAFB Ab B8 451 () 35 f% ¥ COD 2 332 I

J 8.25 g/d, Hi 72.24% 4 CH,, £ S50 | —— itk —a—vArBlA

A g h ?Ff 1k R SSRGS 5 z(:’;g o R A

UAFB H A K 4f i) B r= A g f1. (B & 7= 4 /) CH, 2 _W_/‘-v-

A 41 74% Fff T oK b R AT DL mOSOR] AT,

PRI A 7 e A 3 T K ) B U AR R SR ] DL R

K G35 2 L RISV T H K PR e

H e 1 L rT o0, 7K fig v COD A 58.33% M,
K B fEPE COD 3 A G 22 T2, 3 HL 7K 5 fige
COD W4 41.30% }y VFAs, H v 2, 5 Fy 3 25 i 4
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Fig.3  Variation of COD at different stages in combined process
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Table 2 Average of COD removal in combined process
COD COD yuppmkx  UAFB EERFER  CODggyy B AL COD ypryg i A8 Ik % COD yppyy PSR RES
/mg-L7" /mg-L ! /% /mg-L7~! H#/% /mg-L~" /% /mg-L 7! /%
321.93 153. 63 51.41 60. 31 29. 66 59.13 11.35 21.57 93.28
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Variation of NH," -N at different stages

in combined process
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NH," -Nfy 2% Bk R 4, MBR tH K NH, -N 76 46 tH R LA
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NH," -NA Sz it B 52 00 4. /i 16 d gE /K NH, =N 1 -
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FEE G g 23°C /27 WA 17 d ~39 d BNH, -Nf-F-
YU BE D9 59.79 mg/L, [l i K iz AT i I B Ol
20°C, fE3% 2 AR AE T MBR K NH, -NJF 4R
B, e 1 R ZE A #EOK NHY Nk Oy 54,47
mg/L, IR EE A5 S8 45 il O 20°C , MBR Hi /K NH," -N
ST K. AT LURNE , 45 T LLSE A aE AL 25 Bk
NH,"-N777E ) BRI B2, i Tz R4 & T Z %)
NH, -N#) £ B A 5E4x, 75 4h,23 ~20°C (9l 5 28 1k
Xt il A AR A7 A — RE B2 .
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Table 3 Conversion of NH," -N in combined process
By g /mge L SR pappg g /gL A g /mge L S g /mge L R LR %
54.98 57.34 18. 67 5.30 90. 76
175 TR R I IBE I A A B S T 50
AR T S Al 40 8 7 B LK JELAE D ol T At i ol l
SEHUM T AR HOIE . DR, A LB R AE L I s
BOREARE A R, 2 3
R P PR AR AT BURE R D9, TR LB (UAFB) @ T
PR RN Z R R LR R, At ¥ as|
T2z 47 W[, UAFB wh VFAs = 4 5L W 5 1‘5)‘ T
Fi 75 0 [ E—
& 5 7T LAt UAFB g HK VEAs LLZ W o’ el T R

FLNIR TR IR H & D H DL
Ji b AA T ABATE KB COD 171y
B} 273 mg/L, ¥4 UAFB 7K th i) VFAs 4% BB B2
Jr B Sy COD 2524 72.79 mg/L, B AR 3 V5 7K
i 26.66% BT fEYE COD 4kl VFAs 3k A J5 4
AEWBR T2, 4315 n] Ak & -4 & MBR i K
COD "1 &4 41.30% VFAs (Hih 2,18 /5 34.57% ).

B S5 HAETZE{THE UAFB Hikd VFAs 8155
Fig.5 Composition of VFAs in UAFB
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IR X R R B A T, 5 X6 ke S 5 1 i 1) 2 3 7K MBR 1 [5] 37 (4) 6 K TR A5V, i 1 R 480 52 107 4% 1) 7K &
R MR ST o3 M. 1 A Bl S0 B 2% 1 7K AT HALL114.72 mL/min 3 A MBR /K & , HARE B
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Table 4 Nitrogen balance analysis in anoxic tank

UAFB thk 13 MBR Y7k iR & B KIR S
AR e e I i i e i I i 3 e i it i it
/mg-17! /mg+min /mg-L~! /mg-min "' /mg-L 7! /mg-min "'
NH," -N 57.34 1.88 6.09 0.50 18. 67 2. 14
NO; -N — — 24.78 2.03 13.35 1.53

H2e 4 T LLAE W, B SO i g /T A4 B L 0.24  BRUR/K AR B B9PE T, o 7 S A7 T 47 46 MBR 7E 40 &
mg/min Fl 0.50 mg/min () 3 B i B NH,-N fI T RERER, o HE R R Z AL R,
NO, -N, Tfii 4 1% V5 /K NH, -N 1) & & >4 1. 80mg/min , H X4 4 MBR S 1 2 1) 1 1 7K 0 28 80 A7 37 £ 43 17
FE LA b AR B B4R R A T RABEBR 41. 06% HEAGF 4 MBR N ¢ B 7K &2 A 114,72 mL/min (1
MAR,EHATEh M REZMMGEESEEE  SREARKESY, 4% MBR f K& A 81.94
YEHI. mL/min 5] 3 £ e 42 52 R 4 1 U8 K TR A TRORITAE 24 T

U MBR fEH A T2 BB AHEE ML MS:  32.78 mL/minf) MBR HiK, RS ANR S5 k.

£5 $FE MBR @EFEHH

Table 5 Nitrogen balance analysis in aerobic MBR

o B JRKIR G [A] 3 MBR ¥ 7K iR MBR i} 7k

- ‘?ﬁ{?)ﬁﬁ/mg'L_l é‘%/mg-min_l ‘?Z%))"{/mg'L_l ﬁ%/mg'min_] %%Jﬁ/mg'L_] ,@T%/mg'min_1
NH," -N 18. 67 2. 14 6.09 0.50 5.30 0.17

NO; -N 13.35 1.53 24.78 2.03 25. 86 0.85

M % 5 0] B, 4 A MBR W] 43 G DL 1,47 B 5T R O Y IR b A sk B T 2B
mg/min ] 3 B 7% AL NH, -N |y A2 3 75 K NH, -N [ (NI
81.67% ,{H 2L 1. 35 mg/min ) i B L ZNO, -N, 2.2.4 AHLGR AR
4 Foktar4 MBR L 0. 12 mg/min [ 3 B B B WA T2 F e s 17 W UAFB il 8 -4F A
A AT V5 K NH, =N 4 & 4 1. 80 mg/min, MBR {75 #L f far F1NH," -N 1 fof 40 3 6 frow, Hop
e LA b3t 5345 B 45 40 MBR 7] LU BR 6. 67% UAFB 37K COD 4 15 75 7K 4 3 COD, Bt 4 -1 4
)% %, H LI MBR 7E 414 T 2P %I NH, -Nig  MBR ik COD 2y UAFB i’k COD,NH, -NJy UAFB
Ml RIEHEEEAEM HA T U — 2 m TN A5 K NH, -N.

% 6 UAFB fik & -4F & MBR K5 L4 75
Table 6  Organic loading in UAFB and A/O MBR

. VSs AR 15 18 B o 7 U NH," -Nf fif
&@$E —1 -1 1
/g /L /g (g-d) /g (L-d) /g (g-d) ~
UAFB 138. 00 6.8 0.11 2.23 0.02
T 480 -4 %0 MBR 40. 62 13 0.18 0.56 0.07

UAFB {9 2 i AR O, T UAFB (06K 04T BT TR 95 400 JE LU 2 28 7 (L3 45 A B0
BLGURT B0 4 105 K L i % 6 AT BLAT U, UAFB §975 e B BT HLBE K 0 T LT R b 8 4 35 7K 5 1
WO 0. 11 g/ (g d) BT —RIKGR B W B A HLIEK.

BATHLEUR I RS 2,23 o/ (Lod) b 2.3 A4 T ZIE (T AP TS IRHCIE B9
ANTIEH BT UASB £2 20°C 4/ T 8 VFAs S i e B 414 T A KA B
KMFBIA 4 ~6 o/ (Lod) | MRICTN BRI ORI Bk 5 BT 1) S5 B8 6 95 4 1 F AT
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Fig.6 Variation of MLSS and MLVSS in MBR

H R 6 A] LLA Y, 4750 MBR Hp (5 Je vk 5 mT LA
o e AR5 768 450 mg/ LA A7 (451 MBR (145 s & 1
7 L), im R R 3G K ) DUIACh 2 B R L MBR
R BORE I, A R ECHE 50 mL (R K IR A W, i T
8 450 mg/ Lty V5 e vk B i it , MBR v 5 Jfe i) 14 K 3k
FH 423 mg/d. LA A A T2 0 LUA 80 il is
Te e B K, A T 2B 1T 2 bl LS s
Ve Ry D HENCEE 2 T HE M, X — PSS 4 5 An S
5% AH A .

RTHRAHGLEARITHRG~ 1,
i 48R i 0 MBR i i A g it DL & VSS/SS i B Al
W, M EANAEY RS EHRS, BlEME R
i UAFB 1 VSS 5 SS § LA R 0. 66 A XF %/, It
HIE R A5 U6 VSS/SS WAE AL K 0. 59, Ui B
UAFB #7216 V5 K i Kt 0 e AL s e (75
Je K I 3K 2 X UAFB K032 1745 ok 05 1
Bl R TR T HLTC AL e A e 1 ) R BRI O Gn SR 2]
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Table 7 Biomass at different unites in combined process

UAFB
B B WO SORER T BRI IR MER
MLSS/¢g 86. 86 87.23 35.58 209. 68 49. 57 49. 64
MLVSS/g 59.12 51.65 27.23 138. 00 40. 81 40.43
MLVSS/MLSS 0. 68 0.59 0.77 0. 66 0.82 0. 81
3 i WD T R AR RE, VHE T AEHBR

(1) FIF UAFB-Bh4 174 MBR 414 T. 2 ab 78
A1 IK A 46. 17 % (¥ e COD #:46°h CH, -
)& LA 5K AT A= 42 0.033 L iy CH, , X FERY
AR R T RE IR AR CH, A I SR A AH
A0 CH, AT 40% 247 i T ok S b e,
AR R A I TS K B TR AR R R B B AOK
e DA T K i e

(2) 414 T4 % COD 1y 2= B = Al L) ik 5|
93.28% , % NH," -N 1 2 Bk % 0] L ik 5] 90. 60% , TN
M) 2BR AN 45.51% , Horp B A B TN R BR 319 51
Bkl 41.06% , WA RZBBRN ES T 200, I8
MBR i) 3 B AF ]2 5% AL NH,-N |, 5% 4k 28 7] L3k 5]
80% LI I-.

(3) A T EFERBAIK S5 B i 1] B AR A HL
ffar MBR %55 DO B 458 T 4b B1AE 36 T5 K, i 45
BA U S MBR R G5 0] D2 RR IG5 T vk B B K

W AL AR A T S A, AR T A W R
Z I

CEPE
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