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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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CcoD : 1 1341 mL/d
1718 mL/d UAFB COD
CcOoD 281 mg/L 24 ~28 d 1 ) COD VFAs CH,
COD 201 mg/L COD.
1 COoDb
Table 1 Influent dissolved COD balance analysis in combined process
CoD COoD COD ypy. COD ¢y, (5) CODgy, (2) COD,, CcoD
/g-d" 12.91 7.53 3.11 3.09 2.87 0.07 2.44
1 COD
46. 17% UAFB CcoD I
8.25 g/d 72.24% CH, g
UAFB CH, %
41.74% g
8
EATI A
1 COD  58.33%
coD 3 COD
CoD 41.30% VFAs Fig.3  Variation of COD at different stages in combined process
( VFAs 83.69% )
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Table 2 Average of COD removal in combined process
COD COD (,pp UAFB CcOD COD i COD g
/mgeL~! /mgeL ! 1% /mgeL~! 1% /mgeL~! 1% /mgeL~! 1%
321.93 153. 63 51.41 60. 31 29. 66 59.13 11.35 21.57 93.28
70 100 5 mg/L
60 1 g0 MBR  NH; N
T. 50 ' o
“%L o |~ K —= UAFBHIK | g £ NH, N 16 d NH, N
| —A— B —o— MBRH#i7 ¥
g 30 o ASTEERLRR 10 %; 55.03 mg/L - MBR
E 23C 17d~39d NH/-N
" ?z MMM‘M 0 4
B 59.79 mg/L
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Fig.4  Variation of NH,” N at different stages
in combined process
NH, N
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NH, N 100% NH,” N
17 d MBR  NH, N 2 ~3 mg/L
39.d 9 mg/L UAFB NH, N
I MBR  NH/N TN
3 NH, N
Table 3 Conversion of NH,” N in combined process
/mg'L’] UAFB /mg'l_f1 /mg'l_f1 MBR /mg'L” /%
54.98 57.34 18. 67 5.30 90.76
50
st T
40 -
350 l
16 fn 301
(UAFB) &r
4 20
¥ 15
UAFB VFAs 5 10} I
5L
0 ——
5 UAFB VFAs B [5]):: T pad
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COD Fig.5 Composition of VFAs in UAFB
273 mg/L UAFB VFAs
COD 72.79 mg/L 2.2.3 - MBR
26. 66% COD VFAs
- MBR
COoD 41.30% VFAs( 34.57%).
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MBR
114. 72 mL/min MBR
32.78 mL/min  UAFB 81.94 mL/min 4
4
Table 4 Nitrogen balance analysis in anoxic tank
UAFB MBR
/mge1.7! /mg*min ' /mge1."! /mgemin ™' /mge1,7! /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
4 0.24 MBR
mg/min 0.50 mg/min NH, N
NO, N NH, N 1. 80mg/min MBR
41.06% MBR 114. 72 mL/min
MBR 81.94
mL/min
MBR 32.78 mL/min  MBR 5
5 MBR
Table 5 Nitrogen balance analysis in aerobic MBR
MBR MBR
/mgeL~! /mg*min "' /mgeL~! /mg*min "' /mgeL~! /mg*min "'
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
5 MBR 1. 47 v
mg/min NH,” N NH, N
81.67% 1.35 mg/min NO,; N 2.2.4
MBR  0.12 mg/min UAFB -
NH, N 1. 80 mg/min MBR NH,” N 6
MBR 6.67% UAFB COD COD -
MBR NH, N MBR COD UAFB COD NH,-N UAFB
TN NH,” -N.
6 UAFB - MBR
Table 6 Organic loading in UAFB and A/0 MBR
VSss NH, N
/e /L lge(ged) ! lge(Led) ™' lge(ged) !
UAFB 138. 00 6.8 0.11 2.23 0.02
- MBR 40. 62 13 0.18 0.56 0.07
UAFB UAFB
6 UAFB
0.11 g/(g=d)
2.23 g/(L+d) 2.3

UASB 20
4 ~6 g/(L+d)

VFAs
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Table 7 Biomass at different unites in combined process
UAFB
MBR
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
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46. 17% CcOoD CH,

I 0.033 . CH,
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