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Abstract: This study focuses on the reciprocating vibration membrane bioreactor (VMBR) technology and has established a
pilot-scale low energy consumption reciprocating membrane bioreactor (LEP-N-MBR) system to treat the A%/O effluent from
wastewater treatment plants, with a treatment capacity of 350m’/d. The findings revealed that during the entire operation, the energy
consumption of the vibration membrane was only 0.020 (kW-h)/m?, which significantly reduced the energy consumption of the MBR.
At a sludge concentration (MLSS) of 3000mg/L, the removal rates for TN and COD were 53.78% and 61.76%, respectively, with an
effluent NH,~N concentration of only 0.51mg/L. However, when the MLSS increased to 6000mg/L, the effluent NH,'-N
concentration increased to 2.07mg/L, and compared to when the MLSS was 3000mg/L, the membrane operation cycle was shortened
by 33.3%. Batch testing indicated that the maximum ammonia oxidation rate and denitrification rate of the system's sludge were 3.65
and 5.55mg/(g'h), respectively. High-throughput sequencing indicated that under low-nutrient conditions, the reciprocating vibration
membrane facilitated the release of organic matter on the membrane surface, which was then utilized by microorganisms such as
Hyphomicrobium and norank f Microtrichaceae to enhance nitrogen removal efficiency through metabolic processes. The
low-consumption and high-efficiency pilot LEP-N-MBR system can provide new technical perspectives and theoretical guidance for
urban wastewater treatment plants, and assist in achieving the goals of “dual carbon”.

Key words: VMBR; denitrogenation and decarbonization; microbial community structure; energy consumption
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Table 1 Aerobic tank effluent quality of urban wastewater

treatment plant

2% CX A I
pH {8 / 6.7~7.4
CoD mg/L 31.7~53.0
NH;-N mg/L 4.2~9.0
NO; -N mg/L 2.9-6.8
TN mg/L 8.6~13.5
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B g Y H [ %5 K AL HE ) AR i AR R S R TR A
W RS M) EA MLSS 24 3000mg/L.

1.2 BEEWENIBT

LEP-N-MBR FA R G & 1 Jros, RGeh 556
U EAR RSN 6mx2.4mx3m (K x 5 x &), 1 5
P AR B E 1T s PRI 28 46 e vl 3 4 PR 9
TR IR RS AT S IS g AR s X
Pl 2 5 R G i LA AAAE;PLC B 3his
ARG IR Bl L St K 0 7K T 3 b A
THEK CUHENZRE B R G (2 350m’/d) 4t 4b #E
FH JIE 4tk 08 i H K HE B A1 52 X0 3l &R 4 el R T 1)
HL LI R TP OE AT L Sem (3, i ok 32 %
AR RIZ 50 DL SHz AR I 5l IR 2 A 1 o 2 A
HEZLIE By, I 7K 46 3ok IEHE 2843 52 X8 3l 5 3 50 A
o8 2 B B JL AT () BCHh 8 K v Ve T E ) IR R A
SN PR I v e [P 2R 4 e M RT3t v e, 40 1ot Ak
I K E K S N 5 B A B ol R
BRI RN TMP 6% 1 3155 30kPa i H 3
SR USRS BREREAT S ke, ] B i 00 3 S 43 52 Az 3
A2 50 S D e N 8 PN V5 8 VR B 1 T
XiF, 3 A BT VG YR e R

b / \"\g‘:{;’ - . . \\ ¥
1 ik LEP-N-MBR R4 %
Fig.1 Pilot LEP-N-MBR system device
(AT (DBUEIR (OBHER KHE (DEZIE e 5%

W 16 ANBA AT (SPMW-13B25)2 3853 2.5m
x 0.95m x 2.9m A (SKR-13B25-16) i B B ik
YLPE BB R R VU S 2045 (PTFE), L2 0.1 pm, 2
PRI PR TR g 400m”, 58 41 11 LUIE 5 8 f 201/



24 VRS

ARARAE B 3B ) S s 28 48 1 Pk T 9 729

(m>h)(LMH),16m°/h {177 /K B IE AT f5E B Ll 8:2.
) TMP &% 30kPa X JBEREAT ek, gk 81T )
TMP /53R {5 10kPa PA_L PO BEHEA T [ VB, 25 71
KEGRE A 250mg/L 1) NaOH JE%A 500mg/L [
NaClO ¥t 2h A 1 I &

Py e WA I AT W B 52 W 3 I 4L 11
PRIE A 2em 303Ky SHz, I LU 6 X 39 in &
4 Sem I SHz, LAk s i S BY IR )65 e (1)
15 | 4t By S R Tl LA S 1k R Ak AN IB AT o
3 AN B AN FIY B R EE AT S AN 2 TR,

%2 ik LEP-N-MBR R R ERIZ1T5H
Table 2 Operating parameters of different stages of the pilot
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BBt RE(d)  TEIIRE(mg/L) ki (em) $i#% (Hz)
Phase I 1~60 3000 5 5
Phase IT 61~120 4500 5 5
Phase II1 121~180 6000 5 5
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Fig.2 Pilot LEP-N-MBR system pollutant removal performance at various stages
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Fig.5 Prediction and analysis of microbial community

functional genes in the LEP-N-MBR pilot system
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