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Abstract [ Objective ]  This paper aims to address the technical bottlenecks in the field of membrane lifespan prediction for
membrane bioreactor (MBR) , namely the lack of a multidimensional coupled lifespan evaluation index system and the difficulty in
accurately quantifying the synergistic mechanism between membrane fouling and membrane performance degradation. A scientific
lifespan prediction methodology system has been constructed. [ Methods ] A three-tier evaluation system was established, utilizing
specific flux as the core criterion for membrane performance degradation and lifespan assessment, employing real-time transmembrane
pressure to characterize membrane fouling dynamics, and defining cumulative water production as the mechanical limit index. Based on
the full life-cycle theoretical framework encompassing " physicochemical performance degradation-functional limit determination-
maintenance intervention effects" , this paper developed a comprehensive lifespan prediction methodology integrating specific flux
attenuation analysis, cumulative water production evaluation, and chemical cleaning intensity assessment. An online membrane lifespan
evaluation model was subsequently developed, by dynamically analyzing the correlation mechanism between operational data and
membrane fouling using machine learning algorithms, which served to guide the intelligent operation and maintenance of MBR
processes. [ Results]  Validated with six-year operational data from wastewater treatment plant A, this model demonstrated superior
performance in membrane fouling quantification, abnormal operation identification, and process parameter optimization. The predicted
lifespans for Group 7#, 10#, and 16# stabilized at 8.5 years, showing a 6. 25% extension over the manufacturer-specified lifespan (8
years) and a approximately 21. 43% improvement compared to manual prediction averages (7 years). [ Conclusion] The proposed

"index system-method integration-model development" three-in-one framework enables multidimensional coupled analysis of membrane
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performance degradation and membrane fouling quantification. The developed prediction methodology demonstrates feasibility and

robustness. The application of the model aids in optimizing membrane module replacement cycles and chemical cleaning strategies,

significantly enhancing the service efficiency of membrane modules and reducing operation and maintenance costs, thus demonstrating

certain engineering application value.

Keywords membrane bioreactor ( MBR) membrane system

online evaluation model

FEAE ) S0 #% (MBR) T2 ABAS 0 B ok | 5
AR AV TS e = SRR 3, | 20 40 90 AR R 7E
T K AL BRATSRAF RN F ' (B AR TRE Sk
TS Y LR 15 R el A0 A5 ) 8 5 80 4 7
KBRS T o, B R maa gAY |
VTR 0 AR T 2 R T2 I S R 50
B4 R  MBR RGBT A (3.5~4.9 Jo/m’) 85
S I T WA (2. 1~3.3 J0/m®) FH T
55. 5% , Hop BT IH | RERE S i Uk 2% PG il 32 2L AR
g4 g MBR 00 (1x10% m®/d AbFEELAR ) 4E
REFETIAL 35 200 J7 kW - h, {0 HL 3% 32t B ids 140 7
JC L R T Hr R B B R A AR 1B AT S
FHAR A 5 FEBEIT 50% , LA 6x10* m*/d RS R 58K
Bl BT AR 1x10° m?, B R 4 il A 42 2 000
Jioet PR SRS o G 5 A T O 9 AR
R Geia AT | HE A R 2 1 ff A R I B 2 TR
VINIERS

AT MBR &R 4850 ok FH AL T i B e 75 iy
GHEHF N 5~ 8 4F) B 7K 12 (5 {5 Y 28 56 P JB o J
Felg Gk = 5 SRS AT RO IR R A, D Ris
AT 80U 2 T W 1 BB AR Ak 19 S B A5 R (i
JEZEVE SN Ve R AR A5 ) |l AT R SR 4 Hr ik gk
SRS IR I DI AL, 7T A4 2 ) 2 ol A A
SLHETT SRS e P A ], AR ST IR
YA 5K MBR RSG5 808, & 58 Hr it koK
T B AT S EC S R R Y DGR AIE | ST B A T
MR IR R, T R AL Ay PEA A AL, i 455 784 ]
S PR BALEE 2 A A T, SRy T2 VR A e o 4
HEBOE ST #E W MBR 2R G54 5 15 47 ELA 5L
1 Ai5/k]” MBR ERZSZIEITHEIR

A 757K MBR JER G CRE BT K ik 7 4,
HRE B A7 1Y B A 4 78 T I T B K RE gk ik
bR, SEPRIZATHY, 2 4k N B33 H AR K KO
7K e S i R 2 A S IS WA T BB 1) 28 56 6 A

membrane lifespan

prediction methodology  evaluation indices

B PEAL BRE AT R, SR, B — S50 Ik i
FRAEME DL AR G0 e M B 0% 3 AR R AR A B
T, GE 5 b Y SRR AR fh ks ST R B SR AR
JEETS Ytk AR Kb ek 28 A R AR < 2 s a0 AT LBl
B AT B ] % s 0 it 4, B R 48 7 385 7K M R 1Y) i g
PEL AL RLAEE , SRR HE AN AT 396075 Yo o) i 45 4 1 22
R 8O0, 3 Fh 3 T B 3 AR 19 sh 28 40 i
B, A R A A VAN AR R PR AL T OB B S
XoF I 30 B 54 iy O 7 2 4 B T D 5L A i 2 e A
MTRIEFE XL,
1.1 BRERGEFKKEHH

1 Jy MBR R G K& PR (SS) M3k
A EREH BEARFRIE L, MBR R4 H K SS 24L&
PG T, A 2018 4 8 Al SS Ji i vk i 1 4k
FETEAR T 5 mg/L W/KF- . K2R W R 71
R 32 A/L, BAETR ST A6y (4n 2018 4E 9 A 2019
BT R BE e AR AT O RS K b )Y
Yey HEBCFR ME) (GB 18918—2002) — 2% B 24 i
IKEER (1x10* A~/L) 54 T 3K K -, XF K BT
M A Z AT, SR E , MBR R 48 KK it
B R T, SR W 8 AR Y 43 B8 e B A A
ST A TG K)X AR e R TS e R BR
([0 R

El1 MBR &Gtk SS RIEKXIGEEH
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