hE ISR 2025,45(10): 5550~5560 China Environmental Science

R MR BN A A/O-MBR T Z AR MRS AR TR B K IS AT A0 BE ST [0, P IEPREERE, 2025,45(10):5550-5560.
Gao C L, Chen C, Yang X P, et al. Performance of the A/O-MBR process treating concentrated swine farm wastewater [J]. China Environmental Science,
2025,45(10):5550-5560.

A/O-MBR LT Z 4038 1 BY J R 10 & FE I 3E [ K BYIB 1 TR RE 77 #h

=0T i) A/ << IR 7 N GO 1l 00 N = ) Q€| 5 2l 52 S B 1 B Sl O W SN EF S el e s -
PR, DX B 2 A A T T S50 5, b 5 1000855 2.7 [ERFE B K 2%, db 5t 100049; 3.4 & 0 B FR 2 =), e BH
474360; 4ILPHA BB AR, ILPE fE 330096)

FEE: BB TR R KA 2 T4 (COD) 2 AUINHL —N) V74 (SS)HR Bt LA K Rl AR A P 22 F ol JE, ABIE S0 R < LA 38— Al b B
AbER” LA T A BRI N« 5 B — IR AR R W — BT SE(A/O)— A M R BB (MBR)” R AT T %41 & T 2 HE AT KoK R, 7K
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Performance of the A/O-MBR process treating concentrated swine farm wastewater. GAO Chao-long'?, CHEN Chao’, YANG
Xiao-ping’, SUI Qian-wen', GUI Shuang-lin*, YAN Bing*, LIU Zhi-bo’, YU da-wei', WEI Yuan-song'?" (1.State Key Laboratory of
Regional Environment and Sustainability, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China; 2.University of Chinese Academy of Sciences, Beijing 100049, China; 3.Muyuan Foods Co., Ltd, Nanyang 474360, China;
4.Institute of Energy, Jiangxi Academy of Sciences, Nanchang 330096, China). China Environmental Science, 2025,45(10): 5550~5560
Abstract: Given high concentrations of chemical oxygen demand (COD), ammonium nitrogen (NH,~N), suspended solids (SS), and
poor biodegradability of concentrated swine farm wastewater, a combined treatment process of "pretreatment-biochemical treatment-
advanced treatment" was employed in this study, specifically designed as "solid-liquid separation — anaerobic fermentation — A/O —
MBR." By comparing influent characteristics and pollutant removal efficiency between summer and winter, the energy consumption
and greenhouse gas (GHG) emission profiles of the system were systematically analyzed. The average effluent COD and TN in the
summer were significantly lower than those in the winter (711.21mg/L and 61.78mg/L, respectively), indicating that low temperature
significantly inhibit the treatment efficiency. The A/O unit dominated energy usage, with a consumption of 7.65 (kW-h)/m?,
accounting for 56.48% of total energy demand. The annual GHG emissions totaled 1364.41t CO,-eq, with an emission intensity of
15.53kg CO,-eq/m’. The emission intensities per unit COD and TN removed were 1.33kg COs-¢q/kg CODjemoved and 10.89kg
COs-eq/kg TN emoveds Tespectively. Further analysis revealed that external electricity consumption contributed to 72.98% of total
GHG emission, followed by nitrous oxide (N,O) release (25.99%). Through the regulation of seasonal process parameters, the
development of multi-mode operation strategies, and the integration of online monitoring technologies, the precise control of the
treatment process is optimized to achieve the goals of energy saving, consumption reduction, and low-carbon operation.

Key words: concentrated swine farm wastewater; high COD; A/O-MBR; energy consumption; greenhouse gas; N,O; low-carbon
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A/O Vit AT MBR 25 1% ) &G K AR B RS )k
500m’/d, S bR A BRIy 350m’*/d, TSR () b B2 T
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Table 1 Design and actual values of influent and effluent
quality for CSFW

COD NH,N TN SS

> KHEL I

SUTIVIN C/N pH 1H
(mg/L) (mg/l) (mg/L) (mg/lL)

Witk 15000 1200 1700 8000 125 6.5-8.5
Wit 400 80 - 200 - -
SEBREEZK 10500 1315 1352 12000 798  7.0~8.5
Sehritk” 500 50 340 0 - -

SR KR B 28l AR RT I, -7 RRANME I B TR 4R
T

[ 3% PR/ AZ
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Fig.1 Schematic flow diagram of CSFW treatment plant in Nanchang
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1.2 B FRE PR T 2R S HES 5

%2 A/O-MBR IZ®itSH
Table 2 Design structure of A/O-MBR process

i H ZH Cagas
A 4 (mg/L) 0~0.5 -
O VA 4 (mg/L) 1.2-3 -
TR (%) 300 -
N K ZE:10~15
V5 YEHR(d) 10~20 11520
SV30(%) 25-40 2535
£-7%:30~40
MBR A4 AL PVDF AW L)
MBR JEEFLA2 (um) 0.1 -
R B ) 750 HAEEA A BB
150
MBR W< & . B
[L/(min- )]
JEE L/ (m? h)] 14.66 -
HZKEPEY) (mg/L) <5 -

%3 A/O-MBR MFYRSH
Table 3  Structure and parameters of A/O-MBR
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BcHE IS R T i R 2R (6) 1A
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Fem e h REFERRHE Y 5 kgCO,-eq;EF; 4 HiLAE
i HE B 7 kgCO,—eq/k-Wh, A HJF 57 BL {4
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Table 4 CO, emission factors of chemicals for wastewater

treatment
2577 HEIA 1 (kg COr-eq/kg) SCHRR R
REFE 1.62 [18]
WA TR 0.99 [23]
BRI 0.95 [19]
REIEWNE 1.48 [19]

A/O-MBR T ZAbFEIt R 77 A B cHE U
K@) ATV I HE OGRS 2 F A/O-MBR T
SR A ARG K AR I HE I, R X (9) 12
(RN X

My = Moy + My o+ My + My (8)
m
E=—1+ ©)
0x10

KA i N B HE RS 5 kgCOy—eq;Er b B HE Ji5 it
[ kg CO,-eq/m’.

LR BTG ek HE R B 2 48 A/O-MBR L
ZISAT ISR T B A T G 7 A ) AR I, 4
A2 R AL COD Dk HFTBCaR S AT 25 B B U
FEBC L, 23 5945 X (10) AT (1) THE

m
Econ =— (10)
Acop
m
E. . =—21 (11)
™™ A

K :Ecop F Exn 730008 2B BA7 COD AELA. TN
P2 A (R HE IR kgCOs—eq/kg;Acop A1 AT 2351 A
COD Al TN B4 ke.
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Fig.2 Changes of swine wastewater quality in anaerobic fermentation unit
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Fig.3 Monthly changes and probability distribution of influent flow and pollutants
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WK COD RJEAF R “HmKMm” &
(1150~21900mg/L),# 2=k /K COD ¥ 45 =y Hk 3l
BRI 3 ) 3 Bt AU B B v 3 2] 8272.92mg/L;
KK R B A, A 3595.92me/L. A% 5 R 504>
Fr 1,3 H(CV=52%)F15 J(CV= 68%)I 5 i i 2,
T RE S B Z R L R . AR i oD
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Fig4 Change of NH,"~N/TN and COD/NH,"-N in different seasons
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Fig.5 Changes of water quality of the swine wastewater

treatment plant

K 5 mLEEK COD A B B 4 o
(5976.78+3230.68) F1 (1171.06+225.98) mg/L, i /K
COD. 2 B RS 73 1) T4y (1448.16+483.36),
(96.8+62.26)F1(127.25+78.8) mg/L.H/K COD &
SRR Z K T 4R E 800mg/L LA I, & ZF HiK

COD V¥R ik 5] 1850.4mg/L, B % & T B =
(1232.73mg/L). [ i, & 2= tH /K U /R B R i T 2 2,
HAZEH KRR FiAs 156mg/L.LL_F 25 F R,
AR S AR A BT M, In 2 HE K C/N L
A BRI T R A A R A R AT, T 3 B0 K
KA 2 TR O e o B 2 A () I RS AT 4 1F, 3t
BN T AN TG K KR AE AR AR D,
Pl 5 K AL BE T Z 3L T B A 4.

Wk 5 iR, A/O A3 T B 2 fL AR IR HE K it
B4 94 (251489) F1(271+112)m>/d, H 75 i & W& 1%
T4 7, T B R R H R IR /K 48 Ik 6 DR At Ak 2
Ja 7= A RV WA S IRk - R A |, 5 S0 N
AR AR FR T R K B D 2 2 A AT O JthffK
U3 N (31.3742.54) F1(34.002.52)°C 3 B i &L
YA AT A WA O KR 2 B A
(18.21+2.77)1(19.4242.27)°C i ik T B Z= . b 4h, B
FHAZE A MW pH H 73714 (7.34+0.25)F1(7.56+
0.42),1 O W/ pH {HIEAK,E FRAZ=530h
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(6.60£0.44)F1(6.95+0.38),7¢ B A Ab 3 72 7™ I A 4 72
Iy, RS N S 42 MBR L2 LT I R AL
A

B KGRI YR EE(1715445) mg/L B ¥ & T
4 2%(977.5+1.5)mg/L, W] fE 55 ™ 2= ) A ARDRERSORE
Y ANSE A OC I Ah, 2= K COD e BE AT TN 9K
[EB T A3, FESEFHKPEIY & 2R
o HBRAZ HIK COD W4 7)ok (1232.73+
322.16)mg/L 1(1850.40+429.56)mg/L, 5 Z=H1/K TN
HINH, N RS G T 42, K NO, -N ¥R (1)
A E TN I NH, N 22L& ) NO, -N ¥
J5 T 2R XA AT K TN IR B L B 288 1)

J A2 .

%*5 A/O-MBR IZ#HEZF. £FETHR
Table 5 Operation effect of A/O-MBR process in summer

and winter
WA ks T SFEEMEE T 2 G H
ik FES 251+89 0~370
(m® /d) K7 271112 0~407
A MK FES 31.37+2.54 26~38
(C) = 18.82+2.77 13~26
ZBTZ O MKk FES 34.66+2.51 29~39
# ('C) K7 19.42+2.27 15~24
At FES 7.34+0.25 7~8
pH & A7 7.56+0.42 7~8
O ith FES 6.60+0.44 6~7.6
pH 18 AF 6.95+0.38 6~7.68
- FES 171545 1670~1760
A (me/L) A7 977.5+1.5 976~979
COD (mg/L) HZ 6898.96+2835.81  3000~16280
A7 5311.58+2013.06  3350~13134
A/O i TN (mg/L) HZ 1640.75+435.99  1061~2100
K A7 1255.25+329.29 759~1600
NH,-N FES 1157.54+211.32 600~1621
(mg/L) K 1198.19+224.39 675~1650
N HZ 6.03£2.27 2.5~11.58
E & 451+1.53 3.06~8.99
COD (mg/L) HZ 1232.73+322.16 806~2000
E & 1850.404429.56  1330~2640
TN (mg/L) HZ 307.00+142.00 142~449
A/O A7 329.64+77.98 220.92~400
K NH,-N HZ 94.68+60.46 10~220
(mg/L) ES= 105.44+62.77 20~300
NO, -N HZ 127.47+103.25 0~257
(mg/L) B 156.00+68.12 50~300
COD (mg/L) HZ 423.36+211.27 180~800
MBR H A7 711.214242.65 40~1115
K NH, N H7 52.81+50.56 0~190
(mg/L) (== 61.78+28.16 15~145

221t MBR 1. 2UAbFE 5, 7K COD Flzd Jik 1)
HIEL T AR RE P (R B S 2 A A 2R HH /K COD % 53
HE(423.362211.27)H1(711.21+242.65)mg/L, 2= Hi /K
COD K AR T4 NH, N B S RIS,
HAEMAZK NHy -N PIERE S A2 T 52.81
F161.78mg/L, &7 /K NH, N ¥R B i 1 52 2,

ZEA o BT 4 R W, AR S AL T 20°C 4
R S BUMAE M 3E Pk 58, [l i 37K COD ik &
BK,C/N LA W, 3% LR M T SO At R (0 2%
FNTTHFEL A/O KEHER T H 7K R B i . 220
MBR AbFE 5, 548 COD Al NH, N ¥4 B FAK H
B R4 ZE 1 M AIK AT SR A AR — i AR T,
AR FERE i AFAE— 58 B AL B
2.3 BATHEFE AT

Bl 6 JE/R T %ML AR HE FR B R K A T 4%
BTG ) BE FE 2 A1 15 DL 2% I ASE Ak A 4 7 A R K Add
T HIFE RN 4742.56kW-h, By /K 4b B AE
4 13.7 (kW-h)/m’® 5 2% 5 T3R5 K ) MBR T2
Ak PR BEFE(0.37£0.15) (KW-h)/m>P31 A S fir 5 ge s
LBRAEFEKRE, LR EAL COD MREFE N 1.68
(kW+h)/kgCOD\emovea- M L2512 5% A*/O-MBR T-
A B T V5 K IRE G R RE BRIk B, 7 3%
SIS AE LR, AYO-MBR T. 2 LB 4 COD #¢
FEN 2.85(kW-h)/ kgCOD emoved, < 77 =X 1 4& Jy []
BRSIEAT G, ZBR AL COD BEFEIL /D 54.74%.
SOV HERE ST R 20 MBR T 2 AR B T 2E
VTR R, % T2 R AL COD 1P fg
A 3.01(kW-h)/kg. il i % bR B, AL AO-
MBR T Z7E 2B BTG G (1 fe #6 7 i KA —
SEMRA AT T EHI0Hh,A/0 A T H
BIRE H R KL IR B T 2678.36kW-h, 7 5L REFE
56.48%, P AL K AL BEREFE N 7.65 (KW h)/m’ B "<,
AN TTHR 45.55%, 564> MBR T 2 [WF 5T 45 1%
AU BO3T1H yc J T B 4 Ak B B, I 3 RE PR R N
750 (kW-h), 5 B AEFER 15.64%;MBR 4b P # 0 5L
REK AL BERERE A 2.5(kW-h)/m’ 5 BEFEFEVE ) 4
M RE,A/O A H BT i B H B K015 BT ). TN
U, S it 1 i A R 475 it Gt A A N SR g LA 4 e g
AR TR R I RE R LG, DL S 5 1 A 1
BAT R AN I R ke B T REJR R H 250% . bR
RIS AT A I B s
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Fig.6 Energy consumption ratio of different processing units
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JGH) GHG HBLARIE 2 ] (IPCCY TRz A4
FEN K AL TR A/JO-MBR L. & () GHG HESUE
BT TS

W 6 Fron, b3 4E 2023 4E3EALBE 87858m’
H %K, GHG FEUR BN 1364.41tCO,—eq, HEIR S
4 15.53kg CO,—eq/m’ L[ A7 COD I TN )
WRHETB R 43 5904 1.33kg COs—eq/kg CODjemoved 1
10.89kg CO,—eq/kg TNiemovea- 1 BRI HIHE Hc
LB BOR [ BB B R TBCR: 23 3 4 365.83 il

998.58tCO,—eq, 73l 1 HEHUE 1) 26.81%F11 73.19%.

Hod ,CHy v NoO L A KE R4 FE 15 HE T8O 43 ) A
11.24,354.59,995.69 Al 2.89tCO,—eq, i bt 23 5l K
0.82%,25.99%,72.98%F1 0.21%. 5 5 A ZB8 5 vk |
TP KA BT IBT S R BL2012 AEBRFEBUR B A
4.07x10%CO,-eq, M KRR HE A (0.3620.07) kgCO»-
eq/t. o BEFERRHEEC. PIAERHE . CHy ORI
N,O HEB 315 31.35%+16.62%+34.62%A1 17.41%.
Shahabadi 200 s KK £ 5N Ti5 /KA HL) )
TF 0 SR W A BB HE JBCE 9 0.39kgCO,—eq/t. AT 12
2500 3 R AT 5 MBR T 515 5 R /K AL 1 2R e 1k
HE R AE I & B, 7% MBR. 28 Gt s DA TR) B HE A
F, 5 A 70.26%, W /K B HE KSR JE (1.47+£0.3)
kgCO,-eq/m’. 5 Fo A ST F LU B, A 5 ek HE I
558 55 R B AR AHE 5 o Bl A v, s T Y R R K Ak
FHOT BRI A A2k

T XT B 23 AT, A 5 e IR A 0 7 B I K Ak
P B HE R BE S T AR AT MY B K AL B T
T HE TR0 8 3K — 2 e 2 B ol T AR A SR L A K R

COD Mz B L, LL XK AR 5 1.t #F, MBR
T EAERIEYE K B $Emvs e fe el Bt
T3 YL 7 TR ) RE YR 7 SR A8 e X e DR 22 AN i T
75 A B A B b ) R T BT A AR
REFE (0385 oy, AN T S 45 2 8 7 B IR K 00 i HlE T8 P

R6 HRFEEKLETEESERELR

Table 6 Greenhouse gas emissions in swine wastewater

A T HEBUE(t COreq) BRI, (%)
CH,4 11.24 0.82

N0 354.59 25.99
fiEFE 995.69 72.98
2}E 2.89 0.21

S 1364.41 100

TR 7K C/N B BN LA S 2715 P P AR A 11
THOL N, 1% AO-MBR /53R IAS T 0 BARK) COD
RS A 2RO, TR AL A TR e 2, N 1) 25
B35 m] LLYERRAE 86% L I, JU L E ZF,COD Il
RIN R HIER] T 93.86%A1 95.43%, 2 R Al
FL R AT 2 T AR AR G S g, e R
251 ABR-AO T2 b B S bR 3741 B 7K ,COD il
AR50 80.39%A1 82.12%, Z:FR 3 BA
ARSI SBRHR AR M Ak B s W Ak 2R
TEHG R IR AL AN £ TR BN AT Ry T VB (1) 155 0
COD. S &M S E Y34 2 B 255 1 (65%+2%) «
(80%+4%) H1(79%+3%), MK T AHIF 7T 1) 2 B 2% R il
X R, A0 T2 AR ] o, S AT 3 AR
I AR SZ RT3 B 1 5% i i S5 3R A v, 25 B 3 — AR
M 70%~80%.SBR I ZIIa4T R, o5 e =i,
R R IS AT P A H B Bk sk,
Je b B 2% K5 A SCHF A L, AO-MBR [kt
PR IR RE R MY G ) 1 R LA K P
JAS R IR, AO-MBR 3 A iR b EHE B R . KR
BB KIS 1y A B AO-MBR 1. 2,75 %
i 2V A L DA e RE, ) B I 7 syt SR 49 g
R R PR RS T 2% R AL

3 Hit5EW

3.1 4t
311 WA R go ] B H mIEA 2, LR 8K
1 S B K AR £ R B i e L AN, 2T R AR AL
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RIS TR B — PR T KK %

312 HHFEHEN 4742.56kW-h, i /K fE ¥E K
13.7kW-h/m’ H: /b A/O AL BE 5 H A RE i B A K,
dT A REFE 56.48%.

3.1.3 BRHEUREIE S 1364.41tCO,—eq, FIE R
4 15.53kg CO,—eq/m’, 25 R #47 COD FlHLAL TN )
WRHERCREE 2> 99 0 1.33kg CO,—eq/kg CODremoyed A1
10.89kg CO,—eq/kg TN emoved-

3.1.4  HFEIRHER TR L7 G EA 72.98%, 2 B
B HEOR R, H O NLO 3 S R HE L

3.2 @
3.2.1 WMGIEHIRGEAE AO s N Ak 2

M AL A0 REBERLIGIY 3~5 %, JFE A b e g
pH A1 COD 4%, pH {EAT COD WK JEAAIK
I, B BB H8RE R, S B 15 7K R K 5T R4
LA AL JE 4 AO AL FREEK.

3.2.2 T Z2EAESHAA AL I E i R i E DO
S i e i Ak PR S A AR S 1K) DO K
FEREIE 3mg/L, B TRHLICH, LA 1) DO R B2 PRI
£ 1mg/L LR B F T I RS

3.2.3 SCHEW A HLNT A/O AbER A TCHEAT B AT
G, |\ AR BT % R s R B P 1 2%, LUBR A
HEARBEFE.

3.2.4 SHEAGIEEAAEYALBLRIT O WHEINIRA
GRG0 A A4 — DR AR B A A 42 ol 5 s
A BERALG AN B Y 450 0 R g REFE.
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