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Pilot test of 3AMBR in municipal sewage treatment based on energy consump-
tion and energy saving
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Abstract In order to study practical methods for achieving energy savings in sewage treatment plants employing
membrane bio-reactor (MBR) technology, the treatment of urban sewage in an anoxic-anaerobic-anoxic mem-
brane bio-reactor (3AMBR) was studied in a pilot plant with a treatment capacity of 1 m® « h™'. Four typical
operation processes were selected for detailed analyses of important operation conditions such as aeration, reflux
ratios, and step feeding. Results showed that all of the schemes could achieve excellent water quality, and after
reforming the system, the removal of nitrogen was significantly improved. By reducing the concentrations of dis-
solved oxygen (DO <0.3 mL - L.™") in the aerobic tank, this ensured the effluent standard and stability of wa-
ter quality. The flow from the membrane tank to the aerobic tank was improved to make full use of the high DO
in the membrane tank mixed liquor; the results showed that oxygen in the refluxed liquid could partially or com-
pletely replace the need for aeration, and this change also resulted in better removal of nitrogen. Setting up step
feeding (at a ratio of 2:2:1) improved denitrification in the rear anaerobic tank. At the same time, reasonable
distribution of carbon sources was achieved in line with quality requirements when the use of aeration was de-
creased. Energy consumption of the overall system did not change significantly with these modifications; thus,
we were able to enhance the system’s processing capacity while significantly increasing the energy efficiency.

Key words 3AMBR ;energy saving;step feeding;aeration mode ; denitrification

JIE5 25 4 [ 1% %% ( membrane bio-reactor, MBR ) ELA7 /5 Hb 1 AR/ KK Bl V5 8 7= AR ZE 00 5 AR
FRERE RN T MBR T 257 7K kb B A4S 1 — A5 A0 58 AN B9 B RO A L IR Gt R E ST IS Kk A FE T

EE& TR . HRKKMT5 Je 45 6 535 B RHE 5 K4 100 (20112X07317-001,20127X07302-002 )

s B 2016 -01 -25; KA B HI:2016 -04 - 15

FE—1EE BN (1990—) B WL BF5E A AF 58 1) K AL B4R, E-mail : dewills_huang@ 163. com
* (5 /EH , E-mail ;: shilei9899@ 163. com



55 1 # kA2 3AMBR T 25 b B9 1 95 K 3 RE PR AR 1 R S0 10 2693

9-F- 3 AED 0.29 kWh « m ™", Hrp MBR T 2L BEFERZ 0.6 ~0.9 kWh « m ™" 3 & T & 52 A= Wy b L T
2:(0.2~0.3 kWh + m ) BEAFE/K V5 R 3E 45 K ik [ 5M L 22 BEAR KT e ol e A BRIR W B A ML) I K
B REE 1] R S 2 Ak 21 [ AR RERE AR (0B AR R M AT i DI A e

B - IR -1 IR AR W) I 4% (anoxic-anaerobic-anoxic membrane bio-reactor,3AMBR) & B8 & %80t &
BRBEEREM BT A MBR 414 T2 7" T2 BA MAKK B G8F70E 05 7= /NS5 00 8, (H R R 4
FAEBAT AR i g R T R 2R 46T A0 ) 3AMBR. T2 20 9 BE#E 25 TR UR T B AR A T o 48 o I U BR
o 200 T R JCA) 5 B R PN A0 B B 3 0 T AE

BT 3AMBR SEBRIB AT HAFETE 1 5 BEAE 0] 81, A< BIF 5 F 88 vl 5 30, 2% 30 D ek 728 ROk B S0 P [l
Fe iy 77 % BAMBR T A ML ALIs 7 #6407 1 05T, LLSIAE T AN I8 0 25 10 T, 35 ) 5 A0 it B R0% 35 Bk
FEAERT H 0y B al T TRESEPR ) T2 REE T & .
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Table 1 Influent characteristic mg - L'
i H CoD TN TP NH, -N
Nl 31.5 ~394 12.78 ~44. 69 0.31 ~8.85 4.77 ~39.72
¥iH 192.1 35.60 1.20 24.70

1.2 RERE

H i A AR PR S ) A% IR A U RN Lx Wx H=3.9 m x2 m x2 m, &5 KA # 5 y
Im’ - h™' RS UG KB A BT T2, T8 R R PR AR -t -4 S -0 A -t (11 1), 9%
TR M BEAT T 03 X 3 A DR B (4460 1 Be) 58 20 ) s [ 69 DO, m] o /b B U Al B 9% L IS
B (40 2 Bo) A WLV B2 AR ool /b B SR A R Dy S S A BB T A RO Z2 UL ) I AT 9 A G AR
B I [ 434 0 728 £ it 452 B I ] 488 v SR S BRACR . A5 W AR F T LA AR 23 Bl o T2 45 5% 5 X 3R i il 2
%%(polyvinylidene fluoride ,PVDF) Wiz 2F 4 Il JEFL42 <0.1 pm,
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Fig.1 MBR medium experiment technology flow
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(R,) A 2 PR AR (Ry) o 777K e 1 I 2 1) i il W8 1 K il 452 B6F 18] LR 9 min/ 1 miin, 4 i 147 — 4
7 Bk (enhanced flux maintenance , EFM) o #E/K & | 819 & 5 B8 < & 35 208 0 B /4 R (2W- 250-25) )
1A LR B 31 ( BTLD-20016 1110 ) 5043 B4

AROFFENE T 4 BTSRRI % 1 SRR WIS U5 K AL # T Ab BT AR, HfbOr R 505
ERW RN RS TL 3 (N AR SN ot o 15 S 201 S )| N O 1 7 O 5 29 L SRR ST W DR~
BRI ROR s 7 38 3, e AR A 40Tt v B U, R B K R IR U O R )5 O 58 4 R kK 7 50, B %
RAEKIZEAT TOLRCR . 4% 07 s 47 i B AR 5 xF e sk 2 B

®2 3AMBR X KB HFREEXLL
Table 2 Comparison of pilot-scale 3AMBR experiment

K/ (m® - h™") a1 3 b 9% g/ (m® - h7h) o
VS I 4 T 25
q; qz q3 R, R, R; i I 2 IS 3
1 1 0 0 400 400 200 5 10 20 Jc
2 1 0 0 800 400 200 0 0 20 f
3 1 0 0 400 400 200 0 10 20 H
4 0.4 0.4 0.2 400 400 200 5 10 20 Jc

1.4 SHHMBERFA X

COD: ( EEEBR I ) (GB 11914-1989) 5 TN : { i il FR #1480 1k 43 6 OB B2 ) (GB 11894-1989 ) ; NH,-N:
(R AR 2 -4 IR 43 6Ok B ) (HT 535-2009 ) 5 NO,-N . (fil§ BR £ &0 A9 I % -y — i R 4 't % 1 36 )
(GB/T 7480-1989) ; TP ( AABA I 43 6 G FE ) (GB 11893-1989) ; DO : 2K il HACH HQ-40-d {8 #5 =X %5 &Y
D4 s MLSS . 5% ] HACH TSS {5 4 2 V5 Jé ¥ B 11 i ; ORP . >R J] HACH HQ-11-d ORP 31l & ; pH . 2R
HACH pH i+ & ;38 B .2k H] HACH 2100N it B2 A &

2 HR5WR

2.1 XHRHEIEZEARKRERSWH

ik MBR 248 H 2014 4F 5—12 A, #4517 200 d 224 B9 kS0, 78 LB T Yl 80 )5 | R e
KB 100 d(HPHFELIHT0d, E2H10d, 3 H10d, 5E4 K10 d) , A E H KK R4, &
TR BT E AR I ZE R WL 2, HOKTE SR IZ 1T S 8UG WA B8, BACR UL 7 %€ COD H K BIIE T 30
mg - L™, ZBRFAE 83. 10% ; 7K TN NH,-N TP ) 1 v & 34918 55 7. 09 .0.92 F10.33 mg - L',
EBRFIEN 63.06% 81.59% 97.05% , ML T 246 K ZBAL Geab ¥R T 20 i JE Sl BEL V5 /K AL R T — 2 A ik
FRUERIER (COD<50 mg - L™' ,NH,-N<10 mg - L ", TP<0.5 mg - L"), &5 5Wx TP X ALY + 1k
RN AR SR AW JBR
2.1.1 DO&

26 3 W28 SR R, 2 700 R i (0 S ), 4% B i K R DO (X H BT OR R R B R s L R 2 B
SRGERAT IR T R ARG 1 BU R HE T 5ok — 2 9 DO 7KF- (0. 23 mg + L"), 156 W 68 1t ¥ 1A 3 ff 5
EH) 7RI A B E T O 58 3 WIS IR A A 1 BRI, i DO (EE— BRI B A7 1 W 174 K
(0.13 mg + L™") b LLAM A 253t DO AKSF-HE 5 823, B B AN B 8 5 2 K X DO fE b 7= 4 T — 5 F i
RS2 ISR 2 N G 480l AR A R 11 B4 Y DO A W B2 6 B
2.1.2 HMiF LY

ST RAE B AT IR 3K B T AP B COD K BRBUR, L BR 40k 86.23% 87.47% 84.79%
89.65% , MUTTFETT YL B A AL 0 (181 3) AT, H T 32 31 A= Ak B fige B ol i R B VR T, 4% 7 %8 COD
VB AE DR AT T B B AR, T AR B 81.28% LA b, JE SR Ab B EA ST X COD A i i) ABRIEM . iz
TEBIG(HE2TE3 LITE4) 4570 COD KRB A T B 5 X A 22 RIFA B E R
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Fig. 2

2 3AMBR Hs H KR
Treatment effect of pilot-scale 3AMBR

0 K S (BME T 30 mg - L71) . X R R 407 R %K 7 X COD Ak FI R I I R K,
BB AT U (05 R 2 B 3) A U AR A AR T 0.25 mg - L7, SRS B DO B R
/N, MBR T2 A B £ 25 B 3 B3 o A A i TR T 2 v o B R 400 1 A 2 LA W e F T8 K 43
B TSR B (5 ~8 g - L7Y) BHIE T COD i BLAF R BRAR, MR E MK (J7 % 4) , %R
177 TR AL, IE AR UL S 5 728 it COD iy BT 8 T, o 8 5 i 9 308 v 32 e e, LA A I
iy B e A, T AR VS 6 1 SR e 6 0 £ T b L4 S0 1 RS

3 3AMBR BB HETHME

L

Table 3 DO in each tank of pilot-scale 3AMBR mg -

PiE S R4t 4 4 b4 2 Ak Jik b
1 0.19 £0.20 0.13 £0.17 0.51 0. 66 1.21 1. 14 0.60 +0. 83 4.75 +1.42
2 0.18 +0.02 0.14 £0.01 0.23 0. 06 0.09 +0.01 0.09 +0.02 5.50 £0.21
3 0.16 +0.02 0.13 +0.01 0.12 0. 02 0.08 0. 01 0.08 +0. 01 5.66 +0.30
4 0.17 £0. 04 0.14 £0.01 0.79 £0.78 0.39 0. 66 0.11 +0.13 6.16 £0. 50
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Fig.3 Change trends of pollutant concentration value in process of programs

2.1.3 ARFEY

TN FE4 R RS PR X BRI RGN R TR RS E a8, & R
NH,-N 1 NO,-N {2 A8 4k 2 A AHSCHE (B 3 (¢) , (d)) , PIE Z A E W i kil 4 X L 5 [ N AR 3L
b 78 25 ST AR AR

M S P TT R ARCEE B TR 2 MisKiE ARG GRS NH,-N B RS T B, NO,-N
RAUF MRS AE AE 2. 50 mg - L™ 24T, R RGAH AL/ RS A B iE AT R4, FL P dp 40 2 B 8 A8 bt R i & A=
TORIASARAE R A3 0T IR R R R A AR 2 B S AR R A A (0. 09 mg - L) BRI, SRS AR R A TE R
AR H K TN S 7K U B I B 384 [l 37 ¢ At =7 BB o ) 0 5Bk

TR 3 AR ES RS R B COD M NH,-N 53 | Al G 2 77 78 36 B K A 6K DO &4 F
FFHA DU IR HEAT RS ARAVE o (EREE  NH,-N ZEm T % 2 Fr 4 3, TN LBRFN 3% = By Rl 1k
PRI PR AN 5 I Y R 0 D 4 A B2 B, S O A A R R TR AR R A B R X B AE AN R T A
PP A 5 rb Al 22 PR AL B B

T4 RANBEKR T, BRI/ S S 1 I H W T B NO,-N ERL HE il T
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R ¥ 5] M Ay E T T S TR A A/ SR Ak R AT DU A b 1 AT, b AR 2 B AR b Tt R o, NO, -N
I TGS M AR B S R 2 X A A S coD ARk BT S, N
Sk 22 a5 7K A A B I R A it S I b AR T TS BRI, T DIV AR A TR R AR AR L T O R 1, IR R A A E
TGP AR . SRR, Z K AT G A R R B AN SN A i s O A, DA T 4R v LR
2.1.4 &HBFEH

e BRI R F AR ik + A2 DRl A6 L I T 5 DTS K Ak B TR A AR M =2 S AR N Bk (R R k) |
B & 3 (e) AT 70 IR A R i 2 S5 B8 1 TP (A 8 258, i /KOK BT 4 ik B GB 18918-2002 — 24 A 5 Y %L
R, HK AR A a5 A AR O ) e B B A IO S K Ak B TR SOUT 5 AT, AR W + Ak sE R
WL ZE COD/TP <20 B 11 1] 3k B B UF 1 BRBE RO, By ke vl &, A S5 vh 45 7 58 bR il A R g A
2290, 32 B IR ol T KK AR A A
2.2 BERMSAMEITiE

15 7K A B3 AR v ) RERE TR R AR B FE RIS L B XL IR AR A 1 AR R o B R AR AR AR Y
60% ~90% ', iR E WA HOKHERLE TGRAG IR RS ISR MFERE, BTl E
R R A A B2 1 R T 58 D 7 K A BT A R A BB XUAIL BT Ot SR P W I o o B XU AR B 1 4 L
R AGAAE R &, PS5 A B0 A0 H A A A A BT K JE (0,75 kW ,0.37 kW), B0 (0. 37
kW AUHE K R e ) 8 T ZE A AR U T HLA, 30 S 15 48 48 05 /K T I BB AE K- 20 0l 647 T 97 58, B
RILZE 4,

#4 MBRAREBEFRERSITE

Table 4 Energy consumption statistics of MBR medium experiment kWh + m ™’
i H Toi 4 3 (R Eigss B VEE! JIE 7= 7K M 151 IS
T5KT 0. 050 0.039 0.072 0. 180 0.203 0.029 0.013 0. 021 0. 609
ES 0. 050 1.250/0. 074" 2.240/0.137" 0. 342 0.370 0.370 0.013 0.021 4.656/1.377"
T2 0. 050 1.930/0. 104" 2.980/0.274 " 0. 000 0.370 0.370 0.013 0.021 5.734/1.202"
HE3 0. 050 1.250/0.074" 2.610/0.183" 0.228 0.370 0.370 0.013 0.021 4.912/1.309 "
VEX 0. 050 1.250/0. 074" 2.240/0.137" 0. 342 0.370 0.370 0.013 0.021 4.656/1.377"

VxRS K B B A 0 BERE AT ST 4
MK B RERE A B AR B AE A 113K 0. 383 kWh - m 7, i &) BHLFER 62.89% , &7 fiE
REFERYOCHE . 52 KRR 5 1 2, rh ke B 575 KA BT B BEAE ik 7. 65 (TRl 2.26) o A4
RN, %2 3 BT REFEN B B R, IF ELORUE T R AF 19 7K oK 5, 15 BH sl /0 Bt A% T AT 10 1 B ik
s o R B 58 A Ik B O 58 2 RS T AR RE AR O FLER L T A AR Y I AU BE T, [l Ak 2
TREBRSR EE2HEHASOR, YRX R RET R EN AN TIRSEMN, TR 4 RHAZH3K, 6
BOEARBA A ABAAL T B IR I B R T AR s A AL e B 1B AR R K K B A B
() RO AR T, DT 2 755 17 ¥ K A R A RE K

3 ZRREN

AW FE LA SE BRI T V5 K 0 R R i R e, 64T T KA 200 AR B SR S5 I 1) Db B
URVISE AT AT B RE AR, B A A IR 40 (DO < 0.3 mg - L") RE @47, U il A A 52 K A9 B
SE B AR AL 52 ) H AR I [0 9 L, RT 50 20 R P B e A 0 R R ) 0 i e R AR R T B R ROR,
AT [a] i 52 BB AR BE 53 ) 22 i i K A e AR 52 N7 4% 7 3 175 % B £ 1) [] I 30 5 B 0 G ok DR 1A T R 4R
WY S AR PERE , HE T 4R %5 T R GERY R AR FRAE 1 AT B R4 T T RERKL

AR 3 P T R EATZ AN RES % s AT P G K AR BT R R M 1 107 K
0 Ao 3 204 VA R B i B R Y R TS TR A R A T K A BT B 2 RO O il A A% BT
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