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BRa AR R /K [ SO BRH
"=

ARV S SEZ K EIE N > SO B2 ERBRAL -t se o H 2Bl - 25 ] H
KERES » FEKIEEZR R RS BIE 7 AR - MBR(Membrane Bioreactor)
SHIRA AP e RS N R BRIV N ~ HKOKE BAFHVRTRL - # 8L ROGZIE) G Hf
{EFH » MBR+RO B3 A B K B HYEE BRI « AEHBZ 2 ~ 30 FEAR I HO AT HY
SEIRARAHE > BT 2 35 {5 AR T S TR R T /KA e B [B U - 2RI R PH 28
(Membrane Fouling)#&/2 H A2 b ffr 1 ZHY R » SHiEH 28 & b ple A /KR R R
P BRRASIE I > PN LDk R 28 R HRERHRR I 28 » 2 BRIt — Sy
HR PSS JIHIHATE JT1A]

SHRARHZE 7y Ry AEVIIHZE ~ AP S SERYIIHZE = S HAENINER > AT
FTEE RGN ERREHZER A G ZE OB E R Tk © S9N S URRE
PR&LER ESE > Biopolymer(F %2 2 HERG M & HE)MER MAEYIRYE Z8EY) > (2
R O A r P ZERY £ N - [REE{AT A MBR BRI S AEERT » o
i Biopolymer bk > A BIHL &R HHAIHZE - ££ A FR Biopolymer Iy /7 - &€
et o PR PACHEERRAE AR AT THY T A Z — » ZRIM LR B i SRk L5
AZHEE - B RRPKEFZKEERE MLSS BEK - [Hih/b MLSS JRE &R
3000ppm I > {# ] PACI X3 Biopolymer HYZEHGI » NIEABFFEIRHEST MLSS IR
3800me/L(FFEBISEREIEI) T » LA PACL ZER biopolymer HYE B » W PEEIAEILTE
JU NHIREKIE TRER ] -
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PR BRI - TS 103 45 1 B 1 HEH » $7F MBR+RO 47 -
T HpEHEEEZK 6000 g - B[4 47K 3900 HE - TH2E M 2 (8 8 T-H# 7T - &EF 107
1 H 1 HEH > N8R MBRHRO $24it - & H i 2R EE7K 8000 1 - [H]U 7K 5600
> TREEEH] 3 {8 5 TE T « RAHKENSRH s/ B — 9 7 H i B & 6000 1 -
(S| 3900 MAHYEE /KBS - TISRFEERRTHRRS I - 15 = R RS/ KRS BN R 2
FE LA AR R (R S Rl - 7 AT (SR B /K IR E - M TR R ERR/KIF T RE I
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BErT H B EZAER TS MBR SHHAPH ZER R S JEbR SRR RV 7% - AR
IARRHEER - USSR TAEE AP - FESRHE > R LS5 PPT 2
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3 HBAKERE R LY A B A R AR B K B B s U L IRk B fH ZE Y 5
% o EHUEEERER T AR R

— FERNTE

MBR(Membrane Bioreactor) » {44 & 32 R EL i A W Fndl & 2 BE /KR B 25
M L ERER A Y CE M5 BK 38 - DARUSFZ FKHE - B K R
PRI F SELA 0 8 (Microfilation, MF) S 488 (Ultrafilation, FM) 78 » FIE LA
£ 1-0.1 Sk (e m)Z [ %EFLIEAE 0.1-0.01 ok m) 2 [ - B—2 STl
& HAEERE ST » MF J UF RI LU MR SRRy RO F [E18G ~ IS TE R K4l ~ &
B E.E o (HREEERARMEEE - R EERREE - —RE A

H2ERO) © WEIMEIEARIES - MBR 1] 73 B2 & IR (Multi Tubular, MT) ~ Hr224

CH|

4t (Hollow Fiber, HF) ~ B2JjEdR(Spiral Wound, SW) A5k (Flat Sheet, ES) o 1 5HiHE
BEITIEDR 7Bl > RS IREN T [H457 > 1143 By M A (outside in) 5z A4 Minside out)
TR IR 2R A KRS 1R B R I R S T -

AR AT LIS AN/ > KAV I BG 28T 58 = il > [RIRF e S 1ES
Ve HIIRE > IR m] A B &0 ot R rbine — (6 BT - BT E M 5 TR 1
EE - MBR $eifryERS - (D@ HE/KEREEQBRIEFR A ~ BrEhis EIR G) /)
@75 EE RV (S) FlREHT R SR A MR 3 (0) AR Z 5 5 AP A ] (OH ) e #E —
M AEYIEE RIS AY). T o (B — 5 > N TLBRARAY - 75 SEEAI NI SR e 45
O o MERFIERIR(F - NI A ()EREEZEQ A S QM RFE S L 23R
B )). FEhREL o

MBREZ A £ 85 Z VA $450 © (1)ESHEEEZE (Transmembrane pressure, TMP)
- KA IEEE S & BRI R &R 7K i3 i S Bl s E K T e 2 BE ) FHER AL
BsKg/em® BiKpa o Q)& (Flux) - EEAZAFRTA B AR HAH AT B B K & >
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BEAL A LMH(liter per square meter per hour) ° (3)EL 8 & (Specific Flux)- EEALEE )7 38
B W HBEAAELMH/(Kg/lem®) (45 iEE (Critical flux) - SHEEBHIAS L R Al

PHEEZ il -

Size, pm lonic Molecular Macromaolecular Micropartiche Macroparticle
iz, p
0.001 0.01 0.1 1.0 10 100 1.000
Approximate
rMCiecular 100 200 1.000 10,000 20,000 100,000 S00.000
Wiieight |
Viruses Bacteria
—
Agueocus Salts Algae
Relative —
Sizes of
Materials Humic Acids Cysts Sand
in Water |
Metal
Ions Clays
Silt
M N —— e 1
1 | I Conventional Filtration Processes |
I
: JF [ Microfitration ] |
1 [ Unrafitration ] MF I
Separation b —_—— g — — — — - — —
Process : - - —,Ir—l]Nanoﬁlrat -
ro RO 1 IRO
) (e . |ED/EDR
Metal lons Aqueous Salts Viruses Humic Acids Bacteria Cysts
Antimony Sodium Salts Infectious Trihalomethane Salmonelia Protozoa
Arsenic Sulfate Salts Hepatitis Precursors Shigella Giardia
Nitrate Manganese Salts Vibrio cholerae Cryptosporidium
Nitrite Aluminum Salts
Cyanide

B — SRR LS R B IREE ST

= EERENEFRR - SEHEEAERNE
(—)HHRFHZEAT RN
MBR —Fi#aiR(F - HHREG 254 KIHZE - BEERIEEE - EERE

SR
1. RIS LS AR R AT SEAT AR Y 2 T B AR R R R -
SR E ARG RIS o R LS RIER - EIESE K
F B 7R (Cross Flow ) 2R & 2 (K -
2. HNERIUIE R HRFERL - BB T E TR UG R « vl 53 R
JEBHE (cake layer)-[EIRGHY A - R HEE & (gel layen)- /BRI FP1E -



IBHG ~ SEPRESHYA -
3. WEBIHZER ERF R A B R B U B RR LIS 2 N > INEAERIEE
€ o

(Z) HREPH R
SHREPHZE AT o> A T YIFE 2E - YD ZE R AR YR 285 =i - JE =THfH 2
A8 AT RR AR R LR

. AVIHZETZEREDE - IS - EHER K A Ay B R Y
DUFERTIERL - WISE MBR fEEEF(Sub-Critical) NEE(E - EHFRE&E ELE
BEE - Ayt RERNEY) - RILAHYIHENSR ST
VIRVETE - R SRR R SR BT -

2. JEHEYIIEZE S H R URE Y SR - S8 S IR R TS R » BE/KHhEy
BET40 Ca™ ~ Mg™ ~ Fe™ ~ AI" B2 CO™ ~ SO ~ PO/ ~ OH. S5 a8 18 i 6
R g P TRAHSy Ry (SRS B o £ ey (e B4 SR DU -

3. A:¥fHZEBiofouling)/& F{SUAE VIS R H R4 BRIV - 202
TR Y E ) R E RS 22 T R F LIS R il - 40 SR MBR {EBHER 5
(Supra-Critical) M&{F - HEABEIVEYIIHE - SR HBRE R
IV - AYITHZEY O e Y Il B i AR IR M &)
(Extracellular Polymeric Substance, EPS) » B FE M 2E #7729 (Soluble
Microbial Product, SMP) » 1272 4 i H A H Z8HY £ R A > 2 H Al
ARAIRERE

(S)FREEEIRE

SEEIHZENRZEE275ERE - SMP ~ EPS - AHETE &S JHifs ~ AEA] -
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O ~ B~ BRI - BRI 6505 - ROPREMVERE. S o sy nlRatan

1. JSYERE Mixed liquor Suspended Solids, MLSS)
BRI R T e R AR - YT ZE B TP g = - 281 AR [ER
FEHT MLSS #E{TELE 3R (R R 22 A B S R E K - BT
BSREUTE MLSS JEFEFTiE R 5 e M R 2 ELi 2 B - H]REJH
PRI RIRERY MLSS EA = e /it - 25 SMP/EPS JRE T = K (E0FF
& SMP/EPS JRIETHaE: & HER/KARYIE St br - R HRE R Y
TSR A B2 FLBRAY 5 8 & (porous cake layer) » 2L HT DUHIEC 5 ERHZEMY

1&¢ SMP/EPS JRETE » 4EFRFER = iy iE &= (Imasaka et al. 1993) -

gL R RN E BRI - JSIeRE /7 6000 £ 15,000me/L [
H AR PE 2 A A ZERAN - (E 2 a2 (E 8 B Ak S B B hn sy fH
ZE - TEEHVTRRET - REL S e R D22 o RTERE R - AR
Aol o g SRR (Oxygen Transfer Efficiency, OTE) » [RIEREEIE
A o HEEIERSEREEIT » R Fs SRT J/D - [EIEF FIM S0 - &Rk

SHREHPHZE -

2. SMP- EPS
EPS » #237 Extracellular Polymeric substances » tSCHIANEEY) » 2
YRy T OREE ORI SN 5 R R A Y E R E— R YIS T
FHEEAE - ZHERS - SMP > JE3 Soluble Microbial Product » 2 f# M4
VI Y R YIRS o AR TR AL BRPE - EEREE R - I - 4AREE -
B~ | - SERS. 5 - JTEARATRTSE > SMP K EPS Ay IERE R 1 E
ARESERIE - e BUEIR R T B ER AT e MU FLR IRV R - 23Rk MBR



PHZERY FZRA - bR TRESN » NIEMEERY SMP f EPS & il A ARy 2
J& % (Drews 2010) = EPS 81 SMP iy S MERGLL EHE - ¥HEIHIEIERE %
AIENRR - Eh#iZE - TMP B2 5L SMP 8 EPS SRR ELLRZ(E ) -
FERRAVIEAG ~ TOC ~ COD il LU HHHH ZEVESARHEIE - [N 'E 8 SMP
FRIEER R (5 o (H 75 5 JE AR L 1 [ B B S0 RS A R E LR R (i 22
(=) > HILEIEREREZ & SMP/EPS BUMEE - iR » 4 2 HfEiH%E

YRR SN ZR (B PY) - m]S Ry A o T BB PR s pC R P ZE Y YRR (4.
WIE TR A

SMP k2 EPS HIRE % K BT E B 7S » 77 AR SORA LT Sk
5000g #fELo S 77 FLL 0.2um JEAREJE  20000rpm #ELs 20 7312 FELL 0.2um
JEARAEIE ~ 3200rpm Oy 30 s> EETEIEAEIE ~ 10000rpm 4°C NEE L 10 77 #E1%
LL0.45um JEARAENE. % - JEMTIERE O & LBIRFT i M AEYIS TR S
SMP » JRE[IE 75 T EPS © B Lawry Kz Dubois IV T 7AE & HHHYEHE
SRS > S EITREE MY T - B BB S WERS T AR B ) R R

B CMRERS T PR LA A BET7KEL 0.9%NaCl A RDERE » B B E A

Bt KA L & ELARE o B - JIEVER 80°C 10 738 ~ 100°C 60 7788 - S5oMb
A e Ac st HE (i EPS B4RtEE - AYATEE S (e DAEE - SOERE 0 (—
e B R BRI Y IR o A Y A= o1 % EPS > HIEIBG 7R E M
TEEEHE SN -
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Polysaccharides—glucose equivalent (mg/1.)

Bl — SRT=8 KiF Zofia sl 38 2= EE {4 (Rosenberger, S. et al., J.
Membrane Sci. 263(1 - 2):113 - 126, 2005.)

100
90 ® Pilot: PS constant SRT
—_ o o Pilot: PS irregular SRT
1 8O & Pilot: Proteins constant SRT
= 20l - % Lab scale: PS
E -
=]
.?3 60 )
"5 50 .
g 40fo )
[=1+]
£ 30 o2
B0} YR o
o B .
10fx o5 > _
e ) & * .. » & & A
0 e N & A 2.
0 25 50 75 100 125 150

PS or proteins in sludge filtrate (mg 1.7")
Bl = ZMES - £ E RS BB HIEAREI A (Modified from Drews, A. et al.,
Desalination 231:141 - 149, 2008.)



0.8 (a) © Low F/M-MBR 06| (b)
- High F/M-MER
E; . ().GH o 04+~ =
— - {

-3 0.4 = =
2> 0% £9...1 b ]
=~ 027 |

0.0 0.0 = —— = .
P (<) ()
=] 0.4 0 0.6 -
£2o B "

- ') s
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= b Lo S
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3 50 ; 5
- 5
Q
E 2 = . | (h)
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2-E so 5
b : = g 1+
= MIRD
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]

BPY R[5 F/M EE{E R EPS B2 TEP(Total Extracellular Polymen)${E 7 (a) total
EPS, (b)total protein, (c) total polysaccharides, (d) bound EPS, (e) soluble EPS, (f) soluble
protein, (g) soluble polysaccharides, and (h) soluble TEP. (Wu, B. et al., Separ. Sci.
Technol. 48(6):840 - 848, 2013.)
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SMP

S ..i Proteins
Centrifuge : !
_____ - » Polysaccharides |
* Others |
Add
DI water _—

e EPS

ymm- -
—» Proteins
]

E
Resus- Ilf!a_l L_rmlltml-"r_'ll » Polysaccharides I
pended | ,nd cen trifuge ! |
solids = Others
= Discard

[ 7S SMP 5z EPS HVRE A S B AR

3. B H#%E T (Organic Loading)

Van Den Broeck BRZZ40158 SRT B4 10K FIM /D {5 i [ H ZE 2R FE (A o
Trussell B & SRT S N HREH 2 2GR - A T BB &/ D ER S SRT
SHFBIH ZE S ST - AT S SRT BRRAEMINERE K - RERFRKKEEFEX) -
— AT T /K22 SRT 1F 20 K - 7K FIZRIEHS FEHZEHITE 12-15 K - BR% MBR /=
FM 151 T g NS TMP _EFHE (& F/M EFEHEA(E /L) < FIM0.17 K
0.5¢COD/gMLSS.D & MBR JR¥E % 7 #8)8 7K 4K RO =3 > = FM 8 RO BYfHZE
HARFRF/M Y 4 % - RN S F/M 2 MBR #E7KH DOC ~ Protein

Polysaccharides 5z TEP & EHEH = (B L) -
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Fouling rate (LMH/day)

0 . . . . '
0 2 4 6 8 10 12
SRT (day)

Bt SRT BLEHETHZEAR(G (Trussell, R.S. et al., Water Res. 40:2675 - 2683, 2006.)

50 - HANMBR A TMP ™ Flux !
) LANMBR 2 TMP [ Flux
— 6 s
ok
- E
2
-3 5
=
] 'ﬁ Al ' AJ 1 Al ' L) ' v l AJ ' O
0 10 20 30 40 50 60 70
Time (day)

E/\ FRE MBR £5 ~ (A& T TMP B8 888 LR{A( Liy, L. et al., J.
Membrane Sci. 394 - 395:202 - 208, 2012b.)

11



20 40

o % 30
b £
E oA
Lo 20}
U g
o s
a A 10
oL@l ] o|®
30 =120
_giu“zu a 5§ 80
&b o
g E -
= 10 D 40
= g
NCT= = Y (G

L {5 F/M(0.17gCOD/gMLSS.D) K & FM(0.5gCOD/gMLSS.D) N MBR H7K /KB LE
#(a) DOC in the MBR permeate. (b) Protein in the MBR permeate. (c) Polysaccharides in
the MBR permeate. (d) TEP in the MBR permeate. (Wu, B. et al., Desalination 311:37 -
45.)

4754 Dissolved Oxygen)

DO /N> 1-2mg/L B PRI AR )2 RS A O H RS I PE 28 - — R (422 DO
£ 3-5mg/L » ZRIMAE DO RITIERF » Y dead zone FNFFAE » JR AT RE ERKEHES DO
RIE - FBRERABE T > RIS NS - o] fE i p s SHZE -

B+ BRDAZERIBR K N2 BRAVEIE & RBEREE D O 4R 7E 6-8mg/L 2
[#] > TMP 4ERF/E 12-14KPa © E R ZE AL N2 BRSEHEF - DO IZHIFEZE O mg/L
[F]HF TMP @& EJF2 2 5 KPa » BLEE[EIHFEF KT COD(EL SMP 2% HHRA IR

7
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N

240
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1in

I

1
i
i
i
1
T
1
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SamE -
e e e L Ll T

L]
:
. W ]

- [ Nll!’{lj_.'.'l."‘l'l o
Adr on . Ade il .
i,0h 1.0 200 .00 Ak
(@) Time ()

B.0
T
G0
G0 Acerobic LY Ao
4.0
3.0

DO (mDO [mglL])

2.0
Lo ) ' Nim:'np_,-un o
Adr on | L Ajir ol

ﬂ.‘ﬂ . 0.5 1.0 1.5 2_1:'. 2.5 3.0 3.5 -';.ﬂ
(b) Time (h)

i

B+ LIZER M E R ERER: TMP ~ DO 2/E1E#(a) TMP and (b) DO profiles in
laboratory-scale MBR. (Kang, I.-J. et al., Water Res. 37:1192 - 1197, 2003.)

5.5HP5(Fat, Oil, and Grease)

FOG & LISERIER (R B IE AU 1664 F7EHEFT 34T © Free oil BEHESEAE
BLLAACHR - AT S B R R - — AR K A v 53 g FOG
1E 50-100mg/L 2 [ A4 5] 43y FOG 1£ 5-10mg/L 2 [ » %5 FOG #is ] A
DAF 5e 7 PAZLFx

6.8 /A (Antifoam)

S TE L B K M RS - (A0S ) » R /E K MY RS — A
W o —f Si B Rk G AN B G 5 [REHAEIHZE - MERANYA & - DRy
R PR PRSP 28 b SR R - R— R Arieft - A m Al

13



AT A TR e AR -

R— BREMNARRHMEER

Approved and Banned Antifoams

Approved Banned

Nalco ILOS2
Nalco 7465
Nalco 7471°

Betz Foamtrol AF1660
Betz Foamtrol AF3550
Betz Foamtrol AF3551

Nalco 76028 Surpass Chemical Co. NOFOME AK
Dow Polyglycol 45-200 Ultra Additives Inc. FOAMTROL WT-2
Dow Polyglycol FR-530 Ultra Additives Inc. FOAMTROL WT-73
Dow Polyglycol P-1200 Ultra Additives Inc. FOAMBAN MS-5

Dow Polyglycol 112-2

Source: Zenon Environmental Inc. 2003, A Zenon design and pilot report.
Available at http://www.gov.mb.ca/conservation/eal/registries
/brandonwastewater/eia/append-b.pdf (accessed November 30, 2010).

* Discontinued. Replaced with Nalco 60096.

b Alternative to ILOS.

7.7K8

SR N FEEKREE BT 2GR /KRR ) - AT 2R E/KRE Y ETHHY

EEBTAL A AHES
150LMH/bar B »

AR /K KN » 55— 0 #E ¢ 250LMH/bar 2 100

AR R ENE 40% (K 60% © BUTHAHIHZE Rm S a] i fH

e RE > TR T AN S T TR o B s Pl s 3 L i i
A B (4 20-30LMH) A 4 (B — ) -
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2.5e+10
[ 17O
. o= 15°C
a~ 200410 | s 25°C: 1
5
= 1]
T 1.5e+104
E
[ ]
B | Oe+10
— . .‘ -
£
3
B 5.0e+9 4 ‘ h
0.0 R =T - l-.r.. i -
20 40 60 80 100

Flux (L m 2h"

B+— AELEE NHZEZEE LI5S (van den Brink, P. et al., Water Res.
45(15).4491 - 4500, 2011.)

8. B (Salinity)

B BN S O R AR R A TR - B E B E CLURET S £ 4.5¢g/L
R > SHBEJE R SR N - F CLRERIEIEE REREE N2 AWRE - B
FISERTIRRRC A N AN - HEA'E ik bEPE R0 > SMP JCH
=R EPS o RIRFEZEZAE L G (e (D% HRIHZE - (B RIFHEEMAEVEERS
k&% - NaCl JRFEAE 3.5-7.0¢/L B EEE 5-10mS/em {F &REABEH N T REIEE
[ERE - JVA SURREZEAE NaCl 30e/L MYARERREER - 1£ 5 [EHYE/KEE
160g/L NaCl » MBR EI5{E F/V 1.4KgBOD/m3/D T » BOD EFRE 0] ZEE] 99% -

15



S0 [

. — Permaabilivy
'_I;a B0 Chloride L

i
ré._: 800 1 L 4 i‘
i =
- )
=) T50 1 3 TE
B =
= 00 2 E
=

v

g |

0 6501 - 1

- " .

0 1 2 3 3 5 L1 7 8 o9 10
Days from salbwater addition

B+ EE2e 8 EARREEZL2ENME T E HRT =72 h, SRT = 54 days, flux = 8
LMH. (Reid, E. et al., J. Membrane Sci. 283:164 - 171, 2006.)

0.8 B9 17(Shear Stress) s B VH

IREUE R SR 2Rk D)) R ORI BH 28 - ZA1T 55— 5 L &S Bo 5 RIS
BEAR N BRI » 2R —{E > BILAE IR R E K 3 R STV E R 8
2/ NEY 7T § AT EPS JRIEH S  BORET ST T SMP R = - 281 A& SMP &
TMP 1£m 890~ BT B BT )38 R/ N o BTSSR R B HiAsE fH 22 0y 5
W IEHETY o ZFY9MEZ MBR ELisREh =0 i L =UE - mERA" HE”
HIBIE B R TJE R /] - G R S O RN MERE =) -

100 ¢ 200
; - o - With rotary pump —o— Centrifugal pump

m}_i <% With centrifugal pump —#— Rotary pump
g |
g 60|
3 |
: h
=

404
g 4074
- '
< PR

00 © T

B - LT -
S
] 1 L

0 '214 J‘iﬂ 72 96 l'iﬂ
(a) Operation time (h) (b) Operation time (h)

B+= ERAVETTENEETIER/ N2 (a) mean floc size and (b) flux. (Kim,
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J. et al., Water Res. 35(9):2137 - 2144, 2001.)

10284 - 5EMETER

BOD : TKN : TP=100 : 5 * 1 » FHEEEA € @EROT RN - BERIRE
HIRZAL - IREERE SMP f¢ EPS iyFHE - BTN E WG = 1 - J5JeRahE I\
25 (R 10) 3 iy & B 7 e 1 o & VR F-(20 Ca ~ M) N e i
RO R (B R) ; A& #ETTZE L Fe ~ Mo ~ Co ~ Ni K& Se #7785
T MELER - B8z EEfkl5RE RERE R E -

. ~Few flocs show
elevated polysaccharides

B+A TS EM SRR AT 25100 me/L Ca”™ with 30 min settling
time).
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11.45¥5(Scaling)

NG R R A 200me/L - B/ b RS g /K R et R T A e
HERHZE - 28115 Ca » Mg ~ SO« » POs ~ Fe(OH)s ~ Si ~ Mg(OH): Y T3E 8K - B
A TREMSRCHARHZE - & pH PERIEE - Inss R BN RS B AR %
- FEIRRE MBR #2(EA FTAEN MeNH4PO((5 18 S 3 0) G AR IHZE - 4535 s b
AAE MBR FRH - TRALRASH CIPRESE - FBIURRSHERE © &2 RO
P45 LA 5 A A S R P 8 PR e B 1T 22 ) 9 MR 2 SR S T - W SR
A:FHZE—RESE A NaOCl EFRAY) A HAIRHTE - AR ARRSEYE  pH H2EHI{E
6-7 R[5 1ERRBES5AEIRRT A » SEZME pH (EG22 LY EIER (2 4Ry
e hE AWM LIFRES -

12 R EHIHEME
(1) F/M Ratio SBiyR &

#o i B K R LI KB/ K ERRRE (B N) » EEBPAT LR EER S
EEEET - &S FM B NMUEY 2 ME M2 HERS - FERFER S
& H— R DO /ZEHHY - Zhang T NEER » —4H % " Variable loading  » f5f5¢
BEIERIAEK » FIM #8) > TOC —KA 2 (%% 2 /N = {E E BRI K - DO
PSR 2me/L © 55 —4H2 " Constant loading | » 2800 FM E4H[E » DO JRER
PEFRIERT 2me/L - 8 84K FM EAEE - F£71T 80 K - [EE F/M dHAVEE R
BIZRFARYRAY TOC K HERSRE » ML —1F0E] 80 RI&HRMEEIEE - 75
JESEIIRER A/ N D 7EAT 80 KERFF Constant loading &H 5 KA Variable loading |
ZH > 2RI 80 RARMIIFHH (B 1) - Bl Bndt R DUB R 220 1R fE 52 35 40
+/\ > 1Ei# & 20LMH B &% —#% - {5 20LMH FAfG&A A [ - M iy e
2o B E A NI EIE S ARSI T (EAE RN E R E B
FALAY AT - #HEHIA 72T DO » DAZERA T Variable loading | A fHFA#SHERZ
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THEFERRER 52 IR - ZRMAEE S EIREN T DO AR e gEdlt e e »

LR BAEE S NEE - BT REARE -

450 Oy, OO0
— BNy
00 A 5!'. ----- Flow rate [ 80,000
35001 =+ T, 000
—
? 3001 =+ G, (00
g 2501 1 50,000
E 200 ,l l l » | | 40,000
5 150 {{{M . , i sy B T 30,000
M e Y o BARET e
Ly [ ';l'" '_.l'll ]
100N . S =+ 20,000
5001 =+ 10,0
0 T T T 0
1-Jan 11-Apr 20-Jul 28-Oct

Wastewater flow rate (m*/day)

B+7N SRR K — 4 i R/ K B ELE BOD ##{L1% /P (The Northeast United

States)

91 —a-variable loading d50 Saa _
£ 80 ¢ Constant loading d50 | | MD
< 70 |
.g 60 '. ’.
3 7 Vo, N
z 50 |
& 4 !

Stage 1 | Stage 2
30 ' T 2§ T f ™ -y T T |
0 20 40 60 80 100 120 140 160 180

Days

B+t ' Variable loading | & " Constant loading |, N;EMERER A /NS L (Zhang, .

et al., Water Res. 44:5407 - 5413, 2010b.)
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" L] i ] i W
0.08 - —&— d M P/l al variable loading

in stage 1

0.07 4 —a— dI'MP/dL al constant loading,
3 0,06 im stage 1 and 2
= - —r— ' TP P/l at variable loading
=< 0.057 in slage 2
-_E 0.0 - >
=™ a
= {:I.l]:'?r
5 0.021

0.0 A

) - — — T T T T 1
10 15 20 25 30 a5 4400 45 50

Flux {LMH)

B-+/\ " Variable loading ; 5z " Constant loading ; | #EfEERZE b T35 (dTMP/dY)
B3 & %% {L(Zhang, J. et al., Water Res. 44:5407 - 5413, 2010b.)

(2)5ebE 7K J1 & 157 (Shock Hydraulic Loading)

Syed #Ef7ZE47K J7 & {57 (Shock Hydraulic Loading) ¥ 8 i H ZEAVs2 2 » fLLISR
Z2BeET 3 (E ARV EER » ERUKAEZ SRR - [ER s S — (%
GEPR(E 24 /IS > FHEEHR o BIEZE] TMP M0 DAERE— 209 E > 2R & MR (0{E
TEHE » TMP JRIEHEIE R (B71) - BiE2E] SMP fEi#IH/K 128 & fafi A Lk
PR - FTRE/Z R/ SMP 7= i 8 TR - $E45HY EPS 4R 5% -FAHER

i -

R BEREHSR

Experimental Condition of Hydraulic Shock Loading Test

Parameters Unit Steady State (Before Peaking) Hydraulic Peaking Condition
F/M ratio g COD/g V5S/day 0.26 0.26

DO mg/L 2.5-3.5 2.5-3.0

SRT days 15 15

HRT hours 8 4

MLSS g/l 8 ~8

Test duration hours ~2100 24

Source: Data from Syed, W. et al., Effects of hydraulic and organic loading shocks on sludge characteristics
and its effects on membrane bioreactor performance. Proceedings of WEFTEC. Oct. 17-21, 2009,
Orlando, Florida.
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7 e —

15 3 | [
144 ¢ ¢ +-4 14 e { + + -4 L L 4 . . 44
13 4—ga—td—d | - 4 4 | Lo 4 | el
: :
12 34—+ et e e —= — 7%757
1" 4—4—o—4—4 +—4-——4 W . +—+ *—4--¢ . ‘ +=—t
? 10 -4—3—4—4—4+1 +—1+—+ 4 + bt +——+¢ + 4 +—+
Q. ] ) WD . - 44 4 4 ? S N +—4—4 " 4 44—
e l .
e 8 +—1—-41-1+4 +—1 -4 + 4 o | ¢ - 4 ) t—¢-{
% 7 oy 4 l +—¢ ) m~ M
= ettt .Wm... . -
5 ettt | ' 11 171 117
3 T WD W - - +—4— ‘ . +—+—+¢ |
3 +—t P l ‘ L B 4
2 4 +—1 “ 4 ! )
1 4+ +—+4 A S ) t 4 , I ! O | t—+-¢ 13 4 + 4+
0 ™ ™ ey ’ r # ™ 1 - ' N ——
00:00:00 16:00:00 08:00:00 00:00.00 16:00:00 08:00:00 00:00:00 16:00:00 08:00:00 00:00:00 16:00:00
07-01-2008 07-01-2008 07-02-2008 07-03-2008 07-03-2008 07-04-2008 07-05-2008 07-05-2008 07-06-2008 07-07-2008 07-07-2008

B+ 71 2838 7K 7 & far(Shock Hydraulic Loading) ¥ #REBHZEATR 2 (Syed, W. et al,,
Effects of hydraulic and organic loading shocks on sludge characteristics and its effects on
membrane bioreactor performance. Proceedings of WEFTEC. October 17 - 21, 2000,
Orlando, Florida.)

GYEBE T 2= E 1% &7 (Shock Organic Loading at Low DO)

Syed(2009) BN AR T BE/K » AR =AY 2HeETE S » 15 8 /N IR FIM
1 0.26 F= 2 1.04gCOD/gMLSS.D » {E4ERF SR BLEAMETE L T DO 1 3.0 [E 2
0.2mg/L > JbH§ TMP fE[EEME NE 13 FFE 21KPa » MEHZLE] SMP NI i
o B EE BT 3 15 o fEZEH AT 16 /NRFE SMP 202 B IRKIE R i VRE - K
IFE 50 {E/NF# % DO A [EHEF] 3me/L(B =) -

*= HREWHSE

Experimental Condition of Organic Shock Loading Tests

Parameters Unit Steady State Organic Peaking Condition
F/M ratio g COD/g VSS/day 0.26 1.04

DO mg/L 2 0.20-3.0

SRT days 15

HRT hours 8 8

MLSS a/L 10+£0.5

Test duration hours ~1400 8

Source: Syed, W. etal., Elfects of hydraulic and organic loading shocks on sludge char-
acteristics and its effects on membrane bioreactor performance. Proceedings of
WEFTEC. Oct. 17-21, 2009, Orlando. Florida.
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160 O Total SMP {mg/1.)
= 140 —— 0O Protein (mg/l.)
E 120 | Carbohydrates (mg/L)
£ 1004
580
=
o
= 60
=]
% A0
* 1 i
0 ,
0 5 8 24
Time (h)

B+ (AR TR A% E % SMPs AVE22E. (Syed, W. et al., Effects of hydraulic
and organic loading shocks on sludge characteristics and its effects on membrane
bioreactor performance. Proceedings of WEFTEC. October 17 - 21, 2009. Orlando,
Florida.)

@) EBE TR A AT (Shock Organic Loading at High DO)
Zhang(2010){2H Kubota “FAREAETE B - —4HIZEHIEE FM &1 - —4HE
Kdmipk 2 f&HY FIM a2 2 /N - (28K FIM & —1% - %1 DO #
HERT 2.0me/L DA E > 2 E SR 4ERT S E 20LMH - 7£77 80 K F/M (LAY
TMP BHEH E71 - {H 80 KRiglFl i - BASE s - N2 DO #6140 - $2m 2
fts FIM Efaf A g i plef Al iy e 2

= - B HETHEN T A
(—)EYIERS Biocarrier)(Biofilm-MBR)
A= Wk B (Biocarrier) SR A= 4775 MBR(Biofilm-MBR) © Lee (2002, 2006)% A i
1T biocarrier ¥f MBR HYSZEE o {1 FH BB EMEIRAVEAR(13mmx 1 3mmx 13mm) » ¥ &5
H P22 T E BRLLEL o BRI biocarrier M4 NITHRR HHVEEZEZE - HH)
TR FEABCHIREE R H ZE 28 © Yang (2006)(5E FH 2L BB 14 biocarrier #E{TAHINE Bg » 15
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FIFEEEER - Veolia AF](2013)H FHEERR biocarrier B EARFZEBMOAE > 7TMER
BAGIR -

biocarrier AAIAIEEGILT 1viv% » AN Z (B3 Svvo)iERk TMP BrEE F 71 -
Kimura £ A (2013){# Ak biocarrier #f Toray R Z AR E b > 7na IHEER:
ECHRFEPEZE R, - WASEHE FRRAEREH ZE 155 T » (ERIRLIR biocarrier B RE
ALk 50% o ARHOMITERY biocarrier ¥R &SGR IEE © Conner(2013)AAIMIRIS
PERRE S HAVBUHEE /K B HERE I ZE A BB E B - DRI B (5o HAs R i & TR
B HIESEYEETE G IR IR » 281 SEM BIZOHAE R A 12 PAC B
FEIETE 8D R FH S A4y 40% © Yang(2014)EE#E BF-MBR Kz MBR - #{Z<5] —
09 SMP 28 TOC K TEP &BAHL - {H/E BF-MBR AVHFERHZE A5 Ry BHET > B
T H RS FH ZE N R AE I biopolymer HYE MMz biopolymer HYLE24E  BE-MBR %
WA EEEL L I R R TRAE Y » ATRE R EEPH B T A R B OTE » [FIRFbY
IEEEE F(Rosso 2 A 2011) » Siemens 23 & #HEH, BE-MBR K REIHY GAC » X FE
Fy EcoRight"MBR » EZEFIFAUREE /K - GAC 1E#E A MBR R HE#EL - 15y
APR38R - GE AR MACarrier » #%457fi{s Fi PAC » PAC HJE MBR
Pl - [EINFIZEINR SR DU SR R R R (A 248 - PAC FR BB E FERIM
78 » Bio-Cel MCP {# FH¥EREER(E1E 4-5Smm, LLEE 1.05)2 hBh 2 b = min 5 e
» FEAE K TTARUERS 2] - SEREER I B4 PRiF LLSRIRUR:

()58 VR ) B R R
Lee (2001) Fan(2007) Iversen(2008)25 25 B i 56 HH S A4 B AR 7] o e s sy i

& SMP - [RGB &% R H IE T - B (E B S BRI EE R g &M SMP
FEWEER - MEERAER B SRR EERE A « A
200mg/L $m 58 K 5 B B SRR AT /) 90% & 'S  Lee {5 A Mitsubishi Rayon #Y

TR TR T E B SRS I EIERIAE Al/P=1.5 fE#(Zeolite) 7 & 1000mg/Le
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iE AR TMP SR (B = © Teli(Q012)E5RIRE AN PACI EEBT
12.5mg/eMLSS - AJ{sE TMP ZEEERHER N - COD REEHIRERAZEE - [Flii:
KEREHIEFRIHBENGE © (5 PACLJRAERIHY BB A A e il B B s MY &

B - B0 PACH 4G pH S8 & > IR BEYIRAL - EREESERIE

RN H#RE -
0,30 o
—i— Control
i
_ ' —— Alum added

= 0.26 & —tr— Feolite added f
£ =

= 0.20 éf f
=1 g

. 7

o .

=

=

Y

Fu

-

] S0 1O 15100 200 250 JO A50
Timme ()

B —+— AR EEEEAIZEE (Lee, J.C. et al., Water Sci. Technol. 43(11):59 - 66,
2001b.)

(=) ERKEESST

Ecolab AR EERHUR - &F IEBEREME N MPE30 S MPESO F 2R B
PHEZE R EAE| RIF4ER - B+ 28r¢A N MPE (VEERTE 1 K > TMP gizE
FI 70KPa 5 2R 73 B0 30-60 Kz 60-100me/L BV EERATERE] 5 K K 35 K - MPESO
NI 16me/L R {EREH A/ NEIHE 101um BEI0ZE 179um > ZRI0E 25mg/gMLSS
7K HROE MR COD fe SMP i/ ) » [H AR M B E RN BRIGHAEAS - Bk B
25mg/L 1% Zeta FEAIFHLGWHE - MPESO AN E A EY - TEERAIIE

400mg/L #1] 12000mg/L #E 5 EENEFE—+= ) -
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100
90 e ~ o - Bascline 1 ]
80 — = <& - Rascline 2 _—

¥ —a—Treatment 1, MPE | 1
70 |'.' —a— Treatment 2, MPE 7
g 9T /
50 4k
]
g i 3060 ppm MPE /
E a0 /
30 4=
L /
20 4
I y
60-100 ppm MPE
m""F'J ——— Ly —ﬂ’_/
Y : : : : :
0 5 10 15 20 25 30 35

Time (days)

B =+ /h0 MPE ¥HifE fH ZE/Y 52 22(Flat sheet membranes were used, and no
relaxation time was applied. Flux = 22 LMH, TS = 12,000 - 15,000 mg/L, influent = 40
L/day, sludge temperature = 18°C - 20°C.) (Yoon, S.-H. et al., Water Sci. Technol.

51(6):151 - 157, 2005.)

(@)

B —+= JSIIMPESO %5 eC/uryHERABHEEE R (a) Before MPES0 addition.

(b) After MPESO addition (400 mg/L). (From Yoon, S.-H. et al., Application of membrane
performance enhancer MPE for full scale membrane bioreactors. IWA’ s Water
Environment Membrane Technology (WEMT) Conference, Seoul, Korea, 2004a.)
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Y~ IEAE BB RGHE I 2R 5 0A
(—)Quorum Quenching

B —=+Pd FisinA:%) Autoinducer(E 5545 Img/L f Acylase(B{k
i) 10mg/L ¥t TMP FUELIETE -

80
...o‘.o..o.s.
70 o .’L“o.o.o‘obo.
o Control
60 ¢ /

C8-HSL (1 mg/1) 4 s ttasnasssss
= 50} v ] e ™C8-HSL (1 mg/l)
v ’ ? o + Acylase (10 mg/L)
5, 40t y e Wt
> .
= 30F ¢ 7 i

. na'p »
20 O - '. e Acylase (10 mg/L)
10 »,.,.;q ,.oof-- S
()ﬂ A A
0 .)()() l()()() 1500 2000 25 ()()
Time (min)

B_—-+P 7£ 15 LMH TRin4E%) Autoinducer(N-octanoyl homoserine lactone,
C8 HSL) Kz Acylase(Ft{ L) 10mg/L ¥ TMP AU 15T, (Yeon, K.-M. et al., Env. Sci.
Technol. 43(2):380 - 385, 2009.)

(=)Vibration of Membrane or Mixed Liquor

TEARREIRIRE LY 2.3KW/m' ~ [EEREARERE T » EhBiRAa = 8 R 22 ol —
T Case > EA B R ISRHHAIL b > BUREERESI AR T —5& > E
AENYEDE=+H) -
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15 15/
| o |
e 30 » e 30
B o 2} o %
| —g22 | -&-22
- a -
T 9/ x- 18 N ooo ) 9 ¢ 18 .
£ o4 . 7 £ 14 "
=) o °°o° e ] -".
°"—6 -.ooo &—6 -'.
" o? a4 ‘ .-'.
3bo°°‘AAAA““.““ 3 4 S
R e T Sakane " 0322:2 AAAAA
"000000000000000000 0?‘3“883888888388&8
0 100 200 300 0 100 200 300
(a) ¢ (min) (b) t (min)

Z+F CREEEFEE SN R ZE FOT R AE Case o FEAN A3 85 A EREH )%k
(a) air scouring and (b)vibration. (Bilad, M.R. et al., Water Res. 46(1):63 - 72, 2012.)

(=)Electrical Field

CRVIN-ERED S i W i i =D e RS p N e - S R e
T EE > (R EER) B KA 55— RICRE LK H) - Pt E L i
KRR - B P R SRR g E 5 - Nat K Cl-F 5 (H
TG - M E R E IR S H G BRI H 25 A REeR - BTSN
HAGME S A E R -

(ZU)#BE 75 (Ultrasonication)

RS PR RE BT i A SOE AR R SOEIAR R T - H A
RS S8 R HREGE - BRI RS REEE(1.7-3.5cm) » JEERCR
B (HRSET EISEEOHIRIES - 55— T EL AR TIR B RRA R - (B¥ES
BBJ&(Gel layen) Al (Wang 55 A 2014) -

(A)E R L% R (ntermittent Ozone Sparging)
IR A B A P 2R HE R H 2£(0.0435mgOs/L) » J5EfRRI R » 51
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AL EFFEE-20mV ZFE-8mV) » TMP F= B 2R k4% (B =) -

O Control-MBR
304 @ TJC-MBR

Transmembrane pressure (kPa)

0 2 4 6 8 10 12 14
Time (days)

B 7S EarE AR e EIEH ZE 2 E membrane fouling. (Hwang, B.-K. et al., J.
Industrial Eng. Chem. 16:602 - 608, 2010b.)

.~ TR ERGSHRRRHZA 774
(—) HRZE R (Scouring Air)

N ENVEGRELE - ISR ER S TIES & 52 B RNeR » A M R Wy fH 2E -
B —+t a FERECKNABOSERBE SRR 5 B2 b Rl EE » — R E+E
EASERSEN 3 % - 22 RIS IHZE &S p B 1R R ET R R A 2 R
Cassette ZHCAEMNZE RIRETE0AN » T REFEEENZERIRE - MEAE
22 RO B AR - [EAIRBEKHI RN & - A KM - ETHZER 7 fEnY
SRR RN HIE = /0) - BRI ARIEN » JTRAEEE R 2 AT B
@ =+

U

S
EER
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TM ain air pipe

TS 11 S

it I

= ‘ Branches to cassettes

;*1'

Branches 1o cassettes

(b)
B_—+t PRIZEREIE N eSS REHE FAERE (a) Air distribution

system with 1ssues. (b) Well-balanced air distribution system.

)\ KA 2 s B R R A AEHZE  (Courtesy of Mott MacDonald.)
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(a)

B =+ AIgaigsRnvssE e s 5)efHZE (a) Scouring air maldistribution. (b)
Cake formation on membrane. (Courtesy of Mott MacDonald.)

(DA HAK
S ERAE (Cassette) Fh I — (BT E/KFR M EHEBAETY TMP A=+ ILIEX
SRR o By T EEEBAE K —80 - EZ S EERA E AR gt -

TMP

— APy, — APy —AP, — APy @ ;
- - e

Cassette Cassette Cassette Cassetbe
4 3 2 1

TMP oipoctive,i
TMP rociive,2 = TMP—AP, — 5P

TMP yroctive,s = TMP AP —AP,— 58P,

TMP orociive,4 = TMP—AP) — 5P, — AP — AP,

TMP-AP,

B =1 (RS (Cassette) ] — (BT E/KR N EHEFMAYVESR TMP
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(Z).MLSS BB E
MBR #E{E R ZhE (R E IR RS - S E(E MBR M5 RRE 8 - B=

+—EUrEE MBR fEEEHTRREE A4 > MBR1JSIERE R © MBR4 5

JERRE RS 0 g AF(E MBR G HIKAN — - IECHAEEIH 2 -

- l -
Aeration Aeration SAeration
#1 #H2 #3
4 l ! :
Membrane Membrane Membrane Membrane
#1 #2 #3 #A
o 4 l ! :
B=-+— MLSS fEEREF9:ER MBR N MLSS ‘REEE.

[E=-+_"/2 MBR FEE#EE 544 (fouling) ] - MBR #2252

95 pH ~ JEEE - BRE - MLSS ~ HRT ~ SRT ~ @ 8. % » #a s 24 Wi

e A FIFPHZE - 2298 MBR (YHER(ERCR - B=+= /2 MBR SESEHI
RS > FEIRIRA N - R0 25228 MBR [HER T R HZEN: - RATHE

MBR J#FE[HZERY 575 -
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) J iR
| ammseas |
EAEHSH |
l 3
4L B e LB e eaga
}
BT
B =-— MBR £ & EE& THIB5H(fouling)/HfH]
#AKHM
] 1 4%
# Tt ffﬁ:frf’ﬂ
sk 44 (EPS) | | Eadrn | HERR -5,
PN I ol
& P
: : A E
i TERE £
i ot Fok
TiE AT BaE @80 :ﬁﬁ
% R # #4
3 e A s 1 &5,
o H . g ‘
“Ft =& gLt . 8 47 5 -ﬁ};E‘gjﬁﬁ)
G CEAmAR | A faig

& =-+= MBR &ESEMESI MBI =M
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xRN FEMBRIEERNT M HEFZEN

s BT s B
K 1.SS BE LiESS BE - S ERE A
QDEWEHUKME | 280KMEYYE S B K M ARG
B KM A B BN S W AT R /K MRS » 8 B (R /)
Ty R4 SRR R R T S BT A BN R YR Y EE S
ke e e
IRIER FLIR /INFERT S AEFLIE P HIH 28 - SUEEATLIR N A B = i
FEHE TR HIORE RS » R 5 e T 7 A R i Y AR P i
SHRERAH ~ B | 1P 2R R A0 K BN TEREE » R RRER
SR A o
2.PVDF ME#PE MERETENI AN rl i i
N BESPIA /N LIBSPIRC]N - e PH TS
R e ) \
2B Z 5 TR - SRR HHEPSEERRYE 5 AR B
ik R A S R e AR BRI
plidis &R T R ERE LS » TR R R
MLSS L.MLSS < 6 ¢/L A=¥fsdE vl RE MRV
2.6 o/ < MLSS < 15 ¢/l A=WFEIan] REME AN
3.MLSS > 15 o/l A= ¥f&Sa mT RE R
CFV SO SER E BRI R T Y B (LR B R
R SRR 1A 2 2z e ORI ) SIS Ak
Pred| se 8k 2.D0 ERF » BB RIRRENETKY: - R
3.D0 < 0.1 mg/L W - SRR AL VIR LR R B )N -
HEPS FEHEIA - S
HRT LHFER AR EAVHRT T SRS EE e
2J8HRT SR EYRENE & > (EMLSS 25
[ EEIE
SRT LEZRSRT HAEYA REFIGILEPS /DTS E A EE
2B ESRT HREFREMLSS » (HRASAL A B TR = T 5 A f e
. LAk L& IR BT H e 1A AR T8 HL ALY IR B - BEUR e
2BENME 2IBEER RIS TR E RS RN T-E1558E45EPS » S L TRE
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FH B& MBR HEIEZEN A

PaE| HH AGEIE = A
Operation MLSS Conc. 6000-15000mg/L
F/M < 0.1gCOD/gMLSS.D
SRT > 20D
DO 3-5mg/L
Nutrient BOD : TKN : TP=100 - 5 : 1
Pretreatment remove Oil, Grease, Fat,
Scaling factors
Salinity RIS I ZE 2RI 1 5 o ffe (Wit
PHZE
Temp i JEE S e A SR P 28 A A 4
B st —EUERF (A 20-30LMH)
A ES
Chemistry Alcohol-base Antifoam -
Inorganic Coagulants -
Adsorbents -
Water-Soluble Polymers -
Ozone Sparging -
Biological Biocarrier (Biofilm-MBR) -
Quorum Quenching -
Bionet -
Physical Electrical Field -
Ultrasonication -
Shear Stress -
Engineering I ZE S (Scouring Air) ER I ~ ZZRoREET
REAE K SRR K —2L
MLSS fEi & HIRRM GRS R
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7N~ R RHITA
(—ERERER

Ry T 4ERFIEE B E > MBR — BRI R THERHVENE - SHEEFIY T
I MBSV - 1] oy R MR e R R MR R - g et
SHRR R R > P TRV ERFMEREE - —IRIE SR T2 - HAVELE
SR (EHAEEAHUKEER - REEE R EREIBRE > &l PRrEE
MR IR AR 15 AE /K T RV R UR YA L » BSRRGUE I i e 4
1 FEE AR - B="+00 FoRERRFHERIE N MBR BB R R FTER T
A EREERFR T EEiFEER S T2 Pmax I - 4EEMEEYE - 41
CEB(Chemical Enhanced Backwash) ~ CIP Kz CIA REA XUV (RSH R H 2E - BEEHRIE
IRFFEIERE N - e IR SRR PG 0 > LR e S T U A A MR -

B=-+7 22 fOF =R - %0 MBR FE#8ER 57 & (supra-critical flux)
TEL MR SRS R EARITRE - BB R AEYIIHZE - ISR
YIRS R > hEEAMY) o K2R i E (sub-critical flux)FNT FEEMFE

USRI et R T A RYIP RIEREE -

RERPHZEY) R PRAVERRERE e m] 70 By 1 IEDE S ~ 2ALEEE ~ 3. HL
M~ 4 - LB FIUE -

. VB E R RE B A Ry IR 3 AR ~ SRR~ REBR R
RU/NEBSRE SR ~ NIEEEZZRARL 548G -~ BEAEEE - A el -
H.F o WA AR R HZEY) -

2. ALEEEIRAZCE PR nI IHIEY) - (35 AR (LER SRR A TR ~ I > AnEERE -
Bt ~ 1EAREE (citric) K Filik (oxalic) ~ AER > AR EREIN SRS EE - £
SGHEERF A CIP-/2 41 MBR f87522 > K CIA-ARHEREZE - L
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2| o

3. VIERALERE Y AR EE RO RE (I FE DA s R B SR - Al
CEB(Chemical Enhanced Backwash)

4. EY-EARE RSV E EENNRERDEEBEIT/E L 20 enzymatic

approach ~ energy uncoupling & quorum quenching °

SREIEA T - S AR IR I B3 R AT R AR A5 ]
HATRLTE R ATIAIEZE - FRERYINETE R R AT PR (8 L AU -
1. AT IS RN T £ AR R ~ 588 Rk
SIERIR  —RORBB B I -
2. TR MRIEY S SR R B TR
B E BROER  BESHLEAEER -
3. FRERYIIEIEAE AR LA (LSRR o (T DR M L
£ -
4, AR AR ok AR B HR TRYE - A RIS
EIERANER  — R B AT AR -
ST S E TR -

A R HCHRS B ARG S 73 » B 0 e AR5 (in-situ) A 5t B BESS (ex-sitw)E 8 —
i - WE=F7N - 5 n-situ)/& 7L A% CIP(Cleaning in place) > s&f5 MBR EH#1E
MBR M NEITIEL - FRERARE - (€% 8 ~ 26K - 2% - ZAEA - TH
AR ER A E S As #A 5 (relaxation) ~ BRSR ~ 43 LEBEE L - O ERERIE - 207% -
EPEAAEESE - (BE25R(L5E(Chemical Enhanced Backwash, CEB) ~ #E&EMIE
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40 CIP(Clean in place) F CIA(Cleaning in Air) ~ PIEGRILMIEIL. FEE - HES
(ex-sitw);5 77t X f# COP(Clean out of place) J& {5k MBR # i MBRf8 S MNEAE TR L
— AR R - ERN R A RS MR - Z4F MBR [HEEEEE - SRR
SR ARG P ST - BT A ISV B OB ARRIIE - B L. R s = b e
O EEREHE 12 T EYE AR (n-situ))E 58 - V) R ARER
HPEERR] PRS0 S SR B (ex-situ) 57k © RN 2R [F MBR SHEE 28T
ERITIRE -

COYEER

YR E Y ER O By 3 (Filtration)> BRESZI(Relaxation)> 25
(Backflushing) 2R FE 5251t (Relaxation)

1.22 5 H Rl (Air Scouring)

22 FoP 2 MBR 4105 i e AV T2 T F DAREOR S A bl B AT
HVERIFHZE - IRREGRE - BRILLE - BRIERET - FOER/N - BIR - &0l
ETTERRE - BEAHMERE  FRAHRSIE  JTIERE. S g B ROPREERER -
M SRR N IO B JkéR [ 28 > Tran T AE R - BRI JIE 0.9 ~ 2.6 ~ 49KPa
5 R EBE T 53 Al B 56 ~ 27 ~ 9x10"m™ o SBANKZHEAIEIZR > FHRE(11-21mm)
EEERCRAYES ) » R AT DS SRR EEAVERRBUR « BEA NEIZEERLE/NR
2mm GEFEFAFAYRR » — b\ Eth S i L i SRR R Y 7 ki 42 05
JEIE B > JESFASEIAE - CFD(Computational Fluid Dynamics)##S o] 545t MBR
HY2Z SRR TE -

2.2 e (Backflushing or Backwashing)
[ Az 7K (— % A MBR Hi7K) 2 [=(inside out)it A MBR A > DAFE HA T
ZRFLIE R HZEY) - RO/KmE—f Ry 30 ~40L/ (m2h) > e DA% MBR H
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KEHY 1.5 %2 2.0 fE2HEE SO5E7KE - MBR [R5 ] 73 Ry(RIEE R SO
s ~ RS A - SRR MBR IR ERAY B KR SR E 2 A
RIE]  HIEA 7-16 53581878 » 30-60 FYRSE » 1R EH 5-12 435808 » 5-20 S50 -
Ttokawa & FEION B A T/KER R MBR ##(F15IE - Rl il 3.33-8.33 70 » [
5-50 7 - EFREOERVARRLLE Mo 5eay S o A EMER MBR AR EHYS RS
BB — e e R DL TP e S B R Y SOSeee ]  BE rm HYAES » BeEmY ROSeAEE
HEUAR B F2 AR - 7KOR) ~ [RZEVIIHEE. 2 - B AR K SRR HE T A
BRI R Sea e - AR B IRRE L BB /KBy - [HEAE EE 8 -
AT LAE IR AL IHZEIRIAR - HKIERD T (HEIGAEITROR - DIEGEH
RIS - SRy 2R E EE Y TMPmax K @& > & TMP 5] TMPmax 5 ¥
BRI EE ST RIREN SRR - FOFRRTIS R AT AT LA ZE TMP Ry LAk
JE > Smith 2% B ROEE FAIE TMP 12 5 I M BIFR RO AT DU IE -
EREIEARI DI T 25%HYSPKE » ROEHEE T ZEHIYHERNE - —fikd
72484 MBR » ROSEE R iE e 0.8-3.3 % > PREFREE S - HREEN
[O/KE - & bR E I B3 -

3 SRRt (Relaxation)

HAFASHLRA 1 A8 R DL 22 SRl R e P - (B & A TH ZE IR - SOk
Fe SRR A A S R R [E] > A08R(E 30min > SRR 1 min 5 BUEHERAE 10min
et Imin. FFHHA - /L E2 MBR Fpg @i E iR a8 e ARt s - K2l
FyBRIRE 7-15 o7 #t% A9 @RS HRR IR RRT 1-2 08 - WINBREHR(E - 0
HEEZTT AR B 5 2t » QY5 EEIE 4-10 70 81% » (9 1L B EIE (e Raat 0.5-2

e

4 {5 P FE R s & #8 (Particles or Carrier)
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£ MBR 18R DR BB A 2 AT AR A SR R tH 2l RS S R i A B
RIHIEERE - LU 75 Te R R - &/ 2 MBR s B AR AR T2
i —RE L NIERAERS A BIR RGEREIHZE - R IIE N ARSI E
Rt~ TSR » BIFSHOIRIE MR Bt ARG bR - R4 A 1-5Kg/M' «

54835 % (Ultrasonic Cleaning)
FEE A A A B A (B ES s e e e T THEFERZ R
BE > $IVEEIHZEYIHIRREORA K - BT B ZEY) 5 PR A R i
AR > BLERERRERE AT I & (55 FRERRE QAT AL - & S ERF AN
BN R - EEEIRRNS  SERORHES YRS (cavitation) N » ESEE S
ARG » 2 EEE AR BRSO - B=1t KE=1A 2
AR — 455 -

CHEEEZ
B =L & H A CERR PRI - (BELE Y2 A (— /% NaOH) ~ % -

IR (BERE - bR ~ R ~ AR (ERE ~ EEIR) ~ SLREEIK SRR -
HADSERZE SR ~ /rEy SRS - Bog B2 kiR o RIMBRFLBER KA
HIRHZEY A bREZA - ALEE SRR BRIy - (B S S SE R 2
SZFEA ] > {5 FH R SER S 25 S A G S R e (R S IR - — e ] DAY
EFRERER A R LS AR A I ZEYAERE - BES - EYIE T EEE - oK
b&?) ~ EY). S > EA{EpH=111f - FIEIHEEYIHCE Ry NER Ry N1 > [H
IRF SRl B G ARPET - A2 BT RIS bR - (BARAE SR KE T - ATAEZE
Vg BG5S EEY) - RS IIERRUE RN EE - BE A PR
PEPHZEY) » SCR B 5 S SR E 5 e s & Bl B T WPl s B &)
R RLEERE TR - SALRER AT LR i ATy R AEYIHEE - &
FIRVEALETA AR - B LR RS - RARI N AR B A R
T SR ER] Er et = ABYE » NIBE LERm S —
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TEISESE - SCRRER A > (9B 00 77 88 (P L G IR R - 257 S8 (e L 8 = 12-24M /M h
e[ 35mg/L)SEILE S5 A ISR - ZE & MAIEDTA (Ethylene Diamine Tetra-acetic
Acid) ~ STP(Sodium Tripolyphosphate) ~ DIPA(Diethylene Trinitrilopentaacetic) * 75 5 50
W@ FLRE T » RIRHEAAEY)E 0 T 88 SRR T B AR - (YIS T80
CRAHNIESE - Zhu o PRI AR B R R A LR - FRADEMERTLISDS(Sodium Dodecyl
Sulfate) » N EABK R FKE RERAVRE » nIRAFUKIERYATRY) ~ IBRE S REK
oo R RERA T R A YITHZEARER -

LR A DLB R g & fFCEF - DAINSRERE SR 380 - A& HFEEFRE
& #1400ppm £20. IMNaOH(<10%) » Fri&{Er i & - L] B A i H FHRORE R
&\l fzNaOH » 51 t150%  Brepols (s FH X &Mk S FH 8 A &5 (Citric Acid) > 4E
FREEAHBE R R B4 2K > WangF NIREEE - (5 F A B R- 1 R Y
EE(E PR - X B SN TUR ST - 38 AEEER A m] (SR A DAS AR CL > 28K
falhs - bR T LA - A S THIEYIRIEE R S5 - TSR ARIERAH S
DS FEBTRBUR -

HITMBRAVILEL B SR F AR b Al 7y Ry e s B e R A M e — A -
HERE A BB U fy A48 _EJF5R(CIP, Cleaning in Place) » 2FEMBRENEIR A, -
B2 AEMBRIENAYIREE T » (e ZE K EHUE BN EEIMBRIA » Loy g
FEMBR#L I S R H ERY A Y SR - EMBRESEEERZ KNitaeEE - sl
ZERATR RANKERE A LERE G - AN REMRIE I B B IRt » TR MBRAFAET T
{EMHACERE A - AR T LE B L I E4R B ar T » Bl M LB E il e
L AERAG A BB B e P SRS A LB EERNZE, - (0 R BB e SR & s
IAARE > R Rt Al _EMBRERS - (E & R R 4t R e
TEHYTE o Bt R4 R IR MIE T ENIELER - EEIEE R RYRTEE Ry
1-6/8—2K » BFREFRET1-3/NEF » {5 P & SR 6 300-2000me/L(*F-£4500mg/L)
PRI RE0.2-1.5%(FE51.0%) © WRAG MR HEIEFE #50.5-148F—2 » G2 H18-24
/N (8 R E B S92 E 500-3000me/L(F-EE2000me/L) » 5 R R E0.4-2% (F 15
1.1%) -
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(WAL ER

YIEE A EE2E 740 CEB(Chemical Enhanced Backwash) » Eo25-BR40[E] 78
FEIE B RO BGRR R AE RO AR IR Y R S (%Y 100-500me/L > {H
At i ) B SRR - HEREARRE R IER, CIP 45585 R BRI IEH YA

il

AYEVEACESR

By TR A LB R R B H 248 AV A LB R 5 — TR -
I MBR YA AALE AT ZE L ~ Energy Uncoupling ~ & Quorum
Quenching =f# - BFZFEA =mVEEFEM: - W18 H B (proteases) Al 7 i & H'E SO
WEEEWE: /5% EGalginate lyase) 1] AR TERS (R 5Nk SR 2 WEAS
HI—TE); Bt E(amylase) ¥ o RIS HEBLIR AR BB R B R R e &
TAF o HHFARHER 7> MBR HIFHZEYIRG 73 Fo B VE - AL 2R BB (proteases) i A F £
EVNERAVE SR - W ERERENRER pHE RS - BERRE ROE R
A% Rt— FEAFEEEZRIF MR - Energy Uncoupling J&—{E#SHTHIAY)/
AALIEPRTT A > T 8 (uncoupling protein) AEJM BRI &R AG AR R (A S R
TR (A E R =B A bk LR e - PHEE = WRBE R (ATP)
HIIE R EAL » {IHIEYIE R BB AEYIRHZEYH R EEEE - Quorum
Quenching /2 55— =S Y A ALFlT - BFEEEE (Quorum sensing ) J&—7FEEL{Y
A YR R A A G BRI RTINS FERT 2458 BB B R RUE A AL ~
EERA S T OS5 B BSRAEY) > autoinducer) > FEILEA ST WAV EfE
Fl—ERRER - FEAERFEERTREYIHIRI - VIR R R (EZE 5 -
Quorum Quenching {2 F | FHFREYEE Z 0T 2 LA YIRVEE 0+ [(HAATE
AR - FI40F] R LA N-acyl homoserine lactone (AHL) & MERYFEE LB
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B 1o RERHBIIEER ] - B+ &8 MBR B TERETE -

Ex-silu cleaning cycle (1-3 years)

.

Recovery cleaning cycle (oncedwice a year)

|

i > :
! Maintenance cleaning/CEB cycle (days/weeks/months) i |
| — " ! |

Filtration cycle i i y
(mr‘nur:g) Maintenance Recovery 7 In-situ |
cleaning/CEB cleaning Ex-situ cleaning
I 1

Threshold pressure ling

Baseline

Reversible fouling Irreversible fouling Residual fouling  Irrecoverable fouling

Levoaal 11 1 1 1 1 1 1 1 FiL 1 1

Time

B =+ EHAfEEEEEERIE T EFEERES( BB, Pmax ForidmE R S5
REFE; Po T vEFEEEZE (Moreau [64] and Kraume et al. [45].)
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Qs
SN
Newmombranel . l . . or i““ Cleaned membrane

Initial filtration
Supra-critical flux m Long-term sub-critical flux
filtration % filtration
2 P w4 g
B 3 Membrane fouling D> Gellayer

— cleaning Bologicaly rreves e fouing
ST Al
Residual fouling Recovery  krecoverabie f :'.
deaning )

Symbais: .Mmtr-. lummnmmuw -V-I;JP-t)-; & Colibids: ;’ Saix

@ 2oyme: Lk Uwosies & Sgnaimoecue.

B =+% MFEHEREREE.
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ibration

Dos=ing Fitration i ucer

parficles

Fitration

': il',llﬁ; @
.l I ;:\

b

L

Air - ﬂﬂl A llf i I B
Intermittent filtration Ultrasonication Particle scouring Vibration......
Parmesats Permeaate Parmeasie Parmests
Chemical Chamical
t | | I| | | g mage
| ||| ||| |I|| |
\( '-ll I|I“,||IIIII I|II|| ||I|| \|
J "” I||||| ””lI | | ||
Aur ’ e Alr = LI
* I, S— —
Backflush CEB or CIP CIA R‘“"’“” (Infansive)

1 cleaning |

In-situ

/’ ||||"||| || !

| "

I
w I“ | |II (L Recovery (intensive ) deaning
ﬂm—u'”"”“,nllul \v

(I
Physical deaning il |I|| I Cleaning tank
I\

e | m—

Offline physical & chemical deaning
Ex-situ

B=-/N E48 & Eka & e~ =lE CEB: chemically enhanced backwash; CIP:
cleaning-in-place; CIA: cleaning in air(in the drained membrane tank). Part of the
figure 1s adapted from Cornel and Krause [51].
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N A[E] MBR HEREE AR ILRE

Cleaning methods Membrane & fouling types

Membrane types Fouling types

HF  FS M Attachment strength Bio-chemical Locations
propertics
Reversible Irreversible Residual Irrecoverable Biosolids & Organic Inorganic External Internal

organic (cake)  (zel)

Cake  Gel

In-situ
Physical cleaning
Backwash
Relaxation|vibration/
ulfrasonication, etc.
Physico-chemical
deaning
(EB
Chemical cleaning
Maintenance cleaning:
QP/CIA
Recovery cleaning
Biochemical cleaning

Ex-situ
Physical cleaning
Sponge cleaning/water
flushing
Chemical cleaning
Recovery cleaning

S BTARFIIRE -

+ FRBERKZ - + FoREETAER > ZEHER
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R MBR S AEHAARAG AR ]2

MBR Membrane Feed Filtration (min) Relaxation (min) Scale References

AeMER HF M 1-12 067-3 Full-scale Zsirai et al. [9)

AeMER HF 5 31-13 033-067 Lab-scale Wu et al. [88]

AeMER HF § 45 15 Lab-scale Hong et al. [113]

AeMER HF I 9 1 Full-scale Zsirai et al [9)

AeMBR HF - 10-15 b] Lab-scale Albasi et al. [90]

AeMBR HF D §-15 1-8 Pilot-scale Gui et al. [114)

AeMBR HF M 4 1 Pilot-scale Santasmasas et al, [118)
AeMBR 2 § 8 4 Lab-scale Chuaet al, [115)

AeMER Fs M 10 2 Pilot-scale Maet al. [31]; Wang et al [38]
AeMER ks M 2 Pilot-scale Santasmasas et al. [118]
AeMBR IS M 9 15 Full-scale Itokawa et al. [82
AnMBR FS § 8 2 Lab-scale Huang et al. [119]
AnMBR FS I 4 1 Lab-scale Lin et al. [120]

AnMBR Fs M 10 03 Pilot-scale Martinez-Sosa et al. [121]
AnMBR HF D 4 083 Pilot-scale/demonstration plant Robles et al. [72 86|
AnMBR HF § 1 033 Lab-scale Tran et al. [71)

AnMER HF D 4 1 Lab-scale Wen et al. [122

AnMER ™ § 4 1 Lab-scale Cerdn-Vivas et al. [123]

5F: AeMBR, aerobicMBR; AnMBR, anaerobic MBR; HF, hollow fiber; FS, flat sheet;
TM, tubula rmembrane; M, municipal; S, synthetic; I, industrial; D, domestic; -,
information not available.
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R\ (o PRI/ B AG ET  H HA RE 2R ek A R

MER  Membrane Feed Particle Shape Dlameter (mm) Density Dosage Effidency References
matérial (10° ke fm?)
AeMBR FS° 5 PP Oval 15 105 40kg/m 177 d operation without any other cleaning at flux Siembida
15-20L{m’ h) et al.[125]
AeMBR FS* M PP Spherical 3.0 104 26kg/md Over 100d of operation without any other Siembida
deaning at flux 10-14 U{ne* h) etal [125]
AcMBR HF 5 B Cylindrical 30 lengthf30 0478 1-10 vjv The optimum dosages were 1%, 1.3% and 23% for  Huang et al.
Carier diameter MLSS 5, 8 and 11 g/L [142)
AeMBR FS* M PRTR, Lenticular/ 3-5 102-131 - Particles with density < 105 gjen® and 3-5 mm  Rosenberger
POM,  spherical diameter can be well circulated while density et al. [143]
FET 105-12 glan? requires high flow velocity
AeMBR HF I B Cubic Wx=10x10 003 2R v Critical flux increased by 20% and cake resistance Yang ef al.
decreased by 863 |53
AeMBR FS* S Mineral Spherical 25 105 40kgm? The permeability did not decrease and the average Krause et al
filled Pe net flux increased by 30% compared to the ontrol [145]
A:MBR HF S Sponge Cubi W=10x10 0028 0% viv Sponge can reduce membrane fouling thiough — Guo et al
mechanical cleaning [148)
AeMER FS 5 GAC - 015-12 - 05-2kgfm®  267-589% cleaning efficiencies were achieved  Johir et al.
[149,150]
A:MBR FS " 03-06 0.748 1 kg 325 of TMP was dropped with the addition of GAC Pradhan
at 06 mf{m® h) aeration intensity etal [151]
AeMBR FSC D PE - 12x10x7 057 5TR v Adding the crrier decreased 727 of cake Jin et al.
carrier resistance [152)
AMER HF S GAC - 1030 mesh - 1125-225 All GAC dosages can significantly reduce Kim et al.
ke m? membrane fouling [146]
AnMBR FS 5 R - <015/025-1 04250310  17kgn? Adding PAC is more effective compared to GAC Huand
GAC Stuckey
[153]
ANMER FS S P - 120 % 200 mesh - 1-5 kgfm® With the increase of PAC dosage, over 30% flue  Park et al.
enhancement was observed [154]

#£: AeMBR, A% MBR; AnMBR, [B4% MBR; HF, th2e8B4Ef; FS, SEAREE; FSC,
SEAR PR ZERE, TM, & BEH%: PEM, plate and frame membrane; M, municipal; S,
synthetic; I, industrial; D, domestic; -, information not available; PP, polypropylene;
TPU, thermos plastic urethane; POM, polyoxymethylene; PET, polyethyleneterephthalate;
PU, polyurethane; PE, polyethylene; GAC, granular activated carbon; PAC, powder
activated carbon a Backwashable FS membrane.
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10
_{g'
08 o d'h\
l«\
?? 06 ‘:Flil e I
] | —
11 B
04~ a
1
|}2 T T T T T T T T T T T
1] 200 400 600 800 1000 1200

Freguency (k Hz)
B =+t BT RARRE MBR JFESERAVR%. 51 #Spiral wound PES
membrane [204]; AFS-PES membrane[189]; (OFS-PS and cellulose membrane [52];
[ICeramic membrane[193].

o]

0.8 8]

0.6

0.4 7 o

Power density (W/ecm?)
o

0.2 7 o =

0.0 T T T T TTTT] T T T T TTTT7T T T T T T 11T
0.1 1 10 100

Ultrasonic duration (h)

B=—/\ @ afE i A e MBR A5 % E FPE (3F: HF-PVDF membrane at
continuous irradiation; HF-PE membrane at intermittent irradiation and the accumulative

time 1S calculated based on the raw data in the publication).
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Oxidant cleaning
I‘Z€1_." CO; + H:O

P

Acid cleaning
M{OH), + H"— M" + H,0
M{COs)yz + H— M™ + CO, + H,0
M5Oz + H —» M™ + S0, H
MPOs)uz+ H — M™ + PO+ H

..... e

1 N I
Alkali cleanin :
]
]
I
I
]
I
]
!
18, &g - |
|
I
]
]
I
I
]
I
I
]

R—E—O—H'—h R—COC +R'OH
Prolein—» amides | 3
Polysaccharide---» monosaccharides Pl
LT . o~ = e,
K P s e ("' J
e — S EE@-;—
3y -0 T 98 %9 =

(el

Chemical
precipitants

A T "
MY+ HY— CooH+ M

=
-<%  Disintegration™:+.

t —_— ?t;

. =S =t UL Utk USRI |

precipitants

Biologically-
induced

n + + EDTA/STRIDTPA

&

\\
—®L + EDTA-MISTP-M/DTPA-M

N + 508 — J—SDS + M™
M &£
~ 3]

B =171 SRR CEEEAVHHE](GE DTPA: diethylenetrinitrilopentaacetic acid;
EDTA: ethylene diamine tetra acetic acid; SDS: sodium dodecyl sulfate; STP: sodium
tripolyphosphate.

J Farticles (biomass); 7 Colloids; r"’ Solutes;
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1200 7000 3.5
20 4 1 1
6000 | 3.0 Jimage of Fig. 10
1100 ] |
40 + 5000 - 25+
% om0 2 30 J 4000 s 20 —
® T 1 5 E z 1
= E =1 —
= = O 3000 o 154
% 5 o S
£ 400 8 20 3 ] |
2000 A n 1.0
200 - 10 - T 1
_ l 1000 | 05
| ‘ == 1= 1 " l
0 . T 0 }_T_ T 0 -'|L T 00 T T

MC  RC MC  RC MC RC MC RC

BPu+ 4k 4% 5t (Maintenance Cleaning, MC) BRPRAE M5 %E(Recovery Cleaning,
RC) HYEL#Z(a)cleaning interval, (b)duration, (c)NaClO concentration, and (d) acid
concentration. Box chart illustration: the horizontal lines of the larger rectangle denote the
25" and 75" percentile; the two short horizontal lines connected with the rectangle
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T & MBR 4 M52 5 = (summarized mainly from Judd [5], Huang and Wen [50]
and Itokawa et al. [82]).

MBR Membrane Supplier Feed Maintenance cleaning protocals
AeMBR B Kubota M 5000 mg/L NaCl every 2-4 months for 2 h soaking (followed by 300 mg L acid soaking in some plants)
AMBRR B Kubota | Maintenance cleaning performed every 3-4 months and dilute HCI every 2-3 months for struvite removal
AeMBR B Kubota M 2000-5000 mg/L NaCl0 and 5000 mg/L dtric acid; 4-3 times per year
ADMBR B Kubota I Maintenance cleaning performed every 6-8 weeks
AeMBR fs LG M 05wi% NaCl0 6 times a month for 3-h soak supplemented with 0.1 we NaOH twice a year
AeMBR HF - M 1000-1500 mg/L NaCl0 every 3-7d and 3000 mg/L NaCl0 every month each for 0.5-2 h (supplemented with a
quarterty 1-15wt? citric acid cleaning in some plants)
AeMBR HF GE Zenon M Aweekly 500 mg/L hypochlorite and 0.2 wt¥ citric acid each for 0.75-1h
AeMBR HF GE Zenon M 200 mg/L hypochlorite every 10d supplemented by 2000 mg/L citric acid every 20d
AeMBR HF GE Zenon M 100-200 mg/L NaCI0 every 3-7d for 1h
AeMER HF GE Zenon M 200-800 mg/LNaCI0 with 2300-3200 mg|L citric acid (or pH =2 ciric/{citric+HCl) or 3000 mg|L citric + HNO, ;
once a week or two weeks
AeMBR HF Asahi Kasei R Aweekly 500mg/L NaCI0, a monthly 3000 mg/L NaCl0 and a quarterly 15wt citric acid cleaning (each for 2-
3h)
AeMBR HF Asahi Kagei M 3000mg/LNaClO for 15h
AeMBR HF Asahi Kasei I 1000 mg/L NaCI0 for 15 h once every twa weeks
AeMBR HF Bejjing Origin M Aweekly 500 mg/L NaCl0 for 2h
Water
AeMBR HF Korea Membrane M 2000 mg/L NaClO for 2 h every 2 weeks
Separation
AeMBR HF Koch Membrane M 2500 mg/L H0, and 2000 mg/L citric acid/phosphoric acid every 2 weeks
Systems
AeMBR HF Koch Membrane M Aweekly 1000 mg/L Nacl0 for 45 h supplemented with citric acid cleaning af pH=3
Systems
AeMBR HF Memstar I 200-500 mg/L NaClO for 15-3 h every 10-30d
AeMBR HF Mitsubishi M Aweekly 500-3000mg/L NaCl0 (2 h) supplemented by a quarterly cleaning with 1w citric acid (2h)
AeMBR HF Siemens M Aweekly maintenance cleaning protocol
AeMBR HF Sumitomo I 2wtk NaOH for 2h and 3000 mg/L NaClO for 2 h monthly
AeMBR HF TianjinMotimo 1 300mg/L NaClO for 03-1h twice a month
E-MBR - MT Norit M 300 mg/L NaCIO for 4 h every 6 weelks
E-MBR - MT - I 1wtk caustic soda every 6-8 weeks combined with a further 2 h flushing with 02wt hypochlorite
E-MBR - MT - D A monthly 300 mg/L NaClO for 1 h soak supplemented with 8 h soaking in 2 wi citric acid every 4 month

Z¥: AeMBR, aerobic MBR; AnMBR, anaerobic MBR; Ex-MBR, external MBR; HF,
hollow fiber; ES, Flat sheet; MT, multi-tube membrane/tubular membrane; D, domestic;

M, municipal; I, industrial; R, river water purification; -, information not available.
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F+ & MBR I M:5 5% 7 2 (summarized mainly from Judd [5], Huang and Wen [50],

and [tokawa et al. [82]).

MR Membrane Supplies Feed Recovery deaning protocals

AeMBR FSVRM  Huber
AeMBR FSVRM  Huber
AeMBR B Kubota
AMBR OB Sinap
AMBR B M
AeMER Fs Toray
AeMEBR £ Torgy
AeMBR HF -

AeMBR - HF GE Zenon
AeMBR - HF GE Zenon

250mg/L hypochlorite cleaning 1s performed once in 3 years of aperaton for Gh

500 me/L. hypochlonite and 500 el citic acd for 24 h onee a year

2-3 fimes every opérating year

HC clezning every 20-60d for remaving phosphate fouling

COP one 4 year

2000-6000 mg]L. hypochlorite followed by 1-3 wi citric acid for at least 3h each every 3 months

6000 gL NaC10 en a yearly cyde for 4 b saaking

000 mgL Nacl0 and 1.5 wEs citic acd deaning annually (COP)

500-1000 gL NaC10 and 1000-2000 mg]L citric acid every 0.75-1 year

800-2000 mg LNaCI0 and or pH=2 citric acid; pH=2 citric+HC with 1000 mg/L NaCl0; 5000 me L. K,0, with
5000 g L itic-+ HNO: 1-2 s pe yeat

AeMBR HE GE Zenon [ 02wt citric acd cleaning 5 times 1n 7 years of opération

AeMER  HE Asahi Kasel R 3000mg/L NaCI0 and 2 wt aitric acid for 24 each year

AeMER  HE Asahi Kasel | 3000mg/L NaCI0 and 1wt oxalic aad every 2 years
M

=TE=EE=====" T ==

AeMBRHE Korea Membrane 4000 mg L NaClD twice a year
Seperation

AeMER  HE Koch Membrane M 10gL W0, and 4 gl citnc aod twice a year
Systens

AeMBRHE Koch Membtane M 2000 mg/L NaCl0) supplemented with cifrc acid cleaning af pH=1for 3 b
Systes

AeMBR HE Mermstar
AeMBR HE Mermstar

300-500 mglL NaClO and then 05w itric add each for 4 h for 1-2 times a year
800-1000 g [L NaCI0 for 16-24h 1-2 times a year

AeMER  HE Mitsubish 3000 mg L NaC10 (24 h) supplemented by 2w atric acid (4h) once a year
MMBR  HE Mitsubishi 3000 mgL Nacl0 (3 h) biannually
AeMBR  HE Siemens Recovery deaning every 3 months

AeMER  HE Sumitomo
AeMER  HE Tianjin Motimo
E-MER  MT Noril

2ith HyS04 for 14 and 24wt NaOK for 2d
1500-2000 mg/L NaCI0 soaking for 6-8 hand 5 gL HCLfor 104 1-2 times a year
overnight soaking i 1w citric acid every 18 weeks

= T === " -

Z¥: AeMBR, aerobic MBR; Ex-MBR, external MBR; HF, hollow fiber; FS, Flat sheet; MT,
multi-tube membrane/tubular membrane; VRM-vacuum rotation membrane; M,
municipal; I, industrial; R, river water purification; L, landfill leachate -, information
not available.
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Fet— MBR s ERREE.

Membr ane Feod water Cleaning reagent Dasage Duration  pH Temperature  Flux Resistance  References
(min) Q) recovery  redudion
(%) (%)
PSF (30 kDa) - BSA Terg-A-Zyme (mixture of -04wts -60 -7 -40 -§91 -954 Mufioz-
- Whey detergents and enzymes | —0.75wik -60 -1 -40 -910 -987 Aguado
protéin etal. [58]
33 Abattoir effluent - Lipase A+Triton X100/ -1 mg/ -6y -15 -3 - 1000 |° Maartens
+Proteaseh ml+01% 460 etal [57]
— Alkazyme+Zymex (1:1)  +1mgfml
-3% -60 =15 =37 -=100
IM (400 kDa)  Whey protein - Maxatase® XL -(30-35)x =20 -45-100 -50 i -~100 Argiiello
(Endopeptidase) 102 uJm etal
— PaUltrasil 62 _(0-3%)x  -20  -05-100 -50 | -0 [270273]
(proteases + anionic 10-"u/m

tensioactive agents)

WO (01 um)  Sludge ~ Ultrasil 67 05%(wy) 120 ) 20 ~7090 | Grélot et al.

supernatant - Ultrasil 69 new=Filzym p —1% (wiv)+ -70-100 [230]
i (whw)

PES (30 kDa) - BSAor Proteinase M 01 wii 60 9 FLED | -91~95  Petrus et al.
BSA+beta- [10]
lctoglobulin

PVDF (0.2 ) BSA=sodium Amylase 003% 0 6.5 50 | 662 Puspitasari
lginate etal [279]

PSF(100 kPa)  Humic aad Amylase +Triton X100 Wi+ 120 9-11 | 94 ~90 Yuetal

01% (viv) [21]
S Dairy wastewater - Reflux® E2001 -02%(vv) -45 -85495 48 i Quatrody  Tang etal
(protease + lipase) me® [280]
- Reflux® E1000 (protease) -02%(vv) -45 -90-100 performed
- QuatraZyme® —03%(vy)  -30 -70-80 better.

=F: PSF: Polysulfone; IM, inorganicmembrane; PVDF, polyvinylidene fluoride; PES,
polyethersulfone; BSA, Bovine serum albumin.
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F+ = &ME MBR EE ARG RS

Overal performance (onsequences

Cleaning

iod Foulant ~ Overall Membrane Pollutant  Microbial Downtime of Production of claning-related  Quanity of chamiaal
methods

removal permeabilty  damage  removdl  activiy  filisadon  byproducts (for NaOCl cleaning)  weste stream generated
recwery

Al scouring|
relaxation

Backwash

Mechanical
cleaning

Ulrasonication 4

(F8

ap

(A

Recwvery
Cleaning/COP

Biological
biochemical
Cleaning

bt RERFHVSER -+ AR 0+ RRERAR - ZEFR
HEROR - L2 - - - RTHBEREGEBEEERERK - - - TREW
RAHIHE - - FORERCRAHE > ZZHRRNIEERCR -

t - ERGERES R

TRABEETE IS BB R B AOMGEHRERE T BB AT © 55— ZChReg
S8 MLSS ~ MBR Hi7KJ RO HiZK © 55 —ZCERHR R MLSS » 17450 PAC
55 MLSS J2Z4Y 3800mg/L » PU{EEEFR & 1000ml (Y MLSS » 43R0 0~ 0.5 ~
1~2~3ml AY10%PACI k20~ 05~1~2~3ml #Y 0.1% &8 T=9 T - Hies
RBHBIIRESINT » BROWTEEMEARIRDOC) ~ UVas ~ Lk UV BOBESUVA)
FEARYIAR 2 2801 - WA S Ee ke g & (high performance size
exclusion chromatography, HPSEC)ERH UV-VIS ~ #5¢ k& DOC = HIES » S

W

TR R PS5 (excitation/emission matrix spectrofluorometer, EEMs) » fEHE /K

1 NOM {RES T8RN 53 A R Z B © HPSEC K FEEM 7M4a4l |
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A. Conical Pore Opening H PS E C

v Data
@ —— Detectors —» processing
|
v
®

HPLC
(chromatography) I —> OoCD

OCD  : &t3f 75 s sk a7 ©
UVDys, : $ 2 & |8 ES T X R2H T A RE - B LUV, 7T 2 4F Aok F ooty © ey 4548 -

EBME>TE/ »H

High Performance Size Exclusion Chromatography (HPSEC)

Analyzed groundwater
500

LMW acid and humics

400
—— 045 pm filtration
= — Nanofiltration

300

Humic substances |}

0CD (A1)

200

—— Peak a: bi
—— Peak b: humics substances
Peak c: building blocks

Definition of spectra

and humics § Biopolymers LMW neutrals

i
T e e

il St
a 7 6 5 4 3 2 1 o

100 /\ e Log apparent molecular weight (Da)
o

6 5 a 3 2 1 o 2
Log Apparent Molecular Weight (Da)

sH(FEEM) 73 T B B %1%

Chen et al., (2003)

I :Aromatic proteinl
s i e II : Aromatic protein Il
Il : Fulvic acid—like
V :Humic acid—like
IV : SMP-like

i1
phan L o F
M : — ) Region 11 *SMP: Soluble microbial by-product-like
- - : Fulvic acidike
= ! - . OsREA (s sudy]

0

Relued to Hamc scid @)

v ——
Model husic
1 Marine humic acids

acid polrmers

tion wavelengrh (nm)

20 300 320 340 360 B0 400 420 M0 460 480 300 320 540

Enisson wavekaggh (am)

55



Fr—REE MR~ PO+~ O+= - [0~ RP+--P+4
BUR MBR B VARGRIR T T8 2 AHYIRER - 46H RO A4 rl e &
R - SEAIRCIEE 0.13 mg/LERTZ) - AV LRS- &H MBR 2
KZ5RERR HAGRERR)INTAF T - REE SR I EYIS 1T - [RERR. FY)
B o BRI AE MBR K RO BEZ N - NIEERE# (R FETAE R > MBR & RO FERE
ZMHPHIE - FNEEBRHEAY - RLERHEES MLSS JRFE T 2L PACH S8k
biopolymer HYCR » S &S SR AT PY-F7N ~ B+t - BR © HONE LA E
8 NMET RO TARYIERR - SSREURAIN PACI FIEZE 1ppm DL EHHAE
PRECR - (B HEARYIEHEER - 525 — R PACURAE: » KM E
REE R > DIHUISEFERFAVEER - HHES MLSS BT FHURESEFRR - ATHh R
F 5@t DAF(Enhanced Dissolved Air Flotation) » ARV MBR » FE{sf A& &fE 25 8+
SEMESRIRIT - U KR IE RICHRERH ZE/Y Biopolymer » PARETLEENY UF+RO -

() —REE T B MR

3000

»»»»»»»»»»»»» MBREEAK
2500 - o RO ZEA

= 2000
=
w
=
QL
+ 1500 -
(=
8 1000

500

o : B

f
20 40 60 80

Time (min)

BEVO-+— bR S o iiERsR A - MBR EE /K& RO &K
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10000

8000 -
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]
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2 4000 -
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=
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2000 -
o

Time, min

B+ UV254 (&R 53 iR g ~ MBR 27K RO EK

(D) F-REBRFOCER T

Excitation wavelength (nm)

Excitation wavelength (nm)

320 340 360 380 400 420 440 460 480 500 520

Emission wavelength (nm)

EVI+= BRE KRR

320 340 3680 380 400 420 440 460 430 500 520

Emission wavelength (nm)

540

o

100
200
300
400
s00
600
Too
s00
00
1000
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100
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300
400
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600
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800
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400
390

B Pa—+Pd MBR zE/K/KEEE RS

o 380 . 0
= 2o — 0
T 360 300
= 350 s 400
_._E = 500
fan>] 340 600
% 330 = ;gg
o =
[qv]
g 300
S e
E 270
2
LIJ 240
Emission wavelength (nm)
BO+FH RO EKKEZE G
== BEARYFHESESE
AFI
API APII SMP
ZIRFE| HIES B FA TR HA
EH EH =ie | A | EERE | NPDOC (mg/L)
B SR 51.876 201.285 219.516 198.482 202.991 10.90
MBR &7K | 25.994 155.863 171.328 186.775 209.464 6.18
RO &K 3.070 10.001 8.384 9.277 3.656 0.13

(B K E o T E it

1200

1000

®
[=}
(=}

600

OCD (Intensity)

400

200

20

40

Time (min)
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UV254 (Intensity)
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3000

2000
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-1000

EHVa+7~ AR EES AR FUR SRR EAVET R

20 40 60 80

Time (min)

EVa-+t£  UV254 RS AR A DR SRR B AYEE R
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B D EER

ARIAEE Y MBR HY 108REH ZE R A ~ TN ZR 2. 0HRERH ZRIRk4E T774 3.
SEIAMEE SR AT ARRAM T - n[ZEIERAEE A MBR+RO fzE
FEFP AR A A L R R B R g 7K [BU AR o (E E S S A ATReE - SRRk
[ Yokl LA R S B e /K [ ATSse it - wT DA Rty S AL - A {50 SRR 2 A
(MBR ~ UF & RO) > St S BCHARBHZERY Biopolymer » DAS EIf FEAVE KRR -
A=t DAF(Enhanced Dissolved Air Flotation) 5] S5y 878 > — » T A5 MBR —
B YRR B T4 = RS MLSS AYHR(E ~ R 5RIAE ~ REURESIUA -
A Y B~ T ] AR Biopolymer 2 1% P S0 FH AR &R 5 5+ P4 SRR Bf -
AR LR Biopolymer » PAPREEIRAEHY UF+RO © DL i Sba Al ENEE Ay LIFARF

\
/
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Membrane Bioreactor (MBR) and Fouling Control Strategy fH#EfE #1F

Membrane Bioreactor (MBR)
and
Fouling Control Strategy

Shih-Yuen Chang

Dept. of Environ. Resource
Refining & Manufacturing Res. Inst.
Chinese Petrol. Corp. Taiwan

Bio Aeration Tank Final Clarifier(3)

ET: Equalization Tank
CPI: Corrugated Plate Interceptor COD (mg/L) 669 480 37
DAF: Dissolved Air Flotation (1) (2) (3)

Conventional Wastewater Treatment Process
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4SS <50mg/L
COD <500mg/L
Cond.>4000uS/cm

ETss >200mg/.  CPI
COD >1000mg/L
Cond.>4000uS/cm

Reuse
BioAerationTank  MBRT R
io Aeration Tan MBR' & 8 R S ND
COD <20mg/L RSP COD <5mg/L
Cond.>4000uS/cm |l Cond.<100uS/cm

High-Quality Wastewater Treatment Process

MBR (Membrane Bioreactor)
Membrane < (Biomass)

Hollow Fiber Flat Plate
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CPC Linyuan Petrochemical Factory
Wastewater Reclamation (6000CMD)

RO RO Permeate

Safety Filter RO MBR/RO Permeate Tank
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MBR Fouling
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Membrane Cleaning
Physical cleaning : air scouring, backwash
Biological cleaning: biocides

Chemical cleaning: acids, bases

TMP unit: Kg/cm?
Flux unit: Lmh
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TMP unit: Kg/cm?
Flux unit: Lmh

Main Material

Causing Poclﬁxsaccgba rclncjes
Membrane -“u’_
Frnllog GIucose
‘\f"% molecules
1.Large-size nature f
2.Gelling properties ( taTICh —
3.Divalent or Multi- %‘” 4 potysacchariae

valent Cations

4.Substrate for bacteria (C6H1005)n 40§n§3000
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EPS (Extracellular Polymeric Substances)
SMP (Soluble Microbial Product)

chl - EPS @ colid ® SMP .Bieﬁ,hn @Ca:'

Mg

Schematicillustration of some membrane fouling mechanisms

- Live cell u Dead cell

EPS-protein (& SMP-protein

Z EPSsugar ¢ SMP-sugar

TMP >Cake layer

Membrane

Time

Changes in the spatial and temporal distributions of biopolymer compounds

and live/dead cells in the membrane cake layer over the TMP development
process.
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Membrane Fouling Control Strategy

8.

9

NooaAawN e

(articles review)

MLSS Conc. 6000-15000mg/L

F/M <0.1gCOD/gMLSS.D

SRT >20D Operation
DO =3-5mg/L Parameter
Nutrient ~ BOD : TKN : TP=100: 5 : 1

Salinity

Pretreatment (remove Qil, Grease,

Fat, Scaling factors)

Alcohol-base Antifoam

Inorganic Coagulants Chemical

10. Adsorbents
11. Water-Soluble Polymers
12. Ozone Sparging

Membrane Fouling Control Strategy

(articles review)

1. Biocarrier (Biofilm-MBR)

2. Quorum Quenching Bio
3. Bionet

4. Electrical Field
5. Ultrasonication
6. Air Scouring
7.Shear Stress

Physical
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ASP: Activated Sludge Process
MBR: Membrane Bioreactor
RO: Reverse Osmosis

o B 0

Polysaccharides
make membrane fouling

Remove

Polysaccharides before
it contact with membrane

ASP: Activated Sludge Process

G E TeC h n O | Ogv MBR: Membrane Bioreactor

RO: Reverse Osmosis

Biocarrier

|

o B v

Polysaccharides
make membrane fouling

Remove

Polysaccharides before
it contact with membrane
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ASP: Activated Sludge Process
ST: Sedimentation Tank

MBR: Membrane Bioreactor
RO: Reverse Osmosis

FF: Fiber Filter

ITRI (Talwan) TGChﬂO'Ogy UF: Ultrafiltration

Remove

Polysaccharides before
it contact with membrane

Membrane Fouling Control Strategy

NoUeEWwNR

8.
9.
10.
11.
12.

(articles review)

MLSS Conc. 6000-15000mg/L

F/M <0.1gCOD/gMLSS.D

SRT >20D Operation
Do =3-5mg/L Parameter
Nutrient ~ BOD : TKN : TP=100: 5 : 1

Salinity

Pretreatment (remove QOil, Grease,

Fat, Scaling factors)

Alcohol-base Antifoam

Inorganic Coagulants Chemical
Adsorbents

Water-Soluble Polymers

Ozone Sparging
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ASP: Activated Sludge Process
MBR: Membrane Bioreactor

1_Maintain H|gh MLSS Conc. RO: Reverse Osmosis

FF: Fiber Filter
UF: Ultrafiltration

2.PACI Coagulation —

Remove Polysaccharides

UF RO

DAF (Dissolved Air Flotation)
Remove SS up to 200 mg/L

f L 1
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0 4 -n.tlllll ’
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i - s
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EDAF( Enhanced Dissolved
Air Flotation)Remove SS up
to 6000mg/L
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ASP: Activated Sludge Process

MBR: Membrane Bioreactor

RO: Reverse Osmosis

EDAF: Enhanced Dissolved Air Flotation
FF: Fiber Filter

UF: Ultrafiltration

SMP, EPS,
Polysaccharides
Analysis

EDAF
( Enhanced Dissolved Air Flotation)

Thank You for Your Attention
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