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13 1) Reduction in actual and projected
membrane replacement cost per membrane area

1990\t Zytol A} FHtol] 49] ol AT &ejuto] Yt
et A 7, e ojgh=t| ofufof |24 MBR 57g°] A
Aol MEA shte A dA =itk A MBR 74
(Submerged MBR)2 AR5 5% MBR 3404 BRE 3l= =
2 Ad 5o de AT, I trtE w2 4RES 45
(Membrane Flux)©] A% it 28|z E-1a}al Bl 22
SAtolA B W& v AS vl w A A2 17]9] Eejut RER A

& R RN §459 #AE S5 4
AT o] JAF s dAsl]ol & o golstal AHshH

Sl go] e Aol QIict olof o] WAY Hejate] &
=] o 7

u

P

l

it

P4
;
<t
=
o8]
=
v 2
jov]
=
o
o]
n
o}
[oN
)
T ofl
o2l

& L/HeA Y Sl Uil FY =& 7= Aol
= AE7HS, QokE, 74 7R T APCE HhA] EoptT,
1990t} $5tof| o] 2 2] A|3 Fejute] 7hz o] #A5] stetalgl
o 29 DollA o E2juf wA H-g-o] 19921l 400$/m ol A]
200091°l= 100$/m*2A] 1/42 slekeks & & Qi ofe 22
S B A S U O R =8 fF- RS Y o/HA T

AZHHigh Flow-Low Concentration Market)oll4 7]£2] #%&
Q1 A 2] A2 ’a} A 4= QA H| itk & Y sl A E
ot -2 EldA HE(Feasibility Study)7} == 1 2
12 223 MBR 5780] 449 o] Sirk= Zlo] Braj it

o

2. MBR 3%9| z|29| 2x|

22712 A AA BHA 2,0007) o1Fe] MBR Al2do] 715
=3t 93, AR A4 Sl 9lck MBR 34 ‘%Oﬂ*i X%}Od
=] AAIIA 7Fs 0 MBR Al2~89] AR
Al 7FEE AL Qe 7L Qfofl= = Hrlek 7 Xl"—ﬂ%%# etk

Year No. of plants Largest plant (m*/d)
1993 4 125

1995 20 250

1997 70 800

1998 150 1,907

1999 237 7,100

2000 12,700*

* : Swanage(5), stexial, 20004 7t

H 1) Number of installed Kubota plants and treatment capacity
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aeration tank secondary

clarification tank
_,-f

micro
screen aeration tank membranes

— —_— T m c)internal submerged
] (LHE EXIE)

screen aeration tank membranes

-y — : d)External submerged
22| HXH)

micro
screen aeration tank membranes

~—  b)External crossflow and side
stream(2/5 MXIEE 22|H)

a2l 2) Conventional wastewater
treatment system and three types of MBRs
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25 Tubular Membranes
Zee Weed Membranes
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13 3) Growth ZeeWeed based ZenoGem
Systems for Municipal/ Sanitary Wastewater Treatment
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5. MBR3E2| 28 2 E=(mode)

5.1 MA B E(Process mode)

MBROfIA Ae=or HAPE d= 378 Process Mode'st
ol o] B HE ZAA 42 =(In—situ Cleaning Mode)
o} 3 w2 SAE7] o] Process Mode= 7+
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A @ @EH o] Hejut FHof A== A WA st

Process Mode

—>| Back Flush | “«—
or I and / or

—>| Relaxation |<_
if needed

—>| Cleaning Modes | <«—

12! 4) Filtration and cleaning modes of MBR process

5.2 §X|2E=(Relaxation Mode)
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5.3 SM2E=(Back Pulse/Flush Mode)
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5.4 35tMI™(Chemical Cleaning)
RE Hajuh A AES SlEokE 0 2 A4S 5}
SRl QUeh, &3] ARE= 318} ofFoll= Aot AVER
(NaOCl), 7Hd4tHNaOH), +A4KCitric acid), <A4HOxalic
acid), FAHHCY, AlAl 53 ol&& &

o}, o]e} 2 318t oRES 0. ¢ B FRe} Helute] el
w2t st
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6. MBR 3%
6.1 E=XHH|2} 27|

MBR 57g°] olg] 7FA] A4S 2L ol Etskal Aol
A G55 A8Elet Wl aglor sk A oln] 7|&
Y=o0] 27| =X (Capital Cost)2} &AH|(Operating Cost)7}
7] dzoln, ofef -2 v|-g-o] thFEe Fejuto] ZpA|g,
wo]ahe] Hl8-2 ZHEY] A7]of| tiA| 2 o8 ulHsh=t], o|F
L AFA9l ZHWE||A Q] 2] ZHA|(Economy of Scale) ©]
Eof| /JHtEm o]= Fejuf $40] = 54 FY shelrt &
22 7442 A W7l qlok on] 732 Kubota Al
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H5A% 340l B4 7Fs3 MBR 5749 U 2715 ﬁ% ot}
IAEE= A =S 519tk MBR 249 AAA Y 7HF 243 9
TS A= A2 A 5= Y= Hd 7ks &5F0lt). Davies &
(1998)°l oJstH G=rol A9 7|E R ALteteS Aol
12,000 m?/d o]g}aL ®arsleir}, E35k & a]uu H]-g-0] 50 % 7+
24ghd 25,000 m?/d o2kl Biskglch, MBR 3402 2o
7Fs3t A2l fEke] AR AATIL Y= % 4@ G ARo]
T}, Churhouse 5ol 9ot A HHEG A AL o]F
50,000 m*/d & 7Fs-3hckal Harskal Qe

6.2 OllL{X| AH|E

- 2218 MASEH N &XIE MBR| OfILAX| AH|Z H|w
ofe] i 2= AR JAF MBRY o U] AxH]gE HlaL
S 3ot} o|9f e oY A] 4] o) AR A|AELE o " A -
Aetrfol whet Eoh ofH FE R sh-vpof uheh gebdl 4= gl
t}. Ueda”} AR o | A] Av]gke Pilot—Scale PlantZ5-E
@2 Aolal Cote?} AXFE AL Full-Scale Plant25-E #2
Zolct, ey Altshs o] FE3Eo] QA 97| el
Az th2 A2 tisl 27t AR Aukg A4 Hlud 4
+ Sloh 22y S B A MBRO A7 A E S
MBR®| 7-¢-5t} o 2|7} B AA| Erhs Holid= YAlgict

Maximum Throughput

/Average Throughput MBR Activated Sludge

1,400 / 650 m*/day 10,000 £/ year 13,000£/ year

22,500 / 10,500 m'/day 106,917£/ year 148,070£/ year

Process Average power consumption (kWh/n’)
T. Ueda [5] P. Cote [6]
Conventional Activated sludge process 0.2-0.3 -
Cross—flow MBR 3-4 4-12
Submerged MBR 2.0 0.3-0.6

¥ 2) Comparison of energy consumption
between cross—flow and submerged MBR

- MBR 331 gd&aiX| 33| OflLfX] AH[Z Hlw
Davies 50| AIAIZE Hol] o8} 3E oA & 4= $l=o] 1,400
m’ 2] 859 - oyA] anlo] E= Hl-go] MBR th
78-%-0l= 10,000 £/year e Bls L&A 349 7ol
+ 13,000 £/year® MBR 542|790 oF 30% 2 A=
AXeFeH, 22,500 m3 A2 82| -$-oll= MBR 106,917
£ /year Q1| vl EAJ&#A] 542 7-$-ofl= 148,070£ /year
= MBR 5789 -0l oF 38% &> A 02 AAJsto] A2| S5
o] Z7h & 11 o7} AA B A= A CE Ahlsto] AA|

¥ 3) Comparison between the power costs of
membrane bioreactor and conventional activated sludge
(reproduced from W.J.Davies)

ST, SAIRE, 3 oA & 4= 315%0] Uedat A&41%1 24
=7 1%3J+MBR 3749 o|A] HjaLE 2 MBR 570l &
A BAEA FHET o YA v ¢ @kl st
ATk, 019} o] o] AnjE2 Akte] a3k g AA =4

o] whebA gEbd o= Q7] izl Bl Wil
—’FilUPE‘r ghol Tttt 2efut ook T2 =A1E 2 Bl

4 7F fltsteieke Hlaa] A2] o] & 7
AFAR] Ze=A 780 vlad uf oy
A g 011*1 S 271l Al dekEn
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7. = MBR 7|&2] Al £
MBR 7|&& S2juete] 49 eAIRS, sAos) a7
O] 75} Q1 wjiZol W 4207} ot £35] 19899 HizA
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& AR HigE jlo] AlEH o FlekloH
o] I AP E 8l e 3871eS EeE g e 1Eol
gt =87k S5stal ok
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717kl A37st7] offaL Alge] Pavste] A AN B3 Vs
S o} 0] thA| K 0] Baprf e Hol}, Bhdof| s> &
#=0] =R U Aol§ 34 1***4 ZHOI & 913k MBR
7187t gEste] Al 2
27)&% wEA WA ﬁﬁé 71141%}.
9] MBR A2 Ft50] §43] 718l Y= Aol 9l
o}, AL ZARE Hlof —46}%1_ 2002?101] % MBR AA| tj5=7}
55971201321} 2003H o= 7347142 19 whof| 31 %2] 2 %
7HE B3,
7P et E5-2 sl Qe 3 AAlY) dlE SolE W o7t
AJi= MBR 71%9] =) APl digt EA1- T} 73S 54l
HPASE 4= Qi 3 5yl Ui 191 AR A9 MBR AlAES &
PR JLEsto] YeRl=t] of 3ol & 4= & 4= glol X
MBR 714:9] 62%7} *|2] 85 50m’/d o]3}2] Aqfimt AJAdo] 4
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o wf AY7)= Ao R Az, vl R dAtol| e Etahal
m R AIAHIE 17 AR AA|9) 4.2% § A4
Sh= Ao Hol ok & MBRY| Uy A j1Eg29] &8 71
e 71 4= A gtk 2o A28= 2002990 1,400
m’/dofA] 2003¥ofl= 4,000m*/d2 Z7FoH o= MBR 7]
o] @/H|4= AlFollA A} AlEE Aozl glom HEA 2l A
At Hlaete] 9 oA e HAYE P55 Qs A0 R
a|Aek 4= Qlrt
MBR 7] 23kt =4k Eejuhe = MBR A1) A74of
3 & APgol| QFFE|L Qlet, oFe] & HE HH A HA]
B AR Tl e AL HaEjato] 285 A2 1707]4
off gafl AA|2] oF 23 %= AAERAL Qlet, EdE, AR Eel Vs
2 A2)% 2 A2 S5 600m’/de]l EZeiA] 71E $RE o
L A MRS o) 2% Zlog wosh 4= 9k MBRell 3
Got Ak Bajato] Azt 1~ Fof| B 02 AlRRE & AY
Zhell e - Aot doln] =i MBR 71€<] A= Alae|
&= Acket upgo] F A 07 AYzhe|n u-p- k= Yot
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71e7NEe] atol Wkl Arket Ago] ol
5= MBR 7]&& 4= A2 o] &
& ACR 7didnt, =3, =il MB
MBR 2|9 A% 7]59] 24439 A% 28 48 52 I
= 9 3=, G, HotRY] #E& 7R stef =7H 7
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E&(m*/d) Has %
(50 248 61.6
50~100 66 16.4
100~200 44 10.9
200~500 28 6.9
500¢ 17 4.2
A 403 100

¥ 5) Number of MBR according to treatment
capacity range in Korea

AEA 02 MBR 7|&2 Sle] B9 2141710 == & 7=
A Y ARl tieshl sl AP 3 &8

314 (Membrane Fouling)©]t}, 22
22| EAL . . A|AE Highest
(@m) | BEEH | HEA | Trade mark | H2SNE | MUES | M3ga | capacymi/d) | OHES
DjAHIA| 2ol istE 28 SMAS & PE
() HEIENG HANT 0.4 m) 1997 403(300) | 4,000(1,400)
R _ PVDF
(7Hll_rcr) (Mt | ZENOGEM | (1'oss m 2000 10(7) 1,000(300)
smzog | MOLLOW PE
i) FIBER (FKMS - 04 m) 2002 150(100) 600(225)
- MEMBRANE : S
o EEF as
e KOLON 74 | KMASLT | (o0 1998 10(10) - | (Dead end
NLE(e : filtration)
REBRT RAPAH PVDF
E=) TECH - (0.1~0.4 m) 2002 10010 -0
FOIAF (FHLEA ENG Polyolefin
(e e | & ES ey, | NXMER 04 m) 1999 68(67) 4,000(900)
ZLO{ollH|Ell MEMBRANE .
(();E)l (F)Fofotu|ey - Cp\fg’zgyﬁp"'c 2002 20(2) 350(250)
Amaye im0t PES
womarizs® | rupuar | OO | BOSUE g 600pm) 1995 50(50) | 2,000(2,000) ('Aélrﬁsésig
] w
MEMBRANE | (z)gjuia o
2{Alo} (Té,ﬂg NIX-MBR | a1 gg'(:)Da) 1996 13(13) 200(-) fitration)
il
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71, F1E, vE/dAREE Sl oAl of7lEnt, ket
A e AloVle FHE SRt A7 A AR &
T3] AP glon] o] o] It 21417] =2 w2
lede 2ot 2 Aol
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8.1 Hx2|(Pre—treatment) 2X0f| st A7
AA ] 342 Bejure] 0 9S Fol=t| uf¢- 583 IS 3t
c}, o] MBR 34041 oF 1.0mm H=9] 7heet A5

o] A2 o|ebke MAEE el A7t Bk 28U,
gufo] F&of upel A3 kA A2|uke 2= BRIt
Zo] urE| At} Yukd o g MBR 340 F8E= Aq9e
FohH 1AL Qls AAolot iR Agyoz AT
slo] 283ttt 9 /w4 Ao AREEl= MBR 542 WA
7} H=St AlA o]t

o[

2
b

ofl ot

o
2
=
ot
o
H1
%0,
fr
re

8.2 MBRQ| 22|92} 2goj 2kt A7

7R O] wf o Foll ohgt At B 2red Alofof| gk ¢
T2 I8 HoAfel Zo] 32 AERkeE Yol S
(DO), SRT(Sludge Retention Time), HZo| oJ3t G-A4o] ek
& (Pumping Shear)s-2] MBR 54 2] 2x112}2] ¥iglo] w2
n| =4 EX(Micobial Properties)2 THolsh=d] F9Hd&
A7E 55 o|Fo] Stk mEA Aol AERkeE WY
U= =27], Aol HIAE} H A=A, vl %«] A @ gAt &

r-lrl

A(Extracellular Polymeric Substance)d] 7%} sk, ZE&&2
* Microbial Floc Size
+ Specific
Resistance * growth mode
& Compressibility (RN or 294
*EPS type & conc. * growth phase
=2 URNRS * Morphology (log or endogenous)
7! a9t +H + Adhesion Strength DO
M&el golg *SRT
* Air flow rate &
2 ofux] A2 bubble size
*MLSS
+ Cyclic format in
SBR, etc

0|4EXHES
(Biofouling)

MBR 2721z}

19
i
i1}
0x
oIr

12! 5) Research on MBR in the past

* Quorum sensing mechanism

« Biofilm formation mechanism

+ Cell Morphoplogy & Physiology

* Microorganism population dynamics

L

Innovative MBR in Process

12! 6) Research on MBR in 21C

Al(Morphology), A= 22|49, vdE 253 s &5
o] H24(Adhesion Strength) 5% UeRd 4= glon n]AY
RG22 RIALe] Hlo] ofsfA o]e} 2 mEA] 54
o] Hzlsh, o] HalH n¥EA EA & & skl &
go] Eefuhe] o EAY Tt Fejut e Aol FkE IX]EP
SHAJE o]2gk MBR 241 1A}e] Hsh= 2 ?l;
A /A2 HekE i, #at
TR % WHBIA 7T, weba]| ]9} e n i Ee] o By Z 1
A= 4 (Community) 2] o} o]of uf2 Hae wjdEo] A
2|(Physiology) “JEI7H =& nAE4 545 HEA7l= A
et skA|TE, Z7HA] 9] MBRoJ|A 2] Eejet 9
Holl thek A= ofek 2= =S 4 (Community) 2] #3}
£ AsbekA] bl wAE e Yo nidE Ekol 54
(Bulk Property)oll =3t=|o] AElo] & Zo] Apdlojty & vb
oz q]g v AE 3 ;}_L} W74 :,Lzlg] Ak E/dg]
W3S 5] Black Box & 7H5F 5 71 0]9)9] E2, 3le}H4]
QIAE-2] WshI-S <1 taliict.
1990t FHto] e FA} njAETke] FHAI W R Qls o]Al=
nAE EEHQl MBR HEE-ROA ol2feh ml ] 2
£ 9ol Aol 7hssHAl HlaL, FHAFtRA A7He] 49
J FHIE AT 4= A =ik
o] 4 52 mAE Foll ek AEAsl ke Tk
°f v‘i‘—rﬂm o FE A= Biofilm)2] Fefh2] -
A =ik, webal, ko2 2141712 MBR &
Alell thgh A= 219 13 EyollAet ol ¢
Zg%?i A7F Basihal ks ojghke &
°o] MBR®] 25 Alojst=tl| 243t s
A& ﬂEH MBR 578 SAI71A| Bl Aldzo]
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