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ABSTRACTS

In activated sludge process, sludge settling condition is affected by organic
loading rate or operation condition, and if settling condition is getting worse, it
is common that overall process fails due to wash-out of biomass causing low
concentration in the aeration tank. Also activated sludge process has such
several problems as requiring large area, consuming a lot of power and
producing large volume of sludge.

Increased public concern over health and the environment combined with a
strong desire to reduce capital, operating and maintenance costs, have created
a need for innovative technologies for building new high quality effluents
which will meet 21st century criteria.

MBR(Membrane Bioreactor) process consists of a biological reactor and
ultrafiltration(UF) membrane system that replaces the conventional clarifier of
an activated sludge process.

The main operating advantages of this system are that the quality of the
effluent is independent of the settleability of the mixed liquor and that the
effluent is free of suspended solids in any operating condition. It is possible lo
eliminate clarifier and to reduce the volume of aeration tank because it can
afford to accumulate high biomass concentration in the bioreactor(20,000~
30,000mg/L), which would not be possible in a conventional activated sludge

process. Therefore, this process reduces overall treatment plant area.
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In addition to those advantages, Longer SRT condition enables higher
sludge digestion in MBR process so the sludge volume produced is 50 to 70%
lower than that of conventional activated sludge process

There are two kinds of MBR process according to the allocations of
membrane. One is cross flow type MBR of which module is located outside of
the bioreactor and mixed liquor i1s driven into the membrane module. The
other is submerged type MBR process of which module is submerged in the
bioreactor and mixed liquor is generally sucked from the lumen side. addition
to that the cake layer is often removed by the uplifting flow of bubbling air.

A submerged MBR process is superior to a crossflow MBR in regard to
the power consumption because suction pressure of a submerged MBR is
generally lower than that of a crossflow MBR which has recircalation pump.
A submerged MBR, therefore, has the potential to be applied to small

wastewater treatment plants that need low cost treatment systems.
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Fig.1 Crossflow & Surbmerged membrane biorector process
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1) UBIS & ASMEX System
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Bete Aol xtolrb k. BIOSUFY 7|23 FA4L AFE, vld23d, X7z
oajzut wlax 2 ez HYAAHZ TAHY len, olg A& HE UFZe 54
2 Table 1. 3 zr}

Table 1. Membrane Characteristics of BIOSUF Process

Material Hydrophilic Polyethersulfon
MWCO 40,000
Inside Diameter(m/m) 8.9
Area{m“/module) 3
Pressure Range(KPa) 100 ~ 500
Temp. Range(TC) < 35
pH Range 3~ 10(operation), 2-~10.5(cleaning)
No. of tube/Module 40
Flux(I./HR) 750

BIOSUF 24& 2ol A Alel oaid QRO %, FHes F4E Bx 2 243
A4S0 Hgsjol goul, o & AMA P wxo MAY AMY AE, 3500772
e LASE oF 3000 ton/day o ABLEE Aaatn Ao AFHY FHozE )
Azzddel os) nRER] AAY F E7)z0N §7182 AAST Feldee o
o SIQEERS Pastd A VRN AL ¥7|ZE U4HD Y¥E &
XA FZE 7HA @tk E71EWe] MLSSE 7,000mg/L, ©9leioutel fluxE 40-60LMH

2 $HHYE W Table 2 8 2 F5F £UL A & AUk BED ¥ Yot

Table 2. Example of Sewage Treatment Results by BIOSUF Process

Item Influent Effluent

BOD (mg/L) 130 1.0
COD (mg/L) 300 30
SS {(mg/L) 150 -
T-N (mg/L) 30 10

E.Coli (MPN/mL) 1-2
Colorlity 2

Turbidity < 2

#a} BIOSUF #A& 3 2928 d L ds-HdsAdd 48 43& 21 9
o $5% HgE Boln Jovt st ofF AHu], = @A R FAHe
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3) 71g} Aj2d
% 7]4 Bioreactor ¢ MFZ Z§3 Rog e Aol4 L 2% ROAAHE FAHL
2 AL7}5Ao] =& Membio System, BPAC(Biological Powdered Activated Carbon)

Raector ¢ MFZ Z 3t MEMCOR System 5°] Ad.

32 FAY TAHIs |

1) ZENOGEM &%

ZENOGEM ¥4 7lvtthe] Zenon AtellA /g oz A2z UFY
& AANA AY FHFE DT WHolY, AFAHA T eddFHE L viEA
= A o R HeAged Mt 90% ol CODAAAZES Hole A2

2 34 94 L¥E MLSSHX(20000mg/L)st 21 SRT(B0Y o4& &A% &+

o 71& AHel@e #FEE A FLAA F ded, SA T F] 026kgTSS/kgBOD
2A g4&214 349 06 kg MLVSS/kgBODel Hls] 50 - 80 % LdAZE oAz

—W;’T}

v AMalsEz
Z Z m m m Clean in Place
ﬁ[‘ 3 System
) |
> i 27| 1.2% &eiXl
AURE (B2] = 28HE2)
AumH Y3 B

Heax @x

11108 24
VAR

EER0
TFig. 3 Schematic Diagram of ZENOGEM Process
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ZENOGEM ZF Ao Al g5+ H292 pore size 7} 0.2 micrometer ¢ hollow fiber
o] Ha 2 (ZeeWeed Module)o]®, ZENOGEM A3 A<z TAH HEHH<
AAAE Table 3 & 231 ZASFE W4z 3 AHeZ A o= Table 4 ¢ 2o

Table 3. Typical Design Parameters for ZENOGEM Process

ZENOGEM Activated Sludge
MLVSS (mg/L) 10,000 - 20,000 1,000 - 3,000
COD (Kg/m’day) 26 - 50 < 1.0
BOD (Kg/m’day) 15 - 25 <05
NH; (Kg/m®day) 02 - 04 <0.07

Table 4. Data obtained in the ZENOGEM Process for Municipal Wastewater

Item Influent Effluent |
MLSS(mg/L) 10,000 - 20,000
BOD Loading(kg/m3/day) 15 - 25

BOD(mg/L) 168 -114 23 - 07
T-N(mg/L) 295 - 136 117 - 032
NH3-N(mg/L) 103 - 3.18 0.33 - 0.01
NO3-N(mg/L) 0.57 - 0.01 258 - 06
T-P(mg/L) 1 -009 0.16 - 0.01

71E Aejge %xa £ Mesd #RE s a=Merdey x9lo] 8¢
3% ZENOGEM& A€ H&8¥ 5 3o, o] 4% 53 MGPD &394 71& A3 &
ZENOGEM & o2 MNEF(retrofind 59 AP 3aAAPrEE =T 499
B]-§g vlag HIE Table 5.9 2ot

ar
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Table 5. Comparative Capital Costs ZENOGEM vs. Conventional Activated

Sludge for Tertiary Effluent Treatment (Unit : 1,0009)
Conventional ZENOGEM
Tertiary Treatment. Treatment
Civil Work
Structures/New tanks 6,000 200
Site work 1,300 200
Architectural Work 1,200 50
Process Equipment
Equipment 8,850 10,656
Piping 1,450 325
Plumbing & Drainage 650 300
Electrical 755 400
Contract Bonds 190 190
Field Installation & Start-up 1,200 425
Other egpt. + Contingency(15%) 277 1058
Engineering Design & Supervision 3,130 1,000
Land Purchase 1,500
PLANT COST 28,950 14,805
TOTAL CAPITAL SAVINGS 14,145

2) STERA PORE °| 833

Mitsubishi Rayon®l 73%- Aqua-Renaissance ‘90 Projectoll o3l 3} o432 ol
A R URE AMALS d7eo gon, UGEVE e A ¥ FAFAY
Adoadl STERA PORE-L E25& /Igoza FIAt A AP o543
g AgststA = At

Z12AA AA 2 W 2HE B S 2y UG ARF e HAVIES
2-06 m¥/m%day2 %3 o, ol 10 - 20%9 o#E Tst] £8 HAHL A
At BEWS X FHEEHE F71FE vAEd o AT A A 24
ol e AN F e MAGSZ AL Ed, ol AAEY oojage
ksl 129 Ao % 50Nm’/m”/hrojdel Basts B4 /2 Fof
- 100 Nm¥/m*hr 2 dAsn, % FUES 2002 PAL AT gow F

71 543 Aoz AAGG. = FUEE 5 - 15709 FHg wgow dAAsy,

=

<
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FUES stpole Wridol dAHE 722 TAES Uk ¥d 2ed
B #9e fA87) Ao dEedez $9aE FAH AL 138 28 E: 8
4

P 28 5o s, FAZEL E7]oolo] AF AL T HY nPEe g 2o
A &d F Z7|4ET 30KPadsd AHAA dAdMHEE HdA¥H. STERA
PORE-L 9 £%& Table 7. & 2o, 4823 dE Table 8. 2} 2o}

Table 7. Characteristics of STERA PORE-L

UMF424SL1 UMF502SLA
type hollow fiber
Material Hydrophilic, Polyethylene
Pore Size(um) 0.1
Size(mm) 486 X798 < 48 582 X 782 x 441
Area(m®) 4/8 50
Initial FLUX (49KPa, 257) 11L/min 143L/min
Operating Temp. < 45T
Table 8. Treatment Results
Item Influent Effluent
MLSS(mg/L) 5,140 - 11,400
BOD Loading(kg/m3/day) 0.3 - 0965
Temperature(C) 79 - 243
BOD(mg/L) 389 -103 65 -0
COD(mg/L) 123 - 54.2 138 - 34
T-N 392 - 354 89 - 40
NH;3-N(mg/L) 296 - 205 09 - 0.1

3) KIMAS &3

KIMAS(Kolon Immersed Membrane Activated Sludge) 338 % 718 Qgyg ptAd e
g & HAY FAA vz ey, HAY PURE HSES NARITHOZAN
R E3He air scrubbingS 9% AAMEZIFXE A2 om HA7L Ftede= 2
WRE2ZHE 9Beg 37 £E & o848 A7} o] FoAA st ot 2 gutA] W uho)
o dx gur dE Al2dojrh
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kgBOD/m’/day), watM & i 59 A 71& 45 FA w8 £
o #ag 2-5d &Y F A1 =z 117P pens AA sawWHol aA Htd +
. 27lzdd AR MLSSEEE #A3t7] A8 dqselAE #1802 5=
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[Tag NO. DESCRIPTION SPECIFICATION MATERIAL
T-1 FUUEY L RUS 4501, DBO0 x H1600 Acryl
S-1 A3 1MM SUS
P-1 45 BIWT 1-10L/min, WM = Ay
p-2 Cis RUHT ME4, 40Umin, & U LY 8m, 0.4KWh WA
B-1 8270 0 ENM¥min , 7kgfemd NEXD
V-1 2|+ Solenoid¥ & 12inch W= A
V-2 A &2| Solenoid® = 14inch LS ALAY
NOTE 1

LS HIGH — P 1 OFF

T q NOTE 2
""""""""""" T LSLOW -~ P2 OFF

NOTE 3

V-2
v V-1 M4 NOTEa

g 2 V1 OFF — V-2 ON
5.2 OF=

Fig. 4 Schematic Diagram of Basic KIMAS Process
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A KIMAST A AHEE £ute AL4AARA 7189 254 o TE A%
sel @ @ 454 ool v Hogweld WSH, Hho] FAs T %
g S Bl Sld A BoiAA @t 570 Atk Ew, Ewo] n¥To] R ol
cake 3 @ gel 32 HAHHA ¥ ASHA L7t FeHES RER

F4s0] gloul, WE FAGA ASHES Holdnh PN SHS gobsw
Table 99 #t4}.

Table 9. Characteristics of KIMAS Membrane

Hollow Fiber
Sucction Filtration (< 0.5kgy/cm?)
Air(and Water) Backwashing
0.01¢m
3-5L/min(0.2kgy/cm’, 25TC)
Temperature < 40C
Pr. Drop < 3kgy/em®
Pressure < 5kgy/em®
pH(Operation) 2~10
pH(Cleaning) 1~12
Diameter ID : 0.35mm/OD : 0.48mm
Eff. Area 10m*
Length 1000mm
Hollow Fiber Hydrophilic, PAN(polyacrylonitrile)

Pt ERe) g ogE AN FAE WEsHA EFAo2RE AYFE
Aasle B g Heled ole A4 oE EPYE 5 Afde FY EHd 1
& cakeZol ¥AHT AEHozZ EHER, B3 WtezE MAHol PEof
ANA Ha, wetA flux o Za7 238 I FAgol FotstA Ha, FRlgkel
A%HoR ol ooz {FAE AS UHFF o] LAsHA HIIdEoloh

gt B FHANME Feddd g% flux FAE AAAIZ] Al d¥H WA
S H3y, AR F712 A AHAAE wEstA doh olw FAFI] FAE HYHF
23 HE2Z EFAe Agez FA9730.2 kg/em?)sHA Hv, H=7)z¢ %?_°ﬂ% La
B e F7lel g&l v FHe nYES AT EY. EE oW I JFREH
grz ANF/E Bo)RSo24(3.0-50 keg/em?) MA AFE FusietA €@ D}
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Fig. 5 Operation Mode of Module
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e e 319, A+ 329 ojAdez mrle 7S 7} Foj2 ALstm 9o

42 =Yg #AJNE 5
Crossflow System®] 7% 22 d& #A37] 3 & YAFEGAE 3 g0
FE A=A FT Yol fFE¥olx UBISS ASMEXF A9 #
Faste WS A9tz 9lod. Submerged System®
ol ZEHo g FrAAE st HaHe 2gEde ¥ 24L& wxsln Sterapore-L
A A HEx Nl RAFAE HAGY FrHoR AAWFL uiprwA we
zHe) FAEG oF DAY Ao
oeAE H2EE BEF doy AR oAM= FAAA
A% 2oy WAAFAE A9 v TIn o BHo FEF oG£ &Yoo
dastt. =% 2oy 9 HASE nPEP olvd FAF5 A, oA =
B2, vl Efloce] Hl, vlAE] 93 EPS(Extracellular Polymeric Substances) 5 %
2lHd ez = AAG FE 2ol Ao olol N HHE Az} sHAWeto)
Fag dAolk

43 AP AT Yo Y

222t I8 T A4, housingol P F V& 9rEHE g2 FT2E 713
o ol A 7 2de WA FHE AN AE RARANESY Fr1l W5 H
ojtt. =, T EWAE A¥ REH A9 EI|MY] 5, F7) 5 2o 9§ A4y
59 F7M9 Y%, compact¥ HAE A3 TETR, manifoldd] e REXAR =
AE FA A TEF Jhde] Padn, WA F=EH IrZUAA RAFPs:
CIPER® 5% HAE 7|z 472 FJUM MAste whyo]l meisolor suz
MEE Hele) ZER sto] Hasig

Lo}

4
-

44 RAEIAR AAAN

ol o g RREAF FUIEAY AMAN AU ARAED £ LERVIE
Aol BF YERTZRY vIgE g AA sbEEe w3 Erjzue Qg
A EAAAA g BHEA Y FHEste vYEEY RuEFE WEE ¥ =
S gl 71‘4% FES VAT Aon2 YA AN RAE AT TAHY HA L ¢

¢



A A9 #grr "Badc F dA #Yd7Y AAe b8 3 HRT, SRT, MLSS,
F/M ratio 5 &4Fd9 o] Ao},

.
g A

2
BN

ol o] HAHF = 7 Ha ¥r1x £3 £Y F o F
AAduld 2a5E A9 Hibe] 7bssts, ®& MLSS fAI7F 7hestd Fst¥E o
Fal A st #Aglel ¢ Mt Jhesn, Ak e dEAY 23
o) Holx fgstrh L8 SAAHAFAZHSRTIE A AT 5 demz 2AL
e A JogeA S Fo] FatEstER JoASHAR A% 22 FAEAE WA
3 ¢ ey, Heg FHo gAY YA daoerng {AFYs vnAH &

T ATl st APy AL ATHY A4 oS we wLAY aAds B 5
Atk webN oE 3 ol B Fokedl 8o Je¥ Ao oitdct

oLJ

[ ]
Hr

ZAre] 754 AgsAe] AL 1 Azt

F71A Y Alade) A R AN S
g87t ol & A 2 FFE o HAFAEES T A
T Gy dArAge A4
o T 2TE ABEFAY Ao BN 9 A
o NS, Yot FAXAY 244 % Frr Aad AYs
=g A% 7IE A ARG s

.

OPOH
of  fr

JﬁHT

[ ]
D
W
4

[
;n‘.‘

¥olel AnE Pev ¥R AREAE 92 5 Jow, wEz rPiwy
F oot Bl AR, 45 v AYY A2
A AR ALEFE e A B §402 ARANe] /e Aoz s
S ogle AAY A o LAY oln, olw AgHE ¥elvte) ol Hurely
B4 who] vjs) UL AY Aol 2 FFAUZoz Aol YUY Aol ww,
ol @ FHol ARAo2 P AL A2e Wolel HRTALH edol o7

fluxzhZof Al AFA B&E4L R AHT7Y &85, vAE floc ¥ 22

& 413

— 132 —



€ 74, HAeAJAAEY = T AEWNSIIY FABHIE &Yoo

o =& ¥
Aot HFAeA G AF7Ied =UE wWAst Tl A &= AR
Zlgol Eisolor & Aol

it
o

L

A3

1. Kazuo Yamamoto, “Direct solid-liquid separation using hollow fiber membrane in
an activated sludge aeration tank”, Wat. Sci. Tech., 21, Brighton, 43-54(1989)

2. Yasutoshi Shimizu, F itration characteristics of hollow fiber microfiltration
membranes used in membrane bioreactor for domestic wastewater treatment’,
Was. Res., 30, No.10, 2385-2392,(1996)

3. Tatsuki Ueda, "Effects of aeration on suction pressure in a submerged membrane
bioreactor”, Was. Res. 31, No 3, 489-494(1997)

4. FH#F7]w, 199643 145, “T8AN BHE o|&% 1F¥5E 7714 #HlFAg”

5. ¥9#8F 7=, 1996d 58 3%, “HEey YBulrAMe A2d 43 d838°

6. FH#47=, 19973 383, "I PPuetol oF Exe] F3AAe”

~ 133 —



