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Abstract: The MBR technology has evolved rapidly over the past two decades with significant gains in performance and
reliability, and reductions in costs. Membrane bioreactors (MBR) technology is widely recognised as offering a key option
for enhanced wastewater treatment or reuse. The objective of this paper is then to critically review the remarkable achieve-
ment on the research and commercial applications of membrane bioreactor (MBR) technology and to present current and
potential MBR markets on a global scope. This brief review of the technology incorporates five key aspects : 1) evolution
of MBR practice, 2) the commercial technologies of MBRs, 3) the largest MBR installations globally (e.g. > 10,000 m3/day),
4) MBR market growth, and 5) directions for future research. Finally, the development directions of economical, environ-
mental and technical aspects in MBRs; 1) investment costs; 2) effluent water quality; 3) membrane materials and modules;
4) MBR equipment and treatment process; 5) operating costs (higher energy & chemical consumption); and 6) sustain-
ability such as anaerobic MBRs in the coming years were addressed.
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Fig. 1. Forcefield analysis, growth drivers and restraints for MBR market. Factors influencing the market both positively
(“drivers”) and negatively (“restraints”) are shown, the longer arrows indicating the more influential factors. Dotted lines in-
dicate where the influence of a particular factor on the European market is subsiding.
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1990~ 1995
Decentral & Small WWTPs

1996 ~2000
Small to Midsize WWTPs

o < 1,500 m'/d ¢ < 9,500 m’/d
o No/little pre-treatment e First fine screening
e Long HRTs (> 24 h) e HRTs 12 h and less

High SRTs (up to 50 d) ® SRTs (around 25 d)

High TSS (15~25 g/L) e TSS (12~16 g/L)

® Low design flux ® Design flux (16~25 LHM)

(< 15 LHM)

e External manual
membrane cleanning or
CIP cleaning

¢ In-Situ Maintenance,
ex-situ recovery cleaning

Fig. 3. Generations of immersed MBR systems.
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2001~2005 2006 ~ today
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* < 37,800 m’d * > 37,800 m’d
® Fine screens ® Fine screens
® Enhanced biological ® Huge cassettes

MBR design
® Flux design acc. to hydraulic ® Flux design acc. to hydraulic
case study case study
(up to 30~40 LHM peak) (up to 30~40 LHM peak)
e Fully automated membrane ¢ Fully automated membrane
train cleaning operation and membrane

cleaning
® Low energy ponsumption ® Low energy consumption
(< 1 kWh/m®) (< 0.5 kWh/m®)
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Table 1. Total MBR Technologies Reviewed

Immersed (iMBR)

Sidestream (sMBR)

Flat sheet

Hollow fiber

Multitube/multichannel

A3-MaxFlow™

Alfa Laval™®
Brightwater-Membright
Colloide-Sub snake™™
Ecologix-EcoplateTM, EcoSeproCN
Huber—VRM®; VUM®/GreyUseDE
Hyflux-Petaflex™®

Jiangsu Lantian Peier Memb. Co. Ltd.
LG/KOReD-Green Membrane"®
Kubota-ES/EK"
Microdyn-Nadir-BioCel*™®

Pure Envitech Co., Ltd.-ENVIS™®
Shanghai Megavision Memb. Tech. ™™
Shanghai SINAP Membrane Science &
Technology Co., Ltd.

Toray—TRMJP
Vina Filter-VinapCN

. . ®D
Weise-MicroClear

®IRL

E

Asahi Kasei-Microzoa®™"

Beijing Origin Water Technology Co™N
Ecologix-EcoFlonTM, EcoFil™

ENE Co., Ltd.-Super MAK*®

GE Zenon-Zee Weed™"®

Hangzhou H-Filtration Membrane
Technology Enginnering Co., Ltd-MR™
Koch Membrane System—Puron®US
Kolon Membrane-Cleanfil(©-S20H/
Cleanfil©-S30V""
ECONITY-KSMBR™*

Litree-LH3™

Memos-MEMSUB™®

Memstar-SMM*°

Mitsubishi Rayon-Sterapore SUR";
Sterapore SADF™"

Philos™"

Porous Fibers S.L.-Micronet*>"

SENUO Filtration Technology Co., Ltd.-
SENUOFIL™

Shanghi Dehong Biology Medicine
Science & Tech. Devlopement Co.,
Ltd. ™

Siemens Water Tech.-Memjer' " °°
Sumitomo-PoreFlon™"

Superstring MBR Tech. Corp.-SuperUFC N
Tianjin Motimo-FP AV

Vina Filter-F08™™

Zena Membrane-P5%

Berghof-HyPerm-AE; HyPerflux™"
Norit X-Flow-Norit Airlift™"
Orelis Environment-Kerasep®FR
MEMOS Membranes Modules Systems

GmbH™®

Hollow fiber

Ultraflo-Ultraflo®S¢

Polymen-Immem"™

Flat disc ceramic

KERAFOL Keramische Folien GmbH™™

Grundfos-Biobooster™

Total : 20 Products

Total : 27 Products

Total : 8 Products

Note

CN : China/Taiwan; CZ : Czech Republic; DE : Germany; DK : Denmark; FR : France; IRL : Southern Ireland; JP : Japan; KR
: Korea; NIR : Northern Ireland; NL : Netherlands; SE : Sweden; SG : Singapore; SP : Spain; US : United States.

9] MBR EHE7} 953, MBR #AY ¥4, =9

a4 8 34 Ve

2 WA, FABE Asst & 284

AL, 19984, KochAH20014), MotimoAK2000%d), Memstar
AH20051), MICRODYN-NADIRAH2005'), NoritAH2002
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MF membranes commercialized for sterilization applications

RO CA membranes commercialized

*  MBR process developed and introduced

1970s .

PS UF flat sheet support used for RO Thin Film Composites

* PS UF capillary invented with finger pore structure
*  MF/UF/RO/ED all established processes

1980s .

Foam or spongey structures developed for PS/PES CA capillary introduced

* First large scale municipal UF installed in 1988

*  PP/PE MF fiber developed
* PES/PVP UF developed

1990s .

PE FS membrane developed by Kubota and becomes commercial

*  PVDF HF membrane developed by GE-Zenon and becomes commercial
¢ Submerged membrane concept developed
* Treatment of municipal wastewater by MF/UF becomes commercial

2000s .
mercial

Hydrophilic PES and PVDF membranes introduced by several companies and become com-

* Braided PES and PVDF membranes become commercial
*  PTFE membrane introduced by several companies

Fig. 4. Key milestones in UF/MF membrane development.
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Table 1> =4l - 9] 448 MBR @S A2}
=4 o] uet AZAER AFS AU
A A Eel92 B R (Flat sheet type)? T3 A
(Hollow fiber type)2. 2 Uttt AAHSZ X2 o
a

3}

A4 HuberAbs E33 47), 429 72+ Kubota
AL} TorayAt 5 270, 71€F $-2]yeke] Pure Envitech

Ab, 29de] Alfa LavalAl, FoFd# =9 Brightwater
Ab, BoldWES] ColloideAt 50 a3kl

=& A (Hollow fiber type) #&|2F AlZARS] 7§
%W (Flat sheet type) BTH B2 237fAt] st A&
TR 4 270= Aot $=3 thuto] Beijing Origin

WaterAbe 93 F 10719 Al2A2 78 BaL, I
©] Asahi KaseiAl, Mitsubishi RayonA}, SteraporeAl$}
SumitomoAt & 4704, Tl=2 GE ZenonAte} KochA}
7b dlom, o9 10 %F, JdFYY, HEXA 5 v
7193 A7FEZ 9] MemstarAl, 2% ¢19] Porous Fibers
A9} A Z.9] Zena MembraneAl 5o S}
20109 2AHE S (flat sheet)T 5 &AM (hollow
fiber)oll it A HH F22t A=A 171E MBR &
IE BY HeY AS S 5, &= 74,

el
L 9N, 54L& 137, 2 9ol FE2 15719 £
gt AlzALe AFEC] FREHAT FFAY A XA
AEFY A T2 M, =52 137, 482 17, =
de 1871, §HL 197), )= 2270, AVFEEE 2370
7b FEEHATH2],[4]

=84 MBRE A 37HA 2 FE5 =0 Multitube/
multichannel, T3 A, B3 t23 FEj o] At (Flat
disc ceramic) 5O.2 TEHT. $A &3] Multitube/
multichannel #2412 5U°| BerghofAt$ MEMOSAY,
YE =9 Norit X-FlowAHE Pentair X-FlowA}), =
#229] Orelis EnvironmentAt 5 4712 A ZAE g
a9 ¢34 FFAEHF) H2Ae AZRAZE AJ7IE
29 UltrafloAte} ®luk=9] PolymenAtZl 913 B3 ¢
223 Al2tE(Flat disc ceramic) W4 e AZAIZE 5Y
9] KERAFOLAFS} dlnl=2] GrundfosAt7d At

Membrane Journal Vol. 23 No. 1, 2013



30

9% - 1A

Table 2. Cassette Characteristics of Flat Sheet Membrane Products Reviewed

Product Pore size Module membrane Module Module Module
Supplier Name Model Material (um) Area length height height
" (m’) (mm) (mm) (mm)
Chlorinated 0.4 max 60~ 160, 1,140~2,920, 2,030,
Kubota 310 ES, EK PE 0.2 ave 240~320  2200~2,920 000-620 3,500
Chlorinated 0.4 max 217~290, o on 2,490,
Kubota 515 RM, RW PE 09 ave 435~ 580 2250~2,930 575 4290
MMF 0.12,
A3 Maxflow M70, U70 PVDF, PES 0.038 70 736 1070 716
MFM 1,988, 3,080,
Alpha Laval Hollow Sheet 100-300 PVDF 0.2 154 m 308~462 1,172 1,194 4171
Anua PuraM® 125~1050 Proprietary 0.05 Varies Varies Varies Varies
Brightwater Membright - PES 0.038 46, 92 1,120 1,215 715, 1,420
Colloide ES Sub-Snake - PES 0.038 160 - - -
Ecologix EcoPlate - PVDF, PES 0.08~0.4 40~60, 80~320 820~3,150 610, 660 2,100, 3,200
Ecologix EcoSepro PVDF, PES 0.08~0.4 36~432 310~1,810 700 1,800, 720
Huber VRM 20,30 PES 0.038 9, 48 - - -
Huber MCB 1 PES 0.038 3.5 800 400 100
Hyflux Petaflex PT3F03 41 6, PVDF 0.1 690 2,310, 2,500 790, 1,000 4,300
Jiangsu 100, 150, 100, 150~225, N 2,000, 2,660,
Lantion PEIER 175 PVDF 0.1-0.3 175 1,650, 2,350 605 2,900
LG Green Membrane PES 0.01-0.2 100 2603 600 1,730
MICRODYN- BC100,
NADIR BIO-CELL BC400 PES 0.04 100, 400 1,270, 1,298 702, 1,152 1,563, 2,763
Pure Envitech ENVIS - - 0.4 15 - - -
Shanghai FMBR 1.0, 100 PES, PVDF 0.1 or 0.9 100 1,800 715 1,770
Megavision
Shanghai SINAP 80-100, PVDF 0.1 80, 225 1,600, 2,350 650 2,000, 3,000
Sinap 150-150
Toray MEMBRAY TMRO%, PVDF 0.08 90, 140 1,720, 1,620 730, 810 1,470, 2,100
TMR140
Suzhou Vina VINAP 150 PVDF 0.05 - - - -
. . MCO03,
Weise Microclear MCXL, PES 0.05 3.5, 7 492, 490 207, 415 207

2.3, U8 2% o1 H 2E V|es

FAP A 28HE FEAHMF)2t I UF)S] 2t
2AlE Z193(Hydrophilic) A& CA (Cellulose Acetate),
244 (hydrophobic) A2 2] PP (polypropylene)$} PE
(Polyethylene, PE) &3 22 247} St} =3 24443}
&3 Abolell PS (Polysulfone) / PES (Polyethersulfone),
PAN (Polyacrylonitrile)} PVDF (Polyvinylidene fluoride)

5 kg Zen 447 Bo19).

AZIHoZ BH 19509 FH 1970872 7F E29 A

wugel, A 238 A 1 &, 2013

A2 FEAD 19508t A5 Adofutol
Ao 2 EYHAIL 1960 tH= CA (Cellulose Acetate)
AdE o] &3 RO F&oto] A&st= it Al 24 th 2}
v 1990974 d4A PE AES o] &3
2t A 2ARR] Kubotart7d BE o HE(MF)& 71 2
F&3ketalar, 1 9] IS0l B’ PE/ PS/PES/
PAN 59 &A1& FA42& Eeuts este 83
StA Tt TS GE-ZenonAbE= PVDF A& 7|dke] UF #
g9-S A8 AHT. 2719 PVDF A4 #4927
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Table 3. Cassette Characteristics of Hollow Fiber Membrane Products Reviewed
Product Pore size m]\e/lr(r):lilrl;ie Module Module Module
Supplier Model Material length height height
name (um) area
2 (mm) (mm) (mm)
(m")
GE LEAPmbr - - - - - - -
PVDF,
GE Zeeweed 500 C, D, DS braided 0.04 510, 506 1,828, 1,744, — 743, 738, — 2,085, 2,568, —
Asahi Kasei Microza MUNC-620A PVDF 0.1 600 1,400 920 2,900
Be”‘\‘;,gatgr“gm MBRU BSY, RF PVDF 0.1, 03 1,602, 1,650 3,334 1,760 3,076
14, 22, 997, 1,597,
Canpure Saveyor SVM PVDF 0.075 30/module 158 158 2,097
. Ecofil, AK12-A, PVDF, 14, 22, . ~
Ecologix Ecoflon EF12 PTFE 01 30/module 200 dia 1,500~300
ECONITY KMS-CF HDPE 0.4 216~2,016 784~2956 1,186~1,326 1,520~3,240
ENE SuperMAK SM-10 PVDF 0.4 140 1,400 1,000 800
Hainan Litree LJ1E-1500-F180 PVDF 0.08 18~35/module 721 70 1,187~2,087
Hangzhou
H-Filteration MR PP 0.1 8/module 525 55 810
Koch Membrane ™ PSH 250, 500, . 250, 500, 906, 1,662, 893, 893, 2,385, 2,422,
Sytems PURON 1500  TES, braided 0.0 1,500 2,244 1,755 2,530
Koch PSH300,
Membrane ~ PURON™  PSH600, PVDF-braided 0.03  ° Of ’838 0, 9062’ 21 4;262’ 8913 ’7§59 > 2’38; ’532(’)422’
Sytems PSH1800 ’ ’ ’ ’
Micronet Porous .
Fibers Micronet R-MF, R-UF PVDF 0.2, 0.05 540 2,375 1,020 2,590
Mitsubishi ¢ rpp APORE  SUR PE 0.4 210 1,142 1,538 725
Rayon
Mitsubishi  gpp APORE ~ SADF PVDF 04 500 1,610 1,555 3,124
Rayon
Tianjin Motimo  Plat Plat FPll PVDF 0.1, 0.2 800 2,000 1,400 1,700
Philos Philosep RCM PV.DF’ 0.1 51~126 700~ 1,330 620 1,980
braided
SENUO Filt Tech  SENUOFIL SN-MBR-0660 PES, PVDF 0.1 120 1,180 560 2,060
Shanghai PVDF  0.06-0.08 100 900 850 2,650
Dehong
Siemens Mempulse PVDF 0.04 608 3,960 280 2,220
Sumitomo Poreflon SPM(\)ZE)?%BIO’ PTFE 0.2/0.1 100, 200 3,900 1,050, 2,280 840
Superstring Super UF PP 0.05, -
Suzhou Vina VINAFREE > PP890  pune pp 0.1, 02 - 770 330 1,140
Zena SRO P5S PP 0.1 86 - - -
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A 3ATRL 2000 el &= #E]2he] WT8E A3l
X144 PES®} PVDF #|9to] B4 =I5l th(Fig.
4). £3] Bgolt 9o PVDF/PESE IH3= WO
2 UWTAE ZA3AZ B8 9o] GE-ZeonAt}t KochAt
T AEH A zAbel ofsl FE&3tEAT. 53] o] &4
T AZZHEA A Fgxo} v FLEY
B, & WA At OE o nAFVE 9%
< 53 AA -%{Hl%" Astadt. e Ty
MBRe] &% 'SWZMAVQ

93t 01?——:—
(Polytetrafluoroethylene) 44| O]%?_F} —E‘F/l I
A7E0l JYH ot PTFES] 7 o
A gl dod, dHEeE AEEHT AsiME 47
& A7 29E ZoE AgH.

A4 MBR #&9%S H9 zl/\}‘l}mi T
o] Table 29} Table 39 A|ABFATE 4 HA 2 Hat
o] AL 71F A7) 0.1~0.05 pm B WelA Ao
FEHMF)et S HATHUF)7HA thgFatAl A -&dr.
EEZA 1EA PES (Polyethersulfone) A d& 7]& 2
7] 0.01~0.08 um H¢ ol A g-2)ofztukUF)dl| o &
€ ol&H Adu21].

o] &A1= PVDF A&} thulste] 74A0] A Hstal
o ZeH 2415 S8k 3194 (Hydrophilic) 852
7Ha 4 olo:q w3 WeAATG YileAe dHe
=53 4 9lo] BrightwaterA}2] Membright, ColloideA}-2]
Sub-Snake, EcologixA}2] EcoPlate®} EcoSepro, Huber
ALe] VRMS} MCB, LGAFS] Green membrane, MICRODY
N-NADIRA}F®] BIO-CELL, WeiseA+2] Microclear 5 TF
&g Az A Fsksta gtk £3] KochARe] PURON
T 5 3 HEH(UF)L BHolE 9o PESE ZH T
71eg A&

PVDF &A1& 71%37] ek 0.04~04 pm B9
BAPG FIAGE APARHMP)S oo et
(UF)oll AR5 ot A F A4 MBR #2]2H9] oF
55%% A st Jow AA 117] 8 EE A=A
Sl A 75%7F AHEskaL TH2). o] &A= PES 44

B} 27bol} WE g Aol ol Het Az

AEgel, A 2349 A1 5, 2013

749 A3A} MMF Maxflow, Alpha LavalA} Hollow sheet,
HyfluxA} Petaflex, Jiangsu LantionAl PEIER, Shanghai
SinapA} SINAP, TorayAt MEMBRAY, Suzhou VinaA}
VINAP Al 5o A5 2

TS FEAERY] A9 GE-Zenon/\]- Zeeweed 500, Asahi
KaseiAl Microza, Bejjing Origin WaterAt MBRU, CanpureA}
Saveyor, EcologixAl Ecofil, ENEA} SuperMAX, Koch
Are] PURON (2% & PSH300~18000), Micronet Porous
FibersA} Micronet, Misubishi RayonA} Sterapore SADF,
Tianjin MotimoA} Plat Plat, PhilosA} Philosep, Siemes
A Mempulse A 5ol th¥atA AREEI gt o &
TEAA B9 2A41¢ PAN (polyacrylonitrile)2 side-
stream W29 FFZALLHF) A FNAM AHEE I PVA
(polyvinylalcohol)= F A4 Hultel] A& 9T}, E3
FHETE SR ef 247 2851 gt

AAZAR e 7Rkl 4B KubotaAt #]2He
chlorinated PE (polyethylene) 22 H4 ZEZ 0.4 ym
TS (pore size)d AHALAFATRMF)E ARSI Tt
[22]. ¥+ FFAEE 7]9k] TorayA MEMBRAY A&
< 0.08 pm F(pore size) Z71¢] PVDF AA=Z =
39l e UF)S AHE3tT $Ith. MEMBRAY REL
718 &4 PET (Polyster) non-woven o 7]%5 247
PVDF& Ao zx =82 df7A 3 314 ok
4& FR3AY. TorayAles ©lE & o83t F5
A Fo 3t Alo]§ ZHE oF 130/MM4E AA - &
d FoltH23].

HuberAte] VRM  (Vacuum Rotation Membrane)
MBR< 7|29 4% B 349 5434 29 HA
8] 3 dste F(shaft)ell 2ol HX=o gl ZH
B 2% Z(Polyethersulfone, PES) A& Hu mEZ
0.02 pm F59 oA UF)S A3 SlTh24].
HuberAte] A E3 frAME 313 Ho A2AZE Alfa
LavalA}, ColloideAt, Microdyn-NadirAl7} Q1o &
Ao 2193 AGFA-VitoAtE $ItH(Table 2).
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o] 7% KubotarAt7} AX & 7|E0 2 HAA s
A4 MBR A& 39% (2F 900,000 m’/day ©]4),
32 GE ZenonAt7t 46% (2F 1,900,000 m’/day
o’hHE AAstAL 9)oH, Mitsubishi RayonAt7} Al Al
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MBR E#¥E AA 54 = Kubotart’} GE Zenon
B} oF 6u] o]l MBR ¥4 AA|8lal glo} X
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Table 4. Top 20 Largest MBR Installations Globally in The Seven Years Between 2002 and 2009

Capacity (m3/day)

Rank Project, Country or US state Supplier Date
PDF ADF
1 Wenyuhe, China Asahi Kasei BOW 2007 100,000 100,000
2 Johns Creek, Georgia GE Zenon 2009 94,000 41,000
3 Beixiaohe, China Siemens Water Tech 2008 78,000 60,000
4 Al Ansab, Muscat, Oman Kubota 2009 78,000 56,000
5 Peoria, Arizona GE Zenon 2008 76,000 38,000
6 Cleveland Bay, Australia GE Zenon 2007 75,000 29,000
7 Lusail, Qatar GE Zenon 2008 60,000 60,000
8 Cairns North, Australia GE Zenon 2009 58,000 19,000
9 Cairns South, Australia GE Zenon 2009 58,000 19,000
10 Sabadell, Spain Kubota 2009 55,000 35,000
11 San Pedro del Pinatar, Spain GE Zenon 2007 48,000 20,000
12 Syndial, Italy GE Zenon 2005 47,000 38,000
13 Broad Run WRF, Virginia GE Zenon 2008 47,000 38,000
14 Beijing Miyun, China Mitsubishi Rayon 2006 45,000 30,000
15 Nordkanal, Germany GE Zenon 2004 45,000 17,000
16 Tempe Kyrene, Arizona GE Zenon 2006 44,000 34,000
17 Brescia, Italy GE Zenon 2002 42,000 42,000
18 Traverse City, Michigan GE Zenon 2004 39,000 27,000
19 Linwood, Georgia GE Zenon 2007 38,000 17,000
20 North Kent Sewer Authority, Michigan GE Zenon 2008 35,000 23,000
Note

PDF : Peak daily (design) flow; ADF : Average daily (design) flow, BOW : Beijing Origin Water.

A TH2],[41,[28]. 20009 T] FHFo] & MBR A|ZAL &
7YE A, 71 o] EEE|AHA FQ 11714} 9401]
ok 204 7¢] A4 MBR A ZAFES Al &S A
oz L}E]-‘;}Ofﬂ 20099 =744 3,500702] Aol A
Ho] AA ZFHE 7} 50009 7ol Eot= AoE %
AE AT = Ol"l‘ A2 & MBR RE9 FRHE 609
Aol ol2ti2],[4]. AZde T5AY, T L FHA
oA el Hgo] FAZAE Hola glom E
AA &% 10,000 m/Y 2o &% MBR =9
51_7:124 o2 MAX¥H1 Yu}

Table 4= 2002 5E 2009974 AlA 207] o &%
MBR Z#HES Ax @3S Ve goh 207 o4&
% ZAHE F 15715 GE ZenonAt/t FEAHOZ X
A TH2], [4,5], [21]. 20001 d 0]l Kubotarte= A A7
A 729 12,700 m/d €32 AA4 H7 MBRS
49 Dorest A 92 Swange stA A Al A8t

l-r(

[9)

]_

lm nt

AEgel, A 2349 A1 5, 2013

A 20063747 TA A g AGH A oF
1,53891 70 4x(1,13870 + 40070)oll A5+ 2009
A oF 1,90070 &0 23t ot

HZoE %59 o1 Al Ansab sk Aol A4
e MBR 24202 2009 d) 7= Kubota EK400-Double
Deck WHH S REZE 121,600 31d)°] 78,000 m*/¥
TE st Aol AX =AU EF 20121 o] F9f
F7FH o2 ¢F 220,000 m/¥ T2 MBR F4< A
A& o Jolth22]. GE ZenonAte] 7§ 2006 7|Fo2
m=, Aueh, WAFE 5 HSuRHe) <F 33171(2047] +
1277hE AAsgem 20099 744 oF 35078 oS
AA kAL JTH29]. Y2 Mitsubishi Rayon Engineering
(MRE)AH= 2006 71 2 Fdolrlof A9 374
N1707) + 20470)E AA13HATE KochAR= Koch Membrane
Systems (PURON™)& 2| -g-3to] 2012 =0l AlA 5%
AR 2 FR Aol g4 61,000 m/Y 59



s - 9% A2 § MBR £e% 7]

e
HE
>
i
ol
ofk
“

35

Table 5. Largest Installations, Operational by 2012, for Individual Technology Providers; Plants > 10,000 m*/day Capacity in
the Six Years Between 2006 and 2012

Rank Project, Country or US state Supplier Date Capacity (m3/day)
1 Jumeirah Golf Estates, UAE GE Zenon 2010 189,000
2 Brightwater, WA GE Zenon 2011 170,000
3 Qinghe, China OW/MRC 2011 150,000
4 Wenyuhe, China Asahi Kasei BOW 2007 135,000
5 North Las Vegas, NV GE Zenon 2011 133,000
6 Yellow River, GA GE Zenon 2011 111,000
7 Shiyan Shendinghe, China OW/MRC 2009 110,000
8 Aquaviva, Cannes, France GE Zenon 2012 106,000
9 Busan City, Korea GE Zenon 2012 100,000
10 Guangzhou, China Memstar 2010 100,000
11 Wenyuhe, Beijing, China OW/Asahi Kasei 2007 100,000
12 Guangzhou, China Memstar 2010 100,000
13 John's Creek, GA GE Zenon 2009 94,000
14 Awaza, Turkmenistan GE Zenon 2011 87,000
15 Jordan Basin WRF, UT GE Zenon 2012 79,000
16 Beixiaohe, China Siemens Water Technology 2008 78,000
17 Al Ansab, Muscat, Oman Kubota 2009 78,000
18 Broad Run WRF, VA GE Zenon 2008 71,000
19 Christies Beach, Australia GE Zenon 2011 68,000
20 Gongchon, Korea Econity 2012 65,000
21 Najran, Saudi Arabia Toray 2010 60,000
22 Lusail, Qatar GE Zenon 2011 61,000
23 Ecosama, Sao Paulo, Brazil Koch 2012 61,000
24 Beijing Miyun, China Mitsubishi Rayon 2006 45,000
25 Tianjin Industry, China Tianjin Motimo 2007 30,000
26 Griffith, Australia KMS Puron 2010 30,000
27 Daegu Dalsung, Korea Econity 2008 25,000
28 Ji’an, China Microdyn-Nadir 2010 20,000
29 Palm Jumeirah, UAE Norit 2009 17,000

MBRsS Eetd 2o A3 A TH(Table 5).
Table 55 2006 d~20127F 10,000 m/Y & 7 a8
529 MBR SHE AXd3}S A A8 Table 4°1W
%ol Fef t&%F MBR SHES AX
ZenonA A7t AAE Bl
olF TR EH

&7

o
+&

of

£
EEEERDL SED R ERES

SAGNH BFHE e AT 5 Yok

68

< GE
Hhd FHZolE 10,000 mY/Y
GE Zenon/te =4 &

TTolY &
53] g9
Asahi Kasei®} TorayAl, 59 BOW (Beijing Origin

Water)AF2}  Tianjin  MotimoAl, Z¥ 9] SiemensAt2t

Microdyn-NadirAl, Wd &=

1: q_ ‘

U A =

9] NoritA},

7]=¢] KochAf,
Sk=19] EconityAH(T- Korean Membrane Systems)
F o A AL

o] A%d 7% vEoz 7

=29l *}?ME F7ska gk
g Feo MB
oM, 74 A7lEe T MBR 34
HANT, HS-aMBR, KSMBR, KIMAS %°| gt} =
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R &40
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CRC R
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Table 6. Technology Lvel of Domestic and International Comparative Analysis in Membrane Technology of Advanced
Wastewater Treatment and Reclamation/Reuse

Items TRL" (%)
High Performance Membrane (RO/NF) Technologies for Water Treatment Applications 60
Membrane (RO/NF) Module Technologies for Water Treatment Applications 85
Low Pressure Membrane (UF/MF) and Module Technologies for Wastewater Treatment and Water Reuse 40
Membrane bio-Reactor (MBR) and Module Technologies for Wastewater Treatment and Water Reuse 55
Total Solution (EPCZ) + O&M) for Wastewater Treatment and Water Reuse in Large-Scale Membrane Plants 30
Process Control and Performance Assessment for Membrane Manufacturing Technologies 40
Total Number of Patent Applications (MF / UF / NF / RO and MBR) 90

Y TRL : Technology Readiness Level, Y EPC : Engineering, Procurement and Construction

FA0] 20129714 AAEHE 5 AAF s FA U9 V& $EE 5HEY &, =598 4, 2E
o|t}. Al ZleMt A5, = - 9] MBR #H 4 A59
U 7]€9 MBR AANx9} £ 55 TFHo=
2.5. 24 MBR 7|&3F ¥ MY uHske] BopHZ Table 691 AA S TH30-32]. A
19909 o] & EEuh& o] 8¢ EAlol§ FHEV|& Uy B9 Ve AW e vustd s o HE
Holol] th3t MAESEY EEXE BE w3 33%, 3 Z7|HAZ B F doH BT &4 9 Ar)&
= 32%, YE 21%, §8 14%9 YL AR5 Bolo A AAZFY Ay} 2 Aoz metEtl, MBR,
ATH30]. =, v, 98, FH EF WEgd 7Rk UF/MF A%, A9, o2 2539} ojo] tjgt g4 omﬂ
15 FAY SHE 7eo] 4= HFE&S AA &5 AAAE B 71e 2 HlE ga A0 Q)
3 9tk MBRE Ege BEute] 24 - 2E 9 34 = o2 Yeiyth 53] Aza i 7e FEedA
Z1ee] O FUYESHEY = 20009 o] F FFET 7P o3 Bope s AT el Ao]gol| T8
dested 201090 P, Y8, f1F s FE = 2y 2E, AzE A4, %4 7€ #E FofolH,
of 571 24T £ Az 71e9 4, £ FA8Y 9 A5H 7EE F 40% FEOE W
gro] A #HHE U SEFES o] &3 A7) Ao Z YERTH30,31].
o] FE5 o|F UMY, HZd= e Y A Iy 29 7|9 dEdos SAVZ, 2%,
AHd Ve EdEdo] Fvtste AEE Hola gl AFYE, Fojng, AxdAx 2 Fo] glon
TH31]. o3 53 L5 7t Y=ol 7 st A Eokoll= ke 3 A 5 ATE ALS
H 71&€E0] FUldlA AEA MEEHe FUE Joy SA0Z oF 1,5009 7] MBR ZHEV} A3 - &4
ThFgE Aol gz gely A7) del A Edet Ha Qlth
A AP Y-S & Ut Ul MBR A& F2 Y8743 7]El 927199
U &3 & 79 1k A FWNEE 9 MBRo| 2003 o|H74A] v Aoy o|F FF
g 249 BE 71€F AT 597 2gu ¥4 A E, Ak A zARl o FUE (Ao ol (), TLE, A
Wes AWE #d 55 Fdo] §5s83th MBR Ho F2x 53 B AZARD FojlulEo] MBR
A2E FY7]e RokdlAe EEu 27 i, Alﬂoﬂ Adste] F=akal Stk A z7)d YA,
£Y7 Ay, FHEHA 24 #d E57F A&H 0= e A, &9 A T A8 A EAE UER
ZdEgon Bt 27y eI AEs) 34 ou a7k AYHOE AH R 7|Ye A4FE =
71go] ArIeE YetRT. o3 53] A= = 92 =Haon A7 AMAME AT &
Tt AZE AE 745 Y5 AEE o3 o ZHsE AA - 2+Yree R oz mobH
E2 o7 Holng AAHoE MRS 3o HII} o Ovk A3 17154, IWTA9 MBR #8174
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Table 7. Global Water & Wastewater Market forecast by Key Technologies

Items No

Revenue Forecasts by Key Technologies

Global water market
. $425 billion (100%)

Water & Wastewater Solutions & Services

Water & Wastewater Utility : $246.5 billion (58%)

. $178.5 billion (42%)

No 2 Build & Service :

: $178.5 billion (100%)

$ 115 billion (64%)
Solutions (Chemicals, Treatment Equipment, Process Equipment and Pumps) : $65 (36%)

No 4
: $65 (100%)

Process Equipment and Pumps :

$ 15 billion (23.4%)
Treatment Equipment : $34.59 billion (53.2%)

$15 billion (23.4%)

Other Water & Wastewater Filtration & Purification :

1
2
3
4
5 Chemicals :
6
7
8
9

$ 19 billion (55%)

Membrane (MBR, MF/UF/NF/RO) : $5.2 billion (15%)

No 6 10
: $34.59 billion (100%) 11

Sludge Treatment : $4.8 billion (14%)
Biological Wastewater Treatment : $3.8 billion (11%)

12 Disinfection (UV, Ozone, Chlorination, etc) : $ 1.7 billion (5%)
13 Membrane bioreactor (MBR) : $ 0.7 billion (1.9%)

No 9
: $5.2 billion (100%)

14 Membrane bioreactor (MBR) : $ 0.7 billion (13.5%)

Total Market Segmented by Technology (Total Global Market Size in 2010 = $34.59 billion)

$ Billion
Membrane Bioreactors (MBR) 0.7
RO 18
MF 1.0
UF 12
NF 0.4
uv 0.5
Ozone 0.1
UASB (Municipal) 0.2
Chlorination 11
Demineralisation 0.8

WW Pre-Treatment 14
WE&WW Clarifiers 35
Other Primary WW 38

Activated Sludge 37
Other Biological WW 40
Sludge Thickening 15
Sludge Dewatering 18
Sludge Digestion 0.7
Sludge Drying 0.7
Filtration 5.5

Fig. 6. Water & Wastewater Treatment Equipment Market

FT I 3 - s A A Ao]SAE X7 B
Asly = S 18T o FF 4~597 71eMdd
gald YR 2A - BE EokE A Qs AA A Al A
BAAYE ZtE V& GRIL 7MeE ZoE ddHEn.

Market
Share (%) Low(<5%)

CAGR 2010-2015

Med (5-8%) High (> 8%)
19 Very High
5.1 High

28 High

35 High

1.3 Med

16 High

0.6 High

0.5 High

35 Med

2.4 Med

42 Low

99 Med

1.1 Med

10.7 Med

10.9 Med

44 Low

52 High

20 High

2.0 High

16.0 Med

Sowrce: Frost & Sullivan

: Revenue Forecasts by Key Technologies (World), 2010~2015.

3. st M2l XMElFgH| H 229 AIFEEA

AAA & NS 71€82 £/ AZAZE Table 7
o A AE+GTh. Frost & Sullivan X110 WEH AA A
Ea8E A2 20109 71 oF 42509 2elEiTETs
:3.3%, B AlolE : 03%, 3HEF - HF : 6.6%,
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Table 8. Directions for Improvement of MBR Technologies in Wastewater Treatment Plants

Criteria Indicators Improvement needed
. Membrane purchase costs
Economic Investment costs — - -
Standardizations of element dimensions
Effluent water Trace organic compounds such as EDCs (Endocrine Disrupting Chemicals), PPCPs
Environmental Lalit (Pharmaceuticals and Personal Care Products), PhACs (pharmaceutical active
quattty compounds)
Improvement of membrane materials (New membrane materials/modified membrane
surfaces may improve flux)
Membrane : B .
Membrane design and performance (Improved efficiency required through better
module design)
Equipment Equipment standardization
Efficient pretreatment (screening) system
Technical Process

Membrane system process design and performance

Peak flow performance

Membrane fouling (higher aeration cost, increase chemical cleaning)

Operation &
Management

Operating costs (higher energy & chemical consumption)

Greater mechanical complexity and new technology for many owners and operators
make it difficult to visualize new or expanded systems employing MBR technology

&1 47.5%, BHF o 423%)E YElgon & #¥ I
A (Water & Wastewater Utility) €F 2,4659 2#(58%),
g &FA3 An]2~(Water & Wastewater Solutions &
Services) OF7F 1,785% 2 #](42%)°- 2 YEFSTH33].
g &FA3 An]2(Water & Wastewater Solutions &
Services) A9 74 A - AH2(Build & Service)
AE 1,1509 23(64%), TAE AH 2 FAH A
ot 6509 2E@B6%)l B Aoz Ayt
T3 Table 7914 E%o] No 4% 42 A1 2 34
) AFS AReEo 7 EFstH 318k (Chemicals) Al
o] 1509 221(23.4%) 347479} B (Process Equipment
and Pumps) Al7&o] 1509 23 (23.4%), 181 A
%H](Treatment Equipment) A2 ¢F 34599 <3
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