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SgWX Address: 84 Toh Guan Rd E, Singapore 608501

Time Program
1.30pm-2pm Tour of SgWX's site
2pm-3pm Business meeting with companies in the

space of water technology
* (TSP background sharing and
reguirements for water recycling
centres establishments.
» Introductory sharing by 3E Memtech
About Us - 3E Memtech Pte Ltd
* Introductory sharing by Teredo
Teredo Analytics | Enhanced Asset
Reliability using Al
3pm-4pm Sharing by PUB on PUB's experience in
water recycling
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. Internal Audit reports to the Board

| Chairman Enterprise Risk Management reports to the Board

| Chief Executive ‘

Operations Policy & Development Future Systems & Technology

InfoTech and Digital

Joint Operations B
p Transformation

Water Quality Finance

Industry and Technology
Collaboration

Technology & Engineering ] { Internal Audit Office ]
Centralised Services ]

(
[
(v
[

Singapore Water Academy

Procurement & Contracts

]
)
)
]
]
—
)
)
]
)
)

Policy & Planning

Catchment & Waterways Coastal Protection

Water Supply (Plants) Organisational Excellence

[ )
( 1
{ )
[ )
[ )
f ]
[ )
[ )
[ )

Water Supply (Network) Human Resources

Water Reclamation (Plants)

Water Reclamation (Network)

N Y Y Y Y Y Y Y Y Yy Y

& 3 AHESER PuB (HERZEHE

RGBT LRy PUB RIR ZEE RIS < T3 K feffa & /Flm (Industry
& Technology Collaboration ) » fUEE > PUB [ - SHEGHH R B TAZEAEL F&R
B T R E SR R Bl ) BF Z B RO T B o SR B A AT R S

WHRELOR PUB HATE EAMANRAES BUH T RE/KZ B BlEy > H
Al PUB fE i BES ff /5 IV HE R RS - BT R IRE = S (b MABR B )5 e
ZYORK - (RS ¢ EERE - - IR ERES N2O WVEA - HElEE
Lhhs > HATIEAE S8 e E AL L MAEHY MABR - (EERAELRE © Jek/ D22 [ 5 oK [F] iy
sRbRR B - SESROET A E R DRETRFE K - I HIB SRR ~ DR E SRR
N20 HYEEAED - ERRRIAREHBESEEN -

SERKECHRER BT #6559 RE PP I KSR M RIS A  PUB
12024 41 1 EESRHITER VKBS - aRENE - BTEYES
T SRR (T K ECRE IR TS 4R B £ S M 2 B PR K ]
T 00% 2 Bt » TR -



M

&5 B L EEE T TER
LHHEAREHER SR

4 R H PUB FITH Kb

FEZELTREER 5 > PUB ZE8k T — 5T ST &k > PUB J5 THIHH B /K R 2
B S E g o Rk B AT AR E EERE R 2 KA A AR
K R EE KBRS T OB IR T - P B AR A E &
R KBEAM MRt TR R - o R@ s B KERR rTiedt

S5 o

bt S o SIS K E IR IR Bl RE e Z B ifa B4R =5 > il PUB
SHERRPE HE (o] AR R st Z By > RIERECREI GRS ~ SR0la S e A RA SstBe ~ B0ty
bt ~ 15 (Pilot plant) & ~ U BUR S AT - SO NI/ K i BT 2 Af
J&7 > AR JE TR AT 15- 205 AR Bl -

Pt - SRR EHT Db I EE Pk L RS - HHATR - R4S H EHVRETR
K5 e R BRI RE o ARSI eT R 85y - HRTHE(ERY DTSS (Deep Tunnel
Sewerage System ) &5 0] FE 7 H WA ()5 7K B e FR el b 7K Gy A, 28 2558
N3 /K PR B R Ese s T ER A4l e — 8l im 1% » FREC AR R (UF/RO) » 4548 UV
SHER R A/K < {BAE DTSS 25 “HARtEH » VISEEIAER AR ROt ~ K4
VIpRR3E/ )0 EL UF 456 > BRF MBR 234  IEAMERUETT /T ERE T - ST
HR S o W H AE &R AT A i 3% E ff [ WTEF(Waste-To-Energy Facility) &
FWTF(Food Waste Treatment Facility) 1T/ 3R BEElEs s » FallFrEdnyE ] -
e KR R BE YR R i H e - [ EREE RS RN -

R A G ek 5 LB AII/A E] Teredo Analytics H#E{THRITACM » 73 E% A H
DI ER FE MBS B2 IR T 2 i » BB E /K E 48 2 T SE 14 K
BIBHEHIZR 5 R B4R L > 55— L RAZHEHTINSZ3E memtech /A E|FH Shieh Jyh
Jeng Iy R EIR(ERR T 2 vh 2= B4 47 IE 5 FE F A /K iR B R Al 21 B B s

8



I R A S IR R ARAE R (B

RFFE .25 PUB ZKFAS 7 H 0 (Singapore Water Exchange, SgWX) > PUB {4
I 2018 FERYIL T SeWX » 1E Bl AR 2Bk 2 /KBS A Bl & EFI: [FEIAIEr B - SgWX
AR A EFERAR - ROl ER - TRARERG - e ~ WM basfnzss - 22K
H 16 {EEIZRHY 38 /KB A TIIFTIENR » RSB iTAC ~Z Teredo Analytics
J23E memtech Z£25¢ |1 fy SgWX 2 #EEE/\H] o

6 PUB ) B/ MEHT R 2o | 7 (LB SgWX B2 PUB T IEIE(TH:
R

Step Feed MBR for Nutrient Removal

and Energy Optimisal

B8 PUB [0 KB BB ERlE: | (B BB SRR a
RIS 5 A




5, L

& 10 Terednalytic Fa'ﬁlﬁ%%i%%% E11 3E memtechﬁj@é}ﬁ)‘)ﬁqﬂgéﬁéﬁﬂﬁ

(Z) FrinsKEs e SWA

RFEHY PUB 7K E B TN 7K %5 7 & (Singapore Water Association,
SWA)RK EHET TR AT » SWA =—(EIRfEHE - TE(Ekin e s BFTE /K%
BRIFMTAC W& RILA20042H » HAI#HEA260%4E & - G35 EMIE A
B RO ~ B TR - WER MRS - sefiHtE - KERE L2
oM GHRAELERG - DU SRR M RS (AT SR PRI BRI A -

SWA EH HFE R ILA A 2 MRV H AR LR AioHIEE > 58
{EFTIn A eI SR8 ) - SOMMBRE R4 R AT P RER D -
SWA |l B BB mRHGE 2 K BT KBS i TI T > 24 A
— DR TR - MRS A BV RS ES V 5 RE B R B BN R UK B T
AFTEH > WHIRTIRSERE A RFEMEZ SR -

[E12 fORBEHESH R SWA | [E13 ETIISK S SWA jREET
TR BRI

10



(=) Keppel THFE /5] (Keppel Seghers Ulu Pandan NEWater Plant)

HENE FTII EE 2 A HEERE R - ESE OB REA - IR
B % DL BC BRI = (A% ORI » BER S5 A B S B VA 4 7Kg (Ulu
Pandan Water Reclamation Plant) > 3% B8 IS =k ~ FBIUREEH 4 K » 7
2005 4 fEANFHEZESR PUB AR ETEIESR NERS TakeT ~ B - WFANES
({22 DBOO)FZLY » {HkJEE i IRz 7o B A Hh &l FH /K 7R K« 8% 2B 7K lrs 2007 4
3 HFtaRG s - 5 T IR s KRBT AE 7KL » 32K 7] 42 7 148,000 m
FrAsK o R ER/KES - a8 =R (OUL Z S R R AR 2 90% @ UK EE
H PR A LREET - B 22 M B REIAE - MR T E#HNAR - 32Kk
HIETHES A KIGRELE 24 - A BN FER/KRATR E 8 - oK E AT
1.2GWh FYFAEREIR - HHE RS 250 {EVUFREEGFHIREFUMFEHESE -

e

[
LT T E— s 5

,&;P

N

a 4 4 \ -~ . > e "'E: 5
14 ARENSEISTE Keppel 2t | B 15 SEI I AKREEETLE
TR & B

= T EREE T (Goh Eng Kwang)illif 48 T 3% /A Bl < /KR (b — &5
BEEFHE R Keppel Marina East Desalination Plant (KMEDP) » 2% &g By T 58
—{E R UBKOR AL » [ — /K AT 3R /KBS K BORK - Y PUB DUES:
DBOO i » i 2020 FEHpgZEif s » g HAE/KE 137,000m = » {H Hiif# 2.4
N o ZRUKEE A SRR R B GaT B ESEENOSERE T B
W& — (e /KRR OB A 15%MNIEMEER AT (E FHAYAE & » KMEDP i {E FHER )1 5CH#A
g5 0 AIHHEE SRR RO BB/ YK JIRE & » AR R HERS BB R /KR - [ERETR
S EAERR - SRR - Wk RO HEFE HHVAEFENK/ D 52 60% -

11



&l 16 KMEDP SMNBIER 23t MMEEE & 17KMEDP {i FER T3 #asan s

/7\
I
1 H Gear
o
KMEDP Unique Process Design O o
6) Reverse Osmosis System +
3) Auto-strainer System 4) Ultrafiltration Membrane System Energy Recovery Device (ERD)
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Sea & Reservolr intake, Dual Enhanced Coagulation [] Post Treatment, Product Water
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1) innovative passive intake system 2] Compact Dissolved Air Hoatation 7) UV as primary disinfection process
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Sewage treatment
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Freshwater Sources tringent
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Desalination @ standards @
Seawater
Water Turning
Reclamation effluent into
high-purity water
Reclaimed Water
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B8R - DU RASIESEEIIZRL > 1E SMTC MEERIZC 883 > (HRNERSE MBR
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Adil M. Dhalla {81 > [5 2015 4 8 H#E#E(T START U RES » WiE(T
NEWRI Bl FF - H AFrniEREEE Singapore Membrane Consortium (SG MEM )
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Fe AR E TR ER = (i TRAREIZ 7 ST /K BIS A SR BB BT ST R - Adil
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Bi22 (AR BEESTIE LA | [B23 (AR I LA
FEHBETRMAR NG S CEE SE(/5#E © Zhou Yan H#% ~ £

#d% ~ Dhalla EE - {3 HHIR)

Wastewater treatment
(aeMSBR);
Biogas/energy recovery;

Water reclamation.
-

[B24 aeMSBR /KAt B A B AL MR &
Translation and Piloting: Pressure Retarded Osmosis

Key Deliverables

O Translation of PRO technology from TRL level 3 to TRL level > 7

O Continuous Field level validation of 200 m3/day integrated
PRO+SWRO system for at least 12 months

O Harvesting of Salinity gradient energy using SWRO brine and waste
water retentate

NANYANG

X i | & .
SINGAPORE'S — NUS m TECHNOLOGICAL
J I) JB NATIONAL N avions university UNIVERSITY
WATERAGENCY N\ otsingapore 7 SINGAPORE

v«g quc
~~~~~~ a4 [

[&|25 Pressure Retarded Osmosis J@ﬁﬂ?&ﬁ@iﬁ&ﬁﬁ
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Anaerobic Fluidized Bed MBR (AnF-MBR)

Two-Stage AnF-MBR for Energy Positive Sewage Treatment

QO Maximize energy production through enhancing the biodegradability of refractory organics

Q Minimize total energy consumption through effectively controling membrane fouling by
granular activated carbon scouring

il

|
HE-AFMBR |

Sc ic diagram of bic i d bed Pilot-plant AnF-MBR is located at PUB’s Ulu
membrane bioreactor Pandan Water Recl tion Plant

Q) NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE

[E26 £ SE I I A KB E TERRE ~ —F&E: AnF-MBR

Forward Osmosis MBR (FO-MBR)

For High TOC Removals

Integration of FO and MBR
Q Very high TOC removals

Q Overall TOC removal > 99% (Draw
solute < 1 ppm)
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wilo

Our pumps and pump systems.
Broad portfolio in almost all performance classes.

P " &y E ;:w‘ EJ ﬁ

At your side -
worldwide

2,500

Wilo service
technicians

Ll o
rmﬁ@ﬂ&ml

EBO Wilo SRS - Q&%*’“’EELI%?E@Zm%Em@

200

service
partners

in more than

60

countries

(£) NTi memtech /5]

NTi memtech Rffrfiiife 2 BRBUSE N E] R HTIISE B AIfEERIR A E] - A
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Rt E
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BRI ~ ISV ST -
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A EERRR E MR hT E AL
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2. /& /53218 (Marina Barrage)
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3. ABC Waters
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Water story in Singapore

WORLD
RESOURCES
INSTITUTE

World’s Top Water-Stressed Countries

in 2040
RANK | NAME ALL SECTORS
1 Bahrain 5.00
1 Kuwait 5.00
1 Qatar 5.00
1 San Marino 5.00
[ 1 Singapore 5.00 ]
1 United Arab Emirates 5.00
1 Palestine 5.00
8 Israel 5.00
9 Saudi Arabia 499
10 Oman 497
1 Lebanon 497
12 Kyrgyzstan 4.93
13 Iran 4.9
14 Jordan 4.86
15 Libya 4.77
16 Yemen 4.74
17 Macedonia 470

Water Demand and Supply

DEMAND NOW

45% s
55% temene

SUPPLY NOVY

Wata
Impa

to 30%)*
water (Up to 25%)"

* Derates % of demand

Singapore’s current water demand is about 430 million gallons a
day, equivalent to 782 Olympic-sized swimming pools.

Singapore’s water demand is forecasted to double by 2065.

High water-stress results in consumers’ high dependency on limited
amounts of water which exposes their vulnerability to the slightest
change in water supply.

Sources:
Nitps:/SkySpR.DUS 2 53

DS/ AW, WIL.Or! 1g-worlds-most-wats it

Singapore Water Diversification: The Four National “Taps”

WATER FROM
LOCAL CATCHMENT

0‘6

JOC

L

IMPORTED NEWATER DESALINATED

WATER

WATER

Ensuring supply reliability

Source: https://www.pub.gov.sg
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Driving Product/Process Innovation
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1.8-inch to 8.0-inch
Spiral wound modules
(swm)

0.01 - 10 micron 0.0001 to 0.01 micron
* Micro, Ultrafiltration * Nanofiltration
* Membrane Distillation * Reverse Osmosis

U 1 meter width Industrial-scale Flat-Sheet fabrication lines
U Design and build modules up to 8-inch diameter
U Testing, design, and pilot operations

Coupon to
8.0-inch SWM

— W CMINTU |
OPUBEL, » Start i J

SYSTEM DESIGN

Softwares
p7S aIhece \NSYS
SIMULATION T
(W aspentech
—=. '« 3D computer-aided design
Static and dynamic stress analysis (CAD) modelling
N Finite Element Analysis (FEA)
-+ Computational Fluid
I‘: Dynamics (CFD)
O Industrial scale Hollow Fibre fabrication line J Process dev.elo.pm.ent
O Design and build modules up to 8-inch diameter Q Module optimization
O Testing, design, and pilot operations Q System simulation and design
SNGAPORES . NTU
OPUBEL, s Start J
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Translation and Piloting: Pressure Retarded Osmosis

Key Deliverables

O Translation of PRO technology from TRL level 3 to TRL level 2 7
O Continuous Field level validation of 200 m3/day integrated
PRO+SWRO system for at least 12 months

0 Harvesting of Salinity gradient energy using SWRO brine and waste
water retentate

OPUB. FNUS P

pore Membrane

= o

Hydraulic Pressure Driven: Reverse Osmosis

End-to-End: Scale-up the Fabrication of High-performance Aquaporin based Biomimetic
(ABM) Flat-sheet Membrane for SWRO

Jan - May 2022:

Jul - Aug 2021 Pl June 2022 - June 2023 ;
Apr 2021 2514 control lelse:f;oen'::nsei 6 Achieved Milestone 7 Current Pilot Testing
Start of scale-up element 4040 elements >10 m3/day clean water.
e @ 9 & ® ®

June 2022 - Jan 2023
Jul = Oct 2021 Sep — Dec 2021

2514 ABM SWM

Pilot site construction
Line Modification &

Optimization

pore Membrane
'R y Centre
Marrony Enannest wd Wats Srinwh babass

NANYANO
HENOR TECHNOLOGICAL
. | UNIVERSITY
WATER AGERCY 4 ———

NP sinearore
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Thermal Energy Driven: Membrane Distillation

Multi-bore and Single-bore Hollow Fibre Membranes Flat sheet Novel Superhydrophobic and Self-Cleaning
for Membrane Distillation Application DCMD Membranes for Wastewater Treatment

Module
Scale-up

START’s Invention to overcome
wetting issue in MD process

Non-drafted Singapore Patent
Application No. 10202260152Y
Single-bore  MD Water Trap And System Designs
For The Same

Module fabrication

*SANIPS - Spray-assisted nonsolvent induced phase separation

S Main PI: Prof. Neal Chun I NTU |
O)PUB WEMSIFT IE!;'&J“% (formerly at NUS) . ot S!a't itivel

\mum INNOVATIONS

Osmotic Pressure Driven: Forward Osmosis

Scale-up of forward osmosis membranes for recovery & recycle of wastewater streams

Substrate Development and Optimization Scale-up of substrate Scale-up of active layer coating

Evaluation license of START’s patented
Reinforced Membrane (RM)

RM has significantly lower internal ICP

@PUBTW.: S'DESTROEM Collaborators: Mark E. Perry & Assoc. Prof. Zuo Jian wm
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2.5 EIS-module EI&module
Customized spiral wound module fabrication to
embed smart sensor allowing in-situ and real-time
fouling monitoring of the reverse osmosis (RO)

Innovations via Customization

Development of Novel Smart Sensor for
Reverse Osmosis Fouling Detection
Main PI: Assoc. Prof. Chong Tzyy Haur (NEWRI/SMTC)

L @ogin

Fabrication of electrochemical spiral wound

membrane module
Main PI: Asst. Prof. She Qian Hong (NEWRI/SMTC)

Customized spiral wound module fabrication
replacing the spacers with electrodes in an electro-
chemical membrane system to achieve in-situ low-
energy and chemical-free regulation of solution pH.

S re Membrane
TecAnology Centre

W baevpmest o v Bems vt

INTEGRATED VALIDATION PLANT (1 MGD)

» Integrated Validation Program Activities:

= Design and Operationalize an |

= One-stop Plug & Play field validati

+ Low-pressure NF

« Ceramic membranes membranes

« Ceramic-polymer + Re-inforced RO
hybrid membranes membranes

»  Mixed matrix

membranes

> Dbjectives: To identify and validate technologies that lead to

overall

= Desalination energy savings (lower operational cost)
= Higher recovery/efficiency

Seawater
Desalination

+ Bio-mimetic RO

= PRO/RED (for energy

offset)

g
on of promising desalination technologies

INTEGRATED VALIDATION PLANT

Pre-treatment
technologies

Energy

/Polishing

Electrodialysis

Energy Recovery

deionization

gi!
ot

Plant Takeover +

Licenses

Verification of Basclinain
Existing Systems

Best-in-Class

Technologies
(RFP)

Co-Developed Future
Technologies Technologies

:
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SGMEM

Singapore Membrane Consortium

Engagement Model n

o

All enquiries start here:

* Common gr Novel problem

()

*  Existing or New solution
hypothesis

*  Which TRL stage
* Stakeholder(s) identification

EWTCOl

MBEE ANN FOLYTECHNIE

“ ive Commisskoning
rati

. Scale-up / Commissioning
Modu;[ :' ESl Piloting and operations
TRL 6-7 TRL 8-9

AP @ = (W ST Enginooring () Svcou [ETIIEN © s
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G}\rcou.q demem
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Ideation

IHLs
Translation
centres

* Industry members

TR ot heae Gian
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Our growth model

@

Refining and Petrochemicals
Water and Gas based separations

SGMEM

@PlJB . Environment &FO'Z

Carbon Capture and Utilisation

+ Air filtration and quality

Water

* Atmospheric monitoring

Baxter

Biomedical
+ Controlled Drug-Delivery

@ PEPSICO

Food and Beverage
Clarifying, Concentrating, and
Purifying Food Components
And Process Streams

» Systems Medical devices

Industrial Separation

Processes Technology
+ Concentration and Purification +  Wafer fabs
* Resource Recovery From Waste + Component manufacturers

Streams

EXPLORE NEW DOMAINS FOR
MEMBRANE-DRIVEN SOLUTIONS

Hydrogen

Hanvestingloxy
19 1Ngraasa g9

The SG MEM Discovery Series was conceptualized to support
Singapore’s national agenda on sustainable development covering
sustainable living, energy reset, the green economy and resilient
future themes. Through this curated series, new membrane
application will be explored in emerging and atypical domains. The
intent of this initiative is to intensify interdisciplinary research,

collaborations and new product development that addresses SG!,‘_E,,M, MEMd .‘0 o
pressing national needs.

Oecover New Marvibrane Appiications
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SGME

University of Kentucky, US UC Louvain, Belgium Universitat Duisburg-Essen, Germany ARC-EESep (Monash), Australia
- ~ nctionalized M S = CO2 capture = Bio-separation - A-MOF membranas for desalination,
= Responsive and Adsorptive - Process intensification - Protein purification . Porous membranas for carbon capture
Membranes - Applied thermodynamics - Antifouling coating - Hierarchical porous membranes for biotech
- Catalytic-N. particies, B pired. - Catalytic nanocomposite. processing
. GO-GQD.
KU Leuven, Belgium ITM-CNR, Italy Ben-Gurion University of the Negev, Israel Kobe University, Japan
- Process intensification for low-emission . Bio-polymeric membrane o Energy optimization of water - Water purification
and energy efficient separation systems s Green solvents treatments - CO2 Separation
utilizing smart responsive materials & Membrane emulsification 3 . Nanoscale tools = Computational simulation for
- Mining & energy. bioprocessing and chiaraciarieation; - Ceramic & polymeric membranes membrane structure
chemical sensing - Pervaporation - Fouling mechanism

Thanks for your time and attention.

We would love to hear from you!

Adil Dhalla

adil.dhalla@ntu.edu.sg
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