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SINGAPORE IS RANKED #1 AS THE WORLD’S 

MOST WATER STRESSED COUNTRY

World Resources Institute, 2015

Population of over 5.8 million
Density of 7,810 people per km2

Land area : 728 km2



Water Story in Singapore…..



Singapore’s Four National Taps

Singapore’s water demand is forecasted to double by 
2065



Singapore:  Local Catchment (Marina Barrage)



Singapore:  Imported Water (from Malaysia)



Singapore:  Recycled Water (NEWater)



Singapore:  Seawater Desalination



Singapore:  Seawater/Freshwater treatment (Keppel) 



Singapore:  Desalination Energy Efficiency

“Seawater desalination is an 

energy-intensive treatment 

process. With the anticipated 

growing dependence on this 

resource, improving the energy 

efficiency for desalination has 

been a key research priority for 

Singapore. PUB’s goal is to 

reduce the energy consumption 

for seawater desalination to less 

than 2 kWh/m3 at the system 

level through technology and 
process innovation.”

https://www.pub.gov.sg/Industry/RandD/InnovationFunding/Living-Lab/LLW-DIVP



Singapore:  Desalination Integrated Validation Plant (1 MGD)



Seawater Desalination: Pre-Treatment (Ceramic Membranes)

Challenges:
• Variable seawater quality
• Algal Bloom
• Require combination of different technologies (high cost/large footprint)

Dissolved Air Floatation 
+ 

Polymeric UF

Ceramic UF
Fig 1: Aerial view of Jurong Island 
desalination and power plat, showing the 
footprint of pre-treatment (UF+DAF)

https://www.straitstimes.com/singapore/singapores-
fifth-desalination-plant-opens-on-jurong-island



Seawater Desalination: Pre-Treatment (Ceramic Membranes)

Advantages:
• Long life expectancy (>20 years)
• Mechanical and Chemical Resistance

→ Cleaning with strong oxidants (ozone, chlorine) and extreme pH possible
→ No risk of leaking of contaminants (e.g., nanoplastics, polymer additives)

• Good dissolved organic carbon (DOC) removal with in-line coagulation 

Successful pilot-plants have been 
demonstrated

Challenges/room for process advancement:
• Many operational conditions to select (coagulant dose/type, cleaning agents 

and frequency)
• Operations highly dependents on specific seawater characteristics and seasonal 

variations

Altman et al., Desalination (2023)



Seawater Desalination: Pre-Treatment (Ceramic Membranes)

M Tagliavini, S Leow, J Clement, G Galjaard and SA 
Snyder*
“Experimental Investigation and Numerical 
Optimization of Periodic In Situ Ozonation to 
Control Fouling in Ceramic Ultrafiltration 
Membranes.” ACS EST Water. 2023, 3, 11, 3660–3666.



Seawater Desalination: Pre-Treatment (Ceramic Membranes)

• The model was first calibrated on
experimental (lab-scale) data

• Simulate energy consumption at different
ozone spiking frequency

• Balancing additional pumping energy (due
to membrane fouling) and ozone energy
requirement saves 40-55% of energy
compared to continuous ozonation



Seawater Desalination: Pre-Treatment (Ceramic Membranes)

• Realistically complex model seawater (composed by Humic
Acid, Bovine Serum Albumin, Amino acids and Alginate)

• Alginate biopolymer used to mimic algal bloom
(Alshahri et al., Science of the Total Environment, 2022)

Excitation-Emission 
Matrix (EEM) 
Fluorescence

Total Organic Carbon

Initial Water Flux

Biopolymer 
content

Physics-informed 
ML model

Flux decline 
profile

Example of the EEM spectra of feed 
solution used to train the ML model 



Machine Learning to Predict Ceramic UF Flux Decline

Design of the 30 experiments used to train 
the machine learning model Example of validation of the trained model on 

unknown data  (unpublished data)

Model Training
• ML model was trained on 30 experiments

performed varying initial flux, TOC and
content of biopolymer

Model Validation
• Model validity was tested for 8 unknown

experiments (e.g., feed compositions the
model was not trained on)



Polymeric Membrane Fouling Reduction: Pre-Ozonation



Membrane Fouling Reduction: Ozonation RO Brine

Ozone reduced MFI value about 1.7 fold

Matrix MFI (s/L2)

Brine w/o O3 63.27

Brine w/ 1.8 ppm O3 47.39

Brine w/ 7.5 ppm O3 37.62
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Park M, Anumol T, Simon J, Zraik F, Snyder SA.  J. Mem. Sci.  2017 (523):255-263.



Membrane Fouling Reduction: Ozonation MF/UF Damage

• Pre-O3 caused membrane failure

• Tensile strength greatly diminished

• O3 >HOBr>>NHBr2  

• O3 at sub-residual doses required

• Alternative surrogate needed

Membrane I-middle

Membrane I-top

Virgin O3

HOBr NHBr2



Membrane Fouling Reduction: Ozonation Control

1.5 ppmControl

3 ppm 4.5 ppm 6 ppm

Merel S, Anumol T, Park M, Snyder SA. J. Hazard. Mater. 2015  282:75-85



SWRO Membrane Fouling Reduction: Chloramination

Schematic of inline pre-formed NH2Cl system and SWRO desalination system (pilot test – 50 days).



SWRO Membrane Fouling Reduction: Chloramination

SWNF as a pre-treatment to SWRO 
leads to a “cleaner” SWRO brine 
which is more amenable to HOCl
production from electrolysis.SWNF

Monovalent 
SWRO Brine

Seawater
Intake

Electro-
Chlorination

Process

Na+ and Cl2

Anode

Cathode

NaCl
H2O

NaClO + H2

H2 and OH-

HypochloriteSWRO

Ammonia

Permeate

Divalent Brine (Mg/Ca)
Carbon Capture 

Potential



SWRO Membrane Fouling Reduction: Chloramination

Comparison of RO trains: ROA (2 mg/L NH2Cl dosage) with the control ROB (No NH2Cl)

* (1)- first, (4)-middle, and (7)-last elements of the trains

Membranes visual comparison Membrane/spacer foulant load* CLSM images of live/dead cells*

*Live cells – green fluorescence, dead cells – red 
fluorescence



Seawater Desalination & Carbon Capture



Conclusions:

• Diverse water portfolios greatly increase water security
 Synergy between water reuse and SWRO systems can be realized
 Combined systems can reduce infrastructure/costs/energy

• Membrane fouling is a major limitation for RO efficiency
 Pre-ozonation can greatly reduce RO & MF/UF fouling
 Ceramic membrane pre-treatment robust and effective
 Machine Learning/AI offers optimization benefits
 Fluorescence is a promising surrogate for low O3 concentration

• Chloramination is a cost-effective biocide for SWRO
 Even monochloramine can result in some membrane oxidation
 Disinfection byproduct formation should be more closely evaluated

• Seawater desalination can enable CO2 capture & resource recovery



THANK  YOU!

Shane.Snyder@ce.gatech.edu

www.linkedin.com/in/snydershane


