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• Development of used water infrastructure

• Management of used water infrastructure



Development of used water infrastructure
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About Singapore

Land Area 720 km2 

Population 5.7 mil 

Average Annual Rainfall 2,330 mm 

Average Water Demand 1.95 mil m3/day

SINGAPORE

Country 
Information



Sanitation –then
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P.Station
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Sanitation ς1st Sewers
1910s
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Area Served by Sewers (horizontal and vertical shadings) 1971
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Area Served by NightsoilSystem 1971
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Used Water System

Based on separate system of collection for used water and rain water
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Jurong WRP

Ulu Pandan WRP

Kranji  WRP

Seletar WRP

Kim Chuan WRP

Bedok WRP

Water Reclamation Plants

Used Water Collection and Treatment System as at 2008

• Sewers ς3100km      ; Pumping Stations ς131 nos.

• Pumping Mains ς210 km ; Water Reclamation Plants (WRPs) ς6 nos.



• Jurong Industrial Water Works built in 1966 to produce low grade 
water from secondary treated effluent

• Treatment consists of coagulation, flocculation, sand filtration and 
chlorination. Plant was expanded till 125,000 m3/d

• Industrial water sold to factories for washing, cooling, textile and 
paper and pulp processing, toilet flushing in residences.

Resource Recovery - Industrial Water



Anaerobic Digesters

Resource Recovery ðEnergy from Biogas

• Biogas used to fuel dual fuel 
engine generators

• Supplement electricity 
imported from the grid



Resource Recovery - Sludge

• Before the 1980s’ dried digested sludge from drying 
beds were used for horticulture

• From the 1980s’ dewatered digested sludge were 
used as soil conditioner on reclaimed land.
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Jurong WRP

Ulu Pandan WRP

Kranji  WRP

Seletar WRP

Kim Chuan WRP

Bedok WRP

Water Reclamation Plants

Used Water Collection and Treatment System as at 2008

• Sewers ς3100km      ; Pumping Stations ς131 nos.

• Pumping Mains ς210 km ; Water Reclamation Plants (WRPs) ς6 nos.



Punggol

Legend

Unprotected Water Catchment

Protected Water Catchment

Marginal Catchment

Issues

• Expanding water catchments
• Limited land



Unprotected Water Catchment

Protected Water Catchment

Before Deep Tunnel Sewerage System

LEGEND :

127 No Pumping Stations
~ 220km Pumping Mains

Water Reclamation Plants

Jurong 
WRP

Ulu Pandan 
WRP

Kranji WRP

Seletar WRP
Serangoon STW

Kim Chuan WRP
Bedok WRP

Limitations ðWater catchments and sewerage system 



Enhanced Operational Reliability of Sewerage System

Phasing out of pumping stations and mains will eliminate risks of UW overflows



Limitations - Large Areas



1960s1980s
Ulu Pandan Water Reclamation Plant

Limitations – Constraints on Land Use

2010



Deep Tunnel Sewerage System (DTSS)
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Kranji WRP
& NEWater Factory

Changi WRP
& NEWater Factory

DTSS Phase 2

DTSS Phase 1

Tuas WRP
& NEWater Factory DTSS Phase 1 (2000 – 2008)

D
E

E
P

 T
U

N
N

E
L

 S
E

W
E

R
A

G
E

 S
Y

S
T

E
M

DTSS Phase 2 (2016 – 2025)

Benefits:

More cost effective Ensures sustainability of NEWater

Free up valuable land Robust, reliable and resilient



How DTSS Works?

• Link Sewers convey used water from existing sewerage network to Deep Tunnel Sewers

• Used water flows by gravity to 2 centralised Water Reclamation Plants

• Treated used water discharge into Singapore Straits through Outfall Pipes

Deep Tunnel Sewers

Link Sewers

Outfall Pipes

Water Reclamation Plant



p Used Water System Today

• 3460km of sewers + 48km deep tunnel sewers

• 81 pumping installations and 114km of pumping mains

• 4 centralisedwater reclamation plants 

• Total treatment capacity = 1,518 TCMD (334 mgd)

• 146 small sewage treatment plants (STPs) in remote areas

CURRENT SYSTEM

Jurong WRP 

(45 mgd )

Kranji WRP

(34 mgd )

Ulu Pandan WRP 

(79 mgd )

Changi WRP

(176 mgd )



Management of used water infrastructure
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Planning & Management

• National level long term planning involving broad strategies, identifying land for 
various needs and establishing overall development pace

• Concept plan

– Ensure there is sufficient land to support long term population and 
economic growth balanced with a quality living environment

– Guide physical developments over next 40-50 years

– Reviewed every 10 years

• Master Plan

– Translates broad, long term strategies set out in Concept Plan into more 
detailed plans for implementation

– Guides development over next 10-15 years

– Reviewed every 5 years
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Consultations from agencies

Objective

Ensure adequacy of used water 
infrastructure to support land 
developments

URA masterplan

!ŘǾƛǎŜ ϧ ŎƻƴǘǊƻƭ ŀƎŜƴŎƛŜǎΩ ϧ ŘŜǾŜƭƻǇŜǊǎΩ 
developments on sewerage provisions

Sewers Longitudinal Section

Plan & design for used water infrastructure 
expansions

Plan & manage sewerage catchment

Planning & Management

Consultations from agencies



Approach

Á Used water infrastructure expansion is planned and implemented in response to 
land developments

Á Capacity needs to be built ahead and with excess capacity to cater for future 
land use changes or intensifications unknown today



Provide consultation service to public 
on sewerage requirements

Objectives

• Ensure proper provision of sanitary & 
sewerage system by developers

• Safeguard existing sewerage network

e-Corenet

Singapore Standards

Code of Practice

Acts & Legislations

• Process Development Control, Building Plan & sanitary works 
submissions

• Issue sewerage clearance for TOP/CSC

Sanitary Drawing 

Development Control



bƻ ōǳƛƭŘƛƴƎ ŀƴŘ ǎǘǊǳŎǘǳǊŜǎ ǎƘŀƭƭ ōŜ ŜǊŜŎǘŜŘ ƻǾŜǊ ƻǊ ǿƛǘƘƛƴ ǘƘŜ ǎŜǿŜǊ ǎŜǘōŀŎƪǎ Χ to protect 

sewer during construction & provide access for maintenance/repair of the public sewer

Z- Sewer Protection Zone

X- Sewer setback (<600mm dia)

Y- Sewer setback (>600mm dia)

Size of sewers/ 

pumping mains

Depth (m) Minimum Setback 

Distance (m)

150mm to 600mm dia < 3 1.0

> 3 and < 5 1.5

> 5 2.0

More than 600mm dia 2.5m to 6.0m (on 

case by case basis)

Sewer Setback & DTSS Protection Zone

DTSS

• 36m protection zone

• No construction 
work/building/structure 
allowed within 6m 
setback except with 
special approval



Public Sewer Corridor
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Public sewer 
corridor

x x

Plane 1 Plane 2 

Public Sewer

Public Sewers Distance X on either 
side from the 
centreline

<900 mm Diameter 10 metres

Sewer > 900mm Diameter 20 metres

DTSS Tunnels 40 metres



List of specified Activities

3. In these regulations, “specified activity means one or more of the following activities: 

(a) the carrying out of any earthwork for site formation, whether by excavation, 
filling or backfilling; 

(b) the excavation of any trench, well, pond or pool, or excavation for any 
underground structure which is more than 0.5 metre in depth;

(c) the excavation of earth, rock or other material by means of explosives;

(d) the carrying out of any ground exploratory or testing work, including through 
soil boreholes and geological surveys; 

(e) the installation of any foundation, sheet pile, piled foundation, earth retaining 
or stabilising structure, ground anchor, horizontal tie-back, or any other 
similar installation;
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List of specified Activities

(f) the carrying out of any ground stabilising work, including jet 
grouting, soil compacting and ground freezing; 

(g) the carrying out of any tunnelling, excavation work or jacking work;

(h) the erection of any temporary or permanent structure, including any 
site office or show flat; 

(i) the installation of any heavy construction machine or plant, 
including the stacking and installation of any concrete block for pile 
testing; 

(j) the installation of any container box.

31



Sewerage Information Management 

Manages and maintains comprehensive sewerage information e.g. sewer size, 
depth, material & age, manhole details, planning parameters, flow data, 
sensor locations, etc.

• Generate Sewerage Interpretation Plan (SIP) for the use by internal & 
external customers for their development planning/consultation

• Perform queries & 
generate reports

• Provide engineering 
drawings for detailed 
planning & design

• Provide details within a boundary 
/ whole of Singapore (e.g. 
existing sewerage infrastructure, 
water consumption, land use, 
etc.)  for planning or data analysis 

SIP



Network Rehabilitation

üPlan rehabilitation of public and private sewers including establishing needs and
securing funds

üManage sewer rehabilitation projects in different parts of Singapore

üCapture and maintain the information system on rehabilitation work

Boundary

Private Sewers
Belongs to owners
Maintained by owners 

Public Sewers
Owned by Government
Maintained by PUB

Manhole
Inspection 
Chamber

Boundary



Reasons for Sewer Rehabilitation

Restore Structural Integrity
• Sewers will deteriorate through

ageing, corrosion and ground
subsidence.

• Surface cracks, displaced joints and
localized corrosion in sewer sections
will progressively reduce structural
integrity of sewers.

Reduce Infiltration & Exfiltration
• Water leave or enter sewers through

defective joints, cracks etc in sewers or
walls of manholes.

Cracks
JointsCracks Joints



• Trenchless rehabilitation technology involves the insertion of a liner through the
existing manhole into the existing pipe, forming a new pipe within a pipe.

• The common trenchless rehabilitation methods that are used in Singapore are the
Cured-In-Place Pipe (CIPP), Spiral Wound Lining (SWL) and Fold & Form (F&F).

Trenchless Rehabilitation Technology

Cured in Place Pipe Spiral Wound Liner Fold & Form



Cured -In-Place Pipe

• First and most commonly used
trenchless rehabilitation method in
Singapore

• The process involves the insertion of a
flexible lining impregnated with a
thermosetting resin into a cleaned pipe
using an inversion process (hot water or
steam)



Spiral Wound Lining

• Used mainly for large diameter sewers with
high flows

• The process involves winding interlocking
PVC strips in a spiral pattern into the
existing pipe.



Phase 1 & 2 (Started in 1996) : 800km Completed

ü Older parts of Singapore, water catchments and southern coastal area

Phase 3 (2006 – 2014) : 300km Completed

ü Sewers within Marina Reservoir Catchment

Phase 4 (2009 – 2019) : 1100km Ongoing

ü Sewers within Punggol & Serangoon Reservoir Catchment and the Rest of
Singapore

Future Phase At planningstage

ü Rolling programme to rehabilitate sewers based on their condition and age

Public Sewer Rehabilitation Programme



• PUB conducts leak investigation

• Owners of premises with leaking 
private sewers informed to rectify leak 
at their own cost

• DƻǾǘΩǎassistance:

üMonetary – for certain cases 

üTechnical
Private sewers
• Belongs to owners
• Maintain by owners

Public Sewers
• Owned by Govt
• Maintain by PUB

manhole

Inspection 
Chamber

Boundary

Govt fundOwner’s share

Private Sewer Rehabilitation Programme



Marina

Private sewers belong to the private property owners who are responsible

for their maintenance.

Private sewers are also referred to as sanitary drain-lines.

Punggol – Serangoon Reservoir Catchment (2010 – 2013) : Completed

ü 40 km of sanitary drain-lines were rehabilitated

Jurong Lake Catchment (2014 – 2019) : Ongoing

ü Estimated 200 km of sanitary drain-lines will be leak-tested

ü Sanitary drain-lines found to be leaking will be rehabilitated

Marina Reservoir Catchment (2006 – 2013) : Completed

ü 165 km of sanitary drain-lines has been rehabilitated

Private Sewer Rehabilitation Programme



Cleaning of Sewer                            

- Using high pressure hydraulic jetter to flush and a slit trap to collect the debris      

Inspection of Sewer                            

- Using CCTV camera to inspect the condition of sewer for obstruction and 

defects

CLEANING AND INSPECTION



24/7 SEWER BLOCKAGE CLEARING

Grit catcher / 
Netting

ccc

Sewer rod

Manhole

Guide

Bell mouth Cork Screw

Obstruction

Manhole 
Ponding

FlowSewer

Cork Screw

24/7 Operations



• Excavate, cut, and replace
üContractors can be activated on short-notice to set-up equipment
üOverpumpingand tankering

Over-pumping Disinfection

24/7 SEWER REPAIR



U-ReNe
Real-time earlywarningsystemto detect sewerblockagesbefore it overflows

1000level sensorscovering~8,000manholes



CCTV inspection of sewers

U-ReNe



Principal Legislations

- Sewerage and Drainage Act

- Sewerage and Drainage (Sanitary Works) Regulations

- Sewerage and Drainage (Trade Effluent) Regulations

Code of Practice on Sewerage and Sanitary Works

Purpose of the Legislations

•To protect public sewers from damage and misuse

•To protect used water source for WRPs from indiscriminate industrial toxic 

waste discharge

•To ensure proper collection & discharge of wastewater from sanitary system to 

public sewers 

SURVEILLANCE & ENFORCEMENT (S&E)



A comprehensive four-pronged approach to manage trade effluent 

discharge into public sewers
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Effective measures to prevent & deter at source

Create more awareness among trade 

premises on impact of illegal

discharge

Knowledge empowerment of 

trade effluent staff &

enhancement of online

monitoring

Develop a robust enforcement regime to penalise offender 

and to prevent recurrence

ÁDischarge from high risk trade premises such as toxic waste collector, wafer fabs , pharmaceutical, electroplating 

and printing can impact biological treatment process of WRPs and NEWater production

ÁWRN has adopted a comprehensive four -pronged approach targeting these high risk trade premises



Prevention & Deterrence
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Security seal with serial
number

VOC monitoring unit Auto-sampler unit

Source Control

• Written approval to discharge trade effluent

• Impose installation of pH, VOC monitoring unit 
and auto-samplers on high risk trade premises 

• Security sealing of manholes within high risk 
trade premises

• Request information on water & chemicals 
consumption and audit

• Deployment of VOC monitoring units in 
manholes to monitor VOC in sewer network



Enforcement & Penalty
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• Enforcement

• Sewerage and Drainage Act and its Trade Effluent Regulations to regulate trade effluent discharge

• Inspection of trade premises at different timings without prior notification, including night time 
and over the weekend

• Revoke Written Approval to discharge upon prosecution and publicise in newspaper and PUB’s 
facebook

• Maximum penalty

• Section 16(1)(a) of SDA – For discharging trade effluent without Written Approval, the maximum 
fine is $20,000.

• Section 16A(1) of SDA – For discharging trade effluent containing dangerous or hazardous 
substance into public sewer, the maximum fine of $50,000 or imprisonment for 12 months or both  

• Trade Effluent Regulations – For discharging non-compliant trade effluent, the maximum fine is 
$15,000 or imprisonment for 3 months or both



Engagement & Education
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• Engagement letter to all trade premises annually 

• Conduct dialogue sessions with high trade premises annually 

• Distribute Posters and Guidebook for workers and managers of trade premises respectively

• Engage suppliers to label chemicals containing prohibited VOCs as prohibited from discharging 
into public sewer

• Issue press release for successful prosecution cases

Paint X Do not pour this 
product into the toilet 
or sink. 

Thinner 
A



Capability Development 

Monitor parameters that affect sewers, NEWater production and WRP operations

Á pH

Á VOCs

Á SVOCs

Á Heavy Metals (HMs)

Á Cyanide

Identification of actual compounds in used water

Á Mobile Gas Chromatography Mass Spectrometry (GCMS) for real-time VOC detection

Á Mobile instruments for detection of HMs and cyanide

Reduce time required for analysis
Á Mobile lab for qualitative results

24hrs Real-time monitoring

Á Dashboard with real-time monitoring of all parameters

Á Master control of companies' penstock system

Á Monitor and analyse data for all monitored parameters

51



p Water Reclamation Plants

Kranji WRP 

(34mgd)

Jurong WRP 

(45mgd)

Ulu Pandan WRP 

(79 mgd)

Changi WRP 

(176mgd)

Total Treatment Capacity 

334 mgd  (1.517 Mil m3/d )

Used Water Treated                     

339 mgd (1,543 Mil m3/d) 

JI STP 1 

(2.2mgd)

JI STP 2 

(2.2mgd)



Water for All: Conserve, Value, Enjoy
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NEWater: closing the water loop

KRANJI
22MGD

BEDOK
18 MGD

CHANGII
50 MGD

ULU PANDAN
32 MGD

www.pub.gov.sg

CHANGIII
50 MGD



Treated Used Water NEWater

Ultraviolet 
Disinfection

Reverse 
Osmosis

Microfiltration / 
Ultrafiltration

NEWater

NEWater Process



Incinerator

Used 
Water

NEWater 
Factory 

Stabilised 

Sludge

Liquids Treatment

Solids Treatment

Treated Used Water

SEA

or 

Pump Station

Biogas

Sludge Ash

Landfill

Used Water Treatment Overview

Dual Fuel
Generator

Activated Sludge Process with Nitrogen Removal



Incinerator

Used 
Water

NEWater 
Factory 

Stabilised 

Sludge

Solids Treatment

SEA

or 

Pump Station

Biogas

Sludge Ash

Landfill

Used Water Treatment Overview

Dual Fuel
Generator

Membrane Bioreactor Process

Treated 
used 
water

Liquids Treatment



Sludge Incineration

• Dewatered sludge and dried sludge transported by 
private operators

• 2 sludge incineration plants by private operators

• Landfill ash

57



3

Future Challenges 

–Water, Energy, Waste
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Desalinated water 
10%

Imported 
water

Local catchment
Imported water

Local catchment

Non-domestic
55%

Supply

Desalinated water 
25%

NEWater 
40%

Domestic
45%

Demand

Now

Non-domestic
70%

Domestic 
30%

Desalinated water 
up to 30%

NEWater
up to 55%

Imported water

Local catchment

SupplyDemand

2060

Future Challenges



• 5 operating NEWater Plants

• Currently supplies 40% of Singapore’s total water demand

• Target 2060 – 55% of total water demand

NEWater –Current and Future Capacities

60

The 

Beginning

1998

1970s –1990s

Testing of water 

technologies to 

produce 

drinking water 

from treated 

effluent

1970s -1990s

NEWater

study 

initiated.

NEWater

Demo 

Plant

2000

• 1st demo 

plant

• 10,000 m3/d 

(~2.2MGD)

2003

3rd NEWater 

Plant Opens

2004

• Seletar 

NEWater 

Plant Opens 

(5MGD)

• Bedok 

(7MGD) 

and Kranji 

(12MGD) 

NEWater 

Plants 

opened

1st & 2nd

Full Scale

NEWater 

Plant 

Opens

4th NEWater

Plant Opens

2007

• Ulu Pandan

NEWater

Plant Opens 

(32MGD)

•Expansion 

of Bedok to 

18 MGD & 

Kranji to 17 

MGD

5th NEWater

Plant Opens

2010

• Changi

NEWater Plant 

Opens + 

Expansion in 

2016

(50+50MGD)

• Seletar

NEWater Plant 

decommissione

d in 2011

•Expansion of 

Kranji in 2016

2060

19MGD

24MGD
72MGD

172MGD

to 22MGD

~470MGD
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4000 
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> 600,000 

tonnes/year

Energy 

consumption

Sludge 

generation

Year
current

Water demand in 2060 = 2x Water demand in 2018 !

[ƻƴƎ ¢ŜǊƳ /ƻƴǎŜǉǳŜƴŎŜǎ ǿƛǘƘ ¢ƻŘŀȅΩǎ 
Technologies & Targets

Long Term Goal:

Meet water demand in 

2060 at 

current energy & 

sludge footprint



Energy - Liquid Treatment Process

– To improve carbon capture before the aerobic 
process

– To reduce the energy needed at the aerobic 
process
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Bio Enhanced 
Primary 

Treatment

Primary 
Sludge

Aerobic MBR

Air (Energy)

Secondary 
Sludge

Treated used 
water to 
NEWater plant



Demonstration Plant (12,500 
m3/d) - Process Overview
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5 pass Step-feed 
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screens
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zone
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Sidestream Treatment Facility with Deammonification

To reduce the ammonia loading onto the mainstream treatment

2,500 m3/d PlantPilot Plant



Mainstream Deammonification Pilot Plant

• 30 m3/d Pilot Plant to study design and operating conditions at Changi WRP 
supported by lab-scale study
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Recovery of Resource - Energy

• Increase in biogas

– Carbon capture

– Pretreatment

• Ultrasonic

• Thermal hydrolysis

66



– More substrates

• Fats, oil and grease – 250 m3/d are co-digested with 
sludge

67



Food Waste
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Food waste receiving facility

Anaerobic Digesters Food waste slurry tank

Food 
waste 
slurry

Gas Flare

UPWRP 
Solids handling building

Co-Digestion Demo Plant (40 t/d)
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• Leverage on water-energy-waste 
nexus

• First of its kind planned from the 
ground up (greenfield project)

• Robust and reliable
• Energy efficient
• Space efficient
• Less manpower

Co-Location of Tuas WRP & IWMF



IWMF will handle incinerable waste, household recyclables
collected under the National Recycling Programme (NRP), source-
segregated food waste and dewatered sludge from Tuas WRP.

Co-located with Integrated Waste Management Facility 
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Food Waste 
Treatment Facility 

Materials 
Recovery Facility 

Sludge Incineration
Facility

Waste-To-Energy 
Facility

IWMF Tuas
WRP

Solids Facilities

Liquids Facilities

Pumping Stations



Summary

• 20th Century

– sanitation for entire nation.

• 21st Century

– water recovery, land use, energy

– Deep Tunnel Sewerage System

– R&D focussed on

• Increasing water resources

• Keeping production costs low

• Managing water quality and security



Marina Barrage

Thank You


