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Land area: 683 km?2

Singapore

Population: 4.6 million

Source: http://www.worldatlas.com/webimage/countrys/asia/asiaall.htm
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Singapore’5 Es Approach

ecCrirnoioq ana vianpower geveliopmen

Engineering

_ To change the behavior of the public to look for
Education

-Engagemen-ﬁ

Source: Tan S.Y., Lee T.J. and Tan K. (2008) Clean, Green and Blue. Institute of Southeast Asian Studies,
Singapore

scarce environmental resources are priced right

to better
Environment
Management

Consequences to irresponsible behavior




Integrated Plan for Successful Implementation of =2 NUS

Water Management Strategies e

Concept plan

d
<

Collaborative efforts of ministries,
over a period of 10 — 15 years,

Master plan reviewed every 5 years

Examples:
* Land use planning
— need to protect Singapore’s water catchment

«  Water Catchment Policy enforced in 1983 to control developments within unprotected
catchment area
— Urbanized cap at 31.4% and population density limit of 198 dwelling units per hectare
up to 2005
— 1999 the cap was lifted, PUB upgraded treatment plants with advanced water
treatment technology to cater for water from increasingly urbanized and protected
areas.
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@ National University
— Singapore’s experience in the early years

Reservoirs not sufficient to

supply water to population of \\
1 million

Water has to be imported
from Johor Malaysia

]
1950s

Rivers were open sewers
& were extremely polluted

Drought led to severe water
rationing being imposed -
1963

More local reservoirs and
cleanliness of water supply at all
costs

Master plan for Singapore River
and Kallang Basin clean
up (1977 — 1987)

Save water campaign



Managing Supply and Demand

Supply management:

- Catchment management

- Imported water supply

- Water from unconventional
water resource

- NEWater

- Desalinated water

Demand management:

Through Water Conservation Plan
- Water pricing

- Mandatory requirements
—> Public Education



Singapore’s Water Supply
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Imported water (Johor)

Singapore will continue to import

water. The 1961 and 1962

agreements will expire in 2011 and

2061 respectively.

Local catchment

Currently Singapore has 14
reserviors. The new Marina
Reservoir will add to the
local water supply and
increase the water
catchment from half to two-
thirds of Singapore.

Singapore’s Water Supply

Overview

NEWater

At least 55 mgd of NEWater will be
supplied directly to industries -and

10 mgd will be blended with
freshwater in reservoirs by 2011.

Desalinated water

30 mgd of desalinated water
is being produced starting
from 2005.



Water Supply - Imported Water 0

1961 — 2011 : State of Johor in Malaysia for the supply of water to
Singapore from Gunong Pulai and Pontain catchments and Tebrau
and Skudai Rivers

* 1962 - 2061: Drawing up to 260 million gallons of water per day from
Johor river.

« Under the Water Agreement, the raw water price was fixed at 3 sen
per 1,000 gallons of water. Singapore pays for the water
infrastructure including construction of dams, pipelines, plants and
equipment, operational and maintenance costs

« Singapore supplied treated water to Johor at a price of 50 sen per
1000 gallons of water (costs at RM2.50 to treat every gallon).

Singapore’s Water Supply



Singapore’s Water loop

Source: PUB, 2006

Singapore’s Water Supply



Water supply — Catchment management
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Unprotected catchments

In areas where development is
limited to residential estates &
industries with clean & light uses

Protected catchments

Located within the central nature
reserve & development is not allowed

Catchment area — 2/3 of Singapore’s land

Singapore’s Water Supply

Urbanized catchments

In areas with multiple uses of land,
i.e for housing, industry, commerce
& transport

http://www.pub.gov.sg/privatesewer/index1.html



The Great River Clean-Up
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A revitalised Boat
Quay now with its
vibrant night-life. A
popular dining
stretch offering al
fresco dining by
the River for locals
and tourists.

AL o

Clarke Quay today, offering the
river taxi service, plying
between Clarke Quay and Boat
Quay.

Singapore’s Water Supp/y http://www.ura.gov.sg/skyline/skyline02/skyline02-04/text/changingfaces2.html
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Clean Rivers Education Programme and Clean River
Commemoration

The Clean Rivers Education Programme was started by the government in 1987. The main aim of the programme was to raise
awareness of the negative effects of dumping waste into our waterways, and to encourage that all our waterways be kept
pollution free_ In 1987, the Ministry of Environment, along with other government ministries and statutory boards, concluded a
decade-long project which transformed the polluted Singapore River and Kallang River Basin into vibrant rivers. Through the
Clean Rivers Commemoration, this massive effort is remembered

Background
The Clean Rivers Education Programme has its origins in the Singapore River and Kallang River Basin clean-up project. The

project to clean up both the rivers took a decade to complete, starting in October 1377 with the cleaning up of Kallang River and
smaller rivers in the Kallang Basin. At the opening of the Upper Pierce Reservoir on 27 February 1977, Prime Minister Lee Kuan
Yew had remarked how keeping the waterways of Singapore clean need to be a prionity. There he set the target of a decade for
the Ministry of Environment to clean up both the Singapore River and the Kallang River

The rivers’ pollution had grown as for decades, the river residents had lived in unsewered premises and disposed their farm
wastes into the river. These included families living on bum boats, hawkers, squatters, pig farms and duck farms. At least
26.000 families and 2,800 cottage industries had to be relocated during this massive clean-up.

Various agencies besides the Ministry of Environment were brought together for the project. They included the Primary
Production Department. Housing Development Board. Jurong Town Corporation. Urban Development Authority, Sewerage
Department, Hawkers Department. Drainage Department. Environmental Health and Parks and Recreation Department. It cost
the government nearly S3300 million for the clean-up project excluding resettlement compensation. Several engineering
measures were used to prevent the entry of further pollution such as covering drains in litter-prone areas with slabs, installing
vertical gratings at selected outlet drains leading to main canals and rivers and installing floatbooms across rivers and canals. A
system of stiff fines was also imposed on littering offenders in order to continue keeping the rivers and its waterways clean.
Today, both rivers have a living ecosystem and serves as a water playground for residents.

http.//infopedia.nlb.gov.sg/articles/SIP_398 2004-12-23.html|
Singapore’s Water Supply
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About Marina Barrage

> The Marina Barrage is a dam built across the Marina Channel. It acts as a tidal barrier that prevents high tides from causing flooding of inland low-
lying areas at the same time creates a fresh water reservoir behind it.

> It provides three main benefits: Water Supply, Flood Control and a New Lifestyle Attraction.

> It is therefore a unique 3-in-1 project.

Singapore’s Water Supply






Sewer Rehabilitation Program

Private Sewer Rehabilitation Program at Marina Catchment (2006 — 2012)
was implemented to improve Urban Catchment water quality

— Restoration of structural integrity, and

— To ensure a leak-free used water network to minimize pollution to the reservoirs and
waterways

Rehabilitation of 300 km public sewer by 2009

Rehabilitation of 300 km sanitary drain-lines (private sewers) that connect
more than 10,000 premises to public used water network by 2012

http://www.pub.gov.sg/privatesewer/index1.html

NUS

National University
of Singapore




National University
of Singapore

Harnessing Water from Non-conventional Water Resources % NUS

Local Catchment

Imported water (Johor, Malaysia)

Singapore’s Water Supply

NEWater

Desalination

Tapping into Non-conventional
Water Resources







Reverse Osmosis

LA

Microfiltration

-

N EWOTer UHTO_VIOleT Singapore’s Water Supply



Water Quality Comparisons

Local PUB NEWater USEPA /WHO
Reservoir Tap

Water water Standards
Turbidity [NTU] 0.5 - 11 <0.1 <0.1 5
Total Dissolved Solids [mg/l] 117 - 154 149.5 48.5 500
Lead [mg/l] <0.013 0.002 < 0.0005 to 0.01

0.002

Mercury [mg/l] <0.00003 <0.00003 <0.00003 0.001
Hormones (Synthetic & Natural) [pg/I] ND ND ND Not Specified
PCBs [ug/l] ND ND ND 0.5
Dioxin [pg/l] ND ND ND 30

Water Quality Parameters

Total Organic Carbon [mg/l] Not Specified
Total Coliform [cfu/100 ml] ND ND ND
Enterovirus ND NID) NID)

ND — Not Detected




=2NUS

National University
of Singapore




Waterworks
Mixing
NEWater

Population
B Water Industries

cecsescccees Raclamation Commercial

Plants

Desalted Water

Factories




Indirect Potable Use for Singapore

> 2 mgd was injected Into reservoirs
from Feb 2003

>Less than 1% of total water
consumption

> To increase progressively to 2.5%
by 2011




NEWater for Non-Potable Use

I Wafer Fab Industry

> Supply to wafer fab industry at Woodlands
& Tampines / Pasir Ris

> 4,000 fo 5,000 m3/day per plant

I Air-con cooling in commercial buildings
> 30% of building water consumption

I Cooling and Boller Feed

I Other Non-Potable Uses such as landscaping &
general washing




NEWater for Non-potable reuse
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Sales of NEWater
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Price of NEWater (includes production, transmission & distribution):

2005

S$1.00/m3

2007




Pre-Treatment A




Seawater desalination plant at Tuas

\/
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Plant cost: S$200 M (US120M)

Capacity: 136,000 m3/d

Supply: 10% of Singapore’s water demand
Technology: RO membrane

Cost: S$0.78/m3

) ) )
0’0 0’0 0’0

)
0’0

http://www.hyflux.com/singapore.htm



Water Demand Management 957

200 5.0
180 T | === \Water demand - 4.5
160 + | —®— Population - 4.0

Water demand (Ld/)
o
o

80 - - 155 L/d
Target to

60 A T 1. achieve in 2012
40 1 i

20 1 - 0.5

0 - 0.0

1965 1994 2007
Year

Solution through Water Conservation Plan (1981)
« Water pricing
* Mandatory requirements
* Public Education



Managing Demand with Price

The Straits Times
Dec 1, 2007




=25 NUS
U7

Water Tariff in Singapore
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Source: Tortajada, 2006
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Increase Water Tariff — Reduced Water Consumption NUS
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Programs for water conservation

 Water Audit for Household

 Water Efficient Homes m

« Water Efficient Buildings

o Water Efficient Construction Sites



Water Efficient Home

« Water Efficient Homes (WEH) is a programme to help residents
save water at home and cut down on their water bills.

« The programme encourages residents to install water saving
devices and practice good water conservation habits.

http://www.pub.gov.sg/conserve/Home/Pages/WaterEfficientHomesProgram.aspx
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/198_03\‘ } Let’s Not Waste I-

Cs v
1997

/19;8\‘ } Turn It Off. Don’t Use Water L_
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Public Education in Managing Water Demand
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http://he.ecitizen.gov.sg/env_help_individual_conserve.htm



Partnership in Water Management o o vnverny

Harnessing

i Active - Beautiful - Clean

http://www.pub-abc.com.sg/

of Singapore

About the ABC Waters Programme

Singapar@ has 14 reservoirs and 32 rivers.

They form an important part of the drainage and water supply network.
But more can be done with our waters.

The Active, Beautiful, Clean Waters Programme

by PUB will harness the full potential of our water badies.

= Bringing people closer to water

+ Providing a beautiful environment for all to enjoy

= Creating community spaces for new lifestyle activities and attractions

= Offering more recreational choices such as kayaking and leisure boating

skip Intro f Continue




http://www.pub.gov.sg/annualreport2005/Feature_abcs_of water.html
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Proposals for the ABC Waters Programme

http://www.pub-abc.com.sg/clean.html
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The Straits Times,

1 Dec 07



Investments in R & D

« Compact treatment systems
— Sequencing Batch Reactors (SBRs)
— Membrane Bioreactors (MBRS)

* Energy efficient and recovery systems
— Upflow anaerobic sludge blankets (UASBSs)
— Microbial Fuel Cells (MFCs)



Acidogenic AnSBR

Pilot scale anSBR

Full scale SBR for
industrial wastewater
treatment

« Sequencing Batch Reactor (SBR)

Reaction and settling occurred within
the reaction compartment,

Ability to change the operating process
to accommodate changes in the
wastewater characteristics without the
need to alter the physical design,

Can be operated either as an aerobic or
anaerobic SBR,

Ability to retain high MLSS
concentration of up to 4000 mg/L and
with granulation up to 10 g/L,

Nutrient removal and energy recovery
could be achieved



Anaerobic MBR

Aerobic MBR

Membrane Bioreactor (MBR)

— Biological reaction and sludge
separation within the same
compartment

— Able to achieve high MLSS
concentration

— Produces permeate of high quality,
free from suspended solids, ability to
remove bigger water pathogens such
as Cryptosporidium and Giardia.



Upflow Anaerobic Sludge
Blanket (UASB)

— Compact with small footprint,

— Low energy consumption as it does
not require aeration for degradation,

— Stable towards shock loadings and
ability to treat toxicants in the
wastewater,

— Biogas production for energy recovery



Alternative Energy - Microbial Fuel Cell

To generate electricity & treat wastewater simultaneously using
electrodes and electrophilic bacteria.

Emerging technology that can potentially change the way domestic
and industrial wastewater treatment is being carried out.

Challenges: Finding a sustainable and affordable type of MFC
achieving high wastewater treatment efficiency and high power
generation; Characterization of the microbial community in MFC.
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