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foreword

�i

PUB first introduced the Water Efficient Buildings programme in 

2004. To further enhance the Water Efficient Buildings programme 

and encourage the non-domestic sector to play a bigger role 

in reducing the water consumption, the 10% Challenge was 

launched in November 2008 to motivate the non-domestic sector 

to work towards saving 10% of their monthly water consumption. 

Under the scheme, there are targets for non-domestic users to 

lower their water consumption through benchmarking across the 

industry and sharing of best practices. 

PUB will engage different non-domestic sectors and tailor the 

approach accordingly, starting with hotels, schools, commercial 

and government buildings. The 10% challenge hopes to help 

building owners and their managing agents to save on their 

operation costs. 

The Water Efficient Building Design Guide Book provides guidelines 

and recommendations for adoption by the industry in designing 

for water efficient use in building developments. However, readers 

need to take note that this Guide Book only serves to illustrate the 

guidelines and highlights methods to save water consumption. In 

order to enable readers to appreciate the potential benefits of the 

features mentioned, figures or examples are given where available 

and are for reference. Readers should seek specific details of 

potential savings with the respective equipment or material 

suppliers.
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We hope, through this Guide Book, to inspire the non-domestic 

sector to play a more active role in managing their water demand 

and help keep their costs down while contributing to the national 

effort in conserving our precious water resource.
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introduction

ix

Singapore, an island with limited natural resources, has always 

grappled with the problem of providing usable, potable water to 

both her domestic and industrial sectors. During Singapore’s early 

years of nation-building, two water agreements with Malaysia 

were concluded in order to ensure a constant water supply in 

Singapore. 

In order to ensure a sustainable water supply in Singapore, PUB 

has adopted a two-pronged strategy. One half of the strategy is 

to develop new water sources through the Four National Taps. 

The other, arguably more important half of the strategy involves 

managing water demand and encouraging water conservation. 

This portion of the strategy will take on greater significance in the 

future as there will always be physical and monetary limitations 

to developing new water sources. On a macro level, PUB has 

identified and invested in four different water supply sources 

collectively known as the Four National Taps (local catchment, 

imported water, NEWater and desalinated water). NEWater in 

particular is an exciting technology with the potential to meet much 

of the nation’s water needs. Today, NEWater meets about 15% of 

the nation’s water demand need by the year 2011.

Over last few decades, domestic water usage in Singapore has 

increased disproportionately to population increase. This can 

be traced to Singapore’s rapid industrial, economic and social 

developments. By 1994, the population in Singapore doubled, 

but domestic water demand increased by more than four times to 

175 litres per capita per day. Such disproportionate water demand 

growth puts an enormous strain on Singapore’s limited water 

resources given Singapore’s lack of natural water supplies. As a 

result of recent initiatives which have assisted to limit the growth 
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in demand, demand has since contracted to 157 litres per capita 

per day in 2007. Programmes such as the Water Efficient Homes 

Programme (WEH) and the “10-Litre Challenge” were introduced in 

2003 and 2006 respectively, to encourage every individual to use 

water efficiently and to reduce his or her daily water consumption 

by 10 litres. Various new initiatives were also launched in the same 

year to support the “10-Litre Challenge”. More information can 

be found in the websites: http://www.pub.gov.sg/conserve/

Households/tenlitres/Pages/default.aspx and www.pub.gov.sg.

Innovative design and sound metropolitan planning has also 

resulted in Singapore’s first city reservoir. The Marina Barrage, 

opened officially in November 2008, has a water catchment area 

of over 10,000 hectares. Located in the heart of the city and being 

part of a comprehensive flood control scheme, the Marina Barrage 

is not only an important addition to meeting Singapore’s water 

needs, but also an outstanding national lifestyle icon where all 

manner of water events can be held.

Usage of water efficient products and fittings has resulted in 

immediate reductions of water usage in both domestic and non-

domestic sectors. In July 2009, PUB has implemented the 

Mandatory Water Efficiency Labelling Scheme (MWELS) to reflect 

the water efficiency of water fittings such as taps, urinals and dual 

flush low capacity flushing cisterns. 

With water conservation initiatives gathering momentum, 

engagement of the people and industry sectors is of paramount 

importance to the nation’s concerted efforts to be fully self-sufficient 

for water. In November 2008, PUB launched the 10% Challenge, 

an umbrella programme for engaging the non-domestic sector to 

improve their water efficiency and reduce 10% of their monthly 

water consumption through sustainable and efficient design, 

use of water conservation devices and proper monitoring and 
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management. This Water Efficient Building Design Guide Book is 

one of many educational resources available to increase awareness 

and provide reference on what can be done to protect a resource 

most essential to our well-being: water.
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xii

Since 1983, the installation of water-saving devices such as 

constant flow regulators and self-closing delayed action taps 

has been made mandatory in all non-domestic premises and 

common amenities areas of all private residential apartments and 

condominiums. Bathtubs and Jacuzzis larger than 250 litres in 

capacity also require a water recirculation system. Low capacity 

flushing cisterns (LCFCs) that use not more than 4.5 litres of water 

per flush have been installed in all new public housing units since 

1992. This was later made mandatory for all new and ongoing 

building projects, including all residential premises, hotels, 

commercial buildings and industrial establishments in 1997. 

Moving forward, dual flush LCFCs which offer the option of a half 

flush (not more than 3 litres of water) when a full flush (not more 

than 4.5 litres of water) is not necessary, will be made mandatory 

in all new domestic developments and existing domestic premises 

undergoing renovation from July 2009.

All flush valves must be adjusted to give a flush of not more than 

1.5 litres, 1 litre and 0.5 litre of water per flush for large, medium 

and small size urinals respectively or not more than 4.5 litres of 

water per flush for water closets.

To prevent excessive flow rates at water fittings, PUB limits the 

maximum allowable flow rates at water fittings. A review was 

conducted in 2003 and the maximum allowable flow rates at 

various water fittings were reduced by between 25 and 33 percent 

to prevent water wastage (please refer to Tables 1 and 2). The 

requirement on limiting maximum allowable flow rates at water 

fittings was also extended to all domestic premises. 
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Table 1 – Flow rates at various fittings or appliances

Fitting or appliance Maximum Water efficient
 allowable flow rate flow rate
 (litres/min) (litres/min)
 
Wash basin tap 6  2 (public / staff toilets)
  4 (other areas)
Shower (Hotel) 12 7
Shower (Others) 9 7
Sink / Kitchen and  
other taps  
(except bathtub taps) 8 6
Bib tap 8 6

Usage Maximum Timing
 allowable flow rate (seconds)
 (litres/min)

i) Basin 6 2 – 3
ii) Shower (Hotel) 12 13-15
iii) Shower (Others) 9 13-15

Table 2 – Flow rates and timing for self-closing delayed action taps

Sensor-equipped self-closing delayed action basin taps with a flow rate of 2 litres/min are allowed at a 
maximum preset timing of not more than 60 seconds provided water supply from the tap is automatically 
cut off when the hand is moved away from beneath the tap.

These requirements can be found in the Singapore Standard CP 

48 - Code of Practice for Water Services and the Public Utilities 

(Water Supply) Regulations. 
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Table 3 – Criteria for WelS

Products/ Flow Rate/
Fittings Flush Capacity Requirements

Under Mandatory Zero Tick Good Very Good Excellent
WelS 	 ✓	 ✓	✓		 ✓	✓	✓

Shower Taps &  > 9 > 7 to 9 > 5 to 7 5
Mixers litres/min  litres/min litres/min litres/min or less

     
Basin Taps &  > 6 > 4 to 6 > 2 to 4 2
Mixers litres/min litres/min litres/min litres/min or less

      
Sink/Bip Taps &  > 8 > 6 to 8 > 4 to 6 4
Mixers litres/min litres/min litres/min litres/min or less

      

Flushing  NA Dual Flush Dual Flush Dual Flush
Cisterns  > 4 to 4.5 litres > 3.5 to 4.0 litres 3.5 litres 
(Per Flush)  (full flush) (full flush) or less (++)
     (full flush)
  > 2.5 to 3 litres > 2.5 to 3 litres 2.5 litres or less
  (reduced flush) (reduced flush) (reduced flush)

Urinal NA > 1 to 1.5 litres > 0.5 to 1 litres 0.5 litresFlush 
Valve & 
Waterless Urinal 

   or less (++)

(Per Flush)  
    or waterless

    urinals

Note: ++ PUB to prescribe additional test(s) to be carried out for the Dual-Flush Low Capacity Flushing Cisterns and Urinal 
Flush Valves with flush volumes below 3.5 litres (full flush) and 0.5 litre respectively.
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undergoing renovations, must have at least a “one-tick” water 

efficiency rating (please refer to Table 3 for the criteria for WELS). 

More information on the labelling scheme can be found in the 

following website: https://app.pub.gov.sg/wels/
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Products/ Flow Rate/
Fittings Flush Capacity Requirements

Under Voluntary Zero Tick Good Very Good Excellent
WelS 	 ✓	 ✓	✓		 ✓	✓	✓

Showerheads NA > 7 to 9 > 5 to 7 5
(Pressure Range   litres/min litres/min litres/min or less
from 0.5 to 
5.5 bars)      

Clothes Washing  NA > 12 to 15 > 9 to 12 9
Machines  litres/kg litres/kg litres/kg or less
(Per Washload)

taps and mixers with zero tick are to be installed with constant flow regulators to meet the mandatory maximum allowable 
flow rates listed in table 1.

x�

mandatory requirements

PUB introduced the voluntary Water Efficiency Labelling Scheme 

(WELS) for water efficient water fittings and appliances in October 

2006. WELS enables consumers to make informed choices on the 

water efficiency of a product when making purchases. It also helps 

to raise public awareness on water conservation and encourages 

more water efficient products on the market.

To enhance this scheme, PUB will be implementing the Mandatory 

Water Efficiency Labelling Scheme (MWELS) on 1 July 2009 

covering taps, dual flush low capacity flushing cisterns (LCFCs), 

urinals and urinal flush valves. The MWELS will have a grading 

system of 0/1/2/3 ticks to reflect the water efficiency of the 

product.

From 1 July 2009, taps, urinals and urinal flush valves and dual 

flush cisterns installed in all new premises and existing premises 
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xi�

water efficient building design guide book

Table 3 – Criteria for WelS

Products/ Flow Rate/
Fittings Flush Capacity Requirements

Under Mandatory Zero Tick Good Very Good Excellent
WelS 	 ✓	 ✓	✓		 ✓	✓	✓

Shower Taps &  > 9 > 7 to 9 > 5 to 7 5
Mixers litres/min  litres/min litres/min litres/min or less
(Pressure Range 
from 0.5 to 5.5
bars)
     
Basin Taps &  > 6 > 4 to 6 > 2 to 4 2
Mixers litres/min litres/min litres/min litres/min or less
(Pressure Range 
from 0.5 to 5.5
bars) 
      
Sink/Bip Taps &  > 8 > 6 to 8 > 4 to 6 4
Mixers litres/min litres/min litres/min litres/min or less
(Pressure Range 
from 0.5 to 5.5
bars)       

Flushing  NA Dual Flush Dual Flush Dual Flush
Cisterns  > 4 to 4.5 litres > 3.5 to 4.0 litres 3.5 litres 
(Per Flush)  (full flush) (full flush) or less (++)
     (full flush)
  > 2.5 to 3 litres > 2.5 to 3 litres 2.5 litres or less
  (reduced flush) (reduced flush) (reduced flush)

Urinal Flush Valve  NA > 1 to 1.5 litres > 0.5 to 1 litres 0.5 litres
& Waterless Urinal    or less (++)
(Per Flush)      or waterless
    urinals

Note: ++ PUB to prescribe additional test(s) to be carried out for the Dual-Flush Low Capacity Flushing Cisterns and Urinal 
Flush Valves with flush volumes below 3.5 litres (full flush) and 0.5 litre respectively.

00 WEBD prelims prf4.indd   14 11/20/08   11:02:30 PM



Products/ Flow Rate/
Fittings Flush Capacity Requirements

Under Voluntary Zero Tick Good Very Good Excellent
WelS 	 ✓	 ✓	✓		 ✓	✓	✓

Showerheads NA > 7 to 9 > 5 to 7 5
(Pressure Range   litres/min litres/min litres/min or less
from 0.5 to 
5.5 bars)      

Clothes Washing  NA > 12 to 15 > 9 to 12 9
Machines  litres/kg litres/kg litres/kg or less
(Per Washload)

taps and mixers with zero tick are to be installed with constant flow regulators to meet the mandatory maximum allowable 
flow rates listed in table 1.

x�

mandatory requirements

PUB introduced the voluntary Water Efficiency Labelling Scheme 

(WELS) for water efficient water fittings and appliances in October 

2006. WELS enables consumers to make informed choices on the 

water efficiency of a product when making purchases. It also helps 

to raise public awareness on water conservation and encourages 

more water efficient products on the market.

To enhance this scheme, PUB will be implementing the Mandatory 

Water Efficiency Labelling Scheme (MWELS) on 1 July 2009 

covering taps, dual flush low capacity flushing cisterns (LCFCs), 

urinals and urinal flush valves. The MWELS will have a grading 

system of 0/1/2/3 ticks to reflect the water efficiency of the 

product.

From 1 July 2009, taps, urinals and urinal flush valves and dual 

flush cisterns installed in all new premises and existing premises 

00 WEBD prelims prf4.indd   15 11/20/08   11:02:30 PM

xi

Introduction

00 WEBD prelims prf4.indd   11 11/20/08   11:02:29 PM

x�i

water efficient building design guide book

undergoing renovations, must have at least a “one-tick” water 

efficiency rating (please refer to Table 3 for the criteria for WELS). 

More information on the labelling scheme can be found in the 

following website: https://app.pub.gov.sg/wels/
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To enhance this scheme, PUB has implemented the Mandatory Water 
Efficiency Labelling Scheme (MWELS) on 1 July 2009 covering taps, 
dual flush low capacity flushing cisterns (LCFCs), urinals and urinal 
flush valves. MWELS was also extended to cover washing machines 
since 1 Oct 2011. In addition, suppliers are also encouraged to label 
the water efficiency of their showerheads under the voluntary water 
efficiency labelling scheme. The MWELS has a grading system of 
0/1/2/3 ticks to reflect the water efficiency of the product.
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undergoing renovations, must have at least a “one-tick” water 

efficiency rating (please refer to Table 3 for the criteria for WELS). 

More information on the labelling scheme can be found in the 

following website: https://app.pub.gov.sg/wels/
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From 1 July 2009, taps, urinals and urinal flush valves and dual 
flush cisterns installed in all new premises and existing premises 
underging renovations, must have at least a “one-tick” water 
efficiency rating (please refer to Table 3 for the criteria for WELS).

Following the extension of MWELS to cover washing machines in 
2011, PUB will also introduce minimum water efficiency standards 
for washing machines from Apr 2014.

More information on the labelling scheme can be found in the 
following website: http://www.pub.gov.sg/wels/Pages/default.aspx
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water efficiency of a product when making purchases. It also helps 

to raise public awareness on water conservation and encourages 

more water efficient products on the market.

To enhance this scheme, PUB will be implementing the Mandatory 

Water Efficiency Labelling Scheme (MWELS) on 1 July 2009 

covering taps, dual flush low capacity flushing cisterns (LCFCs), 

urinals and urinal flush valves. The MWELS will have a grading 

system of 0/1/2/3 ticks to reflect the water efficiency of the 

product.

From 1 July 2009, taps, urinals and urinal flush valves and dual 

flush cisterns installed in all new premises and existing premises 
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To be truly water-efficient, the Reduce, Replace and Reuse (3Rs) 

approach should be adopted in the initial stage of planning and 

designing of a building. Effectively implementing the 3Rs can 

result in substantial savings in water, as well as energy, therefore 

reducing the environmental impact of both water discharge and 

the need to pump water over long distances.

Water Efficient 
Building Strategy

Reduce Replace Reuse

Under the Reduce approach, building owners should plan and 

install a monitoring system so that water consumption can be 

tracked and reviewed, adopt low pressure water system and 

choose water efficient systems for cooling, irrigation, etc, employ 

high water efficient labelled products and design a leak-free 

system.

Besides reducing water usage, building owners should plan and 

design the building to Replace the use of potable water by 

Install metres and take  
meter readings regularly

Avoid water wastage.  
Repair leak fitings promptly.

Check flowrate using 
a beaker and watch

Use high water efficient  
labelled products
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In order to help non-domestic customers including buildings improve 
the effi ciency of their water use, PUB introduced the Water Effi ciency 
Management Plan (WEMP) in 2010 to help customers analyse 
current water use, identify potential water saving and develop an 
implmentation timeline. Building owners are encouraged to use the 
Water Effi ciency Management Plan as a structured approach towards 
becoming more water-effi cient. From 2015, building owners who 
consume more than 60,000m3 in a calendar year will be required to 

�
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substituting potable water with NEWater, sea water and rainwater 

wherever feasible for their non-potable usage such as irrigation, 

general washing, cooling tower, etc.

NEWater

Since 2003, NEWater has been supplied to wafer fabrication plants 

and manufacturing industries in Tampines, Pasir Ris, Woodlands, 

Ang Mo Kio, Jurong/Tuas, Jurong Island and in the City area for 

suitable process use and to commercial premises for use in air-

conditioning cooling towers in place of PUB potable water.

Map showing NEWater clusters in Singapore

Basin Tap
2 litres/min

Urinal
0.5 litres/flush

Shower
7 litres/min

01 WEBD prf4.indd   3 11/20/08   11:03:29 PM



�

water efficient strategies the �Rs

substituting potable water with NEWater, sea water and rainwater 

wherever feasible for their non-potable usage such as irrigation, 

general washing, cooling tower, etc.

NEWater

Since 2003, NEWater has been supplied to wafer fabrication plants 

and manufacturing industries in Tampines, Pasir Ris, Woodlands, 

Ang Mo Kio, Jurong/Tuas, Jurong Island and in the City area for 

suitable process use and to commercial premises for use in air-

conditioning cooling towers in place of PUB potable water.

Map showing NEWater clusters in Singapore

Basin Tap
2 litres/min

Urinal
0.5 litres/flush

Shower
7 litres/min

01 WEBD prf4.indd   3 11/20/08   11:03:29 PM

�

water efficient strategies the �Rs

01 WEBD prf4.indd   3 11/20/08   11:03:29 PM

�

water efficient strategies the �Rs

substituting potable water with NEWater, sea water and rainwater 

wherever feasible for their non-potable usage such as irrigation, 

general washing, cooling tower, etc.

NEWater

Since 2003, NEWater has been supplied to wafer fabrication plants 

and manufacturing industries in Tampines, Pasir Ris, Woodlands, 

Ang Mo Kio, Jurong/Tuas, Jurong Island and in the City area for 

suitable process use and to commercial premises for use in air-

conditioning cooling towers in place of PUB potable water.

Map showing NEWater clusters in Singapore

Basin Tap
2 litres/min

Urinal
0.5 litres/flush

Shower
7 litres/min

01 WEBD prf4.indd   3 11/20/08   11:03:29 PM

submit their WEMPs to PUB by June on an annual basis and install 
private water meters within their premises to measure and monitor 
their water consumption at areas such as cooling towers, toilets, etc.

Since 2003, NEWater has been supplied to water fabrication plants 
and manufacturing industries in Tampines, Pasir Ris, Woodlands, Ang 
Mo Kio, Jurong/Tuas, Jurong Island and in the City area for suitable 
process use and to commerical premises for use in air-conditioning 
cooling towers in place of PUB potable water.

Besides reducing water usage, building owners should plan and 
design to Replace the use of potable water by substituting potable 
water with NEWater, sea water and rainwater wherever feasible for 
their non-potable usage such as irrigation, general washing, cooling 
tower, etc.

Install metres and take Install metres and take 
meter readings regularlymeter readings regularly

Avoid water wastage. 
Repair leak fitings promptly.

Check flowrate using 
a beaker and watch

Use high water efficient Use high water efficient 
labelled products

Basin Tap
2 litres/min

Urinal
0.5 litres/flush

Shower
7 litres/min
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Today, NEWater meets about 15% of Singapore’s water demand. To Today, NEWater meets about 15% of Singapore’s water demand. To 

meet the rising demand of NEWater, large-scale expansions were meet the rising demand of NEWater, large-scale expansions were 

carried out at Kranji and Bedok NEWater factories. In addition, PUB 

has also brought forward the construction of the Changi NEWater 

factory, which will have a production capacity of 50 million gallons 

per day.

Seawater
Industries located on offshore islands or near the sea are 

encouraged to use seawater for cooling and process use.

Rainwater
Rainwater can be collected for many non-potable purposes 

including flushing toilets, general washing and irrigation. There is 

a wide range of rainwater collection systems available, most of 

which collect water from the roof via a drainpipe, filter leaves and 

other debris, and store water in a tank. �

water efficient strategies the �Rs
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For a list of requirements on the installation of rainwater collection 

system, please refer to the following website:

http://www.pub.gov.sg/conserve/ProductsSolutions/Pages/AltSrcWater.

aspx

Under the Reuse approach, building owners should plan 

and design water-recycling in processes such as laundry and 

manufacturing, etc. Recycling rates of up to 75% have been 

achieved, especially for wafer fabrication plants. With advances 

in water treatment technology, more industries can now tap on 

recycling to reduce their water consumption.

To further encourage manufacturing industries to either recycle 

their process water or improve on their existing recycling rate, PUB 

has set up a fund to assist the industries in defraying a portion of 

the initial capital outlay and to overcome difficulties in obtaining 

commercial funding. The Water Efficiency Fund (WEF) was 

launched in July 2007 to encourage companies to look into more launched in July 2007 to encourage companies to look into more 

efficient ways of managing their water demand, which includes efficient ways of managing their water demand, which includes 

potable water (PW), NEWater (NW) and Industrial Water (IW), potable water (PW), NEWater (NW) and Industrial Water (IW), 

through recycling.

For more information on WEF, please refer to the following 

website:

http://www.pub.gov.sg/WEF

http://www.pub.gov.sg/conserve/CommercialOperatorsAndOther/
Pages/AlternateSourceofWater.aspx

http://www.pub.gov.sg/wef/Pages/default.aspx
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Why Adopt Water Efficient Design?
Besides meeting the mandatory requirements, building owners, 
architects, professional engineers and licensed water service 
plumbers should incorporate water efficiency planning in the early 
stages of building development for a variety of reasons: 
• Facilities tend to be oversized at the expense of water 

efficiency. Many building or system design synergies can yield 
substantial cost and efficiency improvements but these must 
be done early in the design process before system choices 
are locked in. 

• It is far less expensive to introduce water efficiency measures 
during the design stage than to undertake retrofitting measures 
later. Retrofits are more difficult, expensive and intrusive to 
building operations. 

In designing a water efficient building, building owners, architects, 
professional engineers and licensed water service plumbers should 
adopt the 3Rs (Reduce, Replace, Reuse) concept. The areas of 
design consideration are listed below:
i) Include a water recycling system during construction
ii) Adopt a low pressure water system
iii) Employ water efficient fittings or products
iv) Choose a water efficient cooling system 
v) Plan a water efficient irrigation system
vi) Design a water efficient swimming pool
vii) Prevent leakage in plumbing system

Include a Water Recycling System 
during Construction
As part of the earth control measures before the start of any 

construction work, developers and contractors shall install effective 

water treatment to treat the silty water. Developers and contractors 

are encouraged to use the treated water for non-potable purposes, 
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such as construction use, washing, etc. to replace potable water 

supply by PUB as well as to minimise discharge into the stormwater 

drainage systems.

It is mandatory to construct earth removal platforms and water 

recovery systems for washing of vehicles at construction sites. 

The water used to wash the wheels of trucks or vehicles at the 

site shall not be discharged into stormwater drainage system at 

any time. 

Adopt a Low Pressure Water System
Provision for installation of intermediate tank(s) and pressure 

reducing valves at suitable levels of the water reticulation system 

within the building would be a positive and reliable method to 

reduce water pressure. 

Pressure Reducing Valve (PRV)
A PRV is a common application currently adopted in many 

building designs. Wrong sizing or pre-setting of PRVs, improper 

installation and lack of periodic maintenance are common factors 

that undermine the performance of a pressure reducing valve in 

effectively reducing excessive water pressure. 

Silt water treatment and water recycling system Water recovery system for vehicle washing
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The PRV should be

• Pre-set according to the pressure reduction requirement.

• Installed at the correct locations / levels where pressure 

reduction is necessary.

• Properly installed and secured against unauthorized tampering 

of the pressure reducing valve’s settings.

• Maintained periodically to ensure that it is functioning 

properly.

PRV Installation Configuration
Whenever a PRV is installed, a bypass arrangement shall be 

incorporated with the provision of a second pressure reducing 

valve as this will serve to facilitate isolation of any defective pressure 

reducing valve for repair and replacement. 

A pressure indicator shall be provided for pressure monitoring and 

the associated pipes and fittings shall be able to withstand the 

maximum pressure that may arise upon the failure of the pressure 

reducing valve. 

Possible locations for installation of PRVs
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PRVs should be installed at locations where the water fittings 

downstream of the distributing pipe would not be subjected to 

pressure head exceeding 25 metres.

Intermediate Tank
Pressure reduction can be achieved by installing intermediate 

tanks at suitable levels in high-rise buildings. These intermediate 

tanks installed at levels lower than the high level water tank will 

serve water fittings at designated floors in the tall building. 

Intermediate tanks in high-rise buildings
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Employ Water Efficient Fittings / 
Products
The Mandatory Water Efficiency Labelling Scheme (MWELS) The Mandatory Water Efficiency Labelling Scheme (MWELS) 

covering taps, dual flush low capacity flushing cisterns (LCFCs), covering taps, dual flush low capacity flushing cisterns (LCFCs), 

urinals, urinal flush valves and clothes washing machines has a urinals, urinal flush valves and clothes washing machines has a 

grading system of 0/1/2/3 ticks to reflect the water efficiency of grading system of 0/1/2/3 ticks to reflect the water efficiency of 

the product.

Building owners are encouraged to employBuilding owners are encouraged to employ higher rated water 

efficient labelled products.

Products under Mandatory WELS
The following products are currently under Mandatory WELS.The following products are currently under Mandatory WELS.

Products under the Mandatory WELS

02 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   1202 WEBD chap02 prf4.1.indd   12 11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM11/20/08   11:04:24 PM

12

water efficient building design guide book

Employ Water Efficient Fittings / 
Products

Products under Mandatory WELS
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Constant Flow Regulator (CFR)

Products under Voluntary WELS

cisterns
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Constant Flow Regulator (CFR)
Reduction in tap flow rates is normally achieved through the Reduction in tap flow rates is normally achieved through the 

installation of constant flow regulators. Taps and mixers with zero installation of constant flow regulators. Taps and mixers with zero 

tick are to be installed with CFRs to meet the mandatory maximum tick are to be installed with CFRs to meet the mandatory maximum 

allowable flow rates.

When installed in water fittings, the CFR reduces and maintains the When installed in water fittings, the CFR reduces and maintains the 

flow rate of water at a constant rate, regardless of the pressure. flow rate of water at a constant rate, regardless of the pressure. 

CFRs come with different 

flow rate ratings. CFR works 

by means of a self-adjusting 

opening which varies with 

the water pressure, therefore 

reducing wastage due to 

excessive pressure or flow 

rate. A spray-type CFR gives a 

spray effect flow.
Working principle of a CFR

Products under Voluntary WELS

Products under Voluntary WELS
Currently, showerheads will continue to be classified under Currently, showerheads will continue to be classified under 

voluntary WELS.
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CFRs need to be checked periodically. Sediment, if any, should be 

removed so as to prevent choking at the orifice which can further 

restrict the flow. They also need to be replaced when there are 

signs of excessive wear. Terminal type CFRs are preferred as they 

can be easily removed for checking or replacement.

Water Efficient Showerhead
A normal showerhead has a flow rate of up to approximately 12 

litres/min. A water efficient showerhead helps to reduce the water 

usage without affecting the comfort level of the water pressure for 

users.

Water Efficient Rinser
The traditional rinser uses 10 to 15 litres/min. The water efficient 

pre-rinse spray valve is fitted with a shower type spray nozzle. 

It uses only 6 litres/min, half the water usage compared to the 

traditional one. It depends on the velocity of water and not the 

volume, for its cleaning efficiency and has a higher cleaning 

efficiency rating.

A spray–type CFR gives spray effect flow
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Furama Riverfront Singapore and Peninsular.Excelsior Hotel have 

installed such water efficient rinsers in their kitchens.

Dual Flush Low Capacity Flushing Cistern (LCFC)
A traditional LCFC uses not more than 4.5 litres per flush. With 

the increasing use and availability of dual flush LCFCs, PUB has 

decided to move towards mandating the use of dual flush LCFCs. 

From 1 July 2009 onwards, it is mandatory for all new domestic 

premises and existing domestic premises undergoing renovations 

to install dual flush LCFCs. Many buildings are already using dual 

flush LCFCs and reaping significant water savings. The dual flush 

LCFC uses 3.5 to 4.5 litres for a full flush and 2 to 3 litres for a half 

flush.

A water efficient showerhead with flow 
rate of 5 to 7 litres/min
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A dual flush LCFC has 2 buttons for activation. When the full 

flush button is pressed down, the float will rise and lift the flapper 

to discharge water into the bowl. When the half flush button is 

pressed down, a rod will be lowered to prevent the float from 

rushing up completely. This will therefore reduce the amount of 

water discharged into the bowl.

Urinal
All urinal flush valves must be adjusted to give a flush of not more 

than 1.5 litres, 1 litre and 0.5 litre of water per flush for large, 

medium and small size urinals respectively.

Waterless urinals do not require any water for flushing. However, 

proper maintenance of these urinals is required to ensure that 

waterless urinals remain odourless. Cleaning and maintenance 

of waterless urinals shall be in accordance with manufacturer’s 

specifications and recommended schedules.

Waterless Urinal (Liquid Sealant Cartridge Type)
Such urinals use a proprietary urinal cartridge or trap which is 

designed to make use of a light density liquid sealant which forms 

a barrier between the environment and any offensive odour in the 

trap. No water flushing is necessary after use.

Working principle of a dual flush LCFC
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Some points to take note:

• Pouring or splashing of water and use of conventional 

detergents on such urinals are usually not advised.

• Some designs may require simple cleaning by light wiping on 

the urinal surface while some may not.

• Observation is required on the liquid sealant to ensure that it 

is in normal working condition. The cartridge or liquid sealant 

needs to be replaced when traces of sealant are visible on 

urinal bowl.

• Some designs require total replacement of the cartridge while 

some designs only require a top-up of the liquid sealant.

Water heater
Installing instantaneous water heaters ensures that cold water is 

not wasted while waiting for hot water to come through the taps. 

When using instantaneous water heaters, hot water flows as soon 

as the shower tap is turned on. This helps to save water and energy 

as compared to storage heaters, which normally require water to 

flow for a while before becoming hot. Also, due to restrictions in 

heating elements, any excessive flow of water will be reduced after 

passing through the instantaneous water heater. Well-lagged and 

properly positioned pipes will also assist to keep water hot.

Working principle of a waterless urinal (liquid sealant type)
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If storage heater is installed, ensure that the heater tank is installed 

close to the fittings to avoid cold water wastage till hot water is 

dispensed. Alternatively, re-direct cold water before the tap, back 

to the heater tank, instead of letting it run off. Proper insulation is 

also required for all water pipes and the heater itself to reduce heat 

loss.

Dishwasher
Installing a high efficiency dishwasher saves water and energy. 

Water efficient dishwashers use around 16 litres of water per load 

compared to 40 litres when washing dishes by hand.

Working principle of an instantaneous water heater
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Choose a Water Efficient Cooling 
System
The factors for choosing a water efficient cooling system comprise 

the following:

i) Minimise cooling loads

ii) Choice of heat rejection systems 

iii) Use of non-potable water for cooling towers

iv) Water efficient design for cooling towers

i) Minimise Cooling Loads
Minimising cooling loads is one of the factors to become an energy 

and water efficient building. Once cooling loads are reduced, water 

consumption at cooling towers is reduced. Minimising cooling 

loads require a co-ordinated approach by the design architect, 

air-conditioning system designer, services personnel and building 

management personnel.

Transmission, solar radiation, occupancy, heat infiltration and 

office equipment are some of the heat sources that need to be 

examined to minimise cooling load. An energy analysis could be 

conducted on proposed buildings. 

Some energy and water reducing initiatives:
• Obtaining 100% water saving by using an economy air cycle 

whenever outside air conditions are favourable thus reducing 

cooling tower operating times.

• Use of a hybrid type air-conditioning system which utilises 

natural ventilation via openable windows whenever outside air 

conditions are favourable.

• Using heat recovery systems to help minimise the amount of 

heat to be rejected through a cooling tower. The heat saved 

can be used for applications such as preheating domestic hot 
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water used in the building, or even providing hot water to re-

heat coils.

• Reducing the lighting load. In many buildings, it is possible to 

cost-effectively reduce power consumed by lighting systems 

by at least 30% without any discernable loss of amenity. When 

lighting consumes less power, it produces less heat, which in 

turn reduces the air-conditioning load.

ii) Choice of Heat Rejection Systems
The best time to consider alternative heat rejection systems is 

during the design of new systems or the retrofitting of existing 

chillers or towers. There are various alternative heat rejection 

systems available to reject heat to the environment which can 

eliminate or dramatically reduce water consumption such as air 

cooled / refrigerant cooled systems.

iii) Use of Non-potable Water for Cooling Towers
It is not always necessary to use potable water in cooling tower 

systems. The use of alternative water sources e.g. NEWater, 

condensate water, etc shall be considered.

NEWater should be used as make-up water for cooling towers 

if available. NEWater enables a higher concentration cycle and 

better water efficiency. 

Condensate can be collected and reused as make-up water, as it 

is usually clean and cold. This can save water and improve system 

efficiency because of its cleanliness and coolness. 

iv) Water Efficient Design for Cooling Towers
The cooling tower should have the following design criteria:

• Minimise the release of drift by installing effective, high efficiency 

drift eliminators. Have an enclosure of the area above the 

cooling tower pond. This will reduce the effects of windage 
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that cause the drift to escape through the sides. It should 

not be transparent or translucent as sunlight can promote the 

growth of algae which is conducive for the reproduction of 

legionella bacteria.

• Suspended solids contribute to clogged spray nozzles, 

erosion of piping, etc. which result in increase in blow-down 

rates or chemical by-products. Install side stream water filters 

to remove the suspended solids, so that the cooling water will 

be clean.

• Install variable drive speed fans which can match fan speed 

to actual cooling load. The fans are controlled by the cooling 

water inlet temperature can decrease both water and energy 

costs. The variable speed operation varies the air flow through 

the cooling tower in accordance with the load variation on the 

system. By varying the airflow through the cooling towers, it 

achieves a maximum total chiller plant efficiency based on 

building load and ambient wet bulb temperature variation. As 

Collection of condensate 
water from air handling units 
for use as make-up water 
for the cooling towers in 
Environment Building

Drift eliminator

02 WEBD chap02 prf4.1.indd   21 11/20/08   11:05:02 PM



22

water efficient building design guide book

the fan speed reduces to meet load requirements, the fan 

input power required will be substantially reduced.

• A water distribution system within the cooling tower designed 

to create as little spray as possible. Anti-splash louvres or 

splash mats should be installed.

• The design should be simple and practical (deadlegs, loops 

and bends should be avoided and redundant pipework 

removed).

• Easy access to all parts of the system for inspection, sampling, 

cleaning and disinfection.

• Construction materials should be non-corrosive, resistant 

to chemicals (e.g. fibreglass, stainless steel), smooth, non-

porous, opaque to sunlight and readily disinfected. Materials 

used should not support the growth and proliferation of micro-

organisms. 

• A drain shall be located at the lowest point of the pond with a 

drain-down valve so that the entire system can be conveniently 

and completely drained.

• Install water meters on make-up and blow-down lines to 

monitor water consumption.

Private meter is installed on the make-up line of the cooling tower in National Library.
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• Consider alternative methods instead of using chemicals for 

water treatment :

a) Ozone: an extremely effective micro-biocide chemical 

generated on site.

b) Reverse osmosis: uses membrane filtration to remove 

bacteria, solids and salts.

c) Electromagnetic descaler: for scale control.

d) Electromagnetic magnetite generator: for corrosion 

control.

e) Copper-silver ionization: for bacteria, algae and slime 

control.

Plan a Water Efficient Irrigation 
System
The components for a water efficient landscape irrigation system 

comprise the following:

i) Design of landscape

ii) Use of non-potable water 

ii) Use of water efficient irrigation system/controllers

In addition to the above components, architects and building 

owners are also encouraged the adoption of ABC Waters design 

guidelines. The ABC Waters design guidelines provide ideas and 

technical details on how ABC Waters features could be adopted.

i) Design of Landscape
Use water efficient (drought resistant) plants
Use drought resistant plants which require little irrigation. A list 

of drought resistant plants which can be used for landscape and 

rooftop gardens, published by the National Parks Board and 

Centre for Total Building Performance, School of Design and 

Environment, National University of Singapore can be obtained 
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from the following website :

http://research.cuge.com.sg/images/stories/handbooks/01._handbook_

on_skyrise_greening_2002.pdf

Limit turf area
Most turf grass requires high water consumption and continual 

upkeep. 

Select or group plants 
Arrange the plants into zones according to the respective zones’ 

water needs. 

Develop a zoned irrigation system
Irrigation system should be zoned so that plants with different 

water requirements are irrigated separately. Trees and shrubs that 

require little irrigation may only require water during prolonged 

periods of dry season when they show sign of distress.

ii) Use of Non-Potable Water 
Non-potable water such as rainwater, NEWater and recycled water 

shall be used for irrigation.

Aristolochia gigantean

Examples of drought resistant plants
Rhoeo spathacea (dwarf variety)
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iii) Use of Water Efficient Irrigation System or Controllers
The use of appropriate systems or combination of these systems 

may provide powerful methods in monitoring and supervising 

irrigation needs for landscapes in many types of development. 

Systems and proprietary products by professionals will be helpful 

in formulating the best irrigation system for a particular landscape 

with the aim of conserving water.

Rain sensor
Automatic controllers should be used to turn off the irrigation system 

and to control the water flow through the various zones according 

to a pre-set schedule. Rain sensors should be incorporated to 

automatically turn off irrigation systems during rainy days.

When the rain sensor activates due to sufficient rainfall, the selected 

irrigation system will remain inactive until the hygroscopic discs 

inside the sensor have dried out. This dry out rate will be about 

Rain sensor mounted on roof top Automatic controller
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the same as the soil drying rate and re-activated once the disc is 

dry again. The dry out rate can be set to different levels. After the 

rain sensor dries out, the controller will resume its normal watering 

schedules. 

The rain sensor should be mounted as close to the controller as 

possible, away from the irrigation system, exposed to unobstructed 

rainfall, and with similar sun exposure as the landscape being 

watered. The ideal locations are in pitched edge of roofs and 

fences.

Soil moisture sensor
Installing a soil moisture sensor 

will prevent the controller from 

activating the watering system 

if the soil is sufficiently moist. 

It determines the soil moisture 

content by measuring the 

impedance of the soil between 

the two sensor pads. As the soil 

Rain sensor is mounted exposed to unobstructed rainfall and close to the automatic 
controller.
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gets wetter, the impedance of the soil reduces. The sensor takes 

measurements of the landscape’s soil moisture at regular intervals. 

The sensor relies on a pre-set moisture level. This prevents the 

watering system from operating until the soil has become drier 

than the pre-set moisture level.

Drip irrigation
Drip irrigation is the frequent, slow, application 

of water to the specific root zone area of the flora 

through small flexible pipes and flow control 

devices (called emitters). It provides a constant 

level of subsurface moisture to the rootball of 

the plant for optimum growth or maintenance. 
Since water is applied directly to the roots, 

evaporation and runoff is minimized.

Roots watering system
Roots watering system allows water to be filtered from tubes that 

have been pegged into the ground surrounding the roots of the 

trees. In this case, water is directed near to the source of intake. The 

system is submerged as opposed to the drip irrigation system.

Drip emitter installed at 
National Library
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Water retention and drainage tray
A water retention and drainage tray 

system is a lightweight, cost effective array of 

trays that function to store appropriate amounts of 

water for the subsequent needs of the flora. This slows down the 

drainage of water after rain or watering. The water will be absorbed 

later as needed. This promotes the growth of healthier plants and 

reduces irrigation frequencies.

Design a Water Efficient Swimming 
Pool
The components for a water efficient swimming pool design 

comprise the following:

i) Design of balancing tank 

ii) Reduction of water evaporation rate

iii) Reduce filter backwash cycle and minimise water discharge

i) Design of Balancing Tank
The balancing tank should be designed with the following water 

efficiency features:

• Set the operating water level in the balancing tank at the 

appropriate level to minimise overflow.

Conventional float valve
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Pilot float operated valve

• Install a pilot float operated valve system to ensure sufficient 

buffer between the maximum allowable level and overflow 

pipe.

• Install automatic water level sensors and solenoid valves to 

control incoming water supply.

ii) Reduction of Water Evaporation Rate
The rate of evaporation is increased by high pool water temperature, 

high air temperature, low relative humidity and high wind speed at 

the pool surface.

To reduce the evaporation rate, consider the following design 

features:

• Build the swimming pool at a suitable location to avoid or 

minimise direct sunlight.

• Use plants around the pool to protect the pool from wind which 

increases the amount of water lost by evaporation. However, 

ensure that no excess water from the plants is overflowing 

into the pool.

• Use a pool cover where applicable.
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iii) Reduce Filter Backwash Cycle and Minimise Water 
Discharge
Pool water is continually circulated to achieve the required levels of 

water quality specified by the National Environment Agency.

To reduce the backwash frequency and time, consider the 

following:

• Use more effective filter media such as zeolite which reduces 

the frequency and duration of backwash.

• Manual cleaning or skimmer to reduce filter load.

• Optimise backwash cycles by monitoring the pressure drop 

between the inlet and outlet of the filter.

• Set backwash duration to about 5 minutes.

• Use rainwater for backwash.

• Reuse backwash water for irrigation and area cleaning.

Build the swimming pool at a suitable location to avoid or minimise direct sunlight
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Prevent Leakages in Plumbing System
In the stage of planning and designing a water efficient building, it is 

essential to recognise that prevention and immediate rectification 

of leaks frequently provide the best return on investment amongst 

all water saving measures. The implementation of a leak-free water 

service installation is one of the ways to achieve a water efficient 

building. In addition, accessibility of the water service installations 

has to be taken into consideration during the design of the water 

reticulation systems. With both aspects incorporated in the water 

service installation design, this would not only greatly benefit the 

end-users of the premises or buildings but more importantly, it 

helps conserve precious water resources.

It is essential that water service workers design and install water 

service installations which are free of leaks as well as easily 

accessible for any future maintenance and repair. In addition, strict 

supervision and control is required to ensure good and proper 

workmanship.

The recommendations for the design of a leak-free water efficient 

building are as follows:

• Select good quality materials for pipes and fittings and 

ensure proper installation of the piping system. More durable 

and corrosion-resistant piping materials, such as copper or 

stainless steel is recommended.

• Ensure correct application on the types of material used. For 

example, polyvinyl chloride (PVC) pipes which are exposed to 

direct sunlight will become brittle and break easily.

• Do not conceal pipes and joints as this can result in difficulty 

in detecting leaks and also increases inaccessibility to carry 

out repair work.

• Provide adequate support for the pipes and fittings.
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• Take the shortest pipe route. This minimises the probability of 

leaks occurring.

• Provide adequate isolating valves in the plumbing system to 

facilitate leak detection.

• Adopt master meter-submeter arrangements for landed strata 

housing – This reduces the number of pipes to be laid.

• Install private water meters to monitor usage, in particular for 

common amenities.

• To lay pipes in service trenches or ducts with removable 

covers.
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Having adopted a water efficient design, we need to ensure 

water efficiency is sustained by having good water management. 

Managing water requires improvements in communication, record 

keeping, adaptive management and decision abilities of the 

building / property owners or management. Good management of 

water is the key to achieving sustainable water savings. Without 

good water management, technical improvements will only deliver 

short term benefits to water conservation.

Corporate Culture & Management 
Commitment 
Saving water is everybody’s business and can make good economic 

sense for building owners. It has the potential to not only reduce 

costs but also to improve overall economic, environmental and 

social sustainability.

Approach to Water Conservation
Water conservation should not be a one-man struggle. It requires 

the collaboration of everyone in a corporation to inculcate an 

absolute water conservation culture in their facility. Saving water 

must be incorporated into their culture and made a habit. Thus, 

efforts must be made to let everyone, from the management to 

individual employees in the hierarchy, recognise the roles each of 

them plays and be encouraged to actively participate. 

The approach to water conservation can be based on four major 

directions: 

(i) Managerial

(ii) Maintenance

(iii) Operational

(iv) Individuals
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i) Managerial
On a management level, the management must initiate, lead and 

execute. In order to take the first step in playing an active role in 

water conservation, common channels of communication such as 

emails, notice boards or intranet must be adopted to announce 

and commence the water conservation program. 

Following that, the management must lead and serve as role models 

for the rest of the employees to follow. It is crucial for them to show 

support for water conservation. The support must be shown in all 

essential areas such as willingness to provide money, staff, time 

and other resources necessary for the successful implementation 

of the water conservation plan. In addition, it is essential for the 

management to recognise that water conservation is a long term 

investment and not just for short term financial gains.

The management must develop policy statements, set principles 

to be followed and goals to be accomplished. They must prepare 

Key Performance Indicators (KPIs) for water consumption. 

Water conservation plans and programs must be discussed and 

disseminated during staff meetings.

The management could also form a water management committee 

to discuss and implement plans related to water conservation. 

The role of each member in the team must be clearly defined. 

The one holding the most senior position must be in charge of 

implementing the plan. The team should be asked to prepare an 

annual assessment report to review the current water conservation 

strategies and devise future improvements.

ii) Operational
Prior to creating water conservation awareness in employees, it is 

essential to conduct a detailed water audit in your building. Check 
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for water wastages, such as leaks, overflows and unnecessary 

water uses and repair them immediately. Collect data from the 

main meter, sub-meters, private meters and analyse the readings 

for any unusual patterns in water usage. You can compute your 

water efficiency index and check where you stand compared with 

others occupying same building type through the 10% challenge 

website at www.tenpercent.sec.org.sg. Details of how to conduct 

a water audit can be referred to in the chapter “Conducting a 

Water Audit” in this book.

Install water saving devices in all equipment. When purchasing 

new equipment, look out for devices with Water Efficiency Labels 

on them. Where possible, make changes to the environment such 

as using local plants that use less water for landscapes and reuse 

condensate water as reserve water for cooling towers.

iii) Maintenance
In order to enjoy long term financial and environmental benefits, 

sustainability in water conservation is essential and needs to be 

encouraged. Awareness, education and encouragement are the 

key drivers to sustainability.

Water awareness messages must be continuously spread amongst 

the employees to ensure understanding and recognize conscious 

efforts put in by the employees. Discuss the progress and the 

initiatives in newsletters and staff meetings. Distribute international 

or local water journals which emphasize the importance of water. 

Disseminate information about how others in the same field are 

conserving water.

Organise water awareness programs such as workshops on water 

conservation. Include programs like “Ways to implement water 

conservation in the workplace” in staff training programs. 
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Post articles about water conservation that will reach the 

employees, such as newsletters and the intranet. Add interesting 

tips and facts on water conservation in the articles. Place posters 

in appropriate places teaching best practices which will aid in water 

conservation. Post stickers and signs about water conservation in 

toilets, kitchens and eating areas. 

Find ways to involve employees in water conservation activities. This 

could be done by organising activities such as poster competitions 

or slogan competitions. Also, a suggestion box could be set up, 

where employees can submit their ideas on water conservation. 

This could be incorporated into the water conservation plan. 

Suggestion incentive programmes which will recognise employees 

with outstanding water saving ideas should be initiated. Incentives 

could be given to these employees. 

Organisations are also encouraged to participate in PUB 

programmes such as the Water Volunteer Groups (WVG) to build 

up corporate culture or environment awareness. The WVGs visit 

households to educate them on water conservation practices and 

help them with the installation of water saving devices. The WVGs 

also visit low income and needy families to help them save on their 

water bills.

iv) Individuals
An organisation is made up of individuals and these are the people 

who mould the organisational culture. It is important and strongly 

encouraged that employees need to be aware of their roles and 

responsibilities in helping their organisation conserve water. 

Employees can read up articles posted by the management 

on water conservation issues and look out for how they can 

contribute in water conservation, participate in water conservation 
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activities, learn water conservation measures and put them into 

practice actively in workplace. Employees can also come up with 

own methods to conserve water and apply them at work. If an 

employee is directly involved in activities using water, such as 

cooking and washing, he or she needs to know the right water 

usage techniques. Take the initiative to remind other colleagues 

when they waste water. Finally, it is strongly encouraged for 

employees to bring the knowledge back home and share it with 

their family.

Water Conservation Plan
Developing strong water conservation habits is not sufficient 

for sustainable water management in an organisation. A plan is 

needed and it works best when it is incorporated in the context 

of an organisation’s overall approach to social and environmental 

responsibilities. 

Therefore, to ensure water sustainability in a building, it is crucial to 

have a water conservation plan designed and executed. What is 

a water conservation plan? It is a transparent document allocating 

responsibilities and water usage reduction targets to departments 

and senior managers, incorporating both hardware and software 

of water conservation measures.

What Constitutes a Good Water Conservation Plan?
A good water conservation plan not only ensures water 

sustainability, but also allows the organisation to enjoy long term 

financial and environmental benefits. 

To design a good water conservation plan, the principles of water 

efficiency need to be coupled with the organisation’s goals. This is 

the first key requirement. The plan has to have clear identification 

and allocation of responsibilities and appointments. And in the 

Page 39:

1.   Under “management commitment”, line 1, “As mentioned earlier 

in the chapter “Corporate Culture and Management Commitment for 

Sustainable Water Efficiency” change to “As mentioned earlier in the 

chapter “Corporate Culture & Management Commitment”.
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establishment of specific targets for water ussage efficiency, it is 

essential to note that these targets have to be quantifiable and 

achievable. Besides incorporating water efficiency in every aspect 

of the organisation, a proper systematic water usage reporting 

system and procedures for collection of data need to be developed. 

In addition, to foster a strong water conservation culture in the 

organisation, it is important for the plan to address behavioural 

changes among the employees.

How Can We Carry Out a Water Conservation Plan?
A comprehensive water conservation plan cannot be established 

overnight. Careful planning and systematic implementation are 

required to ensure sustainable and efficient water management 

in the organisation. A cyclic framework needs to be structured so 

as to ensure a sustainable water conservation plan. As shown in 

the diagram below, a cyclic framework can comprise the following 

areas:

i) Management commitment

ii) Form a Water Management Committee

iii) Water Audit

iv) Identify opportunities, establish goals

v) Implementation

vi) Share success

vii) Review and improvement

i) Management commitment
As mentioned earlier in the section “Corporate Culture & 

Management Commitment”, it is crucial for the management to 

initiate, lead and educate. Thus, it is through the support and 

commitment from the management, that the implementation of a 

water conservation plan can be carried out smoothly across the 

whole organisation.

Page 39:

1.   Under “management commitment”, line 1, “As mentioned earlier 

in the chapter “Corporate Culture and Management Commitment for 

Sustainable Water Efficiency” change to “As mentioned earlier in the 

chapter “Corporate Culture & Management Commitment”.
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In the planning stage of developing the plan, develop water 

conservation policy statements which factor in both clear water 

usage reductions and cost effectiveness. Water conservation 

principles to be followed and the goals to be accomplished need 

to be stated in the plan. Develop the Key Performance Indicators 

(KPIs) for water consumption in different areas. Appoint a water 

controller for a small organisation whereas for a relatively big 

organisation, a water management committee may need to be 

formed.

ii) Form a Water Management Committee
A water management committee is responsible for creating the 

water conservation plan and co-ordinating and overseeing water 

conservation initiatives which are implemented in the whole 

organisation. Depending on how the management wants to 

structure the framework of the committee, the members in the 

committee can comprise:

• operational manager

• managing agent

A cycle to ensure successful implementation of a water conservation plan
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• mechanical and electrical contractors

• one / two representative from each department

• facility manager

After discussions with the management, the water management 

committee creates the water conservation plan which includes 

establishment of goals in the programme as well as the details for 

implementing specific water conservation measures. It defines job 

scopes of each member in the committee, designs and establishes 

a systematic process of how a water management plan should 

be implemented and evaluated. Apart from co-ordinating and 

overseeing water conservation initiatives, the committee also 

holds the role and responsibilities in educating their colleagues 

on the need to conserve water through pre-work briefings, talks, 

discussions, publicity materials, etc. 

The committee is strongly encouraged to sign up for the “Water 

Efficiency Manager Course” conducted jointly by PUB and Singapore 

Polytechnic and be certified as Water Efficiency Managers. The 

course will equip the participants with the knowledge and skills 

to conduct water audits and apply water efficiency measures to 

reduce water consumption in their buildings.

iii) Water Audit
After the water management committee is formed and has 

established the water conservation targets to be approved and 

supported by the management, they need to carry out a detailed 

water audit and gather the water consumption data for various 

areas of water usage within the building.

Before the water audit can be conducted, it is essential to install 

private water meters at all major areas of water usage e.g. cooling 

towers, irrigation systems, swimming pools, etc. in order to 

obtain reliable water usage data. Meter readings need to be taken 
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regularly, i.e. daily or monthly to draw out the various water usage 

trends at different areas. 

Through the water audit, the committee needs to develop a water 

balance to identify the main water-consumption areas, as shown 

in the diagram below. This is to allow the committee to spot and 

analyse the major areas of water usage and take any appropriate 

action if the amount of water used in any process is above its 

norm.

To learn how to conduct a water audit in your building, you can 

refer to the chapter “Conducting a Water Audit”.

iv) Identify Opportunities, Establish Goals
Through the data and water balance tabulated from the water 

audit conducted earlier, the water management committee can 

proceed to identify the possible water conservation opportunities 

and thereafter establish water conservation goals.

With reference to all the data gathered from the detailed water 

audit, the areas of high water usage and the water conservation 

measures that were previously in place in these areas need to be 

identified. The committee must ensure that the goals are quantifiable 

and achievable within the set time frame. Following that, compare 

the existing water consumption data with the benchmarking index 

which has been established for the respective industry. 

v) Implementation
Prior to implementation of the water conservation measures and/

or initiatives, it is necessary that the committee comes up with an 

action plan. Estimate the potential annual water and cost savings 

from the implementation of each possible water conservation 

measure. Determine annualized implementation and ongoing 

operational costs to implement appropriate actions to conserve 
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water and calculate the payback period for each water conservation 

measure implemented. Through these cost calculations, prioritise 

and implement the water conservation measures according to its 

water saving importance, technical risk and cost payback. 

vi) Share Success
The organisation’s water conservation achievements can be 

shared through internal and external modes of communication. By 

sharing the success of achieving the water conservation targets 

with everyone in the organisation or to the external parties, more 

support for such water conservation programmes will be received, 

thus gaining wide recognition. As a result, more water conservation 

projects and challenges can be proposed and implemented with 

stronger support from within and outside the organisation. 

In The Regent Singapore, a notice board is set up to convey the importance of water and 
energy conservation measures.
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In recognition for organizations commitment to water conservation, 

there are government recognition / awards such as the President’s 

Award for the Environment, Water Efficient Building certificate, 

Watermark Award, Green Mark Award, etc. Besides awards, 

success stories and good case studies can be showcased through 

the 10 % challenge website.

vii) Review and Improvement
After implementation of every water conservation measure, it is 

necessary for the water management committee to do a review 

of the overall efficiency and effectiveness of the implementation. 

These reviews can be gathered through various channels, e.g. a 

survey conducted to the whole organisation, the percentage drop in 

water usage when compared before and after the implementation 

of the measures and the amount of water saved in terms of dollars 

and cents. 

From each review, the committee needs to explore the following 

areas of discussion: Is the targeted water conservation goal 

achieved within the planned timeline? If it is not, what could be the 

possible reasons? From the list of reasons, how can the initiative 

be improved? By going through this cycle of examination, new 

proposals of water conservation measures and/or initiatives can 

be submitted and supported by the management, improving the 

water conservation plan after every cycle and in the long run, 

creating a Water Efficient Building. 

Conducting Water Audit
A water audit or survey is the key activity of any water efficiency 

program. Water audit aids in identifying how much and where water 

is being consumed. This facilitates the implementation of essential 

water conservation measures. Conservation serves to cut costs 
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for water and wastewater treatment. Auditing helps in pointing out 

faults and leaks which can be eliminated and thus, save water. 

This reduces the strain on local water resources by reducing 

water demand. Apart from environmental benefits, saving water 

can produce significant savings for buildings. Thus by reducing 

consumption, bills could be cut down.

The facility manager or the water management committee can 

visit the 10 % challenge website at www.tenpercent.sec.org.sg 

and conduct a self-administered water audit or request for a joint 

water audit with PUB.

How do We Prepare a Water Audit? 
Preparation for the water audit must be thorough to ensure relevant 

data is captured effectively. The water audit preparation involves 

the identification of the facility’s water use and personnel familiar 

with the facility’s processes.

i) Exact location of the facility included in the audit.

ii) Physical size of the facilities e.g. number of buildings and each 

floor area (m2).

iii) Plumbing drawings, riser diagrams and irrigation plans.

iv) Names and contact numbers of relevant facility personnel.

v) Information on the operating schedule of the facility, number 

of employees per shift and maintenance schedule.

vi) Profile or graph of total water used for the past 2 years and 

water used per unit of product per month.

vii) Copies of the proposed billing rates for water and wastewater 

for the next two years.

viii) A list of water-using equipment with manufacturer’s 

recommended flow requirements.

ix) Inventories of sanitary fixtures and any water- saving 

features.
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x) Outdoor water use and irrigation controls.

xi) Previous water surveys.

xii) Meter information such as location and sizes of meters.

xiii) Water records from water meters which indicate amount of 

water supplied to the site and from sub-meters which indicate 

water used for specific processes and individual buildings on 

the site.

Conducting Water Audit 
A walk-through survey with personnel who are knowledgeable of 

the water usage in the facility is essential. Collection of current 

and past water usage records can be obtained by conducting the 

water audit. This can be done by using direct observation and 

measurements, identifying and recording all equipment which use 

water, and checking with equipment operators who have first hand 

information on water usage.

To conduct a detailed water audit, a step-by-step approach needs 

to be adopted:

i) Collecting the existing information

ii) Conducting a walk-through internal site visit

iii) Evaluating the data

i) Collecting the existing information
Identify the water usage patterns from the previous records and 

water bills of the facility. Collate the water bills and sub-meter 

consumption data for the past 2 years and process them. A 

detailed walk through audit is necessary to be conducted if water 

usage is more than 700 m3 / month.

Obtain a list of all water using equipment with their recommended 

flow rates. Include major water uses such as outdoor water use 

and its consumption data for the past 2 years. Take note of 

ineffective water usage, such as high flow rates which might require 
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Water Balance Summary

Sources of Water Use  Litres per year Percent of total

Cooling Towers 30,000,000 56.9

Domestic: taps, toilets 13,000,000 24.7
and showers

General washing and  2,100,000 4
maintenance

Food preparation and 1,200,000 2.3
dishwasher

Landscaping 3,100,000 5.9

Leaks (detected) 1,500,000 2.8

Subtotal 50,900,000 96.6

Total 52,700,000 100

Unaccounted for 1,800,000 3.4

An example of how a water balance summary can be drawn out
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conservation measures. In addition, find the complete information 

of the building floor plan and the pipes and fixtures in the building 

for calculations.

ii) Conducting a walk-through internal site visit
Obtain information through direct inspection and measurement. 

Recognise the water supply system. Record the quantity of 

incoming water. Install private water meters to measure water 

usage in major equipment such as cooling towers, laundry, 

landscaping, kitchens, guest rooms, etc. From the results, assess if 

the equipment or facility has a higher consumption rate. Record the 

hours of operation for all water-using devices and their processes 

and where possible, record the exact schedule by checking with 

the operating personnel.

Estimate the number of occupants in the building at different 

periods. Determine the daily water consumption rates from the 

main meter and the sub meters.

iii) Evaluating the data
Categorise water usage into groups such as domestic plumbing, 

kitchen plumbing, heating and cooling, etc and present these 

areas in a pie chart. Estimate the total amount of water used in 

each category based on a daily and annual basis. Include internally 

generated water resources, such as recycled, reused or produced 

water from any process. List the water usage for separate time 

periods if the occupancy and the water usage vary between 

periods e.g. resorts, hotels.

Prepare the water balance with all the information obtained within. 

The unaccounted-for water amount must not be more than 10% 

of total water usage. If it is more than 10%, re-check the data 

to ensure no crucial information was left out in the calculation. If 

possible, conduct another thorough visit.
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Typical Water Usage Breakdown
A typical breakdown of water usage areas in various sectors will 

help us be aware of how we use our water and help to identify ways 

we can minimise water use by implementing certain conservation 

measures. 

Typical water usage breakdown for 4 building types – schools, 

government and commercial office buildings and hotels are as 

shown: 

Schools
Among the primary, secondary schools and junior colleges, it is 

found that the common water usage areas include toilets, irrigation, 

washing and other amenities. From the pie chart, it can be seen 

that the two major water usage areas are at the toilets and for 

washing. 

Government and Commercial Office Buildings
In office buildings, 3 major areas of water usage are identified to 

be the general washing, toilet usage and cooling system. In most 

Typical water usage distribution 
in a school

Typical water usage distribution 
in a government office building
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of these buildings, cooling towers are installed and large amount 

of water is therefore required to replace the losses induced by the 

system.

Hotels
The main challenge faced by many hotels is being effective in 

promoting and implementing water conservation measures without 

affecting the comfort level of their guests. 3 major water usage 

areas in hotels are guestroom, cooling system and restaurants or 

kitchens.

Typical water usage distribution 
in a commercial office building

Typical water usage distribution 
in a hotel
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Monitoring Water Consumption – 
Metering
To manage water, it is essential to measure it. Meters provide an 

indication of the amount of water used, so that we can better 

understand where, when and how water is being used and help 

us formulate how to reduce water usage in the building. Regular 

monitoring of water use enables us to understand the water usage 

patterns and detect any abnormalities in water consumption such 

as leaks and inefficiencies easily. 

To ensure sustainable water efficiency, it is essential to adopt the 

following steps to monitor water consumption:

i) Installing private water meters

ii) Monitoring water consumption regularly

iii) Charting water consumption

i) Installing private water meters
Private water meters are meters installed for the sole purpose of 

monitoring water use in a building. These meters could be installed 

at pipes to different water demand areas to provide a more detailed 

understanding of water usage patterns. These meters installed, 

especially at major water systems of buildings such as cooling 

tower, irrigation, hot water device, etc. can help the management 

monitor water consumption patterns and detect any abnormalities 

in water consumption easily.

ii) Monitoring Water Consumption Regularly
The following methods are the commonly acceptable means of 

data collection:

• Manual reading of meters

• Automatic reading of meters 
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For manual reading, it is recommended to read and record the 

meter readings at the end of the day and the beginning of the 

following day. The meter readings should be very similar. If there is 

a large difference in readings and no activities occur at night, leaks 

need to be investigated. Prompt action needs to be taken to repair 

the leaks, if any.

An automatic monitoring system is a continuous monitoring 

system and is a more efficient way to monitor water usage and 

for keeping track of multiple private water meters. Continuous 

monitoring saves time, identify water usage patterns and makes it 

easier to identify unusual water use.

Data loggers are simple continuous monitoring systems. The 

information gathered must periodically be manually downloaded 

to a personal computer or linked to the Building Management 

System (BMS) so that the data can be analysed. Alternatively, a data 

logger can also be installed on the identified private water meters 

and data can be sent via a mobile phone network or dedicated 

wiring to the computers. Water consumption information can be 

accessed through web-based applications from any computer.

An example of how the meter readings can be recorded and kept.Read the water meters regularly
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An example of a Building Management System

Meter with pulse output

Water usage trends can be recorded. An alarm can also be 

activated if there is a sudden increase in water consumption or a 

new trend in water consumption as this will indicate the possibility 

of a water leakage.

Meters and all associated communications 

and analysis equipment must be maintained 

and re-calibrated in accordance with 

manufacturers’ recommendations to ensure 

that the accuracy of recorded data is 

maintained within acceptable limits.

iii) Charting Water Consumption
A regular (daily, monthly) effort to chart water 

consumption at different consumption areas 

will provide first hand information if there are 
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any abnormalities in usage. Sudden high consumption patterns 

could be due to service pipe leakages, or the installation of new 

water use devices. Prompt actions have to be taken, if necessary, 

to ensure that water wastage is minimised.

Identifying & Repairing Leakage
Leakage of water is a common problem and can be attributed to 

various reasons. Many problems start off small and can be almost 

indiscernible yet increase gradually over time. Such leakages in 

water service installations can lead to wastage of water, damage 

to properties, loss of revenue, etc. Leaks, if detected, have to be 

repaired promptly.

Regular Leak Test
A regular leak test will alert us early if there is any leak in the water 

system. This is a simple test which can be done in following 

steps:

An example of a water consumption chart
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i) During the off peak period where the water consumption is 

low/negligible, ensure that all fittings are closed and all the 

tanks are isolated/fully filled.

ii) Observe the water meter to check whether the dial is moving. 

A movement on the dial shows that there is a leak somewhere 

in the system. Further investigation is required to locate the 

leak.

The higher the test frequency, the earlier you can identify any 

leak.

Signs of a Leak
A drop in water pressure and sightings of a damp wall or ground 

are signs of possible leaks. Leaks can be detected when regular 

monitoring shows a rapid and unaccounted increase in water use. 

The facility manager needs to rectify the leak as soon as possible.  

Regular maintenance of water fittings, such as flush valves, taps, 

cooling towers, piping or equipment, can prevent leaks.

It is strongly recommended that the facility manager or the water 

management committee keeps a copy of the as-built drawings 

of the water reticulation system. This would facilitate any future 

maintenance or repair of water services and detection of leaks on 

the premises.

A damp wall is an indication of pipe leaks
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Swimming Pool - Checking for Leaks

A simple method to check for leaks in swimming pool

One leak detection method is to stop the pumping system and 

use a permanent pen to mark the normal operating water level. By 

checking the changes in the pool level after a period of 24 hours, 

the facility manager can determine if there is leak in the pool’s 

piping system.
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A diagram of how bucket test is done

Another method which can be adopted to detect leak in the pool’s 

piping system is the Bucket Test. It is done by placing a bucket 

filled with pool water on a pool step and marking the water level 

on both the inside and outside of the bucket. Leave the bucket 

for 24 hours. Considering that the evaporation loss for both the 

bucket and the pool has been equalised, if the water level in the 

pool drops more than the bucket’s, it is an indication that there is 

a leak in the pool’s piping system.
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