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introduction
Background

What the document is NOT

This document has been developed to inform operators
and owners considering the retrofit of infrastructure within
existing high-rise buildings for the use of recycled water.

This document is NOT:
n An operational guide for how to connect a building to

recycled water supply network. Such a guide would have
to be developed specific to a building.

This document has been written on the premise that:
n An off-site recycled water scheme would be designed

n A planning and operational guide for buildings that

to supply non potable water of a quality that is fit for the
purpose of cooling tower, toilet flushing and irrigation
without requiring the need to change the existing cooling
tower, toilet and urinals.

have their own on-site water recycling scheme,
although the connection guidance where the building
owners are responsible for producing their own recycled
water on-site.

n The cost of connecting an existing building to a recycled

n A guide for detailed design of the hydraulics and

water network is minimised by undertaking the required
plumbing upgrades incrementally during planned building
refurbishment. Capability to connect to recycled water can
be built into the retrofit scope in advance of the recycled
water scheme being completed.

plumbing for amenities to be connected to recycled water
in new buildings.

n As soon as the recycled water supply network is built,

the buildings that have been retrofitted for receiving the
recycled water from an off-site scheme will be ready to
connect to the network.

Objectives
The objective of the guidelines document is to provide
building owners with:
n The background, context and drivers for City of

Sydney to build and facilitate a precinct-scale water
recycling scheme.
n Indicative retrofit requirements for amenities (toilets

and urinals) and cooling towers corresponding to
infrastructure configurations that may be generally found
within existing buildings.
n The considerations for undertaking a building-specific

technical analysis for connecting buildings to a recycled
water supply.
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Recycled water in City of Sydney

Figure 1: 2010 and 2030 water consumption by sector (GL/y)

Nearly 60 per cent of total water use within City of Sydney
in 2030 is expected to be in commercial and office buildings.
Climate change has been predicted to give rise to more
frequent and more intense flood and drought events,
which will impact Sydney-siders’ water coming from their
taps (mains water), flushed down drains (sewerage), and
falling from the sky (stormwater). These impacts are further
compounded when considering the aging and growing
population within the City of Sydney. With an ever-increasing
amount of urban development, an increase in the number
of hot days as a result of climate change combined with the
urban heat island effect, sustainable water management
is critical to finding solutions for adaptation and managing
these impacts.

n 2010 consumption

Sustainable water management supports:
n Water

efficiency i.e. finding ways to reduce demand
of drinking quality mains water by using water efficient
fixtures and behaviour.
recycling i.e. minimising water going down the
drains by recycling it for multiple uses before disposing of
it as waste.

n 2030 consumption

16
14
12
10
8
6
4
2
0

1
1
2
3
4
5
6
7

2

3

4

5

6

– Single residential
– Multi residential
– Food and beverage
– Commercial other
– Office
– Government
– Hotel

7

8

9

10

11

12

13

14

8 – Other
9 – Parks and open space
10 – Industrial
11 – Public hospital
12 – Education
13 – CoS properties
14 – Trigen

n Water

Figure 2: End uses by potable and non-potable in 2030

Using proven treatment processes, it is possible to transform
locally-available water that is otherwise disposed of as waste
(eg. stormwater, wastewater, greywater, blackwater) into
water that is fit for non-drinking purposes like toilet flushing,
cooling tower use, clothes washing, car wash bays, and the
watering of parks, gardens and playing fields. In addition
to providing an alternative source of water, other flow-on
benefits of recycling water include the avoided costs of
upgrading water and wastewater infrastructure and increase
in irrigation capacity for green spaces.

n Potable: 20.1 GL/y

n Non-potable: 23.7 GL/y
Trigen 2.1 (5%)
Toilet 9.1 (21%)

Cooling tower
5.8 (13%)

Laundry 2.9 (6%)
Other non-potable 2.9 (7%)
Potable 20.1 (46%)
Irrigation 0.9 (2%)
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Figure 3: Projected 2030 recycled water consumption with decentralised water network

City of Sydney Decentralised Water Master
Plan and recycled water network
The City of Sydney’s Decentralised Water Master Plan,
as a key component of the Green Infrastructure Plan, is a
blueprint for re-thinking how we move and manage water in
a city that is dynamic, while also planning for renewal of the
complex network of aging water infrastructure. The master
plan is informed by lessons from the past and inspired by a
future of a city that actively facilitates sustainable water use
for its residents and businesses.

The master plan has investigated and mapped the water
demand and potential yields from various local water
resources in the City and developed ‘recycled water
precincts’ by matching the demand cluster with water
source(s) in the vicinity. Each recycled water precinct
has been analysed to determine the maximum scope of
demand that can be met by the recycled water scheme in
the precinct. Each precinct will have a recycled water plant
and storage in a central location from where the distribution
pipe networks can be run to supply non-potable water to the
buildings with the demand.

The master plan has identified and mapped decentralised
local solutions across the City of Sydney local government
area (LGA) for:

The sources of water investigated and mapped include:
roofwater, stormwater, wastewater (sewage and greywater)
and seawater.

n Improving water efficiency (Water Efficiency Plan),
n Capturing and using local water resources (Recycled

Water Plan)
n Reducing pollution discharged via stormwater to the

waterways (Stormwater Pollution Reduction Plan).

There are approximately 20 recycled water precincts
identified across the city. Some of these recycled water
precincts are expected to be developed in tandem with
trigeneration plants, while others may be developed as part
of re-developments or triggered as part of a major capital
upgrade of an infrastructure asset. More information on
the identified precincts can be found in the City of Sydney
Decentralised Water Master Plan.

BETTER BUILDINGS PARTNERSHIP

CONNECTION GUIDELINES

6

Implementation of precinct scale recycled
water scheme and network

Water management roles
and responsibilities

The recycled water network would be implemented through
an open-procurement process of selecting and appointing
a qualified and experienced water services company
(WASCO). The WASCO operating the recycled water
scheme would have the responsibility of producing recycled
water of a quality that meets the standards as set within the
Australian Guidelines for Water Recycling.

Table 1: Roles and responsibilities

Performance of the WASCO would be monitored and
managed by City of Sydney as well as other regulatory
agencies such as Independent Pricing and Regulatory
Tribunal (IPART). The performance monitoring processes are
expected to include ongoing monitoring and testing of water
quality. The WASCO will also provide contingencies and
back-up supplies as needed.
The recycled water supplied to the network is expected
to be of a quality that would be ready for use by
the cooling towers, amenities and irrigation within a
building. The buildings are not expected to provide any
additional treatment.

Entity

Role

Responsibility

Sydney
Water

Water supplier

Responsible for supplying
mains water to all
properties, collecting
sewage to treatment plant
then disposing of sewage
in the ocean.

City of
Sydney

Stormwater
manager

Responsible for the
management of
stormwater from
properties and
public areas.

Recycled
(non-potable)
water network
Commissioner
and owner

Under the Water Industry
Competition Act, will
commission, own, and
monitor appointed
WASCO to operate
recycled water network.

WASCO

Operator of
recycled water
network

Responsible for the
operation of the recycled
water treatment facilities
and network for the City
of Sydney.

Building
owners

Customers

Responsible for the use
of recycled water for
non-potable uses in their
individual buildings.

BETTER BUILDINGS PARTNERSHIP

CONNECTION GUIDELINES

7

Key beneficiaries of the recycled water
scheme network

Uses of recycled water in a building context
Between 40 to 60 per cent of total water used in a standard
commercial building is used in cooling towers, toilet flushing,
irrigation, and washing of common areas and bays. These
end uses can make use of non-drinking quality water and are
ideal candidates for recycled water supply.

It is anticipated that buildings located within the proximity
of the precinct scale recycled water schemes that are
implemented will have an opportunity to connect to it
through its distribution network. Key beneficiaries include:
n Existing buildings that do not currently have an on-site

recycled water supply can upgrade their NABERS Water
rating by connecting their cooling towers, amenities
(urinals and toilet flushing) and irrigation use to the
recycled water network. This helps owners avoid capital
investment in their own plant. These guidelines is aimed at
facility managers of these kind of existing buildings to help
them to become ‘recycled water ready’;

Figure 4: Typical water distribution in a commercial
building, including leaks (DEH, 2006a)
Cooling towers 31%

Shops 3%

n Existing buildings that already have an on-site recycled

water supply, depending on the proximity to the treatment
plant and/or storage facilities for the decentralised water
system, may have an opportunity to supply any surplus
recycled water back to the network. These guidelines do
not cover this type of building, however, City of Sydney
welcomes approaches from buildings in this situation; and

Other 2%
Irrigation 1%

n New buildings that are built either as part of a

redevelopment site or major refurbishment would have
an opportunity to connect to the recycled water network.
These guidelines can be used to inform the design
specifications of the building in order to make provision for
dual reticulation to supply drinking quality water supplied
by Sydney Water Corporation mains and recycled water
network supplied by a City-appointed water and sewerage
company (WASCO).

Amenities 37%
Leakage/baseflow 26%
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Benefits of precinct-scale recycled water
for building owners

n Operational

Risk Management – Water is a resource
that is critical to a functional building. In the event of a
drought or increase in number of hot days that results in
breakdown of central water supply, there is high likelihood
of amenities and cooling towers running out of water and
uncomfortable thermal conditions within the building.
Being connected to a local recycled water scheme that
is independent and separate to the mains water supply
provides a risk mitigation strategy for a scenario that has
been predicted to be more frequent with climate change.

Building owners commonly install on-site water recycling
schemes when undertaking major refurbishment to a
building, however, having an on-site recycled water scheme
within a building comes with added on-going cost and
responsibility of operating and maintaining the in-house
facility. Connection to a precinct-scale recycled water
scheme relieves the building owners of the on-going cost,
responsibility and risk.

n PCA

From the building owner’s perspective, water efficiency
and use of recycled water supports multiple organisational
objectives, including:
n Environmental

strategy – Reducing mains water usage
through use of recycled water is about reducing the
impact of an organisation’s activities on the environment
through resource conservation and cost savings resulting
from reduced mains water usage. Water recycling is a
means of conserving water by minimising waste; therefore,
connecting buildings to a recycled water network would
align with the environmental strategy of the building
owners. In addition, reducing mains water usage and
contributing to reduction in volume of wastewater
disposed of as waste addresses the issues of freshwater
scarcity and water pollution.

n Improved

performance rating – Recycled water use can
result in improved building ratings in relation to water
performance. This means that the buildings connected
to a recycled water network will achieve higher ratings
according to the National Australian Built Environment
Rating System (NABERS), without having to invest in
capital and the on-going costs of building and operating
an on-site recycled water scheme. An improved
environmental performance rating has the potential
to appeal to commercial tenants that are increasingly
looking to lease office space that contributes to their
environmental objectives.

Guide to Office Building Quality Benefits – The
Property Council of Australia Guide to Office Building
Quality specifies that all B–, A–, and Premium- Grade
buildings that are new or significantly refurbished should
have non-potable water systems, due to the lower
operating costs, better cap rates, and higher resilience
these systems provide to buildings.

n Cost

savings – Recycled water is typically priced 10 to
20 per cent lower than drinking water, thus providing
reduction in annual charges for water use. In the example
of the Sydney Olympic Park Authority (SOPA) Water
Recycling and Management System (WRAMS), the price
for recycled water is set 15 cents lower than the cost of
Sydney’s drinking water.

Summary of benefits

1

2
3

Building owner receives recycled water
without the capital and operating cost of
looking after a treatment plant.
Recycled water is priced 10 to 20 per
cent lower than drinking water, thus
providing a reduction in annual charges
for water use.
Building connected to recycled water can
improve a NABERS Water rating and PCA
Grade, without having to invest in the
infrastructure for treatment plant.

BETTER BUILDINGS PARTNERSHIP

CONNECTION GUIDELINES

9

Risk management
As with any upgrade or refurbishment of building
infrastructure, risk factors need to be assessed and
appropriate control and treatment measures developed
by the building manager. Typical risks to be managed are
included in Table 2.

Table 2: Risks and broad management strategy
Risk

Management strategy

Cross
contamination
between mains
water supply and
recycled water
supply within
the building
connections

Training manuals and contractor
briefings.

Public health risk Signage disclosure and liability.
from accidental
drinking of
recycled water by
building users
Disruption in
recycled water
supply

Recycled water service provider will
mitigate the risk of failure of treatment
system by having mains water supply
as a back-up at the scheme level.
The building owner may also consider
installing a storage tank on the roof of
the building with the capacity to store
one day to five days water demand.

Cooling tower
warranty

Cooling tower warranty will be
dependent on the cooling tower
manufacturers. Several large cooling
tower suppliers have indicated that
warranties should not be broken if the
water constituents and treatment is
as per the cooling tower specification
and initial design intent.
It is recommended that both the
specific cooling tower manufacturer
and the water treatment service
provider are contacted to assess any
potential implications of connecting
to the recycled water network and
any additional requirements in order
to maintain the equipment warranty
and to ensure microbiological (e.g.
Legionella) and corrosion control
is maintained.
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broad considerations for using
recycled water in a building
Recycled water can be used for a wide selection of uses where drinking-quality water is not required. Table 3 identifies these
uses, potential changes in performance to existing hydraulic design, pumps and any ancillary equipment, and recommendations.
Note that this is high-level guidance only and the application of recycled water for different uses requires detailed analysis. This
section will focus on the integration of cooling towers and toilet amenities to use recycled water, as these are the primary uses
within the context of commercial office buildings.
Table 3: Broad considerations for the use of recycled water in a building
Recycled water
use type

Potential
change
required

Cooling towers

nnn

Comment

Recommendation

Generally straightforward if there is
adequate room in the riser to fit the
additional pipework to cooling towers.

Consider connection as cooling towers
can represent a substantial potable
water use within a building.

Check cooling tower manufacturer’s
warranty.
Discuss and agree with the water
treatment service provider as they may
need to modify their treatment process
slightly to suit the recycled water
quality required.
Toilet amenities

nnnnn

May require substantial builder’s works
to install dual reticulation network.

Install dual reticulation pipework during
a planned refurbishment/upgrade.

Irrigation and hard
surface cleaning

n

Generally straightforward if there is
adequate room in the riser to fit the
additional pipework.

Connect if irrigation requirement
warrants connection.

Car wash facilities

n

Generally straightforward.

Connect if car wash requirement
warrants connection.

Washing machines

nnnnn

Highly applicable to residential and
student accommodation buildings,
especially those with centralised
laundry facilities.

Connect if washing machines are
present and if tenants are agreeable to
recycled water being used.

May require substantial builder’s works
in residential buildings to install dual
reticulation network to each apartment’s
washing machine.

n Minimal change required
nnn Moderate change required
nnnnn Extensive change required
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Considerations for connecting cooling
towers to recycled water

n Refurbishment and upgrade of malfunctioning and out-

Cooling towers are used for the rejection of heat from a
building’s heating, ventilation and air conditioning (HVAC)
system. Although efficient in rejecting heat, cooling towers
are responsible for the use of large volumes of potable water,
and in some instances are known to make up more than half
of a building’s total potable water usage (AIRAH, 2009).

n Adoption of drift eliminator (reduces water droplets from

Although this document is intended as a comprehensive
guide, a consulting engineer or suitably qualified person
should be engaged throughout the connection and
retrofitting process to ensure the building owner is fully
informed and any connection risks are addressed.

n Splash out louvers and guards to reduce water spillage

dated components;
being induced into exhaust air flow);
n Adequate overflow level and pipework design;
n Leak minimisation in the pipework, cooling tower

construction and seals;
from air inlets;
n Effective cooling tower positioning and adoption of

enclosures to reduce water loss due to wind forces,
i.e. ‘windage’; and

Reasons for requiring cooling tower makeup water

n Design of appropriate pipe sizes and valves with

appropriate authority to regulate water pressure, as a high
water pressure can result in water losses.

There are three general methods of water loss from a
cooling tower:
1. Evaporation – evaporative cooling towers reject heat by
evaporating a portion of the recirculated water into the
atmosphere as warm saturated discharge air;
2. Bleeding – as water evaporates, impurities or total
dissolved solids (TDS) are left behind in the system, which
require monitoring and regulation by the use of ‘bleeding’
and ‘make-up’ to the system; and

In the majority of instances, cooling tower manufacturers
address several of these strategies as standard equipment
items; if not, they are available as additional retrofit options.
A consultant engineer or suitably qualified person can be
engaged to review and assess if any of the above could be
implemented to reduce a building’s potable water usage.

Cooling Tower Types
Cooling towers can be delineated by:

3. Drift/Splash out – water loss in the exhaust air, and
through air intakes.

n System type:

Other, less common, methods of water loss that are
generally the result of a poorly performing system include:

– Open: Rejection of heat from the medium is achieved
through direct contact between the medium and airflow;

n Leaks; and

– Closed: Rejection of heat from the medium is achieved
through indirect contact with the medium and airflow;

n Windage.

Due to the abovementioned losses, the required water level
has to be replaced, i.e. make-up.

Methods of water conservation in cooling towers
Some of the strategies which can be employed for
developing a more sustainable and effective cooling tower
system may include a review of the following:
n Tower water balance and consumption;
n Tower operation;

n Airflow generation;

– Induced: Airflow is drawn through the cooling tower
from low level intakes by means of high level extract fan;
– Forced: Airflow is forced through the cooling tower from
a low level fan and discharged through high level vents;
–N
 atural or Combination: Through buoyancy or
combination of mechanical and natural. Typically used
in power plants, and not for commercial/residential
heat rejection.

n Water management by the use of metering devices in

conjunction with regulation valves;
n Alternative water sources such as the recycled

water network;
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Direct Contact Open System
An open system cooling tower is used to reject heat from a water system, typically referred to as a condenser water
loop. Heat rejection occurs by using a fan to induce (fan location at the top) or to force (fan location at the bottom) air
through a packing fill, and discharge to the atmosphere. The moving air-stream absorbs the heat and moisture from the
water stream (Direct Contact) in the packing fill and lowers the temperature by evaporation.
Direct contact open systems are:
n Common in Sydney commercial office buildings;
n Have high make-up water requirements due to direct effect; and
n Highly efficient at heat rejection.

Figure 5: Induced Draft Cooling Tower (Direct Contact)
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Indirect Contact Open System
Indirect cooling towers reject heat from the HVAC system by having the condenser water loop in a coil arrangement
within the tower chassis. A small open system within the cooling tower sprays water over the coil surface to facilitate an
evaporation process on the external surface of the coil to enhance the rate of heat rejection (indirect contact).
Indirect contact systems are:
n

Less common in Sydney; and

n

Are typically installed in buildings which have limited plant room access.

Figure 6: Evaporative Cooler (Indirect Contact)
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Closed System
A closed system heat rejection arrangement will not require the use of make-up water; such systems may be termed as
dry coolers. A dry cooler rejects heat by inducing an air flow over the coil system. In the process, heat is rejected from
the coil to the airstream. Unlike the open system, dry coolers do not use water evaporation to reject heat, and thereby
no make-up water is required.
Closed systems are commonly used in refrigerant-based systems and in areas which have specific requirements in
terms of internal equipment and zones, e.g. communications rooms.

Figure 7: Dry Cooler (Closed System)
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Establishing cooling tower suitability for connection to a recycled water network
Figure 8 shows a flow chart which summarises the various considerations which should be taken into account if cooling towers
may be connected to the recycled water network.
Figure 8: Retrofitting Cooling Towers Flow Chart

RWRN for
cooling towers

System type

Open system

Closed system

Closed system will not have
a make-up requirement

Yes

Direct contact
cooling towers

Indirect contact
cooling towers

n Forced

n Evaporative

draft
n Induced draft

Not applicable

cooler

Aged and non-standard
conforming existing cooling
towers may not be suitable for
the RWRN connection unless
refurbished and/or replaced

Assess cooling
tower condition
n Suitability

n Fill

n Fans

n Pipework

n Construction
n Efficiency

packing

n Enclosure

Unsuitable

Refurbishment
or replacement

No

Yes

Suitable

Suitable condition
of cooling tower

Determine system
characteristics
n Heat rejection
n Make-up quantity
n Pipework reticulation
n System requirements
Design
n Pipe size
n Reticulation
n Valves
n Metering
n Pump requirements
n Water treatment
n System interaction
n Implementation
Construction
n Design integration
n Testing
n Commissioning
Monitoring
n Make-up quantity
n Water treatment
n Cooling tower operation
n Surrounds
n Optimisation
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Making a connection to the recycled water network
If it is considered to be feasible to connect an open system cooling tower to recycled water, a typical scenario would involve
the following:
Figure 9: Cooling Tower Recycled Water Network Connection

n Cooling

Tower – Connection size, location and arrangement to the cooling tower will be dependent on the system type and
compatibility (as per manufacturer’s or WASCO’s guidance);

n Pipe

work reticulation from the building zone to the recycled water network – Works need to be coordinated with the City
of Sydney in order to connect to the network with minimal disruptions, e.g. traffic, other line connections;

n Pipe

work – Pipe work sizes will depend on the building design, cooling tower system, and specific water make-up
requirements. Typically, the cooling towers will be placed on the roof of the building, with a services riser enabling the
recycled water network make-up supply pipe work to reticulate through to the cooling towers;

n Valves – Isolation valves will be installed at the entry of the building;
n Metering – Meters to be installed to establish the usage; and
n Pumps – Depending on the building layout, design, and cooling tower location, assessment into the requirements of booster

pumps needs to performed (although it’s unlikely). If required, pumps will be designed for the pipe work reticulation length,
size, material, and building height.
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Estimated Pipe Work Size
Example of the estimated building recycled water network
pipe work sizes are outlined in Table 4 below.
A potable water connection to the cooling tower will still be
required for top-up and back-up purposes. The system will
need a reduced pressure zone device (RPZD) on the potable
water line to ensure no backflow from the recycled water
network occurs in the potable water line.
Table 4: Estimated heat rejection and make-up water
requirements (based on a typical scenario with 104 W/m2
of HVAC cooling load and 120 W/m2 heat rejection)

The following key parameters should be monitored to
ensure the water chemistry conforms to the manufacturers
recommended guidelines. The monitored parameters should
include the following:
n pH level;
n Total Suspended Solids (TDS);
n Conductivity;
n Calcium;
n Chlorides;
n Silica; and

Building
Size (m2)

Heat
Rejection
(KWth)

Make-Up
Requirements (L/S)

Pipe
Diameter
(mm)

10,000

1,200

0.59

32

20,000

2,400

1.18

40

40,000

4,800

2.36

50

Furthermore, as per the gazetted standard AS/
NZS3666.2 2002 Clause 2.5, cooling tower inspections
should be performed at least monthly and the system
maintained in accordance with the buildings operating and
maintenance manuals.

60,000

7,200

3.54

65

Cooling tower warranty risks by retrofitting

n Bacteria levels.

Maintaining an appropriate level of water treatment
A well designed and appropriate water treatment and
microbiological program is required to ensure efficient
system operation and equipment service life.
An inappropriate water treatment program or
malfunctioning chemical dosing unit can result in loss in
the following:
n System performance;

Warranties will be dependent on the cooling tower
manufacturers. Several large cooling tower suppliers
have indicated that warranties will not be void if the water
constituents and treatment is as per the cooling tower
specification and initial design intent.
It is recommended that the specific cooling tower
manufacturer is contacted to assess any potential
implications of connecting to the recycled water network
and any additional chemical treatment requirements in order
to maintain the equipment warranty.

n Heat transfer efficiency;
n Corrosion potential; and/or
n Increase in risk of forming of pathogens, e.g. Legionella.
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Potential risks
Although water quality risks are contractually borne by the
WASCO, the building owner should be aware and consider
the following key issues when seeking a connection to the
recycled water network as a make-up source for an existing
cooling tower installation:
n System

water quality – Stringent system design
guidelines need to be followed in order to effectively
transition to recycled water as a source of make-up for
the cooling towers. They may involve the use of a new
water treatment program specifically for the recycled
water constituents to ensure required water quality. If left
untreated, some contaminates could be damaging, and
expensive to remove, e.g. solids build up in the pipework
could result in blockages and system inefficiencies;

Considerations for connecting to decentralised
energy systems in the future
Considerations need to be made to the water requirements
of decentralised energy systems like tri-generation due to
the heat rejection needs associated with absorption chiller
plant within a building, as these are typically higher than that
of a traditional electric driven chilled water system.
Potential impacts include:
n Increased heat rejection capacity;
n Increased make-up water requirements; and
n Increased cooling tower enclosure.

All of the above can be assessed on a holistic basis by a
qualified professional.

Reference documents and guidelines

n Equipment

– Water quality must also comply with the
remaining system components such as pump impellers,
pipework, and coils; and

The Australian Institute of Refrigeration, Air Conditioning
and Heating, (1997). DA17 Cooling Towers.

n Surrounds – Water constituents to be adopted in

respect to the surrounds adjacent to the cooling tower,
such as acoustic and/or architectural enclosures, and
structural framework. During the cooling tower operation,
accumulated airborne contaminates are dispersed to
the surrounds. The surrounding areas need to be of an
appropriate material to ensure protection from affects
such as formation of pit corrosion and ensure equipment
service life.

The Australian Institute of Refrigeration, Air Conditioning
and Heating, (1998). DA18 Water Treatment.
Aherne, V. J. The Australian Institute of Refrigeration,
Air Conditioning and Heating, (2009). AIRAH Water
Conservation in Cooling Towers Best Practice Guideline.
Retrieved from website: http://www.airah.org.au/imis15_
prod/Content_Files/BestPracticeGuides/BPG_Cooling_
Towers.pdf
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Considerations for connecting toilets and urinals to recycled water
Water used for toilet amenities (i.e. WC and urinal flushing) can form a large proportion of the overall water consumption within
a building; therefore representing a substantial opportunity to use recycled water.
The following flow chart has been prepared (see Figure 10) to assist building owners who are considering connecting their toilet
amenities to a recycled water network. Accompanying text has also been provided.
Figure 10: Retrofitting Toilet Amenities Flow Chart

Yes

Is there a
demand for
toilet flushing?

No

Further investigation
required to assess recycled
water application

Is there a refurbishment
in the near future?

No

Further investigation
required to assess recycled
water application

No

Further investigation
required to assess recycled
water application

No

Further investigation
required to assess recycled
water application

Implement water
efficiency measures

Is there dual
reticulation pipework
and a recycled water
storage tank?

No

Yes

Yes

Is there a pipework
riser to provide
recycled water to the
storage tank?

Are existing pipework
risers accessible?
Install riser
Yes

Yes

Is there a recycled
water booster pump
and recycled water
meter at ground floor or
basement level?

Is there space available in
existing pipework riser?

No

Is your building less than
five storeys?

Yes

No

Yes

Is there space available
for a recycled water
storage tank?

Yes

No

Is there space
available for a recycled
water booster pump set
and recycled
water meter?

Yes

No

Further investigation
required to assess recycled
water application

Yes
Design and install
recycled water system

Connect to RWRN
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Water efficiency measures

Pipework riser accessibility

n Use the Water Efficiency Labeling and Standards (WELS)

Pipework risers need to be accessible if new pipework is
to be installed. Consider if risers are inaccessible and the
builder’ work impact to provide access. Risers are considered
to be inaccessible if they are located within the building
structure (e.g. within a brick duct).

Scheme ratings for water fixtures and fittings. This is
an Australian scheme that requires water fixtures and
fittings to be registered and labeled based on their water
efficiency. Recommended minimum ratings for standard
plumbing products and sanitaryware are:

Spatial requirements in existing pipework risers for
additional recycled water pipework

–T
 aps – 6 star;
–T
 oilets – 4 star;

For the new recycled water pipework to be installed in the
riser, consider if there is enough space. As a guide, assess if
there is at least 0.2 square metres available, which assumes
two Ø50mm pipes (boosted and gravity fed risers).

–U
 rinals – 6 star or waterless; and
–W
 ashing machines – 5 star.
n A significant saving of over 20 per cent in water

Spatial requirements for recycled water storage tank

consumption can be achieved by incorporating water
efficient fixtures and fittings, compared to those used as
recently as 10 years ago;
n Implement smart metering techniques using a series of

meters strategically placed across the hydraulic services
of the building. Meters continuously log data in regards to
water consumption, analyse and generate flow patterns,
and identify leakages and seepages; and
n Utilise pressure management techniques (which mainly

consist of lowering incoming water pressure to the
building) which will lead to reduction of water flow rates
and subsequently the amount of water consumed.

Dual reticulation pipework, a recycled water booster
pump set, storage tank (e.g. flusherette tank) and
recycled water meter installation
‘Dual reticulation pipework’ is when separate pipework
systems carry potable and recycled water separately. If your
building already has this installed, it will make connection to
the recycled water network relatively easier and cheaper.

Timing with building refurbishment
Generally, if your building does not have dual reticulation
pipework, substantial building works will be required to
install the recycled water pipework. However, these works
could be timed to take place during other refurbishment
works in the building and this opportunity should be
investigated at that point, e.g. if a new tenant is leasing the
premises and refurbishment work is required, if the building
is undergoing an upgrade as part of the asset replacement
cycle, or if there has been a major leak and the pipework riser
needs to be accessed and replaced.

A recycled water storage tank (to hold the equivalent
volume of recycled water to serve the building for four
hours) will likely be required for buildings more than five
storeys. Ideally, the tank should be located at roof level and
should not be located above any potable water plumbing or
pipework. Indicative tank sizes are shown in Table 5.
Table 5: Indicative recycled water storage tank sizes
(if water efficiency measures were implemented)
Building Type

Area

Indicative
Tank Size

Commercial

10,000m2

4,000 litres

50,000m2

20,000 litres

10,000m

2,500 litres

Residential

2

50,000m
Retail

10,000m

2

2

50,000m2

12,500 litres
3,000 litres
15,000 litres

Spatial requirements for a recycled water booster
pump set and recycled water meter
n Approximately 10 square metres of space will be required

in the basement or ground floor to provide pressurised
water to each level; and
n The recycled water meter needs to be located at the

ground floor boundary. Area required is 1.6 square metres
(2m x 0.8m).

Infrastructure requirements
Retrofit requirements are discussed corresponding to three
different plumbing configuration scenarios typically found in
high-rise buildings.
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Scenario 1
Where the aspiration for an existing building is to switch immediately to use recycled water for toilet amenities. Before
a recycled water network connection can be made, installation of a whole recycled water system will be required.
Description of existing configuration:
n

Potable water storage tank supplies the bathroom amenities; and

n

The distribution pipework within bathrooms supplies toilets, urinals, basins and showers.

Retrofit requirements for this scenario will involve (as shown in Figure 11) installation of:
n

A new storage tank for storing (non-potable) recycled water.

n

A new pipework and pump set to supply recycled water from the network to the non-potable water storage tank;

n Pipework connection carrying potable water to non-potable water storage tank to serve as back-up supply along

with a backflow prevention; and
n

New pipework from the non-potable water storage tank to the toilets and urinals.

Figure 11: Recycled water network connection Scenario 1

Suggested scope of works for inclusion in the building/bathroom refurbishment contract
The following items could be included in the scope of works of building/bathroom refurbishment with a view to prepare
the building to receive a non-potable water supply by connecting to a recycled water network in the future.
Contractor shall install:
n

A new storage tank for storage of receiving non-potable water from recycled water main;

n New pipe work and pump set to supply recycled water from the network to recycled water storage tank. (The size of

the pipe will be determined during design stage). The pipe work will be capped at the receiving end until the recycled
water network becomes available to connect;
n A connection between potable supply pipe to non-potable storage tank (as a back-up supply and until the recycled

water connection becomes available) along with a back-flow prevention valve;
n New pipe work with connections to toilets and urinals on each floor from the non-potable water storage tank;
n A stop valve shall be provided in close proximity to the non-potable water riser to isolate each floor; and
n AS connection to recycled water network.

The contractor shall also:
n Disconnect toilets and urinals from potable water pipe work; and
n Allow to conceal new pipework within ceiling or walls, as required.
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Scenario 2
Where the aspiration for an existing building is to take advantage of a planned upgrade to install recycled water building
components (stage 1), then switch at a later date to use recycled water for toilet amenities (stage 2). Stage 1 will include
installation of capped connections to toilet amenities at each floor level. Potable water will be supplied to the toilet
amenities at this stage. Stage 2 will include connection to the recycled water network, installation of recycled water risers,
pump set, recycled water storage tank and a recycled water meter, and connection of the toilet amenities to the recycled
water capped connections. The potable water connection to the toilet amenities will be disconnected at this stage.
Description of existing configuration:
n

Potable water storage tank supplies the bathroom amenities; and

n A distribution pipework within bathrooms splits to supply toilets and urinals from one pipe line and basins and

showers from the other.
Retrofit requirements for this scenario will involve (as shown in Figure 12) installation of:
n A new storage tank for storing (non-potable) recycled water.
n New pipework and pump set supplying recycled water from the network to the non-potable water storage tank;
n Connecting pipework carrying potable water to non-potable water storage tank to serve as back-up supply along

with a backflow prevention device; and
n New pipework from the non-potable water storage tank with capped connections in each floor for future connection

to the toilets and urinals.
Suggested scope of works for inclusion in the building/bathroom refurbishment contract
The following items could be included in the scope of works of building/bathroom refurbishment with a view to prepare
the building to receive a non-potable water supply by connecting to a recycled water network in the future.
Contractor shall install:
n A new storage tank for storing non-potable water from recycled water main;
n New pipe work and pump set to supply recycled water from the network to recycled water storage tank. (The size of

the pipe will be determined during design stage). The pipe work will be capped at the receiving end until the recycled
water network becomes available to connect;
n A connection between potable supply pipe to non-potable storage tank (as a back-up supply and until the recycled

water connection becomes available) along with a back-flow prevention valve;
n New pipe work with capped off connections to bathrooms on each floor from the non-potable water storage tank;
n A stop valve shall be provided in close proximity to the non-potable water riser to isolate each floor; and
n A connection to recycled water network.

The contractor shall also:
n Disconnect the toilet and urinal pipeline from potable water pipe work and connect to recycled water capped off

connection when the recycled water network becomes available.
Figure 12: Recycled water network connection Scenario 2
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Scenario 3
Where an existing building already has a dual water supply system to supply recycled water to toilets and urinals, and
potable water to other fixtures and fittings. Before a recycled water network connection can be made, installation of a
recycled water meter, pump set and riser to the existing flusherette tank will be required.
Description of existing configuration:
n A flusherette tank supplies water to non-potable uses such as toilets and urinals; and
n Distribution pipwork from the flusherette tank to toilets and urinals is separate from distiburion pipework from

potable water storage tank to basins and showers.
Retrofit requirements for this scenario will involve (as shown in Figure 13) installation of:
n New pipework and pump set supplying recycled water from the network to the flusherette tank.

Figure 13: Recycled water network connection Scenario 3

Suggested scope of works for inclusion in the building/bathroom refurbishment contract
The following items could be included in the scope of works of building/bathroom refurbishment:
Contractor shall install:
n New pipe work and pump set to supply recycled water from the network to the flusherette tank. The new pipe work

will be capped at the receiving end until the recycled water network becomes available to connect.
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Risk Management

Common considerations

Low quality installation of the recycled system can
possibly lead to contamination of potable water. This
risk can be mitigated by ensuring that the system is
installed in accordance with Australian standards and
local requirements. The requirements include but are
not limited to:

Staging of Works

n Installation of dual reticulation pipework to separate

the potable and recycled water supplies. Water supply
system shall be installed and maintained so as to prevent
contamination of the drinking water;
n Recycled water shall be provided only to plumbing fixtures

which are not designed for human consumption i.e. toilet
cisterns and urinals
n Recycled water piping shall be clearly and permanently

labelled. During installation, recycled water should have
purple marker tape (i.e. stickers) fastened to the pipe at no
more than 3m intervals,

Recycled water connections to toilets can be carried out in
stages to coincide with the refurbishment of each floor or
even each toilet depending on the location of the toilet and
ease of installing the recycled water pipework. It should also
be noted that there is no requirement to connect all toilets to
a recycled water supply, consequently some toilets that are
not cost effective to be connected to recycled water can still
remain with a potable water supply.
Potable water back-up
A potable water connection to the recycled water storage
tank will still be required for top-up and back-up purposes.
The system would have to incorporate backflow prevention
measures to ensure no backflow from the recycled water
network is induced in the potable water line.

n The tape should state ‘THIS PIPE IS NON-DRINKING

WATER’; and
n All connections for potable water back up supply should

be installed with appropriate back-flow prevention devices
as required by AS/NZS3500.1.
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Project Planning & Evaluation
The following elements should be considered when planning and evaluating a potential connection to the recycled
water network.
Water Demand Profile

Possible end uses of recycled water include:
n Cooling towers
n Toilet amenities
n Car wash
n Irrigation and hard surface cleaning
n Washing Machines

An accurate water demand profile of all potential end uses to be supplied with recycled water
is essential before planning to connect to the recycled water supply. The demand profile
should be first checked to ensure that the building is operating efficiently. All fixtures should
be well maintained and operating at maximum efficiency prior to connection to the recycled
supply. Leakage, inefficient practices, seasonal and patronage variations need to be taken into
account so that the recycled water connection can be sized correctly. Also consider the change
in demand expected if new or alternate HVAC systems such as absorption chillers or power
generation equipment such as cogeneration plant or tri-generation plant are being planned.
Data from recent water audits may be used, if no changes have since been made to
consumption rates.
Sub-metering

The connection to the recycled water supply will be separately metered. It is recommended that
cooling towers and other individual uses be sub-metered to increase control over the supply and
identify leaks (and other issues) quickly.

Infrastructure assessment

Assess the current equipment, building hydraulics system, flusherette tanks (if available), and
available ducting and space to install plumbing, pumps and storage (as required).

Heritage

If necessary (in older buildings) assess the impact of using recycled water in heritage aspects
of the building. This can include assessment of copper pipe work, urinals, toilets or basins with
heritage significance, as well as cooling towers located on roofs or prominent areas.

On-site storage

Consider achieving a balance between pump and pipe size using on site storage to reduce
pipe sizes.

Fire system use

Determine the potential to connect to the fire sprinkler systems – particularly in shopping centre
areas or areas that are re-configured often and have to undertake frequent drain down of fire
sprinkler systems. Fire hydrants also may be connected to the recycled water network. However,
capacity of the booster pumps needs to be checked to ensure they are capable of boosting to
the required pressure from the available suction pressure of the recycled water pipe network.

Back-up supply

Ensure a back-up connection to the potable water system remains or is installed to new
fixtures. This may be a second float valve within the cooling towers, a storage tank or a branch
connection to the entire recycled water network, with adequate backflow prevention.

Plumbing

As with retrofitting and heritage, assess the plumbing requirements to effectively connect to the
recycled water supply.

New buildings

Include the capability in all new buildings to connect non-potable uses to the recycled water
network. This could include:
n Separate plumbing lines for potable and non-potable water-using fixtures and an easily

accessible location to connect a new supply;
n If necessary header tanks for non-potable fixtures;
n Pipes or space for future pipes in the void space from the new connection point (street

frontage) to the roof.
Asset management
program

Determine when the potential recycled water using fixtures and equipment are scheduled for
upgrade or replacement. At this time, install a more efficient system and assess the cost/benefit
of installing a recycled water connection.

Proximity to other green
infrastructure

If power and hot water are available from trigeneration, consider impacts on recycled water and
energy demand of converting to adsorption or absorption chillers or to use the hot water to pre
heat hot water system feed water.
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Project Consultation Process
It is anticipated and intended that the approval process to connect to the recycled water system will be straightforward and not
much different to the current process for installing a cooling tower or plumbing. The following points are some of the things that
need to be considered once the project has commenced.
Council

A revision of the Council Cooling Tower Application form will be prepared and this will apply to
all connections to the recycled water network. The form is based on the Public Health Act 1991
and is used to notify Council and NSW Health of each cooling tower. The new form will include
conditions of use and reporting as well as a mechanism for billing.
This is expected to be the only regulatory requirement.

WASCO supplying
recycled water

WASCO supplying the recycled water will generally enter into customer service agreement
where the service levels will be clearly defined and agreed upon.

Sydney Water Corporation

Review supply and sewage service contracts with your existing water supplier e.g. Sydney
Water. The sewage discharge factor may have to be adjusted. Review trade waste permit for
changes to discharge volumes and concentrations.

Tenants and end users’
acceptance and education

All building occupants and visiting contractors (cleaners, gardeners, cooling tower water
treatment etc.) would need to be notified about the recycled water connection and their
obligations. All possible measures will be implemented to avoid cross connection including
education of plumbers through a site induction procedure, colour coding of the recycled pipe
work and clear labeling of recycled water in accessible areas will be required.

Contractor training and
contract update

Ensure all on-site and visiting workers who may have access and exposure to the recycled
water are aware of the locations and risks, and trained in managing them. Also ensure that the
maintenance contract for any fixtures connected to the recycled supply is updated to reflect
the connection.

Timing

Consider streamlining the connection with other capital works or infrastructure upgrades to
reduce overall costs and impact of building occupants.
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case studies
Case study of buildings operating with
recycled water supply
Four buildings have been selected as case studies which
operate with recycled water connections servicing their nonpotable water uses. The four buildings are commercial office
buildings. Two are connected to a precinct recycled water
network at Sydney Olympic Park and the other two operate
on-site systems. Each building’s facilities were diagrammed
by the facilities managers or owners of the building to
explain the connection to the non-potable water uses.
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Case Study: 1 Bligh Street

Building Name/Location
1 Bligh St
Premium grade office
building
27 levels of office space
with floor plate sizes of
1,637 with office suites
of 320 m2

Recycled water scale
and source

End uses using
recycled water

Benefits of using recycled water
and connecting to off-site recycled
water scheme

100 kL/day
(blackwater)

n Cooling towers

n Uplift in Green Star Office Design

+ 65 kL rainwater tank
(rainwater)

n Toilet flushing
n Irrigation

Water quality:

rating (where applicable)
n Uplift in NABERS Water rating

(where applicable)
n Reduction in water consumption

leading to reduced water charges

Low total dissolved
solids

n Reduction in wastewater

discharge leading to reduced
wastewater charges
Building Data
1 Bligh Street is a premium grade office building consisting of 72,630 square metres of office accommodation over
27 levels. Floor plate sizes are 1,637 square metres with office suites of 320 square metres. The building has achieved a
6 Star Green Star Office As Built v2 and Office Design v2 rating by the Green Building Council of Australia.
Recycled Water Uses
n Cooling towers
n Toilet flushing
n Irrigation

Connection Details
Figure 14: 1 Bligh Street connection details

Notes:
n Cooling towers are provided with recycled water in priority over toilet amenities
n Recycled water sourced from on-site treatment and sewer-mined water

BETTER BUILDINGS PARTNERSHIP

CONNECTION GUIDELINES

29

Case Study: Workplace 6
Building Name/Location

Recycled water scale and source

End uses using recycled water

Workplace 6

n 40 kL/day (15 blackwater and

n Toilet flushing and irrigation

Six-storey, 18,000 square metres
office building in Pyrmont,
Sydney, Australia

25 mined from adjacent sewer)

n Cooling tower

n Water quality:
n Low total dissolved solids
n 13 kL/day (Raw Sea water)

Building Data
Workplace 6 is a 6 storey A grade office building in Pyrmont, Sydney, Australia with 18,000m2 of NLA. The building has
achieved a 6 Star Green Star Office As Built v2 and Office Design v2 rating by the Green Building Council of Australia.
Additionally, the building has a 5 Star NABERS Water rating, with a normalized consumption of 0.277 kL/m2 pa.
Recycled Water Uses
n Cooling towers
n Toilet flushing
n Irrigation

Connection Details
Figure 15: Workplace 6 connection details

Note: Workplace 6 uses harbor cooling instead of cooling towers
Recycled Water Benefits
n 6 Star Green Star Office As Built v2, Office Design v2
n 5 Star NABERS Water Rating
n Water consumption reduced through 6 Star waterless urinals and 4 Star rated basin taps and toilets

Recycled Water Network Connection Learnings
The on-site system requires day-to-day management and ongoing monitoring and reporting, which the owner found
difficult to finalise with the many stakeholders and authorities involved.
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Case Study: Sydney Olympic Park WRAMS Network

Building Name/
Location
Quad 4, Sydney
Olympic Park

NABERS/
Green Star
rating

Recycled water scale End uses using
and source
recycled water

5 star Green
Star Office
Design V2
rating

SOPA water
reclamation and
management scheme
(WRAMS)

A four stage
integrated office
development, located 5 star
at Sydney Olympic
NABERS
Park (SOP)
Water
Comprises four office
buildings, totaling
23,400 sqm of net
lettable space.

Water quality

n Irrigation
n Cooling tower
n Toilet flushing
n Waterless urinals

Benefits of using recycled
water and connecting to
off-site recycled water
scheme
n Uplift in green-star Office

Design rating (where
applicable)
n Uplift in NABERS Water

rating (where applicable)
n Reduction in water

High total dissolved
solids for toilets and
low total dissolved
solids water for
cooling tower.

consumption leading to
reduced water charges
n Reduction in wastewater

discharge leading to
reduced wastewater
charges
n Receiving the benefits

without having to invest
in capital and operating
expenditure of the
recycled water scheme.
5 Murray Rose
Avenue, Sydney
Olympic Park

6 star Green
Star rating

$60 million dollar
development

Water quality

2 office buildings,
each with 7
levels of office
accommodation,
associated basement
parking and ground
floor retail.

n Irrigation
n Cooling tower
n Toilet flushing
n Waterless urinals

High total dissolved
solids for toilets and
low total dissolved
solids water for
cooling tower.

Stage One
construction was
completed in March
2012 with fit out of
the 12,200 square
metre building.
2 and 4 Dawn Fraser
Avenue, Sydney
Olympic Park

SOPA water
reclamation and
management scheme
(WRAMS)

5 Star Green
star rating

n Uplift in green-star Office

Design rating (where
applicable)
n Uplift in NABERS Water

rating (where applicable)
n Reduction in water

consumption leading to
reduced water charges
n Reduction in wastewater

discharge leading to
reduced wastewater
charges
n Receiving the benefits

without having to invest
in capital and operating
expenditure of the
recycled water scheme.

5.5 NABERS
water rating

Network Data
For the 2000 Sydney Olympic Games, Sydney Olympic Park constructed an integrated water management system
entitled the Water Reclamation and Management System (WRAMS). The system collects and treats sewage and
stormwater and serves this to residential, commercial and sporting buildings across the site. The network is centrally
managed and monitored. The buildings in Sydney Olympic Park were all designed with recycled water connections
in mind. The recycled water price is set 15 cents below Sydney Water’s drinking water price. A connection charge is
applicable on a quarterly basis.
Recycled Water Uses
n Cooling Towers

n Irrigation

n Toilet Flushing

n Clothes Washing
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Case Study: Sydney Olympic Park WRAMS Network (continued)
Figure 16: Sydney Olympic Park Authority WRAMS network details

Notes:
n Stormwater runoff from roofs, roads and parks first passes through treatment ponds to remove nutrients

and pollutants.
n Sewage from Newington and major venues and facilities at Sydney Olympic Park is treated at the Water Reclamation

Plant up to a rate of 3.1 million litres per day.
n Water from either the Reclamation Plant or the Brickpit is processed at the Water Treatment Plant using two processes:

–C
 ontinuous micro-filtration to remove all particles larger than 0.2 microns (including water parasites, viruses and
bacteria); and
–R
 everse osmosis to reduce salinity. Chlorine is also used to disinfect the water.
n The Water Reclamation Plant can treat up to 7.5 million litres of water per day.
n The Brickpit acts as a water storage reservoir to store stormwater and excess treated effluent to provide extra water

for final treatment when demand is high. The reservoir holds up to 300 million litres which can be pumped to the
Water Treatment Plant for final processing as required.
n Dual Water Supply Network – Separate pipelines carrying drinking and recycled water are installed throughout

Sydney Olympic Park and Newington. Each facility has 2 metered connections, one for drinking and the other for
recycled water.
Recycled Water Benefits
n Saves approximately 850 million litres of drinking water each year (50 per cent reduction in drinking water

consumption for Sydney Olympic Park and Newington); and
n Treats and reuses almost 100 per cent of sewage.
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Case Study WRAMS Network Buildings: 2 and 4 Dawn Fraser Avenue
Building Data
2 offices buildings, 7 storeys each with carpark and ground floor retail
5.5 Star NABERS Water Ratings, 5 Star Green Star ratings
Connection Details
Figure 17: 2 and 4 Dawn Fraser Avenue connection details

Notes:
n Sydney Olympic Park has its own catchment and filtration plant which supplies recycled water to the buildings in

the precinct
n Recirculation pumps supply water to the building at design pressure
n In the event of loss of water from mains supply, recycled water storage tanks hold approximately 3 days of water

for the building
n If recycled water is offline for a prolonged period of time, mains water can be diverted to the recycled water tank
n Designated pipework throughout the building for both mains water and recycled water.

Recycled Water Network Connection Learnings
Installation of storage tank onsite with a capacity to store 3–5 days’ worth of non-potable demand provides improved
water security to cover for times when there are any problems with the off-site recycled water scheme.
Connection to the recycled water network is by supplying the recycled water to a non- potable water tank. This provides
a more secure prevention of cross-connection between non-potable and potable mains water via the air break.
The cycles of concentration related to cooling tower is reduced due to high total dissolved solids content of the recycled
water. However, the reduction in mains water usage is quite substantial and therefore the greater volume of recycled
water use. Recycled water is priced lower than potable water, therefore use of recycled water is still attractive for the
dollar savings the recycled water provides to the building owner without having to bear the risk and cost of running the
recycled water scheme.
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Case study of existing buildings
hypothetically connected to recycled
water supply
Four buildings have been selected as case studies to review
the high level technical opportunities and constraints
associated with connecting to a recycled water network,
as proposed by the City of Sydney’s Decentralised Water
Master Plan. The four existing buildings included two
commercial high rise buildings, one education facility and
one retail shopping centre. Each building’s facilities were
inspected to explore the scope and opportunity of retrofits
that would be required to connect to the non-drinking water
uses to the recycled water network.
The case studies have been developed for the City of Sydney
by WSP who acknowledges the valuable assistance provided
by the Better Buildings Partnership.
Each case study represents a different water load profile,
building use typology and location in the Sydney CBD.
The intent is to validate how a particular building type and
its unique circumstances would fit within the context of a
recycled water network. The opportunities and recycled
water network context for each case study are summarised
in Table 6.
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Table 6: Summary of case study opportunities

Commercial
Building No. 1

Commercial
Building No. 2

Building 10,
University of
Technology,
Sydney (UTS)

Building
Typology

Commercial office
towers with retail
podium

Commercial
office building

Heritage type
educational facility

Retail shopping centre

What the
Building
Represents

Plant space physically
constrained for recycled
water storage tank

Plant space physically
constrained for recycled
water storage tank

Building already has
recycled water storage
tanks and a separate
flushing system

Plant space
readily available

Parameter

Broadway
Shopping Centre

Building forms part of
UTS’ wider City Campus
Annual water use Cooling Towers – 44%
breakdown (% of
Sanitary Flushing – 27%
total water use)
TOTAL NON POTABLE
USE = 71%

Cooling Towers – 38%

Cooling Towers – 30%

Cooling Towers – 8%

Sanitary Flushing – 31%

Sanitary Flushing – 16%

Sanitary Flushing – 15%

TOTAL NON POTABLE
USE = 69%

TOTAL NON POTABLE
USE = 46%

TOTAL NON POTABLE
USE = 23%

Opportunities
Identified

Cooling towers

Cooling towers

Cooling towers

Cooling towers

Sanitary flushing:
Provide capped
connections for sanitary
flushing in the future

Sanitary flushing:
Provide capped
connections for sanitary
flushing in the future

Sanitary flushing

Potential
percentage
demand met by
recycled water

71% of mains water
demand

69% of mains water
demand

46% of mains water
demand

8% of mains water
demand

100% of non-potable
water demand

100% of non-potable
water demand

100% of non-potable
water demand

35% of non-potable
water demand

Potential
Base Building
NABERS Rating

Uplift from 3.5 stars to
5.5 stars

Uplift from 2.5 stars to
4.5 stars

Not applicable

No rating uplift from
1 star
* Note: A Whole Building
NABERS Water rating
has been assessed due
to limitations of the
NABERS Retail tool
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Case Study: Commercial Building No. 1
Building Data
Commercial Building No. 1 consists of 72,630 square metres of office accommodation
over one high rise and one medium rise tower, and 15,000 square metres of retail
accommodation at grade level. The levels are:
Levels 1–2: podium retail
Level 3: low rise plant space
Levels 4–27: medium rise commercial
Levels 28–47: high rise commercial
Levels 48–49: high rise plant space
Existing Services
Potable water connection to Sydney Water main on Pitt Street
Water meter and booster pump set in basement
120kL potable water storage on Level 27
Booster pump set located on Level 27
80kL potable water storage tank located on Level 49
Core risers to potable water storage tanks
Fixtures and fittings are gravity fed from the potable water storage tanks
The existing annual water demand for Commercial Building No. 1 is shown in Figure 18.
Figure 18: Commercial Building No. 1 existing annual water consumption

n Cooling towers 24,000kL – 44%
n Sanitary flushing (toilets and urinals)
15,000kL – 27%
n Other uses (potable water only)
16,000kL – 29%
Total = 55,000kL/year

Recycled Water Network Opportunity
The main opportunity is to supply recycled water to meet the cooling tower make-up water requirements and the
sanitary flushing demands. Providing capped connections for sanitary flushing would allow each floor level to be
‘future ready’ to connect to a recycled water network when programmed refurbishment works are carried out.
Commercial Building No.1 has plant space constraints on Levels 27 and 49, therefore a detailed analysis would be
required to determine the size of tank that can be accommodated. Potable water back-up (or top-up, depending on
the size of the tank) may be required to ensure security of supply and that the peak daily non-potable water demands
can be met.
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Case Study: Commercial Building No. 1 (continued)
Recycled Water Network Connection Requirements
The new physical equipment/plant required for the recycled water network connection is outlined below:
n Metered connection to recycled water network;
n Recycled water storage tank at Level 27 to gravity feed to capped connections at podium levels and levels 4–26;
n Booster pump set in the basement to pump incoming recycled water to new recycled water storage tank. There is

plant space available within the existing pump room in the basement for the new booster pump set;
n Riser pipework to supply recycled water to Level 27. The hydraulic risers are fully accessible with plant space available

for additional recycled water pipework risers;
n Booster pump set on Level 27 to provide water with sufficient pressure to Levels 27–49;
n Recycled water pipework reticulation routes to supply recycled water from the storage tank to the cooling towers and

capped connections at each level; and
n Potable water connection for storage tank back-up/top-up on Level 27.

Figure 19: Hypothetical recycled water network connection arrangement
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Case Study: Commercial Building No. 2
Building Data
Commercial Building No. 2 consists of a commercial tower with a net lettable area
of approximately 40,000 square metres. The levels are:
Basement Level 3 – Lower Ground: plant space and car parking
Levels 1–24: commercial tower
Roof Plant Levels 1–3, and 25: plant space
Existing Services
Potable water connection to Sydney Water main on Pitt Street
Water meter and booster pump set in basement
85kL potable water storage tank at roof plant level 1
Core riser to potable water storage tank
Gravity fed potable water distribution system from water storage tank
The existing annual water demand for Commercial Building No. 2 is shown in Figure 20.
Figure 20: Commercial Building No. 2 existing annual water consumption

n Cooling towers 16,700kL – 38%
n Sanitary flushing (toilets and urinals)
14,000kL – 31%
n Other uses (potable water only)
13,660kL – 31%
Total = 44,360kL/year

Recycled Water Network Opportunity
The main opportunity is to supply recycled water to meet the cooling tower make-up water requirements and the
sanitary flushing demands. Providing capped connections for sanitary flushing would allow each floor level to be ‘future
ready’ to connect to a recycled water network when programmed refurbishment works are carried out.
Commercial Building No.2 has plant space constraints at the roof plant levels; therefore a detailed analysis would be
required to determine the size of tank that can be accommodated. Potable water back-up (or top-up, depending on the
size of the tank) may be required to ensure security of supply and that the peak daily non-potable water demands can
be met.
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Case Study: Commercial Building No.2 (continued)
Recycled Water Network Connection Requirements
The new physical equipment/plant required for Commercial Building No.2 to connect to a recycled water network is
outlined below:
n Metered connection to recycled water network;
n Recycled water storage tank at roof plant Level 25 to gravity feed to capped connections at the lower commercial

tower levels;
n Booster pump set in basement to pump incoming recycled water to new recycled water storage tank. There is plant

space available within the existing pump room in the basement;
n Riser pipework to supply recycled water to Level 25. The hydraulic risers are fully accessible with plant space available

for additional recycled water pipework risers;
n Pump set on Level 25 to supply recycled water from the recycled water storage tank to the cooling towers and

capped connections at the upper commercial tower levels; and
n Potable water connection for storage tank back-up/top-up on Level 25.
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Case Study: Building 10, University of Technology, Sydney (UTS)
Building Data
Building 10 comprises of facilities for the Faculties of Arts & Social Sciences, and Nursing,
Midwifery & Health across a total usable floor area of 24,430m2. The building consists of:
Level 0: car parking
Levels 1–7: teaching and administrative offices
Podium Roof Levels (Level 8–9): plant space
Levels 8–14: tower, administrative offices
Tower Roof Level 15–16: plant space
Existing Services
Potable water connection to the Sydney Water main on Jones Street
Water meter and booster pump set on Level 1
90kL potable water storage tank located at Level 16 and 18kL potable water storage tank located on Level 10
Flusherette tanks (gravity feed smaller tanks or cisterns; typically found in tall office towers and used to fill toilet and
urinal cisterns for flushing): 3kL at Level 8 and 4.5kL at Level 16
Core risers to flusherette tanks
Separate gravity fed, flushing reticulation system
The existing annual water demand for Building 10 is shown in Figure 22.
Figure 22: Building 10, UTS existing annual water consumption

n Cooling towers 6,500kL – 30%
n Sanitary flushing (toilets and urinals)
3,600kL – 16%
n Other uses (potable water only)
12,000kL – 54%
Total = 22,100kL/year

Recycled Water Network Opportunity
The main opportunity is to supply recycled water to meet the cooling tower make-up water requirements and the
sanitary flushing demands. The building already has two existing water storage tanks (flusherette tanks) and a separate
gravity fed, flushing reticulation system which can be utilised for recycled water.
Recycled Water Network Connection Requirements
The remaining physical equipment/plant required for Building 10 to connect to a recycled water network is
outlined below:
n Metered connection to recycled water network;
n Booster pump set at Level 1 to pump incoming recycled water to existing flusherette tanks. Further investigation is

required to identify plant space availability to accommodate the pump set;
n Riser pipework to supply recycled water to the existing flusherette tanks on Levels 8 and 16. Further investigation is

required to identify space availability to accommodate new pipework; and
n Potable water connection for back-up/top-up.
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Case Study: Building 10, University of Technology, Sydney (UTS) (continued)
Figure 23: Hypothetical recycled water network connection arrangement

Further Opportunities
UTS announced their City Campus Master Plan in May 2008. The new Faculty of Science (the Thomas Street building)
is currently being designed and will be constructed to the east of Building 10. UTS’ intent is to share services, i.e. to
facilitate connection of the Thomas Street building to the energy centre proposed at Building 10. This supports the
ability of Building 10 and the Thomas Street building to share heat rejection plant and realise further efficiencies.
Therefore, this presents a wider opportunity to supply recycled water to the heat rejection plant for both buildings. The
size of pipework, potable water meter and connection to the Sydney Water main in the new building may be reduced
with no additional cost of retrofitting.
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Case Study: Broadway Shopping Centre
Building Data
This retail mall comprises of three buildings with differing levels of interconnectivity,
including general administrative and facility management offices, retail units and food
court across a gross lettable area of 49,600 square metres. The building consists of:
Retail and facility management offices
Main shopping centre: car parking, retail units, public house and food court
North building: car parking, retail units and cinema
Existing Services
Main shopping centre and North building:
Potable water connection to the Sydney Water main on Francis Street
Water meter and booster pump set on Ground Level
Potable water pipework reticulation network to public toilet facilities and food court
The existing annual water demand for Broadway Shopping Centre is shown in Figure 24.
Figure 24: Broadway Shopping Centre existing annual water consumption

n Cooling towers 8,000kL – 8%
n Sanitary flushing (toilets and urinals)
15,500kL – 15%
n Other uses (potable water only)
66,400kL – 65%
n Major tenants 11,700kL – 12%
Total = 101,600kL/year

Recycled Water Network Opportunity
The main opportunity is to supply recycled water to meet the cooling tower make-up water requirements.
Broadway Shopping Centre has plant space constraints in terms of installing a recycled water storage tank; a direct
connection to the recycled water network is proposed with potable water back-up to ensure security of supply and to
ensure that the peak daily non-potable water demands can be met.
Recycled Water Network Connection Requirements
The new physical equipment/plant required for Broadway Shopping Centre to connect to a recycled water network is
outlined below:
n Metered connection to recycled water network;
n Booster pump set on Ground Level. Further investigation is required to identify plant space availability to

accommodate the pump set;
n Riser pipework to supply recycled water to the cooling tower plant; and
n Potable water connection for back-up supply.
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Case Study: Broadway Shopping Centre (continued)
Figure 25: Hypothetical recycled water network connection arrangement

Further Opportunities
The scope of this study did not allow for analysis of tenant systems; however it should be recognised that there is a
significant cooling load within each of the anchor stores which requires substantial heat rejection plant. This plant (and
the base building heat rejection plant) could be consolidated, with each tenant able to benefit from the increased use of
recycled water. Resiliency would need to be built into the consolidated heat rejection system to ensure it meets tenant
demands, but this would be the subject of detailed negotiations with each anchor store.
The retrofit to public toilet facilities for a recycled water supply should be considered when the shopping centre
undergoes upgrade/refurbishment work.
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Considerations for modelling future
non-potable water demand

Infrastructure requirement
n Additional pump and plumbing required to connect the

recycled water supply to the end use fixtures.

Preliminary demand analysis
The savings from connecting to recycled water supply are
directly proportional to the volume of annual mains water
demand that is substituted by recycled water. As such, it
is critical to undertake a preliminary demand analysis to
estimate this volume. In undertaking this analysis:

n Additional buffer of storage tank that could be built, if the

n Assume the recycled water will be of quality that is ready

n Assume that any additional infrastructure required for

to be supplied to all end-uses without requiring any
further on-site treatment.
n Assume that the recycled water will be supplied from the

off-site scheme with an operational performance and
reliability same as that of mains water.
n Determine the non-drinking end uses can be potentially

supplied with recycled water.

space was available for it.
n Cost of housing additional plumbing and pumps.
n Cost of housing associated infrastructure.

connecting the building to recycled water will be built as
part of routine upgrade or renewal. Therefore, only the
cost that is marginally over and above the routine upgrade
or renewal is included in the business-case analysis.
In other words, only include the cost that is directly
attributable to the recycled water connection.

Financial savings
n Reduction in annual fixed water meter charges resulting

n Determine additional cooling tower demand.
n Determine the additional water demand if it is proposed

to connect cogeneration or trigeneration plant in future,
including possible water demand for absorption chillers.
n Determine which non-potable end uses have seasonal

from reduction in meter size as a result of substituting
mains water with recycled water.
n Reduction in annual water charges for the volume of

recycled water use, on account of the fact that recycled
water charge is 90 per cent of mains water.

variation of demand.
n Determine the base demand and peak demand associated

with demand that varies with season.
n Volume of non-potable demand that can be supplied with

recycled water will depend on feasibility of connecting
the recycled water supply to each of the fixtures that can
potentially use the recycled water.
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