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Abstract: Problem statement: The urban water supply systems in Australian lacgies, which
generally depend on large surface water reservaieshighly stressed due to rapid urban growth and
severe drought conditions during the current dec@ideensure the long term sustainability of urban
water supply, various alternative water sourcefuiting rainwater tanks, grey water, wastewater and
desalination plants are being examined in Austraéifithe previous research, it has been shown that
rainwater tank of appropriate size, installed inadbed small dwellings, can meet a significant
proportion of household water demand, but therebleas limited study on water savings and financial
viability of Rain Water Harvesting System (RWHSY foultistorey residential buildings. This study
examines the sustainability of RWHS in multistoregidential buildings in Sydney under different
scenarios such as varying roof area, number ofglgothe building, water price and interest rate t
identify favorable condition where RWHS proves te bustainableApproach: A hypothetical
multistorey building was considered and variousnac®es in relation to site area and floor
arrangement were established. A water balance medgldeveloped to calculate water savings for
various scenarios. Finally, life cycle costing wasdertaken to identify most sustainable RWHS
scenario for the hypothetical multistorey buildifgesults: It was found that a higher roof area is more
favorable in terms of water savings and financehdfits. Capital and maintenance costs account for
the majority of the expenditure of a RWHS. Plumbaagt forms the largest single component of the
capital cost. It is shown that lower interest andréased water price regimes enhance the financial
viability of RWHS. Conclusion: It was found that it is possible to achieve “pack’ for a RWHS
under some favorable scenarios and conditions taling the RWHS for multistorey buildings in
Sydney sustainable.

Key words: Rainwater tanks, urban water cycle, life cycletiogs Australia, water sensitive urban
design

INTRODUCTION Australia has been desperately looking for altéveat
sources of fresh water including rainwater tanks in

Australia is a highly urbanized country and peghap addition to recycling grey water, wastewater ane ofs

the driest inhabited continent on earth with highlydesalination plants.

variable rainfall. For the last 10 years and sostfalia Although a rainwater tank of appropriate size can
has been experiencing severe drought which hatedrea meet a significant proportion of household water

significant water management problems. Generajjemand for small dwellings and quality of waternfro
public, media and political parties in Australiavea o tank is not a problem for non-potable uses, the

g\e/:irrabsilri]t(;/\/vill:gAuns(i:gﬁLe aﬁgnzirdnou%r':e dﬁsc‘wggragate?inancial viability of a rainwater harvesting syste
ERWHS) to individual house owner is yet to be

emerged as a national issue. Three major cities i ; . : . N
Australia namely Sydney, Melbourne and BrisbaneeStabl'Shed' in particular with the current watécein

where about 50% of Australia’s total populationeliv Australia. There is a general lack of researctioog
have been experiencing mandatory water restriction&"m SUSta'”ab_'“ty Qf rainwater tanks, in partaufor
for the last 5 years and so. Water supply autiesrith ~ multistorey residential developments.
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Rainwater tanks can be traced back in Asia to abousignificantly different from those provided by the
the 9th Century. In recent years, there has betbleo supplier. The expected long term savings were 818,
research on rainwater tanks for small dwellings inover 65 years as opposed to £122,230 predictedhéoy t
Australia. For example, Coombes and Kuczera, (20033upplier. The main factor of this discrepancy weesfact
evaluated the performance of 1-10 kL rainwaterddok  that interest rates were not considered by theligupp
small dwellings in four Australian capital citiesittv  The estimated payback period by the supplier was 10
mains water trickle top up used to supplement maingears as opposed to 17 years by Roebuck and Ashley,
water supply for domestic toilet, laundry, hot waded  (2006). A break down of the costs revealed that
outdoor usages. The results obtained from thisystudmaintenance accounted for 26% of the total expere]it
showed that the use of rainwater tanks resulted icapital costs contributed 31% and the mains top up
considerable mains water savings in each city. Baéipg  comprised 40% of total expenditure. Mitchell and
on roof area and number of occupants in the holdseho Rahman, (2006) found that RWHS is not financially
the use of rainwater tanks resulted in an annuahsma viable for multistorey buildings in Sydney, Austsaht
water savings ranging from 18-55 kL for 1 kL raitgra the current water price. However, their cost edeéma
tank and 25-144 KL for 10 kL rainwater tank. appears to be too conservative.

Grant and Hallmann, (2008ndertook a life cycle Ghisi et al. (2007)investigated the water savings
assessment for rainwater tanks of 600 and 2250 L tpotential from rainwater harvesting system in Brazi
estimate the economic benefits and costs of thkstan and found that average potential for potable water
from the consumer’s perspective. The total savimg f savings range from 12-79% yearfor the cities
the household water bill was estimated to be aroundnalyzed. Ideal rainwater tank sizes for dwellimggh
29.6% for the 2250 L tank. They found that neithbee  low potable water demand range from about 2-20 kL
of the two tanks paid back within 30 years with thedepending on rainwater demand. For dwellings with
existing water price. Coombes and Kuczera, (2003high potable water demand, ideal rainwater tankssiz
demonstrated that a particular mix of source céntrorange from about 3-7 kL. The main conclusion drawn
techniques making use of rainwater tanks can p®ducfrom the research was that the average potential fo
significant economic benefits to the community, lsthi  potable water savings in south-eastern Brazil i%41
maintaining high public health standards and alsoThey concluded that rainwater tank capacity habeto
produce significant gains for the ecosystems thatletermined for each location and dwelling as itete}s
underpin the urban water cycle. Coombes and Kugzeratrongly on potable water and rainwater demand.
(2003) investigated the economic benefit of tradil Most of the previous studies have found RWHS to
base scenario for urban water cycle services anfe financially unrewarding under the current water
alternative scenarios that include rainwater taiikey price regime where water is supplied to urban esdil
found that the economic benefits derived from tee u at subsidized rate. This paper examines the
of rainwater tanks vary with the price of mains evat sustainability of RWHS in a multistorey residential
and the cost to augment mains water supply headworuilding in Sydney Australia to identify favorable

systems. Lower interest favored the RWHS. condition where RWHS proves to be financially vabl
Villarreal and Dixon, (2005) investigated the wate
savings potential of RWHS from large roof areas in MATERIALSAND METHODS

Sweden. They found that 30% of mains water savings
can be achieved from a 40’ fank if rainwater is used was considered, assumed to be located in the Botany

for toilet flushing and washing machine. Roebuck an Bay Council in Sydney, Australia. To examine

Ashley, (2006) discussed the development of & ., "o onarios with RWHS two different site

computer based modeling and assessment tool f%{reas were considered: 2000 and 40G0with roof
rainwater harvesting system intended for domesticareas of 800 and 1600.2mespectively For each of

commercial, industrial and public buildings. They ihase two  site areas, three different floor
argued that many of the current methods of rainwate;rrangements were considered assuming  four
tank analysis overestimated the hydraulic efficieand  3partments per floor and 3 persons  per apartment
potential cost savings that are achievable withwater  (3) Four floors with 16 apartments and 48 persts (

tanks. They estimated the life cycle costing of ag floors with 24 apartments and 72 persons (c) 8
fictitious school building with an estimated 65 gebfe floors with 32 apartments and 96 persons. Daily
cycle. The results were compared with the rainwaterainfall record over 60 years (January 1946 to
tank supplier's own assessment and it was discdvereDecember 2005) from Sydney Airport station
that the results obtained using their model werewas used to assess the performance of thERW
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Table 1: Estimated indoor water demand data

Activity Frequency Water demand
Toilet flush (3A-rated dual flush) (6 L full flush) 3 equivalent full flush perschday™ 18 L persoft day*
Toilet flush (other) (11 L full flush) 3 equivalefutll flush persof day™ 33 L persoit day™*
Washing machine (4A- or 5A-rated), 50 L I6ad 3 washes weék 50 L load®*
Washing machine (other), 153 L |6ad 3 washes weék 153 L load*

Table 2: Irrigation frequency for lawns in variauenths of the year (indoor water use) and car washing and irrigation

Month Frequency of irrigation  (gutdoor water use). The relevant water demand data

Eoﬁi’aaﬁcééiﬂéfeu and March 1&?2}?;’;; dsays were obtained from Sydney Water (water supply
P A authority in Sydney) as summarized in Table 1 for

May, June, July, August and September 1 {ime 108/ indoor water use. It was assumed that the indoderwa
304 demand would remain unaffected by seasonal vaniatio
and the household occupancy rate would not vam fro
R month to month in a year. Of the total unbuilt ar@%6
e was assumed to be impervious and the remaining 60%
o landscaped (40% garden area and 20% lawn area). The
e BASIX approach suggests the use of native and low-
g water-use plants and lawns as opposed to the non-
BASIX approach which typically includes non-native
and less water-efficient plants. In BASIX approat,
mm irrigation once every week is considered to be
10 1-- ——TT T T T T gd_eqL_Jate for natli've .plants; ho.we\?er, for Ia_é\ivnlésI Ig)m
o L irrigation per application at varying frequencigsifle
Ratio of tanls size as compared to 10 kI tank depending on the month of the year is adopted. 8ydn
) ) ) ) Water, (2006) further adds that mulching for placas
Fig. 1. Water savings of various tank sizes aseduce evaporation by up to 70% thus reducing the
compared to 10 kL tank size for a multistorey required irrigation depth from 10 to 3 mm wekkn
residential building in Sydney with site area of ;g study, mulching for plants was considered daly
4000 nf and roof area of 1600°m the BASIX approach. Application of fertilizer fohe
, lawn as recommended in the BASIX approach was also
Eroksuzet al. (2006) found that a rainwater tank of 70- ynsidered in this study which could reduce water
80 kL size would possibly be the most appropri#@e S §jemand by up to 30% (Sydney Water, 2006). The car

to meet major_ity. of _the water dgmand in a typicalWashing demand was taken to be 180 L wasfith the
multistorey building in Sydney (Fig. 1) and hence afrequency of one wash every fortnight.

75 kL tank size was selected for the purpose of thi All the rainfall reaching a roof does not entetoin

study. rainwater tank due to losses arising from factohsas

The Building Sustainability Index (referred to as surface wetting. evaporation. ponding in deoression
BASIX) for multi-unit buildings has been introducby 9 b » P 9 bress
leaks, surface splashing and first flush retentibmas

New South Wales D t t of Planning, (20055 It ) ;
ew Sou ales Department of Planning, ( 5 ssumed that 85% of the total rainfall falling be toof

a web based tool that measures the potenti . i i
performance of new residential dwellings againstWOUld enter into the tank. First flush can be diéstt

sustainability indices. BASIX requires all new hess @S & proportion of roof runoff requiring separation

to use up to 40% less potable water than the ageragninimize pollutants such as dust and leaves from

one. This involves rainwater harvesting, use oforsr ~ €ntering into the tank. Following the guideline the

water efficient appliances in building such as 4#ed local  city council, first flush volumes of 8Gnhd

washing machine and dishwashers, 3A rated duah flus1,600 L were considered for the 800 and 1660ranf

toilets, shower heads and taps and native, lowswate areas, respectively.

use landscaping. Both BASIX and non-BASIX (i.e.,

traditional) approaches with RWHS are examined inLife cycle costing data: The cost of rainwater tank and

this study. various accessories were obtained from local sespli
price of an item was obtained from a number of lloca

Water demand data: In this study, it was assumed that suppliers and the lowest price being selected.cBipéal

rainwater would be used for toilet flushing andridty ~ cost represents the initial cost of installing RWHS.
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Table 3: Accessories for RWHS Table 4: Cost for downpipe
Number Cost Total Roof area (f) Length (m) Diameter (mm) Costtn  Total cost
Leaf eater 4 Aus$59.95 Aus$239.80 800 120 100 Aus$45.75  Aus$5,490
First flush 1 Aus$39.95 Aus$39.95 1600 200 100 Aus$45.75 Aus$9,150
Tank top up 1 Aus$255.00 Aus$255.00
Tank screen 2 Aus$16.94 Aus$33.88 Table 5: Total plumbing cost for RWHS
Total Aus$568.63 Roof aregm?)

The 75 kL rainwater tank was assumed to comprise oﬁloors ASOO 1,600

. . ) us$15,813.20 Aus$22,929.20
three 25 kL rainwater tanks with a price of Aus&®6 ¢ Aus$19,806.80 Aus$28.458.80
for each tank. The total cost of the concrete kase 8 Aus$23,800.40 Aus$33,998.40

support the tank was estimated to be Aus$567
(assuming 20 MPa concrete, slab thickness of 100 m ank inlet and the other for the overflow outléte tcost

and diameter of 11.01 m). Ramwate_r needs to b%f this device was estimated to be Aus$16.94 pecepi
pumped from tank to upper floors for indoor use forraphe 3 provides a summary of the required acciessor
which a vertical multi-stage pump was selected withyng associated costs. The RWHS requires additional
following specifications: Davey V305 vertical multi  and larger down pipes and a separate internal
stage pressure system, flow rate 20 L ™if.75 KW  reticulation system for the toilet and laundry.
motor and cost Aus$2,258. The outdoor pump forDownpipes are necessary to convey stormwater from
irrigation should be capable of coping with the the roof regardless of whether or not a rainwaek tis
inconsistent pressure due to varying water leveghia installed. There are, however, some additionalscast
tank; in this study, the selected outdoor pump hadhe downpipe has to divert the runoff to a singténp
following  specifications: 2HM4-DS  automatic As a result, the diameter of the downpipe has to be

horizontal multi-stage pressure system, system ﬂov\llarger than normal downpipes. The details of the

. downpipes are presented in Table 4.
rate 20 L min*, 0.45 kW motor and cost Aus$632. - . .
Apart from tank and pumps, some additional The pipe system conveying the harvested rainwater

) to various appliances was assumed to run through th
components are required for the RWHS to enhancgyme service duct as the potable water pipe. Asgumi
water quality and to facilitate mains top up. Thesefioor height of 4 m and the appliances being lotdte
accessories are fitted to the rainwater tank, dgqvesp the furthest point away from the service duct, a
and/or gutters. One such accessory is leaf eatemhwh conservative cost estimate was made. Piping is also
has a primary and a secondary screen, the foritensfi required to link the rainwater tank with the builgiand
out leaves and debris while the latter filters outto each floor; an estimate was made for each sicenar
mosquitoes and vermin, if any. The leaf eater i§ se @assuming 4 mof floor height, it was assumed Heat
cleaning and requires litle maintenance. It was™Mm diameter polyetr%/lene pipe would be used haging
assumed that there would be 4 downpipes from th& ro price of Aus$19.20 mi. It was estimated that it would

: : . take 16 h by a plumber (at a rate of Aus$55.09 to
which would require 4 leaf eaters (at a price of

! o complete the additional works associated with the
Aus$59.95 per leaf eater). Only one first flushidevs RWHS. The total plumbing costs including labor for

necessary and is installed beyond the point whege t each scenario are presented in the Table 5. It was

downpipes combine into one pipe section that leads estimated that it would take an electrician fountsoto

the tank. The cost of a first flush device wasmeated install the pumps (at a rate of Aus$50_0’é)_h8ydney

to be Aus$39.95. Water offers a rebate for rainwater tanks with the
A tank top up system facilitates a dual supply ofamount depending on the size of the tank and whethe

water i.e., it ensures that there is a minimum gupp ~ Or not it is plumbed into the toilet and washing

water in the tank. The system utilizes a valve tlaén ~ Machine. The RWHS considered in this study is lelégi-

activated introduces mains water to the tank. Emkt fOr an Aus$650 rebate. The summary of the capital

top up automatically ceases once the water levefOSts for the RWHS is presented in Table 6.

reaches the designated minimum level which in thiaintenance and operating cost:  Routine

case was assumed to be of 20% of tank capacity. Th@aintenance is required to ensure that the RWHS

cost of the tank top up system was estimated to bgperates smoothly and the water quality remains

Aus$255. Tank screens are generally fitted to allicceptable. The general maintenance routine varies

openings to and from the rainwater tank which pfevi from site to site with some sites requiring moejfrent

the last line of defence in keeping pests out eftamk. maintenance due to causes such as overhamgagj t
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Table 6: Summary of capital costs for RWHS The life of the RWHS was assumed to be 60 years
Item Cost and the base year was taken to be 2006 i.e., in
Rainwater tank Aus$6,800.00  conducting the life cycle cost analysis, all theufe
Concrete base Aus$422.30 t iated with the RWHS h int

Pump (indoor) Aus$2.258.30 COSts associated wi e such as maintenance
Pump (outdoor) Aus$632.50 and benefit were discounted to 2006 values. Fa, thi
Fittings Aus$568.63 three different discount rates were adopted: 5,an®
Plumbing cost + labor Asper Table 5 1004 |nflation rate was used to estimate futuret cbs
Electrician Aus$200.00

Sydney water rebate Aus$650.00 an item/service, although future prices of somengte

can increase in a rate faster than the inflatide. réhe

Table 7: Summary of annual maintenance costs foHBW official inflation rate according to the ReservenRaof

lem Number yeal Rate Total Australia (2006) was 3.9% per annum as of September
Clean roof, gutters and inlets  1.00 Aus$85.00 ALRED 2006, which was an unusually high figure driven by
Desludge tank (ndoon 0.33 Aus$é70-00 Aus$26-10 higher fuel cost and hence the inflation rate ediclg
Pump maintenance (indoor) 1.00 Aus$112.92 Aus$rli2.9 Ha i 0 ; ;
Pump maintenance (outdoor) 1.00 Aus$31.63  Aus$31.63 volatile items of 2.6% per annum was adopted is thi

Total Aussa13.14  Study. Due to the prolonged drought and the dwmggli

water supplies in Sydney, future water price isetpd

to rise at a rate higher than the current inflatiste and
hence to estimate possible future water price,ethre
different inflation rates were considered: 2.6 and
4.5% per annum. This would provide an opporturity t
see what water price would make a RWHS financially
Jjiable. The Goods and Services Tax (GST) of 10% was
applied to the operating costs and to the costatémas
quired by Australian government. The local
lectricity cost was 11.9215 cents kWwhas at
September 2006 and the future price of electrigias

The accessories with rainwater tanks are self-algan
and therefore require little maintenance. It isegafly

advised that cleaning of roof, gutter, first fludévice

and inlets should be carried out on average oneeyev
six months. However, since this study deals with
multistory  building which would unlikely have
overhanging trees, it was assumed that once a ye
cleaning of various components of the RWHS would bee
adequate; it was assumed that it would take twequer

three hours to perform this. Desluding of rainwater, s\ ;med to rise with the rate of inflation of 2.6%he

tanks are generally required once every 2 or 3sydar mains water price was obtained from Sydney Water,

this study, it was assumed that 't.WOUId take tWOAus$1.264 kt* for the first 100 kL per quarter and
persons 1 h to desludge the three rainwater tanks o Aus$1.634 kL' for the excess amount

every 3 years. Annual pump maintenance cost was

_el_it'm?t?dl to b? f’% of the put[cha;se ptﬂce ngfgoum Benefits of RWHS: The benefit of the RWHS is
€ lota d”?a';‘ ebrllan7ce costs for the % erived from the cost of water saved due to hawang

summarized in Table 7. RWHS in the building. However, the current mains

) _ _ ) water price generally does not reflect the fulltcok
Pump operation cost was estimated using following  water because most of the water supply

two equations: infrastructures/systems have been built by public
money and water price is fixed at a lower valuenttiee

Pump running = Water demand (indoor or outdoor)/ ‘actual cost’. Also, the RWHS can offer other betsef

time flow rate of pump (1)  such as households fitted with the RWHS would lse le

affected by water restrictions and would be able to
Pump operating = Pump running time*motor power*cost ~ water their gardens and wash the cars on mosteof th
cost of electricity*number of days yéar (2) days of the week. Also, RWHS offers added sectioity

urban water supply system on the events of unferese

It was assumed that the rainwater tank, accessoridailure of urban water supply systems for factarehs
and the plumbing including the downpipes, with op s eutrophication and bacterial pollution of water
maintenance as indicated above would not requiréeservoirs and terrorist attack. Also installatiof
replacement during the life cycle of the RWHS. TheRWHS in majority of the households in a city would
pumps, however, would require replacement and & waesult in deferral of infrastructure such as danmsctv
assumed that the indoor pump would need to b&vould have been required if RWHS was not adopted.
replaced once every 10 years while the outdoor pumgiowever, it is difficult to estimate the cost ofetie
which operates for less hours in a day than thednd benefits and hence was not considered in this study
pump, would need replacement once every 15 years. which had certainly disfavored the financial betsefif
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the RWHS. These factors need to be kept in mirtten 1
interpretation of the outcomes of this study. o =Cy X[w (3

Method: A ‘continuous simulation type’ water balance
model was developed on daily time steps, which//here: o

calculated the inflow to and outflow from the raeer dn = The nom|nal_d|scount rate per annum

tank based on the water demand and rainfall data on?Y ~ The appropriate number of years

given day. _The water.demand_in this study was agadum The base year for the life cycle costing was
to be consisting of toilet flushing, laundry, caashing  gssumed to be 2006.

and irrigation demands as mentioned before, of lwhic

irrigation demand was difficult to estimate. Thiasv RESULTS

due to the fact that on the days of rainfall andsialy
on a number of subsequent days after rainfalfation
demand would be smaller than normal days. In ciaer

Estimated water demand data for BASIX and
non-BASIX approaches and for various scenarios are
account for this, following approximate but simple shown Ta_ble 8 and 9 .Wh'Ch show that the indoor wvate

. . demand increases with the number of floors and the
procedures were adopted: (i) For 1 day of rainfaliye . : .
outdoor water demand increases with the site asea a

should be no irrigation during the day but irrigati expected. It can also be seen that there is alacga

would resume on the next day. (if) For 1'7. d-ays. Olcdi1‘ference in water usage between the BASIX and
consecutive rainfall, there should be no irrigation

) , non-BASIX approaches mainly due to water efficient
during the rainfall days plus none for the equahber  jneral appliances in BASIX approach which reduce

of previous days  of consecutive rainfall. (ipF8-21  \yater use. The differences in irrigation water dedha
days of consecutive rainfall, there should be nopetween BASIX and non-BASIX are due the
irrigation during the rainfall days plus no irrigat for  muiching and fertilizer effects which are applied t
the equal number of previous days of consecutivglants and lawns in BASIX approach only which
rainfall up to 7 days. The water demand today @th reduces water demand. Although, the costs for
calculated by adding the indoor demand, car washinghulching and fertilizer in the BASIX approach is an
demand and the required irrigation (garden and Jawnadditional cost over the non-BASIX approach, which
demand for the day. however was ignored in this study.

From the water balance model, following output It was then examined whether the rainwater
values were estimated on a daily basis: (i) niefath ~ available from the tank can meet the demand on an
entering into the tank (ii) water in the tank (ijater ~annual basis (Fig. 2 and 3). Here the ‘net water
demand (iii) mains top up and (iv) water savingee T entering the tank’ is the water which is availabde
mains top up is the amount of water needed to fpp umeet the  intended indoor and outdoor usages,
the rainwater tank to the specified minimum leviie ~ Which is referred to as ‘rainwater avhilay’.
water savings is simpl_y the differenc_e between therable 8: Water demand dayBASIX)
water usage and the mains top up required. Site area () 2.000 2,000

Life cycle costing is the process of assessing the

f d . lif | . Bof Number of floors 4 6 8 4 6 8

cost of a product over Its life cycle or portioreteo Toilet demandkL day™) 0.86 130 173 086 130 1.73
(ASNZS, 1999). Life cycle cost is the sum of |aundrydemangkl day®) 034 051 069 034 051 069
acquisition cost and ownership cost of a produ@rov Plant demangkL day'll) 021 021 021 041 041 041
its life cycle. All past, present and future castwes ~ Lawndemandklday) 031 031 031 062 062 062
. e . . . Car washing demanL day™) 0.21 0.31 041 021 031 041
identified in the life cycle costing are convertén Total (kL day®) 193 264 335 193 264 3.35

present value dollars and are a function of distoun
rates. This study uses the concept of nominal tbst  Table 9: Water demand daynon-BASIX)

expected price that will be paid when a cost istiuge  Site arednr) 2,000 4,000
paid, including estimated changes in price due tQmber of floors 4 6 8 a4 6 8
changes in efficiency, inflation/deflation, techo@y  Toilet demand (kL day) 158 238 317 158 238 317

and the like) and nominal discount rate (the ratese  Laundry demand (kL daj) 105 157 210 105 157 210

when converting nominal costs to discounted costs)E;%\’l‘r:Zee"n:aa’r‘%((kktzZ%) P e S

To convert a nominal cost (Eto discounted cost (,  car washing demand (kL ddy 021 031 041 021 031 0.41
following equation is used (ASNZS, 1999): Total (KL day®) 398 540 6.82 3.98 540 6.82
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Fig. 3: Water availability in rainwater tank Vs wat Fig. 51 Water availability in rainwater tank Vs at
demand (Non-BASIX and 2,000°rsite area) demand (Non-BASIX and 4,000 site area)

[t can be seen in Fig 2 that for the 4 floor BASIX Table 10: Average annual maigs topﬂup required &g percentage
. . 5. . increase as compared to 4 floor case
building with 2,000 rh site area annual rainwater s

Number of floors

availability exceeds the annual water demand foremo Site

than 50% of the years during the period of modetihg Scenario area (kin 4 6 8

60 years. It however does not mean that the maims t BASIX 2,000 136 329 (141%) 553 (306%)
g ; 4,000 94 229 (143%) 402 (327%)

up is not requwg_d for the years where the annualngasix 2000 641 1126 (75%) 1626 (153%)

rainwater availability exceeds the annual water alain 4,000 565 086 (74%) 1441 (155%)

since all the rainwater entering into the tank cdrbe
utilized in many cases due to overflow from thektan These show the advantage of having a larger ra ar
which is likely to happen during most intense raihf which can catch greater rainfall volume than a tamal
events. For the 6 floor building, the ‘water avhiliy’ roof area. Fig. 5 shows that as the water demand
exceeds the annual water demand for only a fewstimeincreases with the non-BASIX approach, the ‘water
during the 60 years period and for the 8 floor dinijy  availability’ is unable to meet the annual demand.
this happens only once. These mean that in gener@lespite the larger roof area, the ‘water availapili
mains top up would increase with increasing floorexceeds annual demand for only 18, 2 and 0 time4, fo
numbers. For Non-BASIX approach, it can be seer6 and 8 floors cases. These results show that iBIBA
from Fig. 3 that the annual water availability exde approach, RWHS can provide water more reliably over
the water demand only once for the 4 floor scenanid the years than the non-BASIX approach in particular
none for the 6 floor and 8 floor scenarios. for larger roof areas.

It can be seen in Fig. 4 that with the larger area  The annual average mains top up over the 60
(site area 4,000 fmand roof area 1600 3y the years period is shown in Table 10 which show that
‘water availability’ far exceeds the water demand f the mains top up volume increases with increased
the majority of the years for the 4 and 6 floorfloor numbers with the 8 floor case requiring
scenarios. In fact, the ‘water availability’ exceetie  significantly greater mains top up volume than4hend
water demand for 58, 48 and 32 years out of 60syear6 floor cases. Generally, 6 and 8 floor cases req#
for the 4 floor, 6 floor and 8 floor cases, respegly.  times higher top up volumes than the 4 floase.
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Table 11: Average annual water savings per year (kL
Number of floors

Scenario Site area (¥n 4 6 8
BASIX 2,000 446 511 545
4,000 554 678 762
Non-BASIX 2,000 546 579 598
4,000 773 870 934
Table 12: Capital costs of RWHS for different scers
Number of floors
Site area (k) 4 6 8
2,000 Aus$27,459 Aus$31,453 Aus$35,446
4,000 Aus$34,575 Aus$40,105 Aus$45,634
Table 13: Pump operation cost for each scenarispu
Number of floors
Scenario Site area (Kn 4 6 8
BASIX 2,000 Aus$5,169  Aus$7,534  Aus$9,899
4,000 Aus$5,609  Aus$7,974  Aus$10,339
Non-BASIX 2,000 Aus$11,312 Aus$16,472 Aus$21,632
4,000 Aus$12,304 Aus$l7,464 Aus$22,624

There is also a significant increase in the maamsup
volume (by about 3-6 folds) for the non-BASIX
approach over the BASIX one. It is also noted that

234%

5.46%

B Capital

B Replacement

O Maintenance

O Pump operating costs
B GST

7.96%

Fig. 6: Breakdowns of whole life cycle costs

Table 14 and 15 present the results for two caggs:
water price Aus$1.264 KL and current inflation of
2.6% p.a. considered for all items including watece,
which shows benefit/cost ratios in the raofe
0.17-0.68 i.e., RWHS does not pay back in 60 years
project life and (b) water price of Aus$1.634 kL
2.6% inflation rate for all items except water pric
(4.5% inflation rate was considered for water price
which produces benefit/cost ratio in the range @40
and 1.39. At 5% nominal discount rate, RWHS shows a
benefit that is greater than the associated cé&stsn

mains top up volume decreases with increasing rooghe analysis, it was revealed that the most viapltion
area e.g., approximately 40 and 15% decrease fQuas the 4 floor case using a non-BASIX approach wit

BASIX and non-BASIX approaches respectively.

a site area of 4,000°mwhich gives a benefit/cost ratio

Table 11 compares the average annual watesf 1.39. For this scenario, the payback period oecl
savings for various cases which shows an increase iy the 38th year i.e., there would be real savings

water savings with increasing floor numbers. Théewa
savings also increase with an increased roof dtrean

also be seen from Table 11 that the maximum Watef o than the 4.000 #rsite area.

savings occur with the non-BASIX approach for the 8
floor case with a 4,000 frsite area. It is this scenario
that is likely be the most viable option althoudte t
increased plumbing costs of the additional flooighn
offset the additional savings gained, which
investigated in the following section.

It can be seen from Table 12 that the capital co
for the RWHS increases with the larger roof ared an
with the number of floors, which is due to the
additional length of downpipes for the larger bty
and an increased plumbing cost. The capital coste w

IS

39th-60th year.

The 2,000 rh site area had a lower benefit/cost
In some cases, the
benefit/cost ratio decreased with the number obrfio
somewhat offsetting the increased water savings
obtained for the 6 and 8 floor buildings; the deseein
the benefit/cost ratio was a result of the incrdase
plumbing cost associated with the 6 and 8 floor

Jpuildings. The benefit/cost ratio was smaller witte

BASIX approach making the RWHS more financially
viable in water hungry or non-BASIX compliant
complexes.

A break down of the different cost components for

assumed to be the same for the BASIX and non-BAS»he most favorable scenario is presented in Fig.dan
approaches. Table 13 shows that the pump operatirﬁe seen that the capital costs comprise the highest

cost increases when the water demand is higher i
with increased floor number and larger site ardae T

component with 66% whereas the maintenance costs

are the second highest contributing 18%. The pump

most significant increases occur between the BASIXOPerating costs only contribute 5% of the totaltcos

and non-BASIX approaches where pump operation co
for the non-BASIX approach is about twice than the
BASIX one.

Benefit cost ratio (the ratio of total discounted
benefit over total discounted cost of the RWHS dtier
60 years life cycle) was obtained for alet cases.
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&lthough when added to the pump capital, replacemen

and maintenance costs, the pump related expenditure
rises to Aus$9,872 or 19% of the total life cyobstc

A further breakdown of the capital costs are
presented in Fig. 7. It can be seen that the pinghb
costs make up 66% of the total capitabst.
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Table 14: Benefit/cost ratios at water price Aug$#.kL" and inflation rate of 2.6% p.a. for all items inding water price

Site area

Number of floors

2000 M 4000 M

Discount rate (%) 4 6 8 4 6 8
BASIX 5.0 0.47 0.49 0.48 0.50 0.55 0.55
7.5 0.34 0.35 0.34 0.35 0.38 0.39
10.0 0.26 0.27 0.26 0.27 0.29 0.29
Non-BASIX 5.0 0.56 0.53 0.50 0.68 0.68 0.65
7.5 0.41 0.39 0.36 0.49 0.48 0.46
10.0 0.32 0.30 0.28 0.37 0.36 0.35

Table 15: Benefit/cost ratios at water price Aué$4.kL™ and inflation rate of 2.6% pa for all items (iriftan rate for water price: 4.5% pa)

Site area

Number of floors

2000 M 4000 M

Discount rate (%) 4 6 8 4 6 8
BASIX 5.0 0.97 1.00 0.98 1.03 1.12 1.15
7.5 0.63 0.65 0.63 0.65 0.70 0.71
10.0 0.44 0.45 0.44 0.45 0.49 0.49
Non-BASIX 5.0 1.15 1.09 1.02 1.39 1.38 1.33
7.5 0.76 0.71 0.67 0.89 0.88 0.85
10.0 0.54 0.51 0.47 0.63 0.62 0.59

@ Rainwater tank

m Concrete base

O Pump (indoor}

0O Pump (outdoor)

B Accessories

@ Plumbing cost-labor

@ Electician

O Svdney water rebate

Fig. 7: Breakdowns of capital costs

The rainwater tank itself forms a total of 23% bét
capital cost component. The total capital coststlies

Sydney. Following conclusions can be deduced from
this study:

scenario is Aus$34,575 spread over 16 units which

translate to just Aus$2,160 urlit This additional cost
forms a small percentage of the total purchaseemfc
the unit although it is unlikely to produce a paglh#or
each individual unit owner.

CONCLUSION

This study examined
financial viability of a 75 kL rainwater tank under
various scenarios for a fictitious multistorey lirilg in
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the performances and

It is possible to achieve “pay back” for a rainwate
harvesting system under some favorable scenarios
and conditions. The most favorable financial
condition for the rainwater harvesting system
among various scenarios examined here is
1600 nf roof area, 5% nominal discount rate,
Aus$1.634 k[* water price and inflation rate of
45% p.a. for water price which presents a
benefit/cost ratio of 1.39

The benefit/cost ratio is smaller with the BASIX
approach as compared to non-BASIX one.
However, the overall water demand for the non-
BASIX approach is much higher

A higher roof and site area is more favorable than
smaller ones in terms of water savings and
financial benefit

Capital and maintenance costs account for the
majority of the expenditure over the whole life
cycle cost of a rainwater harvesting system.
Plumbing cost forms the largest single component
of the capital cost. Cost related to pump
maintenance and replacement forms a significant
component of the total expenditure

Rainwater tank harvesting system cannot be
financially viable when rainwater is utilized less.
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other words, to maximize the benefit, rainwaterEroksuz, E., A. Rahman and M.
needs to be used as much as possible from the tank Economics of rainwater tanks

on a regular basis so that the tank is empty at the
beginning of the next rainfall event

At the current water price and high interest rate
regimes, rainwater harvesting system is not

financially profitable to individual flat owners Ghisi, E.,

which suggest that the current level of subsidy

Jeffery, 2006.
in  multistorey
complexes in three cities of New South Wales
Australia. Proceeding of the 4th International
Conference on Water Sensitive Urban Design,
Apr. 3-7, Melbourne, Australia, pp: 715-722.

D.L. Bressan and M. Martini, 2007.
Rainwater tank capacity and potential for potable

provided by the Australian government for
rainwater harvesting system for multistorey
buildings should be increased to reduce burden of 42: 1654-1666. DOI:
the households and to enhance the sustainability of 10.1016/j.buildenv.2006.02.007
rainwater harvesting system Grant, T. and M. Hallmann, 2003. Urban domestic
water tanks: Life cycle assessment. Water, 30: 36-
The findings of this study are subject to various  41. http://www.awa.asn.au/
assumptions on prices, frequency of maintenancMitchell, C. and A. Rahman, 2006. Life cycle cost
works, assumed discount rates, tank size, site amda analysis of rainwater tank in a multistorey
the like. Also, it should be noted here that raitewa residential building in Sydney. Proceedings of the
harvesting system can provide many additional hesnef 30th Hydrology and Water Resources Symposium,
such as added security to central water supplyesyst Dec. 4-7, Launceston, Australia, pp: 1-6.
greener life style as less impact on residents fronNew South Wales Department of Planning (NSWDP),
mandatory water restrictions, smaller urban runoff/  2005. The Building Sustainability Index (BASIX),
pollutant wash off and possible deferral of buitglin NSW Govt., Australia.
major water supply infrastructures. These benefise http://www.basix.nsw.gov.au/information/index.jsp
not included in this study due to the unavailapilif =~ Roebuck, R.M. and R.M. Ashley, 2006. Predicting the
relevant data, which would have favored the raiewat hydraulic and life-cycle cost performance of
harvesting system. rainwater harvesting systems using a computer
based modeling tool. Proceeding of the 4th
International Conference on Water Sensitive Urban
Design, Apr. 2-7Melbourne, Australia, pp: 699-706.
The researchers would like to acknowledge Mr.Sydney Water, 2006. Water usage charge. Sydney
Caleb Mitchell, Mr. Erhan Eroksuz, Dr. Phil Ronalds Water, Australia. http://www.sydneywater.com.au/
and Dr. Surendra Shrestha, University of WesterrVillarreal, E.L. and A. Dixon, 2005. Analysis of a
Sydney for their suggestions and inputs to thidystu rainwater collection system for domestic water
supply in Ringdansen, Norrkoping, Sweden. Build.
Environ., 40: 1174-1184. DOI:
10.1016/j.buildenv.2004.10.018

water savings by using rainwater in the residential
sector of southeastern Brazil. Build. Environ.
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