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EXECUTIVE SUMMARY

Addition of a Water Module to AccuRate
Zhengen Ren, Wan Yee Chan and Dong Chen
CSIRO Sustainable Ecosystems

May 2009

EXECUTIVE SUMMARY

For house sustainability assessment and for helping home owners to determine the
most appropriate actions to improve the environmental performance of a property, the
Residential Buildings Group (RBG) of Department of Environment, Water, Heritage and
the Arts (DEWHA) requires the addition of a water module to the AccuRate software.
The module calculates water consumption of a residential property (including indoor
and outdoor water usages) based on user input.

CSIRO was engaged by RBG to implement the water module in AccuRate. This project
accomplished the following deliverables:

¢ A water page has been implemented in the AccuRate user interface, containing
the input data fields required which include: house location, house style and
land block information, occupant patterns and behaviours, indoor/outdoor water
related facilities, etc.

e The calculations of water consumption in this water page are based on the
House Water Expert software, which was developed by CSIRO for people to
estimate and reduce household water consumption [1].

e A new water report page has also been added to AccuRate’s summary report,
showing yearly-averaged daily water consumption estimation of town water, on-
site treated water, grey water, rain water, stormwater runoff and the averaged
daily total water consumption estimation.
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BACKGROUND

1. BACKGROUND

For house sustainability assessment and for helping home owners to determine the
most appropriate actions to improve the environmental performance of a property, the
Residential Buildings Group (RBG) of Department of Environment, Water, Heritage and
the Arts (DEWHA) requires the addition of a water module to the AccuRate software.
The module will calculate water consumption according to the water systems used
within the property. CSIRO was engaged by RBG to implement the water module in
AccuRate.

The project includes the following deliverables:

o A water page will be implemented in the AccuRate user interface, containing
the input data fields required which include: house location, house style and
land block information, occupant patterns and behaviours, indoor/outdoor water
related facilities, etc.

e The calculations of water consumption in this water page will be based on the
House Water Expert software, developed by CSIRO for people to estimate and
reduce household water consumption [1].

¢ A new water report page will be added to AccuRate’s summary report, showing
annual town water consumed, wastewater generated, stormwater generated.

This report details the implementation of the water module in AccuRate.

2. WATER CONSUMPTION CALCULATION METHODOLOGY

The implementation of the water module was based on the House Water Expert (HWE)
software, developed by CSIRO which was designed for household to estimate and
reduce water consumption [1]. House Water Expert was primarily a communication and
education tool. The development of House Water Expert’'s algorithms involved trade
offs between modelling accuracy and program usability. A one day time-step was
adopted. The most sensitive item to time step length in the model is the Rainwater
Tank. Whilst time-steps shorter than one day would improve accuracy, the improved
accuracy was considered to be relatively insignificant [1]. A longer time-step such as a
week or a month was deemed to reduce accuracy and potentially provide misleading
results about the effectiveness of a Rainwater Tank.

The modelling platform of House Water Expert was originally based on the National
Water Conservation Rating and Labelling Scheme (‘A ratings’), which specifies the
range of flow rates in litres per minute for each ‘A rating’. Since the WELS scheme
(Australia’s Water Efficiency Labelling Scheme) replaced the ‘A rating’ from 1% July
2006 (www.waterrating.gov.au), the implementation in AccuRate has been updated the
modelling platform to the WELS water labelling scheme. The label scheme has a zero
to six star rating. The range of water flow rate in litres per minute is specified in each
star level.

To characterise behaviours within the household, AccuRate adopts the methodology of
House Water Expert which asks the user to create and input the individual occupant
behaviours such as Showers and Toilets require inputs on an individual basis. End
Uses with a household focus such as the Garden, Lawn, Car wash and the Dishwasher
only require inputs for the household.
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WATER CONSUMPTION CALCULATION METHODOLOGY

The calculation methodologies of water consumption have been detailed in House
Water Expert software and its accompany document [1]. In this report, the formula and
the parameters used in the water module implementation in AccuRate are listed for
references. Table 1 shows the formula used for the calculation of the water
consumption for indoor, outdoor, water sources and stormwater runoff. The default
input values for various parameters are listed in Appendix A Table Al.
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WATER CONSUMPTION CALCULATION METHODOLOGY

Table 1 Formula used for the calculation of the water consumption (Reference: Grant et al, 2004)

Item Name and abbreviation Formula Comments
Dishwasher _ Where 7 is a conversion from week to days; Sp
Water used by dishwasher Qp Qp (L/day) = Fp *(Sps + Sp*Pp )/ 7 1 corresponding value (L / Place setting) for star rating
(L/day); Hot water used by Qon = Hpr* Qp (2) | of dishwasher (see Table 2); Fp frequency of
dishwasher Qpy (L/day); Cold dishwasher used (loads/week); Pp, place settings of
water used by dishwasher Qp¢ Qpbc = (1-Hpp)* Qp (3) | dishwasher (=13 Place Setting); Spg corresponding
(L/day) baseline (L) for star rating of dishwasher (see Table 2).
Hpr portion of dishwasher hot water usage (=100%).
Kitchen tap and Sink Where 60 is a conversion from seconds to minutes, 7
Water usedpby kitchen tap and Q= Sk Fi*Di/60 + Fi* Vi / 7+ Lic*Lc “) is a conversion from weeks to days; Sk corresponding
sink Qg (L/day); Hot water used | Qxn = Hee*Sk*Fx*Dx/60 + Hgp*Fi* Vi / 7 + value (L / min) for ‘star rating’ of kitchen tap (see
by kitchen tap and sink Qgy Her*Lg* Lie (5) | Table 3); Fx frequency of rinsing (per day); Dx
(L/day); Cold wa.ter used by Qe = (1- Hpp) *Sic*Fi*Di/60 + (1- Her)*Fic* Vi / 7 duration of rigsing (seconds); L leaking tap (y=1,
kitchen tap and sink Q¢ (L/day) + (1- Hyp)*Lic*Lie (6) n=0); L, leaking tap rate (10 L/day); F\, frequency of
kitchen sink use (times filled per week); Vi, volume of
kitchen sink (=30 L) (this is not a user input); Hgg
portion of faucet hot water usage (=0.25); Hg portion
of sink hot water usage (=0.57).
Clothes Washer Quw = Sew*Con*Fo* R / 7 %) Where 7 is a unit conversion from week to day; S,y
Water used by clothes washer v mew mew mew e corresponding value (L/kg) for star rating of washing
Q. (L/day); Hot water used by | Qewnt = Hewr™Qcw (8) | machine (see Table 4); C. rated capacity of washing
clothes washer Q.u(L/day); machine (kg) (5, 6.5 and 8 kg for small, medium and
Cold water used by clothes Qewe = (1-Hewr)*Qew (9) | large); F.,, frequency of washing machine use (cycles

washer Q.yc(L/day)

per week); R, rinse cycle factor of washing machine
= 1.2 (not a user input); H.r portion of hot water
usage (=0.29).

Laundry tap and Sink

QL=S.* D/7 + L *L, + Fi*Vy/ 30.44 (10)

Where 30.44 is a conversion from months to days, 60
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WATER CONSUMPTION CALCULATION METHODOLOGY

Water used by laundry tap and
sink Q. (L/day); Hot water used

QLH (L/day) = HFF*SL*DL/7 + HFF*LL*LLr +

is a conversion from seconds to minutes and 7 is a
conversion from weeks to days; S; corresponding

by laundry tap and sink Qpy; Her™Fi*V1g30.44 (an value (L/min) for ‘star rating’ of laundry tap (see

Cold water used by laundry tap | Qrc (L/day) = (1-Hgp)*S.*Dr/7 + (1-Hpp)*LL Table 3); D, typical duration of rinsing

and sink Q¢ (L/day) *Li, + (1-Hgp)*F*V1/30.44 (12) | (minutes/week); L; leaking tap (y=1, n=0); L, leaking
tap rate (= 10 L/day); F}; frequency of laundry tub use
(per month); Vi volume laundry tub filled to (=40 L);
Hgr portion of faucet hot water usage (= 0.25); Hgr
portion of sink hot water usage (= 0.57).

Shower _ Where 7 is a conversion from week to day; S

Water used by shower Q Qs = Ln ndividuats (SFF D /7) + L Ly (13) corresponding value (L/min) for star rating of shower

(L/day); Hot water used by Qsyt = Hapr* Qs (14) (see Table 5) for each shower rose; F; frequency of

shower Qgsy (L/day); Cold water ) shower usage (showers per week) for each individual

used by shower Qsc (L/day) Qsc =(1- Hae)*Qs (15) for each shower rose; D; typical duration of shower
(min) for each individual for each shower rose; L
leaking shower rose (y=1, n=0) for each shower rose;
L leaking shower rose rate (
=10 L/day); n number of individuals; Hy.r portion of
shower hot water usage (= 0.57).

Bath _ Where 30.44 is a conversion from month to day;

Water used by bath Qg (L/day); Qb = LnindiiduasVi*Fp / 3044 + Lp™ L (16) Fp frequency of bath usage (times filled per month);

Hot water used by bath Lg leaking tap (y=1, n=0); Ly, leaking bath tap rate (=

(L/day); Cold wailer usedQﬁ;I/ bath Qs (L/day) = Har*Qs 17 13 L/day)% VE x(/}(]ﬂume of)wa?er used l%y bath Ifer use(

Qgc (L/day) Qsc (L/day) = (1- Hge)* Qg (18) (L) (set to 120 L); n number of individuals. Hgg

portion of bath / spa bath hot water usage (=0.51).
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WATER CONSUMPTION CALCULATION METHODOLOGY

Spa Bath

Where 30.44 is a conversion from months to days; Fsg

Water used by spa bath Qsp Qsp = Fsp*Vsn /3044 + Lop* L (19) frequency of bath usage (per month); Vsg volume of
(L/day); Hot water used by spa Qspn = Her* Qs (20) spa bath (user will choose between small, medium &
bath Qgspy (L/day); Cold water large and see Table 6 for the corresponding size); Lgsg
used by spa bath Qgspc (L/day) Qsse = (1- Hyr)*Qss 1) leaking sga bath tap (y=1, n=0); Lgg: leaking spa bath
tap rate (= 10 L/day); Hgf portion of bath / spa bath
hot water usage (= 0.51).
Bathroom Tap and Basin Qouer= T individuats( So*FoDes/60 + Fip*Vi/7) + Where 60 is a.conversion from seconds to minutes and
Water used by bathroom tap and Lo 22) 7 is a conversion from weeks to days; Sy,
basin Qugp (L/day) b b corresponding value for star rating of bathroom tap
Qbiabtt = 2 n individuals(Her™ Sor™ Fo * D/ 60 + Hsp™* Fy (L/min, see Table 3); Fy frequency of rinsing (eg. hand
*Vio/7) + Hpp* Lt Lot (23) | washing, brushing teeth) (per day) for each individual,
Qbtabe = 2n individuats([1- Her ]*Sp*F*Dip/60 + Dbt .ty.pical' duratioq of rinsing (sec) for cach PR
[1- Hor[*Fuy*Vi/7) + (1= Hep)*Log* Loy 24) 1nd1V1dug1, Ly leaking bat.hroom basin tap (y=1, n=0);
Lyt leaking bathroom basin tap rate (= 10 L/day); Fy,
frequency of basin use (per week) for each individual,
Vb, volume basin typically filled to (3 L); Hgr portion
of faucet hot water usage (= 0.25); Hgr potion of sink
water usage (= 0.57).
Single Flush Toilet Qre = S imaividuats St Fust + Luoer* Luoie Rate 25) Where St is corresponding value for star rating of

Water used by a single flush toilet
Qrs (L/day)

single flush toilet (L/flush) (see Table 7); Fi
frequency of use of single flush toilet (per day) for
each individual; L. toilet cistern leaking (no leak;
leak with noise; and leak without noise); Lyt rate toilet
cistern leaking rate (24 L/day for slow leak without
noise; and 204 L/day for fast audible leak).

8 Water Module Implementation Report_Final.doc ¢

9/06/2009




WATER CONSUMPTION CALCULATION METHODOLOGY

Dual Flush Toilet

Where Sty is corresponding value of average flush

Water used by a dual flush toilet QTd - ZH individuals STdf*FTdf + Ltoilel*Ltoilet Rate (26) volume for star rating (L/ﬂush) (see Table 7)

Qrq (L/day) respectively; Fryr frequency of half flushes (flushes
per day) respectively; L. toilet cistern leaking (no
leak; leak with noise; and leak without noise); Liojiet Rate
toilet cistern leaking rate (24 L/day for slow leak
without noise; and 204 L/day for fast audible leak with
noise).

Evaporative Air Conditioner _ *T T % Where F,. is Number of cooling days per season

Water used by evaporative air Que = Nae ® Lac ™ Fae ™ Querae/363.25 (27) (days) (user input); L,. Length of cooling per cooling

conditioner Q,. (L/day); The rate _ % o % day (= 9.7 hours) (this is not a user input); Qg raee rate

of air conditioner blezc)l Quebtecs = Nae ™ Lac ™ Fue ™ Quctreca /36525 (28) of consumption by evaporative cooler (L/hr) (User has

Quc bleed (L/day) choice of three types of coolers as per Table 8); N,
number of air conditioner units (user input) (for whole
of house system = 1); Qqc pleed rate Tate of water bled
from the air conditioner (= 12 L/hr) (this is not a user
input).

Swimming Pool Where 1000 is a conversion from kilolitres to litres;

Water useg by swimming pool Qp = 1000*Pay geptn*(S*Fpr + S*Fp*Piop up) / 365.25 (29) 365.25 a conversion from years to days; S surface area

Q, (L/day) of pool (m®); Fy¢ frequency of pool filling (times filled
per year); F frequency of topping up pool (top ups
per year); Py, up (= 20 %) nominal portion of pool that
is topped up; P,y gepn average depth of the pool (m).

Spa _ % SOA % o % Where 365.25 is a conversion from years to days; Ag ar(

Water used by spa Q. (L/day) Qupa = 13 g ;) ) SS av et *(As™Fopar + As*Fipa™ Siapup) / (30) (m®); Fyper frequency of spa filling (times filled per year)

frequency of topping up spa (times topped up per year);
20%) nominal portion of spa that is topped up (this valu
HWE); S,y depn (=1.0 m) (average depth of the spa).

Water Module Implementation Report_Final.doc * 9/06/2009 9



WATER CONSUMPTION CALCULATION METHODOLOGY

Water Features
Water used by water features Q¢

wa: 1OOO*\VaV depth * AWf (wa + wat* Wtop up) /365.25

Where A, is area of water feature (m®) (graphical
interaction); Fyr frequency of water feature filling

(L/day) (31) (times filled per year); Fyx frequency of water feature
topping up (times topped up per year);
Wy aeptn average depth of water feature ; Wigp up
average top up percentage of the water feature (=
20%).
Garden and Lawn ~ [Qus 5T 4D 1 (32) Where Qrrimetnod 18 application rate of the irrigation
Water used for watering garden Lsummer fmiMethod = Frri = Summer method (L/min) (see Table 9); Dsummer average
1 in th duration of each watering i in); Dyinter
Qo (Liday): Water used for | Qo = [Quvs* Fe* D] (33) | verage duration o each watering in witer (i
watering garden and lawn in the A _ _ ¥F %D 34) | Dspringiauumn average duration of each watering in spring
winter season Qpwinter (L/day); Qpringauumn = [Quivithod ™ Firi ™ Degringaunn] (34) and autumn (min); Fy; frequency of irrigation per day.
Water used for watering garden
and lawn in the spring/autumn
s€ason Qpspring/autumn (L/day)
Car Washing _ % % Where 30.44 is a conversion from months to days;
Water used for washing a car Qow busker = Viuoker Noueket ™ Fow bucker / 30.44 (35) Viucket Volume of water in a bucket (= 10 litres); Nyucket
ith a bucket Qcy pucker (L/day); _ ber of bucket d h; Few bucke
z;tera usléfi t?or%va:hikntg(a caiy\?vith Qe hose (L/daY) = Quose™ Dhose™ Fewrose / 3044 (36) El:cl;u:rrlc(; ofl'l ga: v?/;ssheing i)re?ilrl(\;;lii; Qhosebvcl)(lilme of
a hose, Qcy nose (L/day) water discharged from hose per minute (= 10 litres /
min); Dy duration of hose use per car wash
(minutes); Fey nose frequency of car washing per month.
SOt 1000 (LH8) |, ol 1y A 1t Ac s | Wt ol il ) £ cofiinto
*A K + L
f ]r‘sw{kl ]%0 ;Alho(r)ci‘mrse E;swA/ ! f (r) *%s /rfggl Table 10); Ag brick area (m®); Ap pervious area (m®);
. *ii ] +h§R 1365 ;’g‘:a /;‘ )*CZ *sgr Aq: gravel area (m?); Ac concrete area (m?); Qp volume
J:SEE . 3)565 25% Q A y ,: « rL 4 36LS 2% of water used on lawn (L/day); Qg volume of water
. G G G lcg . .
*Qew™ Toew T 2 Usr * Tegr + 2 Qover (37) used on garden (L/day); Q.. volume of water used to

wash car (L/day); Uy first flush volume (L/day) of
rainwater tank; A; lawn area (m?); A garden area
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WATER CONSUMPTION CALCULATION METHODOLOGY

(M?); Teey runoff co-efficient from car washing (0.7);
Qover overflow from rainwater tank (L/day); A area of
shed roof (m?); A, area of house roof (m”); Epgy
percentage of house roof directed to municipal
stormwater drainage (%) (user specified); Egy
percentage of shed roof directed to municipal
stormwater drainage (%) (user specified); Ep,
percentage of house roof directed to garden / lawn (%)
(user specified); E,, percentage of shed roof directed to
garden / lawn (%) (user specified).

Rainwater Tank

Stormwater inflow to the
rainwater store tank over
timesteps Qj, (L/day); First
flush Fr (L/day); Overflow from
rainwater tank over timesteps
Qover (L/day); Consumption of
rainwater tank water over
timestep Qo (L/day); Vivolume
stored in rainwater tank at the
end of timestep (L); Demand on
rainwater tank water over
timestep D, (L/day)

Qin (L/day) = max(a*Ry*[ Ay * En/ 100 + Ag* E/

100] - Fy, 0) (38)
F¢ (L/day) = min(a*Rg*[ Ay * E/ 100 + A * Eg/
100], Ugy) (39)
Qover = maX(Qin - Qout + Vt—l - Vt7 O) (40)
Vt (L) = min(vt—l + Qin - Qouta Vcap) (41)
Qou (L/day) = min(Dy, Vi1 + Qin) (42)
Dt = ZUser Defined Rainwater Tank Demand (DiShwaSher +
Kitchen sink & tap + Clothes Washer +
Laundry Tub & Tap + Shower + Bath +
Spa Bath + Basin & Tap + Toilet + Air
conditioner + Swimming Pool + Spa + Garden
+ Lawn + Water Feature + Car Washing) (43)

Where a (= Ienouse, Teshed ) 18 co-efficient of runoff from
shed and house roof (= 0.9); Ry rainfall in the day
(mm/day); A, area of house roof (m?); E, percentage of
house roof directed to rainwater tank (%); A;area of
shed roof (m”); E percentage of shed roof directed to
rainwater tank (%); V., volume stored in rainwater
tank at the end of previous timestep (L); Uy is first
flush volume (L).

On Site Treatment System
Inflow to the on site treatment

Q"in = Yuser defined supply (Dishwasher + Kitchen Sink &

Where V', is volume of water in treatment unit at end
of previous timestep (L); A diurnal use pattern co-

Water Module Implementation Report_Final.doc ¢ 9/06/2009 11




WATER CONSUMPTION CALCULATION METHODOLOGY

system over a timestep QTin
(L/day); Overflow from the on

Tap + Clothes Washer + Laundry Tub & Tap
+ Shower + Bath + Spa Bath + Basin & Tap

efficient (ratio of total water can be used / total water
supplied to treatment unit) (= 0.9).

site treatment system over + Toilet + Air Conditioners) (44)
timestep Q' over (L/day); Volume T _ T of vl T
of water in treatment unit at end Q over = Max(Qin = Q oue + V1= V54, 0) (45)
of timestep V', (L); Demand cT)f Vi=min(Vie; + Qin— Qlous Vi) (46)
treated wat ti tep D
(If/ii: )W\a]slr'ui)glfst'o f} gz‘feipfrontl DTt = ZUser Defined On Site Treatment System demand (Clothes
the ori]s’ite freatment svstem Washer + Toilet + Garden Bed + Lawn +
y Water Feat 47
consumed over timestep QTout ater Feature) “47)
(L/day) Q'out (24 hour flush”: FALSE) = min(V'.; + Q.
D) (48)

Q'ou (“24 hour flush”: TRUE) = min(A* Q";,, D')  (49)

Greywater Diversion QS = min(DC, B*Q%,) (50) Where B is diurnal use pattern co-efficient (1-

Volume of greywater consumed
over timestep QGuse (L/day);
Total amount of water diverted
to greywater Q% (L/day);
Demand of water over timestep
DY, (L/day)

QGin = D user defined supply (Dishwasher + Kitchen Sink &
Tap + Clothes Washer + Laundry Tub & Tap
+ Shower + Bath + Spa Bath + Bathroom
Basin & Tap + Air Conditioners)

DS = Y On Site Treatment System demand from
(Toilet + Garden + Lawn)

(D

(52)

greywater overflow/total greywater) (= 0.7).

12 Water Module Implementation Report_Final.doc ¢
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WATER CONSUMPTION CALCULATION METHODOLOGY

Table 2 Dishwasher water consumption by star rating (Reference: AS/NZS 6400:2005)

Star 0 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
Baseline (L) 3.0 2.5 2.27 2.06 1.87 1.7 1.55 1.4 1.28 1.16 1.05 0.96
Values (L/Place 1.95 1.60 1.45 1.32 1.20 1.09 0.99 0.90 0.82 0.74 0.67 0.61
setting)
Table 3 Star rating specifications for taps (Reference: AS/NZS 6400:2005)

0 Star 1 Star 2 Star 3 Star 4 Star 5 Star 6 Star
Ranges as per standard >16.0 12.0-16.0 9.0-12.0 7.5-9.0 6.0-7.5 4.5-6.0 0-4.5
(L/min)
Values used in AccuRate | >16, user input 14.0 10.5 8.25 6.75 5.25 4.5
Table 4 Cloth washing machines water consumption by star rating (Reference: AS/NZS 6400:2005)
Star 0 1 1.5 2 2.5 3 3.5 4 4.5 5 55 6
Values (L/Place 35.0 30 25.1 21 17.6 14.7 12.3 10.3 8.6 7.2 6 5
setting)
Table 5 Star rating specifications for showers (Reference: AS/NZS 6400:2005)

0 Star 1 Star 2 Star 3 Star

Ranges as per standard >16.0 12.0-16.0 9.0-12.0 7.5-9.0
(L/min)
Values used in AccuRate >16, user input 14.0 10.5 8.25

Table 6 Spa bath size classifications (Reference: Grant et al 2004)

Small Medium Large
Size of Spa (L) 200 275 350
Volume to fill (L) 120 180 250

Water Module Implementation Report_Final.doc ¢
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WATER CONSUMPTION CALCULATION METHODOLOGY

Table 7 Star rating specifications for toilets (Reference: AS/NZS 6400:2005)

Ranges per standard 0 Star 1 Star 2 Star 3 Star 4 Star 5 Star 6 Star
Full flush (L) N/A 6.5-9.5 6.5-9.5 4.7-6.5 0-4.7 0-4.7 0-4.7
Half flush (L) N/A 3.5-4.5 3.5-4.5 3.2-35 0-3.2

Average flush volume(L) N/A 4.5-5.5 4.0-5.5 3.5-4.0 3.0-3.5 2.5-3.0 0-2.5
Values used in AccuRate

Average Full flush (L) 11.0 8.0 8.0 5.6 4.7 3.0 2.5
Average Half flush (L) 6.0 4.0 4.0 3.35 3.2 3.0 2.5
Average flush volume(L) 7.0 5.5 4.5 4.0 3.5 3.0 2.5
Single flush (L) 11.0

Table 8 Rate of consumption by evaporative coolers (Reference: Grant et al 2004))

Cooler type Rate (L/hr) | Source

Whole of House Evaporative Cooler with 33 Extrapolated from Karpiscak et al. (1998)

bleeding

Whole of House Evaporative Cooler without 14 Extrapolated from Karpiscak et al. (1998)

bleeding

Portable or zoned cooler 4 Sustainable Energy Authority of Victoria
(2004) & Country Energy (2002)
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WATER CONSUMPTION CALCULATION METHODOLOGY

Table 9 Application rate for different irrigation method (Reference: Grant et al 2004)

Irrigation Method

Application rate — AppRate,rrimethod

By Hand — Bucket / Watering Can

10 litres per bucket

By Hand — Hose 20 L/min®
By Sprinkler — Hose Connections 15 L/min”
By Sprinkler — Fixed Connections 30 L/min”
By Drip Irrigation 5 L/min”

By Micro-spray Irrigation 10 L/min®

a: This is an estimate — assumes a full bucket / watering can of a fixed size

b: Green Plumbers (2003)

c: assumed to be twice the flow rate of drip irrigation

Table 10 Runoff coefficients (Reference: Grant et al 2004)

Bricks / Tiles (re,) 0.6
Pervious Paving (r.,) 0.2
Gravel (Iegr) 0.2
Concrete (1) 0.7
Lawn (ry) 0.05
Garden (r.) 0.05
First Flush (r.s) 0.05
Shed Roof, House Roof (Tesheds Tehouse) 0.9

runoff co-efficient from car washing (recw)

value is dependant on surface car is being washed on
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IMPLEMENTATION OF WATER MODULE IN ACCURATE

3. IMPLEMENTATION OF WATER MODULE IN ACCURATE

Using the same style as the other AccuRate input pages, a water page has been
added to the AccuRate user interface as shown in Figure 1, which contains the input
data fields required. As shown in Figures 1-8, the user input data fields for house water
usage include:

e occupant numbers (Fig. 1);

e indoor water related facilities (Fig. 2): dishwasher, kitchen tap and sink, clothes
washer, laundry tap and sink, shower, bath, spa bath, bathroom tap and basin,
toilet (single flush or dual flush) and air conditioner;

e outdoor water related facilities (Fig. 4): swimming pool, spa, water features,
garden and lawn, car washing;

e water source information (Fig. 6): rainwater tank, on-site water treatment
system, grey water diversion and bore water;

e Storm water information (Fig. 8): impervious areas such as brick, paving,
concrete, gravel areas, ratio of stormwater from roofs to municipal drainage and
to garden/lawn;

Based on the user inputs, AccuRate calculates for indoor water usage, outdoor water
usage, seasonal average daily water usage for different water sources and stormwater
runoff as shown in Figures 3, 5, 7 and 8. The yearly-averaged daily water usages from
different water sources are displayed on the top of the water page as shown in Fig. 1.
Figure 9 shows the AccuRate summary report for the house water usage.

# Databook (Base Design)

Pro\ecll Eonslruct\ons] Zonesl Shad\ng] Elaments] Ventllatlnnl L\ghlmgl Hobwater  ater ]

Greywater Treated water Rainwater Bore water Potable water Total Water Use

Water System 2410 | (i  [6.08 (Lidsy] [2485  (L/day) [46.75 (Lidsy] [G59.06 (/) [GB154  (L/dey)
Oceupants Ilnduurl Dulduur] Walersuurce] Slurmwalar]
|F‘erson |Name |Ealh Use |Bath Basin U..|Balh. Tap Use M{ap Time |Toi\el Full |Tni|at Half |5hower Uze |Shawar Druration |
Occupant 1 1.00 .00 5.00 15,00 1.00 .00 £.00 7.0

Yearly-averaged daily water usage
from different water sources

< ¥
4 Hew | Dielete | ) Help
Detait
Full Mame ‘Dccupant 2
Bath Use 1.00 Tailet Full Flush Use 1.00
B athroom Eiasin Llse ’W Toilet Half Flush Use 3.00
Bathroom Bazin Tap Use  |5.00 Shower Uze B.00

Bathroom Basin Tap Time |15.00 Shower Duration ‘10

W | | @) Help ‘

Figure 1. Occupants information
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Databook (Base Design)

Water System

F’rniect] Constructions] Znnes] Shading] Elemants} Vant\lation] Lighting] Hotwater ‘Water ]

Occupants  Ihdoor WDutdnﬂr] \N’alelsnulce] Stnrmwater]

IMPLEMENTATION OF WATER MODULE IN ACCURATE

B

Grepwater

2410 [L/day]

Treated water
[6.98 [L/day)

Rainwater
[24.85

Bore water
(Liday) [46.75

Potable water

559.06 (LA day)

Total Water Use

661.54 (Léday]

[L/day)

Entity

T

Clathes W asher

Shoveer

7
2
3
4
5
g

Kitchen Sink & Tap

Laundmy Tub & Tap

]
[|=
@
T
T

water Use [L/day]

|*

46.75
45.91
10.34
127.80

|
|

o tep |

Detail 1 Calculations ]
Detail

Type |

Place Settings

Frequency Of Use 40 %

Efficiency R ating E ztar

g

Baseline

Cornesponding Walue =

Uszed Treatment

Aywailable Water Sources

Sewerage -

=]

| >

Cold  ater Usage Litres / Day

Hot '/ ater Usage Litres / Day

Loads / Week

Litres

Litres / place setting

Azzigned \water Sources

Rairwater Tank
Brore W ater
Fotable ‘W ater

|

|l

| £ |

'

Patable 'water

@ tep |

| €

Databook (Base Design)

F’rniect] Constructions] Znnes] Shading] Elemants} Vant\lation] Lighting] Hotwater ‘Water ]

Water System

Occupants  Indoor WDuthor] Walelsoulce] Stormwater]

Grepwater

Treated water Rainwater Bore water Potable water Total Water Use
24.10 L/dsy) |98 L/day)  [24.65 (Liday) [46.75 L/day) [659.06 L/dey) [6B1.54 [LAday)

Figure 2. Indoor water related facilities inputs

=3

Eritity Type 4
1 i
2 4675
3 Clathes W asher 45.91
4 Laundmy Tub & Tap 10.34
5 Shower 12780
- o —on b
<) >
a2 Hew = [Delete ‘ %) Help |
Detail  Calculations }
Results
Kitchen Sinkz 46,75 Spaz 000 Dizhwashers 508
Clothes wiashers 45,91 Bathioom Basing  |13.62 Showers 127.80
Laundry Tubs 1034 Tailets .30
Baths 788 &ir Conditioner 11.15

Figure 3. Indoor water usage calculation
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Databook (Base Design)

Pro\ecll Conslruct\ons] Zonesl Shad\ng] Elaments] Ventilatinnl L\ghlingl Hotwater ‘Water ]
Greywater Treated water Rainwater Bore water Potable water Total Water Use
Water System 2410 (L [6.98 (Lidey] [2485  (L/da) [46.75 Lidey)  [559.06  (Lides] [EB154  (Lidey)
D:cupants] Indoor  Outdoor WWatersnun:e] ‘Stﬂrmwatar]
Entity Wwiater Use [L/day]
1 B
2 Outdoor Spa 27.38
3 wlater Feature 10.95
4 Garden E1.390
5 Lawn 3329
G Car wash 296
=) >
i b New = Delate | © Help |
Detail ]Ealculatlons]
Detait
Tupe | =1
Surface Area 4021 m
Frequency of Filing 1% Times / Year
Frequency of Topping Up 521 Times / Year
Average Depth 108 m
MNominal Top Up = =
Avvailable Water Sources Agzigned Water Sources
Fiainwater Tark Fotable 'water
Buore 'wiater A
Patable W ater 4
N = T
Figure 4. Outdoor water related facilities inputs
Databook (Base Design) |Z E|E|

Pro\ecll Conslruct\ons] Zonesl Shad\ng] Elaments] Ventilatinnl L\ghlingl Hotwater Water ]

Greywater Treated water Rainwater Bore water Potable water Total Water Use
Water System 2410 (L/dsy) [6:98 (Liday) [24.65 (Lidsy) [46.75 L/day) [659.06 (Lidey) [661.54  (L/dey)

D:cupants] Indoor  Outdoor NWatersource] Stormwatar]

Entity Type

1 Swimming Pool
2 Outdoor Spa 27.38
3 wlater Feature 10.95
4 Garden E1.390
5 Lawin 3929
6 Car Wlash 2.96

£

& New | = Delate | © Help |

Detail  Calculations ]

Resulty
Spa 2738 ‘Water Feature 10.95 Gardens £1.30
Fool 219.03 Car Washes 298 Lawn 39.25

Figure 5. Outdoor water usage calculation
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= Databook (Base Design) |Z||E|E|
PIOiECl] Construclions] Zonesl Shadingw Elements] Venlilalion} Lighling} Hotwater Water 1
Greywater Treated water Rainwater Bore water Potable water Total Water Use
Water System 210 (s [6.98 (Lidey) [2465  (Liday) [46.75 (Lidey] [B58.08 | (Lidey) [6B154 (Lol
Dccupants] \ndoor] Outdoor Watersaurce IStormwaterl
|Entity |Type |WalerUse (LAda) ‘
1 Potable Wwater 553.08
3 Greywater Diversion 2410
4 Bore W ater 46,75
5 On-site Treatment System £.98
<] )
% ‘ Delete | © Help |
Detail lCa\cu\almnsl
Detail
Type
Capacity (L) 3500 % Runoff coefficients Shed Foof, House Roof
W‘ : &+ Demand
First Flush [L/day) 52 Rainfall lFlrsl F\ush} Inflow ] Demand] Eunsumplmn] Yolume Stored UVEI"UW] " Consumption
Foof Area
#rea House Roof [ = -
TN B ] s Demand of rainwater Léday
e Shed Fioof (i) = S
E 30 Summer L/day
Percentage directed ta rainwater tank. & 20
T Autumn L/ day
" - = |
House Roof (%) By A o4 winter L/day
- 00 200 300 400 500 EBOD VOO 800 900 1,000
Shed Roof (%] = B Spiing L/day
wooy | % | @nen |
Figure 6. Water source inputs
# Databook (Base Design) |Z||E|E|
Fn:chl] Eunslruclluns] Zunesl Shadlngw Elements] VEHII|E|IUH1 nghllngl Hotwater ‘water 1
Greywater Treated water Rainwater Bore water Potable water Total Water Use
Water System [2410 Liday) [6.98 [L/day)  [24.65 [Liday) [46.75 [Lédsy) [559006  (Lrdey) [BEI5A (Liday)

Dc:upants] \ndnnrl Outdoor  Watersource IStnrmwaterl

|Entity |Type |WalerUse (LAday] ‘
1 Patable 'w/ater 559.08
24.55

3 Greywater Diversion 2410

4 Bore Water 4675

] On-gite Treatment System £.98

) 3
£ ‘ Delete | ©) Help |

Detal  Calculations 1

Results

Daily water demand from water sources (Liday)

Summer Aubumn Winter Spring
Greywater | [ | | [Loday)
Treated water | | | | [L/day]
Raiwater | | | | (Lida)
Bore water | | | | (LAday) i
Potable water | | | | (LAday)
‘W ater demand | | | | (LAday)

Figure 7. Seasonal average daily water usage for different water sources
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Databook (Base Design) i”ﬁ‘g
F'ro\ect] Comstluclions] Zones] Shading] Elamenls} Vant\lalian] L\ghlimg] Hotwater W/ ater l
Greywater Treated water Rainwater Bore water Potable water Total Water Use
Water System A0 (e |98 L) [PA85  (Lidey) [6.75 iLrdey)  [5B9.06 (s  [BBI6H  (Lrda

Uccupants] Indoorl Dutduor} Watersource  Stommwater I

Stormwater mnoff ’— [LAday]

Pervious Area Percentage directed to municipal stormwater drainage
Airea Brick '—:| House Roof ’T:‘ % Yolume of water used on Lawn ’7 L/ day
Area Paving 2004 Shed Foof ’—:‘ P Volume of water used on Garden ’— L/ day
Area Gravel 'TU:| Volume of water used on Car Wash ’— L/ day

Percentage directed to garden / lawn ’7

Airea Cohcrete 200 % . - m - Overflow from Rairwater Tank L/ day
ouse Rodl = S o

Roof Al First Flush wolume L /day
o ea Shed Roof =

Airea Houss Roof =
=

33 3 3

Runoff coefficients

Area Shed Roof e Percentage directed to rainwater tank.
House Roof = Bricks ¢ Tiles Lawn
P Shed Roaf = = Pervious Paving Garden
Area Lawn = Gravel First Flush
- re
PR ,—|: - Runoff coefficient from Car Wash = Concrete ’— Shed Floo, Houss Floof ’—
Annual Rainfal =
e b3 @ Help

Figure 8. Stormwater inputs and calculation

20 Water Module Implementation Report_Final.doc « 9/06/2009



IMPLEMENTATION OF WATER MODULE IN ACCURATE

AccuRate V1.2.0.0

HO U S N e Ve e I | H OUSE

Project Details

Project Name : Example 1-storey house

File Mame: CrAccuRate AT athersd\Projects\Example 1-storey

houge Water PRO

Posico de: 6000 [Climate Zome: 13
Design Option: BaseDesign

Description: hedium-sized single-storey house

Client Details
Client Name : & couRate example: single-storeyhouse
Phone: [Fax: [Email:
Postal Address:
Site Address:
Exposure: Suburban
Council submitied to (if known by assessor):
Assessor Details
Assessor Name 14 szess0t |Assessor No.
Phone: |Fa.x: |Ema.i1:
Assessment Date : 5/06/2009 [Time:12:132
Project Code:
Asgessor Signature:
CALCULATED WATER USAGE DEMAND*
Home Daily Total Water Use (L/day) hia1.5
Home Daily Potable Water Use (L/day) 5591
Home Daily Bore Water Use (L/day) 468
Home Daily Rain Water Use (L/day) 4.6
Home Daily Treated Water Use (L/day) 7.0
Home Daily Grey Water Use (Lifday) 4.1

* These daiky arterisageshars besrcalolated as ayearky areraze uskys astandard setof oonmpart bebar i and <o do nothecessariky represert thensaze
pattern or lifestyle ofthe Ttavded ocomparis . They shonld be usedsolelrior thepoposes of mt g the bolldive mater spctem. They shonadd ot beusedto
irifer achialwmter cotnmptich ornedre costs The cetbigrusedfor the simlation ame chomm rdhe buaildivg datareport.

| House Water System Star Rating

Figure 9. Water usage summary report
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CONCLUSIONS

4. CONCLUSIONS

A water usage module has been implemented in AccuRate based on the House Water
Expert (HWE) software, developed by CSIRO for estimating household water
consumption [1].

The project achieved the following deliverables:

o A water page has been implemented in the AccuRate user interface, containing
the input data fields required which include: house location, house style and
land block information, occupant patterns and behaviours, indoor/outdoor water
related facilities, etc.

e The calculations of water consumption in this water page are based on the
House Water Expert software, which was developed by CSIRO for people to
estimate and reduce household water consumption [1].

e A new water report page has also been added to AccuRate’s summary report,
showing yearly-averaged daily water consumption estimation of town water, on-
site treated water, grey water, rain water, stormwater runoff and the averaged
daily total water consumption estimation.
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APPENDIX A — DEFAULT USER INTERFACE INPUT VALUES

Table A 1: Default User Interface Input Values (Source: Grant el at, 2004)

End Use User Interface Input Unit Default
Value
Dish Washer Frequency of dishwasher used, Fp loads/week 4
Star rating, Sp 0
Kitchen sink & tap Frequency of rinsing, Fx per day |
Duration of rinsing, Dg seconds 30
Leaking tap, Lg y/n N
Frequency of kitchen sink use, Fy per week 7
Star rating, Sk 0
Clothes Washer Star rating, Sy 0
Rated capacity of washing machine, C,, kg Medium
(6.5)
Frequency of washing machine use, F., per week 4
Laundry Tub & Tap | Star rating, S 0
Frequency of rinsing from laundry tap, Fp per week 1
Typical duration of rinsing, D¢ minutes 5
Leaking tap, Ly y/n N
Frequency of laundry tub use, Fy per week 1
Shower (per Star rating, S, 0
individual)
Frequency of shower usage, F; per week 6
Typical duration of shower, D, min 7.1
Leaking shower head, L y/n N
Bath (per individual) | Frequency of bath usage, Fp per month 1
Leaking bath tap, Lp y/n N
Spa Bath Frequency of spa bath usage, Fsp per month 4
Volume of spa bath,Vgg small, medium & | medium
large
Leaking spa bath tap, Lsg y/n N
Bathroom Tap (per Star rating, Sy, 0
individual)
Frequency of rinsing, Fy, per day 5
Typical duration of rinsing, Dy, sec 15
Leaking bathroom basin tap, Ly, y/n N
Frequency of basin use, Fy, per week 3
Toilet (per Toilet type (Full, half, composting) Half
individual)
Single flush Star rating, St 0
Dual flush Star rating, Styr 3
Frequency of half flushes, Frys per day 3
Frequency of full flushes, Frg per day 1
Frequency of use of single flush toilet, Fis | per day 4
Air conditioner Number of cooling days per season, F, days 30
(refrigerative)
Cooler type (Whole of House Evaporative Whole of
Cooler with bleeding, Whole of House House
Evaporative Cooler without bleeding, Evaporative
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End Use User Interface Input Unit Default
Value
Portable or zoned cooler) Cooler
without
bleeding
Number of air conditioner units, N,
whole of
house
system = 1
Swimming pool Frequency of pool filling, F¢ per year 1
Frequency of topping up pool, F, per year 5
Average depth of the pool, P,y gepm metres 1.0 m
Spa Frequency of spa filling, Fypar per year 1
Frequency of topping up spa, Fya per year 5
Average depth of the pool, S gepih metres 1.0 m
Water feature Frequency of water feature filling, F,¢ per year 1
Frequency of water feature topping up, Fy, | per year 5
Average depth of the water feature, Wy gepy | metres 1.0m
Car washing by Number of buckets used, Npyciet per car wash 3
bucket (per car)
Frequency of car washing, Fy, pucket per month 3
Car washing by hose | Duration of hose use per car wash, Dy minutes 10
(per car)
Frequency of car washing, F.y pose per month 3
House Roof Percentage of House Roof directed to % 100
municipal stormwater drainage, Ejy
Percentage of House Roof directed to % 0
garden / lawn, Ep,
Percentage of House Roof directed to % 0
Rainwater tank, E;
Shed roof Percentage of Shed Roof directed to % 100
municipal stormwater drainage, Eg,
Percentage of Shed Roof directed to garden | % 0
/lawn, B,
Percentage of Shed Roof directed to % 0
Rainwater tank, E,
Rainwater tank First Flush device capacity, Uy L/day 50
Capacity of Rainwater Tank, V,, L 3500
On Site treatment Capacity of Treatment Unit, VTcglo L 1000
24 hour flush True/False True
Bore Water Pump rate L/d 200
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Garden Watering (per garden bed)

Watering Method Summer Autumn/Spring Winter
Frequency Number of buckets | Frequency Number of buckets | Frequency Number of buckets
By Hand — Bucket or watering Every 3 days 10 Once a week 10 never 0
can
Watering Method Summer Autumn/Spring Winter
Frequency Duration, min Frequency Duration, min Frequency Duration, min
By Hand — Hose Every 3 days 20 Once a week 20 never 0
By Sprinkler — Hose Connections | Every 3 days 20 Once a week 20 never 0
By Sprinkler — Fixed Connections | Every 3 days 20 Once a week 20 never 0
By Drip Irrigation Every 3 days 90 Once a week 90 never 0
By Micro-spray Irrigation Every 3 days 40 Once a week 40 never 0
Lawn Watering
Watering Method Summer Autumn/Spring Winter
Frequency Number of buckets | Frequency Number of buckets | Frequency Number of buckets
By Hand — Bucket Every 3 days 10 Once a week 10 never 0
Watering Method Summer Autumn/Spring Winter
Frequency Duration, min Frequency Duration, min Frequency Duration, min
By Hand — Hose Every 3 days 45 Once a week 45 never 0
By Sprinkler — Hose Connections | Every 3 days 45 Once a week 45 never 0
By Sprinkler — Fixed Connections | Every 3 days 45 Once a week 45 never 0
By Drip Irrigation Every 3 days 180 Once a week 180 never 0
By Micro-spray Irrigation Every 3 days 90 Once a week 90 never 0
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