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Study Sites (for data logging)
REUWSL  |REUWS2

Boulder, CO Fort Collins, CO
Denver, CO Denver, CO
Cambridge/Waterloo, ON Peel, ON

Eugene, OR Cambridge/Waterloo, ON
Las Virgenes, CA Scottsdale, AZ
Lompoc, CA San Antonio, TX
Phoenix, AZ Clayton Count, GA
Scottsdale/Tempe, AZ Toho, FL

San Diego, CA Tacoma, WA
Seattle, WA

Tampa, FL

Walnut Valley, CA
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Annual Use (Indoor + Outdoor)

Annual Household REUWS1
Water Use

Average (kgal), N=838 149 95.5 (36% decrease)
Median (kgal) 113 74.7
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Indoor Use

Annual Indoor Use ____|REUWS1 _________[REUWS2

Average (kgal/hh) 64.6 50.2 (22% decrease)
Median (kgal/hh) 58.4 45.53
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Changes in indoor end uses:
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H Ot Water use (faucets and showers are main users).

160

140

120

E 100 -

% Avg. use = 45.5 gpd, or ~1 tank/day

w &0 ® ain
% m Hot
360

&T

40 -

20

he _ h

Total Bath Clothes Dishwsasher Faucet Leaks Other Shower
Washer

10/9/2014, Water Smart Innovations Conference, Las Vegas, NV



Average Per Household Hot Water Use (gallons per day)
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REU2015 Whole House DHW Use

Household Size vs. Hot Water Use

y = 31.549In(x) + 23.498
R?=0.93709
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Power Fit

Water Use (gal/day) Water Use (gal/day) Water Use (gal/day)

Water Use (gal/day)

Showers-2015

Best Fit Power Law

T T T

y=12.92x"*
Ampli = 12.92 +/-13.34
Index = 0.82 +/- 0.65

R* = 0.963606
2 4 6 8 10
Best Exponential Fit
. y= 15'34e;.lll)‘l

Ampli = 15.34 +/- 1.96
Index = 0.09 +/- 0.60

! ! !

I . R' =-0.557336
___,___',_——-————’—'—’_’“//—’_
2 4 Best Lifiear Fit 8 N
y=4.18 + 8.79x

b= 418 +/-16.87
m= 879 +/-12.31
R* = 0.945653

10

y=-7.37 + 20.90x + -2.94x* +0.19x’
R* =0.979901

2 4 6
Num. Residents




How to Use This Data in Modeling
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~=Gallons Per Day at avg. 2.1 gpm flow

60

~Gallons Per Day at avg. 1.5 gpm flow
50

40
Gallons Per Day at avg. 1.5 gpm flow
with Thermostatic Valve with 1 gal/use
30 reduction

20 ~Gallons Per Day at avg. 1.5 gpm flow
with 1 gal/use reduction due to a
Thermostatic Valve and .8 gal/use
reduction due to WaterSense Structural

10
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[
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Design

Occupancy 1 2 3 4 5 6 7 8
Gallons Per Day at avg. 2.1 gpm flow 13 23 32 40 48 56 64 71
Gallons Per Day at avg. 1.5 gpm flow 9 16 23 29 35 40 46 51
Gallons Per Day at avg. 1.5 gpm flow

with Thermostatic Valve with 1 8 15 20 26 31 36 41 45
gal/use reduction

Gallons Per Day at avg. 1.5 gpm flow

with 1 gal/use reduction due to a

Thermostatic Valve and .8 gal/use 7 13 18 23 28 32 37 41

reduction due to WaterSense

Structural Design




Power Fit

Water Use (gal/day) Water Use (gal/day) Water Use (gal/day)

Water Use (gal/day)

Faucets-2015

Best Fit Power Law

T T T T

y= 15.49x"%"
Ampli = 15.49 +/- 13.32
Index = 0.56 +/- 0.52

! = 0.946314
4 6 . 8 10
Best Exponential Fit
’ y= 16.36e"0"7
’ Ampli = 16.36 +/- 1.92
' Index = 0.07 +/- 0.52
R =-0.654327
4 8 10

Best Liﬁear Fit

T T

y=10.57 + 5.38x

b=10.57 +/-33.27

m = 538 +/-10.26
' = 0.868488

Best Third Ordér Polynomial Fit 8 10

y=-131 + 18.32x + -3.21x* + 0.21x’
R* =0.983768

4 6 8 10
Num. Residents




Power Fit

Water Use (gal/day) Water Use (gal/day) Water Use (gal/day)

Water Use (gal/day)

Best Fit Power Law

Toilets-2015

y= 20.98x" "
Ampli = 20.98 +/- 19.67
Index = 0.49 +/- 0.63

Best Expoenential Fit

.

.

R* = 0.935105

Il Il
8 10
'Y= 22 92e-+008 1

Ampli = 22.92 +/- 2.63
Index = 0.06 +/- 0.58
R* =-0.412626

Best Li?\ear Fit

8 10

T T

y=16.72 + 5.62x
b=16.72 +/- 66.38
m= 562 +/-16.49
R' = 0.906890

Best Third Order Polynomial Fit

8 10

%= 4.51 + 18.28x + -320x + 0.23x"
R = 0.940100

6
Num. Residents




Water Use (gal/day) Water Use (gal/day) Water Use (gal/day)

Water Use (gal/day)

Dishwashers-2015 vs. 1999

Best Linear Fit

Best Fit Power Law

Best Fit Power Law

Num. Residents

2015 Data

Num. Residents

1999 Data

, - , 40 . : , .
| . y=0.77x"" = y=1.36x"%
pmpli = 0.77 +/- 1.42 2 Ampli = 1.36 +/- 2.23
Index = 0.79 +/- 1.31 = ’
R = 0534148 o Index = 0.55 +/- 1.05
Y R® = 0.816289
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% 20l M R = -0.459417
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I . 5 15F
I Z 104
2 r z 8 10 05 ; ' : ‘ ;
Best Lifiear it 2 4 Best Lifear Fit 8 10
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bz 04530 019 ) y=050 0480
m= 039+ 156 2 b= 08034 0.35
R = 0638948 E) m = 048 +/- 162
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- o x oI 008 = 35 . y=-0.30 + 151x + 0.17x' _+ 0.00¢'
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Linear

Water Use (gal/day) Water Use (gal/day) Water Use (gal/day)

Water Use (gal/day)

Clothes Washers-2015

Best Fit Power Law

T T T

T T

y=1328x"%
Ampli = 13.28 +/- 19.56
Index = 0.58 +/- 0.93

R* = 0.683707
4 . .
2 Best Exposnentlal Fit 8 10
: y= 13.89e-007
L Ampli = 13.89 +/- 2.72
L = . Index = 0.07 +/- 0.93
I ! R = -0.480449
2 B Best Li?\ear Fit . 10
y=9.97 + 431x

b= 997 +/-4551
m= 431 +/-16.13
R' = 0.667387

2 4 . 6 o 10
Best Third Order Polynomial Fit
- .
I y= 1429 + -2.67x + 2.84x* + -0.29x’
R =0.772743
.
2 4 6 8 10

Num. Residents




Water Use (gal/day) Water Use (gal/day) Water Use (gal/day)

Water Use (gal/day)

Leaks-2015 vs. 1999

Use an average amount per household, not occupancy. Boiler make-up

water is included

Best Fit Power Law

I i ' i y= 16.47x i
L T Ampli = 16.47 +/- 84 14
- ' Index = 0.02 +/- 2.58
i . R' =-0.138973
2 4 Best Exposnential Fit 8 10
i . y=17.88e-+ "t
L i Ampli = 17.88 +/- 13.23
L ' ' Index = -0.01 +/- 2.63
| . R' =-0.149612
2 4 8 10

Best Lifiear Fit

L y=17.58 + -0.47x

L t b=17.58 +/-178.78
N m = -047 +/- 38.73
i N R =0.119659
I .
2 4 8 10

Best Third Ordér Polynomial Fit

y=4.91 + 9.92x + -1.97x' + 0.09%’
R' = 0763495

Num. Residents

2015 Data

Water Use (gal/day) Water Use (gal/day) Water Use (gal/day)

Water Use (gal/day)

Best Fit Power Law

.

y= 1315
Ampli = 13.15 +/- 39.77
Index = 0.60 +/- 1,93

Best Exposnential Fit

.

R' = 0729119

s ‘
8 10
y=12.01e-"" i

Ampli = 12.01 +/- 494
Index = 0.09 +/- 1.94
R =-0.573398

Best Lifiear Fit

|
8 10

|

Y= 9.61 + 4.42x
b= 9.61+/-104.53
m= 442 +[-40.22
R = 0.752265

Best Third Ordér Polynomial Fit

y= 6.76 + 15.68x + -5.72x* + 0.70x’
R* =0.014870

Num. Residents

1999 Data




Water Use (gal/day)

Water Use (gal/day) Water Use (gal/day)
N W s o 0w N Wb oy 0w

N Wb o~ D w

Water Use (gal/day)

N W b o oW

Other—2015 vs. 1999

Hot tubs, humidifiers: use an average
per household like leaks

Best Fit Power Law

y= 3.72x" "
Ampli= 3.72 +/-11.88
Index = 0.41 +/- 1.74

R =.0.516340
| | | 1 |
2 4 6 . 8 10
Best Exponential Fit
- + - - -
[ y= 3.75e-00
’
L Ampli = 3.75 +/- 1.83
L Index = 0.06 +/- 1.86
i . . R =.0.180450
-
| I | . 1 |
2 4 Best Lifiear Fit 8 10
- < - - -
L y=4.13 + 0.31x
B
L b= 413 +/- 927
L m= 031 +/- 7.86
L . v R =.0.071070
v
2 Best Third Ordér Polynomial Fit 10
- 5 - - -
L y=4.74 +-179 + 1.13x* + -0.13x’
’
R = 0.638488
2 4 6 8 10

Num. Residents

2015 Data

Water Use (gal/day)

Water Use (gal/day)

Water Use (gal/day)
N W R U O O W

H N W B WU~ ®W

Water Use (gal/day)

=N WS WU~ ®W

N B o0 @ B K

Best Fit Power Law

.

y= 1.60x"7
Ampli= 1.60 +/- 6.77
Index = 0.87 +/- 2.80

R = 0.870040
L | L | L
2 4 6 ... 8 10
Best Exponential Fit
I | i ' y= 1466~ 1 '

Ampli= 146 +/- 0.84
Index = 0.13 +/- 2.82

Num. Residents

1999 Data

L . R =-0.710325
.
| | | I L
2 4 Best Lifiear Fit 8 10
I i i B Y¥=0.18 + 1.15x i
= 0.18 +/- 045
m= 115 +/- 8.19
R = 0.866100
| | I 1 |
2 . 6 o 10
Best Third Order Polynomial Fit
y=2.10 + 0.22x +-0.01x* + 0.02x’
R* = 0.696374
8 10




