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Utah’s Conservation Targets

Reduce 2000 water use by Reduce 2005 emissions by
25% by 2025 80% by 2050
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Motivating Questions

1) What home-owner actions jointly conserve
water and energy?

2) Which cost effective actions should cities
synergistically promote?

3) How to target households to adopt actions?

4) What is next?



Data-Driven Simulation-Optimization
(PhD research of Adel Abdallah)

1. Collect high-freq. behavior data

v

2. |ldentify key parameters &
distributions




High-Frequency Behavioral Data
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Energy Embedded for Utility Operations

(~1/15 energy needed to heat water inside the home
92,000 KWh to heat one million gallon of water)

Ontario (SW), Cannada

JVWCD (SW), UT

Northern California (GW), CA
Ontario (GW), Canada
Tucson Area (GW), AZ

JVWCD (GW), UT

City of Phoenix (GW), AZ
City of Phoenix (IM), AZ
Tucson Area (IM), AZ

Southern California (IM), CA
Parker (GW), CO

B Source extraction, conveyance,

and water treatment
B Water distribution

' Wastewater collection and
treatment
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Energy Intensity (KWh/MG)
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Monte Carlo Simulation

(1,000 households)

Water

End Uses Parameters
Toilet Has dishwasher?
Shower
Household size
Faucet (capita)

Clothes washer

Household use

frequency
Dishwasher (use/day)
Outdoor Appliance
technical
performance
Leak (volumel/time)
Potential Change Appliance
Conservation
Actions Change Behavior

Household
Water Use

Household
Energy Use

Energy

Parameters

Water intake
temperature (°F)

Heater dispense

temperature (°F)

Hot water
percentage (%)
Heater efficiency
(unitless)

Heater type

(storage,
instantaneous)

Energy source
(gas, electricity, oil)

]

Heater size
(30-119 gallons)

!

Heater market
share (%)

Heater technology
and insulation
(7-9 levels)

Change Appliance

Change Behavior

Potential
Conservation
Actions
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Model Calibration — Salt Lake City

cumulative probability
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Simulated indoor water and energy uses

(largest 12% of users use 21% and 24% of water and energy)
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City-Scale Optimization

Decisions

Conservation actions implemented (binary) by:
Household (1,000)
End use/Appliance (8)
Method (4)

Objective function (%)

Minimize total cost to implement conservation
actions

Subject to:

* Meet city water reduction target

Meet city direct energy reduction target
Lower and upper bounds on number of actions

Mutually exclusive actions
Upper bound on payback period for actions

GAMS

Retrofit toilet S150
Retrofit shower S40
Retrofit faucet S40

Retrofit clothes washer $500
Reduce outdoor 10%  $200
Lower heater to 120°F $100



Costs to meet reduction targets
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Heterogeneity of household savings and

payback periods

Energy Savings (KWh/year)
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Payback periods for actions

Payback Period (yrs)*

Retrofit Retrofit Reduce Retrofit Retrofit Use Use Reduce
shower shower outdoor faucetto faucetto shower faucet heater
to Water- by 25% standard Water- 20% less 20% less Disp.
standard Sense (86) (356) Sense (121) (13) tempto
(226) (400) (120) 120F
(152)




Household share of conservation effort
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Identifying who to target

Energy Use (MW-hr/year)
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Apply the results

Target customers with large water and/or
energy use

Encourage to implement one or more
conservation actions

Shower + faucet actions save water + energy
with shorter payback periods

Reduce heater temperature to save energy

Outdoor conservation actions save water



Make Dumb Meters Smarter

Low cost
Open source

Cut a small groove
at the register for

wires to go out
Badger Model 25 or Neptune Model T10

_______

Best place for

lltahState

W/ UNIVERSITY




USU Business Building
Male + Female Bathrooms

Magnetic Field Sensor
3x US$1.25ea

Expansion Boards

Wi-Fi
<7 Cellular

(/ .m ) Radio

N US $20~$40

Low Cost Computer
Running Open Source
Datalogger Software

Raspberry Pi Model B+ V1.2
£ Raspberry P1 2014
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US$13.95¢ea

Toilet & Urinals Line

5V/1A Power Requirec :

US$14.95¢ea ‘
Motion Sensor \ ;

Monitor Bathroom Traffic

US$35.00ea

19



Preliminary results

Women's Bathroom

B Cold Faucet Line ™ Hot Faucet Line

Men's Bathroom

® Cold Faucet Line ™ Hot Faucet Line

® # of Users

© Cold Toilet Line

@ # of Users

© Cold Toilet Line
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Volume (Gallons)

0.6

04

0.2

0.0

Other Locations

* Single-family residences
 Dormitories
* Non-residential users

Toilet 1

Shower 1

Bathroom 1 Sink

Kitchen 1 Sink

Kitchen 2 Sink
Bathroom 2 Sink

Toilet 2

Kitchen 2 Sink

Shower 2

Clothes Washer 15t Cycle
Clothes Washer 2" Cycle
Bathtub 2

L

19:30

20:00

Time

20:30 21:00




Smarter Water-Energy Monitoring
Activity (10 min)

Where to place low-cost, open-source
computers and sensors to synchronously
monitor a household’s water and energy use at
high frequency?

* Discuss in small groups (2-3 people)

 Enter recommendations at:
http://tinyurl.com/govvivp




Conclusions

d Couple high-frequency data collection with
simulation and optimization modeling

dSalt Lake City, Utah can save substantial
water and energy

Several actions save water and energy
simultaneously with short payback periods

dProfile and target to motivate savings



Further Info

» Adel Abdallah and David E. Rosenberg (2014). "Heterogeneous
Residential Water and Energy Linkages and Implications for
Conservation and Management." ASCE-Journal of Water Resources
Planning and Management. 140(3). pp. 288-297. doi:
10.1061/(ASCE)WR.1943-5452.0000340.

* Francisco Suero, David E. Rosenberg, Peter Mayer (2012). "Estimating
and Verifying United States Households' Potential to Conserve
Water." ASCE-Journal of Water Resources Planning and Management.
138(3), pp. 209-306. doi: 10.1061/(ASCE)WR.1943-5452.0000182.




Questions?

David E. Rosenberg
david.rosenberg@usu.edu
http://rosenberg.usu.edu
@WaterModeler
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A Utah-Wyoming water science and A
cyberinfrastructure collaboration




