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Introduction
• Innovations in smart metering are being driven by needs to 

evaluate water demands for individual end users and end uses
• With the increasing interest in water conservation programs, 

measuring and managing indoor water use has become an 
important research topic
• Fine temporal and spatial resolution can help managers 

o Isolate end uses 
o Better understand the quantity 

and timing of water use 
o Identify opportunities for savings

A sample water 
use trace for a 
typical residential 
home showing 
individual end 
uses.
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The Problem

For large institutions, water 
use is a significant cost

Utah State University
• > 27,000 students 

(includes regional campuses)
• > 800 Faculty members
• > 1600 Staff members

USU is effectively a small 
city, with all of the same 
challenges in providing a 
safe and adequate water 
supply. 

$

• A lot of smart metering 
work has been done for 
more traditional, 
residential water use 
monitoring

• Less work available for 
larger, institutional users
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The Problem

• For many institutional buildings, there 
may be no ongoing monitoring
• Where monitoring is ongoing, it is 

often conducted at too aggregate a 
level 
o A single meter for an entire building
o Larger meters cannot always resolve 

smaller flows
o Too coarse of a temporal or spatial scale 

to reveal water use behaviors

How can we examine institutional 
water use and look for 
opportunities to save?
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Research Questions

1. How can we quantify water use and 
behavior in high-traffic university 
facilities and identify potential water 
savings after installing high efficiency 
water fixtures?

2. How can we estimate individual water 
use and potential gender differences?

3. How can we verify manufacturer 
specifications of expected fixture 
performance by metering water usage?

vs.

vs.

+
+ = ?
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Methods
Study Area
• Utah State University 

Business Building
• Men’s and Women’s 

restrooms
• Pre and post retrofit with 

automated (motion 
controlled) toilet flush 
valves and faucets

Each restroom 
had an average of 
~500 users per 
day
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Neptune T10

Badger Meter Model 25 Recordall

• 3 meters per restroom:
• Hot water supply (sinks)
• Cold water supply (sinks)
• Cold water supply (toilets/urinals)

• Standard positive displacement meters 
– common for residential/low flow 
applications

• “Nutating” disks with coupled magnets

Methods – Water Meters
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Methods
Data Collection Platform
• Hall effect sensor for counting “nutations”
• Motion sensor for counting restroom users
• Logging using a Rasberry Pi computer
• Calibrated in USU’s hydraulics lab prior to installation
• WiFi connected for remote data download Total Cost: ~$100 – $150 US

Click Here for
More Details
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Methods – Data Collection
• Raspberry Pi computer programmed as a datalogger:

• Counted individual meter “nutations” as magnetic pulses
• Counted motion sensor pulses as restroom users

• Data recorded at ~4 s frequency
• Data collected for approximately 2 weeks before and after 

retrofit with automated fixtures

User enters 
restroom

Cold faucet 
use eventData available 

in HydroShare
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Methods – Data Analysis
• Calculated toilet and faucet flow rates from the 

number of recorded nutations
• Identified individual toilet events using peaks and 

beginning and end of non-zero values
• Disaggregation of toilets versus urinals in the men’s 

restroom based on volume and duration

Code is available 
in HydroShare
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Results – Data
One week

One day

30 minutes
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Results – Water Use Home
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Results – Anomaly Detection

• We detected a 
significant leak in the 
men’s restroom post 
retrofit

• USU’s facilities fixed 
the issue, resuming 
normal operation

• The baseline of 
sampling we 
established helped us 
with identification

Abnormally high
hot water use

Business as usual
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Results – Toilet Operation

Before Retrofit After Retrofit

Why didn’t we save more water after retrofit?

Mean = 2.12 gal/flushMean = 1.65 gal/flush

Kohler Toilets Flush Specification = 1.6 gal/flush

• We unsuccessfully attempted to get USU facilities to install lower 
volume toilets 

• Post retrofit toilets significantly exceeded manufacturer specifications
• Similar result in both restrooms

See more post
retrofit data
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Results – Estimating Water Savings
• Based on our observations:

o Toilets in both restrooms exceeded 
manufacturer specifications

o Faucet flow rates were less than 
manufacturer specifications

• Simulating 500 hypothetical users of the 
men’s restroom:

• Calculating water 
savings based on 
manufacturer 
specifications will 
significantly 
overestimate actual 
savings

• Actual data verify 
performance of 
fixtures

Assumptions:
• Toilet and urinal flush rates were similar to what we observed in the data
• Duration of faucet use was 0.25 min per user 
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Conclusions

• We demonstrated an inexpensive metering solution 
capable of collecting high resolution data 
• Automated fixtures reduced overall water use by 

women by ~17% but increased use by men by 
~4.7%
• Faucets performed at or below manufacturers 

specifications, but automatic toilets and urinals 
exceeded manufacturer specifications
• This type of data can be used to identify 

opportunities for conservation, prioritize upgrades, 
and verify performance
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Check out the paper!

http://dx.doi.org/10.1016/j.envsoft.2017.06.035

Access the code and data!

https://www.hydroshare.org/resource/d5ba5d65348f4c4088bc0e4d1b9c8291/
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Post Retrofit Fixture Performance

Toilets
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Urinals
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