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Original Article

Sustainability Impacts of Installing Low-Flow
Toilets in a University Residence Hall

Johnny A. Uelmen,' lan Aley,? Breana Nehls,® and Andrea Hicks?

Abstract

This study evaluates the sustainability impact of replacing inefficient toilets with low-flow units in a residence hall at
the University of Wisconsin-Madison. A graduate student initiated this project through the university’s Green Fund,
which supports initiatives that improve the sustainability of campus facilities and engages students in the process.
Each toilet upgraded to an efficient unit is estimated to save at least $2,380 in utility bills and reduce water usage
and greenhouse gas emissions by 54 percent over the life of the unit. This simple intervention strategy does not require
any changes to daily habits, yet contributes to significant reductions in water consumption. The partnership be-
tween students and staff offers educational potential both for those involved in the project and those impacted by
the upgrades. Other institutions of higher education may want to consider upgrades to high-efficiency toilets for their
potential to conserve large amounts of water and save thousands of dollars in utility costs over the life of the units.

Keywords: conservation; green fund; residence hall, sustainability, water

Introduction

The University of Wisconsin-Madison
(UW-Madison) is a land grant re-
search university located in the Mid-
west, with a total student population of
more than 45,000. The UW-Madison
Division of University Housing (Uni-
versity Housing) operates 19 residence
halls that about 7,500 students call
home each year.

In the spring of 2017, the UW-
Madison Office of Sustainability
launched the Green Fund, offering
students the opportunity to imagine,
propose, and implement projects
that reduce the operating costs and
environmental footprint of facilities
on campus. Students work closely

with Green Fund staff to engage
the appropriate building managers,
tradespeople, and other university
staff to discuss and realize the pro-
jects. One of the first proposals the
Green Fund supported was to up-
grade the toilets in Tripp Hall, an
undergraduate residence, to low-
flow units and assess the impact
and potential for further upgrades.
The project team consisted of a
PhD student, the university hous-
ing sustainability coordinator, the
Green Fund program manager, and
an assistant professor in the De-
partment of Civil and Environmental
Engineering.

A desire to address the increasing
demands on fresh water in the face

of climate change motivated this
project. The total domestic water use
in the United States is estimated to
be 26.6 billion gallons per day, or
about 77 gallons per capita per day."
Toilets are the main source of water
use at home, estimated to be between
26 and 41 percent of an average
home’s water consumption.”® The
average U.S. household uses the toi-
let an estimated four to six times per
day, with an average flush using
3 gallons of water, resulting in about
12 to 18 gallons per toilet per day.>” ™
If all households replaced their
existing toilet units to United States
Environmental Protection Agency
(EPA) WaterSense® units, the United
States would save an estimated 520
billion gallons of water per year."°

"Department of Pathobiology, University of lllinois at Urbana-Champaign, Urbana, lllinois.
2Office of Sustainability, University of Wisconsin-Madison, Madison, Wisconsin.

3Division of University Housing, University of Wisconsin-Madison, Madison, Wisconsin.
“Department of Civil and Environmental Engineering, University of Wisconsin-Madison, Madison, Wisconsin.
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Despite the current federal standard
for toilets of 1.6 gallons per flush
(gpf), many older, highly inefficient
toilets remain. Large buildings with
high occupancies, such as multistory
apartments and university residence
halls, are among the greatest poten-
tial beneficiaries of retrofits but are
rarely evaluated." The installation of
a wall-mount toilet, common in in-
stitutional settings, often costs more
than a ground-mount unit typical in
a private home, but the high traffic in
a residence hall gives a toilet more
use and therefore a greater impact.
Additionally, college students are
estimated to use an average of 93.6
gallons of water per day, 21.5 percent
more than the average American’s
daily water use.® By replacing toilets
in residence halls, higher education
institutions have an opportunity to
improve operational sustainability
and influence students while they are
forming habits and attitudes that will
shape their future lifestyles, and
subsequently, their environmental
impacts.

This article outlines the efforts to
modernize the toilets of a residence
hall on the UW-Madison campus,
providing justification for change,
water-use calculations, anticipated
savings, and a discussion of the
incentives for other institutions of
higher education to follow suit.

The Process

The graduate student who led this
project originally approached Uni-
versity Housing with the idea of
installing waterless urinals. During
early discussions, staff members in
University Housing noted that they
typically build their residence hall
bathrooms without urinals. Oper-
ationally, this gives University Hous-
ing more flexibility to respond to
fluctuations in the population liv-

Impacts of Installing Low-Flow Toilets

ing in the residence halls. If UW-
Madison residence halls include
urinals, they are often located in
publicly accessible bathrooms on
the first floor.

Based on reports from colleagues
at peer institutions, University Hous-
ing staff and the supervisor of the
plumbing shop at UW-Madison
Division of Facilities Planning and
Management expressed concerns
about the potential for significant
maintenance issues resulting from
the flow of pure urine from water-
less urinals into sewage pipes. This
can cause the buildup of uric acid
crystals in the interior of the pip-
ing, which needs to be flushed out
with caustic chemicals and, ironi-
cally, significant amounts of water.
Given these reports, the project
team turned its attention to low-
flow toilets.

The team selected Tripp Hall be-
cause a neighboring undergraduate
residence, Adams Hall, has a nearly
identical layout, resident population
of about 245 students, and equal
number of toilets. The hope was to
design a study to measure the impact
of the toilet upgrade at Tripp Hall
and use Adams Hall as a control. The
UW-Madison built both residence
halls in 1926. Given the age of the
buildings, installing a water meter
to measure the impact of the inter-
vention proved to be challenging in
practice and would cost more than
the installation of the toilets. The
team opted to simply run calcula-
tions rather than measure the water
consumption of the two sites side
by side.

Doctoral student and lead author
Johnny Uelmen, along with Uni-
versity Housing staff, conducted a
toilet inventory, recording the flow
rate of each unit in Tripp Hall to
identify the toilets that required up-
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grades (see Supplementary Fig. S1).
The team identified 42 toilets for
replacement, with an average flow
rate of 3.5 gpf and a maximum flow
rate of 4.6 gpf. The detailed time line
in Figure 1 displays key activities,
outcomes, and personnel involved
throughout the project.

Employees from the UW-Madison
plumbing shop replaced the outdated
units with Sloan Regal 1.6 gpf units
(see Supplementary Fig. S3). After
reviewing the literature and consul-
ting with colleagues, the project team
decided to install manual, low-flow,
single-option flush valves rather than
automatic sensors or dual-flush op-
tions. Dual-flush options leave room
for unintended additional water use,
particularly when a user accidentally
chooses the higher-volume flush.
Dual-flush units can also clog and
damage waste water pipes when
users choose the lower-volume flush
option for solid wastes.”> University
Housing raised concerns about
the potential for automatic sen-
sors to trigger unintended flushes
resulting in water loss, a criticism
that was echoed in a study by Khan
et al.'?

The Impact

Upgrading 42 toilets in Tripp Hall to
1.6 gpf high-efficiency units resulted
in an estimated annual reduction
of 531,000 gallons of unheated tap
water, reducing annual utility costs
by $4,990 and eliminating 4,020
pounds of CO,e greenhouse gases.
(See Table 1.) Using a conserva-
tive estimate of 20 years for the
working life of the unit, each toilet
will generate at least $2,380 in total
net cost savings, paying for itself in
1.83 years (Table 2). Over the ex-
pected life of all new toilet units, the
project estimates a total savings of at
least 10.6 million gallons of water,
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Campus Toilet Retrofit Project Timeline

Plannin S Green Fund ;
g # Application > Implementation
Phase Support
Spring 2017 Fall 2017 Spring/Summer 2018 Summer 2018
* Brainstorming to imp ¥ * Literature review for prior * Numerous meetings wlih * Material procurement
g water waste on pUS wastewater reduction UW Housing and * UW Facilities removal and
=1l * Initial inquiries and efforts Sustainability experts installation of toilet units
'S research on modern * Hypothetical water use and * Feasibility discussions * Manuscript written
= toilets and valves - savings calculations * Materials procurement a
é * Pre-proposal submitted | * Proposal writing total budget discussions
* Feedback on pre-proposal * Discover imminent upgrades * Target building selected for * Several impacts for residents in
¥ provides efficient direction are needed throughout intervention: Tripp Tripp Hall (e.g. aesthetic appeal,
Q for targeting specific campus; application area residence hall knowledge of Green Fund, and
E questions and locations focus is timely * All toilets are inventoried sustainability practices)
8 * Contacts provide for key * Estimations based on water and candidates for * UW press release creates interest
45' personnel and resources use demands and potential replacement are among student body
O savings with interventions documented * Sustainability students expand
show immense opportunity * Specific calculations of use upon project and replace units
and savings are generated across University Housing

* Uelmen, JA ) * Uelmen, JA * Uelmen, JA

Green Fund/Sustainability: Green Fund/Sustainabl ; Green Fund/Sustainability:
* Aley, lan L * Aley, lan * Aley, lan

* Lindstrom, Timothy * Otter, Marcella UW Housing:

+ Middlecamp, Cathy b | UW Housing: * Nehls, Breana
* Nehls, Breana UW Engineering:
* Henry, Mike B * Hicks, Andrea
UW Facilities (many)

Key Personnel

Figure 1. Toilet retrofit project time line of key activities, outcomes, and personnel on the UW-Madison campus. Total duration of project, from
initiation o completion, was 20 months.

Table 1. Estimate of Annual Water Consumption in Tripp Residence Hall, Comparing Previous, Outdated Toilets

with New, Replacement Units

Outdated Toilets (3.5 gpf)* New Toilets (1.6 gpf)

Water Consumption 978,000 gallons 447,000 gallons

Reduce water consumption by 531,000 gallons (54.3%)

Water Utility Costs $9,190 | $4,200

Save $4,990 in utility costs

C0,e Greenhouse Gas Emissions 7,400 |b. COe greenhouse gases | 3,380 CO,e greenhouse gases

Reduce greenhouse gas emissions by 4,020 pounds

Buyback Period N/A | 1.83 years

*Some outdated toilets consumed up to 4.6 gpf, but none consumed less than 3.5 gpf. Estimates from this study are based on all toilets consuming 3.5 gpf,
providing a conservative estimate of the true usage and savings.
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80,400 pounds of CO,e greenhouse
gases, and $99,800 in cost savings.

These calculations are based on
background data provided by the
EPA WaterSense® and eGrid sum-
mary tables,’> the local electrical
utility Madison Gas and Electric,'* and
Madison Metropolitan Sewerage Dis-
trict (MMSD)."® All parameter values
have been calculated as a constant,
fixed term (Table 3) with the exception
of greenhouse gas emissions, which
are a combination of four pathways of
energy specific to Madison (Figure 2).

In total, an estimated 0.00452 kWh
is required to deliver and treat each
gallon of tap water. Based on the
region in which Madison is located
(MRO East), 1.68 Ib. of CO, emis-
sions (the benchmark used as a ref-
erence for other greenhouse gases) is
generated per kWh,"? producing an
estimated total of 0.00757 lb. of CO,
emissions per gallon of tap water.

The estimates derived in this study
align with other studies™'? that
showed a single toilet with an esti-
mated life span of 20 years can save
253,000 gallons of water and reduce
1,910 lb. of CO,e greenhouse gas
emissions.

The Story Continues

Inspired by the impact of this pilot
project, a team of undergraduate
students enrolled in an engineering
course (CIV ENG 421: Environ-
mental Sustainability Engineering)
worked with faculty and staff to
conduct an inventory of the flow
rates of toilets in 11 residence halls
across campus. This 3-credit elective
course is offered each fall semester
in the Department of Civil and
Environmental Engineering and is
open to students beyond those in
engineering degree programs. An-
drea Hicks, one of the coauthors of
this study, is the instructor of the
course. She and colleague Courtney
Grant have detailed community-based
learning efforts revolving around
teaching sustainability'® that were
applied in this course. For this pro-
ject, the students identified 82 toilets
that used 4.5 gpf, which have since
been replaced with 1.6 gpf units en-
abled by a Green Fund proposal
submitted by the students. The team
worked with alocal aggregate crusher
to recycle the porcelain from the
outdated toilets rather than send them
to the landfill, thus nearly eliminating
solid waste generated by the project.
(See Supplementary Fig. S2).

Why Other Institutions Should
Reftrofit Their Toilets

While the upfront cost of replacing
multiple toilet units in large buildings
may be daunting, there are both im-
mediate and long-term benefits of
doing s0. In the short-term, modern-
izing a facility’s toilets provides a new,
fresh look. Posting educational signage
showcasing water conservation data
behind each stall door can educate
users about the large contribution their
residence hall is making toward a more
sustainable environment. The numbers
are inspiring: the EPA® estimates one
updated toilet can save up to 13,000
gallons of water and $140 in utility costs
per year and more than $2,900 over
the lifetime of a single toilet.

Despite the potential for immediate
savings, institutions may struggle to
find the funds to include a major
retrofit in their maintenance budget.
Some water utilities offer rebates to
offset initial capital costs associated
with toilet upgrades. If a rebate can
arrive within the same budget cycle
as the upgrade, this could help in-
stitutions justify the investment and
ease cash flow issues. U.S.-based in-
stitutions can search for rebates on
the EPA Water Sense® website."”

Table 3. Key Background Parameters Used for Calculating Water Usage, Utility Costs, and Greenhouse Gas Emissions

Parameter Value Units Definition Source

Flushes 5.1 per average Average number of daily flushes per capita (calculated AWWA 1998

per day American per day | from sample size of 1,188 individuals from 12 American
cities)

Flush ratio 0.6 % (ratio of 1) Ratio of daily flushes conducted in residence hall per Estimation from lead author,
person. The remaining ratio incorporates times students based on average of 15 hour
are sleeping or times they are outside of residence halls academic credit load, 8 hours
(dining, recreation, etc.). of sleep, and extracurricular

activities, dining out, etc.

Utility cost 0.0094 $ per gallon For water usage exceeding 14,000 gal. costs are $9.40 per | MG&E 2020

cold water 1,000 gal. in Madison, WI (updated 11/2/2018)
Greenhouse 0.00757 | Ib. Pounds of CO,e greenhouse gas emission/gal. of cold UW Graduate Student, Tim Lindstrom
Gas Emissions* water/day
EPA 2019

*Greenhouse gas emission estimates are based on EPA eGrid, specific to the region in which Madison, Wisconsin is located.
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0.000516 kWh

[ Total = 0.00452 kWh

| S

0.00197 kWh

Figure 2. Four pathways of energy required to deliver and treat a gallon of cold waste water,

specific to Madison, WI: (A) Pumping water to the point of end use (e.g., atoilet): 0.00197 kilowartt-
hour (kWH), (B) Pumping water to Madison Metropolitan Sewerage District (MMSD) (from drain):
0.000516 kwh, (€) Electrical energy used af MMSD to treat the wastewater: 0.00166 kWh, (D)
Thermal energy used at MMSD to treat the wastewater: 0.000374 kWh, resulting in a total energy
demand of 0.00452 kWh. All energy uses are assumed to be in the form of electrical energy. Data
provided by UW-Madison graduate student, Tim Lindstorm.

Photo credits: Top photo = Tripp Hall, UW-Housing (2019), Bottor photo = Aerialimagery of MMSD,

Google Earth (2019).

Toilet water consumption has dras-
tically declined over the past three
decades, as reflected by decreasing
federal standards from as high as 5 to
6 gpf in the 1970s to 1.6 gpf today.
However, when planning to upgrade
any inefficient toilet, one must be
cognizant of some key limitations. As
a general rule, the lower the water
consumption, the higher the likeli-
hood of increasing the number of
flushes per visit and potential for
clogging pipes. Despite these con-
cerns, high-efficiency toilets as low
as 1.28 gpf consistently received high
performance ratings. Models of ul-
tra-low flush (< 1.6 gpf) are being
produced and are available for pur-
chase for commercial settings.

Perhaps the most important finding
from this project is the potential to
engage students in the retrofit process.
The UW-Madison Green Fund con-
nected students with key staft for this
project, but institutions of higher ed-
ucation without a green fund could
engage in this process through a
community-based learning course, the
activities of a student organization, ora
shared governance planning process.
A toilet retrofit may not be as high
profile as, for instance, the installation
of a rooftop solar array, but as this
study shows, it can be hugely impact-
ful. Student engagement in the Tripp
Hall retrofit brought visibility to the
issue, which led to the broad-based
audit and retrofit of 11 additional
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residence halls by the group of engi-
neering students as part of a Green
Fund proposal. Other institutions of
higher education may observe similar
patterns of student engagement in-
spiring additional student-led projects.

Conclusion

The findings from this project
highlight the impacts of retrofitting
toilets. While reductions in the emis-
sions of greenhouse gases are en-
couraging, the main savings are in
the long-term reduction of water and
utility costs. The skills and experi-
ence gained by the students involved
in this project add an additional layer
of benefit to this upgrade.

Advances in technology and educa-
tion are required in order to meet our
global energy and water demands.
When broadly implemented, toilet
upgrades can conserve significant
amounts of water, providing a practi-
cal and attainable solution in preserv-
ing this vital natural resource. These
upgrades can improve resilience in the
face of climate change by allowing
communities to allocate limited fresh
water supplies for drinking and other
essential uses. The project team hopes
that the findings from this report will
support individuals and institutions in
reducing water consumption through
the retrofitting of inefficient toilets.
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