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The use of water conserving bathroom fixtures, such as nonwater urinals,® has been supported for
their potential to conserve large volumes of high quality drinking water. However, unforeseen
consequences occurred when poorly designed nonwater urinals were installed to existing
infrastructure. One of the biggest problems with installation of nonwater urinals was their
propensity to clog due to spontaneous precipitation.? This occurs when the urea hydrolysis
reaction converts the urea in urine into ammonia and bicarbonate.® This reaction is catalyzed by a
ubiquitous enzyme and it raises the pH of urine from 6 to 9. The increase in pH causes the
calcium and magnesium in urine to precipitate from solution as struvite and hydroxyapatite,
among other solids.* Clogged urinals create unfriendly environments for users and maintenance
is difficult once urinals become clogged. Due to these maintenance issues, nonwater urinals are
often retrofitted with flushing mechanisms or have been completely replaced with their water-
flushing counterparts, ceasing their ability to conserve potable water.

Nonwater urinals are also critical in the implementation of urine diversion systems. Urine
diversion has been proposed as an alternative wastewater treatment process that collects and
treats human urine as a separate stream.®> Why collect and treat urine separately? Urine
contributes 80% of the nitrogen and 50% of the phosphorus to a wastewater treatment plant,
while only contributing to about 1% of the volumetric flow.® Reducing the amount of urine that
enters the centralized wastewater collection system has the ability of reducing energy and
chemical demands used at water and wastewater treatment plants.” Savings at the drinking water
treatment plant come from conservation of drinking water otherwise used for flushing toilets and
urinals.® Once urine is collected, various technologies can be employed to recover nutrients,
remove pharmaceuticals, and/or reduce its volume.®*! Recovered products can then enter their
appropriate market as alternatives to their synthetic counterparts.

The goals of this project were to create a nonwater urinal testbed for improved understanding of
urine chemistry and its effects on the urinals, collection system, and storage tanks. Specifically,
(1) a cyber-physical system (CPS) was created to monitor urine chemistry in real-time, (2)
realistic experiments were conducted to mimic and inhibit urea hydrolysis in the nonwater
urinals, and (3) nutrients and metals were tracked throughout the experiments for chemical
analysis of urine throughout, as well as physical changes to the collection system. Based on the
concept of Internet of Things, we use Raspberry Pi to collect data from pH and conductivity
sensors at a given frequency. Pub/Sub was used to send data to the Cloud. The advantages of
Pub/Sub are that it ensures at least one delivery of the data packet and it can adjust itself to the
incoming traffic of data. Once the data packet reaches the Cloud platform, it is stored in the data
store. The data in data store is secure, flexible, and readily available. It can be retrieved in any
desired format. Data manipulation, data analysis and data visualization can be performed in the
Cloud. Experiments were run to determine the effects of inhibiting the urea hydrolysis reaction
by acid addition on cast iron and plastic pipe materials. Realistic conditions were recreated using



wireless controllers, which automated urine and acid delivery pumps. Samples were taken from
within the pipe network for nutrient and heavy metal measurements to determine the change in
concentrations from urinals to pipes to storage tanks.
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