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Our progress on urine diversion
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Objectives for today
1. Describe the process of urea hydrolysis, its impact on 

nonwater urinals and urine collection, and its inhibition by 
chemical addition.

2. Describe the use of sensors and actuators to monitor and 
manipulate urine chemistry.

3. Highlight results from innovative urinal testbeds that 
integrate sensors and actuators for urine collection.
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Inhibiting urea hydrolysis
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Urine diversion testbed @ UF
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Mimicking and inhibiting urea hydrolysis 
in nonwater urinals
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Test Percent PO4
recovered

Baseline 31

Acetic Acid 
Addition 74



Urine diversion testbed @ ASU
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ASU urine diversion testbed
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Physical system

Cyber-physical system (CPS)

• A CPS represents the 
integration of physical and 
embedded systems with 
communication and 
information technology 
systems

• Applications in energy, 
security, and transportation 
systems

• Limited previous research on 
CPS applications to water or 
wastewater systems

Sensors Actuators

Internet 
cloud
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Urine diversion CPS
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Compare control logic: pH
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Saetta et al., 2019. IEEE Access; Saetta et al., 2019. Environ. Sci. Technol.
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• Low urination frequency: 10–20 min
• Reactive control: pH threshold
• Predictive control: Regression model



Compare control logic: Ammonia & phosphate
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Compare urination frequency: pH
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• Low urination frequency: 10–20 min
• High urination frequency: 1–10 min
• Predictive control: Regression model

Saetta et al., 2019. IEEE Access; Saetta et al., 2019. Environ. Sci. Technol.



Conceptual model for urea hydrolysis
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From laboratory to restroom testbed
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Urinal-on-wheels
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Control of urea hydrolysis considering 
building occupancy patterns
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Impact of acetic acid on urine collection
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Runs 1 & 2
No acid addition

Runs 3 & 4
After every user

Runs 5 & 6
Hourly acid addition 
(day)

Runs 7 & 8
Hourly acid addition 
(night)



Impact of acetic acid on urine storage
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Runs 3 & 4
After every user

Runs 5 & 6
Hourly acid addition 
(day)

Runs 7 & 8
Hourly acid addition 
(night)



From restroom to building testbed
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Urea hydrolysis in pipes and 
storage tank

Jagtap and Boyer, 2020. J. Environ. Chem. Eng.   
26

Dr. Neha Jagtap



Urea hydrolysis in pipes and storage 
tank

Jagtap and Boyer, 2020. J. Environ. Chem. Eng.   
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Jagtap and Boyer, 2018. Environ. Sci.: Water Res. Technol., 2020. J. Environ. Chem. Eng., 2020.   

Integrated, multi-process approach to 
total nutrient recovery from urine
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From restroom to building testbed, 
Continued…
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Current thinking on urine diversion
• Real opportunities for urine diversion

– Potable water savings
– Nutrient removal and recovery
– Pharmaceutical removal and toxicity reduction

• Urine diversion is a process not a product
• Benefits derived from extension of system boundary

to include drinking water production, wastewater 
treatment, fertilizer production, and ecotoxicity
reduction

• Distributed urine diversion system that includes 
decentralized treatment and centralized treatment with 
vacuum truck collection appears viable

• Need to consider human behavior and interaction
Questions thboyer@asu.edu 30


