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Executive Summary

This whitepaper synthesizes peer-reviewed studies, university research projects, and engineering
analyses to provide a comprehensive, evidence-based understanding of commercial touchless faucet
systems. Key topics include sensor performance in high-reflectivity environments, solenoid valve durability
under high-cycle loads, microbiological concerns related to point-of-use plumbing, lifecycle cost modeling,
and integrated soap-dispenser system reliability. Recommendations are provided for facility planners,
specifiers, and maintenance teams based on aggregated academic and industrial findings.

Literature Review & Key Sources

We reviewed academic and engineering literature that specifically examines touchless faucets, automatic
dispensers, sensor behaviour, solenoid valves, and microbiological risks in plumbing systems. Notable
studies include laboratory and field work published by university researchers and peer-reviewed journals.

* Microbial dynamics in touchless sensor faucets (short-term stagnation effects). — A lab study showing
how short-term stagnation and temperature affect microbial water quality in sensor faucets. (See: Ren et
al., ScienceDirect, 2025).

» Automated dispenser design and field evaluation. — Design and evaluation of automated hand
sanitizer/soap dispensers and their role in contamination reduction. (See: Das et al., PMC, 2021).

* Bacterial contamination associated with electronic faucets in healthcare. — An earlier investigation
identifying electronic faucets as potential sources of microbial growth in hospitals. (See: Hargreaves et al.,
Infection Control & Hospital Epidemiology, 2001).

* Solenoid valve reliability and remaining useful life analysis. — A critical engineering review covering
solenoid valve reliability, failure modes, and RUL estimation. (See: Angadi et al., 2022).

* Field studies evaluating water savings from sensor faucets. — Multiple field reports and academic
studies finding 30-50% water savings when replacing manual faucets with sensor faucets, depending on
flow rating. (See: LEEDuser summary and university water study, 2016).

Methodology

This whitepaper compiles: (1) a systematic literature review of academic journals, conference
proceedings, and university research projects; (2) engineering teardown analyses and vendor
documentation; and (3) lifecycle cost modeling using third-party water and energy price baselines. Where
possible, primary data from laboratory studies were used; otherwise, peer-reviewed or institutional studies
were referenced. The technical scoring uses TRI™ — Technical Research Index — aggregating sensor
performance, valve durability, materials integrity, serviceability, water efficiency, electrical reliability, and
lifecycle cost impact.

Sensor Performance Analysis

Infrared (IR) sensors dominate touchless faucet designs. Key performance issues include: detection range
stability, susceptibility to reflective surfaces (mirrors, polished stainless), adaptive calibration algorithms,
and response time. University studies and field reports indicate that reflective environments increase false
activations — corrective approaches include narrowing the field-of-view, adaptive thresholding, and
physical sensor shrouding.

Evidence & References: Laboratory and field studies (e.g., Ren et al., 2025; LEED/university water
studies) document reflective-surface impacts on IR sensors.



Solenoid Valve Durability

Solenoid valves control flow in touchless faucets and are subject to high-cycle fatigue in commercial
settings. Critical engineering distinctions exist between direct-acting and pilot-operated designs.
Pilot-operated valves provide lower actuation energy per cycle and generally longer useful life for
high-pressure, high-cycle scenarios. Reliability studies outline common failure modes including coil
burnout, seal degradation, and particulate-induced seat leakage.

Engineering reviews of solenoid valve life and remaining useful life (RUL) estimation provide predictive
models to plan preventive replacements.

Microbial & Hygiene Considerations

While touchless faucets reduce surface contact, plumbing systems can still be vectors for microbial
contamination at the point of use. Studies show that short stagnation times in sensor faucets (e.g.,
between uses) combined with elevated temperatures can promote regrowth of opportunistic pathogens.
Healthcare-focused research has reported instances where electronic faucet assemblies became
reservoirs for bacteria; therefore, faucet design, purge cycles, and integrated system maintenance are
critical to control risk.

Water Efficiency & Behavioral Impact

Field studies and university water audits indicate that sensor faucets with lower GPM ratings can save
between 30-50% of water compared to manual faucets, dependent on previous fixture flow and user
behavior. The net savings depend on use frequency, average activation duration, and any unintended
continuous flow events due to false triggers.

Lifecycle Cost Modeling Summary

Lifecycle cost analysis demonstrates that hardware and maintenance typically dominate total cost of
ownership over 10 years in low water-price jurisdictions. However, in regions with high water and energy
prices, savings from reduced hot water usage can materially affect payback periods. Decision-makers
should model local water/energy prices and realistic use profiles.

Selected Case Studies & Field Reports

1. University water audit (2016) — demonstrated 30-50% savings replacing manual faucets with sensor
faucets at varying GPM levels.

2. Hospital electronic faucet contamination report (2001) — documented risks when faucet internal water
reservoirs supported microbial growth.

3. Laboratory study on stagnation and microbial dynamics (2025) — quantified microbial increases during
short stagnation intervals at elevated temperatures.

Recommendations for Specification & Maintenance

* Specify pilot-operated solenoid valves for very high-cycle public facilities (airports, transit hubs).

* Prefer hardwired or hybrid power configurations for critical infrastructure; monitor battery status centrally
where battery power is used.



« Implement routine purge cycles or hot-water flushing to mitigate stagnation-driven microbial regrowth in
low-use periods.

» Choose laminar flow options for healthcare applications to reduce aerosolization and splash-related
contamination.

» Require manufacturers to provide parts availability guarantees (min. 10 years) and clear service
documentation.

Appendix A: TRI™ Scoring Overview

TRI™ aggregates seven weighted categories to score products on a 100-point scale: Sensor
Performance, Valve Durability, Material Integrity, Serviceability, Water Efficiency, Electrical Reliability, and
Lifecycle Cost Impact. Use the spreadsheet dataset to view per-model TRI™ scores and breakdowns.
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