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INTRODUCTION

Today’s world is plagued by diseases that are 
spread through a myriad of vectors. According to 
the Centers for Disease Control and Prevention 
(CDC) and evidenced by the COVID-19 pandemic, 
“an outbreak can travel from a remote village to 
major cities on all continents in less than 36 hours,” 
which has grave economic, social, and health 
implications.1 The COVID-19 pandemic has also 
showcased the urgency for improved and inclusive 
innovation in the global water, sanitation and 
hygiene (WASH) sector to mitigate and prevent 
the spread of fatal infections in the future. The 
COVID-19 pandemic also highlighted and further 
exasperated the WASH inequities of the world. 
Some examples include but are not limited to the 
following: the lack of clean water for hygienic hand 
washing in many communities, menstrual health 
product supply chains being disrupted and or 
halted completely, and the increased risk of using 
public toilet offerings due to the pandemic.2 

Related to sanitation, the maintenance of hygienic 
bathroom facilities is a challenge in both the 
composting and traditional flushing public toilets. 
While composting toilets and flushing toilets are 
created with different purposes in mind (specifically 
regarding what happens with the waste),  both 
systems face the challenge of toilet hygiene. 
Over time, composting toilets have become 
more popular in mainstream and public settings 
as festivals and other large scale environment-
affecting events take place.15 Additionally, several 
buildings have installed compost toilets, and 
many agricultural companies are researching the 
use of urine in fertilization of crops. As such, the 
importance of providing proper hygiene methods 

and mechanisms  for these toilets is evident.  For 
composting toilets, the environment where the 
toilet is implemented, the toilet design, and the 
age of the materials used are responsible for and 
contribute to the nutrient recovery of the waste; 
these factors also contribute to the overall hygiene 
of the toilet. However, numerous composting 
toilets do not produce hygienic, pathogen-free and 
mature compost due to a number of constraints, 
such as user experience error with the system  
(or toilet system design error), overuse of the 
toilet, insufficient maintenance, excessive urine, 
and anaerobic conditions.4 These constraints can 
further lead to the spread of infectious diseases.  

Similarly, when considering flushing public toilet 
technologies, the “flushing...or cleaning [of public] 
lavatories using pressurized water jet streams can 
also result in aerosolization of...bacteria and viruses 
which can cause transmission of infectious diseases 
such as Severe Acute Respiratory Syndrome 
(SARS).”3

Additionally, in public bathrooms, poor hygiene 
of sanitation facilities can also lead to the spread 
of anal and vaginal infections due to bacteria 
such as Escherichia coli (E. coli), Shigella sonnei, 
Streptococcus, Staphylococcus, Salmonella, 
Yersinia, and viruses such as norovirus, rotavirus, 
adenovirus, and Torque teno virus, all of which 
can be transmitted  from toilet surfaces.6 This 
further makes the case of improving the hygienic 
maintenance of public toilets for both flushing 
and composting systems. According to Cisneros, 
in order to provide a basic sanitation service, the 
following must be taken into account: “the type of 
toilet, the storage facility for feces which frequently 
are associated to the toilet, the way in which feces 
are extracted [from the system], and their further 
management.”6  The quality of these services is 
often associated with socioeconomic status, and 

Public Sanitation in the 
United States
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thus provides serious challenges in resource 
constrained communities around the world. 

Thus, the hygienic maintenance of public toilets 
is an important public health issue in rural 
communities where resources tend to be more 
sparse. A survey that focused on rural communities 
in the Ovia area of Edo State, Nigeria was 
performed on focus groups which revealed that 
the majority of communities in rural areas made 
use of ventilated improved pit latrines, ordinary 
pit latrines, water closets and aqua privies with 
a soakaway; the most common of these being 
the ordinary pit latrine, which the United Nations 
defines as unimproved sanitation.7 Furthermore, 
many communities are unable to access safe water 
sources and are also hindered in their ability to 
practice  hygiene practices such as handwashing 
before meals and after using the toilet. Based 
on this, we believe that  is necessary to develop, 
trial, and ultimately scale up self-cleaning 
methodologies to improve the health and hygiene 
of public toilet facilities as current methods for 
both flushing and composting toilets leave room 
for health hazards due to user experience error.

Self-Cleaning Toilets in the 
Smart Sanitation Economy
Smart Sanitation refers to the improvement and 
development of sanitation systems that would 
better future cities; it encapsulates the idea 
of  enhanced wastewater health monitoring at 
the individual level and community level. Smart 
Sanitation is often in-line with the concept 
of Smart Cities, as noted by the Pune Smart 
Sanitation City Project, whereby city sewers and 
wastewater are viewed as the ‘microbiome’ of 
the city and representative of its health.5 The 
project, spearheaded by the Toilet Board Coalition, 
estimates that the Smart Sanitation Economy will 
be a $62 billion market in India alone. With the 

population of the world shifting to urban areas, 
a concentration on Smart Sanitation is necessary 
for the development of future cities. A project 
such as this requires intelligence from a variety of 
sources of public sanitation from around the city. 
It is evident that self-cleaning toilets are a part of 
the Smart Sanitation Economy because all of the 
three main sources of intelligence (citizen, business, 
and city) are involved in some fashion as noted in 
the Toilet Board Coalition report. Additionally, we 
believe that there are potential preventative health 
benefits of self-cleaning toilets. 

GARV toilets represent an example of a self-
cleaning toilet in the Smart Sanitation Economy; 
they are bio-toilets that alert users through a 
mobile application about how many people have 
used the toilet, the amount of water available, and 
the cleanliness of the toilet. These toilets are also 
equipped with smart flushing systems that aim 
for cleaning after every use.13 Other self-cleaning 
toilet facilities and products exist on the market 
and include the AntiClean toilet from American 
Standard, the Shine household toilet cleaning 
device, and the public, foam compost toilets 
housed in the Kendeda building at Georgia Tech. 
The frequent use and implications of these toilets 
represent an opportunity for further research into 
the technology behind self-cleaning toilets for 
wider spread health impacts. 

Image 1: A close-up of the composting toilet (Photo by Maria Saporta)
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Engineers Without Borders 
Team - Our Objectives 
In 2020, we - a team of Georgia Tech Engineers 
Without Borders sanitation researchers and 
engineers -  joined the Wish for WASH Thinks 
(W4W)team to conduct this rapid technology 
analysis. 8 We hypothesized that the development 
of a self-cleaning toilet mechanism could be a 
potential method for counteracting disease spread 
and to improve the overall user experience of the 
public toilet. 

We believe that such a mechanism will impact 
diverse populations around the world and help 

solve many hygiene-related issues, particularly 
related to compost toilets. While toilets can be 
implemented and used effectively, the upkeep or 
maintenance of the public toilets  often renders 
them to be unusable after a period of time due to 
health, hygiene and safety concerns. 

This review explores multiple self - 
cleaning toilet technologies  from around 
the world in an effort to determine which 
mechanism could be  the most feasible 
for use as a public toilet in an urban 
American setting (specifically in Atlanta, 
Georgia)  in the post COVID-19 era.

Image 2: Some of the Wish for WASH Research Team
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It is evident that multiple populations are impacted 
by the outstanding issue of safely managed 
sanitation, hygienic toilet facilities, and effective 
cleaning mechanisms including but not limited to: 
rural communities, urban slums, and other low-
income communities. Through this rapid analysis, 
we sought to learn and hope to subsequently aid 
in the development of a solution that not only 
addresses self-cleaning mechanisms for toilets, but 
also addresses the hardware barriers that prohibit 
the hygienic upkeep of sanitation facilities.

A rapid review was conducted to identify 
literature related to self-cleaning 
technologies and methodologies in 
public toilets in various contexts. The 
electronic databases Medline, Embase, 
Google Scholar and PubMed were used 
as well as various pieces of gray literature 
were used to identify guidelines, reports, 
tools, and technologies that exist related 
to this rapid review’s scope. 

Currently, many people are experiencing 
homelessness and housing instability across the 
United States and are unable to readily access clean 
water and safely managed sanitation facilities.25  
Additionally, families living in emergency shelters 
are often representative of various cultures and 
have different sanitation and hygiene norms. 
Oftentimes, toilets are shared in these settlements; 
this means that a single toilet facility is used by 
multiple families in a community.9 

Based on a survey conducted by Innocent 
Tumwebze and Hans-Joachim Mosler (2014), only 
half of respondents reported clean, shared toilets 
(dry floor, no excreta on the ground, no smell). 10 

Tumwebze and Mosler (2014) attribute the degree 
of cleanliness to several psychological and social 
dilemma factors, such as risks, attitudes, norms, 
ability, and self-regulation. 10 In general, they found 
that as the number of families sharing a toilet 
increased, its reported cleanliness declined. We 
believe that this was likely due to the increased 
difficulty of coordinating and distributing cleaning 
responsibilities in larger groups.10 In addition to 
shared toilets, hanging latrines and unhygienic pit 
latrines are often used in urban slums.9 Children 
living in these areas are extremely vulnerable to 
the negative effects of unhygienic latrines, as they 
can encounter fecal matter while playing outside.9 

These population groups represent potential users 
that could benefit from available self-cleaning 
toilets facilities to help standardize health and 
hygiene norms in public bathroom spaces. 

POTENTIAL POPULATIONS 
OF INTEREST
 

METHODS
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Current self-cleaning toilet technologies exist in 
a variety of places around the world. Many such 
technologies are in research and development or 
pilot phases in developing countries such as India, 
Nigeria, and other Sub-Saharan countries. The 
aforementioned examples of self-cleaning toilet 
technologies (such as Garv, the Anticlean toilet, 
and the shine technology and the toilets in the 
Kendeda building) exist at the global commercial 
level.  

In order for human waste to be effectively 
transformed into safe and usable compost, public 
composting toilets must be treated with the proper 
supplies. Efficiency for any disinfection method 
(related to compost toilets and other public toilets)  
depends on “the disinfecting agent, the type and 
content of microorganism, the dosage, and the 
exposure time”.6  Specifically for composting toilets, 
natural cleaning detergents and enzymes are 
preferred for the hygienic maintenance of these 
facilities as they promote the composting process 
while also cleaning the toilet. Cleaning supplies 
with harsh chemical agents are not ideal as they 
reportedly hinder the composting process.11 
Furthermore, microorganisms derived from fecal 
matter that are particularly harmful to human 
health respond differently to each disinfection 
method.6 Very particular reagents and disinfectants 
must be used, which might not be accessible in 
certain communities.6 

Given these strict requirements for cleaning 
technologies needed for the maintenance of 
composting toilets, there have been numerous 
technologies developed, such as surface 
technology and germicidal technology, that have 
addressed the cleaning process for composting 
toilets.

Surface Technology

Figure 1: Computer graphic of the lotus effect. 
Note From 3D, by William Thielicke 

Surfaces play an important role in the transmission 
of disease, even more so in public spaces. Surface 
area in community toilet spaces can be a significant 
vector of infection.12 It has been noted that 
microorganisms spread through toilet surfaces that 
humans come in contact with include: Norovirus, 
Salmonella spp., Influenza virus, and Clostridium 
difficile.12

To combat surface contamination numerous 
technologies have been developed with varying 
strengths and weaknesses. Currently surfaces 
sanitize themselves by using  cold plasma 
technology, UV light, and surface modification and 
functionalization.12 Cold plasma is a technology 
that uses energized gas as an antimicrobial 
treatment; as a whole it  requires more research 
to determine its feasibility and effectiveness. UV 
light is another viable option; however, oftentimes 
it requires users to not be in proximity to the 
surface as it is sanitized.12 Surface modification or 
functionalization, including topographical changes, 
are prevalent methods that make the toilet surface 

IDENTIFIED LITERATURE - 
CURRENT TECHNOLOGIES
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antimicrobial, anti-adhesive, and anti-fouling.12 
Another solution aiming  at cleaning surfaces 
is a toilet created by Garv Toilets that involves 
automated floor cleaning technology that fills the 
metal floor of the toilet stall with water and then 
drains away, rinsing away previous  human waste.13

One self-sanitizing surface technology is called the 
Self Cleaning Technology (SCT) and is modeled 
after the lotus, a plant with natural self-cleaning 
properties as a result of hydrophobic microscale 
bumps on the surface of leaves as seen in Figure 
1.13 SCT has a variety of applications in fields such 
as textiles, buildings and lavatories and could 
potentially be applicable in public compost toilets 
as well.14 

Figure 2: Coating Process to form LESS
Note. From Anti-Fouling & Eco-Friendly Slippery Surface Coating 
for Cleaning and, by Jin Wang and Tak-Sing Wong

Another self-cleaning surface technology was 
the product of research  conducted at Penn State 
and is known as the Liquid-Entrenched Smooth 
Surface (LESS) coating pictured in Figure 2.  It is 
a two-step spray that, when applied to a ceramic 
toilet bowl, serves as both a bacteria and a sludge 
repellent.16  The first spray consists of molecularly 
grafted polymers, which provide the coating’s 
liquid-repellent factor. The second spray provides 
a layer of lubricant which creates a smooth and 
slippery surface that bacteria cannot grip onto.16,17 
This not only helps address the public health and 

hygiene  components issue of the toilet, but this 
technology also saves water when disposing of the 
waste, given that less water per flush is needed. 
Additionally, the fact that this coating is projected 
to last  for about 500 flushes makes this a cost 
effective solution for removing harmful bacteria 
from a toilet. 

Lastly, by having a surface upon which fecal matter 
doesn’t stick, it can effectively repel bacteria, 
“particularly ones that spread infectious diseases 
and unpleasant odors”. 16 Within the scope of public 
compost toilets, technologies like LESS could prove 
effective in self-sanitization, reducing human 
contact with community waste by providing an 
active barrier to waste and bacteria accumulation.

Figure 3: PTFE beads dropping into liquid membrane
Note. From Free-standing liquid membranes as unusual particle 
separators, by Birgitt Boschitsch Stogin, et al., 2018

Germicidal Technology
In addition to surface technologies, there are 
various technologies  used to ensure that self-
cleaning public toilets are effectively cleaned. A 
device was constructed that uses UV germicidal 
irradiation to remove pollutants from the 
public toilets which prevents the growth of 
bacteria and mitigates disease spread .14 Another 
implementation of this technology involves the use 
of multiple jets within the bowl area of the toilet in 
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coordination with the use of a liquid cleaning agent 
that is placed at the top of the tank.18

Other Solutions
Other self-cleaning technologies include products 
such as a  liquid membrane, which can be used as 
a gas diffusion barrier to decrease the diffusivity of 
a gas in air.19 This phenomenon was shown in an 
experiment in which hexane vapor was blocked 
with a liquid membrane consisting of deionized 
water, glycerol, and SDS.19 This membrane allowed 
for solid waste odor management in odor-
concentrated environments, which would provide 
an alternative experience for users of waterless 
toilets as pictured in Figure 3. Another membrane 
that could be implemented to the toilet’s inner 
bowl and seat is a hydrophobic coating. This 
hydrophobic coating is composed of silicates, 
doped or fumed silicates, minerals, metal oxides, 
silicas, metals, or polymers. It takes advantage 
of the variation in elevation of the surfaces to 
reduce the retention and growth of undesired 
microorganisms.20

Information from an Idaho-based home systems 

and inspection company states that household-
level Smart Bathrooms can contain automated 
self-cleaning toilets that spray a strong stream of 
water coupled with deodorizing chemicals, which 
sanitizes the toilet without human involvement.21 
Figure 4 displays similar technology where a wall-
mounted arm extends to both sanitize and  dry  the 
toilet and surrounding area. In many cases, smart 
bathroom technology allows active monitoring and 
tracking of toilet sanitizer levels, as well as live data 
on adjacent bathroom fixtures such as paper towel 
dispensers and soap dispensers.22 The sum of these 
technologies promote proper hygiene, sanitation,  
and optimization of bathroom fixtures in public 
restrooms through active monitoring.

Several consumer product options are available on 
the market that provide self-sanitizing capabilities. 
One such  product known as Shine involves affixing 
a spray nozzle and water sensor that are connected 
to the Shine unit to the inner rim of the toilet 
bowl.23 After every flush, the  spray nozzle sprays 
electrolyzed water inside of the bowl deodorizing 
and cleaning the toilet, a method they claim to 
be as effective as cleaning with traditional bleach. 
Technologies like this could have implications at 
the  public toilet level, providing a continuous and 
human-free method of sanitizing toilets.

Figure 4: Self-cleaning toilets with Smart technology. Note. From SMART TECHNOLOGY by Toiilitech
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While self-cleaning toilets and other patented toilet 
technologies exist, many issues still undermine 
these products and inventions.
There are many existing patents and inventions 
for self-cleaning toilet devices on the market. 
A publication from the International Journal of 
Intelligent Robotics and Applications studied the 
issues surrounding the current self-cleaning toilet 
solutions. 

They concluded that all these solutions present 
issues to being adopted main-stream, especially 
in developing countries. Many of the current 
self-cleaning technologies are technically too 
advanced, costly, inefficient, and require too much 
water. Further, these designs are mostly focused 
on cleaning the toilet seat and the inner surface 
of the bowl, but for most of the Asian and African 
countries, where squatting toilet commodes 
are more common, a broader cleaning system is 
required.3 

While these technologies are conceptually sound, 
there are many issues with their implementation in 
any context especially regarding user experience 
and behavior change. Some issues that still need 
to be solved include the long-term efficacy of 
the antimicrobial and anti-adhesive agent, the 
high cost of implementation of these surfaces in 
large areas, the difficulties in manufacturability, 
production scalability, and the regulatory issues 
that can present limitations to which agents can be 
used.12

IDENTIFIED LITERATURE - 
LIMITATIONS OF CURRENT 

TECHNOLOGIES
 
 

Image 3: Flushing Toilet from UNSPLASH



1212    Self-Cleaning Toilet - Rapid Analysis 2021Self-Cleaning Toilet - Rapid Analysis 2021

DISCUSSION & 
CONCLUSION 
 

In order to ensure the health and hygiene of 
traditional and composting toilets, different self-
cleaning toilets have been designed, some of which 
automatically sanitize before or after use for the 
convenience and safety of the user. Most automatic 
cleaning toilet seat systems include the use of a 
motor, which are responsible for the moving parts 
that allow the cleaning of the toilet, water, and 
wastewater tanks. Some designs even include an 
electric dryer that dries the toilet seat.24 

Unfortunately, these designs can be expensive and 
high-maintenance due to electrical and mechanical 
requirements, making them impractical in resource 
constrained communities.  Another barrier to 
adoption is systems’ water requirements. 
The purpose of this landscape analysis was to 

learn about and be inspired by existing global 
technologies that could be relevant for use in urban 
American contexts. Self-cleaning technologies are 
a fairly new type of technology and require further 
examination. 

The benefits of the technology cannot be disputed 
but the methodology, especially the feasibility of 
some methods, must be considered. With improved 
cleaning technology, the maintenance of the 
toilets becomes easier and the reliefs gained from 
the toilets, whether composting or traditional, 
can continue for a longer time. This specific W4W 
Research team will use these findings to further 
build and contribute to the knowledge base for 
self-cleaning toilet technologies.  

Image 4: Scientific beakers from UNSPLASH
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