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Dissecting the Average Shower and Its Impact on the Planet — Part One: Human Water Usage and Global Impact

Introduction

The purpose of this article is to increase understanding of our relationship with water and
to investigate the potential of constructing an economically feasible, passively heated, solar-
powered recirculating shower, thereby discovering what is required to reuse water continuously
while significantly reducing water usage. By improving knowledge about water resource use, can
a collaborative effort between students from multiple schools encourage a design effort of
potential benefit to many? The eventual goal is to provide one or more designs that extract as
little water as possible, while providing a level of comfort not otherwise available using
conservation methods alone.

The concern over global water resources, their quantity and quality, has been expressed
for decades (N.W. Arnell, 1999; P.E. Waggoner, 1990). Yet a report by the Yale Project on
Climate Change Communication has shown that there are “important gaps in knowledge and
common misconceptions about climate change and the earth system” (Leiserowitz, 2010).
Leiserowitz states that 75% of people surveyed on the subject recognized that they have a gap in
their understanding. The time for addressing those gaps is at a critical moment. Adjustments in
resource use may determine the continued viability for many species on this planet. We can no
longer assume access to water is something to take for granted. Water use (and reuse) in the next
century will out of necessity be different than it has been in the past; in the future there will be no
such thing as waste-water. A summary is presented here regarding water resource use and how it
relates to showering in the future. Curriculum can be enhanced with the inclusion of this
summary as it highlights current use, reuse, and waste.

Martin et al. (2016) ask, when we will “shift from the current ‘age of plunder’ toward an
‘age of respect’ that accepts a world governed by biophysical limits?” (p. 6108). Changing
ingrained values and habits can make us feel like we have lost control and cause us to choose to
stay on a path of degradation and despair rather than choose an unfamiliar pattern, no matter how
inspiring (Kanter, 2012). Most feel that water conservation is a great idea, but few want to
actually change to address it (Xeros, 2015). We must address the “disconnect” between
developing knowledge and inspiring action (Crookall & Thorngate, 2009).

It’s critical to embrace sustainable practices now in order to avoid “Day Zero,” a day
when we face no access to public water utilities. If we think ahead, our transition to the future
can be uplifting and inspiring, and provide us with functional alternatives instead of despair and
deprivation. There may be many “Day Zeros” ahead regarding our relationship to the planet, but
the goal of sustainability is to dance the line that avoids all Day Zeros.

This article (Part One) is divided into the following sections:

1. A Brief History of Bathing and Showering
2. Water Use Awareness in the U.S. and Worldwide
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3. To Shower or Not to Shower?
4. Relationship of Water to Energy and CO2 Emissions
5. Water Conservation Through Graywater Use

1. A Brief History of Bathing and Showering

Pakistan hosts a site of one of the earliest public baths known: The Great Bath of
Mohenjo-daro, built in the 3rd millennium BCE (Bushak, 2015). In 2000 BCE, the Babylonians
were the first to invent soap as we’re currently familiar with it. For the ancient Egyptians, their
“soap” consisted of a scented paste of ash and clay (Bushak, 2015). The ancient Greeks were the
first to develop showers with water running through lead pipes (Bushak, 2015). Ancient Romans
expanded on this Greek invention with an aqueduct system supplying indoor water to public bath
houses, where people met and socialized.

Throughout the Middle Ages, Turks and Arabs maintained a practice of daily baths.
European Roman bathhouses fell largely into disrepair, exacerbated by the rise of Christianity,
which viewed frequent bathing as an act of vanity (Bushak, 2015). Nevertheless, the European
rich continued regular private bathing as well as social bathing, and a soap industry emerged in
England as a result (Bushak, 2015). Although it may be reasonable to consider the daily shower
as a recent trend, the need to bathe has been with humanity for millennia.

In the middle of the 19th century, middle-class homes began to have bathrooms. It was
considered a luxury into the early 20t century, with working-class people first acquiring in-home
bathrooms around 1900-1920 (Lambert, 2017). Although Americans generally assume that
everyone must surely have a bathroom in this century, more than 1.6 million Americans still do
not have indoor plumbing (Ingraham, 2014). Today, the average American showers at least once
a day, perhaps more (Bushak, 2015). Since bathing in general is not associated just with health
benefits, but to relax, reduce stress, relieve aching muscles, and as a sleep aid (Bushak, 2015),
how should bathing be viewed in the future? We need a plan that can get showers to the 1.6
million currently without them, while making showering for the rest less water-intensive and
energy dependent.

2. Water Use Awareness in the U.S. and Worldwide

The world’s population is growing at a rate of 80 million people per year. We can expect
that there will be an increased demand for fresh water of about 60 million cubic meters per year
(Muthukumaran et al., 2011). We use 10 billion tons of freshwater worldwide everyday (The
World Counts, 2014). Water withdrawals for the United States are estimated to be 408 billion
gallons of water per day, or 1,430 gallons per capita per day, among the highest in the world
(Griffiths-Sattenspiel & Wilson, 2009). Kincaid (2015) reports that according to the United
States Geological Survey (U.S.G.S.), the average American uses 88 gallons of water per day...
perhaps because water is readily available to most. People in many other countries use much
less. If we had to collect and transport our own water perhaps those patterns would change.
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Water is scarce for 20% of the world’s population and 25% don’t have access to water
due to the lack of appropriate infrastructure (Kincaid, 2015). The United Nations has estimated
that 50 countries will face water shortages by 2025 (The World Counts, 2014). In Australia the
increase in demand translates to a need for 33%-58% more water (Muthukumaran et al., 2011).

According to a 2016 study, freshwater withdrawals will increase due to a 30% increase in
population in the United States by 2060. Decreased precipitation and increased temperatures will
result in greater plant evapotranspiration (Garcia-Cuerva et al., 2016). Currently, the average
global water footprint per person is approximately 1,240 m3 (327,573 gal), whereas the amount
used per person in the United States is double the world average at 2,483 m3 (655,940 gal)
(Xeros, 2015). However, some estimates are 80-100 gal per day (365,000 gal) for average U.S.
consumption (USGS, 2016).

The U.S. Government Accountability Office has reported that 40 out of 50 states will face
some form of water shortage within the next decade (Kincaid, 2015). According to Kincaid
(2015b):

o Due to the drought and reduced snowpack in California, residents will pay high
fines if they exceed their regulated water quota;

o Water demand and availability in Montana is so erratic that the state is likely to go
into crisis in the next few years;

° Raising sea levels contaminate fresh water with salt-water in Maryland, making
available water no longer potable;

° In Colorado (as well as many other states), fracking causes contamination to some
of their water supply;
° Between 2000 and 2030 the population in Arizona and Nevada will more than

double and these states have among the lowest rainfall levels in the country.

According to Gusovsky (2016), the EPA reported that “only nine U.S. states have safe
levels of lead in their water supply. These include Alabama, Arkansas, Hawaii, Kentucky,
Mississippi, Nevada, North Dakota, South Dakota and Tennessee.” This means that not only are
we running out of water, what we do have is becoming more polluted.

In Cape Town, South Africa, the year of 2018 began with the government providing
notice that April 12 would be “Day Zero” — the day when water supplies were expected to be too
low to deliver potable water to its residents (Wilson, 2018). As of February 2018, their water
supply was expected to last only months, making Cape Town the first major city in the world to
run out of water due to “poor planning, three years of drought and spectacularly bad crisis
management” (Baker, 2018). The city implemented phased water restrictions: phase one imposed
a 23-gallon limit of water per person per day, quickly reduced to 13-gallons and eventually to 6.6
gallons (50 liters) per person per day (Baker, 2018). The city recommended the following
personal water distribution amounts:
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° 10 liters (2.6 gal) to shower including hair washing (5 liters if no hair wash;
sponge bath = 3 liters). That represents about 2 minutes in the shower using the most
water-saving showerhead currently available at 1.25 gal per minute (A Great Shower,
2014); and no waiting for the water to get hot first!

o 9 liters (2.38 gal) to flush the toilet per flush. If using graywater = 0O liters.

° 2 liters (0.53 gal) to brush teeth and wash hands. Waterless sanitizer = 0 liters.
° 1 liter (0.27 gal) for a small to medium sized pet.

° 9 liters (2.38 gal) to wash dishes by hand or one economy load in a dishwasher

every 3 days (27 liters).
° 3 liters (0.79 gal) for drinking (water, coffee, tea) per day.
° 1 liter (0.27 gal) for food prep and cooking per day.

° 5 liters (1.32 gal) for house cleaning every other day. Waterless products =0
liters.
° 10 liters (2.6 gal) provides enough for 1 washing machine load per week for

laundry, or 9 liters for hand washing per day (Let’s Beat Day Zero, 2017).

These amounts were only recommendations, so some wealthy Cape Town citizens were
undeterred by the $41 to $248 fines for excessive water use. However, others in the community
adjusted appropriately, and stated, “Come Day Zero, there is no way I am going to flush more
than a third of my precious daily water supply down a conventional toilet” (Baker, 2018). They
went online to purchase dry composting toilets, hoping that the sites were not sold out (Baker,
2018).

It is time for us to really think about our personal water usage. In a study with Greek and
Polish participants, it was the children and the male adults that took the shorter showers, and the
children took fewer showers than the adults (Shan et al., 2015). Most had not even tried to take
shorter showers. When asked to estimate their personal water usage, respondents gave very low
estimates (Shan et al., 2015). Although women are pictured as the ones that linger in the shower,
on average they only spend an additional 39 seconds over men. Most women (71%) take showers
less than 10 minutes long, and 26% are in the shower 5 minutes or less (Gillespie, 2009). Men
are only slightly better at 75% and 30% respectively. Age makes a difference. Those over 55
shower 8 min 41 seconds on average, whereas people 18 to 24 take 13 min 26 seconds to
complete their morning shower (Gillespie, 2009). Are mature people less cautious about hygiene,
are they more efficient, or are they the ones that are concerned about conservation?

Before the 1990s, most showerheads delivered at least 5 gallons-per-minute (gpm) to the
showerhead, but now Federal mandates allow no more than 2.5 gpm (Shower and Bath, n.d.).
Some feel that low flow rates can lead to longer showers, but studies have shown little
relationship between the flow rate and the duration of the shower (Shower and Bath, n.d.).
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In many parts of the world, water usage is included in the rental of an apartment. As a
result, those people that live in apartments tend to use more water than residents that occupy
houses (Kohler, 2017).

In general, showers are better than baths because they have the potential to use less water.
An average bath uses 80 liters of water. An electric showerhead pumps out only 6 liters a minute,
but if a power shower is used, up to 15 liters per minute are thrust upon its recipient (Gillespie,
2009). Therefore, time in the shower and what kind of showerhead you use makes a difference in
the amount of water that it used.

Schoenbauer et al. (2012) studied residential hot water use and found that 88% of all hot
water draws were less than 5 seconds and that 91% of all draws were such that the hot water
never reached the faucet. In other words, it is a habit to turn on the hot water, even when it is not
really needed.

Portland, Oregon, often leads technological as well as progressive infrastructural
innovation when it comes to water conservation. However, it is challenged by a population
growth of 1.1% per year (Straus et al., 2016). Although it has a temperate climate and generous
precipitation during much of the year, the summer is getting hotter, drier and longer in length
(Chang & Jung, 2010), resulting in increased consumption and decreased supply. Even the
Portland Metropolitan area will inevitably experience water shortages (Chang et al., 2014;
Larson et al., 2013).

Greater demands may be placed on those parts of the world that currently have adequate
water. If Oregon, for example, were to adopt water conservation methods and water reuse
options, it would have water that could be shared to neighboring states that have less access to
water reserves. Cities and countries with adequate or excess water for even part of the year can
change habits to conserve for periods of drought instead of draining reserves. It is all a matter of
how we think, and our ability to change and get our governments on board.

3. To Shower or Not to Shower?

Perhaps a place to start is in how many showers we take. Americans tend to shower
frequently, often every day, whereas the British, Chinese and Japanese shower about 5 times a
week (Khazan, 2015). The people of Brazil and Columbia, perhaps due to the tropical climate,
shower more than once a day (Khazan, 2015).

If use of the shower is one of the most water-intensive activities in our homes, perhaps
we need to consider our shower and hair-washing frequency. Many of us lead a relatively
sedentary life, and we are probably showering too often. Our skin would be healthier if we
avoided the daily shower (How Often, 2018). When our lifestyles involve close contact with
others, for example on a bus or near people during the flu season, or frequent workouts in the
gym, more frequent showers may be necessary (How Often, 2018). But, apparently, our
showering habits could be reduced to two out of three days, every other day, or even once a week
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and it would be just fine (Palmer, 2018). This allows our skin to return to a more natural, acid-
balanced pH state. A simple sponge bath for those more smell-related areas is all that is needed
(How Often, 2018).

Dr. C. Brandon Mitchell, assistant professor of dermatology at George Washington
University says excessive washing removes natural oils and immune system-supporting bacteria,
and that most people over-bathe (Heid, 2016). Erman (2015) and Palmer (2018) agree that we
should not bathe every day, especially babies and toddlers who through exposure to an array of
bacteria are able to build a strong immune system and a healthy, more resilient skin. Palmer
(2018) adds that also as we age, showering frequency should be diminished, so that the skin is
less sensitive (Erman (2015).

It’s difficult to write about shower frequency because there is very little research
regarding this topic, but the complex human skin biome is clearly damaged with frequent
showering (Letzter, 2017). We may think we are protecting ourselves from harmful bacteria, but
just the opposite is the case. Showering changes the pH of our skin, leaving skin more
susceptible to bacterial and viral invasion (Palmer, 2018).

The same goes for our hair care. According to Kincaid (2015a):

o If hair and skin are normal to dry, washing hair once or twice a week is adequate.
If greasy conditions exist, washing hair more often may be needed.

° If hair texture is coarse or curly, shampoo once per week, but fine hair will require
washing twice or more per week.

o If hair is processed or damaged due to styling, it will require more frequent
washing.

The main reason we over-bathe is due to societal norms (Miller, 2015). More research is
necessary so that we can adjust our views and bathe appropriately. Primarily, we need to keep
our hands and faces clean, encourage more sponge baths, and skip the daily shower (Letzter,
2017). Perhaps our next vacation should be a shower-free one, and when we return home, our
body will be on its way to adjusting to a normal healthy skin biome and new routine.

4. Relationship of Water to Energy and CO2 Emissions

When we think about water, we fail to recognize the amount of energy needed to get the
water to us, to purify it, and to deal with the wastewater (Okamoto et al., 2015). In the United
States, water-related energy use represents 13% of the nation’s electricity consumption
(Griffiths-Sattenspiel & Wilson, 2009). CO2 emissions due to water usage represent 5% of the
total emissions for the country (Wong et al., 2017). Nineteen percent of California’s electricity
consumption is water related. If seawater desalinization is used, the energy requirements would
be 7 times greater than that of groundwater use, and groundwater requires 30% more energy than
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surface water (Griffiths-Sattenspiel & Wilson, 2009). Overall, centralized water and sewer
systems represent the most energy- and carbon-intensive systems (Xue et al., 2016).

As an example of energy-related expenses for water, there are two sources of water for
Portland, Oregon: one is gravity-fed surface water and a secondary source is ground water. The
gravity-fed source requires 570 kWh of energy per million gallons; the ground water source that
is pumped up 750 feet and transported 4.5 miles uses 3,675 kWh per million gallons of water,
requiring 6.5 times more energy to serve the residents (Griffiths-Sattenspiel & Wilson, 2009).

If groundwater levels drop an average of 10 feet due to increased demand and global
climate change effects, the associated carbon dioxide emissions would be approximately 680,000
metric tons per year (Griffiths-Sattenspiel & Wilson, 2009). It is critical that municipal water
users recognize that it takes a great deal of energy to provide clean water and then more energy
to eliminate that used water (graywater) if we are to fully grasp the true costs of our water.

In Hong Kong, showers represent 40% of domestic water usage and 19% of energy
consumption to heat that water (Wong et al., 2017). Wong et al. also report that 100% of
wintertime showering and 90% of summertime showering use hot water, and that the average
preferred temperature was 38.6 °C (101.5 °F).

Low-flow shower heads have been implemented in many parts of the country. Not only
do they decrease water usage, but they also reduce CO2 emissions (Okamato et al., 2015).
Developing a showerhead that provides a sense of “satisfaction of shower feeling” is essential to
their success, and this is dependent upon water flow (Okamato, 2015). The new low-flow
showerhead may only require an adjustment period, and once it has been used for some period of
time, the normal flow showerheads will seem wasteful and unnecessary. Addressing the best
possible design for showerheads could reduce both water and energy consumption.

Reducing a shower’s duration makes a difference. In a study by Binks et al. (2017),
reducing showering time from 6-10 minutes to 4 minutes saved as much as 3.8 kWh per person
per day. The energy and water cost savings were $37 to $500 per household per year, and if
electric storage (as opposed to natural gas) was used, the savings were as much as $900 per
household per year (Binks et al., 2017).

One conservation method that could be addressed by local water utilities would be to
change the lack of recent, relevant information provided to its customers. Many states send their
water bills quarterly or trimesterly. How can a pattern of water usage be impacted if you receive
your water bill only every 4 months (Kouroupetrogloua et al., 2015)? In the Netherlands, a
townhouse development in was divided into two sections. In one section, the meters for
electricity were plainly visible near the front door. In the other section, the meters were placed in
the basement. There were no other differences between the townhouses, but the residents in the
first section consistently used significantly less energy than those in the second. If water utility
companies placed meters where clearly visible and sent monthly statements, conservation could
more easily become a priority and cause water usage to drop naturally.
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In addition to conservation, water reuse provides options that are more energy efficient
than either desalinization or water transport strategies and that results in reduced CO> emissions
(Garcia-Cuerva et al., 2016). Water reuse can reduce demand on our freshwater systems and
alleviate the nutrient and pollutant loads that are often released when wastewater reaches
freshwater systems (Garcia-Cuerva et al., 2016). If energy recovery and graywater reuse systems
were implemented at the individual municipal water user level, these two systems could save 14
times more energy than the current recommended conservation efforts (Xue et al., 2016)

5. Water Conservation Through Graywater Use

There are many ways to conserve water. One is through reuse of previously used water.
This recycled water is called graywater (or greywater in the United Kingdom). It is usually
sourced from minimally used water from bathroom sinks, showers, bathtubs and washing
machines (About Greywater, n.d.). It is water that has not come into contact with feces or diaper
washing; water from those sources is termed blackwater (About Greywater, n.d.). Graywater
should not be stored more than 24 hours in order to prevent odors from forming, and when
moving it through any storage system by gravity, a 2% slope is recommended (1/4 inch for each
foot of pipe) with woodchip mulch basins to prevent clogging (About Greywater, n.d.).

Graywater accounts for about 70% of the effluent in conventional sewer systems (Xue et
al., 2016). If graywater were used, it would dramatically reduce the stress on our wastewater
treatment systems and protect drinking water resources (Xue et al., 2016). Due to challenges
around health and safety concerns, graywater use is banned in many states, and since most
households have not been designed for water reuse, there are difficulties in making the transition
to graywater use as a more sustainable option (Griffiths-Sattenspiel & Wilson, 2009).

Stress on water supplies due to freshwater consumption can be alleviated with the use of
graywater (Benami et al., 2016). There are some concerns about transmittal of pathogens that
could be hazardous to human health. But in the study by Benami et al. (2016), health risks seem
very low from aerosolized bacterial pathogens. Maimon & Gross (2017) agree that graywater
reuse does not pose any additional risk if established guidelines are followed, such as monitoring
the pH, total suspended solids, and turbidity. Additional studies are needed in this area because it
is primarily the social-acceptance factor that prevents the public from embracing graywater reuse
(Schmid & Bogner, 2018). In the study by Schmid and Bogner (2018), it was not surprising that
results showed preferential uses for graywater to be toilet flushing, watering potted plants and
gardens, and washing the car. Bathing, teeth brushing, and cooking were next. The surprising
factor was that preference for drinking recycled wastewater came before showering with it
(Figure 1). (Schmid and Bogner, 2018).

Care must be taken with untreated graywater because, in addition to pathogens, it can
contain residual chemicals from surfactants, oils, greases, elevated salinity and sodicity, plus
suspended solids or changes in pH (Schmid & Bodner, 2018). For the most part, however, there
is no detrimental effect from ordinary residual chemicals, and plants can often benefit from the
nutrients and organic carbon present in graywater (Schmid & Bodner, 2018).
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It might surprise some that 13%-65% of graywater from Los Angeles has been used for
irrigation of agricultural crops (Juan et al., 2016), and South Korea, Malaysia and Brazil are
processing graywater. The residents of Japan would like to implement graywater systems, but the
government is not supportive. In India, the payback period to cover the costs of installation for a
vegetable irrigation and toilet flushing greywater system was only 1.6 years (Juan et al., 2016).
When a drain-water heat-recovery system and water flow limiter were installed for a shower in
Poland, the payback period was only a month. And, in Mexico, a graywater system was cheaper
to operate than a rainwater recycling system (Juan et al., 2016).

77777

Figure 1. Recycled water reuse by preferences Retrieved from Schmid and Bogner.
(2018). What Germany’s University Beginners Think About Water Reuse. Water. 10, 731; doi:
10.3390/w10060731

Graywater filtration in a Taiwanese shower included a collection tank under the shower,
and a polypropylene filter to remove “fine sand, mud, rust, microorganisms from the
water” (p.5). The next filter was granular activated charcoal to remove chemical substances,
unpleasant colors and odors. The final filter was a mesh activated- charcoal to absorb
“unpleasant color, odor, chlorine gas, bleach, pesticides and organic chemical pollutants” (p.5).
The water was finally sterilized with an ultraviolet anti-bacterial light (Juan et al., 2016).

Some articles discuss reclamation of polluted water (Sidhu et al., 2014). The difference
between reclaimed water (RW) and graywater (GW) is significant. The RW may contain many
pollutants, pesticides, and endocrine-disrupting chemicals. These compounds are never found in
typical shower water unless the user works in an agricultural line of business and brings the
chemicals home inadvertently. When reusing water, it is important to consider what has been
added to the water previously. That will determine the filtration system and for what purpose the
water can be used again.
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Social acceptability is the limitation that most hinders development of graywater systems.
This social reluctance is termed “physiological repugnance” by Bruvold & Ward (1972) or the
“yuck factor” by Russell & Lux (2009). The main driving force for change happens when water
is scarce (Garcia-Cuerva et al., 2016). Although severe droughts influence our water concerns,
they have not inspired us to change and seriously address the issue through greater conservation
efforts. A question we should ask is will we have to run out of water before we put logical
systems in place? What will it take to get us involved in water reuse programs and turn
knowledge into action?

Conclusion

Obviously, at some point we will all have to address our excessive use of water. Will we
have to follow in the footsteps of Cape Town when it comes to water rationing standing in line,
watched by armed guards to get our daily share? How will our lifestyle have to change just to
obtain minimal water for the day, every day? The most reasonable approach is to implement
conservation methods to save and reuse water now.

There is a great need for functional designs of a recirculating shower. Houseless
communities often have no access to running water. Recirculating showers could benefit
communities such as Flint, Michigan, where the water quality is unacceptable and where changes
in quality are not anticipated in the foreseeable future (Butler et al., 2016). Native Americans
could benefit as well, as reservation water supplies are frequently of inadequate quality and
quantity (Kaljur & Beheler, 2017). Recirculating showers would be beneficial for places like San
Diego where water supplies are so low that the city has approved the use of blackwater recycling
in order to generate enough drinking water (Smith, 2017). In many parts of the world water must
be hand carried to local villages. It is entirely possible to address water quality and quantity in a
more equitable fashion for everyone worldwide. The design of extremely water-efficient systems
is the beginning of that process.

In summary, this article represents the current literature regarding the many aspects that
must be considered regarding water resources and reuse. I would like to invite teachers,
instructors, and professors to participate in a collaboration to build the first recirculating shower.
This literature review does not include prototypical work that has already been built. After each
system is optimized, successfully integrating these systems into the most functional shower
design possible will be the final step. Obviously, keeping costs to a minimum is essential.
Contact the author if you would like your students to be involved in the development of part of
this project.
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