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Elevator Pitch 

No one can predict the future. But we can all agree that we will live in a water-scarce 
world where water will be more expensive. In such a world you’ll still want to shower. 
Introducing the shower that recycles water as you bathe. So that you can stay clean even when 
the going is shitty. 
 
Customers 
 In the future, we anticipate that water will be more scarce and more expensive than it is 
today.  Increasing human population, climate change, and more people entering the middle 
class and wanting to eat meat and buy more consumer goods will put pressure on already 
limited clean water resources.  Therefore, we predict a future where water is so expensive that a 
shower could cost upwards of $1/minute. Anyone who would like to stay clean while keeping 
their water costs down will be interested in our product. 
 There is a large range of baseline water quality that customers are willing to accept. 
Some customers may have lower standards for quality and would be able to get by on cheaper 
filtering systems than our shower.  Other customers would find our shower meets a need to 
have a clean bathing system at affordable prices. Other customers who are scared of the idea 
of recycling water would be late adopters to the technology. Those customers would only make 
the switch once water prices get really high or they see that the water recycling technology is 
actually safe. 
 
Competitors 
 There are four main competitors to our project.  There is one open-source project and 
three commercially available showers.  While all of the competitors claim to have fully solved the 
water recycling shower issues, digging just under the surface of each product revealed that 
actually none of them have created a true closed loop, water filtration system. 

The first competitor is an open source system called Showerloop1, which uses a sand, 
activated charcoal, and ultraviolet (UV) light filtration system.  The complete instructions on how 
to build one’s own Showerloop system are available online, but they require high levels of 
machining skills.  It is not available for sale, which is unfortunate for the average customer.  The 
last drawback is that the testing is incomplete for the efficacy of the filtration system. 

The three commercially available showers are from the companies called Hamwells2, 
Quench3, and Orbital Systems4.  The Orbital Systems shower was developed in conjunction 
with a NASA-funded project and uses an optical sensor to sort soapy and non-soapy 
water.  The non-soapy water is filtered using a micron filter and UV light to eliminate any 
bacteria and recirculated through the showerhead.  The company claims to be a closed loop 
and reduce water usage by 90%, but closer inspection did not reveal any research on how they 
came to that number and the explanation of the system revealed that the system is not, in fact, 
closed loop because it first draws water from the municipal supply and drains some water during 
showering and drains any remaining water in the system a couple of minutes after 
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showering.  The one great thing about this product is that the water quality is in fact certified to 
be as good or better than the tap water.  The product is fully developed, on the market, and 
even includes a filter subscription service. 

The Hamwells shower filter system functions similarly to the Orbital System and also 
claims a 90% reduction in water usage over traditional showers.  This shower does not sort the 
water in the drain.  It also requires the user to clean the filter after each shower, which seems 
like an annoyance, but the manufacturer claims that the filter never needs to be replaced.  One 
other feature is that the user can switch from the recycling shower back to a conventional 
shower to fully rinse off.  After researching filters, it is obvious that the soap is not filtered out of 
the water in this system.   

The Quench shower is the least user-friendly of the three commercially available 
systems because it requires the user to start out with a conventional shower, perform all soapy 
activities, decide when there is no longer soap going down the drain, and activate the 
recirculating shower system.  The user can then bask in the recycled water until their heart’s 
content because the water is being filtered and reheated through the system.  After the user 
stops showering, they need to activate the sanitize cycle which cleans out the system before the 
next use.  While this system does save some water, it definitely does not solve any problems 
and sounds like a complete change in showering behavior needs to be adopted by every user.   
 
Minimal Viable Product 

Our MVP consists of five primary features; a working shower head, a control knob, a 
satisfactory filtration system, two containment systems, one of water waiting to be filtered and of 
filtered water waiting to be used, and finally the shower floor and walls itself, as pictured in 
figure 1. 

	
Figure	1	–	Graphic	of	the	Minimum	Viable	Product 

 
Engineering Choices 
 After completing the critical path identification and resolution, the team split up into two 
groups.  The first group made all design choices about the filtration system, built the filter, and 



attached it to the prototype.  The second group made all of the design choices for the shower 
structure, assembled the working prototype, and attached it to the filtration system. 
 

Shower Structure 
 The team in charge of assembling the shower structure had to make many engineering 
choices without knowing the final flow rate out of the Filtration system, as it was being 
developed in parallel.  Figure 1 shows the piping and instrumentation diagram of the system.  
Starting at the showerhead, the team chose a low-flow showerhead with a maximum 1.5 GPM 
flow rate because it would reduce overall water usage in the system and prevent the dirty water 
reservoir from filling too quickly.  The water passed through a hair trap in the shower before 
draining into the dirty water reservoir.  In case the filtration system would not filter as fast as the 
showerhead, the team built in an 18-gallon reservoir with a hole in the top to drain out water if 
the system backed up.  This was not attached to the municipal drain in the prototype because it 
was not necessary for testing, but it would be in a final design.  The pump in the dirty water 
reservoir was an aquarium pump with a sump system setup: submerged in the water and 
pumping water out through flexible nylon hose into the filtration system.  The first aquarium 
pump purchased could pump at a maximum of 110 GPH (1.8 GPM) in this setup, which was 
chosen because it was inexpensive and had a similar flow rate to the showerhead.   

This group then moved onto the clean water reservoir where there was an identical 
aquarium pump submerged in water pumping water through the same type of nylon hose to the 
showerhead.  In the clean reservoir, it was speculated that the filtration system might not push 
water into the reservoir as quickly as the pump was removing water.  The group decided to 
install a toilet fill valve with anti-siphon capabilities to the municipal water supply via nylon hose 
to the sink in the classroom. Because the toilet fill valve was designed to be attached to a toilet, 
which has thicker walls than the reservoir, it was not possible to install it conventionally in the 
reservoir without leaking.  Instead, it was suspended with rubber bands and held in place by a 
flat surface on top with a weight on it.   

The system was assembled on two modular stacking shelves, which could be adjusted 
in height.  The entire system was run with tap water without the filtration system and functioned 
seamlessly in a loop.  However, one concern was the head height of the pump.  It was rated at 
a maximum head height of 3.0 ft but was not strong enough to flow as high as we had hoped 
the prototype would be.  Two stronger aquarium pumps of identical brand and style were 
purchased that could pump at 295 GPH (4.9GPM) and had a head height of 5.5 ft.  These 
pumps allowed the prototype to flow at a faster rate and reach a higher showerhead. 



	
Figure	2	–	Piping	and	Instrumentation	diagram	of	the	entire	system 

 Filtration System 
The team in charge of the filtration system began with researching the best media for 

filtering water. It was decided in the end to work with three stages. Firstly, the sand would 
capture the large particulates, primarily the soap. The second stage was the activated carbon 
which would remove a large amount of chemicals. The final stage was the ceramic candle which 
would remove bacteria and any remaining particulates. As seen in the figures below. The soap 
was primarily removed in the sand filter, with a final removal in the ceramic filter. The color, 
representing bacteria and smaller particulates, was primarily removed by the ceramic filter. 

 

	
Figure	3	-	Soapy	water	through	the	filtration	system.	From	left	to	right:	unfiltered	water,	through	just	the	sand,	also	through	the	

sand	and	activated	carbon,	also	through	the	ceramic	filter	



	
Figure	4	-	Colored	water	through	the	filtration	system,	note	this	was	½	Hawaiian	punch	mixed	with	½	water.	The	left	is	

unfiltered,	the	middle	is	through	sand	and	activated	carbon,	and	the	left	is	also	through	the	ceramic	filter.	This	test	was	done	
under	pressure,	once	the	pumps	were	turned	off	the	analyze	the	results	we	noticed	the	water	coming	out	of	the	ceramic	filter	

due	to	gravity	was	coming	out	crystal	clear.		

Initially all of the filter medium was run individually. When we put the whole system 
together we ran into problems. The first big one was leakage. We used PVC cement for the 
PVC to PVC connections. But there were lots of tubing to PVC connections. The rubber 
couplings, while not perfect did a satisfactory job. However, the inlets and outlets, while under 
pressure leaked a lot with just a circular clamp. So, we looked into sealants, both which would 
be ideal and which we had on hand. One we had in large quantity was epoxy. Epoxy is not 
normally used for PVC. However, we found a report that talked about the possibility of using 
epoxy on PVC if the surface finish was altered5. We tested this and it worked amazingly, 
especially for the quick needs of our prototype. 

	
Figure	5	-	Epoxy	connections	between	PVC,	Metal	outlets	and	Tubing 

The other issue we ran into with the fully connected filtration system was air bubbles. 
These bubbles between filters caused the system to act like a pneumatic pump and out pumps 
were not strong enough to compress the air to push the water through the filters. Our solution 
																																																								
5 Pawlak, Tom and Wright, Jeff (2018). Gluing Plastic with G/flex Epoxy, Available at: 
https://epoxyworks.com/index.php/gluing-plastic-with-gflex-epoxy/ [Accessed 13 Dec. 2018]. 



was to add pressure relief valves to turn our filter into a purely hydraulic system. With the 
addition of these valves the full system began to work and we were able to filter at a reasonable 
rate. An additional benefit to adding the valves was that we were able to track the progress of 
water through an empty filter instead of waiting and hoping. 

	
Figure	6	-	The	red	circles	are	the	locations	of	the	pressure	relief	valves,	the	Blue	circle	is	a	valve	to	empty	the	system	as	well	as	
for	testing	the	flow	rate	right	before	the	 

	

Short-Term Specifications 
The flow rates for each component of the water-recycling shower: 
The showerhead can be adjusted to one of the following three settings: 
• 0.5 gallons per minute = 30 gallons per hour 
• 1.0 gallons per minute = 60 gallons per hour 
• 1.5 gallons per minute = 90 gallons per hour 

There were two types of aquarium pumps that were used during prototyping.  They were sold 
with the following maximum flow rates:  
• 1.8 gallons per minute = 500 gallons per hour 
• 4.9 gallons per minute = 1300 gallon per hour 

 
 The tubing was all ½ inch inner diameter smooth walled clear plastic  
  
The 3-stage filter was tested for a maximum flow rate using each of the pumps pushing the 
water.  The data for the tests is presented in the following charts. 



	
Figure	7	–	The	3-stage	filter	flow	rate	with	the	500	GPH	pump	plotted	in	volume	(oz)	vs.	time	(s)	for	two	trials 

	
Figure	8	–	The	3-stage	filter	flow	rate	with	the	1300	GPH	pump	plotted	in	volume	(oz)	vs.	time	(s)	for	three	trials 

Averaging each of the 3-stage filter’s flow rates found and converting these values into similar 
units to the other devices: 
• 0.043 gallons per minute = 2.6 gallons per hour with the large pump 
• 0.019 gallons per minute = 1.2 gallons per hour with the small pump 

 
The toilet fill valve’s flow rate could be adjusted by changing the water pressure.  We tested it at 
a relatively low water pressure and found the flow rate to be 0.14 GPM (8.1 GPH).  Since the 



rate changes by how much water pressure is set by the faucet, we only tested it twice keeping 
the same pressure settings. 

	
Figure	9	–	Toilet	fill	valve	flow	rate 

Other than flow rates, the volumetric specifications for the reservoirs and the filter system were 
important.   
• The reservoirs are 18-gallon storage containers.   
• The filter system is 3.21 gallons  

  
In order for the shower system to not overflow the first reservoir, the filter system would need to 
keep up with the showerhead’s flow rate.  There are several models to help scale up the pump 
and filtration system. 
 
• One way to achieve that with the current system would be to run multiple filters at the 0.043 

GPM in parallel to one another.  To achieve 1 GPM, there would need to be at least 24 of 
the current model of 3-stage filters running in parallel. This amount of sand, carbon, and 
ceramic filtration seems unfeasible.   

• The second way to achieve that would be to scale up the pumping capabilities.  If the ratios 
of the maximum pumping capabilities of each pump (295/110, which equals 2.7) is 
compared to the ratio of the resulting filter flow rate (2.6/1.2, which equals 2.24), the 
scalability can be inferred to mean that if the pump power goes up by 2.68, then the flow 
rate goes up by 2.24.  If 1 GPM (60 GPH) is the desired flow rate of the filter, then a 7712 
GPH pump is needed.  These pumps are commercially available for large fish ponds and 
cost hundreds of dollars.  This would be a feasible option, however our model does not have 
a calculation for the reduction in effectiveness of the filter as water is pumped through at 
higher rates.   



	
Figure	10	–	The	linear	model	for	scaling	up	the	filter	(GPH)	by	increasing	the	pump’s	maximum	flow	rate	(GPH) 

• In reality, a combination of better pumping with a few filters running in parallel seems 
feasible.  For example, using a combination of the above two models, having 3 filters 
running in parallel would require three pumps rated at 2570 GPH in order to achieve 1 GPM 
flow.  These types of combinations are feasible and the cost of the pumps, filters, and 
reduction in effectiveness need to be considered when deciding on the proper combination. 

 
Long-Term Specifications and a Second-Generation Prototype 
 The first specification would be a way to measure the flow rate at each stage of the 
filtration process to determine when the filter should be changed. As a filter is used it becomes 
clogged with material, primarily soap in this case, and the flow through the filter decreases. Flow 
meters exist, which were too expensive for this prototype’s budget, that can accurately measure 
fluid flow. It would be ideal to have more filtration flow capability, right after the filter is installed, 
than showerhead flow so that when the filtration flow rate drops just below the showerhead flow 
rate, there would be an indicator to change out the filtration system. For example, if the 
showerhead is rated at 1 GPM (60 GPH), having the capability in the filtration system to handle 
a flow rate of 2 GPM or (120 GPH) would allow time to elapse before enough soap and dirt clog 
the filter so that it also flows just below 1 GPM (60 GPH), and the entire system starts backing 
up on itself.  Unfortunately, an engineering model cannot be created to determine a rate of the 
3-stage filter slowdown to hours of flowing soapy water through it.   
 The second specification would be to have a governmental body certify that the water 
passing through the filtration system is clean. It would need to be tested for bacteria as well as 
soap, and meet regulations (for MA) under 314 CMR 9.00: 401 Water Quality Certification. No 
filtrations system should be sold without certifying that it works well. If the filtration system did 
not pass certification, then the system would continually need to be developed.   
 The third specification would be to increase the flow rate from the shower head from a 
conservative 1 GPM to a comfortable 2-3 GPM. This would cause the potential need for large 
holding tanks, but may be compensated by helping speed up shower time by providing enough 
water pressure to rinse shampoo and conditioner out of long hair. 



 The fourth specification offering models of varying capability (rated for a one-person 
household, 4-person household, etc.).  Considering that the average shower length is 
approximately 8 minutes6, having about 20 gallons of capacity per person should be more than 
enough. This can be scaled depending on the household and number of showers taken a day. 
As with any consumer product, the effectiveness of not backing up the system into the reservoir 
and causing the water to go down the municipal drain depends on the maintenance of the 
filtration system by the owner. 
 The fifth specification is adding the capability to heat the water as it is recycled through 
the system. All of the commercially available recycling showers use instant water heating 
technology. This type of water heating was too expensive for the prototype, but would be 
required for a final design because it would be difficult to sell many customers on a cold shower. 

An even longer term goal would be to implement an entire household water recycling 
system, that could recycle water from not only the shower, but also the dishwasher, clothes 
washer, sinks, etc.  According to the United States Geological Survey, the average person uses 
80-100 gallons of water per day7.  Similar to greywater systems in green commercial buildings, 
a home water recycling system that can handle an entire household’s water use, would be an 
engineering feat. 
 
Lessons Learned 
 We are satisfied with the bulk of the big decisions we made in this project:  what project 
to choose, how to approach the critical path, how to divide up labor, the decision to start building 
and testing as soon as possible, etc.  As much as possible, we used readily available materials 
that were free in the lab in order to save money for other components.  While this was 
necessary given our timeline and budget, we wish we would have used clear pipes for all our 
filter components so that we could better see water going through the system.          	
            We also didn’t anticipate needing to install pressure relief valves on each part of the 
filtration system, but knowing that now we would have incorporated that into the design sooner. 
Similarly, we would have used stronger pumps right from the beginning; it was unrealistic to 
assume that aquarium pumps would give us the flow rates we needed for a system as large as 
ours.	
            While we attempted to stay organized and adhere to a strict schedule from the 
beginning, we could have done better.  We did not settle on initial specifications of our product 
or split up the work load soon enough, causing the same thing to be repeated by multiple people 
and wasting time. Although we tried to have regular meetings right from the beginning, given 
differing schedules, we still had trouble getting a meeting schedule in place. 	

We wish we had done more testing sooner, and that different groups' tests were more 
coordinated. In the future, we need someone to be in charge and set goals for the team so that 
everyone is not off trying to do their own thing. For testing, we should have used more precise 
measuring devices, instead of the markings on the sides of the mason jars. We could have also 
been more thorough with the water qualification testing.	
            Overall, we took on a task in an area that none of us were familiar with. This caused us 
to be consistently behind while trying to surpass the learning curve. In the future having 
someone on the team with some familiarity with the subject would help guide the team forward 
and reduce the feeling of continuously being confused and off course.	

																																																								
6 Portlandoregon.gov. (2018). [online] Available at: https://www.portlandoregon.gov/water/article/305153 
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