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ABSTRACT
Within low income nations there generally is a lack of proper or adequate sanitation facilities which can often
times leads to infections and the spread of diseases. In Haiti, 66% of the residents live in unsanitary conditions and
frequently resort to using community toilets, which tend to be unhygienic. Organizations such as the Sustainable
Organic Intergrated livelihoods has created various dry toilet models to meet the needs of people in urban Haiti.
However, Haitian families are in need of new design for their sanitation system that will allow them to dispose of
waste easily and safely from their living areas. The dry toilet that this project designed was created for private use
within a household. This will indirectly reduce the spread of diseases and will also promote a sense of property as
residents will take better care of the toilet compared to a shared communal toilet. This paper will consist of the steps
our team took to design a new toilet that fits the ergonomic standards for use, reduced time to manufacture, and
lighter than the previous models created.
BACKGROUND
In Haiti approximately 66% of city residents don’t have adequate sanitation facilities. It is common for citizens
to resort to using shared community toilets that have the tendency to be unhygienic. Due to unsanitary conditions,
Haiti has experienced thousands of deaths due to an outbreak of cholera. Citizens in urban Haiti are in need of
proper sanitary conditions where infrastructure is lacking.The Sustainable Organic Integrated Livelihoods (S.O.I.L.)
organization has supported Haiti’s urban areas by providing sanitation as a service. Their services include providing
a moveable dry toilet for a small fee that can be installed into a small room, under the stairs, or in a covered alley.
Various models have been created by S.O.I.L [1]. but further improvements are necessary in order to meet the needs
of Haitian citizens. Previous toilet designs created by S.O.I.L. can be seen in the figures below.

Figure 1

Figure 2
DESIGN REQUIREMENTS
For this project we were required to meet seven crucial necessities for the design and function of the toilet as
seen in Table 1. For the previous toilet prototypes, manufacturing times were much longer, required numerous steps
to complete the assembly of the toilet, and also required the expertise of a fabrication expert in Haiti. This reduced
the capability of creating multiple toilets at a time. To improve the assembly and manufacturing process we were
given the requirements of creating a toilet that can be assembled in half the time that it takes to currently create the
toilet.
An additional requirement was to create a toilet that is affordable for Haitian citizens to purchase. To create the
toilet we need to create design that cost is between the ranges of $40-$50. Next, to lower prices it was recommended
for our team to create our design with local materials that can be purchased in Haiti. Then, to make sure the toilet is
portable and easy to move we are given a target to design a toilet that is less than 40 lbs. For our next requirement
we were given the responsibility to create a toilet that is aesthetically pleasing and comfortable for the the user to
operate. To meet this constraint we would need 75% of the people who use the toilet to be satisfied and comfortable
with its design.
Lastly, due to issues with male comfortability when operating the toilet, we need to create a design that allows
for male clearance that is greater than 7.5 cm. With the given specifications we will need to create a toilet design
that meet these needs in order to satisfy our customer. The most important requirements, both customer and
engineering, are found in the table below. There are many other minor requirements for this project, but we found
that these specific ones were the most important to work towards and complete. The table also includes our
comparison to the overall performance of the final product and shows how it could be improved.
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Requirements

Specifications

Performance

Time to Manufacture

50% less than current

Not yet tested

Full toilet base cost (locally
purchases material)

$45 ± $5

$36.49

Weight of the toilet base

Less than 40 lbs

52.75 lbs

Aesthetically pleasing and
comfortable for the user

Greater than 75%

Not yet tested

Sitting Height by ADA standards

43-48 cm

44.46 cm

Male Clearance

Greater than 7.5 cm

At most 16.5 cm

Table 1
FEASIBILITY ANALYSIS
In order for our project to be successful we need our final design to be feasible for its user. In this case our toilet
would need to be designed so that every user can easily and conveniently operate the toilet regardless of age, weight,
height, or gender. To do this our team focused on the ergonomics of the toilet. First, we calculated the average
lengths of various body segments of men and women in Haiti using their heights [2]. Calculations made can be seen
in Table 2 below. With these calculations we were able to determine the dimensions of our toilet design to
accommodate for male and female users.
Gender

Height (cm/in)
170.80 ± 8.20 / 67.24 ± 3.23

Male Height
Knee to foot length

48.68 ± 2.34 / 19.17 ± 0.92

Hip to knee length

41.85 ± 2.01 / 16.48 ± 0.79

Hip width

32.62 ± 1.56 / 12.84 ± 0.62
160.10 ± 6.50 / 63.03 ± 2.56

Female Height
Knee to foot length

45.63 ± 1.85 / 17.97 ± 0.73

Hip to knee length

39.23 ± 1.59 / 15.45 ± 0.63

Hip width

30.5 ± 1.24 / 12.03 ± 0.49

Weight (kg/lb)
66.20 ± 15.20 / 145.95 ± 33.51

69.00 ± 16.20 / 152.12 ± 35.71

Table 2
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Part

Diameter

Height

Bucket

11.75” - 12” (top)
10.5” (bottom)

14.32” - 15”

Width

6.57” - 6.875” (bottom)
Jug

10.75” - 11.44”

4.25”

1.25” (jug opening)
Diverter

28 cm / 11.02” (long)

21.146 cm / 8.32”

36 cm / 14.17”

Toilet Base (based on the
diameters of the bucket
and jug)

17” (length)

18.5”

16”

Diverter Clearance

> 10 cm ideal
> 7.5 cm marginal
14” (width)
16.75” (length)

Toilet Seat

Table 3
Dimensions for the toilet were determined based on the dimensions of the bucket, jug, and diverter (Table 3)
that will be placed inside the toilet.The height of the base was decided by taking the average knee to foot length for
between men and women which is roughly 18” high and a length of 17”. The width of the toilet base should be
roughly 16” wide based on average hip width.
Lastly, in order for design to be feasible for its user we needed to make sure that the parts needed to
manufacture the toilet were affordable. Our goal based on the requirements seen in the design requirements section
we needed to create a toilet that is within the cost range of $40-$50. With our current design our cost to create the
toilet came to a total of $36.49, which is about 18.91% less than our target range.
FINAL DESIGN
Our design includes the basic components of any toilet; the base and the seat. However, since this design was
meant to be used without water, it instead has a diverter that separates urine and solid waste. This diverter is
attached to the seat with screws so that when it is lifted, the diverter comes with it.

Figure 4

Figure 5
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This diverter is then connected to a tube that could do one of two things. It could either run right into the urine
jug found in the front of the base, or it could run through a small hole found in the back that will allow the tube to go
outside. Having both options allows for customizability of the product and helps the user think of it more as a real
toilet.

Figure 6

Figure 7

Next, to accommodate for various high differences between men and women in Haiti it is required for the sitting
height of the toilet by ADA standards to be in the ranges between 43 and 48 cm.
To use the toilet, the user lifts the toilet seat up and uses it as usual. They will then lift the toilet seat up (if the
buckets are full) and remove the buckets through the top part of the base. They would then be collected by SOIL for
disposal and replaced once the waste is disposed of.
The current manufacturing requirements are to reduce manufacturing time, cost and final product weight.
Ergonomic requirements are to have ADA standard sitting heights of 43-48 cm and also to include a male clearance
of at least 7.5 cm.
In comparison to the previous MSD team, P18414, our model incorporates various improvements to satisfy the
user. Our current designed model is created from molds which are used for cement pouring. This will help reduce
manufacturing time, since we no longer need a fabrication expert in Haiti. Also, the current model is lighter than the
previous model [3]. Additionally, the toilets appearance will mimic the appearance of an average household toilet.
Our team also redesigned the diverter for a better ergonomic fitment for the citizens of Haiti regarding the different
sizes of males in the local area. Allowing for male clearance gives male users the capability of properly utilizing the
toilet without discomfort.

Figure 8

Figure 9
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RESULTS, CONCLUSION AND RECOMMENDATIONS
As our team ran into some issues within the timeframe of the project, we were unable to finish building a
working prototype. However, we were able to finish building our molds to use when pouring the concrete base. We
also created a stable diverter mold that can produce a working diverter when using team P19415’s vacuum former.
Even though we were unable to produce final results, we were able to run some tests using AutoDesk Fusion 360 to
determine if the stress done on the toilet base and diverter would damage them. As seen in the images below (Fig. 10
and Fig. 11), our concept should be able to withstand the conditions of a typical and atypical user.

Figure 10

Figure 11
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Our diverter mold was also able to complete and “pass” a test of sorts by having the ability to be run through the
vacuum former without being damaged. A previous version that was 3D printed in multiple smaller parts with a less
stable material that was then epoxied together ran through the vacuum former with less than stellar results. The
diverter mold became cracked and unusable for testing and creating a functional diverter. We then decided to make
the mold out of carbon fiber ABS plastic and in one piece. This resulted in a 100% undamaged part.
Since we are still in the middle of the building phase, we unfortunately do not have a finished prototype. Even
with this, we believe our design, test plan and building process is still functional for implementation. With this, we
recommend that a future team continue where our team has left off. We were able to prove that a diverter could be
made and that there is a simpler way to construct the toilet base. If a future team were to continue the project, one
change that could be done is to possibly find a sturdier way to make the toilet base molds. With it currently being
made out of foam insulation and then coated with fiberglass, it tended to be very tedious. The fiberglass molds seem
to be the most long-lasting material to use. Furthermore, if there is an easier way to create the molds then we
recommend that being researched further and utilized.
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