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Abstract  

A team of multi-disciplinary engineering students at Rochester Institute of Technology have been 
working with Sustainable Organic Integrated Livelihoods (SOIL) in Haiti to create a solution that reduces 
water consumption and provides for a circular economy through the repurposing of waste materials. The 
use of composting toilets is increasing as they provide access to clean and safe sanitation methods. The 
team developed a readily compostable low-cost liner to insert into the bucket before use, made from just 
reused paper, water, flour, and a process to manufacture these liners in Haiti creating jobs. 

The team decided to use a three-piece liner to ensure total coverage of the bucket interior. The 
manufacturing process consisted of a liner manufacturing table and a liner transport conveyor that also 
allowed the liners to dry as they were moved to storage. Focusing on the ergonomics of the workers, the 
table is able to be adjusted to slant at varying degrees, much like a beach chair. This manufacturing 
system is modular and can be scaled to meet the demand of any customer. 

Background 
SOIL works to provide solutions to citizens of Haiti who do not have access to clean and safe 

sanitation. Their composting toilet is similar to that of a Western toilet except no water is used and urine 
and fecal matter are separated so the fecal matter can be used for fertilizer and urine is applied to local 
vegetation to provide nutrients. The process of cleaning the buckets after weekly collection is very water-
intensive due to the difficulty in removing the remaining fecal matter which could contribute to the spread 
of diarrheal illnesses if not properly treated.  

The goal of this project was to develop a liner for the buckets that is compostable, can be 
manufactured by locals for less than a dollar a liner, and solve the issue of excessive water usage in the 
process of preparing the buckets’ return to service. Upon looking at the Project Readiness Package 
(PRP), the project sponsor also required that the solution did not interfere with the bucket, the product 
and manufacturing system is able to be maintained in Haiti and constructed from local materials, and it 
would not make sanitation worse. The end result is a prototype that meets customer and engineering 
requirements outlined in the PRP and with adjustments through supplementary interviews with the project 
sponsor, SOIL. In addition, all product data regarding the liner and manufacturing processes is provided 
to SOIL. 

Description of Design 
Addressing Customer & Engineering Requirements 

Customer and engineering requirements are an important way for the team to track and address 
the wants and needs of the customer throughout the project. At the start of the fall semester the team 
examined the customer requirements (CRs) and added what was missing for a cohesive solution. An 
example of a team-generated CR is that a “backup” solution should also be provided to cover times 



 

  

where uncertainty in sourcing, importing, etc. arose. SOIL explained that some aspects of the supply 
chain are not reliable. The CRs were then ranked using “New/ Unique/ Difficult” (NUD) methods, which 
highlighted those CRs that might be difficult to address and therefore may require special attention from 
the team. Some of the highest rated CRs related to the level of protection provided to the bucket, the 
compostability of the solution, and cost of the system. The now ranked CRs were entered into the rows of 
the House of Quality. 

The team expanded the original engineering requirements (ERs) provided by the customer to 
thirteen, which provided the team with insight into relationships that could pose issues with tradeoffs in 
the future. This relationship rating along with the importance of the CR gave overall importance scores for 
the ERs. The ERs that were identified as the most important were: cost of the solution, integrity of the 
solution, and minimal disruptions to current processes. 
Concept Generation 

Research was performed on Haiti’s climate, culture, and compostable products. The team 
researched the existence of compostable paper products (e.g. plates, planters), plastic products (e.g. 
garbage bags) and how they are manufactured. This information was applied to the prototyping sessions. 
Further research was performed to know what repurposed materials would be available for use in Haiti.  

Based on this research, the team developed six solution alternatives (Figure 1) that could feasibly 
address the customer and engineering requirements. 

1. Fiber Liner - made with 5-gallon bucket, used with 5-gallon bucket 
2. Fiber Liner - made with 5-gallon bucket, used without 5-gallon bucket 
3. Compostable Plastic Bag - used with 5-gallon bucket 
4. Hydrophobic Coating - sprayed/dunked in bucket, used with 5-gallon bucket 
5. Fiber Liner - made without 5-gallon bucket (own shape), used without 5-gallon bucket 
6. Absorbent Layers - used with 5-gallon bucket 

 
      Figure 1: Solution Alternatives    Figure 2: Initial Paper Mache Testing 

To select the optimal design, a set of eighteen criteria was designed to include many aspects of the 
CRs and ERs. Six Pugh Matrices used to compare alternatives against one another were generated. This 
reduced the six solution alternatives to three; compostable bucket liner (made in Haiti, by Haitians, of 
repurposed paper), a hydrophobic solution applied to the bucket interior, and commercially available 
compostable plastic bags. 
Evaluation the Concepts 

Trials began to determine the best of the three proposed solutions. The fibrous bucket liner, 
different materials available in Haiti, and manual production techniques were tested and evaluated. 
Organic food scraps, paper, cardboard and peanut shells were tested with paper producing the most 
promise. Because wastepaper was available to SOIL, that with a mixture of flour and water, similar to 
paper mache, would meet the composability requirements and was easy to convert into a liner (Figure 2). 

Two categories of hydrophobic coatings were explored: synthetic and organic. The synthetic 
coatings would need to be imported to Haiti, posing potential future problems related to political instability 
impacting trade, costs, and delivery. The organic solution could be sourced on the island, making it a 
viable option; however, the coating provided a poor solids release mechanism. The team tested 
commercial options such as a waterproofing fabric spray and organic options such as Crisco and coconut 
oil (Figure 3). The team tested a hybrid version of hydrophobic solutions in combination with the paper 
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liner (Figure 4). The team determined that the organic locally available hydrophobic coatings would not 
reduce cleaning water use.  

                  Figure 3: Hydrophobic Testing     Figure 4: Hydrophobic Testing with Paper Liner 
The team proceeded to optimize the performance of the paper mache liner and the manual 

production of the liners. New performance criteria were introduced in this phase: storage space, 
interference with bucket, removal time, water requirements, and compostability.  

The team prototyped different paper granularity (e.g. pulp, strips, quarter sheets, full sheets etc.), 
paste mixture (e.g. flour-water ratio, water quality, etc.), application method (e.g. paint roller, squeegee, 
hand, etc.) and designs (e.g. bucket-shape using bucket as form, flat sheets rolled inside bucket, etc.). 
Final Solution Description 

The final solution is a three-piece liner (Figure 5) that is made with 
printer paper, flour and water. The three pieces that make up the liner consist 
of a lower base which is pushed into the bucket first, then the wall liner that is 
rolled inside the bucket to protect the walls, and finally an upper base piece 
is pushed in to keep the wall liner against the walls and fill any gaps at the 
base or its corners. This solution is simple to manufacture since it can be 
made using batches of mixture, laid flat and hung to dry. This means that the 
manufacturing time is short to accommodate the demand, ergonomic given 
the proposed table, and cost effective since the material can be sourced on 
the island. 

Figure 5: Final Solution  
of Three-piece Liner  

Feasibility of the Solution 
In order to test the feasibility of the proposed paper liner solution, a Cost Analysis and a series of 

tests were conducted in parallel with the best alternative on the market today, the commercially available 
compostable plastic bag. Each of these included specific procedures as well as data points that would be 
recorded throughout each trial. 

To help evaluate the business value of the design, a cost analysis was completed for the two 
products. Jessica, a SOIL representative in Haiti, was able to create some realistic estimates for the 
variables that were considered for both options. One of the most important requirements of this project 
was to keep the total manufacturing cost of the product to be less than $1 per product. In order to ensure 
that this requirement was met, a cost analysis was developed that took into account the cost of materials, 
labor, and manufacturing costs to calculate the predicted cost per liner as well as daily, weekly and yearly 
costs. This cost analysis was also used to compare the pricing between the paper liner and the 
compostable bags. The final pricing for the paper liner came to approximately $0.23 per liner as 
compared to the compostable bags which was approximately $0.19 per bag. The results show that the 
total costs to manufacture the liners are well below the requirement of less than $1. While the liners are 
slightly more expensive than the bags, the results still exceed expectations. 
 
 
Testing 

The tests are as follows, (the descriptions with much greater detail and tabular results are 
attached in the links): 

 
 



 

  

Storage -to optimize storage of the liners, ensuring their structure was not compromised. 
Formation Space take up (HxWxL) (in) # of Liners Weight (grams) 

Upper base 3x12x12 5 130 
Lower base 3x12x15 5 159 

Sidewall liners 3x12x36 5 375 
Plastic liners 2x5x9 100 450 

Humidity -to predict the behavior of the liners in climates similar to Haiti and use this information 
to change the product if needed. 

Configuration Notes 
Hanging 
pieces 

No notable change w/ humidity 

2 piece stack No notable change w/ humidity 
3 piece stack No notable change w/ humidity 
3 piece stack Some saturation next to the humidifier, likely caused more by direct condensation 

than ambient humidity. Desaturated once humidifier was off. 

Closure -to determine if proposed solutions inhibit full closure of the bucket. 
Bucket Liner type Leakage (y/n) 

1 Paper No 
2 Paper No 
3 Paper No 
4 Plastic bag, open No, tore liner where lid closed on liner about 1cm long 
5 Plastic bag, closed No 

Removal Time -to measure the average time to remove liners from the bucket. 
Liner Liner type Time (seconds) Amount of hits 

1 Paper 18.36 10 
2 Paper 3.89 1 forceful thrust 
3 Paper 8.16 1+ 1 forceful thrust 
4 Paper 7.23 1 forceful thrust 
5 Plastic 2.39 1 forceful thrust 

Washing Time -to calculate average water used and time spent to wash the bucket. 
Liner Time (seconds Amount of water used (gal) 

1 30.54 1.427 
2 15.30 .35 soak_0.715=1.065 
3 30.78 1.438 
4 30.67 0.433 

5 (compostable bag) 0 0 
Average for normal bucket cleaning 30.66 1.433 

                                                   
Figure 6: Bucket Before Washing       Figure 7: Bucket After Washing 
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Compostability - to predict the amount of time a liner would take to decompose and ensure that it 
will not exceed 6 months. 

Week  Date Liner 
ID 

Notes 

0 1/28/20 
 

Started compost test 
1 2/4/20 1 Many molds (white stringy, black spots, green spots, orange) growing in 

the compost and on the liner sheets 
2 2/11/20 2 Similar in appearance to week 1. Mushrooms spotted in compost. Clear 

signs of the paper liners breaking down 
3 2/18/20 3 Deteriorating more with mold spots and growth on the paper liner piece. 

Mushrooms growing in the compost 
4 2/25/20 4 Paper liner deteriorating more with mold spots staining it. Compost feeling 

very dry. Wet the compost with water 
5 3/3/20 5 Deteriorating still. Compost feeling dry. Wet compost and added two 

oranges to provide nutrients for the compost 
6+ 3/10/20 6+ Termination of test due to COVID-19 causing all future RIT classes to be 

held online 
 
 These tests helped to better understand the strengths and weaknesses 
of the product in comparison with the competition. The testing was terminated 
when RIT announced that all further classes would be online due to the COVID-
19 pandemic. Luckily, all of the testing was done besides the composability test; 
however, reasonable conclusions were still able to be drawn from the available 
data. 
 

Figure 8: Decomposed Liner After 2 Weeks 
 

Results        
Final Solution Description and Manufacturing   

       As stated previously, the final product is a three-piece liner (Figure 5) that 
is made with paper, flour and water. The three pieces that make up the liner 
are the lower base, upper base, and the wall liner. To make one liner,  water 
and flour are mixed together and then using a squeegee, it is spread onto a 
flat surface where each component of the liner can be created by spreading 
the mixture out, then placing a sheet of paper, adding more mixture and 
repeating the process until finished (Figure 9). This final design allows for 
quick manufacturing of liners and meets the specifications required by the 
customer such as limited use of water, electricity and money, made of 
compostable materials, and that it maintains its barrier upon use. 

Figure 9: Process of   A manufacturing table was developed in CAD to showcase a potential  
    Making Liners  paper liner manufacturing system (Figure 10). The table has not been tested, but 

rather is a concept that could be beneficial for any employer interesting in 
manufacturing the paper liner. The design is a simple, adjustable table that has a 
ribbed, plastic sheet that can be manually cranked to move the sheet further to 
provide more space to fabricate liners. The table was designed to be ergonomic, 
easy to use, and provide quick manufacturing of the liners as well as requiring no 
electricity to function.  



 

  

 
Figure 10: Manufacturing Table and Annotations 

Evaluating its Success 
In order to evaluate the success of the final design, the design ran through a series of different 

tests that were created to address the engineering and customer requirements. The results of these tests 
and how they compare to the compostable bag are summarized in Table 1. From these results, it can 
immediately be seen that the commercially available compostable bags surpassed the compostable liner 
in the majority of the tests. While these results are not ideal, they were expected in some regard. The 
compostable bag is considered the most optimal solution for this project. It meets all the requirements 
and is a feasible solution for SOIL. Even though the paper liner did not outperform the compostable bag, 
the goal was to create a compostable liner that can be easily manufactured and meets a few important 
requirements: must decompose, must reduce the amount of water needed during cleaning, must be fully 
maintained in Haiti, and must maintain its barrier through use. The paper liner meets all of the 
requirements which was crucial to the success of the project. While the liner may not have been as 
successful as the commercially available product, it still met all of the requirements of the project and can 
ultimately be deemed a success. 
 

Name of Test Goal Metric Goal Compostable 
Bucket Liner 

Compostable 
Bag 

Better 
Performing 
Product 

Composability 
Test 

Predict amount of 
time to 
decompose 

Less than 6 
months 

Less than 6 
months 

Potentially 
greater than 6 
months 

Compostable 
Bucket Liner 

Storage Test Determine 
amount of space 
needed for 
storing 

5 liners per 
12”x12”x36” 
(HxWXL) 

5 liners per 
9”x12”x36” 
(HxWxL) 

100 bags per 
2”x5”x9” 
(HxWxL) 

Compostable 
Bag 

Closure Test Ensure liner does 
not interfere with 
closure of 
buckets 

Zero leakage No leakage No leakage, 
but ripped bag 
slightly 

Compostable 
Bucket Liner 

Removal Test Determine the 
amount of time to 

Less than 10 
seconds 

6.43 seconds 2 seconds Compostable 
Bag 
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remove the liner 
and its 
contaminants 

Humidity Test Predict behavior 
of liners in 
climates similar 
to Haiti 

No noticeable 
deterioration 
on liners 

No noticeable 
deterioration 
on liners 

No noticeable 
deterioration 
on liners 

Compostable 
Bag 

Washing Test Ensure washing 
time of the 
bucket meets 
engineering 
requirements 

Less than 30 
seconds to 
wash 

30.66 seconds 0 seconds Compostable 
Bag 

Less than 1 
gallon of 
water used 

1.433 gallons 0 gallons Compostable 
Bag 

Table 1: Test Results Summary and Product Comparison 

Meeting Required Specifications 
When comparing the final design with the specifications defined in the PRP as well as the 

customer and engineering requirements, it can be concluded that the design meets those specifications. 
Looking at Table 1, it can be seen that the compostable bucket liner meets all of the metric goals in the 
tests except for the washing test. The goal was to wash the entire bucket in less than 30 seconds using 
less than 1 gallon of water. The first iteration of the test shows that the paper liner was not able to meet 
these goals, however plans were set in place to redesign and retest in order to meet the requirement 
such as using a power washer, soaking the bucket with the leftover residue before washing, and testing 
methods of power washing. Unfortunately, due to the COVID-19 outbreak, it was not possible to complete 
the next iteration of testing. With the suggested changes found within the washing time test document, 
the paper liner would be able to meet these goals if tested again in the future. 
Expected and Unexpected Results 
 The majority of the results received during testing were expected. It was assumed that the liner 
would be able to meet the goals of all the tests which it did except for the washing test. The reason why 
the liner was so successful in testing was all of the preliminary testing that occurred before coming to a 
final design and implementing it. A multitude of compostable materials, designs, ideas, and even liners 
were tested before coming to the final product. All of this preliminary testing and discussion helped to 
eliminate non-viable options and come to a design that was fully supported by the team. Spending the 
time to test any concepts and ideas originally conceived was crucial in achieving the final design. 
 While the majority of the results were considered expected, some unexpected results transpired, 
for example, the removal test. Originally, there was no real concern for the removal test since the team 
felt strongly that the liner would be easily removed from the bucket. This was not the case. The liner was 
left in a bucket for 2 weeks with some artificial feces inside to simulate the typical lifespan of a liner and 
bucket in Haiti. When the liner was removed, there was more residue left on the bucket than originally 
anticipated. This affected the team’s original thoughts of how the compostable liner would perform during 
the washing test and led to non-satisfactory results. If the liner did not leave as much residue as it did 
when being removed from the bucket, the liner would have met all expectations. 

Conclusions and Recommendations 
Current State 
 As previously discussed, due to the COVID-19 outbreak, parts of this project were left incomplete. 
As it currently stands, the liner had just left the first stage of prototyping, before being halted prior to any 
further redesign and retesting. The liner functions as intended, and the manufacturing has been 
optimized. In addition to the design of the liner itself, models for a suggested manufacturing station are 
also attached (Figure 10). This station is designed to optimize manufacturing time, comfort, and 
convenience, and this model acts as a good starting point for any interested parties when considering a 
liner making workspace. A cost analysis is included in this report, which details cost per liner on a material 
by material basis. These quantities can be scaled based on material costs in various regions. On the 
subject of finances, this project came in under budget. Only $283.68 of the $800 allotted to this project. 
These funds were to be used for further testing had the project continued moving forward, but can now be 
used for further iterations of this project should it continue. That being said, prior to the COVID-19 
outbreak, SOIL stated that they would no longer be able to sponsor this project due to internal reasons. 



 

  

Any further iterations of this project should consider this when moving forward since some of the project 
requirements may be affected. 
Successes and Failures 
 The paper liner that was produced worked. The liner was compostable, came in at 20% the 
desired cost, used local materials, and reduced water usage to almost nothing. Every customer and 
engineering requirement referenced in the PRP was satisfied. In addition to the listed requirements, an 
ergonomic manufacturing setup was designed that could be scaled to the customers’ needs. The work 
accomplished during this project lays a strong foundation for any future iterations. 
 Some shortcomings, that did not necessarily affect the goals of the project, came from the liners 
design. First off, the liner was visually unappealing, in that it had some gaps in the design. The areas of 
the bucket revealed by these gaps were covered by other components of the paper liner, so that there 
was no contamination on the bucket surface, but this would not be the case if the liners were not inserted 
correctly. This put some responsibility on the customer/SOIL employee, and left room for error. Another 
issue came when the liner was removed. There was a thin paper residue left behind by the liner when it 
was dumped out. This residue was easily cleaned with water and was still ultimately an improvement on 
the original system, but was one area for improvement that would have been resolved if not for the project 
being sidelined by the COVID-19 outbreak. 
Project Reflection 
 All in all, the work done on this project was well organized, methodical, and representative of the 
effort put into it. Every step was planned out well, and there was reasoning behind each decision made. 
The one thing that should have been done differently, was to meet with the customer earlier, and ask 
more questions. This would have provided an opportunity to verify the PRP and ensure that it was 
complete and correct in reflecting the customers’ needs. An initial approach towards solving the problem 
should have been made with SOIL, instead of presenting the strategy to them in the first meeting. By not 
doing this, periodic scope changes were faced after each meeting with SOIL and, if the project 
objectives/constraints were clearer from the beginning, this would not have been an issue. 
Future Work 
 If this project were to see another iteration of MSD, there is plenty of future work that could be 
done. First step would be to improve on the design failures listed above. Refining the shape of the liner so 
that it is more user friendly to insert, and testing using a simulated bonzode to see if the sticking on the 
bottom of the bucket remains an issue, would both be good places to start. This redesign and retest 
phase is something that was intended to occur in this first iteration but, due to aforementioned 
circumstances, that was unfortunately not possible. A next step may be to prototype and continue to 
refine the design of a manufacturing table. A physical prototype would go a long way in improving upon 
the design, as manufacturing tests could be performed directly on the table that was being improved. This 
would lead to more direct feedback, then can be given based on a CAD model. Lastly, once this 
manufacturing system is complete, and properly dimensioned, a workspace could be considered. Utilizing 
the specs of the table and considering the yield a manufacturing space may need to put out, a draft 
workspace/floorplan could be designed. This would offer the opportunity for a potential customer to see 
what sort of undertaking this would be from a manufacturing perspective, instead of a product 
perspective, and would ultimately lead to an informed decision about whether or not the paper mache 
bucket liner is right for them. 

Acknowledgements 
 Guide: Terry Wright 
 Customer: Sarah Brownell 
 Sponsor: Sustainable Organic Integrated Livelihoods (SOIL) 
 Subject Matter Experts: RIT Packaging Department 

References: APA 
Compostable Bag Used in Testing. Retrieved from https://www.amazon.com/Biodegradable-Recycling-Degradable-
Compostable-Wastebasket/dp/B07KS8VFQL 

Composting. (n.d.). Retrieved from https://www.bpiworld.org/Composting 

Helmenstine, Anne Marie, Ph.D. (2020, February 11). The Definition of Hydrophobic With Examples. Retrieved from 
https://www.thoughtco.com/definition-of-hydrophobic-605228  

Painter, Sally. (2006/2020) Benefits of Using Biodegradable Plates. Retrieved from 
https://greenliving.lovetoknow.com/Benefits_of_Using_Biodegradable_Plates 

Woodford, Chris. (2008/2018) Bioplastics. Retrieved from https://www.explainthatstuff.com/bioplastics.html.  


