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1 Introduction 
This report recommends a rigid piping system as a solution to the difficulties associated with cleaning and 
filling one’s water bottle in Chestnut Residence at UofT. As documented in the Design Brief (Appendix 
I), residents have expressed an inconvenience in washing and filling their water bottles in dorm 
bathrooms due to the space between the faucet and the sink being too small, in addition to the unpleasant 
taste of the water. This report first provides additional information on this opportunity and defines 
requirements and evaluation criteria based on the Design Brief, then presents the recommended design. 
The recommendation is then justified through comparison to alternatives, testing and verification. 

2 Background 
Many UofT students, including many Engineering Science students living at Chestnut, own a water bottle 
and use it daily. The amenities of the dorm rooms do not provide a convenient means of washing them on 
a regular (daily) basis. Thus, cleaning a water bottle is time-consuming due to the limited space in the 
sink-faucet setup, as shown in Figure 1. Filling a bottle completely is impossible, since it must be inclined 
to fit under the faucet. Additional concerns raised by residents also include the unpleasant taste of the tap 
water. The primary focus of the opportunity is on the convenience of bottle cleaning and filling, followed 
by the taste of water. 

 
Figure 1. Dimensions of sink and tap configuration (left) and height comparison of faucet and bottle 

(right).  

 

Figure 2. Diagram of a water bottle filled at a non-zero angle. 
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The needs, goals, and objectives (NGOs) of the opportunity are explained comprehensively in the Design 
Brief. To apply them, these must be reprogrammed as requirements and evaluation criteria. 

3 Requirements and Evaluation Criteria 
The requirements (Reqs.) developed based on the NGOs are presented in Table 1. Some requirements are 
direct translations of objectives, which have already been justified in the Design Brief. 

Table 1. Requirements and their associated evaluation criteria. 
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# Requirement Justification  Stake- 
holder(s) 

1 Drinking water provided 
by the product shall not 
exceed concentrations of 
0.156mg/L chlorine and 
125mg/L calcium.  

As explained in Design Brief. Residents 

2 Water provided by the 
product shall contain 
zero detectable coliforms 
per 100mL. 

As explained in Design Brief. Coliforms are 
indicator bacteria that signal contamination in 
drinking water [2]. 
 

Residents, 
UofT S&E 

3 The system shall take at 
most 10 seconds for each 
of setup, switching 
between functions, and 
dismantling after use. 

As explained in Design Brief. Moreover, the time it 
takes to fill a water bottle using campus water 
fountains is approximately 20 seconds. Setup and 
dismantling should take less than this time, so we 
will limit setup and dismantling times to 10 seconds 
each. 

Residents 

4 The system shall require 
zero extra tools to set up 
to be ready to fill and 
clean a water bottle. 

As explained in Design Brief. Residents 

5 The system shall require 
at most a pushing/pulling 
force of 23N, and a 
torque of 680mN⋅m  
applied by hands. 

As explained in Design Brief. Residents 

6 Splashing, if any, shall 
be contained to a radius 
of less than 15.5cm. 

As explained in Design Brief. Residents, 
Cleaning 
staff 



          Design Report: Rigid Pipe Attachment for Water Bottle Filling and Washing at Chestnut Residence 
 

3 

7 Water shall be supplied 
at a flow rate of at least 
2.7L/min.  

This is the measured maximum flow rate in Chestnut 
Residence. Since faucet-attachment designs cannot 
exceed this flow rate, it is set as a minimum limit, in 
order to ensure designs don’t slow it further. 

Residents 

8 The system shall allow 
residents to completely 
fill cylindrical water 
bottles with dimensions 
at least up to 30cm in 
height and 11cm in 
diameter.  

As explained in Design Brief. Residents 

9 The system shall be able 
to accommodate water 
temperature in the range 
15-49ºC 

As explained in Design Brief. Residents, 
UofT S&E 

10 The system shall 
function properly for at 
least 1200 filling and 
washing cycles without 
replacement parts or 
maintenance. 

As explained in Design Brief. Residents 

11 The system shall expose 
the user to temperatures 
no greater than 49°C. 

49°C is the temperature limit for prolonged contact 
with a metal surface without causing burns, as per 
MIL-STD-1472H [3]. Metal surfaces have the most 
restrictive temperature limits among the materials 
included in the standard. 49°C is also the maximum 
tap water temperature recommended by the 
Government of Canada [4]. 

Residents, 
UofT S&E 

12 The system shall provide 
water at a pressure of no 
greater than 415kPa. 

Exposure to high-pressure water jets can cause 
injuries. CSA C22.2 NO. 167:23, recommends that 
household dishwashers be tested with a water 
pressure of up to 415kPa [5]. Dishwashers are 
common and safe household appliances, and thus, 
415 kPa can be considered a safe pressure.  

Residents 

13 The system shall not 
expose users to harmful 
effective Actinic UV 
irradiance to 3mJ/cm2 
over 8 hours. 

UV exposure limits are enforced in Ontario under 
Section 25(2)(h) of the OHSA, based on ACGIH 
Threshold Limit Values, limiting a Max Effective 
Actinic of 3mJ/cm2 over 8 hours [6]. 

Residents, 
UofT S&E 
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The evaluation criteria (ECs) are presented in Table 2. 

Table 2. Evaluation Criteria. 

EC# Evaluation Criterion Justification 

1 The shorter the time (in seconds) needed to set up, switch functions, and 
dismantle, the better. 

Same as Req. 3. 

2 The smaller the splash radius (in cm), the better. Same as Req. 6 

3 The larger the maximum height and width of the water bottle (in cm) that 
can be accommodated, the better. 

Same as Req. 8 

4 The smaller the area of counter space occupied (in cm2) when not in use, the 
better. 

Same as Req. 14 

5 The lower the frequency of consumable component replacement (in # 
components per year), the better. 

Same as Req. 15 

3.1 Selection of Key Requirements and Evaluation Criteria 
A pairwise comparison was performed on the fifteen requirements to determine which are most relevant 
to test. The results are in Appendix B (Table 7). The following are the requirements that were chosen to 
be verified: 

●​ Requirement 4. The system shall require no additional tools to set up to be ready to fill and 
clean a water bottle. This requirement is vital to ensure the convenience of the overall design, 
which is prioritized over taste. Additionally, safety was determined to be a minor factor, since it is 
difficult to make an unsafe water filling station, which places this requirement at a higher value 
than safety ones. 

●​ Requirement 6. Splashing, if any, shall be contained to a radius of less than 15.5cm. If the 
design forces people to spend more time cleaning up the faucet or the surroundings, it becomes 
more time-consuming and misses the whole point of making people clean or fill the water bottle 
more quickly. 

4 

14 The system shall occupy 
no more than an area of 
400cm2 of counter space 
when not in use. 

Counter space in Chestnut’s ensuite bathrooms is 
limited, and obstructions make it difficult to clean 
the counter. Common objects, such as hairdryers, 
occupy ~400cm2, so this can be considered an 
acceptable amount of space for the design to occupy. 

Residents, 
Cleaning 
Staff 

15 The system shall require 
replacement of 
consumable components 
no more than 6 times per 
year. 

A common product used by Chestnut residents is the 
Brita filter system, which requires a filter to be 
changed approximately 6 times per year [7]. 

Residents 
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●​ Requirement 7. Water shall be supplied at a flow rate of at least 2.7L/min. This flow rate is 
necessary to fill a bottle in a sufficiently short time. This relates to convenience, which is a central 
part of the opportunity. 

●​ Requirement 8. The system shall allow residents to completely fill cylindrical water bottles 
with dimensions at least up to 30cm in height and 11cm in diameter. The Splartz focuses on 
the sink setup, which is unable to accommodate an appropriate range of water bottle sizes. This 
requirement ensures that the proposed design solves this issue, hence it is at the forefront of 
consideration. 

●​ Requirement 13. The system shall not expose users to harmful ultraviolet radiation. Of all 
the safety requirements, UV safety was deemed to be the most important since it can be quite 
harmful even in small doses [8]. The other safety concerns are also much simpler to achieve than 
UV safety, and hence are much less of a concern than the latter. Thus, it is vital to consider UV 
safety when analyzing designs. 

4 Recommended Design: Faucet-Mounted Rigid Pipe 
Attachment 
The recommended solution to the previously outlined issue is the Rigid Pipe Faucet Attachment. This 
design features a rigid piping system that attaches onto the faucet using a quick release lever, and redirects 
the water flow upwards. This allows for easy filling and cleaning of nearly any water bottle. The 
dimensions of the piping are calculated to accommodate the largest water bottles typically used by 
students [9-11], and the diameter of the pipe is determined such that the flow rate of water is unhindered. 
This meets requirements 7 and 8, as previously outlined. Additionally, a charcoal water filter [12] is 
inserted into the base of the piping, to provide better-tasting water, which is optimized for requirements 1 
and 2. 

5 



          Design Report: Rigid Pipe Attachment for Water Bottle Filling and Washing at Chestnut Residence 
 

 
Figure 3. Drawing of the faucet-mounted rigid pipe attachment. 

5 Overview of Alternative Design Concepts Considered 
This section outlines three other designs that were compared to the eventual recommended design. They 
all solve the same set of issues in different ways, which is why they all provide valuable insight into the 
key attributes a functional design should have. 

The alternate solutions were found using various diverging tools. ‘Challenging Assumptions’ which is 
shown in Figure 8 in Appendix F was used primarily to find new ways to wash bottles, such as with UV 
light, as well as solutions other than a faucet attachment, like the reservoir. A Morph Chart (Appendix F) 
was also used for diverging, since the opportunity lends itself well to being decomposed into functions. 

5.1 Faucet-Mounted Fountain Attachment 

This design took inspiration from common water fountains, proposing that the water stream be redirected 
upwards in an arc. The peak of the arc has to accommodate the required water bottle size, and the flow 
rate has to remain unchanged. Referring to Figure 4, the design attaches to the faucet using a 
quick-release lever, which is optimized for requirement 3. The water is redirected upwards in a trajectory 
that accommodates the required water bottle size, at a faucet flow rate of 2.7L/min. Additionally, the 
design features a charcoal filter that satisfies requirements 1 and 2. Calculations for the dimensions of this 
design can be seen in Appendix H.  

6 
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Figure 4. Drawing of the faucet-mounted fountain attachment. 

5.2 Reservoir with UV Disinfection 

This design comprises a reservoir, filtration system, and UV disinfection system. The reservoir is filled 
through a hole at the top using a hose, then passes through a filter into a UV disinfection chamber, 
allowing the user to dispense the water for drinking. There is a compartment on the left side that allows 
the user to place their water bottle in an isolated chamber for UV disinfection. To ensure user safety and 
compliance with Ontario’s OHSA regulations, the chamber is fully enclosed with stainless steel to prevent 
UV leakage above the ACGIH limit of 3mJ/cm2. This isolated chamber accommodates the range of water 
bottle sizes outlined by requirement 8 [9-11].  

 
Figure 5. 3D CAD representation of the UV Disinfection prototype modelled in OnShape [13]. A portion 

of the reservoir’s top has been removed to reveal the inner compartments. 
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5.3 Reference Design: Faucet-Mounted Hose and Sprayer 

This design features a flexible hose attachment for the faucet, directing the water to a handheld spraying 
device, as shown in Figure 6.  

 

Figure 6. Drawing of a faucet hose connector [14]. The connection (30) is threaded and can be screwed to 
a faucet with threads and directs water into a tube, which is in turn connected to a spraying device at the 

distal end (40) [14]. 

This solution allows users to bypass the vertical distance restrictions between the Chestnut ensuite 
bathroom tap and sink basin. The spraying mechanism allows the user to adjust the pressure of the water 
delivered to the bottle accordingly by changing the force applied to the handle. This provides flexibility in 
the use of the design, allowing users to effectively switch between filling and cleaning functions 
immediately. To filter, it is possible to use an existing filtering jug similar to a Brita filter [7]. 

6 Key Design Decisions and Comparisons of Designs 
This section presents the key design decisions that led to the recommended design, resulting from 
comparisons between alternative designs. Justifications of design choices refer heavily to data from tests 
and research, summarized in a measurement matrix. Thus, the measurement matrix will be presented first, 
followed by a Pugh Chart and justifications of design decisions. 

6.1 Data Collection and Measurement Matrix  

Multiple procedures were performed to measure values for the measurement matrix following evaluation 
criteria, shown in Table 3.  
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Table 3. Measurement matrix with prioritized requirements and evaluation criteria. 

 
Faucet- 

Mounted Rigid 
Pipe Attachment  

Faucet- Mounted 
Fountain 

Attachment 

Reservoir with 
UV 

Disinfection 

Faucet- 
Mounted Hose 
and Sprayer 

Req. 3 / EC.1: Setup 
time  1.0s 1.0s 2-5mins 2.5s 

EC.4: Counter space 
occupied when not in 

use 

120cm2 

(12x10) 
18cm2 

(6x3) 
400cm2 
(20x20) 180cm2 

Req. 6 / EC.2: Splash 
Radius (cm) <15.5 <15.5 0 <15.5 

Req 7: Flow Rate 
(L/min) 2.7 2.7 2.7 2.7 

Req. 8: Water Bottle 
Height Accommodable 

(cm)  
≤30 ≤30 ≤30 ≥30 

Req. 13: User Exposure 
to UV Radiation None None None None 

EC5: Frequency of 
Component 

Replacement 
(components/year) 

6 6 6 6 

 

●​ First, the setup times (Req. 3) were measured experimentally by timing different attachment 
methods as per Appendix A. The reservoir setup time estimate is 2-5 minutes, as this is generally 
the time it takes UV lamp reference designs to warm up before flow begins [15].  

●​ The counter space (EC.4) occupied by each design is calculated using the dimensions of each 
design, as described in Appendix E. 

●​ Splash radius (Req. 6) was found by measuring distance of splash marks on a paper-towel setup 
around the splash location, as per the procedure described in Appendix A (with video).  

●​ Flow rate (Req. 7) of the faucet was calculated by timing the filling of a 250mL container as in 
Appendix A (with video).  

●​ All but the last design are created for a water bottle size limited at 30cm (Req. 8). The hose 
attachment is long and flexible, hence accommodates larger sizes.  

9 
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●​ The only design incorporating UV disinfection is the UV reservoir (Req. 13). In this design, the 
chambers are enclosed with stainless steel to prevent the user from any exposure to UV radiation 
[17, 18], so UV exposure for this design is also considered to be “none”.  

●​ Finally, the charcoal filter (present in every design) is consumable and needs to be replaced 6 
times a year [7], according to data on reference filter designs (EC. 5). 

Tests involving verification of physical prototypes are documented in the following video: 
https://drive.google.com/file/d/1c0CxTIkPuguicJd9abFlZZrZ7Yqt-3Ne/view?usp=sharing  

6.2 Pugh Charts 

Using data from the measurement matrix, Pugh Charts were created to further compare designs. 
Additional Pugh Charts are in Appendix C. 

Table 4. Pugh Chart with Faucet-Mounted Rigid Pipe Attachment as Reference. 

Metric (EC) 

Reference: 
Faucet-Mounted 

Rigid Pipe 
Attachment  

Faucet-Mounted 
Fountain 

Attachment 

Reservoir with 
UV Disinfection 

Faucet-Mounted 
Hose and Sprayer 

EC.1: Setup 
time  Same Same Worse Worse 

 EC.2: Splash 
Radius (cm) Same Same Better Same 

EC.3: Water 
Bottle Size 

Accommodable 
Same Same Same Better 

EC.4: The Less 
Counter Space 
Required When 
not in Use, the 

Better 

Same Better Worse Worse 

EC.5: 
Frequency of 
Component 

Replacement 

Same Same Same Same 

Total # Better 
and Worse 

NA 1 Better 1 Better 
3 Worse 

1 Better 
2 Worse 
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6.3 Key Design Decisions Leading to Rigid Pipe Attachment Recommendation 

A quick-release connection was chosen over a threaded connection. Using the measurement matrix 
(Table 3), it was determined that the hose design has a longer setup time. Since the hose uses a threaded 
connection, and the others use a quick-release lever, the final design should use a quick-release lever. 

Next, a rigid pipe was chosen over a fountain. In Table 4, the fountain design performs better than the 
rigid piping on counter-space use. Thus it could be concluded that it should be the recommendation. 
However, the fountain is much more susceptible to water pressure variation, which could result in spillage 
outside the sink, or insufficient height to fill a water bottle. Since this affects the convenience in two 
separate aspects, filling and cleanup, this is a more significant issue than storage space. 

Then, a rigid pipe was also chosen over a hose. Although the extended hose attachment can 
accommodate larger bottle sizes, it must always be held to ensure accurate water flow. This means that 
only one hand is available to clean. Given that all designs can already accommodate the size requirement 
set by the objectives in the Design Brief, the extra range is unworthy of the inconvenience. 

Finally, handwashing with soap was chosen over UV light disinfection. Although the UV reservoir 
creates less splashing, given cleaning doesn’t use water, it requires significantly more setup time since the 
UV needs to be prepped for use. Since the warm-up time is much larger than the rest, it is deemed a 
bigger inconvenience than slightly more splashing. Additionally, 15.5 cm falls within the bounds of the 
sink, hence is not an issue. Therefore, the UV design is most inconvenient. 

7 Conclusion 
Overall, we bathed in the fountain of possibilities of bottle filling and washing. As explained in previous 
sections, the Faucet-Mounted Rigid Pipe Attachment’s simplicity allows it to perform well in all 
requirements and evaluation criteria, while not suffering from significant drawbacks that other designs 
face. Thus, it was determined to be the best design to address the bottle filling and washing opportunity at 
Chestnut.  
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Appendix A. Testing Procedures 
To validate the recommended design and compare it with the alternatives, tests were conducted to assess 
how well they meet the key requirements identified in Section 3: Setup Time (Req 3), Splash Radius (Req 
6), and Flow Rate (Req 7). 

Tests involving verification of physical prototypes are documented in the following video: 
https://drive.google.com/file/d/1c0CxTIkPuguicJd9abFlZZrZ7Yqt-3Ne/view?usp=sharing 

Test 1: Setup and Dismantling Time 
A stopwatch was used to record the time required to complete the setup and dismantle each design 
concept. 

1.​ Direct attachments: 
a.​ The prototype began sitting on the sink counter. 
b.​ The stopwatch was started when the user began securing the prototype to the faucet.  
c.​ After fully securing it, the attachment was immediately removed. The stopwatch was 

stopped the moment that the design was fully removed from the faucet. 

Test 2: Splash Radius Proxy Test 
This test procedure is adapted from the method used in a study on splashing in medical cleaning settings 
[19]. This is documented in the video. 

1.​ The paper towel was put around the sink to play the role of detection paper. 
2.​ The location where the water is poured was being marked in the sink 
3.​ Water was poured from a specific height from the location we marked according to the design’s 

dimensions. 
4.​ The farthest position of the watermark was found on the paper towel. 
5.​ The distance from the farthest position to the pouring location was measured. This distance is 

used to represent the farthest splashing radius.  

Test 3: Flow Rate 
This test procedure is adapted from a government regulation on water consumption [21]. This is 
documented in the video. 

1.​ Obtained a standard-sized container of known volume 
2.​ Went to 4th floor, where the flow rate is highest [20], and timed the filling of said container using 

faucet 
3.​ Calculated flow rate from this in L/min. 
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Appendix B. Pairwise Comparison Matrices 
Table 5. Pairwise Comparison for Design Concepts 

 

Faucet- 
Mounted 

Rigid Pipe 
Attachment  

Faucet- 
Mounted 
Fountain 

Attachment 

Reservoir 
with UV 

Disinfection 

Faucet- 
Mounted 
Hose and 
Sprayer 

Sum 

Faucet-Mounted 
Rigid Pipe 

Attachment 
X 1 1 1 3 

Faucet-Mounted 
Fountain 

Attachment 
0 X 1 1 2 

Reservoir with 
UV Disinfection 0 0 X 0 0 

Faucet-Mounted 
Hose and Sprayer 0 0 1 X 1 

 

Table 6. Pairwise Comparison of Evaluation Criteria 

 EC1. 
Time 
to set 

up 

EC2. 
Splash 
Radius 

EC3. Size 
Accommo- 

dating 

EC4. 
Counter 

Space 

EC5. 
Component 

Replacement 

Sum 

EC1. Time to set 
up 

X 1 0 1 1 3 

EC2. Splash 
Radius 

0 X 0 1 1 2 

EC3. Size 
Accommodating 

1 1 X 1 1 4 

EC4. Counter 
Space 

0 0 0 X 1 1 

EC5. 
Component 

Replacement 

0 0 0 0 X 0 

 

15 



          Design Report: Rigid Pipe Attachment for Water Bottle Filling and Washing at Chestnut Residence 
 

Table 7. Pairwise Comparison of Requirements (requirements and their corresponding number are listed 
below the table). 

Req
. # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Sum 

1  0 0 0 0 0 0 0 1 0 1 1 0 0 1 4 

2 1  0 0 0 0 0 0 1 0 1 1 0 0 1 5 

3 1 1  1 0 1 1 0 1 1 1 1 0 0 1 10 

4 1 1 0  1 0 0 0 1 1 1 1 0 1 1 9 

5 1 1 1 0  0 0 0 0 0 0 1 0 0 0 4 

6 1 1 0 1 1  1 0 1 1 1 1 0 1 1 11 

7 1 1 0 1 1 0  0 1 1 1 1 0 1 1 10 

8 1 1 1 1 1 1 1  1 1 1 1 0 1 1 13 

9 0 0 0 0 1 0 0 0  1 0 0 0 0 1 3 

10 1 1 0 0 1 0 0 0 0  1 1 0 0 0 5 

11 0 0 0 0 1 0 0 0 1 0  1 0 0 1 4 

12 0 0 0 0 0 0 0 0 1 0 0  0 0 1 2 

13 1 1 1 1 1 1 1 1 1 1 1 1  1 1 14 

14 1 1 1 0 1 0 0 0 1 1 1 1 0  1 9 

15 0 0 0 0 1 0 0 0 0 1 0 0 0 0  2 

 

Requirement numbers: 

1.​ Drinking water provided by the product shall not exceed concentrations of 0.156 mg/L chlorine 
and 125 mg/L calcium.  

2.​ Water provided by the product shall contain zero detectable coliforms per 100 mL. 

3.​ The system shall require less than 10 seconds of setup, 10 seconds to switch between filling and 
washing functions, and 10 seconds to dismantle to return to regular use of the room. 

4.​ The system shall require zero tools to set up to be ready to fill and clean a water bottle, besides 
the design itself. 
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5.​ The system shall require at most a pushing/pulling force of 23 N, and a torque of 680 mN⋅m  
applied by hands. 

6.​ Splashing, if any, shall be contained to a radius of less than 15.5 cm. 

7.​ Water shall be supplied at a flow rate of at least 2.7 L/min.  

8.​ The system shall allow residents to completely fill cylindrical water bottles with dimensions at 
least up to 30 cm in height and 11 cm in diameter.  

9.​ The system shall be able to accommodate water temperature in the range 15-49 ºC. 

10.​ The system shall function properly for at least 1200 filling and washing cycles without 
replacement parts or maintenance. 

11.​ The system shall expose the user to temperatures no greater than 49°C. 

12.​ The system shall provide water at a pressure of no greater than 415 kPa. 

13.​ The system shall not expose users to harmful effective Actinic UV irradiance to 3 mJ/cm2 over 8 
hours. 

14.​ The system shall occupy no more than an area of 400 cm2 of counter space when not in use. 

15.​ The system shall require replacement of consumable components no more than 6 times per year. 
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Appendix C. Additional Pugh Charts 
Table 8. Pugh Chart with Faucet-Mounted Fountain Attachment as Reference. 

Metric (EC) 
Faucet-Mounted 

Rigid Pipe 
Attachment  

Reference: 
Faucet-Mounted 

Fountain 
Attachment 

Reservoir with 
UV Disinfection 

Faucet-Mounted 
Hose and Sprayer 

EC.1: Setup 
time  Same Same Worse Worse 

 EC.2: Splash 
Radius (cm) Same Same Better Same 

EC.3: Water 
Bottle Size 

Accommodable  
Same Same Same Better 

EC.4: The Less 
Counter Space 
Required When 
not in Use, the 

Better 

Worse Same Worse Worse 

EC.5: 
Frequency of 
Component 

Replacement 

Same Same Same Same 

Total # Better 
and Worse 1 Worse NA 1 Better 

3 Worse 
1 Better 
2 Worse 
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Table 9. Pugh Chart with Reservoir with UV Disinfection as Reference. 

Metric (EC) 
Faucet-Mounted 

Rigid Pipe 
Attachment  

Faucet-Mounted 
Fountain 

Attachment 

Reference: 
Reservoir with 

UV Disinfection 

Faucet-Mounted 
Hose and Sprayer 

EC.1: Setup 
time  Better Better Same Better 

 EC.2: Splash 
Radius (cm) 

Worse Worse Same Worse 

EC.3: Water 
Bottle Size 

Accommodable  
Same Same Same Better 

EC.4: The Less 
Counter Space 
Required When 
not in Use, the 

Better 

Better Better Same Better 

EC.5: 
Frequency of 
Component 

Replacement 

Better Better Same Better 

Total # Better 
and Worse 

3 Better 
1 Worse 

3 Better 
1 Worse 

NA 4 Better 
1 Worse 
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Table 10. Pugh Chart with Faucet-Mounted Hose and Sprayer as Reference. 

Metric (EC) 
Faucet-Mounted 

Rigid Pipe 
Attachment  

Faucet-Mounted 
Fountain 

Attachment 

Reservoir with 
UV Disinfection 

Reference: 
Faucet-Mounted 

Hose and Sprayer 

EC.1: Setup 
time  Better Better Worse Same 

 EC.2: Splash 
Radius (cm) Same Same Better Same 

EC.3: Water 
Bottle Size 

Accommodable  
Worse Worse Worse Same 

EC.4: The Less 
Counter Space 
Required When 
not in Use, the 

Better 

Better Better Worse Same 

EC.5: 
Frequency of 
Component 

Replacement 

Same Same Same Same 

Total # Better 
and Worse 

2 Better 
1 Worse 

2 Better 
1 Worse 

1 Better 
4 Worse 

NA 
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Appendix D. Calculation of Pipe/Hose Diameter 
Known or set values: 

 (as measured from tap). 𝑄 = 𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 = 2. 7 𝐿/𝑚𝑖𝑛 = 4. 57 × 10−5 𝑚3 · 𝑠−1 

. 𝑔 = 𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 = 9. 81 𝑚 · 𝑠−2

. ℎ = 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 ℎ𝑒𝑖𝑔ℎ𝑡 𝑎𝑏𝑜𝑣𝑒 𝑓𝑎𝑢𝑐𝑒𝑡 𝑟𝑒𝑎𝑐ℎ𝑒𝑑 𝑏𝑦 𝑤𝑎𝑡𝑒𝑟 = 0. 16 𝑚

The required diameter of pipe required for the water to be pushed through the vertical section of the 
pipe/hose can be calculated as follows, by balancing the weight of water pushing back on the faucet  to 𝐹

𝑔

the force of water exiting the faucet : 𝐹
𝑤

. 𝐹
𝑔

= 𝐹
𝑤

  

Since  and , we get the equation 𝐹
𝑤

= 𝑑𝑝
𝑑𝑡 = 𝑑𝑚

𝑑𝑡 𝑣 = ρ𝑄 · 𝑄
𝐴 = ρ𝑄2

𝐴 𝐹
𝑔

= ρ𝑉𝑔 = ρ𝐴ℎ𝑔

 ρ𝐴ℎ𝑔 = ρ𝑄2

𝐴 ⇒ 𝐴 = 𝑄2

ℎ𝑔  ⇒  π𝑑2

4 = 𝑄2

ℎ𝑔

. ⇒ 𝑑 = 4
π

𝑄2

ℎ𝑔 = 4
π

4.57×10−5 𝑚3·𝑠−1( )
2

(0.16 𝑚) 9.81 𝑚·𝑠−2( ) = 6. 82 × 10−3 𝑚 ≈ 7 𝑚𝑚

Thus, the rigid pipe design and flexible hose design would have a diameter of 7 mm.  
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Appendix E. Calculation of Area Occupied by Hose 
Attachment When not in Use 
Known or set values: 

. 𝐿 = 𝑡𝑜𝑡𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 ℎ𝑜𝑠𝑒 = 18. 8 + 10 + 18. 8 = 47. 6 𝑐𝑚

The value of L was determined by estimating the lengths of three sections of the hose: an 18.8 cm 
segment near the faucet that rediverts the water upward, a 10 cm segment that carries the water 
upward, and a final 18.8 cm segment  at the end of the hose that rediverts the water in the 
direction of the mouth of the bottle. 

If the hose is looped into a circle for storage, the area occupied by that circle can be calculated as follows: 

. 𝐶 = 𝐿 ⇒  2π𝑅 = 𝐿 ⇒ 𝑅 = 𝐿
2π

And the area of a circle is , therefore 𝐴 = π𝑅2

. 𝐴 = π 𝐿
2π( )2

= π 47.6 𝑐𝑚
2π( )2

= 180 𝑐𝑚2
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Appendix F. Diverging Tools 

 
Figure 7. Morph Chart 

 

Figure 8. Challenging Assumptions  
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Appendix G. Estimating UV Reservoir Lamp Use 
According to the University of Toronto Sessional Dates for Engineering Students [22], classes run from 
September 2, 2025, to April 30, 2026, for the 2025-2026 school year. A week before and after these dates, 
inclusive, will be considered for moving in and out of residence. We chose to use the Engineering faculty 
calendar as most Chestnut Residence students are in this faculty [23]. 

Using this information, the maximum number of days a student stays in residence is 255 days. It is 
estimated that an individual at Chestnut Residence will have the UV lamp on for at most 1 hour per day. 
Therefore, the estimated maximum time a student at Chestnut Residence would use the UV lamp is: 

 255 ℎ𝑜𝑢𝑟𝑠/𝑦𝑒𝑎𝑟

Multiple this by a factor of four to account for all years of undergraduate living in residence: 

 255 × 4 = 1020 ℎ𝑜𝑢𝑟𝑠

As seen in these calculations, this value is significantly lower than 9000 hours, the number of hours where 
the effective UV output begins to degrade [16], supporting that with proper use, users will never need to 
replace the UV reservoir’s lamp.  
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Appendix H. Calculations for Faucet-Mounted Fountain 
Attachment 
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1 Introduction 
This design brief provides explanations and guidance for improving means of filling and 
washing water bottles for students living in Chestnut Residence dorms (Chestnut) at the 
University of Toronto (UofT). Chestnut accommodates almost 1150 students [2]. Some residents 
have expressed dissatisfaction with the inconvenience of washing and filling their water bottles 
in dorm bathrooms due to the space between the faucet and the sink being too small to easily 
accommodate their water bottles, as well as the unpleasant taste and odour of the water. This 
report explains the opportunity to address this inconvenience, analyzes stakeholders, examines 
reference designs, and sets out the need, goals and objectives (NGOs) for this opportunity. 

2 Definition and Justification of the Opportunity 
Many UofT students, including many Engineering Science (EngSci) students living at Chestnut, 
own a water bottle and use it daily. These bottles need to be filled and washed regularly. The 
amenities of the dorm rooms do not provide a convenient and pleasant means of filling and 
washing residents’ water bottles. Thus, an improved system would be valuable. 

An interview conducted with an anonymous UofT EngSci student living at Chestnut considered 
it more time-consuming to clean their bottle due to the limited space in the sink below the faucet 
(see full transcript in Appendix 9.2). The student was also unable to completely fill their water 
bottle for the same reason. Moreover, the student mentioned how they avoid filling their bottle in 
their room altogether due to the unpleasant taste of the tap water. The student also agreed that 
they would prefer to fill their water bottle in their room if it were more convenient and pleasant. 
 
These observations are consistent with the following information. The three most common water 
bottle brands sold on Amazon [7] are Owala, Stanley, and Yeti (dimensions of bottles sold 
provided in Appendix 9.1). The largest among them has a height of ~30 cm [10]. Thus, larger 
bottles do not fit into the sink, where the difference between the tap and the bowl is 20 cm, as 
shown in Figure 1. The bottle must be tilted at an angle to align its opening with the mouth of the 
faucet. Consequently, it is impossible to fill the bottle completely, as shown in Figure 2.  
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Figure 1: Dimensions of sink and tap configuration (left) and height comparison of faucet and 
water bottle (right).  

 

Figure 2: Diagram of a water bottle filled at a non-zero angle. A considerable volume of the 
bottle is unfilled. 

Unpleasant tastes like those mentioned by the interviewed student can be caused in part by 
excess chlorine and calcium concentrations, as well as certain bacteria in the water [14].  

3 Stakeholder Analysis 
This section categorizes stakeholders and identifies their interests and influence. 

3.1 Primary Stakeholders 
●​ UofT students living at Chestnut Residence who use water bottles. The need and goals of 

this opportunity will mainly be based on the interests of residents. 
●​ This design team will set out the NGOs that influence future solutions. The responding 

team will make design choices for a future solution. 
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3.2 Secondary Stakeholders 
●​ UofT Spaces and Experiences (S&E) (the residence administration) may affect future 

solutions through safety regulations. 

3.3 Tertiary Stakeholders 
●​ People in other university residences or in some apartments may also benefit from the 

future design. Their interests may or may not align with those of Chestnut residents 
(scope is limited to Chestnut). 

4 Examination of Reference Designs 
This section points out some more aspects relating to stakeholder expectations, based on 
observations from reference designs. 

4.1 Faucet Hose Connector: Addressing Spatial Limitations 
The design of the connector shown in Figure 3 supports the stakeholder expectation of 
addressing spatial limitations. This connector is designed to supply a stream of water to a 
location other than the area in the sink just below a faucet [19]. The connector thereby bypasses 
the spatial limitations of the water supply. This responds to the residents’ expectation of 
bypassing the height limitation of bathroom faucets.  

 

Figure 3. Drawing of a faucet hose 
connector [19]. The proximal end (30) 
is threaded and can be screwed to a 
faucet with threads and directs water 
into a tube, which is in turn connected 
to a spraying device at the distal end 
(40) [19]. 
 

This design also highlights the importance of usability. Using this connector to clean a bottle 
would require one hand to hold and direct the water jet while the other holds the bottle. This 
would be inconvenient if the resident needs to alternate between scrubbing/soaping and rinsing 
in quick succession. The threaded end used to attach the connector to the faucet would also be 
time-consuming to use if frequent attachment/detachment is required. This design is also a 
potential harbourer for bacteria due to its long shape and inability to be cleaned effectively. 
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4.2 Atomizer Nozzle: Maintaining Cleanliness 
Although the nozzle design in Figure 4 alone would not allow residents to fill their water bottles, 
the design brings up cleanliness as an aspect of convenience. The nozzle can produce an 
atomized flow of water consisting of many tiny droplets, which reduces splashing [20]. 
Otherwise, more splashing would require inconvenient wiping/drying after each use. 

 

 
Figure 4. Drawing of the atomizer nozzle [20]. The nozzle 
attaches to the water outlet (faucet) and allows the user to 
obtain an atomized flow of water [20]. 

4.3 Faucet-Mounted Water Filter: Improving Water Quality 
The design in Figure 5 highlights the importance of delivering drinking water that meets 
preferences for a pleasant taste. The activated carbon/charcoal filter can remove impurities for 
safety, but also to make the taste of water more pleasant [21]. The purpose of this device 
supports the idea that the unpleasant taste of tap water does not necessarily relate just to health 
concerns, but relates in large part to the water not meeting people’s general preference for certain 
water properties like mineral content, etc.. 

 

Figure 5. Drawing of a faucet-mounted water filter 
[22]. The assembly is mounted to the faucet with a 
threaded inlet (18), and a valve directs water 
through an activated carbon/charcoal filter [22]. 
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5 Need, Goals and Objectives 
This section defines the need, then breaks down this need into goals and objectives. 

5.1 Need 
There is a need for a system that allows Chestnut residents to fill and clean their water bottles in 
their dorm rooms in a way that is convenient and pleasant.  

5.2 Goals 
Goal 1. Provide water that is safe for drinking and washing, with a pleasant taste. If the 
product increases the risk of unsafe drinking water or water with a bad taste, it is undesirable for 
residents. 

Goal 2. Allow the bottle to be cleaned and filled effectively and conveniently.  The 
ineffective filling of bottles, the awkward angles required to hold bottles in the sink, and the time 
delays associated are issues experienced by residents, and thus should be improved. 

Goal 3. Accommodate various bottles and individual residents’ preferences. The spatial 
limitations in the sink for large bottles were a main source of inconvenience for residents. 
Individual preference for bottle size and water temperature may vary, and thus should be 
accommodated. 

Goal 4. Be durable enough to withstand the daily use of Chestnut’s residents. The system 
must be able to maintain its functionality and performance quality for regular use, as frequent 
repairs would be inconvenient and cause further time delays for residents. 
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5.3 Objectives 
Each of the following tables explains objectives corresponding to one goal. 

Table 1. Objective Descriptions, Metrics and Justifications for Goal 1.  

Goal 1. Provide water that is safe for drinking and washing, with a pleasant taste. 

Objective Description and Metric Justification Associated 
Stake- 
holder(s) 

1.1 Drinking water provided by the 
product should not exceed 
concentrations of 0.156 mg/L 
chlorine and 125 mg/L 
calcium.  

These are concentration 
thresholds required for a 
pleasant taste of water 
according to the Government 
of Canada [14]. City of 
Toronto tap water does not 
always meet these standards 
[15, p. 1]. 

Residents 

1.2 Water provided by the product 
contains zero detectable 
coliforms per 100 mL.  

The system should not 
contaminate water with 
bacteria such as coliforms, 
which can make water unsafe 
to drink [23]. This is the 
maximum allowable level set 
by the Government of Canada 
for safe drinking water [23].  

Residents, 
UofT S&E 

 

Table 2. Objective Descriptions, Metrics and Justifications for Goal 2. 

Goal 2. Allow the bottle to be washed and filled effectively and conveniently. 

Objective Description and Metric Justification Associated 
Stake- 
holder(s) 

2.1 Requires less than 10 seconds 
of setup, 10 seconds to switch 
between filling and washing 
functions, and 10 seconds to 
dismantle to return to regular 
use. 

A detour to the cafeteria or to 
use a water fountain can take 
approximately 2 minutes, so 
the improved system should 
be less time-consuming and 
thus more convenient. 

Residents 
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2.2 Washing system passes a 
single-wash assessment as 
described by ISO 7535:1984 
(E), after at most 2 minutes of 
use [24, p. 3]. 

Effective washing requires the 
removal of dirt/soil, which is 
verified using the single-wash 
assessment [24, p. 3]. 

Residents 

2.3 Requires zero tools to set up, 
fill, and clean a water bottle. 

It would be inconvenient to 
require tools, as most residents 
do not have easy access to 
tools. 

Residents 

2.4 Requires at most a 
pushing/pulling force of 23 N, 
and a torque of 680 mN⋅m  
applied by hands. 

Applying large forces is 
inconvenient. These are 
maximum allowable forces for 
palm-operated push-buttons 
and rotary switches according 
to MIL-STD-1472H [25, p. 
81]. 

Residents 

2.5 Splashing during cleaning, if 
any, is contained to a radius of 
less than 15.5 cm. 

Splashing would require 
inconvenient cleanup after 
each use. Splash radius should 
be contained to the sink 
(minimum radius 15.5 cm) or 
a similarly-sized area. 

Chestnut 
residents, 
cleaning staff 

2.6 Water should be supplied at a 
flow rate of at least 4.2 L/min.  

A sufficient flow rate is 
necessary to fill/wash in a 
timely manner. The minimum 
flow rate is set as that of the 
Elkay water fountain preferred 
by students, including the 
interviewed resident [16]. 

Residents 
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Table 3. Objective Descriptions, Metrics and Justifications for Goal 3. 

Goal 3. Accommodate various bottles and individual residents’ preferences. 

Objective Description and Metric Justification Associated 
Stake- 
holder(s)’] 

3.1 Allows residents to 
completely fill cylindrical 
water bottles with dimensions 
at least up to 30 cm in height 
and 11 cm in diameter.  

These dimensions correspond 
to the largest bottle sold 
among the most common 
bottle manufacturers on 
Amazon [7, 8, 9, 10]. 

 

Residents 

3.2 The device should be able to 
accommodate water 
temperature in the range 
15-49 ºC 

Residents may have 
individual preferences for 
temperature. Common cold 
tap water temperatures are 
approximately 15°C [17]. 
49°C is the maximum tap 
water temperature 
recommended by the 
Government of Canada [27].  

Residents, 
UofT S&E 

 

Table 4. Objective Descriptions, Metrics and Justifications for Goal 4. 

Goal 4. Be durable enough to withstand the daily use of Chestnut’s residents. 

Objective Description and Metric Justification Associated 
Stake- 
holder(s) 

4.1 Can function properly for at 
least 1200 filling and washing 
cycles without replacement 
parts or maintenance. 

This is an estimate of the 
number of daily cycles 
repeated over 4 years, which 
is an approximate maximum 
number of years students 
could live in residence. 

Residents 
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4.2 Can withstand a constant 
water pressure of up to at least 
690 kPa without leakage or 
structural failure [28, p. 29].  

Residents who prefer 
cleaning their bottles with 
high-pressure water should 
be able to do so reliably and 
safely. As per CSA 
B125.1-18 [28, p. 29]. 

Residents 

 

6 Conclusion 
Staying hydrated in Chestnut residence is less convenient and less pleasant than it could be. 
Water bottle washing and filling are currently undesirable due to the inconvenience caused by 
restrictive sink dimensions and unpleasant water quality. Analysis of stakeholder expectations 
and reference designs revealed the importance of safety, taste, usability, convenience and 
durability as key aspects that any future solution should address. The NGOs set out in this report 
provide a guide and starting point to address this opportunity. Hopefully, we may finally quench 
our thirst for a sip of fresh water out of a conveniently-filled bottle!  
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