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1 INTRODUCTION 
Singapore is home to over 20 wet markets which each host between five and fifteen fish vendors. During 

the day, the vendors use ice to keep their fish fresh and at the end of the day, they use water to clean their 

stall area before packing up. When observing the stalls, the team was shocked by how much water and ice 

was used each day. Since the price of water will undergo increases in July 2017 and July 2018 for a total 

30 percent increase, the team thought they could make an environmental and economic impact by tackling 

this problem. 

 

The team decomposed the problem into two areas: conserving water and reducing ice usage. After 

generating concepts for each, the team talked with vendors to better understand the factors they take into 

account when purchasing equipment and to test their initial ideas. As a result of these discussions, the 

team decided to focus on water conservation. When visiting Chinatown, the team observed that vendors 

were cleaning two times: once with water and once with a scrub brush (to dislodge unusable pieces of fish 

from surfaces). The team decided to create a product that could clean their areas in both ways 

simultaneously while saving the vendors water and time. 

 

1.1 Initial Problem Statement 

The team used a flow meter to measure water usage during the cleanup process and found that the average 

stall uses approximately 1,000 L to clean-up their stall at the end of one workday. Due to the 

large number of wet market stalls in Singapore, this water usage adds up and impacts the country 

economically and environmentally. 

 

1.2 Objectives 

The objective of this project is to develop a product that reduces the amount of water used during clean-

up in Singapore’s wet markets. The product that the team developed fulfills the criteria of reducing water 

usage, being affordable, and making the cleaning process more efficient. It is an easy to use solution that 

can be implemented in the existing system without interrupting the owners’ workflows. 

 

2 CUSTOMER NEEDS ASSESSMENT 
The team chose to focus on the problem from the perspective of the fish market vendors. 

By observing and talking to over 20 vendors, the team identified how they were using water to: 

● Keep the fish cold 

● Scrub and wash the floor and display racks 

● Dislodge pieces of meat that were stuck in areas of their stall 

 

After further research, the team generated a list of customer needs and used surveys to create weights that 

emphasized the importance of the different criteria. These analyses were then used to make design 

decisions during the process. 

 

2.1 Gathering Customer Input 

The team wanted to better understand the existing clean-up process, so they visited fish stalls in 

Chinatown and Little India. They asked the business owners questions to understand how businesses use 

and store ice, fish, and styrofoam. These included questions about the cost of ice, water, and rent in 

addition to the time required to clean up for the day. The team members brainstormed with the customers 

about what could make the cleanup process simpler and more effective. The team returned to the stalls 

every day to get feedback on subsequent designs. When the stall owners did not have a clear picture of the 

entire process (or the costs associated with it), the team reached out to the Hawker Centre owners, and the 

government organizations affiliated with them, by phone to receive more information. All of this 

information was catalogued and referred to throughout the design process. 

 



2.2 Weighting of Customer Needs 

After the team generated the criteria that they would use to help screen concepts and measure their 

product’s final performance, they needed to decide how each criteria should be considered relative to the 

other ones. To do this, they asked the fish stall owners to rank how important affordability, usability, 

cleaning effectiveness, and water reduction were to them. From this customer input, they were able to 

accurately weight the criteria and judge how existing solutions (and eventually their solution) matched up 

to the desired specifications. See table 2.2.1 in the appendix for more details. 

 

3 EXTERNAL SEARCH 
The team conducted a patent search to discover relevant inventions. No applying patents were found in 

Singapore. One American patent did closely match the design. For that reason, care was taken during the 

design process to ensure that the design would not encroach on that patent. As for benchmarking, a 

number of similar products were discovered by an online search. Given the lack of time for shipping, and 

the budget of this project, none were purchased and tested. Instead the specifications and features were 

taken directly from the online product descriptions. The benchmarking for these products is based off of 

that information. 

 

3.1 Existing Products 

Please see tables 3.1.1 and 3.1.2 in the appendix to see how the team benchmarked. 

 

4 ENGINEERING SPECIFICATIONS 
Target specifications were established in order to make the identified customer needs quantifiable. By 

doing so, the team was able to quantitatively evaluate their final product and objectively determine if it 

achieved the criteria necessary to meet customer needs. 

 

4.1 Establishing Target Specifications 

Target specifications were chosen based on benchmarking and on what the team felt was feasible given 

the time constraints of the project. They are presented in table 4.1.1 in the appendix. The team set a goal 

of reducing the volume of water used by 5% (and consequently the money spent on water 5%), because 

they only had a short time period to complete the project.  

 

Based on customer needs and benchmarking results, the team limited the final product cost to S$20. 

Many products with comparable features cost 30-100 USD. However, many customers stated that they 

valued affordability over other qualities in a product, so the target specification was set lower than the US 

price range.  

 

The team aimed to reduce time spent cleaning by 10% and to keep the time needed to change the scrubber 

head under 60 seconds. They wanted to minimize the time spent cleaning because many fish stall owners 

need to make deliveries immediately after cleaning their stalls.  

 

The team also set a target specification in regard to the product’s ability to clean surfaces: they aimed to 

make a product that could clean a surface at least as well as the method with which fish markets currently 

clean. Finally, the target specification for the weight of the product was set at 2 kg, and this weight was 

chosen based on the results of benchmarking. 

 

4.2 Relating Specifications to Customer Needs 

See table 4.2.1 in the appendix. 

 

 

 



5 CONCEPT GENERATION AND SELECTION 
During the early phases of the design project, the team decomposed the problem into two areas: reduction 

in ice usage and conservation of water. This separation allowed them to use strategies including 

biomimicry and 6-3-5 to address each issue. After conducting more research, the team decided to design 

for water conservation and began to generate concepts specifically for this challenge. The final concept 

selected was not actually proposed in the first concept generation phase; it grew out of customer 

conversations. 

 

Once the team decided that the most effective solution for cleaning would be a water 

dispensing broom, the team worked on various designs to channel the flow of water from 

the hose into the broomstick and out through the brush. Various types of fittings were 

tested to ensure convenience to the users and prevent any leakage of water.  

 

5.1 Problem Clarification 

The team identified the problem of water waste in fish markets based on their observations of the cleaning 

process. They found that fish market owners used high pressure water to clear debris, but that this method 

was time-consuming and less effective than direct scrubbing. The owners would use water and then use a 

separate scrubbing brush followed by more water. In addition to this waste, the team found that the 

owners were easily distracted while cleaning, so they were still spraying water even though they were not 

actively cleaning. Based on these observations, the team came up with some requirements for the final 

product including that it: 

● has a button or grip that controls water flow (so that the owner must be pressing the button in 

order release water), 

● reduces water usage, 

● is strong enough to handle some hard scrubbing, and 

● can be used to clean different parts of the stall: walls, floor, counter 

 

5.2 Concept Evaluation 

The team developed 16 concepts to address the above issues. The concepts were scored on nine different 

criteria. The sloped storage container concept was used as a baseline for all comparisons. Table 5.2.1 

captures the scoring and can be found in the appendix. 

 

5.3 Concept Selection 

From the 16 concepts, the team selected 3 concepts, the specialized nozzle, holed hose and adjustable 

height icebox, to prototype. The specialized nozzle would further increase the velocity and pressure of the 

water coming out of the hose to offer the owners even more cleaning power. The holed hose would help 

disperse water efficiently throughout the stall and decrease the amount of water used in each section. The 

adjustable ice box changed shape throughout the day as ice melted, compressing the ice and water 

mixture to keep as much of the water solid as possible. An additional concept, the water broom, was 

introduced after conducting further surveys from stall vendors. The team then established a scoring matrix 

to weigh these concepts using the chosen criteria. Table 5.3.1 is in the appendix. 

 

In order to choose the weights that were applied to the criteria using in the concept scoring matrix, the 

team combined considerations related to their own time constraints with considerations that were based 

on customer needs, surveys, and feedback. The results of a customer survey were used to produce the 

relative weights of ease of use, affordability, water conservation, and effectiveness. Those values were 

scaled to a more reasonable range of values. The team then chose weights for other criteria based on 

considerations including the amount of time and money they had to complete the project as well as latent 

needs that the customers themselves were not aware of. 

 



Although the specialised nozzle concept had a higher score than the water broom concept, the team chose 

to pursue the water broom because they saw more potential for prototyping, differentiating, and 

assimilating it into the owners’ daily routines. 

 

6 SYSTEM-LEVEL DESIGN 
The 3D design which can be found in figure 6.1 in the appendix shows a model of the scrubber that can 

be used for cleaning fish stalls. It is comprised of various modular components including: 

1. Detachable nozzle - A hose can be connected to the back of the nozzle for water supply during 

cleaning. It has a lever that allows water flow when pulled down. This prevents water from being 

wasted when the washer is distracted from cleaning and is not actively squeezing the nozzle. The 

nozzle head houses the female part of the quick coupling system which can be easily detached for 

washing up. 

2. Scrubber stick - The top part of the broomstick has the male part of the quick coupling system 

and the bottom part has a hole and is connected to the scrubber head. 

3. Detachable scrubber head - The scrubber head can be detached from the scrubber stick and is 

replaceable when the bristles are worn out. The scrubber head has small holes that allow water to 

flow out and aid in the cleaning process. 

 

7 BUDGET AND VENDOR PURCHASE INFORMATION 
The product costs S$18.76. The price can be decreased if ordered and built in bulk. See table 7.1.1 in the 

appendix for the full price breakdown. 

 

8 DETAILED DESIGN 

8.1 Final Prototype Analysis 

The final product is composed of a detachable nozzle and two attachments. One has a short handle to 

make scrubbing the walls easier while the other has a long handle for cleaning the floor. Both have holes 

in them to allow high pressured water to flow through them. 

 

                     
    Long Handle Scrubber                Short handle Scrubber 

 



 

● The scrubber head has two small holes holes drilled that allows water to flow while cleaning. 

● The tip of the scrubber has a spraying nozzle with a tip that has a quick connector for easy 

attachment and detachment and is used to wash off after scrubbing. 

● The spraying nozzle has a handle that controls when the water supply is switched on and off to 

reduce wastage of water. 

A hose can be easily attached to the nozzle head for providing water supply while cleaning. 

 

8.2 Material and Component Selection Process 

The components that were used for the prototype were purchased from the market. Unfortunately, the 

team was unable to find an inline nozzle. An L-shaped nozzle was used instead. A threaded connector 

was used initially to attach the nozzle to the broom. After consulting with the professors, a quick 

connector was recommended. As a result of this change, the time taken for the nozzle to be attached and 

detached to the broom was considerably reduced and the process was much more convenient. 

 

8.3 CAD Drawings 

See figure 8.3.1-8.3.4 in the appendix. 

 

8.4 Test Procedure 

To test and evaluate their solution the team focused on the client and how they used the product. They 

also performed quantitative experiments to evaluate the prototype. The first was the volume of water used 

in cleaning stalls in the wet market. The team installed the flow meter and asked the vendors to clean their 

stalls as they normally would. A week later the team came back and asked the owners to clean again using 

the final prototype while measuring the amount of water used. The results of this study can be found in 

table 8.4.1 in the appendix. This showed that their prototype reduced the water usage by 83.2%. 

The second test was a laboratory experiment. The team found a piece of dirty concrete and tested the 

current solution (a hose with no attachment) as well as their solution for 60 seconds. During this 60 

seconds they also measured the amount of water used. To convert to grayscale they processed the image 

using Matlab. This used the CCIR 601 standard to convert the image from RGB to black and white, see 

equation below.  

 

I = 0.2989 ∗ R + 0.5870 ∗ G + 0.1140 ∗ B 
 



They then took an average over several hundred pixels to get the average intensity of the tested area. The 

team then matched the white intensities to create a standard comparison between the two images. The 

grey scale image with the outlined boxes can be seen in Figure 9.2.1. There is a difference of intensity of 

73 between the two tests, this was also accomplished while using a third of the water, see table 8.4.2 in 

the appendix. 

 

9 DISCUSSION 
The team faced many challenges throughout the process and with more time and money would have made 

improvements to their design.  

 

9.1 Construction Process 

The construction process was difficult because the team needed the device to be watertight, so that it 

would not waste water with leakages. They used teflon tape and masking tape to try to seal compartments. 

In the final prototype, there was some leakage in the joints, but it did not seriously affect the performance 

of the product. In future products, the team would take more care to make the product watertight. 

 

Another challenge the team faced was maintaining a rigid inline structure, so that the user could apply 

force while cleaning. This was difficult because the team needed to have the nozzle and supporting 

structure easily connect to different attachments. The final prototype tends to give and bend at its 

connections, which makes it more difficult to apply force. This issue did not have a significant impact on 

the performance of the product. 

 

9.2 Test Results and Discussion 

The prototype performed as expected. The team tested its effectiveness by using it to clean a concrete 

surface. The team used a gray scale to analyze the two pictures before and after cleaning and compared 

them to the surface that was only rinsed with water. The pictures below show the surface before and after 

it was cleaned. 

 

Figure 9.2.1: 

 

The prototype was also successful in conserving water. Using a flowmeter, the team collected water usage 

information to show the product’s improvements over the traditional cleaning method. It’s effectiveness is 

shown in table 9.2.1 in the appendix. 

 

10 CONCLUSIONS AND RECOMMENDATIONS 

10.1 Conclusion 

In conclusion, the product exceeded expectations and delighted the customers who tested it. Not only did 

the team create a prototype that enables water conservation, but it was able to speed up the cleaning 

process. Its modular functionality makes replacing the different parts easy and the quick coupling system 



is extremely convenient for the user. The customers that the team worked with were so satisfied that they 

asked to keep the final product.  

 

10.2 Recommendation 

As the team had limited time for our project they were only able to build a prototype using the materials 

available to them. With more time (and money) the team would have: 

● Purchased an inline nozzle for easier use. An inline nozzle would help stabilize the system and 

allow the owners to apply more pressure on the broomstick for more effective cleaning. 

● Considered more brush options. More attachments could be incorporated into the product, 

allowing for different types of cleaning. 

● Created better connectors to reduce bending. The team used masking tape and teflon to try and 

seal the spaces between the connecting parts, but this resulted in the product giving and bending. 

In the future, the product could be produced as one piece or broken into smaller, stronger pieces 

to reduce bending. 

 

  



Appendix 
Table 2.2.1: Results of survey of shop owners on relative importance of customer needs 

 
Table 3.1.1: Raw data results of benchmarking 

 



Table 3.1.2: Results of benchmarking after standardizing score on a 0 to 5 scale 

 
 

Table 4.1.1: Target specifications determined for the final product 

 
 



Table 4.2.1: Needs-metrics matrix relating customer needs to measurable product criteria 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



Table 5.2.1: Concept screening matrix used to determine which concepts to prototype 

 
 

  



Table 5.3.1: Concept scoring matrix used to choose final design 

 
  



Figure 6.1: 

 
Table 7.1.1: Breakdown of the components in the final product and their respective prices 

 
 

  



Figure 8.3.1: CAD drawing of broom 

   



Figure 8.3.2: CAD drawing of the adapter connected to the broom 

   



Figure 8.3.3: CAD drawing of the adapter connected to the nozzle  

   



Figure 8.3.4: CAD drawing of nozzle 

   



Table 8.4.1: Water usage in wet markets with and without use of the product 

 
Table 8.4.2: Experimental cleaning test images with averaged regions 

 
Table 9.2.1: Comparison between the target specifications and what the product achieved 

 


