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Abstract

The “30 by 30” initiative was called for by the government to strengthen Singapore’s food

security. With the current pandemic, it has been ever more important for Singapore to have a

certain level of self-reliance. To support this initiative, Hwa Chong can also produce its food to

also reach a level of self-reliance. As such, Hwa Chong needs to develop a system that is

affordable as well as feasible in a school context. Hence this project aims to develop an

agricultural system that can produce food for the school canteen. Based on the testing of the

suitability of the chosen crop of Caixin, as well as conditions necessary for survival in existing

solutions, a design of a vertical system utilising hydroponics was drafted and improvised

accordingly due to considerations of space, price, and efficiency of crop growing. Finally, a

cheaper and automated alternative of existing solutions in the market was constructed. The

system maximises plant growth, space efficiency, and is mobile for the convenience of cleaning.

It was efficient and suitable for the growing of crops from the stage of sprouts from current tests.
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1. Introduction and Literature Review
1.1. Problem Identification

The “30 by 30” initiative was called for on 7 March 2019 by Environment and Water Resources

Minister Masagos Zulkifli, where Singapore aims to produce 30% of Singapore’s nutritional

needs locally by 2030 (Straits Times, 2019). According to Singapore Agro-Food Enterprises

Federation Limited (2020), local food farms produce 10% of our fish consumption, 26% of our

egg consumption, and 14% of our leafy vegetable consumption. Though being one of the top

countries for food security in Asia according to the Economist Intelligence Unit’s Global Food

Security Index (GFSI), Singapore’s high dependence on imported food of over 90% can create

supply shocks in the supply chain. (Teng and Luis, 2018) The current COVID-19 pandemic has

further amplified the importance of having food security. Global food supply chains would be

greatly affected, due to movement restrictions of workers which greatly reduces the availability

of migrant workers, affecting harvesting or agricultural activities (Mardones et al., 2020). There

would be other impacts such as changes in demand of consumers, closure of food production

facilities and restricted food trade policies, both reducing global food supply and putting

financial pressure on the food supply chain. (S. Aday, & M. S. Aday, 2020) Thus, Singapore

must improve and strengthen its global and local food security to prevent such situations from

happening.

1.2. Existing Solutions

All over the world, there are many methods developed to maximise space and crop yields. One

such method is hydroponics, which is a system that grows plants without soil and uses a mineral

nutrient solution in an aqueous solvent instead. This produces healthier crops with high yields

and is consistently reliable, as nutrients are fed directly to the roots, as a result, plants grow faster

with smaller roots. They also take up only ⅕ of the space and 1/20 of the total water needed to

grow in hydroponics systems as compared to soil-based culture. There is also no chance of pest

attack, weed infestation or disease attack, causing the plants to have a higher percentage yield.

The soilless culture also provides efficient nutrient regulation, higher density planting, leading to

a higher crop yield per acre on top of the good quality of the produce (Sardare & Admane, 2015).
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However, hydroponics systems also have some drawbacks, due to their high initial investment

cost in building a system and also requires technical knowledge to be implemented. Also, energy

inputs are required to run the system, further increasing the cost of production. Hence, it is

encouraged that higher value crops are to be grown in these urban farms (Sardare & Admane,

2015).

Currently, many hydroponics systems feature plants being suspended and placed in cups or

sponges held in place. Water is cycled through the system, watered to the plants and then

collected into a water tank to flow again.

Singrow, a Singaporean urban farming Startup that grows strawberries and other vegetables,

utilising half of a repurposed sports hall in the old Henderson Secondary School, uses a

hydroponic drip system to grow ruby strawberries, growing up to 1600 kg of strawberries a year

(Vulcan Post, 2020). Upon a visit there, the farm proves to have the same necessary parts to a

hydroponic system. The shelves have 12 racks, around 6.5 metres in height and each rack is

separated by around 40 cm. Furthermore, each plant has a 15 cm gap with the next plant, with 6

plants in 1 metre of the rack. Firstly, a tube is used to water the plants (100 ml a day) that are put

in a Coco pith culture. Due to the nature of the strawberry plant, most of the water is absorbed

into the plant so little to no water is wasted. Secondly, red and white alternating LEDs are used to

provide light for the plants. Thirdly, a robotic arm is used to collect strawberries and also

pollinate strawberry plants. The camera is programmed to detect ripe strawberries and also

pollinate plants with precise movements. This new technology is still in the state of art and has

yet to be used on the farm. Hence, we can conclude that an effective hydroponics system

requires the above components, functions and dimensions.

5



1.3. School Context

To support this local initiative, it is possible for schools to also grow their vegetables such that

they can reach a certain level of self-reliance where school canteens can use the plants grown for

the food cooked in school.

There are a few existing solutions that can be used to grow plants in the school. Firstly, a few

plots of land were allocated to grow plants such as the plant nursery just outside the SRC. This is

not ideal as the space is not optimised. Secondly, there are a few plant cultivators which provide

ideal conditions for plant growth. However, one problem with this solution is that the cultivators

require a large amount of energy and have limited space to grow plants. Hence, we have to come

up with a new solution.

However, there are also some limitations that the design has to overcome. Since the system will

be placed in the school, there will be no one to oversee the growth of plants most of the time,

especially during school hours, weekends and holidays. Hence, our system needs to be able to

function semi-automatically. Another limitation is that Singapore is a small country, and does not

have much land for farming. Hence, our design must be smaller horizontally and expand

vertically and different from commercial design to specifically fit the school context.
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2. Proposed Solution and Solution Design
2.1. Design Process and Rationale

A few designs were drafted out to suit energy efficiency and space effectiveness and stability

requirements.

Figure 1 Figure 2                                        Figure 3

The design in figure 1 had too many weak points and it was hard to connect pipes to boxes. The

design in figure 2 took up too much space and the plant rack is not easy to build. The design in

figure 3 was relatively easier to construct. Hence, the design in figure 3 was chosen.

Figure 4 Figure 5

The above figures 4 and 5 show some features of the system, namely how the boxes are secured

in place and how water is transported from the top to the bottom. In figure 4, Pipes in red circles
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prevent boxes from sliding left and right and pipes in green circles prevent boxes from sliding

front and back, which secures the boxes in place.

2.2. Procedure and Materials

Below are the materials used to construct the system, to fulfil affordability:

● PVC Pipes

● PVC Pipe connectors

● IKEA Boxes

● Plant Cups

● Sponges

● Water Pump

● Water Pipes

The above figure shows the design built. It is a rack made of PVC pipes, with many levels to set

the boxes on, where the plants will be growing. However, due to insufficient time, we were only

able to build two out of the five layers of the system.
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A picture of the plants tested outside the Physics research lab

2.3. Testing the Design

To test the effectiveness of the Solution Design, the plants were left to grow in the system at

outdoor conditions for 3 days there, with no changes made to the set-up. The pump was left on

throughout to ensure that water circulates throughout the entire system, preventing the breeding

of mosquitoes. Throughout the 4 days, these are the pictures taken before and after the plants

were checked.

Plants at the start Plants after 4 days
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As seen in the picture, the plants can stay intact in the water currents and grow well, with quite a

few new leaves. The current layer of the rack is also able to withstand the weight of the box

filled with water and the pipes did not crack. Water also did not leak through joints such as the

connection between the water hose and the hole in the box. It can be concluded that the system

was a functioning and reliable one as of now.

2.4. Cost of Design

These are the costs of the materials used to design the entire plant rack.

Material Amount Cost

PVC Pipes (25mm) 7 sets of 2.9m $10.50

PVC Joints (25mm) 44 T-shaped joints
20 L-shaped joints

$17.20

Ikea Box with Lids 8 boxes with lid $40

Wheels 2 with lock
2 without lock

$7.60

Total Cost: $75.30

Though the Ikea boxes were not bought at Ikea but instead reused from the SRC Bio Lab, we

have decided to include them in the cost of the design to create a fairer comparison below.
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As compared to hydroponics systems that can be found online, our system is much cheaper. An

example is the above hydroponics system on Shopee, costing $258. Using less than half the price

of that, we were able to design a possible cheaper alternative that can grow an equal number of

plants in the same system.
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3. Future Work

Firstly, our design can be tested through the physical aspects and the efficiency of the system. To

test for the physical aspects, a few criteria have to be met. This may include:

● Whether the rack is stable or will it topple over when boxes full of water are placed on it.

● Whether the structure is mobile and can be easily pushed with wheels

● Whether the rack can withstand the heavyweight of the boxes with water and check for

cracks on the pipes

● Whether water spills in the process of being pumped throughout the system

● Whether plants fit well in the system and whether each box can receive water evenly,

with a constant flow of water

Next, the efficiency of the system for growing plants has to be tested, according to the criteria

below:

● Whether the plants are overcrowding or hitting the bottom of the next box

● Whether the water current is too strong and will wash the roots away

● Obtain data for the total mass of plant grown, time taken to harvest and the survival rate

of the plants, and compare with other forms of growing (such as growing in soil, the G3

Cultivator and the Shopee Hydroponics System)

Lastly, extensions to our system can be added. This may include a rainwater collection and

filtration system. This can be useful in providing cleaner water to the system, allowing a more

consistent flow of water into the system, reducing the frequency of water refills required.

Another extension would be to include an energy collection system. Since the system largely

relies on energy to power the water pump, energy such as solar energy can be harnessed to power

the system. A structure to germinate seeds can also be added to incorporate the whole growing

process into the system, allowing the system to be much more efficient and convenient.
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4. Conclusion

The Conclusion section should briefly summarize the significant results of the project. It should

highlight the significance and possible application of findings. Limitations and recommendations

to solution design should be briefly stated in this section as well.

In conclusion, this system certainly is a much cheaper alternative to the conventional farming

appliances used and it can be an alternative for schools to use to grow plants. It is a suitable

alternative for the unique situation that HCI is in, where students are unable to take care of plants

consistently, such that the system is automated and sustainable while being cheap at the same

time. A hydroponics system was chosen due to the efficiency and plant survival rate of

hydroponics. It was also convenient as it allowed a system that could be automated more easily,

with water flowing throughout the system. Some current limitations of the system are that the

power for the water pump needs to be left on all the time and difficulty in cleaning the system

during the plants’ growth cycle. Should there be an opportunity to test the design, we would do

so in the future.
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