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Chapter 1: Introduction
1.1 General Background
Food security is one of the 17 goals for sustainable development by the United Nations. There
is a great concern about food security in countries such as Singapore, which relies mainly on
food imports and these countries are exceptionally vulnerable when there is a disruption in the
food production. Food production is even more vulnerable due to climate change, with extreme
weathers, heavy downpours and droughts that can occur anytime and destroy crops. The
importance of food in our everyday lives is widely-known and ensuring its availability is
necessary.
When the Circuit Breaker was implemented last year due to the coronavirus pandemic, there
were numerous reports of “food hoarding” in supermarkets. Such an action is indicative that
many are unsure of how secure the food supply in Singapore is, especially since 90% of
Singapore’s food supply originates from overseas, and are unaware of Singapore’s food
production capabilities. The pandemic has shown the paramount importance of ensuring a
“stable supply of safe food”. If food imports are to be reduced, Singapore must ensure that it can
be self-sufficient as a nation.
1.2 Rationale
This research paper aims to explore Singapore's food security and measures introduced that
may lead to self-sustainability. Public's perception and engagement in various community
initiatives are evaluated in order to determine Singapore's food security based on the 1996
World Food Summit's release.
1.3 Research Questions
1. How robust is Singapore's food supply?
2. How effective is vertical farming in strengthening Singapore’s food security?
3. How close can Singapore get to self-sufficiency in terms of food production and is it
possible to attain self-sufficiency in the future?
4. What are other alternatives viable to ensure Singapore’s self-sufficiency?
1.4 Thesis Statement
In order to achieve food security through self-sustainability, Singapore must rely on innovation
and technology to maximise output and productivity with the limited space available as well as
involve the community as stakeholders.
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1.5 Delimitations
This research paper covers the security of nutritious food in Singapore. This, in other words,
means that snacks, confetti and drinks are not included in the category.
1.6 Significance
This paper aims to bring across the importance of food security to the general public as well as
encourage more people to be supportive of urban farming. It hopes to highlight how the public
can be a stakeholder in Singapore's food production.
1.7 Limitations
Due to the Phase 2 (Heightened Alert) it is impossible to conduct surveys at supermarkets due
to safety reasons. This therefore deprives the paper of inputs from the elderly community who
are less technologically savvy.
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Chapter 2: Literature Review
2.1 “Four Pillars of Food Security” Model
It was defined by the World Food Summit in 1996 that “Food security exists when all people, at
all times, have physical and economic access to sufficient, safe and nutritious food to meet their
dietary needs, and food preferences for an active and healthy life.” (World Food Programme,
2009). The “Four Pillars of Food Security” Model was derived from this definition, with the four
dimensions being access, availability, utilisation and stability. These four dimensions of food
security are also used by the Singapore Food Agency to assess the country’s own food security.
2.2 “Different Levels of Food Security” Pyramid

Figure 1: Different Levels of Food Security (Gibson, 2018)
Food supply, the availability of food, is determined by underlying conditions as shown in the
figure. The food security of a country is deemed to be affected by a country’s governance, since
it is responsible for policy making. On a national level, governments are required to ensure a
stable and sufficient supply of food, as well as making food physically and economically
accessible. This brings the Singapore government’s Food Security Roadmap to the table. Food
security is also dependent on the household characteristics of citizens in a nation, which would
be defined in this paper as income and number of members, with this as the criteria on whether
food is ample for consumption and economically affordable.
2.3 Food In Singapore
Currently, 90% of Singapore’s food supply originates from food imports, while the remaining
10% is produced locally. Importers must ensure that imported food meets Singapore’s safety
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standards, local farmers should increase their production of fresh produce and local food
retailers must ensure that food sold is prepared according to the Singapore Food Agency’s
(SFA) guidelines.
2.3.1 Food Imports
The Intergovernmental Panel on Climate Change estimates “widespread declines in crop yields
of up to a quarter by 2050 due to global warming” (Chang, 2019). Based on the definition of
food stability provided by the United Nations’ Food and Agriculture Organisation, Singapore will
have an unstable food supply should trade be disrupted. This is due to its over-reliance on food
imports. Majority of Singapore’s food is imported from foreign countries and it is likely to stay
this way, with former Environment and Water Resources Minister Masagos Zulkifli mentioning
that “food imports will remain the Republic's biggest ‘food basket’ for the foreseeable future”
(Teh, 2019). As such, there has to be governance-level policies put in place to ensure stable
food supply in Singapore. One of which is the diversification of food sources that can act as a
buffer should imports from a certain country be cut off. Singapore imported food products from
156 countries while vegetable and fruit imports came from 140 countries in 2018. Majority of the
vegetables and food imports came from Malaysia, China and Indonesia (World Integrated Trade
Solutions, 2019).
2.3.2 Food Production
There is uncertainty in Singapore’s food production capabilities, with the limited land space and
unfavourable weather for the growth of certain agricultural products. Singapore is a small
country and due to competing land use needs, only 200 hectares of land, which is only about
1% of Singapore’s total land area, is used for agriculture (Singapore Food Agency, 2021) as a
greater percentage of this land is used for urban development. This on its own has led to
several other shortcomings, such as the inability to grow grain, which are crops that require a
great amount of land for production. In an attempt to increase production despite limited space,
vertical farming was sought as a viable alternative to the traditional farms. In 2012, Singapore’s
first vertical farm, Sky Greens, commenced commercial operation. It was able to attain primary
levels of success, with a large variety of tropical vegetables grown and sold in local
supermarkets (Sky Greens, 2014). In 2016, the idea of implementing more vertical farms around
Singapore, including in housing and urban areas, was discussed in “The Future of Us” exhibition
(Sin, 2015).

6

2.3.3 Food Utilisation
Singapore Food Agency and National Environment Agency both regulate Singapore’s food retail
industry to ensure that food sold at retail outlets is safe for consumption. Singapore Food
Agency provides compulsory training for food handlers and issues food hygiene officers to
occasionally ensure high standards of hygiene and sanitisation are maintained at licensed food
establishments. Retail food establishments are also graded by the agency based on the overall
hygiene, cleanliness and housekeeping standards of the premises annually (Singapore Food
Agency, 2021). A newer assessment format that will be implemented in 2021 will focus on
consistency, with establishments awarded bronze, silver and gold ratings. Eateries with no
major hygiene lapses for two years will get a bronze award, and those with a clean record of five
or 10 years will get silver and gold respectively (The Straits Times, 2018). Both the Singapore
Food Agency and National Environment Agency issue advisories on food safety and hygiene,
which can be found easily on their website. These advisories are not solely for food
establishments, but also to educate the general public. The Health Promotion Board also
encourages consumers to purchase food which are labelled as “healthier choice” (Health
Promotion Board, 2021).
2.4 Vertical Farming
Vertical farming is required to make maximum use of the limited space available. High-tech
farming solutions, such as the Sky Greens vertical vegetable farm, is one method to increase
Singapore’s food production capabilities. The concept of vertical farming was first introduced in
1999 by Dickson Despommier. The low carbon hydraulic water-driven vertical farming system,
also known as the “A-Go-Gro” vertical farming technology, which is used by Sky Greens, was
introduced by Jack Ng, inventor and founder of Sky Greens. These high-technological
commercial farms are capable of producing more food for local consumption within a smaller
space, which would be especially beneficial for a country with limited land space. Adding on, the
temperature of these controlled indoor environments of the vertical farms can be adjusted to
better the growth of crops in the vertical farms, as the growth of strawberries has shown (Low,
2018). Vegetables grown in these controlled environments are less vulnerable to pests, which
makes the use of pesticides unnecessary and hence, vegetable products from these vertical
farms are organic. The different growing troughs can accommodate the different growing media
of soil and hydroponics and these troughs are constantly rotated to ensure that all crops receive
uniform sunlight, irrigation and nutrients as they pass through different points of the vertical
structure. Such a method allows for an even distribution of nutrients for all crops to thrive. As
such, this farming system generates significantly higher yields than traditional growing methods.
In conclusion, vertical farming would be an excellent first step to attaining self-sufficiency.
Discussions on “floating farms” in selected urban areas by Urban Redevelopment Authority
have resulted in small-scale vertical farms built across the island. These small-scale vertical
farms have already been installed in nine carparks and produce are sent to nearby
supermarkets for sale. These floating farms can be found at Ang Mo Kio, Tampines, Toa Payoh,
Hougang, Choa Chu Kang, Sembawang and Jurong West (Liu, 2020). Not only do these
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small-scale vertical farms produce crops in urban areas, it also serves as an attraction, showing
Singaporeans how food can be produced locally despite the challenges faced and can educate
and change the mindsets of the people to be more supportive of local produce.
Local produce also has many benefits over imported foods. Vegetables grown in Singapore are
safe in accordance with SFA's guidelines and fresher as the produce does not need to travel for
long periods of time before reaching the consumer. Vegetables from Singapore’s
high-technological farms can reach the supermarkets’ shelves four hours after harvest.
(Singapore Food Agency, 2021). Apart from that, local produce results in less spoilage and
hence less food waste (Ministry of Sustainability and the Environment, 2021).
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Chapter 3: Methodology
3.1 Process of Data Collection
This paper looks at food security in Singapore and evaluates the food supply based on the Food
and Agriculture Organisation’s “Four Pillars of Food Security” model, notably Singaporean’s
perceptions on food access. By finding out one’s expenditure on nutritious foods on a monthly
basis and income, this paper is better able to evaluate economic accessibility of food. It also
explores whether one has physical access to food, regardless of where they live. Apart from the
above mentioned, it also seeks the willingness of the public to be engaged as stakeholders
towards a more self-sufficient nation. This is important because the strengthening of food
security and the effectiveness of government initiatives are partially dependent on the public’s
awareness of and contribution to food security.
3.2 Survey Questionnaire
Primary data was collected using an online survey questionnaire hosted on Google Forms. The
survey questionnaire was structured to collect information of the respondents’ general
background, such as age, household income and number of household members and this
information helped with the classification of responses. The survey questionnaire sought to
evaluate food security by finding out Singaporean’s opinion on food access. It also aimed to
gain Singaporean’s current perspective on food security and willingness to contribute to
agricultural self-sufficiency in Singapore.
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3.3 Framework
Both the “Four Pillars of Food Security” Model and “Different Levels of Food Security” Pyramid
would be applied in this research paper. As this paper aims solely to cover food security in
Singapore, the context / underlying conditions level from the “Different Levels of Food Security”
Pyramid would not be considered. The household level from the Pyramid would be classified
under the individual level and replacing it would be the community level, which has an
increasingly larger role to play in creating awareness for food security in Singapore. An
individual is thought of to be contributing to food stability should more individuals be willing to
research on viable alternatives to increase Singapore’s food production capabilities.

Figure 2: Self-devised Framework for Food Security in Singapore
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Chapter 4: Discussion and Analysis
4.1 Qualitative Analysis of Data

Figure 3: Respondents By Gender and Age
The survey obtained 119 responses. The respondents were split into four different age groups
for greater representation of the different age groups.
4.1.1 Consumership Habits
To study the food security in Singapore, this research paper looks at the consumership habits of
Singaporeans. With input from the public, food security can be evaluated using the Four Pillars
of Food Security. The Different Levels of Food Security model also states that food consumption
status plays an impact on food security at an individual level.

11

Figure 4: Physical Access to Food

Figure 5: Grocery Expenditure Based On Income
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Food security in Singapore is evaluated based on access. To study Singaporean’s physical
access to food, the respondents were asked to locate the nearest supermarket / wet market
from their house. 94.1% of the respondents are able to purchase groceries from somewhere
within a 3.0 km radius of their house, therefore, this shows that the majority have physical
access to food. Next, in an attempt to understand how economically accessible the food in
Singapore is, the respondents were requested to estimate the amount of money their household
spent on groceries every month. 31.9% of respondents spend $200 to $400 every month on
food, making up the majority of the respondents. In Figure 4.4, the monthly income is also
somewhat proportional to the monthly expenditure. However, those of a lower socio-economic
background may be misrepresented due to the lack of responses received from those of this
group, with only seven respondents identifying themselves as full-time workers with a monthly
income of under S$3000. Statistics show that these seven respondents are able to afford ample
food for themselves, with a monthly grocery expenditure ranging from $200 to $800. Through
the analysis of physical and economic access to food based on study of consumership habits, it
can be concluded that Singapore’s food supply fulfills the first criteria of access.

Figure 6: Respondent’s Perception on Availability of Food
Another aspect of food security is the availability of food sufficient for nationwide consumption.
In the survey, respondents were asked to rate their satisfaction towards the variety of food
options when visiting the supermarket / wet market. 91.6% of the respondents indicated that
they were at least satisfied with the variety and availability of food to choose from. This is
evidence that the majority of respondents agree that the supermarkets they visit are well
stocked-up, with sufficient food supply for consumption.
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Figure 7: Origins of Respondents’ Food From Survey
To ensure food stability, Singapore must have a diverse food source. Respondents were asked
to provide where most of their food originates from. Currently, Singapore’s major suppliers of
food are Australia, China, Indonesia, Malaysia and the United States. 89.1%, which is the
majority of the respondents, stated that most of their groceries come from Malaysia. It is then
followed by China, with 62.2% of respondents purchasing fruits and vegetables from there, and
then Australia, with 50.4%. A trend observed is that the majority of the food imports comes from
nations that are geographically closer to Singapore, to preserve the freshness of the food so
that they meet the Singapore Food Agency’s food safety requirements. Such a diversity in food
imports is important for a country like Singapore, with hardly any production capabilities.
However, a diversity in food supply does not necessarily equate to food stability because
Singapore, without other countries’ food imports, would not have ample food supplies to feed
the entire nation. Hence, it is perceived that Singapore has a stable network of food supply
which is safe for consumption. However, self-sufficiency is not attainable as not everyone is
aware of the sale of local produce and production levels are not high enough to feed a whole
nation.

14

4.1.2 Public Willingness

Figure 8: Consumer Willingness to Purchase Locally Grown Greens Based on Education Level

Figure 9: Consumer Willingness to Purchase Locally Cultured Meat Based on Education Level

Figure 10: New Logo for Locally Produced Food (Singapore Food Agency, 2020)
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To actively involve the public as stakeholders, the first step would have to be creating public
awareness. There have been incentives for Singaporeans to purchase locally grown greens as
these vegetables are fresher due to the shorter transportation time. Currently, 72.8% of
respondents have bought locally planted crops. By having Singaporeans be more supportive
and aware of local produce, more would be encouraged to purchase such products because
local produce can mitigate impacts of supply disruptions. In order to encourage residents to
purchase local produce, a logo was created for easy identification of local produce as seen in
Figure 10.
Locally cultured meat is sought as an alternative to strengthen food security. Alternative proteins
in the form of soy-based meat can be produced despite small amounts of land and have a large
yield. However, this is a new, uprising industry and being a novel food, it appears to not appeal
to the masses, with only 15.1% of respondents willing to purchase such products. For those
who are not vegetarian, they do not find the need to purchase “artificial meat” when they can
consume poultry. Others are uncertain of the safety of such products. This is an idea worth
considering, though it would take time and effort to change the public’s opinion on novel food.
4.1.3 Public Awareness
For government initiatives to be successful, awareness and support from the citizens is of
paramount importance.

Figure 11: Awareness of Policies
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Figure 12: Participation in “Gardening with Edibles”

Figure 13: Rooftop Community Garden at Our Tampines Hub
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In order to actively involve residents in planting their own food, NParks introduced the
“Gardening with Edibles” initiative and opened more community gardens (NParks, 2020).
Currently, 460000 seed packets have been distributed to the public, which shows that the
community is supportive of such an initiative. NParks also intends to roll out 3000 community
gardens that consist of numerous gardening plots for residents to plant their crops (Begum,
2020). The “Gardening with Edibles” initiative however, may not be as successful as not many
can acquire the skill of gardening. HDB flats and condominium units without balconies would
also lack space for gardening of these crops. There is also limited space in the community
gardens. Although small-scale farming will not have a significant impact on increasing local
agricultural productivity, it is beneficial to individual households as they have instant access to
fresh produce, without having to visit the supermarket.
Currently, 41.2% of respondents are aware of the “Gardening with Edibles” initiatives pushed
out by the National Environment Agency. 24.4% of the respondents are currently planting some
herbs / vegetables at their homes or at the community gardens. One would expect the senior
citizens, most of whom have retired, to be more active in such initiatives, but as shown in Figure
4.10, those from the younger demographic are also taking part in such a government proposed
initiative. There is no specific age group which is more active in such an initiative, as shown
from the results obtained. This shows how this initiative has been advertised well enough to
leave an impression on people. Out of this group of twenty-nine people, 27.6% stated that the
crops they plant have resulted in a significant decrease in the amount of groceries bought. The
number of citizens taking up gardening is projected to increase during the pandemic, when
travel to local supermarkets is restricted, thus giving an extra incentive for residents to try
planting their own vegetables. Figure 13 is a series of photographs taken at the rooftop
community garden at Our Tampines Hub, which has a variety of crops planted, ranging from
herbs to fruits and vegetables. A worker at Our Tampines Hub, who wishes to be addressed as
Mr Ng, shares in Chinese that the crops there grow in abundance thanks to the volunteers who
help out at the community garden. The harvested crops are sent to a nearby elderly home. Such
rooftop gardens not only spruce up the surroundings, but are also vital in spreading awareness
of community gardening.
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Figure 14: Respondents’ Willingness to Work in Agricultural Sector
The “30 by 30” grant is the provision of $30 million to help agricultural industries ramp up food
production to produce 30% of Singapore’s nutritional needs by the year 2030. The government
announced the launch of such a grant to help local farms ramp up their production of eggs, leafy
vegetables and fish on 7 March 2019. These funds are mainly used to increase farm
productivity, sustainability and improve circularity of resource use (Singapore Food Agency,
2021). It would also allow for more research of technological advancements that would benefit
Singapore’s food production levels. Apart from that, the “30 by 30” measures would help
encourage more citizens to take up an occupation relating to agriculture yet it is also dependent
on the people’s understanding of food security as an issue. Also classified under the “30 by 30”
goal is the education and grooming of young talents. New and higher value jobs requiring
multidisciplinary expertise in science, engineering, and infocommunications will be needed as
the agri-food industry grows and transforms. Singapore Food Agency hopes to work on
programmes, such as diploma courses and structured internship programmes to equip students
and job seekers with skill sets that will lead to careers in the agricultural industry (Ministry of
Sustainability and the Environment, 2021).
The “30 by 30” Grant, as shown in Figure 11, is less known, with only 21.8% of respondents
aware of the $30 million the government is willing to pump into the agriculture sector in an
attempt to ramp up local produce to take up 30% of Singapore’s food basket. One of the
intentions behind this grant was also to change the perceptions of agricultural related
occupations, showing youths that such an industry is no longer about labour work, but instead,
engineering, science and technology. However, it appears that at the time of writing of this
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research paper, this agenda has not been fulfilled yet, since the message of such a policy was
not conveyed to the wider public, with a minority of the respondents being aware. Only 10.9% of
the respondents are willing to take up a job in the agricultural sector, with six respondents below
the age of eighteen and three respondents above the age of fifty-five. For the working class,
most have already found a stable job and hence would not be willing to switch a career. It is
hence more important to educate the youths about agriculture so that they would be more
willing to take up a job in relation to local food production.
4.1.4 Misconceptions
Singaporeans have two common misconceptions about food and agriculture in Singapore and
this paper hopes to address these myths. Based on feedback from the survey, it was found that
many still had the assumption that agriculture in Singapore was a form of labour work and
hence, a number of the youths who partook in the survey expressed that they were unwilling to
work in the agricultural industry. The above-mentioned opinion is an outdated perception.
Another common misconception people may have is that food waste has a severe impact on the
food supply. That, however, is not actually the case in Singapore. A sharing session by Ms Pek
Hai Ling, Executive Director of Zero Waste SG, at the Geography Teachers Association
e-Seminar Series revealed that Singapore actually imports more than the national consumption
level and hence, food wastage in Singapore does not pose a big threat to food security at the
current moment. However, this research paper acknowledges that it is indeed wasteful for tons
of unpleasant looking but edible fruits and vegetables to be discarded on a daily basis due to
the perception that such food is unhealthy.
4.2 Future Prospects
Throughout the paper, it is observed that the policies are complementary. The “30 by 30” Grant
encourages more research and innovation for the possible introduction of more advanced
technologies that can produce higher yield than the current vertical farms, while using less
space. The “30 by 30” Grant will also clear up old plots of farmland at Yio Chu Kang, which can
be then used for high technological farms. This investment will increase efficiency of production,
with more high technological farms. It also allows for studies of novel food, such as cell cultured
and plant based meat. Singapore has seen more than 15 alternative protein startups being set
up locally from 2019. However, the issue with locally cultured meat is that it is not widely
accepted by the public, as the majority would prefer sticking to actual meat. “Gardening with
Edibles” may appear as a small-scale initiative but it is one of the first steps to interest youths
and encourage them to join the agricultural industry as engineers in the future, playing a critical
role in strengthening Singapore’s food basket. Only if Singapore strengthens its food basket
efficiently can Singapore be one step closer to self-sustainability.
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Chapter 5: Conclusion
Based on the survey results, which were evaluated using the“Four Pillars of Food Security”
Model, it can be concluded that Singapore’s food basket is somewhat secure, fulfilling the
requirements of being accessible, available and utilisable. However, there is still much to debate
regarding the stability of Singapore’s food source. There are arguments stating that Singapore is
not self-sufficient as a nation as food imports remain the greatest source of Singapore’s food,
with Singapore vulnerably relying on neighbouring countries for food. On the other hand,
Singapore’s wide network of food imports would help relieve the impacts of a shock, hence
arguing that Singapore has a stable food supply. This research paper’s standpoint is that
Singapore has a stable food import system but is not able to attain self-sufficiency.
The “Different Levels of Food Security” Pyramid shows us that the government bears the
greatest responsibility for a country’s food security, with the government devising policies to help
strengthen the country’s food security. The same applies to Singapore, with the government
pushing out numerous measures, from application of technology to monetary grants to
promotion, with two notable purposes. First would be to encourage more research in the
agricultural field to increase Singapore’s food production capabilities and second, to change
perceptions that people have towards farming and spread greater awareness of food security so
more would be motivated to take action and benefit the agricultural sector. This proves a point,
that to achieve food security, Singapore must rely on innovation and technology to maximise
output and productivity with the limited space available as well as involve the community as
stakeholders.
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Annex A
2.1 “Four Pillars of Food Security” Model
Today, a country’s food security is evaluated by the “Four Pillars of Food Security Model”, which
was first brought up during the World Food Summit in 1996 and released by the Food and
Agricultural Organisation in 2006.
2.1.1 Access
Food access is defined as “access by individuals to adequate resources for acquiring
appropriate foods for a nutritious diet” (Food and Agriculture Organisation, 2006). At a physical
level, food must be ample for consumption and widely available and should be efficiently
transported to all parts of the country. At an economic level, affordably priced such that it is
accessible to those of lower socioeconomic background.
2.1.2 Availability
Food availability is defined as “the availability of sufficient quantities of food of appropriate
quality, supplied through domestic production or imports” (Food and Agriculture Organisation,
2006) and it should be evaluated at a national level.
2.1.3 Utilisation
Food utilisation is having “safe and nutritious food which meets [the people’s] dietary needs” as
defined during the 1996 World Food Summit. The “ways in which food is stored, processed and
prepared, including the water and cooking fuel used, as well as hygiene conditions” (World Food
Programme, 2009) affects how utilised the food is.
2.1.4 Stability
Food stability is defined to be “not having the risk of losing access to food as a consequence of
sudden shocks or cylindrical events” (Food and Agriculture Organisation, 2006). A shock is
used to describe an unexpected event, such as the COVIID-19 pandemic, which had great
repercussions to the economy and trade relations.
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