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ABSTRACT 
With limited land capacity for food production, Singapore has 
been largely dependent on food imports to feed its population. 
However, this has also caused the country to be subjected to 
external forces which are unpredictable. Hence, it is vital to boost 
local food production in order to ensure food sustainability for the 
future. This project aims to promote the widespread 
implementation of urban rooftop farms on commercial and 
residential buildings in Singapore so as to make use of the 
underutilized rooftop spaces. The community will have a crucial 
part to play in the rooftop farms as this project seeks to engage all 
Singaporeans in the local food production system. Through these 
two aspects, this project hopes to improve Singapore’s food 
security and raise awareness amongst Singaporeans on the 
importance of protecting our precious food resources. 

Keywords 
Food security, food import, local food production, urban rooftop 
farming, community engagement 

1. INTRODUCTION 
Since the nineteenth century, Singapore has been known to be a 
bustling port city, with trade as one of the country’s main pillars 
of economic growth (Huff, 1997). However, our heavy reliance on 
imports has also placed us in a vulnerable position when it comes 
to safeguarding Singapore’s food security. Currently, local farms 
produce only 8% of vegetables, 8% of fish and 26% of eggs 
consumed locally while over 90% of the food we consume are 
imported from about 160 countries (Agri-Food & Veterinary 
Authority of Singapore, 2013).  
 
In recent years, various environmental, economic and political 
factors have disrupted crops production in countries exporting 
agricultural products. In 2011, UN Food & Agriculture 
Organization reported that about 12.5% of rice farm in Thailand 
has been damaged, along with 6% in the Philippines, 12% in 
Cambodia, 7.5% in Laos and 0.4% in Vietnam, due to storms and 
floods (Redfern, Azzu & Binamira, 2011). Hence, Singapore may 
encounter a drastic depletion of food resources in times when we 
are unable to secure food imports from our trading partners. 
Without sufficient food to feed the growing population, a food 
crisis is inevitable and this can affect the well-being of 
Singaporeans. Fortunately, the severity of such a crisis can be 
mitigated through expanding local food production. 
 

An important factor to consider when expanding Singapore’s food 
production is its limited land. Specifically, with Singapore’s land 
area of 716.1 km² (Department of Statistics Singapore, 2014), 
conventional farms which require extensive land are no longer a 
practical solution. Instead, Singapore needs to focus on new 
strategies of crop production devised for limited spaces and hence, 
rooftop farming has become a favorable solution. 
 

2. BACKGROUND ON URBAN ROOFTOP 
FARMING 
Research has revealed that half of the global population lives in 
cities today (United Nations, n.d.). By 2050, urban dwellers will 
account for 86% of the population in more developed regions 
(Hui, 2011). With limited spaces, there is a growing potential to 
leverage rooftops of urban buildings for agricultural purposes; a 
strategy that can increase food production for the urban 
population by a staggering amount.  
 
In addition to achieving food sustainability, rooftop farming 
brings about a host of benefits. Environmental benefits include the 
reduction of fossil fuels needed for food transportation over long 
distances from farms in rural areas to cities as well as minimizing 
the chances of food spoilage and wastage (Ackerman, Connard, 
Culligan, Plunz, Sutto & Whittinghill, 2014). The incorporation of 
plants in vertical landscaping, rooftop gardens and farms also 
serves as an insulating layer for buildings which helps to alleviate 
the urban heat island effect (Hien, n.d). Economic benefits include 
the ability to offset food expenditures. Rooftop farms will also 
engage the locals as they come together for a common cause 
which provides a social and cultural identity (Ackerman et al., 
2014).  
 
The following are two case studies of urban rooftop farms: 
Comcrop in Singapore and Eagle Street Rooftop Farm in 
Brooklyn, New York.  
 

2.1 Local Case Study – Comcrop 
Comcrop is a farm located on the rooftop of *SCAPE, a youth 
hub situated along Orchard Link. It is a local sustainable urban 
farming project conceived by The Living! Project in 2014. With 
an approximate space of 6,000 square feet, the farm employs 
aquaponics to grow vegetables such as basil, tomatoes and leafy 
greens (Xue, 2014). Aquaponics is a combination of aquaculture, 
the commercial farming of fish, and hydroponics (Ogg, 2014). It 
is a self-sustaining system as the pipes for the growing of crops 
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are connected to tanks filled with living tilapia fish. This mimics a 
freshwater lake ecosystem where the waste products of the fish 
are broken down and absorbed by the plants as nutrients (Ogg, 
2014).  
 

2.2 Overseas Case Study – Eagle Street 
Rooftop Farm 
Eagle Street Rooftop Farm is a 6,000-square-foot organic 
vegetable farm located on a warehouse rooftop in Greenpoint, 
Brooklyn (Vosburgh, 2011). It has been practicing traditional soil-
based farming since 2009 to cultivate fresh, local produce such as 
lettuces, tomatoes, peppers and a variety of herbs. After harvest, 
crops are sold at its on-site farm market every weekend to 
retailers, restaurants or consumers directly (Garry, 2012). 
Moreover, the farm also reaches out to the community by 
conducting enrichment programmes in farming, gardening and 
cooking (Growing Chefs, 2013). 
 

3. PROPOSED PLAN 
In an attempt to emulate the success of Eagle Street Rooftop 
Farm, this project aims to make urban rooftop farming more 
accessible in the heartlands of Singapore. In doing so, the 
objectives of boosting local food production and engaging the 
community would be met.  
 
Firstly, by making rooftop farms available to Singaporeans of all 
ages and backgrounds, city dwellers would have an opportunity to 
learn about the food production system and the difficulties faced 
in growing crops. Also, it is commonly observed that the elderly 
like to grow plants on small plots of unused land, such as beside 
walkways, in the housing estates. This is unauthorised and limited 
planting can be carried out on the small areas of land. Thus, the 
rooftop farms would serve as a good avenue for all residents, 
especially the elderly, to do their gardening. Ultimately, the public 
would be more aware of the importance of safeguarding 
Singapore’s food security.  
 
For a start, this project aspires to create a microcosm of our 
community by limiting the scope of our target population to the 
staff and students in the National University of Singapore (NUS). 
A prototype farm will be set up on the rooftop of the Ventus 
building at the Kent Ridge Campus of NUS. All staff and students 
are encouraged to engage in the process of planting and 
maintaining the crops. At allocated time slots in the day, they can 
help tend the crops and monitor their growth and through this 
process, develop a sense of achievement and collective identity. 
 
This project has also broadly categorised the types of crops that 
are known to grow well on the rooftop environment as well as in 
Singapore’s tropical climate into five categories: Leafy 
vegetables, legumes, grains, root and fruit vegetables. For 
instance, crops such as cherry tomatoes, a type of fruit vegetable, 
and tropical lettuce, a type of leafy vegetable, are known to be 
able to adapt to the hot, humid climate of our region  (Martin, 
1980).  
 
In addition, this project has utilised data from the Navy Yard 
Farm to estimate the predicted crop yield of our prototype rooftop 
farm. The Navy Yard Farm is a rooftop farm implemented at the 
Brooklyn Navy Yard in 2012. With a size of 65,000-square-foot, 
the farm produces 18,000 kg of produce a year (Holmes, 2013). 

These produce includes herbs, vegetables and fruits which are 
similar to the types of crops our project intends to grow. It is 
hence estimated that 1 m2 of rooftop area is able to produce 3 kg 
of produce per year. By projecting this figure to the  rooftop of the 
Ventus building, which has a gross floor area of 5,335m2, it is 
estimated that the annual yield figure of the prototype rooftop 
farm would be approximately 16,000kg (National University of 
Singapore, 2014). 
 
Ultimately, the prototype rooftop farm at Ventus would serve as a 
test bed for potential future implementations and provide data on 
the yield of crop-types best acclimatised to the local environment. 
Furthermore, experimentation of different soil types as well as 
farm layouts and designs could be carried out to maximise the 
efficiency and crop yield of the prototype rooftop farm.  
 

4. LIMITATIONS 
In addition to the benefits of rooftop farming as discussed above, 
a possible area of limitation has been identified ─ rooftop security 
and access. In Singapore, the rooftops of most buildings are 
installed with water tanks, jockey booster pumps, water discharge 
downpipes and elevator motor rooms containing the lift motor and 
its control panel (Securitex, n.d.). Hence, the rooftop area is 
usually classified as a restricted zone with tight security control. 
For example, flats under the People’s Action Party (PAP) town 
councils allow only authorized personnel approved by the town 
council to access the rooftops. All authorized personnel working 
on rooftops must wear security vests and be escorted by an 
auxiliary police officer or town council staff (Teo, 2014). 

Although such measures prevent the mishandling or damaging of 
rooftop equipment, they may restrict the access of the public to 
rooftop farms implemented on residential and commercial 
buildings. Hence, our aim to involve the community in rooftop 
farming would not be achieved. To tackle this issue, collaboration 
is needed with the various authorities, such as the Public Utilities 
Board and Town Councils, in developing a rooftop access 
protocol that would grant the public access to rooftop farms and 
also ensure tight security control over rooftop equipment. 

5. CONCLUSION 
Singapore’s potential in urban farming has increasingly attracted 
international attention over the years. In fact, the Urban 
Agriculture Network (UAN), set up under the auspices of the 
United Nations Development Programme, once declared 
Singapore a possible world leader in the area of food production 
from its residential and commercial rooftops (Kassim, 2011). 
Hence, this project hopes to promote rooftop farming which will 
involve the people as stakeholders. The widespread 
implementation of such a strategy would not only strengthen the 
country’s food security, but also bring people from different 
socio-economic backgrounds together and bond the local 
community. Looking at Singapore’s success story of NEWater, 
the country’s venture into rooftop farming would allow it to gain 
expertise in the agricultural sector and be placed as a player on the 
international platform in tackling the global food security 
problem. 
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ABSTRACT 
Food wastage has been a pertinent problem in the daily lives of 
people with a lot of food not being consumed but being thrown. 
These foods which are being thrown away are still edible at the 
point of wastage. In Singapore, about one-fifth of the total waste 
is food waste. There are existing policies which aim to curb food 
wastage such as raising social awareness. However, most efforts 
are focusing on general household consumers (final consumers) 
but not much on the food supply chain from producers to 
distributors to the consumers (retail consumers). This project 
focuses on food being wasted in Singapore, particularly in the area 
of food and beverage (F&B) businesses and aim to source and 
collaborate with F&B operators to formulate strategies using data 
and develop solutions to achieve a sustainable food future in 
Singapore.  
 
Keywords 
Food, waste, reduce, Singapore, Food and beverage (F&B), NUS, 
canteen, sustainability.  

 

1. INTRODUCTION 
A 2011 study by the Swedish Institute for Food and 
Biotechnology (SIK), on behalf of Food and Agriculture 
Organization of the United Nations (FAO), Global Food Losses 
and Food Waste, compares between "food loss" and "food waste":  

SIK defines food loss as the decrease in edible food mass 
throughout the part of the supply chain that specifically leads to 
edible food for human consumption. Food losses occur at 
production, postharvest and processing stages in the food supply 
chain (Parfitt, 2010).  

Food losses happening at the end of the food chain (retail and 
final consumption)” are rather called “food waste”, which is 
directed to retailers’ and consumers’ behaviour (Parfitt, 2010). In 
other words, food waste refers to the throwing away of edible 
food. 

“Food” waste or loss is measured only for products that are 
supposedly for human consumption and therefore does not include 
food directed to animals and inedible parts. 

 

2. CURRENT SITUATION IN SINGAPORE 
Currently, among all wastes disposed in Singapore, food waste is 
the second highest component. However, its recycling rate is one 
of the lowest (See Table 1). The low recycling rate is caused by 
the lack of infrastructure, manpower and logistical costs to 
separate the food waste (Siau, 2014). This low recycling rate is a 
worrying trend for Singapore as it threatens Singapore’s food 
security and brings about numerous negative impacts. More 
importantly, industry players felt the main contributors of food 
waste — food caterers, hawker centres, restaurants, supermarkets 
and hotels — have yet to change their mindset. CEO of Eco-Wiz, 
a food recycling company said that some operators feel that the 
effort to reduce food waste is not directly related to their 
performance or productivity and it is not something that they have 
to do now (Siau, 2014). 
 

Table 1. Waste Statistics and Recycling Rate for 2013 
 (National Environment Agency, 2014) 
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3. NEGATIVE IMPACTS OF FOOD 
WASTAGE 
Food wastage does not only raise moral issues; it too incurs 
tremendous economic and environmental costs.  

3.1 Economic Loss  
FAO reported that in 2011 the direct economic cost of food 
wastage (food loss and waste combined) based on producer prices 
alone was about USD 750 billion worldwide- equivalent to the 
GDP of Switzerland (Food and Agriculture Organization of the 
United Nations, 2013). More significantly, this figure does not 
include the economic cost arising from the later stages of the food 
supply chain such as distribution.   

3.2 Environmental Concerns 
To make things worse, food wastage has also brought detrimental 
effect on our environment. According to FAO, the carbon 
footprint of food wastage looks stunning: 3.3 billion tonnes of 
CO2 equivalent in 2007 (Food and Agriculture Organization of 
the United Nations, 2013). Comparing the amount of greenhouse 
gases generated from food wastage worldwide with countries, the 
report ranked food wastage third ahead all the countries except 
China and the US. Not to mention that Singapore dumps most of 
food waste into incinerators, the fact that food import always 
accompanies massive fuel consumption for transportation 
suggests that food waste is a pertinent environmental issue in 
Singapore. 

3.3 Moral Issues 
Wasting food is also socially and morally unacceptable. In the 
2013, it is estimated that one in eight people suffers from chronic 
hunger. (Food and Agriculture Organization of the United 
Nations, 2013). Thus, wasting food might be as Pope Francis said 
‘like stealing from the poor (Monteforte, 2013). 

4. FOOD SUPPLY CHAIN 
Before we look into the processes where food is wasted, we have 
to understand what these processes are first. In general, we have 
categorised the food process into 3 main stages: production, 
distribution and consumption. 

 

Figure 1. Food supply chain 

 

4.1 Production 
Production refers to the stage where food is produced via 
agriculture means (e.g. vegetables and rice) or food manufacturing 
(e.g. canned food).  

While emphasis has been on the quantity we have to produce to 
meet the increasing population, the amount of food that has been 
wasted in this process is often overlooked. There are two main 
reasons leading to food wastage, the first being improper storage 
facilities and poor management of the food. The second reason 
considers the filtering process where “imperfect”(unattractive and 
visually unappealing) food is discarded.  

Lack of proper storage facilities for newly harvested food leads to 
shorter shelf lives of goods such as fresh vegetables. This is 
especially true in developing countries where food waste and 
losses occur mainly at early stages of the food value chain and can 
be traced back to financial, managerial and technical constraints in 
harvesting techniques as well as storage –and cooling facilities 
(United Nations Environment Programme, 2013). 

In addition, economic factors such as regulations and standards 
for quality and appearance also force the producers to harvest 
selectively.  In the UK, up to 30% of vegetable crops are not 
harvested because their physical appearance fails to meet the 
exacting demands of consumers (Smithers, 2013). 

4.2 Distribution 
Distribution refers to the stage where food is temporarily stored 
and sold to consumers later. In this study, we are looking more 
specifically on retailers such as supermarkets and wet markets. 
These places are where the consumers purchase food directly 
from. 

One of the main causes for food wastage in this stage is due to 
improper storage and poor management. Fresh vegetables and 
fruits are often sensitive to surrounding temperature and do not 
last long, without proper cooling facilities, these goods cannot last 
long.  In addition, to meet the demand of the consumers, retailers 
such as supermarkets tend to purchase stocks in surplus. However, 
perishable goods will usually be deemed as waste after a few 
days. Similarly, food that passed their best-before or sell-by dates 
have to be disposed. 

4.3 Consumption 
In the consumption stage, we are not only referring to general 
households but also hotels and restaurants where large amount of 
food is purchased as well as wasted every day. 

In relatively developed countries, general households tend to 
purchase food in surplus due to lack of planning and greater 
affordability. In United Kingdom, households waste an estimated 
6.7 million tonnes of food every year, around one third of the 21.7 
million tonnes purchased. This means that approximately 32% of 
all food purchased per year is not eaten (United Nations 
Environment Programme, 2013).  This means that approximately 
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32% of all food purchased per year is not eaten (United Nations 
Environment Programme, 2013).  Most of this (5.9 million tonnes 
or 88%) is currently collected by local authorities – and an 
appalling 61% of this waste was actually found to be avoidable. 

Food wastage occurs in food stalls and restaurants when staff and 
chefs are not properly trained or managed resulting in badly 
cooked food, or when chefs do not see the need to cook less to 
save cost. 

 

Figure 2. Summary of Reasons for Food Wastage 

 

5. CURRENT ACTIONS AGAINST FOOD 
WASTAGE 
In Singapore, food waste are generally categorised under 
combustible wastes which are sent to incineration plants where the 
wastes are burned to produce heat and generate electricity. 
However, this does not justify the carbon footprint that was 
generated in producing the food itself in first place.  
While there are no specific law and regulations set up by National 
Environment Agency (NEA) on food wastage management, there 
are several campaigns and initiatives by individuals and NGOs 
which aim to raise awareness of such problem.  

5.1 Save Food Cut Waste Campaign 
Save Food Cut Waste is a web page set up by Eugene Tay, 
founder of a local sustainability consulting company. It is a 
ground up movement which aims to educate individuals, 
businesses and organisations in Singapore about the 
environmental and social impacts of food wastage. It also 
encourages everyone to take action in reducing food waste.  

To reduce food waste in Singapore, this campaign aims to educate 
the public by increasing the awareness of the existence of food 
wastage problem and providing practical ways to reduce food 
waste along our food cycle (Save Food Cut Waste, 2012). 

5.2 Makan Mantra Campaign 
Makan mantra is initiated by four final year students from the 
Wee Kim Wee School of Communication and Information at 
Nanyang Technological University. It is the first student-led 
campaign targeting at young working adults aged 20 to 34 to 
increase awareness of food wastage and to enable consumers to 

reduce their own food. They partnered with 13 F&Bs and 
implemented eight methods, known as ‘mantras’ (refer to 
appendix 1), for consumers to adopt throughout their meal to 
reduce food waste in Singapore (Beh, Lim, Lim, & Tang, 2013).  

5.3 Food Bank Singapore 
Food Bank Singapore aims to transfer excess foods in the market 
to organisations and people in need to minimise food waste. In 
addition, they hope to increase the awareness of the importance of 
proper food resource planning to ensure sustainability. (Food 
Bank, 2014).  

Simply put, companies and public can deposit or donate their 
unused or unwanted foods at Food Bank. These foods will then be 
collected by Voluntary Welfare Organisations (VWOs), Charities, 
Soup Kitchens, etc and distributed to the Needy. (Lim, 2014). 

5.4 Alpha Biofuel and IUT Global (2011) 
Alpha Biofuel is a Singapore based firm uses a micro-refinery 
called MX to turn carcinogenic waste oil into clean fuel in the 
form of biodiesel. The converted oil can be used to power 
standard diesel generators, heavy plants and construction 
machinery. The firm has gained partnership with many local 
companies and restaurants in the effort to raise awareness on food 
recycling.  
 
IUT Global was set up in 2008, the firm aimed to use alternative 
mean of decomposition by bacteria to generate biogas from the 
food waste. The firm was feted by then Environment and Water 
Resources Minister Yaacob Ibrahim as a milestone in waste 
management and recycling. The company aimed to one day 
process 800 tonnes of food daily, turning it into organic fertiliser 
and biogas for electricity to power up to 10,000 homes. 
Unfortunately, the firm was unable to reach its initial target due to 
the high costs, and this project failed to come to fruition. 

 

 
Figure 3.  The 3 R’s to Curb Food Wastage 
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6. CURRENT MEASURES IN NUS  
To have a better understanding of the waste management process, 
we have interviewed the staff from Office of Campus Amenities 
(OCA) and various vendors in NUS canteens. 
 
6.1 Food Digester in NUS Business Canteen   
NUS is currently undergoing a trial test on food digester from Eco 
Wiz. The food digester is a machine which increases the rate of 
decomposition of the food waste by providing an optimum 
environment. The waste is processed and turned into water which 
can further used for non-consumption purposes. This method of 
recycling will effectively reduce the amount of waste being sent 
for landfill. However, only about 300kgs of food waste is being 
processed each day currently.  

Our findings 

From the interview with the staff from the Office of Campus 
Amenities (OCA) (refer to Appendix 2), we found out that there is 
no existing measure or system of tracking the amount of food 
waste NUS is producing each day. The food waste is collected 
manually by the canteen vendors as well as the cleaners at tray 
returning stations. In addition to that, food waste that has been 
collected by not processed in Food Digester is eventually disposed 
together with general waste that was sent for incineration or 
landfill.  

We have also interviewed various vendors in NUS canteens to 
have a deeper understanding of the waste management process. 
The results collected show that there is not much wastage in the 
canteens (refer to Appendix 3). However, the business in NUS 
context could be different as demand is rather more predictable 
while the demands in external F&B businesses are more 
subjectable to fluctuations and less predictable. Thus, we believe 
that F&B businesses such as those in hotels and restaurants 
contribute more significantly to the food wastage in Singapore. 

7. CURRENT SITUATION IN F&B 
F&B is the main contributors of food waste but they are not 
practicing food wastage recycling due to the lack of basic 
amenities and incentives to do so. Currently, there are no basic 
facilities such as food waste bins provided and there are not much 
companies dealing with food waste collection. According to a 
cost-benefit analysis study commission by NEA in 2010, it shows 
that there is a “net-cost” for recycling food waste at a centralised 
recycling facility for such refuse, largely due to the costs from 
collecting and processing the waste (Siau, 2014). 

8. CONCLUSION 
Looking at the methods in tackling food waste, we have 
concluded that the most efficient way to counter the problem is to 
reduce current rate of consumption. Through more efficient 
management by the distributors and planning by the consumers 
will reduce the demand and hence solve problems such as 
overcooking by the restaurants and hotels.  

8.1 Our Future Plans 
The existing campaigns are mainly targeting at consumers 
(general households) to raise on awareness of food wastage at the 
consumption stage. However, in this stage, we know that 

restaurants and hotels also play a very significant part. Thus in the 
next semester, we hope to collaborate with F&B firms to monitor 
their food-processing process and identify the stage that resulted 
in the significant amount of food wastage by measuring the 
amount of food waste per day and the economic losses (refer to 
Appendix 4). From there, we aim to develop and provide a general 
guideline for them to better manage, reduce food wastage and 
maximise their profits. 

In order to have a quantitative analysis of the food wastage made 
in F&B, our group has come out with an equation that illustrates 
the food-preparation process which consist of different stages 
(refer to Appendix 5). 

  

 

Figure 4. Food-preparation Process 

*Assuming no food is preserved for the next day. 

 
Through this equation we can source out the reasons behind food 
waste from each of the factors; quantify them and showing F&B 
the significant losses that arise from food wastage.  
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Appendix 1. The Mantras 
 

Figure 5.  The Mantras (Chan, 2013) 
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Appendix 2. Office of Campus Amenities Interview 
 

Interview with Mr Kelvin Ng, Office of Campus Amenities 
 
Q. How does NUS deal with food waste? 
NUS is conducting a trial of using food waste digester to process the organic waste in NUS Business Canteen. Food waste digester is a 
machine which accelerates the rate of decomposition of the food waste and breaks them down into simpler by-product such as water and 
sludge. The water will then be disposed as sewage water while the sludge is collected by Eco Wiz.  
For the other canteens, although food waste are indeed separated from the general waste as well, they are disposed in a similar way as 
general waste.  We do not know what happen to them.  
 
Q. How are the waste collected and how much waste does the canteen produce each month?  

The machine is installed besides the canteen, and the vendors, as well as the cleaners who help to clear the food at tray returning station, 
will weigh and throw the collected food waste into the machine manually. While there is no detail or records on how much waste are 
produced by individual stalls, the total food waste being processed is about 300KG per day.  

/The current system of collection is manual and there are no proper ways of keeping these records. This is to say, the total amount of food 
waste = food waste collected from vendor+ food waste collected at tray returning station. However, is this legitimate assumption?  
 
Q. How do you think the food waste can be reduced?  
We have no control over how much the vendors want to buy in for their daily sales. Assuming that they are trying to maximise their profit 
as well, it is more “practical” to deal with what is produced rather than reducing on what to produce. This is why the trial is undergoing 
now.  Most stores have been operating in NUS for quite a while, the vendors are more or less familiar with “optimum” amount of food to 
prepare each day.  However, this might not apply to shopping centres and restaurants where fluctuation of customers are more dramatic.  
 
Q. How might we help in current trial in one way or another?  

As the trial has just started and most of the work are manual, we have no intention of involving students at the moment. However, if it is 
successful, students might want to consider on how to improve installing of these machines in NUS and how to solve potential problems 
such as smell and space.  

Eco Wiz has partnered with various organisations and institution to work on food waste. They include Singapore Polytechnic and Crowne 
Plaza. Students can research further and see if these institution are implementing other measures as well. 

While it is difficult to work on reduction of waste, food packaging could be part of sustainability problem as improper food packaging 
could lead to wastage of material as well.  
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Appendix 3. Example of Primary Survey (Interview) 
 
Dear NUS canteen vendors,  
 
We are a group of students working on a project regarding food wastage management in our school. We would like you to help in filling up 
some questions below and your help will be invaluable to our project. Thank you so much!  
 

Q1. What store are you operating? (e.g. chicken rice, noodle, mix vegetable rice,etc) 
 

Science Canteen Korean Stall  

 

Q2. a) How much food (in kg) do you buy in every day/time?  
b) How many (in kg or %) are sold each day? 
 

a) 
 
 
 
 
 
 
 
 
 
 
 
b) 

 
11 items 
 

• 25 kg of Chicken  
• 15 kg of pork 
• 15 kg of beef (prepared daily) 

 
250 to 300 Kg of Kimchi for 4 stalls à ~63-75 kg per stall (prepared weekly) 

 

 
Almost all are sold 

(25 kg of Chicken, 15 kg of pork, 15 kg of beef) 

Q3. How do you determine how much (in kg) to cook and serve every day? 
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They are already familiar with the amount to prepare according to their experience. 

They are aware of the customers’ taste hence they would determine the amount to cook 
based on the popularity. 
 
 
 
 
 
 
 

Q5. Do you throw away uncooked/expired ingredient? If yes, how much and how often?  
  

• Chicken and pork will be thrown away as they are cooked before order. 

 

• Beef will be kept to the next day as it is only marinated.  

 

• Kimchi are thrown away after a week but usually there are none/not much left 
 
 
 

Q6. How much cooked food you throw away every day? 
  

 
 
 
Almost none as all are sold out 

Q7. Will you be interested to contribute to food waste problem? How do you think we help can 
to tackle this problem?  

  

• -Concern about food wastage 

 

• Did not waste much food as most of their foods are sold out by the end of the day. 
Thus, they could not do much to help in reducing wastage. 
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Survey Collation of Some Science Canteen Stalls 
 
Questions Korea Stall Soup Stall Indian Stall 
1) How much food do you 
buy everyday? 

11 items, 25 kg of Chicken, 
15 kg of pork, 15 kg of beef 
(prepared daily) 
- 250 to 300 Kg of Kimchi 
for 4 stalls à ~63-75 kg per 
stall (prepared weekly) 

They are unaware as it is bought by the person-in-charge 
daily. 

2) How many are sold each 
day? 

Almost all are sold 
(25 kg of Chicken, 15 kg of 
pork, 15 kg of beef) 

 Usually all are sold 

3) How do you determine 
how much to cook and serve 
everyday? 

They are already familiar with the amount to prepare according to their experience. 
They are aware of the customers’ taste hence they would determine the amount to cook 
based on the popularity. 

4) Do you throw away 
uncooked/expired 
ingredient? If yes, how 
much and how often? 

Chicken and pork will be 
thrown away as they are 
cooked before order. 
 
Beef will be kept to the next 
day as it is only marinated.  
 
Kimchi are thrown away 
after a week but usually 
there are none/not much left 

No. Ingredients are bought 
daily.  

No. Ingredients are bought 
daily. 

5) How much cooked food 
do you throw away 
everyday? 

Almost none as all are sold 
out 

Yes as soups cannot be kept 
for the next day but usually 
there are not much left 

Almost none as all are sold 
out 

6) Will you be interested to 
reduce food wastage? 

Concern about food wastage 
Did not waste much food as most of their foods are sold out by the end of the day. Thus, 
they could not do much to help in reducing wastage.  
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Appendix 4. Food Waste Tracking Guideline 
 
Scenario: Chicken Rice Stall at Food Clique 
 

 
    Day 

 
           Date 

Preparation 
Avoidable Waste* 

Spoilage Serving 
Unserved food** 

No. of 
garbage 

bags 

Weight/kg No. of 
garbage 

bags 

Weight/kg No. of 
garbage 

bags 

Weight/kg 

1 10/11/2014 1 5.0     

2 11/11/2014 0.5 2.5     

3 12/11/2014 2 5.5     

4 13/11/2014 1 5.0     

5 14/11/2014 1 5.0     

6 15/11/2014 2 3.0     

7 16/11/2014 2 3.5     

Total weight/kg 29.5   

Loss/$ 107.38   

*Avoidable waste refers to food which can be used as other ingredients in other recipes. Eg. Chicken feet, chicken skin. 
**Unserved food is assumed to be thrown and not stored for next day consumption. 
Average approximations made: 1kg = $3.64*** (Based on WRAP)  
***The actual loss depends on the type of food waste.  
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Appendix 5. Food preparation process 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 6. Food preparation process 
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Abstract 
Extreme weather conditions caused by climate change is a 
phenomenon that can be felt globally.  It is imperative that 
Singapore formulates and design green building policies to 
promote greater efficiency, given that 38% of the nation’s 
electricity consumption is attributed to the building sector. In this 
paper, we describe the opportunities that roofs present for the 
application of sustainable initiatives by incorporating the elements 
of green rooftops, clear rooftops and solar panels in roofs of 
residential buildings.   
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Energy, rooftop, efficiency, green, solar, clear, cost 
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1. Introduction 
It is widely documented that approximately 40% of world-wide 
energy use is associated with the maintenance and construction of 
buildings. With the onset of challenges to sustainability, it is more 
important than ever that the concept of ‘sustainable development’ 
be aggressively promoted around the world. While it is important 
to keep track of global human resource consumption, one should 
not forget that ecological capacity, that is, the productivity of the 
Earth’s annual renewable resources, is vital in its attempt to 
restore balance to the ailing globe.  

The sun’s contributes significantly to human energy worldwide, 
and solar electricity generation is becoming a profitable industry. 
But the sun’s share of the total energy market remains rather small 
[1], well below 1 percent of total energy consumption, compared 
with roughly 85 percent from oil, natural gas, and coal. [2] 

However accurate or detailed oil and gas supplies are depleted, we 
must acknowledge the fact that they are not everlasting as demand 
catches up with dwindling supply. [3] Moreover, the integration 
of green roofs, clear roofs and solar panels has not been explored 
in great detail but similar structures have been mushrooming 
around the world. Such examples include the Bud Clark 
Commons in Oregon and Nanyang Technological University’s 
School of Art, Design and Media in Singapore. 
In this paper, we analyse an existing building in order to 
determine the viability of combining three different green 
initiatives – solar panels, green roof and skylights – to maximise 
the use of solar energy on roofs.  

2. Case Study – Central Park City in Wuxi 
The Central Park City in China is a residential township 
development developed by Keppel Land China Limited and is 
located in the southern part of Wuxi. Jointly initiated by Keppel 
Land China and CapitaLand building, Central Park City is a 
unique township infused with Singapore international urban living 
concepts. [4] 
Central Park City is minimalistic in its architectural concept with 
the intention of creating a tightly-knit community in a “garden 
kingdom”. Central Park City also consists of a schools, sports and 
other entertainment facilities.  

In hopes of increasing the quality of life and improving urban 
living experiences, Keppel Land China has emphasised and 
pursued natural and low-carbon designs in its architecture that 
closely resembles that of Singapore’s. This included the 
incorporation of extensive greenery to reduce heat island effect, 
the use of insulated aluminium alloy windows for all units to 
reduce heat gain/loss through fenestration system, as well as the 
use of sensors various parts of the town to reduce electricity 
consumption. In addition, light wells have also been included to 
lower the usage of artificial lighting.  
It has estimated energy savings of 320,511 kWh per year and 
estimated water savings of 5700 m3 per year. [5] 

2.1 Lessons Learnt 
We feel that this case study is an effective green building. 
However, it is difficult to build new buildings according to the 
model, given its scale and costs required. In order to ensure the 
buildings incorporate green features in their designs, while 
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considering the costs and availability of resources involved, our 
idea concentrates green features - the skylight, solar panels and 
green roof - on the rooftop of existing buildings.  

3. Methodology 
The Central Park City in Wuxi, China, has attracted a lot of 
buyers in the province, where about 3,400 out of a total of 5,182 
flats have already been sold as of end-September 2014 [6].  

Looking at the statistics above, we can infer that the idea of 
building a sustainable future is becoming more apparent in the 
mindsets of people in today’s context. Hence, there is a need to 
address the immediate issues of climate change by implementing 
green technology that can harness the powers of the sun. 
With reference to our case study on Central Park City in Wuxi [7], 
we intend to adopt the concept of this building while refining 
some of its features to suit the context of Singapore.  
Firstly, we intend to install solar panels on our rooftops as the 
photovoltaics can help generate electricity for lifestyle needs. 
Secondly, the construction of light wells on the building reduces 
the dependence on lightings powered by external sources. Lastly, 
the extensive use of greenery around the area of the building in 
Central Park City helps to reduce the urban heat island effect. 

4. Application 
We plan to integrate the three key features of Central Park City, 
Wuxi, in Ridge View Residential College in the National 
University of Singapore. This is because our initiatives are aligned 
to the college’s vision of sustainability. At the present moment, a 
naked rooftop stands on the top of the building, opening up 
opportunities for us to infuse sustainable concepts on it.  

Our approach involves installing solar panels onto the rooftops, 
while at the same time, leaving space for a green roof to co-exist. 
This is because the solar panels and the green roof are 
complementary in increasing the cooling effect on the roof. 
Subsequently, the, natural light from sky wells will illuminates the 
whole floor and reduce dependency on artificial lighting in the 
day, where lessons are conducted in seminar and classrooms on 
the roof. Our approach therefore focuses on energy savings 
through the maximum use of solar energy. 

4.1 Solar Panels 
Singapore is located 1 degree north of the equator of planet Earth 
where our climate is typical of a tropical rainforest. Therefore, we 
experience summer throughout the year. Given the long periods of 
exposure to sunlight, we are able to absorb available light energy 
from the Sun and convert it to energy that we can utilise. [8] 

Solar panels are made up of solar cells which have the ability to 
absorb light energy and convert it to usable electrical energy 
which are then directed to an electric grid supply, where it is 
stored and used when required. [9] 
From the case study based in China, we found out that solar 
panels can be utilised generate more sustainable energy in 
buildings through the conversion of solar energy to usable power. 
As a result, installing solar panels in our current framework would 
be feasible as solar energy can be easily harnessed through these 
panels.  

However, given the context of limited land space in Singapore, we 
have to work around the constraints by installing these panels onto 
rooftops of existing buildings instead of in open areas. Also, we 
have to ensure the solar panel modules used are of high 
efficiency- around 20% as compared to average solar panels of 

15% conversion efficiency. [10] This allows maximal harnessing 
of energy and reducing dependence on energy supplied by 
external sources, making the building more self-sufficient.  

The next idea, which is using skylight for our roofs, can even 
complement further the use of solar panels to make buildings 
more self-sufficient, as natural light can brighten the floor below 
the roofs without any use of energy generated from the solar 
panels. 

4.2 Skylights 
Light wells are used in green buildings in Central City Park to cut 
down on the use of artificial lighting and as well as provide 
ventilation in basement car parks. Light wells are unroofed 
external space in a large building to allow light and air to reach 
places that would otherwise be dark and unventilated. The most 
important part of the light well is the sides, which connects the 
opened perimeter on the roof with the perimeter on the ceiling. 
The sides are made of materials such as fiberglass, plastic, acrylic 
or glazed bricks, in order for light to be reflected in a chase 
manner from the opening at the roof, to the ceiling, and into the 
building. [11] The limitation of a light well is that the amount of 
light entering is often only sufficient to allow vision in the 
building, but not enough to allow more light-intensive activities 
can be carried on, such as reading, writing or sports. 

Skylights are also adopted in our proposal, but we focus on the 
use of fixed unit skylights on the roofs, instead of light wells in 
car parks. Our focus would be on fixed unit skylights which 
consist on transparent windows that are usually made of plastic or 
glass. These materials are chosen for their clarity, tensile strength 
and stability. Modern skylights using glass windows usually 
consist of two panes of glass to create a sealed insulating glass 
unit which prevent some sunlight and heat transfer from entering 
the building. 
Fixed unit skylights allow more sunlight to pass through into the 
building compared to light wells. This is of much more 
significance compared to the use of light wells as well-lit areas 
can be used for more purposes such as classrooms, offices and 
gyms. This further reduces the reliance on electricity to provide 
artificial lighting. A report published by U.S. Department of 
Energy shows that day-lighting can reduce energy cost of artificial 
lighting in buildings by up to 80%. [12] 

4.3 Green Roofs 
Vegetation absorbs solar radiation for photosynthesis, which will 
effectively reduce the reflection of solar radiation and heat into 
the atmosphere while evaporation of water in the plants cools the 
surrounding temperature. Furthermore, the plants are able to 
reduce the amount the pollution and carbon-dioxide in the 
atmosphere and at the same time, produce oxygen. [9]  

Central Park City harnesses such properties of the vegetation 
process.by surrounding the residential buildings with plants. This 
reduces the temperature and improves air quality around the area, 
creating a more conducive living environment for the residents.  

Using the same approach, we can integrate it onto the rooftop, 
which serves the same effect as having it on the ground. The air 
quality is improved by reducing pollutants by the plants as well as 
the deposition in the growing medium. Vegetation also reduces 
the amount of solar energy absorbed by the roof membrane, 
leading to cooler temperatures beneath the surface by as much as 
14.9 Degrees Celsius under extreme high temperature. [13]  
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Furthermore, it is estimated that building energy savings totalling 
to value of 100 million could be saved each year if all roofs were 
green, as need for air conditioning would be reduced by growing 
the plants on the building. [14] Typical buildings have many hard, 
flat and reflective surfaces which can absorb solar radiation and 
this heat is then reflected back into the atmosphere. With planted 
vegetation on top of the building, it covers up part of the reflective 
surface and thus reduces the albedo effect. Green roofs are also 
capable of reducing electromagnetic radiation penetration which 
can pose problems to human health by 99.4%. [15] Furthermore, 
green rooftops are able to neutralise nitrogen content from the rain 
and reduce the acid rain effect to the building.  

The cooling effect of green roofs is able to offset a potential 
problem solar panels can cause, which is to accumulate extra heat 
on the roof. 

5. Prototype 
We have designed a simple prototype that closely resembles our 
intentions. Refer to Figure 1 for the aerial view and side view of 
the prototype.  

 

 
Figure 1 – Prototype of perceived integrated roof 

The black cardboard pieces are represents the solar panels, the 
green paper strips represents the greenery and the transparent 
sheets represent the rooftops. 

6. Conclusion 
While some may argue that integrating the three components into 
a building seem like a far-fetched idea, our research findings 
suggest the viability of our initiatives on roofs using an integrative 
approach, supported by the general building professionals in the 
industry. While costs of designing and making the building may 
be astronomical in the short run, we believe that the benefits and 
cost-savings derived in the long-run will justify the initial 
investment.  

It is shallow to consider only the material limitations of our 
initiatives, for one must also consider the willingness of firms and 
governments to step and take charge of reversing the damage that 
climate change has brought unto the globe.  

Developing green roofs is a big leap towards making Singapore’s 
urban landscape greener and all efforts should be made to further 
endeavours in this direction.  
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ABSTRACT 
This paper will explore the possibility of achieving self-sufficient 
food production in land scarce Singapore, as part of initiatives to 
ensure her food security in the future. In the process, this paper 
will explain why food production has taken precedence over other 
aspects of food security, and potential solutions will be proposed.  
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1. INTRODUCTION 
The proceedings are the results of rigorous investigation into 
Singapore’s potential to be self-sufficient in terms of food 
production. For this paper, ‘food production’ will refer 
exclusively to agricultural food crop, as opposed to livestock.  

2. Aim 
The aim of this paper to show that Singapore is capable of 
achieving a level of domestic food production such that it is able 
to satisfy her residents’ needs without relying on foreign imports. 

3. Rationale 
The rationale for this paper’s undertaking can be made clear by 
looking at 4 areas of interest: 

• Singapore’s current situation  
• Prevailing threats to food security (in particular, climate 

change) 
• Singapore’s potential for food production 

3.1 Singapore’s Present Situation 
Singapore’s global ranking in food security has risen to 5th out of 
109 countries in 2014 (Heng, 2014). This can be attributed to the 
government’s efforts as well as those of private individuals who 
have made contributions to this field 

3.1.1 Government Policies 
The Agri-Food & Veterinary Authority of Singapore has 
developed a “Food Security Roadmap for Singapore, which 
outlines the government’s plans to ensure food security in 
Singapore in the coming years (see Figure 1). 

 
Figure 1 Food Security Roadmap of Singapore (Tan, 2013) 

3.1.1.1 Pecuniary Assistance 
The Singaporean government, in tandem with the Food Security 
Roadmap, has invested in local production. The creation of the 
AVA Food Fund in 2009 has since benefitted over 71 companies 
and 141 projects, and increased local farm production by over 550 
tonnes of fish and 360 tonnes of vegetables (Khaw, 2013). 

Moreover, in 2011, the Singapore National Research Foundation 
(NRF) invested $10 million in a research programme spearheaded 
by researchers from the National University of Singapore (NUS) 
and Temasek Life Sciences Laboratory (TLL) in collaboration 
with the International Rice Research Institute (IRRI) to ensure 
security of rice supplies in Singapore and the region around her. 

3.1.1.2 Government Policies: Others 
The government has also become more active internationally, 
joining the Food and Agriculture Organisation (FAO) in June 
2013 (Singapore Government News, 2014). This has paved the 
way for co-operation with foreign countries, such as in the 
International Conference on Asian Food Security in 2014, which 
explores actions to mitigate challenges posed by food security 
through policy and technology (Channel NewsAsia, 2014).  

3.1.2 Non-Governmental Initiatives 
There have also been initiatives by individuals not affiliated with 
the government to promote food security. For example, Edible 
Garden City is an organisation which promotes the use of spaces 
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like rooftops and sidewalks for farming (About Us: Edible Garden 
City).  

Furthermore, in 2014 Nanyang Technological University (NTU), 
in partnership with Wageningen University from the Netherlands, 
has since introduced a new Food Science and Technology for 
undergraduates. Graduates of this major are expected to boost 
Singapore's food industry and improve food security (Singapore 
Government News, 2014).  

3.1.3 Areas for Improvement 
3.1.3.1 Economic Dependence on Imports 
In spite of the efforts of governmental and non- governmental 
bodies, Singapore still imports more than 90% of its food supply. 
This dependency on foreign sources poses a large threat to 
Singapore’s food security, especially where there is a shift 
towards urbanisation in developing countries, and thus a resultant 
reduction in food production, stemming from the loss of 
agricultural land (Channel NewsAsia, 2014). 

3.1.3.2 Generation of Food Waste 
Food waste generated by Singaporeans is facing an upward trend: 
796,000 tonnes in 2013, up 13.2% from 703,200 tonnes in 2012 
(Sim, 2014). It may therefore seem that there is greater need to 
rectify this situation. However, investigations underway to 
understand consumer behaviour that leads to wastage; the types of 
food being wasted; and the reasons for discarding them (Siau, 
2014) are not yet complete, and without understanding the 
motives behind what appears to be people’s disregard for food 
security issues, it is a Sisyphean task to alter their mindsets, let 
alone actions which stem from these mindsets. Moreover, as 
different people may have different motives, each would have to 
be approached differently for there to be any significant impact.  
To further this paper’s point by looking at the case study of IUT 
Global, a company which processed food waste into biofuel, the 
company was forced to close because it was unable to cover its 
costs (Lim & Ng, 2011). 

Thus, this paper is focussing on generation, rather than 
consumption and waste, because it is more approachable and 
likely to yield greater results. 

3.2 Prevailing Threats 
In 2013, Environment and Water Resources Minister Vivian 
Balakrishnan identified 3 major threats to Singapore’s food 
security: Global Warming, major pandemics, and trans-boundary 
contamination (Channel NewsAsia, 2013). However, for the 
purpose of this paper, the focus will be on climate change alone, 
rather than the others, because it is the most pressing issue which 
needs to be addressed. Unlike the other two which are 
unpredictable and may or may not occur, there is far too much 
evidence for the occurrence Global Warming to disregard it.  

3.2.1 Climate Change 
According to the report by the Intergovernmental Panel on 
Climate Change (IPCC) dated March 2014 (Field, et al., 2014), 
climate change brings with it many threats to food security: rise in 
sea levels which would lead to a reduction in the available land 
for food production	   arising from greater competition for land 
allocation, due to land scarcity; a reduction in quantity and quality 
of freshwater would result in a decrease in crop yield as water 
becomes the limiting factor hindering food production, taking the 
place of Carbon Dioxide; and the greater frequency and severity 
of extreme weather phenomena, would disrupt the supply of food 
as farmland is destroyed in their wake. 

These potential effects of Global Warming all point towards one 
thing: Singapore needs to be able to be ready for when the time 
comes that imports fail to provide sufficient security. Thus, 
working based on this assumption that Singapore needs to ready 
herself for a potential crisis in food security, this paper seeks to 
investigate possible methods to mitigate these insecurities by 
promoting a degree domestic production in Singapore that is 
sufficient to satisfy her needs for food. 

3.3 Singapore’s Potential for Food Production 
3.3.1 Prevalence of Available Spaces 
Even though Singapore is known to suffer from land scarcity, it 
does not mean that there are no spaces in which people can 
engage in farming activities. This purpose of this section of the 
paper is to show that it is possible to engage in food production in 
spite of the perceived land scarcity, and to show that Singapore, in 
spite of its disadvantages, has just as many natural advantages 
which can be taken advantage of in the area of food production. 

3.3.1.1 Rooftop Surfaces 
Singapore has hundreds of rooftop surfaces (Channel NewsAsia, 
2014) which have yet to be utilised productively for farming. This 
untapped potential makes Singapore an ideal testing ground for 
the development of rooftop farming practices. 

3.3.1.2 Community Farms 
There have been endeavours made by the government to promote 
communal farms, such as the Community in Bloom movement, 
initiated by NParks (Community in Bloom: NParks). This 
movement which promotes communal gardening has led to the 
formation of more than 600 active gardening groups around 
Singapore, in communal farming communities in residential and 
commercial estates, proves that there is land to be found and to be 
used for farming. It is only a matter of action. 

3.3.2 Suitable Equatorial Environment 
3.3.2.1 Sunlight 
Situated just north of the equator, Singapore has a tropical climate 
which receives abundant sunlight throughout the year (Singapore 
4.5 kWh/m2 per day) (Solar Electricity Handbook 2014 Edition). 
With temperatures ranging from 31°C during the day to 23°C at 
night (Climatological Information for Singapore, Singapore: Hong 
Kong Observatory), it provides a climate suitable for the growth 
of most vegetables.  

3.3.2.2 Rainfall 
Singapore receives a considerable amount of rainfall, averaging 
2357.8 mm annually (FAQ: Meteorological Service Singapore). 
The high amount of precipitation creates a environment suitable 
for the growth of plants. 

3.3.2.3 Implications of High Rainfall and Sunlight 
These natural advantage offered by Singapore’s geographical 
location provides a great impetus to delve into the domestic 
production of food. 
 

4. Proposed Solutions 
This paper proposes an alternative to the types of farming 
prevalent in Singapore, rooftop and vertical farming: 
Underground Farming. 
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4.1 Rationale for Proposed Solution 
4.1.1 Climate Change 
Primarily, this due to the effects of climate change: extreme 
weather phenomena are more likely than ever, and Singapore will 
likely suffer from longer, worse dry spells and floods (Feng, Z., 
2014) (Chong, 2013.) (Feng, Z., 2013). In fact, Singapore is 
predicted to become the hottest city in the world (Chua, 2014 ). 
This suggests that current methods of vertical and rooftop farming 
may no longer be effective in the near future, because of plants’ 
exposure to the elements in these kinds of farming. 

4.1.2 Potential Underground Spaces 
4.1.2.1 Current Available Spaces 
Measures can be taken to enhance the productivity of such a farm, 
for instance, making use of technology, or integrating it with other 
kinds of farming solutions. However, in the first place, there are 
available underground spaces which have the potential to become 
underground farms. 

For instance, some HDB complexes have underground spaces 
which are rented out for commercial use. These areas can be 
converted into additional farming spaces for the community living 
in that complex to grow their own food. An example is 
Greenhouse Tuition Centre in Bishan which is built underground. 
(Green House Language, 2014) 

4.1.2.2 Singapore Government’s Underground 
Master Plan 
The Singapore government is currently exploring the practicality 
and feasibility of developing an underground city to complement 
existing structures over ground. (The Straits Times, 2013)  

In exploring the effective use of underground spaces, this 
proposed solution dovetails with the government’s plans to 
expand construction underground (Tng, 2012) (Lur, 2012) by 
providing a potential application for the use of underground space, 
and is therefore practicable. 

4.1.3 Relevance  
Even if current farming methods have proved effective in 
Singapore, and even if they continue to do so, the introduction of 
alternatives will allow for a more vibrant discourse in the field of 
food production, and may spur the development of better, 
solutions of greater efficacy and effectiveness. 

These factors combined have spurred the motivation for this paper 
to find an alternative which is able to harness Singapore’s natural 
advantages, but is able to protect the crops from damage due to 
external influence. The result is Underground Farming, which will 
form the core of our solutions. 

4.2 Underground Farming 
The primary alternative farming method which this paper 
proposes is that of Underground Farming.  

4.2.1 Mitigation of Weather and Climate Effects 
By shifting farming lands underground, crops are protected from 
unfavourable and extreme weather conditions and thus minimal 
technological intervention is required to offset the adverse effects 
that weather may pose to the farm. 

As shown in Figure 2, the temperatures 2-3 meters below ground 
becomes constant (~55 Fahrenheit) despite fluctuating 
temperatures above ground. This is a result of the natural 
insulating properties of the soil. Consistent temperature with 
minimal fluctuations enables easier control of the farm’s 

temperature and reduces the need for frequent adjustments 
through a temperature-regulating system drastically reduced. 

 
Figure 2 Temperature Fluctuations below Ground (Florides & 
Kalogirou, 2004) 

4.2.2 Conditions for Underground Agriculture to be 
Viable 
For agriculture to be viable underground, a few conditions have to 
be satisfied. These include sufficient light, heat, water and air. The 
proposed solutions to optimise these conditions are the utilisation 
of (a) light tubes, (b) geothermal heaters, (c) drip irrigation 
systems and (d) natural ventilation system, respectively. 

4.2.2.1 Light Tubes 
This paper proposes the use of light tubes to satisfy plants’ need 
for light. Light tubes are tubes that transport light while 
minimising the loss of light. They consist of three main 
components: collector, extension tubes and diffuser (refer to 
Figure 3). 

These light tubes can be used to channel light from the surface 
into the underground farm, harnessing the natural abundance of 
sunlight in Singapore while removing the need to depend on 
artificial lights.  

Figure 3 Diagram of Light Tubes 
Moreover, despite being relatively small and low-cost, a 14-inch-
diameter light tube has the ability to provide enough sunlight for a 
30m2 space. Specially made light tubes can even provide sunlight 
for up to 55m2. Moreover, a solar tube has the potential to reach 
an efficiency of 98%, making the loss of energy negligible.  

These features of light tubes — having wide area coverage while 
minimising the loss of energy — mean that few light tubes are 
needed to provide light for an underground farm. (Toht, 2011) 
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Light tubes are also made up of static components. As these static 
components do not receive as much damage from friction unlike 
moveable parts, they do not need to be replaced as often, and thus 
require little in maintenance costs once installed. In fact, they are 
so hardy that they have even been known to operate for more than 
20 years with minimal loss in efficiency (FAQ: Solatube).  

4.2.2.2 Ground Source Heat Pump 
All plants have an optimum temperature at which they grow 
(Whiting, Roll, & Vickerman, 2012) (Tamil Nadu Agricultural 
University, 2013), and the temperature underground (Refer to 
Figure 2) may be too low for some crops to grow optimally. 
Therefore, this paper proposes the use of a Ground Source Heat 
Pump (GSHP) to control the temperature of the underground 
farm.  

A heat pump is a machine which transfers heat from one source to 
another. A GSHP therefore works by transferring heat from the 
ground elsewhere or, conversely, back into the ground. This 
works to heat or cool respectively. This paper proposes the use of 
a vertical closed-loop system (refer to Figure 4) because it 
requires the least land to implement. (U.S. Government of Energy, 
2012) Moreover, GSHPs have an efficiency of 400%, as for every 
1 unit that the heat pump consumes to operate, the heat pump 
transfers 4 units of energy. (Geothermal Genius) 
In using a GSHP to control the soil temperature, crops which 
grow optimally at temperatures above what is naturally provided 
can be grown, and should it be the aim to grow crops that grow 
best at underground temperature, then the GSHP simply needs to 
be switched off. A GHSP thus creates a farm which is versatile in 
what it produces.  

 
Figure 4 Ground Source Heat Pumps (Guides: Carbon Trust) 

4.2.2.3 Drip Irrigation System 
To provide ample water for plant growth, this paper proposes the 
use of a drip irrigation system. With efficiency exceeding 90%, 
drip irrigation is favoured over sprinkle systems and hand 
watering. (University of California, 2014) It is ideal because water 
wastage is minimised since water applications are made directly 
to the plants’ roots, preventing excess, runoff, overspray or waste. 
This is especially important in water scarce Singapore as the 50-
percent-water saved through the conversion from sprinkler to drip 
irrigation can be channelled to other uses, either domestic or 
commercial. (Jr., Orzolek, Harper, Kime, & Jarrett, 2012) 

Since non-productive areas such as areas between rows receive no 
water, this method results in reduced weed growth and field 
operations such as harvesting can continue even during irrigation. 
(Jr., Orzolek, Harper, Kime, & Jarrett, 2012) 

Figure 5 Drip Irrigation (Irrigation Diagram: Practical 
Action) 
Under the space restrictions imposed by the nature of 
underground farming, this method of watering is even more 
favourable as it ensures that the enclosed space does not become 
saturated with humidity, which might lead to other complications 
such as mildew or the growth of moulds on surfaces not meant for 
farming, thus reducing the cost incurred to the application of 
fungicides. (Terrell, 2005) Furthermore, foliage will remain dry 
and thus greatly reduces their risks to diseases. (Jr., Orzolek, 
Harper, Kime, & Jarrett, 2012) 

This system can also be used for fertilising crops effectively by 
mixing the fertiliser with irrigation water due to the reduced 
possibility in nutrient leaching. (Jr., Orzolek, Harper, Kime, & 
Jarrett, 2012) 

4.2.2.4  Ventilation System 
Given the enclosed nature of an underground farm, a ventilation 
system is necessary for the removal of excess moisture and 
malodours. It further facilitates the circulation of air by 
introducing air from the outside. Air circulation is vital to 
maintain constant conditions within the underground facility in 
order to ensure the healthy growth of crops and minimise disease 
losses. (Clemson University Cooperative Extension, 2014) This 
paper proposes the use of a natural ventilation system to reduce 
the initial capital incurred as energy is not required to operate 
furnaces, which in turn conserves fuel. (Jones & Friday) 

 
Figure 6 Greenhouse Exhaust Fan (Greenhouse Fan CFM 
Calculator) 
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Natural ventilation utilises wind and buoyancy to circulate fresh 
air within the farm, removing the need for the intensive use of 
fans. (Breathing Buildings)  

Pipes link the farms to ventilation shafts above ground, and an 
exhaust fan equipped at one end of the farm would remove stale 
air from the farm. The reduced air pressure within the farm would 
create a vacuum that sucks air from outside into the farm through 
other openings.  

4.2.3 Evaluation of Underground Farming 
The initial set-up and maintenance costs incurred in underground 
farming are relatively lower then that of aeroponics farming, as 
elucidated in Figure 7 below, making the investment worthwhile 
in the long run. 

 
Figure 7 Comparison of Costs Between Different Kinds of 
Farming (Solatube) (University of Florida IFAS Extension, 
2013) (West Virginia University Extension Service) (Correct 
Temp HVAC) (Geothermal Heat Pumps) (Ziegler R., 2005) 
 

4.3 Other Possible Solutions 
Solutions to food security can either be direct or indirect. The 
above solution of Underground Farming is one example of a 
direct solution to food security. In this section, the paper will be 
exploring other alternative solutions which may ameliorate the 
situation of food security in Singapore further. 

4.3.1 Direct Solutions 
4.3.1.1 Indoor Farming 
While farming is often associated with large open spaces, this 
paper proposes that land, no matter how small, can be utilised for 
farming. In this case, this paper proposes the use of indoor spaces 
for farming.  

As an example, herbs require little space to be grown, and can 
therefore be easily grown indoors (Grow Herbs Indoors: Planet 
Natural). A more extreme, or productive example, is at the Tokyo 
Headquarters of the Pasona Group, where vegetables such as 
tomatoes and herbs are grown in offices along the walls and 
across ceilings. The grown food which is then used to feed 
employees in the cafeteria is an excellent example of food self-
sufficiency (Shemkus, 2014).  

4.3.1.2 Harnessing Technology 
Technology can also be integrated into the solutions, as a way to 
speed up production to improve efficiency. For instance, research 
has shown that the use of red-blue LED incubators lead to higher 
performance of plant growth (Sabzalian, et al., 2014). 

The effectiveness of LED lights in the production of food is 
further corroborated through results acquired by Japanese experts, 
where farmers are able to produce 10,000 lettuce heads a day 
(Culzac, 2014). 

4.3.2 Indirect Solutions 
4.3.2.1 Food Education Programmes 
Adapted from foreign countries such as the United States, United 
Kingdom, Australia and Japan (Mok, Williamson, Grove, Burry, 
F., & Hamilton, 2013), it may be possible to start a similar 
programme in schools in Singapore, where children are taught 
from a young age the process of food production and 
consumption; the process of how food comes from the farm and 
winds up on the table. This would serve to reconnect urban 
children with nature in a way that leads to not only a greater 
appreciation and respect for nature, but also for food. This would 
possibly result in less food waste in the future, as children learn in 
the process of such a programme the importance of a single grain 
of rice 
 

5. Conclusion 
Food is an integral part of life and culture in Singapore, which is 
why it is necessary to ensure her food security. While there are 
different ways to go about doing this, this paper posits that 
targeting food production is the most efficient and effective 
method in the short run to ensure that there is enough food for 
everyone. In the long run, it is necessary to be able to target 
people’s mindsets to manage food waste and therefore reduce the 
amount of total consumption.  

Nonetheless, as Global Warming is a real and current threat to 
Singapore’s food security, this paper is grounded in the belief that 
at least for now, the present should be of greatest concern, and has 
thus proposed solutions which tend towards food production, 
rather than waste management or changing the mindsets of 
people.  
It is imperative that action is taken now in order to ensure food 
security for our future generations: prevention is always better 
than cure. 
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ABSTRACT 

The proposed topic is public transportation, specifically 

examining possible improvements that can be done for internal 

feeder bus services. The National University of Singapore’s 

(NUS) Kent Ridge Campus spans over a large area and requires 

such services to enhance the mobility of students and staff. As 

users of the system, we feel that there is capacity for 

improvements and introducing alternatives to the current transport 

system. Having analyzed daily user statistics, the high volume of 

commuters proves that there is tremendous demand and need for 

these buses. Therefore, an ideal transportation system should be 

sustainable yet able to meet consumers’ needs. We would like to 

implement a trial period as a hands-on approach to determine the 

effectiveness of our proposed solution. If this proves to be 

successful, we would like to extend our solution to other 

institutions to encourage sustainability in local tertiary campuses 

to do our part in building a more eco-friendly city.  

Keywords 

Sustainability, Transportation, NUS, Shuttle Bus, Bicycle 

Sharing, Walking 

 

1. INTRODUCTION 
The NUS shuttle bus system serves as the main mode of 

transportation for NUS students and staffs for travel within 

campus. With 4 main shuttle bus services, 2 direct services and 2 

express services, the NUS Shuttle bus system accommodates for 

almost 50 000 persons around campus.1 However, this high 

commuter capacity leaves much to be desired in terms of safety 

and convenience. It is not uncommon to see overcrowded buses 

with high passenger load at peak hours, and this problem is 

exacerbated by irregular bus arrival timings. Furthermore, the 

sloping and uphill roads in NUS make for challenging driving 

terrain and incidents such as the case of a bus toppling over earlier 

this year attests to the possibilities of accidents as such. Hence, we 

would like to explore possible alternatives that can be 

implemented in response to the issue of sustainability of transport 

in NUS. Should these solutions prove viable in the context of 

NUS, we could then consider utilizing them in other educational 

institutions as well. 

                                                                 

1 National University of Singapore – Office of Campus Amenities 

2. Current Situation 

2.1 Present Situation in NUS 
Some common modes of transportation in NUS include private 

vehicles, Micro-EVs, shuttle buses as well as walking. However, 

the NUS shuttle bus is the most commonly used form of 

transportation in campus. It is estimated by the Office of Campus 

Amenities (2014) that around 50,000 people are moved by means 

of these shuttle buses. NUS students and staff are not the only 

parties included in this number. The public also has access to 

these shuttle bus services. Within the NUS shuttle bus system, 

there are 4 main bus services namely Service A, B, C, and D in 

the Kent Ridge Campus. This is supplemented by 2 express 

services (Service A1E and A2E) as well as 2 direct services 

(Service UT-FoS and UT-CLB)2. Despite the services available, 

overcrowding during peak hours is still a serious issue3. 

Overcrowding has created many problems for commuters and 

thus, relevant authorities have consistently implemented measures 

to improve the quality of shuttle bus services in NUS, with 

varying results. 

 

2.2 Current Measures Taken in NUS 
The Transport, Logistics and Car Park Department of the Office 

of Campus Amenities (OCA) is in charge of overseeing the NUS 

Internal Shuttle Bus System as well as representing NUS in 

communicating and collaborating with the Internal Bus Provider 

(OCA, 2014). They acknowledge the limitations of the shuttle bus 

system despite its current level of efficiency and have 

implemented a few measures to tackle this problem. WalkNUS is 

a measure that encourages walking for short-distance travel. 

Walking, emphasized as an alternative for a healthy lifestyle, is 

also purported to be able to reduce cardiovascular disease risk for 

individuals who as categorized as high risk for diabetes (OCA, 

2014). As part of their campaign to educate the NUS public about 

walking timings, they have calculated time estimates for shortcut 

routes such as the one from Central Library to School of 

Computing The main medium of publicity is through videos 

hosted onto the NUS OCA website. However, this has 

unfortunately led to the limited success of WalkNUS. In addition, 

shortcut routes are not well known or utilized by NUS. 

 

                                                                 

2 Office of Campus Amenities, 2014 

3 Royston, 2013 
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Another measure which OCA has adopted to alleviate the problem 

of overcrowding is by providing more bus services and extending 

the number of stops for current bus services. An example of a new 

bus service is A2E, which commenced operations on 29 

September 2014, catering to commuters during the morning peak 

hours (0830 to 1015)4. A2E allows commuters to reach the 

Faculty of Arts and Social Science (FASS) faster. An extra bus 

service means a reduction in the number of people taking other 

bus services, thereby reducing the commuter load in each shuttle 

bus. The extension of the current bus service aims to serve the 

same purpose. Also, Shuttle Bus Service D2 that had 1 extended 

bus stop starting from 29 September 2014 also helped improve 

congestion problems. Service D2 now terminates at Car Park 11 

instead of the usual Prince George’s Park Residence stop. 

3. Impacts 
Sustainability of transport has far-reaching impacts on various 

sectors such as economy, society and environment. We will focus 

on these three aspects to ensure a comprehensive view of the 

impacts as such. To evaluate the potential effects of transport 

sustainability in the above areas, there is a need for clear 

indicators to determine how current measures with regards to the 

topic have and will affect the society, environment and economy. 

This can then pave the way for policy evaluation based on the 

current situation to explore better alternatives and possible 

improvements. 

3.1 Economy 
Globalization is a continuous process that creates a more 

interconnected world in many fields and raises the significance of 

coordination and integration between states on policies and 

measures undertaken on various issues. In particular, economic 

globalization boosts international trade, resulting in an increase in 

quantity and quality of goods and services produced and 

consumed.5 However, this also has crucial implications on the 

environmental policies of nations especially, as energy 

consumption and demand for fuel resources continue to grow.6 

The perceived conflict between economic growth and 

sustainability manifests itself most prominently in developing 

economies such as that of India7 and China8. Hence, in order to 

determine the role sustainability plays in the linkages between 

economy and transport, we will look at indicators used to quantify 

and qualify data obtained in this area. 

 

Transport is closely associated with economic development and 

globalization further stimulates trade and economic specialization, 

                                                                 

4 Office of Campus Amenities, 2014 

5Theodore Panayotou, “Globalization and Environment,” CID 

Working Paper 53, Environment and Development Paper no. 1 

(July 2000) 

6Chien-Chiang Lee and Jun-De Lee, “A panel data analysis of the 

demand for total energy and electricity in OECD countries. 

(Organisation for Economic Co-operation and Development),” 

The Energy Journal 31, no. 1 (January 2010) 

7Sarmila Banerjee and Anjan Chakrabarti, ed., Development and 

Sustainability: India in a Global Perspective (New Delhi: 

Springer India, 2001), 8. 

8Antje Nötzold, “Chinese Energy Policy And Its Implication for 

Global Supply Security,” The Journal of East Asian Affairs 26, 

no. 1 (Spring/Summer 2012): 129-32 

adding to demand for transport.9 Economic development can be 

defined as a process which results in increases in standard of 

living and economic welfare. Particularly, economic growth can 

be defined as increase in total real output produced in an 

economy10 and can be measured as the “percentage increase in 

gross domestic product (GDP) or gross national product (GNP)” 

over time.11 The Human Development Index (HDI) can also be 

considered as an economic indicator, focusing on health, 

education and income equally in its calculation.12 However, there 

have been criticisms regarding its failure to include sustainability, 

which ties in with the cost of human development.13 

 

Thus, through using such indicators, we are able to look at the 

economic effects of measures aimed at increasing sustainability in 

transport. Measures can be classified into categories such as 

technological advancements, improvements on traffic and road 

systems, and managing growing demand for transport.14 

 

Policies targeted at improving current vehicle and fuel technology 

would focus on producing safer and cleaner vehicles, whilst 

looking at alternative fuel sources as well.15 With the price of a 

barrel of crude oil more than quadrupling over the past 40 years16 

and the transport sector remaining largely reliant on oil17, the 

questions of how much oil remains to be extracted and how many 

new reservoirs are there to be discovered are significant and of 

concern. As a finite resource, the predominant use of oil as a fuel 

source is definitely not sustainable in the long-term and 

alternative sources such as biofuels and electricity could be 

                                                                 

9Kahn Ribeiro et al., “Transport and its infrastructure,” in Climate 

Change 2007: Mitigation of Climate Change, ed. B. Metz et. al. 

(Cambridge, Cambridge University Press, 2007), 328. 

10T. R. Jain, Dr. O. P. Khanna, and Vir Sen, Development and 

Environmental Economics and International Trade (New Delhi: 

V.K. Publications, 2010), 2. 

11Tatyana P. Soubbotina, Beyond Economic Growth: An 

Introduction to Sustainable Development (Washington, D.C.: 

The International Bank for Reconstruction and 

Development/The World Bank, 2004), 133. 

12Eric Neumayer, “The human development index and 

sustainability - a constructive proposal,” Ecological Economics 

39, no. 1 (2001): 101 

13Ambuj D. Sagar and Adil Najam, “The human development 

index: a critical review,” Ecological Economics 25, no. 3 (June 

1998): 263 

14Elizabeth Deakin, Sustainable Development and Sustainable 

Transportation: Strategies for Economic Prosperity, 

Environmental Quality, and Equity (California: UC Berkeley, 

Institute of Urban and Regional Development, 2001), 8. 

15Elizabeth Deakin, Sustainable Development and Sustainable 

Transportation: Strategies for Economic Prosperity, 

Environmental Quality, and Equity (California: UC Berkeley, 

Institute of Urban and Regional Development, 2001), 9. 

16Ronald Dell, Patrick T. Moseley, and David A. J. Rand, 

Towards Sustainable Road Transport (Oxford: Elsevier Inc., 

2014), 86. 

17Ronald Dell, Patrick T. Moseley, and David A. J. Rand, 

Towards Sustainable Road Transport (Oxford: Elsevier Inc., 

2014), 73. 
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considered for large-scale implementation.18 In addition, traffic 

congestion and accidents result in wasted fuel as well,19 which 

suggest that adjustments can be made on road mapping and traffic 

systems to minimize such occurrences and thus reduce demand 

for fuel in general. Reforms on driver education and greater 

integration of technology in the transport system could also result 

in increase in efficiency and productivity due to less time and 

money wasted in delays and avoidable circumstances.20 Other 

measures to handle demand for transport include increased 

availability of public transport and pricing strategies which can 

influence consumers’ choice of transport in favor of more 

sustainable forms.21 Many of the above measures have already 

been implemented in countries with varying effectiveness and 

responses. For example, the continuous rise of car ownership due 

to affluence and economic development in China reveals a great 

need to develop a more sustainable transport system to cope with 

such pressures. They have incorporated Transit Oriented 

Development in urban transport planning for cities and this 

creates better-planned communities based around public transport 

systems.22 

 

As can be seen, sustainability of transport is indeed affected and 

affects economic growth and development. The efforts taken to 

implement green transport systems in countries aim to create 

efficient, clean and safe means of transportation for sustainable 

development in the long run.23 

 

In considering the role of the economy in transport sustainability, 

the environmental aspect is closely tied to economic growth and 

development as well. Thus, connections can be made around these 

three aspects, showing the interconnectedness of different areas 

revolving around the theme of sustainability. 

 

3.2 Environment 
To begin with, environmental impact of transportation include 

environmental stressors such as pollutants and noise released in 

the environment, be it during the construction of roads or 

manufacture and disposal of vehicles or vehicle travel.24 By 

                                                                 

18Ronald Dell, Patrick T. Moseley, and David A. J. Rand, 
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calculating the effect of transport on the environment, quantifiable 

and qualifying indicators will be used to study the total amount of 

stress placed on the environment. For other stressors that cannot 

be easily quantified, like noise and ecological harm, a possible 

approach could be translating such impacts to the costs they 

impose.25 Hence, through organizing indicators into outcome, 

output and activity indicators,26 a comprehensive view of the 

environmental effects of transportation measures targeted at 

increasing sustainability can be obtained. Such measures are 

largely organized into enforcing legal policies, increasing 

consumer information regarding eco-transport and changes in 

infrastructure. 

 

Policies geared towards using legal instruments would include 

‘green’ taxes and limits set on emissions.27 Environmental taxes 

include fees and charges, subsidies and tradable permits which not 

only aim to reduce negative environmental effects but also raise 

revenue that goes towards diminishing such impacts.28 For 

example, road-user charges, which can directly target the places 

and times where traffic congestion occurs, have been 

implemented in a number of cities, including Singapore.29 

Regarding regulation of emissions, the European Union (EU) has 

also led the reduction of emissions of “carbon monoxide, NOx, 

hydrocarbons and particular matter” in Europe.30 Air pollutants as 

mentioned above have been identified to have direct consequences 

on public health, especially concerning respiratory and 

cardiovascular diseases.31 Additionally, carbon dioxide emissions 

have contributed to constant increase of carbon dioxide 

concentration in the atmosphere, largely due to overreliance on 

petroleum as an energy source for transport.32 China, whose total 
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carbon dioxide emissions represents one-fifth of global 

emissions,33 has also implemented stricter emission standards 

such as the GUO 3 and GUO 4 for vehicles that parallel the Euro 

3 and Euro 4 standards of the EU.34 

 

Increasing consumer awareness of healthy and sustainable 

alternative forms of commuting is important as well. In Delhi, a 

programme to improve walking facilities and bicycle paths has 

been put in place to enable and encourage walking and cycling as 

favorable forms of commuting in the long term.35 This would also 

result in substantial health benefits, with significant decreases in 

developing coronary heart diseases and obesity.36 Increasing 

availability and convenience of public transport would also result 

in a shift towards greater use and thus less environmental damage 

in terms of emissions and pollutants.37 

 

Policies centered on planning land use and urban development 

which target smooth integration of transport into the environment 

and society could also encourage sustainability in cities. Demand 

for transport can be altered by optimizing the urban transport 

layout through development of compact cities centered on public 

transport systems.38 This can also decrease the number and length 

of trips made, reducing related emissions and facilitating efficient 

transportation while making walking and cycling practical options 

as well.39 Similarly, Hong Kong has adopted the Transit Oriented 

Development (TOD) model which has seen new towns developed 

around railway stations.40 It has focused on development of 

railways to aid urban growth and its future projects in this aspect 

are aimed at creating a sustainable railway network.41 However, 

despite the relative efficiency of the railway in usage of resources 

and fuel, there is room for improvement in its environmental 
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performance, specifically in terms of energy efficiency and noise 

generation.42 

 

Therefore, it is pertinent to note the wide-reaching implications of 

transport policies on other sectors of society, such as health and 

quality of life, which involve social effects of measures aligned 

with transport sustainability. 

 

3.3 Society 
The social impacts of transport can be defined as “changes in 

transport sources that (might) positively or negatively influence 

the preferences, well-being, behavior or perception of individuals, 

groups, social categories and society in general (in the future)”.43 

As society forms the consumer base of transport, it is highly 

relevant in the study of how sustainability factors in the 

connection between society and transport, along with environment 

and economy. To track the social effects of transport policies as a 

whole, indicators such as mobility, social inclusion and health can 

be used to provide a broad perspective on sustainability. Transport 

policies can be organized into development of different forms of 

transport, building of infrastructure relevant to transportation and 

increasing public awareness of sustainable alternatives of 

commuting. Cities with sustainable transport systems may have 

common characteristics such as high public transport mode 

shares, transit-oriented demand and restrictions on car usage while 

encouraging use of non-motorized forms of transport.44 

 

In improving mobility and accessibility of transport to cope with 

economic and population growth, some countries face negative 

social impacts in terms of health and quality of living. For 

example, Korea saw an increase of vehicle ownership from 3.4 

million in 1990 to 14 million in 2002, with the total length of 

roads tripling in the past 40 years.45 This has created common 

urban transportation issues such as congestions and air and noise 

pollution.46 The detrimental effects of noise include causing 

difficulties faced in falling asleep and subsequent fatigue, which 

can lead to decreased performance and efficiency in work and 
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school.47 In addition, road accidents, forming the most significant 

share of all transport accidents in terms of number of deaths and 

of death rates per kilometer travelled, negatively impact the social 

sustainability of transport systems.48 It has also been put forth that 

these accidents “reflect and reinforce social differences” and 

indicate the power of a vehicle-dominated culture over 

pedestrians.49 

 

Transport infrastructure is a significant part in developing a 

cohesive and well-connected society. Its function of enabling 

access to people, goods and services hence makes it crucial to the 

“economic and social viability of urban areas”.50 This would then 

raise concerns regarding social equity. Social equity in terms of 

transport would mean that people who are “economically, 

socially, or physically disadvantaged” would have access to 

transportation, enabling them to function and participate in 

society.51 Poor access to transportation options would naturally 

limit these individuals from opportunities related to work or 

education. Through investments in transit-oriented cities and 

creating safe walkable societies,52 the standard of living can be 

increased with further integration of sustainability into transport. 

 

Sustainable alternatives to typical forms of transport, like walking 

and cycling, are increasingly being encouraged and structures put 

in place to facilitate this. For China, the push for non-motorized 

transport has spurred the implementation of free bicycle rental 

systems to enable easier access to cycling as an option for 

commuters.53 However, should there not be investments in proper 

roads and facilities to make cycling a possible and safe option, 

this might result in more traffic accidents concerning cyclists and 

thus backfire on transport sustainability. In Tokyo, walking plays 

an important role in commuting, with about 23.5% of total trips 

being made on foot.  This may be due to the seamless integration 

of rail stations to commercial and retail centers.54 Similarly, 

Singapore’s integrated transport hubs allow for comfort and 
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convenience in travelling between bus and subway stations to 

commercial and retail complexes.55 

4. Solutions 

4.1 Public Bicycle System, Hangzhou 
Apart from walking, cycling is the most environmentally 

sustainable type of transportation as it results in zero emission of 

greenhouse gases. In order to encourage this mode of short-

distance travel transportation, governments and organizations 

have come up with different strategies such as bike-sharing 

programs. Although this program has proven to be a success in 

many countries, it was not successful when implemented in 

Singapore as Project Isuda. Thus, we shall do a comparison 

between Singapore and China, particularly Hangzhou, to find out 

the reason for Hangzhou’s success and the limitations causing the 

shortfall behind Singapore’s strategy. 

 

Cycling is enjoying an increasing popularity in Singapore. 

Cycling equipment such as foldable bicycles and portable MRT-

friendly bicycles are becoming minute and handy to carry around. 

Furthermore, cycling is effectively able to interconnect places, 

with many bike-sharing programs campaigning with the idea of 

“connecting the last kilometer”. Thus, there is great potential to 

bring cycling into the daily lives of the people in Singapore. 

Currently, cycling only makes up 1% of the trips in Singapore 

(Urban Redevelopment Authority, 2013). Singapore’s government 

has been actively working to encourage cycling through efforts 

like the development of a 100 km intra-town cycling paths by 

2015 and an additional of 90 km by 2020. This effort is in 

addition to the already existing 230 km of cycling paths and park 

connectors available island wide (Urban Redevelopment 

Authority, 2013). However, despite efforts in promoting cycling, 

bike-sharing projects such as ‘Isuda’ and ‘Town Bike’ were 

unsuccessful in Singapore. 

 

Bicycle-sharing is a scheme allows citizens to utilize bicycles for 

short-distance travel. Under this scheme, citizens borrow bicycles 

from docking stations in order to cycle to their final destination. 

They can then return the bicycle at another docking station near 

their destination. This scheme has been adopted by many 

countries such as Taiwan, China, Europe and America. Although 

there were intentions to introduce it to Singapore, they were not 

very successful. Referring to a newspaper article published by 

‘Today’ on July 3, 2014, it is mentioned that The Land Transport 

Authority (LTA) is calling for ideas to implement the bike sharing 

scheme in the city-centre within 18 months (Today, 2014). Given 

that LTA is still seeking ideas to implement this scheme in 2014 

when similar schemes have already been implemented in 2012 for 

‘Isuda’ and 2004 for ‘Town Bike’, it suggests that the programs 

implemented previously were not successful. In fact, ‘Town Bike’ 

was wheeled out in 2004 but folded in 2008 (The Straits Times, 

2011). Furthermore, since after 2012, the year Project ‘Isuda’ was 

implemented, there has been no news or follow-up on existing or 

future bicycle-sharing programs in Singapore. This hints that there 

is room to explore the possibilities of introducing bike sharing 

scheme into Singapore in the near future. 

 

The Hangzhou Public Bicycle Project that launched on 1 May 

2008 is the largest bicycle sharing system in the world as well as 
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the first bicycle-sharing program in China (Shaheen, Zhang, 

Martin, Guzman). It was implemented with the intention of easing 

the growing traffic congestion as well as meeting the concerns 

over the environment. Initially, this system incorporated 2,800 

bicycles, 30 fixed stations and 31 mobile stations (Shaheen, 

Zhang, Martin, Guzman). By March 2011, this service had grown 

to 60,600 bicycles and 2,416 fixed stations in eight core districts 

(Shaheen, Zhang, Martin, Guzman). The success of this system is 

attested by the fact that it has expanded more than 20 folds within 

a short time span of 4 years. As of 2013, the system has achieved 

an average daily usage of about 250,000 times (Qiu Fengping, 

2012).  

 

 
 

The success of Hangzhou’s bicycle sharing system and failure of 

similar system in Singapore led us to make a comparison between 

the systems implemented in the two countries. This thus allows us 

to assess the possibility of implementing similar programs in 

National University of Singapore (NUS). 

 

4.1.1 Comparison Between Singapore and Hangzhou 

4.1.1.1 Cost 
Isuda, the bicycle sharing program in Singapore, requires its users 

to fork out a flat membership rate during its pilot phase. Members 

have to pay a monthly subscription fee of S$20 and an additional 

S$150 security deposit. This security deposit will be returned after 

the pilot period if there is no damage or loss of bicycle during the 

time of the member’s use (Isuda, 2012). Furthermore, it allows its 

users to cycle with first 20 minutes free of charge (Isuda, 2012). 

On the other hand, in Hangzhou, the public bicycle system 

requires a safety deposit of 200 yuan in the common city resident 

card (市民卡) which, and the first hour of usage is free of charge 

(杭州公共自行车,). With this comparison, there might be a 

possibility that the success of the Hangzhou’s public bus is due to 

its lower cost. Singaporeans may not find it worthwhile to use the 

bicycle sharing system even though it might be cheaper than 

taking a public bus as there is a possibility of having the security 

deposit taken away once the bicycle is damaged. 

 

4.1.1.2 Infrastructure 
The infrastructure in China also makes it safer for cycling around 

the city. Most roads in Hangzhou include a lane for bicycles. 

According to Local Governments for Sustainability (2011), 

hundreds of kilometers of dedicated bicycle lanes can be found in 

Hangzhou. On the other hand, cyclists will have to share the same 

narrow lane with pedestrians or the same path with the motor-

vehicles in Singapore, and in either case, is not safe. This is 

attested by the fact that in the first half of 2012, at least 12 people 

have died and 170 were injured in accidents related to cycling 

(Lea, 2012). Clearly, the infrastructure in Singapore is 

insufficiently developed to encourage cycling as a safe mode of 

short-distance travel transportation. That said, Singaporeans might 

not want to risk using the bicycle sharing systems. 

 

In addition, the scale of the bicycle sharing program differs 

between the two countries. In Hangzhou, there is a total of 2177 

public bicycle stations (租赁服务点信息统计). This means the 

whole city is being interconnected by all the stations, making it 

easier for residents of Hangzhou to switch between different 

modes of transportation seamlessly and effortlessly. However, 

local project “Isuda” is only based in One-North, and only has 

four bicycle stations located around the MRT station. Such a 

project then only caters to the residents and citizens who reside or 

frequent the One-North MRT station. Furthermore, the bicycles 

are restricted within the vicinity of One-North. Work places or 

destinations outside One-North are therefore inaccessible by the 

Isuda system. Even though Isuda was understandably in its pilot 

stage, it is still a major setback to only limit the bicycles to the 

immediate vicinity of 1 MRT station. Therefore, such limitations 

perhaps constitute why project “Isuda” was unsuccessful. 

 

4.1.1.3 Funding 
Another factor that could have hindered the success of “Isuda” is 

the huge amount of funding needed. Despite being a pilot project, 

the founders of “Isuda” have already channeled S$100,000 

(Royston, 2012). Similarly, in Hangzhou, the government has 

channeled 400 million yuan into the extensive district wide 

project; not to mention the high yearly bicycle maintenance fee of 

60 million yuan (Qiu, 2012). Furthermore, the bicycles are public 

goods and it is a project with very low profitability. This means 

that government intervention is necessary for the success of the 

project. “Isuda”, being a non-governmental project, thus might be 

unsuccessful due to the lack of funding as well as the lack of 

incentive to carry this project out if they are to reduce the cost of 

using this system to attract more users. 

 

4.1.2 Challenges 

4.1.2.1 Tidal Traffic 
Despite the tremendous success of the Hangzhou Public Bicycle, 

it still faces many problems. One of the key problems faced is 

insufficient bicycles at returning docks in popular stations, 

especially during peak hours. Some residents are also unable to 

return their bicycles due to the lack of spaces at the docking 

stations. This incurs additional charges on commuters as they 

have to pay overnight charges (Yangtse Evening Post, 2014). This 

problem has also been identified by Isuda’s product designer, 

Francis Chu, who proposed to have a station that integrates 

storage with the docking of bicycles (Isuda, 2012). However, this 

proposal has yet to be implemented. 

 

4.1.2.2 Maintenance of Bikes 
In Hangzhou, the high usage of the public bicycle engenders its 

swift wear down process. According to an article by Zhejiang 

News (2013), there are a total of 155 people hired just to repair 

damaged public bicycles. Furthermore, the number of public 

bicycles to be repaired daily is more than 2000. This constant 

maintenance of the system has also contributed to half the total 
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funding needed to keep the system running. This calls for a 

strategy to reduce the rate of damage on the bicycles and/or to 

reduce the cost of repairing the bicycles. 

 

4.1.3 Suggested Solutions 
In order for NUS to implement a bicycle-sharing project on 

campus to improve the quality and the sustainability of the current 

transport system, the following are areas that require changes. 

 

4.1.3.1 Accessibility 
In order to promote more usage of the system, it is necessary to 

make the public bicycles more accessible for all the students and 

staff in terms of its location and the procedure. We suggest that 

the whole system should be integrated well into the campus such 

that there is a station near their destination for the people to 

undock their bicycles. In other words, these stations should be 

found in every part of NUS. Furthermore, the stations should be 

interconnected with sheltered walk pathways, bus stops, MRT 

stations as well as faculties and residences. 

 

In addition, to ensure the simplicity of using the system, staffs and 

students can borrow bicycles and return them at any station using 

their matriculation card, i.e. no additional cards or deposit or 

administrative procedure required. This also allows for 

responsible use of the bicycle since it is then possible to track the 

identity of bicycle users. 

 

4.1.3.2 Maintenance 
Maintenance of such a system is crucial to ensure its sustainability 

in the future.  To promote responsible usage of the bicycles, all 

usage will be recorded in real time and linked to their 

matriculation card. There should also be a time limit imposed on 

each usage, such that a fine will be imposed should the bicycle be 

used for a longer time than stipulated. This allows for equal 

opportunity for the bicycles to be utilized by every NUS staff and 

student. 

 

We also foresee some difficulty in returning and borrowing 

bicycles from certain stations during peak hours. As such, there is 

a need for a maintenance team as well as a monitoring system to 

notify the maintenance team to mass transport bicycles from 

overcrowded stations to empty stations. However, it is 

acknowledged that this might not be the most efficient method 

and hence we would like to look into better ideas to solve this 

problem after consultation with our mentors. 

 

To prevent bicycle theft, the bicycle can be made from non-

standard components. This cost-efficient idea has already been 

implemented Denmark in 1995 (Peter, 2011).  

 

4.1.3.3 Safety 
Safety is a critical issue that needs to be addressed. It is safe to say 

that the current NUS infrastructure is not enough for the running 

of such system. One accident will compromise the whole 

credibility of the system and may eventually lead to its failure. It 

is difficult to build on the current infrastructures and make them 

economically feasible at the same time. However, this 

improvement can be implemented gradually in the next few years. 

Some improvements we suggest include construction of separate 

and sheltered bicycle lanes for cycling. 

 

4.1.3.4 Funding 
While most of the funding should come from the university, this is 

still an expensive project and we should always consider cost-

cutting measures. We can have bicycle donation drives such that 

people can donate their unwanted bicycles which will then be 

repaired and used in this system. In addition, we can recycle parts 

of the damaged bicycles which we can use to repair other 

bicycles. By recycling, we believe that this can decrease the cost 

of maintaining the bicycles. 

 

4.2 Walkability in NUS 

4.2.1 Walking as a Mode of Transport 
The general distances between buildings and facilities in NUS are 

relatively close in comparison to larger universities such as 

Stanford University and Dartmouth University. With a land area 

of approximately 1.83km2, it is convenient for students to travel 

around the campus by foot. Not only is walking an eco-friendly 

mode of transport that creates zero emission, it also contributes to 

a healthy lifestyle that the university wishes its students to adopt. 

In order to be successful in promoting walking in our campus, our 

team has analyzed a few case studies and adapted lessons learnt to 

enhance the walkability experience. 

 

4.2.2 Lessons Learnt 
The significance of sustainability in today’s world has called for 

urban planners to shift from designing a motorist-oriented city to 

planning a city that is pedestrian-oriented. This changing 

demographic has given birth to the concept of walkability as an 

essential criteria for a liveable city. In a conference revolving the 

topic of The Walkable City, Mr Sanya, president of the 

Sustainable Planet Institute and Global Strategist at Deutsche 

Bank, described “walkability” as moulding a city such that 

walking is deemed as an important, if not dominating mode of 

transport for work and leisure.56 Varied criteria were set by 

different groups and individuals regarding the degree of 

walkability within a designated area. After studying several 

articles and reports, the degree of walkability in NUS can be 

determined through the following aspects: pedestrian 

infrastructures, safety, distance, accessibility, environment and 

ease of transit from one form of transport to another.57 Pedestrian 

infrastructures include structures such as shelter, pavements, 

streetlights and signage. Safety for the pedestrians can be 

quantified in the form of speed limits set within specific areas 

where pedestrian traffic is usually high. Accessibility and distance 

will cater to those who are physically disadvantaged, these include 

amenities such as ramps and lifts. Pedestrian environment such as 

greeneries and wall paintings would increase the appeal of 

walking within a city. The ease of transit is also crucial as walking 

is the critical backbone that allows people to switch easily 

between other modes of transport in a mix-and-match world58. 

 

4.2.3 Walkability in NUS 
After analyzing campus amenities and facilities, our team came up 

with a few observations on walkability in NUS. Firstly, there are 

insufficient pedestrian infrastructures and some even compromise 
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the safety of pedestrians. Signage systems are confusing and hard 

to spot. Currently, there exists a campus phone application, 

“AroundNUS”, to help students familiarize themselves with the 

Kent Ridge campus. However, the application focuses on the 

usage of shuttle bus services and does not display the shortest 

routes available. Shelters are also available for students to travel 

in the event of wet weather (the Yellow Route). In fact, this route 

connects every part of NUS but takes many detours. This would 

not be an option for students under time constraints. Furthermore, 

shortcuts from one faculty to another usually comprise many 

flights of staircases which are unattractive. There are also little 

overhead bridges. The hilly nature of the land NUS is built on has 

limited the option for overhead bridges connecting one faculty to 

another. There are also safety issues considering that the roads are 

generally narrow with numerous sharp curves accompanied by a 

lack of reflective mirrors for cars to spot pedestrians around the 

corner. The walking environment in NUS is decent considering 

the amount of flora beside the pavements in NUS. However, there 

is a lack of facilities for that caters to the need of the disabled 

within NUS. 

 

4.2.4 Possible Solutions 
Improvements on the directory and signage systems can be made 

such that it is easier for pedestrians to travel around NUS 

especially for new students. The signs can be made bigger and 

brighter while the directories can be placed in more prominent 

places. NUS can also invest in underground passes as these 

passages would not have to circumvent hills. Some considerations 

to be taken when building an underground passage include the 

spaciousness and floor-ceiling height for a comfortable passage 

route and the cost of building such structures underground. 

However, it is a complicated process that will require approval 

from the Urban Development Authority and thereafter soil testing 

and structural designing. The underground passage would no 

doubt provide the most direct, sheltered route from one building 

to another. It also increases mobility for the disadvantaged. 

5. Conclusion 
There is a wide range of interesting and feasible solutions to be 

explored and implemented in NUS so as to enhance its efficiency 

in transportation, making travelling on campus more enjoyable 

and sustainable. We endeavor to analyze the solutions and derive 

one that is environmentally friendly and sustainable in the long 

run. This ensures that the student population in NUS, who are the 

main users of the internal shuttle bus services, can enjoy 

alternative methods of transportation that are not constrained by 

the inefficiencies and lack of options. We hope that through the 

implementation of our solutions, we can improve the quality of 

university life in NUS and raise awareness of the importance of 

sustainability in transport and various aspects of our lives. 
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ABSTRACT 
After investigating the current situation of energy usage, 
especially in Ridge View Residential College (RVRC), this 
project aims to find and examine solutions to improve the energy 
efficiency in RVRC, and then scale the possible solutions up to 
the whole Singapore. The solutions include using renewable 
energy such as solar power and geothermal energy and 
implementing green wall. By carrying out these measures, 
sustainability in energy usage will be achieved. 

Keywords 
Energy efficiency, solar panel, green wall, geothermal, Ridge 
View Residential College 

1.  BACKGROUND 
In the circumstances of heavy and inefficient usage of energy, the 
Building & Construction Authority's (BCA) Green Mark Scheme 
was launched in 2005 to encourage the construction of 
environment-friendly buildings. The scheme promotes 
sustainability in the built environment and raise environmental 
awareness among developers, designers and builders [4]. It 
assesses the environmental friendliness and energy efficiency of 
buildings [3]. 

The gradually changing sentiment on building green has 
transformed from simply adding "active" systems such as energy 
efficient lighting or air-conditioning to a more rounded approach 
of incorporating "passive" green design systems into overall 
development plans. University Town (UTown) in National 
University of Singapore (NUS) is a good example in an 
environment-friendly property development. Due to low 
environmental footprint in UTown’s building, Education 
Resource Centre (ERC) in UTown attains top marks in the BCA 
Green Mark Scheme [16]. Sited around majestic heritage trees, 
UTown is carbon-neutral with self-contained cooling system. 
Each year, it will cut down on an estimated 3.8 million kWh of 
electricity, saving close to $1 million. For instance, green roofs of 
UTown's buildings help to insulate heat from outside and thus 
reduce the amount of energy used to cool the buildings [25]. 

Besides UTown, Pioneer and Crescent Halls in Nanyang 
Technological University (NTU) receive Green Mark award for 
environmental sustainability. In addition to double-glazed 
windows and louvers which reduce the need for air-conditioning, 
they tap on solar power for its energy needs. For example, 300 

panels of solar cells on the rooftops and solar water heaters have 
been installed to meet the residents’ needs for energy and hot 
water [24]. 
UTown in NUS and Pioneer and Crescent Halls in NTU step 
towards energy sustainability successfully, and similar measures 
could also be implemented on RVRC if possible. Currently, 
RVRC has energy-saving light-emitting diode (LED) light and 
some electrical appliances with motion sensor, but there is still 
large room for improvement in energy efficiency. 

2. PROBLEMS 
Due to technology advancements and changes in people’s 
lifestyle, there is a growing need of electricity while energy 
resources are limited. Using electricity heavily will deplete energy 
resources at a faster rate and causes high costs, which may be 
used in a more beneficial way, such as funding fulfilling projects. 

An excessive usage of energy will also result in undesirable 
amount of carbon footprint which is environmentally damaging 
[2]. In Singapore, electricity is produced by burning fossil fuels 
namely natural gas and crude oil [32]. These are non-renewable 
sources of energy. The burning of these fuels produces pollutants 
and greenhouse gases such as carbon dioxide (CO2); it is often 
associated with global warming [18].            

3.  SOLUTIONS 
Renewable energy including solar and geothermal energy will 
modify the rate of depletion of energy resources. Also, green wall 
will help reduce the energy usage for the buildings. These 
methods allow sustainability in using energy and achieve energy 
efficiency. In a small scale, we can first implement these methods 
to a small building such as Ridge View Residential College 
(RVRC). Then we will promote these methods to the whole 
Singapore while ameliorating them if necessary.  

3.1 Solar Panel 
Solar panels are the technology that is used to convert the sun’s 
energy to the electric energy through photovoltaic cells. These 
cells are made of semiconductor materials such as silicon. In order 
to generate more electricity, the photovoltaic (PV) panels will 
need to spend as much time as possible in the direct sunlight. 
Therefore, a sloping, south-facing roof will be the most suitable 
place to install the solar panel [1] [10] [20]. 
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When sunlight directly hits the cells, it knocks loose electrons 
from the atoms. Then, the semiconductor is positively charged on 
one side and negatively charged in the other side, which make 
these electrons to travel in the same direction and form electric 
current. The quantity of electricity generated depends on the 
amount of sunlight received by the panels [10] [20]. The unit 
for the power of a PV cell is kilowatts peak (kWp). That is the 
rate at which it generates energy at its peak performance in full 
direct sunlight during non-monsoon season in Singapore. For a 
4kWp system, it can generate approximately 3,800 kilowatt hours 
of electricity per year which is roughly equal to a typical 
household’s electricity needs [1]. 

3.1.1 Pros 
Solar power is a renewable source of energy as we would not run 
out of solar energy as long as the sun is alive. Solar power is also 
an environment-friendly energy. It can reduce about 1.6 tonnes of 
carbon dioxide per year [1]. Currently, an approximate of 91.8% 
of electricity in Singapore is generated from natural gas, which 
produces large amount of carbon dioxide and contributing to the 
cause of global warming [11].  On the other hand, solar panels use 
sunlight as the source of energy, so carbon dioxide or other 
pollutants would not be emitted. 

In addition, it can reduce electricity costs in RVRC. If solar panels 
were installed on the rooftop of RVRC tower block, electricity 
costs would decrease for the whole building as we can generate 
some of the electricity directly from the sun.  

Also, solar panels require low maintenance cost. This is because 
majority of the solar power systems do not require much 
maintenance.  Residential solar panels only require a quick wipe 
down of hot, soapy water for every 5 to 6 months [27]. 

3.1.2 Cons 
The main drawback is the high installation fee. However, the cost 
of installing solar panels in Singapore has roughly halved over the 
past two to three years from S$2 per watt in 2012 to S$0.80 per 
watt [15]. Even though, in terms of cost generation, the cost of 
solar panel is 2 to 2.5 times more expensive compared to some 
other resources such as gas used in electricity generation, it is 
obvious that the cost is decreasing and it will be more affordable 
in the future [15].  

Another disadvantage is intermittency. As solar energy is an 
intermittent energy source, electricity might not be generated 
continuously [8]. Solar energy can only generate electricity during 
daylight hours which means that almost half of each day, the solar 
panels are producing little energy for the building. Moreover, 
Singapore’s climate is classified as rainforest climate, that is, it 
rains frequently. Clouds and rain will reduce the amount of 
sunlight that reaches the solar panels and affects the efficiency of 
the solar cells. 

3.1.3 Implementation in RVRC 
Solar panel can be used as a component to generate and supply 
electricity in commercial and residential applications. However, 
the location for the solar panel is extremely important as it will 
affect the amount of energy that it can be generated. RVRC tower 
block can be a good place for the installation of solar panel as 
there are no buildings higher than the tower block in this area. 
Therefore, the solar panels on the rooftop would not be shaded, so 
that they are able to receive sufficient energy from the sun. 

3.2 Green Wall 
3.2.1  
Green wall is a vertical garden that is pre-planted and attached to 
interior or exterior panels of a building. There are two major 
categories which are the carrier system and support system.  The 
green wall carrier system consists of plant root in the structural 
system fastened to the wall itself. Instead of the ground, they 
receive water and nutrients from within the vertical support. [13] 
While the green wall support system is where climbing plants are 
trained to cover specially designed supports; it can be rooted at 
the base and attached to existing walls. [6]  

Pros 
Green walls help to achieve energy efficient by limiting the heat 
movement to building walls, which will reduce the temperature 
fluctuations at the walls surface. The reduction is caused by 
trapping a layer of air within the plant wall, through 
evapotranspiration and shading. Green walls also help to reduce 
temperature around intake valves. Therefore, lesser energy will be 
required to cool RVRC lounge rooms through HVAC (heating, 
ventilating, and air conditioning) units [14].  

Next, green walls can act as the protection for the building 
Structure. They protect exterior finishes and masonry from UV 
radiation and rain. In addition, they can also increase the seal or 
air tightness of doors, windows, and cladding by decreasing the 
effect of wind pressure [14].  

Incorporating green walls reduces loss of biodiversity by helping 
to sustain variety of plants and providing nesting places for 
various bird species [14].  

3.2.2 Cons 
The disadvantages of such façade are that it requires a relatively 
large amount of maintenance such as pruning and trimming. It 
also requires nutrient and irrigation supply system to sustain [23]. 
The plants on the green wall takes a long time to colonize and the 
walls must be well-built to prevent roots from taking hold in 
cracks and expanding, damaging the surface [5]. Despite these 
disadvantages, the green walls are suitable for places like Ridge 
View Residential College which has site constraints; it only needs 
a small amount of space on the walls. In addition, proper selection 
of low maintenance green walls incurs lower cost. Its initial cost 
may be higher but in a long run, it helps to save on electricity 
costs and cools the building effectively as well. 

3.2.3 Implementation in RVRC 
Green walls come in different types. For the implementation on a 
few storeys high building such as the RVRC tower block, the 
support system as shown in Figure 1 is recommended. The green 
wall support system, plants are grown directly from the ground 
adjacent to the facade or grown from soil contained in planters 
housed at regular floor intervals. The plants are allowed to climb 
on specially designed supporting structures such as wire mesh, 
cables, trellis, etc. Moreover, maintenance of the system is 
relatively simple by manual pruning and ensuring that plants are 
watered at the planters where the plants are grown from. 
Therefore, this type of green wall is suitable for RVRC, it is also 
has a lower initial cost as compared to other types of green walls. 
[2] 
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Figure 1. The modular trellis panel system 

3.3 Geothermal 
Geothermal energy is heat generated from the Earth. Heat 
originated from the interior of the Earth is unlimited. Hence, 
geothermal energy is considered as the renewable energy 
resource. The total flow of heat continuously emanating from the 
Earth’s interior is approximately 42 million megawatts [26]. As a 
comparison, one megawatt is used to meet the power needs of 
about 1,000 homes [17]. The shallow ground of the Earth’s 
surface has a nearly constant temperature between 50 °F and 60 
°F [21]. Furthermore, as shown in Figure 2, the temperature varies 
with the depth into the Earth’s crust.   

 
Figure 2. Temperatures in the Earth 

Basically, there are three main categories of utilizing geothermal 
energy. First would be direct use and district heating systems, 
which use hot water from springs or reservoirs near the surface. 
There is also the geothermal heat pump (GHP), which use water 
within 1000 ft of the Earth’s surface [28]. The heat pumps are 
used to heat or cool buildings. Lastly, electricity generation power 
plants require water or steam at very high temperature. The power 
plants are built where the reservoirs are located within 6000 ft of 
the Earth’s surface [28]. The three main types of geothermal 
power plants are dry steam, flash steam and binary cycle. These 
plants use steam turbines to generate electricity. Water acts as a 
carrier medium for these systems. Water seeping into the 
underground overtime will gain heat energy. At high temperature, 
water will be converted into steam, which will be sent through the 
steam turbine where the thermal energy is converted to electricity 
with a generator. The fluid will then be cooled and send back to 
the heat source [22]. 

3.3.1 Pros 
The most significant benefit of using geothermal energy is its 
minimal impact on the environment, as geothermal power plants 
do not burn fuel and thus release very few air emissions. This 
avoids the environment problems, such as the greenhouse effect 
associated with burning fossil fuels for electricity, heat and 
transportation. Geothermal plants emit only about 5% of the 
carbon dioxide, 1% of the sulfur dioxide and less than 1% of the 
nitrous oxide emitted by a coal-fired plant of equal size [9]. In 
turn, this would translate into better air quality and fewer 
respiratory health problems. 

Furthermore, geothermal energy is a reliable source of energy. 
Unlike wind energy sources, it does not depend on the seasonal 
fluctuations and weather variations. Thus, the energy can be 
supplied continuously 24 hours a day, 365 days of the year [17]. 
Due to these reasons, electricity from this source would be more 
consistently available. 

Besides that, geothermal energy is inexpensive to use. This is due 
to the low maintenance costs of the power plants as they use very 
few moving parts. Since no fuel is required to generate power 
using this source of energy reduces a country’s dependency on 
imported oil. Moreover, it decreases the costs for purchasing and 
transporting the fuels. Hence, geothermal energy is also 
economically beneficial [12]. 

3.3.2 Cons 
The main disadvantage of using geothermal energy is the high 
capital cost. The installation cost of a geothermal power plant is 
approximately $2500 per installed kilowatt in the U.S [30]. This is 
high compared to a heating and air conditioning system. The 
expensive cost is due to the cost of drilling the loop in the ground. 
Another drawback is the potential danger of geothermal energy 
because drilling into the Earth might cause hazardous gases and 
minerals to seep up from beneath the ground. For instances, if the 
geothermal system is not properly insulated, harmful elements 
such as arsenic, mercury and selenium will be leaked into the 
water sources [19]. Also, it might release small amounts of 
hydrogen sulfide gas, which will change into sulfur dioxide once 
in atmosphere, causing acid rain. Hence, extra measures need to 
be taken in order to deal with these toxic substances.  

3.3.3 Implementation in RVRC 
GHP is a heating and/or cooling system that moves heat to or 
from the ground. By installing GHP in RVRC, it will be able to 
cool down the building and supply the building with hot water. 
The ground heat exchanger in a GHP system is made up of several 
types of system as shown in Figure 3. Most common type is the 
closed loop, in which high density polyethylene pipe is buried 
either horizontally at 4 to 6 feet deep or vertically at 100 to 400 
feet deep [29]. In these pipes, they are filled with fluid which acts 
as a heat exchanger. To cool down the building, the system takes 
heat from the building and deposits it to the ground. In this case, 
the Earth is used as a heat sink. As for providing hot water, an 
extra component known as ‘desuperheater’ needs to be added to 
the GHP system. It uses the heat from the heat pump to heat 
water. This hot water will then circulate through pipes to the 
building’s storage water heater tank [31]. 
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          Figure 3. Types of Ground Source Heat Pumps 
By implementing this system in RVRC, energy efficiency would 
be optimized. This is because GHP systems are proven to provide 
significant energy savings in the range of 30% to 60% as 
compared to conventional heating and air conditioning units [8]. 

4. SCALING UP SOLUTION  
After implementing these three plans to RVRC Tower Block, we 
will modify the solutions based on the resulting effects. If RVRC 
achieves greater energy efficiency, for example, reduction in 
electricity bills, we will promote these solutions to the whole 
Singapore to achieve energy sustainability in a large scale. 
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ABSTRACT 
Music is an integral part of a community's culture. Singapore, 
despite its short history, has had a vibrant music culture during the 
1960s-70s. Over the years however, the local music scene has 
undergone significant changes and as some would put it, a 
decline. This paper explores the sustainability of music culture in 
Singapore by examining 3 core issues namely Education, 
Platforms and Careers before critiquing current measures in place 
to help further the music culture in Singapore by public and 
private efforts. The result is a comparison of our solutions and 
insights to help improve the sustainability of music culture in 
Singapore.  

 

Keywords 
Music, culture, sustainability, music education, performance 
platforms, music careers. 

 

1.   INTRODUCTION 
The diversity of music in Singapore is reflective of our multi-
cultural society. As the country develops, so too has the way 
music is being performed, promoted and appreciated. We define 
music culture as the performance of music across genres by 
professionals and the appreciation of music by the general public. 
Literature concerning the development of the local music culture 
is scant and we question if this is reflective of the state of music in 
Singapore, that despite being a facet of culture, has not been 
getting sufficient emphasis and development. Sustainability is a 
key concern and we quantify this broad concept as performers of 
music performing to a public audience for over a year. In this 
paper, we argue that the problems faced by today's music scene 
including career prospect, lack of identity, small audience and 
lack of developmental opportunities can be categorized under 3 
core issues concerning education, platforms and careers. These 
issues, if left unaddressed, would pose a threat to the sustainability 
of music culture in Singapore.  

 

2.   RESEARCH METHODOLOGY 
Our research on the local music culture was initiated by our 
general appreciation of music. We are interested to find out why is 
it that, despite a general appreciation of music by the masses, 

music is not such a "big" thing in terms of education, publicity 
and careers.  

Newspaper articles, videos, personal blogs and other archival and 
secondary materials help to familiarize us to the background of 
our research. As this field is not a widely explored topic, literature 
is naturally scant. Therefore, we will be collecting primary data 
through interviews and surveys. Statistics from governmental 
sources as well as fieldwork will also be collected. 

3.   CORE ISSUES 

3.1   Education  
Education in this aspect refers to music lessons aimed at exposing 
students to different types of music and teaching them how to play 
with different types of instruments. Education is a decisive factor 
for the growth and development of two groups of people - 
potential musicians and a discerning audience.  

Exposure to music education should start from the formative ages 
as early as primary school. According to the Ministry of 
Education (2012), the education system "aims to help students 
discover their own talents, realize their full potential and to 
develop a passion for life-long learning." However,  music is 
seconded as an extracurricular subject in local schools. While 
schools also offer extracurricular activities related to music such 
as various student orchestras and ensembles, it seemed that there 
is insufficient focus on music education and exposure which can 
in turn negatively affect the sustainability of our music culture. 
Our research looks at the curriculum of music education in local 
primary schools ranging from duration to content as we seek to 
find out if it is sufficient in terms of quality and quantity for 
children's music education.  

Accessibility is a major factor for early music education. The 
higher cost of a music education would be prohibitive to some 
families, especially lower income ones and reduced 
developmental opportunities for their children. For example, the 
monthly childcare fee of a preschool curriculum involving 
physical, music and creative education in Singapore would cost 
about $1200. Another service provider, with a purely academic 
curriculum charges about $720. The benefits of music education 
or even music itself are not necessarily instant, obvious, personal 
and tangible, therefore parents and education providers have 
reasons for placing music education on a lower priority. Similarly, 
the cost of learning music at higher levels are also significant. 
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Another aspect which we are looking into would be parents. The 
growing number of private music learning centers attest to the 
popularity of music education for children among local parents. 
However, this neither translate to higher participation rates at 
higher education levels nor a greater number of professionals and 
career musicians and we question why. Through surveys, we try 
to identify the motivations when parents enroll their child into 
music programmes. More importantly, we intend to get a sensing 
of their receptivity of a professional music education and/or career 
for their child. Negative perceptions among parents on prospects 
of learning and playing music full time by their child may be 
reasons why learning did not go beyond primary and enrichment 
level. 

While there are several institutions in Singapore which offers 
music education, there are no real specialized ones except for the 
Yong Siew Toh Conservatory in the National University of 
Singapore. The lack of schools to train professionals and ensure 
quality teaching not only shows a lack of emphasis on music 
education, but also restrict the choices that one have when 
intending to pursue music professionally in a local environment. 

Education is a life-long process. While the focus in this area is on 
early education, we also seek to find out if tertiary music 
education can sufficiently help to propel students into the music 
industry through the professional training and grounding 
provided. Through interviews, we intend to find out how faculty 
mentors view the role of music education in helping to grow or 
sustain a music culture in Singapore and on suggestions to 
improve the situation. 

3.2   Platforms 
History have shown that many of the industry's famous and high 
achievers are able to be heard and have lasted because they 
possess talent and grew up in environments where music has a 
"future" in a sense that there are many who appreciate good music 
and that there are career prospects. 

Singapore has a variety of platforms and venues where musicians 
can perform to the public. The issue however, is a perceived lack 
of platforms for Singapore-based musicians due to insufficient 
information as well as many regulations. While it is 
acknowledged that the government did play a significant role in 
trying to promote a vibrant local arts scene through initiatives 
such as the Busking Scheme, it is still very institutional with rigid 
rules such as the need to attend a Busking bootcamp, auditions 
and application. This might hinder younger musicians from 
finding platforms to perform. It also misrepresent Singapore as 
being an elitist society where only the “good” ones can perform.  

Our research will also look at overseas examples of both private 
and public initiatives to promote music culture to draw learning 
points on how can local efforts be sharper and better impart the 
music sector. 

The observation is that many performance venues and platforms 
in Singapore are relatively niche. For example, the Singapore 
symphony orchestra would be based at performing arts theatres 
like the Esplanade while professional/amateur bands and singers 
performing genres ranging from jazz to Korean pop usually 
perform at local bars like Timbre. Comprehensive information on 
where musicians can perform regularly and members of public 
can go for live music are not widely available apart from 
occasional listings on lifestyle magazines, newspapers or 
websites.  

Musicians who lack the platforms will lack the opportunities to 
showcase their talent and be spotted and groomed. The 
concentration of music performance platforms to certain venues 
like bars and theatres will limit the choice and accessibility of 
local audience to enjoy these gigs. Therefore it would change 
from a culture that is supposed to be broad and accessible to many 
to something more niche and exclusive, thus unsustainable. In the 
long run it may also have negative effects on the career options 
for musicians.  

3.3   Careers  
The prospect and availability of a music career in Singapore 
actually varies according to genres. The Singapore symphony 
orchestra, clearly a professional body, would offer their musicians 
better career prospects compared to a group of jazz musicians 
playing at a local bar for the past 10 years although that would 
also be considered sustainable.  
 
The effects are largely unclear to us now and we would need more 
data to ascertain our hypothesis on the types of effects. Our guess 
is that the music culture will suffer as less people would dedicate 
themselves to playing music professionally, leading to problems 
which can range from quality to identity. 
 
Recognition is an area which needs addressing if a career in music 
is to be sustainable. Recognition itself can come in many forms, 
including having repeated audience, awards, financial support, 
etc. When musicians receive support and recognition for their 
work, there are opportunities for advancement and income and 
thus, motivations to perform and innovate. 
 
The issue on careers involve multiple players. The individual 
would require the aptitude to make it on stage while the 
availability of platforms and a musically discerning general public 
would set the environment for a brighter prospect playing music 
in the long run. The government, through policies and practices 
that really promote music and encourage participation in it, can 
socially engineer a culture that is conducive for musicians and 
possibly have an effect on the availability and entrance to such 
unique careers. 
 

4.   RESPONSE 
4.1   Education 
To target education, we need to engage the main stakeholder - 
Ministry of Education and the period of education will cover 
primary to secondary school-going ages. While some schools, 
such as Yew Tee primary school, have attempted to do so by 
offering students 6 music instruments to learn, the majority of 
schools offer a fairly basic music education focussing on the 
playing of the recorder and basic music theory.  

Our group proposes 2 solutions: Diversifying Edusave and Music 
Olympiad.  
 

• Diversifying Edusave: Drawing inspiration from CPF, 
the idea behind this solution is to focus on the financial 
aspect of learning music. Edusave is meant to offer 
government funding for a gamut of enrichment 
programmes offered in schools.  
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• How: With diversification into special 
accounts like "Arts" and "Sports", there will 
be allocated or addition funding for these 
niche areas which students can use for their 
pursuits outside of school (e.g. Music classes 
in private music centres). 

 
• Music Olympiad: An open category music competition 

in encourage self development and growth of passion to 
music in addition to a financial grant.  

 
• How: Students with diverse skills and 

interests can participate in this competition. 
They will be assessed and categorized into 
different levels of awards. Based on merit, 
participants earn grants that they can claim for 
music education-related expenses. In addition, 
the top performers will win for their school 
financial grants to further more music 
programmes in their school. 

 
4.2   Platforms 

• “Follow the Music”: A performance platform that is 
mobile and performs at different locations around 
Singapore at different times of the year. This is similar 
to guerrilla marketing tactics adopted by some 
companies to capture attention and add novelty to their 
product marketing. 
 

• How: The performance platform will moving 
around Singapore, with different performers at 
different place each month. A marketing 
campaign that teases locations and builds 
excitement for each new location 

• Offers a platform for musicians to gain 
recognition as a part of the campaign and to 
perform and showcase in a unique and fresh 
environment. 

• We are looking to have a project conducted in 
school level applying the concepts of "follow 
the Music" by collaborating with various 
music interest groups in RVRC and the other 
residential colleges in NUS. 

 

4.3   Careers 

• Engaging media for recognition 
• How: The use of mass media can be effective in 

publicizing and recognizing local talents. By having 
regular dedicated sections in the "life" sections of 
newspapers and magazines, there will be regular 
coverage of local music ongoings and performers will 
also get exposure and recognition.  

• In addition, career development is the result of music 
talent groomed from early education and the provision 
of platforms to set the ground for an environment that is 
appreciative of music.  

 

5.   CONCLUSION 
In conclusion, the 3 core issues share a dynamic relationship. In 
many cases, the causes of the problems towards a music culture 
are also the effects arising from the same core issue. This means 
that approaches towards sustainability here needs to be taken from 
different angles by different players together.  

It is hard to pinpoint one specific area as a key issue. However, 
we are inclined to think that Education is the most significant 
factor and that the Government has the biggest role to play in the 
sustainability aspect. When talents are groomed from young and 
the products of the education system are cultured individuals, 
there would be market and a healthy environment for musicians to 
thrive in.  
At this early stage our findings and statements are more 
qualitative than quantitative. With research data, surveys and 
interviews, we will seek to give meaning to and justify our points 
through quantification. Using models as well as case studies from 
the past and abroad, we are able to derive certain projections and 
recommendations for the core issues covered.  

Music culture is significant because our relatively short heritage 
and diverse backgrounds means that there is a need for something 
common which transcends languages, race and religion to bind us. 
The past has seen the Singaporean music industry flourish, so it is 
not an issue of no talents or opportunities, but rather, a culture that 
sustains music. It is intriguing, that for music culture to be 
sustainable, we have to work on the culture among people itself.  
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ABSTRACT 
In this paper, we analyse the key reasons for the decline in 
Singapore’s community spirit. We also look into the key factors 
that would help in fostering community spirit and propose 
solutions that would help to create and sustain the community 
spirit in Singapore.  

Keywords 
Singapore, community spirit, Kampong Spirit, infrastructure, 
public spaces, community events 

1.INTRODUCTION 
Over the years, the Singapore society has become increasingly 
polarised over a myriad of issues, issues that affect globally-
attuned urbanised regions worldwide. This division of Singapore’s 
society has arguably exacerbated the loss of kinship and its sense 
of identity. 

We would like to propose solutions to revive and sustain whatever 
remains of ‘community’ within Singapore. Noting that close to 
80% of Singaporeans live in public housing estates, [1] we have 
designed our solutions to target this demographic. We believe that 
the Singapore society does not need large-scale campaigns to 
reinvigorate a sense of community among its citizens, rather; 
Success lies within a grassroots-led movement that would serve to 
foster intimate bonds within smaller communities. 

Our solutions come in the form of architectural interventions - 
most notably, proposed alterations to void-decks and communal 
spaces, as well as simple-to-sustain activities aimed at catalysing 
authentic and spontaneous interaction between residents, some of 
which are to be organised in collaboration with Community 
Centres across Singapore. 

2.IMPORTANCE OF COMMUNITY SPIRIT 
In Singapore, community harmony and social cohesion have 
always been of high priority in nation-building and political 
stability. [11] Due to the fact that Singapore is a diverse, multi-
racial and multi-religious society, the need to create a strong 
nation and community identity is especially critical. Various 
organisations have been set up to focus on this aspect, such as the 
Ministry of Culture, Community and Youth, the Community 

Development Councils, as well as the various social services 
organisations. 

3.ANALYSIS 
3.1.Analysis of the decline in community spirit 
3.1.1.External reasons - Structural aspect 
In the past, living close to each other in a “Kampong” – traditional 
villages – encouraged residents to actively communicate with and 
rely upon one another. Kampongs gave way to public housing 
flats as Singapore developed to raise the general standard of living 
and be more efficient in land use. Yet, the “kampong spirit” 
endured, arguably through the architecture of early Housing and 
Development Board (HDB) flats (circa 1950-1990), that promoted 
community interaction through physical structures like connected 
corridors and large void decks. 

However, this community-oriented approach to public housing has 
faded away with the times; intensified land-use has resulted in 
smaller flats, and consequently smaller and fewer public spaces. 
These new public housing policies have uprooted residents and 
disrupted pre-existent communities. [11] While effective in 
tackling housing shortage, these new HDB flats have caused the 
loss of “warmth, personal touch, and connections of our old 
kampongs (village)”. [10][11] As residents moved from closely 
knitted communities and into high rise public housing, interaction 
dwindled within the community as “residents now live behind rod 
iron gates”, resulting in the feeling of the loss of community. [10]
[11] Such sentiment was demonstrated by an older HDB dweller 
as follows:  

“In the kampong, everyone knew each other. There was 
no need to shut your doors the whole day. If a stranger 
came to the kampong, we would inform each other and 
strangers rarely came in the night. I wish I could travel 
back in time and return to the kampong lifestyle.” [6] 

Hence, it is clear that the shift from the old, traditional 
“Kampongs” to the modernised and high-rise HDB flats have 
contributed to the decline in community spirit in today’s 
Singapore society. 
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3.1.2. Internal reasons - Social aspect 
Other than the structural aspects, social reasons have also 
contributed to the decline of community spirit in Singapore.  

Over the years, the modernisation of the Singapore society as a 
whole has resulted in changing ethos and values in Singaporeans.  
A shift from the community to the individual has also occurred in 
Singapore as there appears to be a rise in individualism as 
opposed to collectivism and communalism. It is believed that an 
individualistic mindset moves people away from participating in 
community activities and civic participation, and leads people 
towards apathy. [12] This is mostly because an individualistic 
attitude emphasises on independence, personal needs and 
individual desires rather than focusing on a collective self. [9]  

Hence, despite the fact that Singapore, a relatively conservative 
and traditional country, is still widely regarded as a collectivistic 
society [7], our constant exposure to western values and our 
changing ethos have slowly caused us to be inclined towards 
individualistic attitudes. 

3.2.Analysis of key factors that would help in 
building community spirit 
Next, we would like to understand the underlying reasons behind 
the formation of a strong community spirit - the degree to which 
the Psychological Sense of Community (PSOC) contributes to the 
strength of community spirit. 

There are two types of communities - one that is determined by 
geographic location and one that is relational. Geographically 
determined communities are likely to be bounded by physical 
spaces, while relational communities are bonded through common 
interests. Within these communities, the sense of community is 
defined as “the perception of similarity with others, an 
acknowledged interdependence with others … and the feeling that 
one is part of a larger dependable and stable structure”. [8] 

The few determinants of a community’s PSOC we would like to 
tackle are: perceived similarity amongst members, degree of 
choice and the ingroup and outgroup mentality. Members within a 
community who can find similarities with one another, no matter 
how trivial, automatically identify better with one another. Higher 
PSOC will follow with greater identification. Degree of choice 
refers to the amount of control the members of the community 
have over their group membership; members who chose to be a 
part of their community have shown to exhibit higher levels of 
PSOC as compared to members who were not in their 
communities by their own volition. An ingroup and outgroup 
mentality (‘us’ against ‘them’) could be thought of as exclusivity 
and possibly a characteristic detrimental to group cohesiveness, 
but it has proven itself to be a recurring factor in ensuring high 
levels of PSOC in various research papers. With these few factors 
in mind, we are better able to craft ideas that would be effective in 
improving the PSOC in the HDB communities of Singapore. 

4.APPROACHES 
After analysing the main reasons for the decline in community 
spirit as well as the key factors that would help to foster it, our 
group has come out with two types of approaches, targeting at the 
structural and social aspect respectively, and aimed at creating and 
sustaining the community spirit in Singapore. 

4.1.Suggested structural designs that 
encourage community bonding 
First and foremost, it is important to “make room for dialogue”. 
The use of public spaces is especially critical as “communities 
develop in plazas, and streets and parks, and not in private homes 
and private cars”. [2] The vast space of public areas and amenities 
is also useful in encouraging construction of social identities. [3] 
According to Goh (2005), the “spatial and stylistic continuities 
between residential blocks” and public areas surrounding these 
blocks, help to blur the distinction between the “private space of 
the flat” and the “public space in which the desired communal 
values are fostered” (p. 76). [3] 
Hence, we propose having community gardens as a more common 
feature around HDB estates. This has been tried and tested in 
certain estates, and it has good results. [13] Therefore, we believe 
these should be strategically included in void decks or open 
spaces to increase the enjoyment of the space and to facilitate 
interaction between residents. 
Another possible solution is to encourage the use of moveable 
furniture in public spaces. The prospect of moveable furniture not 
only enhances community ownership, it also opens up more 
opportunities for flexible usage of spaces and would serve as an 
effective platform for social interaction and integration. 
Community and cultural activities can be facilitated more easily 
as well.  
An important asset about such movable furniture is, obviously, its 
movability. The movability of it allows for choice, and the 
movements of furniture are a declaration of autonomy to oneself. 
These movements also convey messages that contribute to social 
interaction and relationship-building. Social distance is an ever-
changing and subtle measure, and yet, fixed furniture are set 
pieces that do not change. [5] Hence, the standard fixed furniture 
we often see in public spaces do not contribute much to 
community bonding, and we hope to encourage the use of 
moveable furniture instead to further develop the community 
spirit in Singapore. 
These proposed solutions focus on the structural aspect of 
community development, and we hope to make use of a change in 
the external environment to encourage a change in community 
spirit in Singapore. 

4.2.Suggested campaign - “I3” (Identity, 
Interaction, Investment) 
Other than the structural designs, we also propose a campaign 
called “I3”, which stands for “Identity”, “Interaction”, and 
“Investment”. The campaign will focus on the social aspects of 
community development, and will work in conjunction with the 
structural designs to better foster community spirit. 

“I3” aims to collaborate with the respective Community Centres in 
Singapore to foster and sustain the community spirit in Singapore 
as we can tap into their expertise and resources. This campaign 
will be carried out in three phases, one after another.  

4.2.1.Phase 1: Creating community identity - “A 
Glass of Milk A Day” 
Firstly, right at the start, residents are given the option to sign up 
as part of their respective community groups. This availability of 
choice (degree of choice) allows them to consciously make the 
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effort to be part of the community and this helps to strengthen 
community integration. Once they obtain membership, a bottle of 
milk will be delivered to their doorstep daily. This not only serves 
as an incentive for them to sign up, it also serves as a daily 
reminder that they are part of the community. This phase aims to 
foster and strengthen community identity.  

4.2.2.Phase 2: Fostering social interaction - 
“Together for Food” 
After community identity has been developed, community 
gatherings will be organised for the residents at the common 
spaces of their HDB blocks weekly. Food will be catered for them, 
mainly to serve as an incentive to encourage their participation, as 
well as to bond them through communal dining. This serves as a 
platform for residents to engage in spontaneous communication 
and interaction with one another. Facilitators dispatched by the 
Community Centres will also be present at these gatherings, so as 
to facilitate deep conversations and encourage more meaningful 
interactions. This phase aims to stimulate social interaction and 
further strengthen community identity. 

4.2.3.Phase 3: Investing in the community & 
sustaining the community  
We believe that other than the support of the government, the 
success of a community development project also depends on the 
commitment and voluntary participation of the residents. [4] The 
last phase aims to encourage residents to take ownership of the 
community spirit by contributing back to the community. This 
aids in sustaining the community spirit in the long term. To cater 
to the different types of residents and the different strengths of 
each individual, there are various ways of contributing such as 
maintaining the physical space of the community centre as well as 
organising events in the public. Residents have the choice and 
opportunity to volunteer themselves as assistants as part of 
contribution. This contribution is critical as these events will help 
to reach out to potential future members of the community, thus 
allowing the community to expand. Hence, this phase aims to 
encourage residents to invest in their community and 
consequently sustain the community.  

5.FEASIBILITY 

5.1.Feasibility of structural designs 
The idea of community gardens has been tried and tested and has 
proven to be effective. However, as this is maintained by the 
residents who use their own time and expense, it may not work in 
every estate as gardening may not be everyone’s cup of tea. At the 
same time, the community garden is public and thus unless 
funding is provided, people may be unwilling to put in their own 
time and effort in maintaining the garden. There is also the issue 
of space as Singapore has limited land space, and hence it may not 
be possible for a large space to be allocated for a proper 
community garden.   

As for the idea of moveable furniture, present HDB rules rigidly 
govern how people utilise the public spaces outside their unit. 
Hence, relaxation of government policy governing how residents 
use space is needed in order to spur people to be more tolerant of 
each other and become more open to sharing their lives with their 
neighbours through their possessions. Also, we are aware that 
there might be issues with theft and vandalism, but we believe that 
it is in being able to trust your neighbours not to damage or steal 
your property, that such trust and closeness with neighbours can 

be fostered. Hence, we would aim to educate and cultivate this 
sense of ownership in the residents so as to prevent such problems 
from arising.  

5.2.Feasibility of the “I3” campaign 
5.2.1.Feasibility of Phase 1 - “Identity” 
This phase is highly probable as residents have the incentive to 
join (daily free bottle of milk), and the funding for milk can be 
obtained via Community Integration Fund (CIF) by National 
Integration Council, Youth Change Maker (YCM) grant by 
National Youth Council or via funding by grassroot organisations/
tote board. It is even better if residents are willing to volunteer 
their service to deliver the milk around as this could allow them to 
interact with the residents while delivering the milk. 

5.2.2. Feasibility of Phase 2 - “Interaction” 
There could be a problem in funding for the food as the cost 
would be quite high if food was catered for free every week at 
many estates. However, as this phase is not intended to be for long 
term, but rather to foster deeper bonds between neighbours, the 
cost should not be an issue. Also, to facilitate interaction, there is 
a need for facilitators to be well trained in bonding people of 
different ages, religions and backgrounds. 

5.2.3. Feasibility of Phase 3 - “Investment” 
This phase is implemented when most people know their 
neighbours, and is comfortable around the neighbourhood. There 
are platforms such as People’s Association that allows for interest 
groups to be created, and notice boards at the lift areas of every 
block that can be used for publicising. In this case, there are 
platforms available if residents want to contribute back to their 
community. 

6.RESEARCH METHODS 
Owing to the social dimension of our project, there are limited 
explicit statistics available that allow for the quantification of 
community spirit. However, there are still ways that we can go 
about researching for our project, mainly through quantitative and 
qualitative methods. There is a need to utilise both types of 
methods so as to obtain a more comprehensive data set and 
understand the situation more thoroughly.  

6.1.Quantitative methods 
The quantitative methods allow us to generate concrete statistics 
and facts that would aid in the tracking of our project. Some 
quantitative methods that we would be using includes surveys, 
mappings, and various quantifiable records. 
Firstly, simple surveys and questionnaires can be developed and 
given out to residents so as to measure their level of participation 
as well as attitudes towards community spirit. Drawing inspiration 
from the Bhutan Gross National Happiness Index, quality of life 
surveys, and community indicators, we have found that using 
surveys can aid in measuring the subjects that have often been 
considered qualitative in nature, such as community spirit. 
Another way we can measure community spirit would be through 
the records of community events. By mapping the frequency of 
community events in various areas of Singapore, we would be 
able to get a clear view of the spread and intensity of these events 
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and subsequently come to a conclusion about the strength of 
community spirit.  
Other than these methods, we can also generate quantifiable data 
through our proposed campaign. In “Identity”, we can record the 
number of milk bottles given out per day to track the community’s 
subscriptions and participation. In “Interaction”, we can prepare 
goodie bags and give them out to the residents when they attend 
the community gatherings. In this way, we are able to monitor 
their attendance in an unobtrusive manner, retaining the 
uninhibited and spontaneous nature of this phase. Lastly, in 
“Investment”, we can easily track the number of volunteers as well 
as community events organised so as to monitor involvement and 
participation. 
With these quantitative methods, we would be able to define and 
measure community spirit, and work towards managing and 
sustaining it.  

6.2.Qualitative methods 
Other than quantitative methods, we would also employ the help 
of qualitative methods so as to achieve a more comprehensive 
understanding of community spirit.  
Interviews and focus group discussions can be held regularly to 
track the attitudes of residents, as well as gain feedback so as to 
improve our proposed solutions.  
These qualitative methods serve as a complement to our 
quantitative methods and would help in providing us different 
perspectives and insights not available through quantitative data. 

7.CONCLUSION 
To conclude, our group has investigated the main reasons for the 
decline in community spirit in recent years and proposed several 
strategies to tackle this problem. We have also looked into the 
feasibility of the project, as well as various research methods that 
could possibly be adopted so as to conduct a more thorough 
research. In our opinion, this particular social dimension of 
Singapore is something that is invaluable to Singapore and there is 
a crucial need to continue to foster and sustain it. We hope that 
this project can serve as a critical stepping stone towards the 
development and sustainability of community spirit in Singapore. 

8.ACKNOWLEDGEMENTS 
Thanks to Professor Adekunle Adeyeye and Professor Hugh 
Anderson from the National University of Singapore for their 
guidance and valuable feedback. 

9.REFERENCES 
1. Department of Statistics Singapore. 2014. Retrieved from 

http://www.singstat.gov.sg/statistics/latest_data.html  
2. Flower, J. 1994. The spirit of community. The Healthcare 

Forum Journal, 37 (6), 62. 
3. Goh, R. 2005. Contours of Culture: Space and Social 

Difference in Singapore. Hong Kong University Press, Hong 
Kong, 2005. 

4. Hwang, J. 2003. Community spirit. Taiwan Review, 53 (8), 4. 
5. Larice, M., McDonald, E. 2012. The Urban Design Reader: 

Second Edition. Routledge, London, 2012. 
6. National Archives. 1993. Kampong Days: Village life and 

times in Singapore revisited. Singapore. 
7. Oyserman, D., Coon, H., Kemmelmeier, M. 2002. Rethinking 

individualism and collectivism: Evaluation of theoretical 
assumptions and meta-analysis. Psychological bulletin, 128 
(1), 3-72. 

8. Patricia, O. 2004. Community Connections: Psychological 
Sense of Community and Identification in Geographical and 
Relational Settings. Doctoral Thesis. Queensland University 
of Technology. 

9. Ram, S. I. 2010. Exposure to Western Culture in Relation to 
Individualism, Collectivism and Subjective Well-being, in 
India. Doctoral Thesis. UMI Order Number: UMI Order No. 
3417947., Illinois Institute of Technology.

10. Rasheed, Z. A. 2007. Speech by Senior Minister of State for 
Foreign Affairs Mr Zainul Abidin Rasheed about Community 
Development Councils in Singapore at the Leadership in 
Megacities Seminar in Jakarta, 24 May 2007. Retrieved from 
http://www.nas.gov.sg/archivesonline/speeches/view-html?
filename=20070524967.htm 

11. Thang, L.L., Lee, S.J., and Kee, Y. 2014. Community 
Bonding and Community Well-Being: Perspective from a 
Community Development Council in Singapore. In Lee, S.J., 
Kim, Y., Philips, R. ed. Community Well-Being and 
Community Development: Conceptions and Applications, 
Springer International Publishing, 2014.

12. Walls, S.M. 2008. The Impact of Individualism on Political 
and Community Participation. Doctoral Thesis. UMI Order 
Number: UMI Order No. 3298789., University of Cincinnati, 
McMicken College of Arts and Social Sciences.

13. Zachariah, N. A. 2014, July 5. Green plots for young and old 
among Community In Bloom award winners. The Straits 
Time. Retrieved from http://www.straitstimes.com/lifestyle/
home-garden/story/green-plots-young-and-old-among-
community-bloom-award-winners-20140705 

52 GEM1917 21/11/2014

http://www.singstat.gov.sg/statistics/latest_data.html
http://www.nas.gov.sg/archivesonline/speeches/view-html?filename=20070524967.htm
http://www.straitstimes.com/lifestyle/home-garden/story/green-plots-young-and-old-among-community-bloom-award-winners-20140705


Infrastructural Sustainability of Transport Systems within 
NUS

Chan Wing Yan
Faculty of Arts & Social Sciences

c.wingyan@u.nus.edu

Tan Wei Jie Kelvin
Faculty of Science

kelvin_tan@u.nus.edu

Kerk Jun Gang
Faculty of Arts & Social Sciences

a0131702@u.nus.edu

Lee Yijun
Faculty of Science

lee.yijun07@u.nus.edu

ABSTRACT
In this paper, we will be discussing the infrastructural 
sustainability of transport systems within NUS, specifically the 
problems that we have identified with the current transportation 
methods and the proposed solutions that we have come up with.
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1. INTRODUCTION
Currently the National University of Singapore is facing a great 
problem with regards to traffic congestion. This is mainly due to 
the unsustainable campus transport infrastructure. We feel that 
various parts of the campus can be reconfigured to allow for more 
efficient flow of traffic, but recognize that that would be 
unfeasible mainly due to the high cost and large amount of time 
required to carry out such a project. Therefore, we have come up 
with measures to improve on the current transportation system by 
improving the Integrated Bus Information and Tracking System 
(IBITS) to allow students to estimate their travel time more 
accurately, and to change existing coach buses which are currently 
being utilized as shuttle buses internally to low-floor buses, which 
have a much higher passenger capacity. Additionally, we are also 
proposing alternative transportation methods, including the cable 
car system, and new routes to ease traffic flow and congestion 
within the campus itself.

2. PROBLEM/SITUATION
The issue mainly stems from the congested roads in NUS. Single 
lane roads to serve the array of private and public transportation 
options on campus are insufficient to meet the burgeoning student 
population. 

Figure 1. NUS Population (Students + Staff) *students 
comprise both undergraduates and graduates whereas staff 
comprises faculty staff, research staff, executives and 
professional staff and general staff.

This problem is especially evident during peak hours and on rainy 
days due to the large number of students needing to take the bus 
to travel to their destination, and walking is not a viable option 
due to the weather conditions.

Furthermore, the quality of information provided for these 
transportation options are poor and only serves to add on to the 
frustration of people in NUS. There are also frequent complaints 
by individuals utilizing the shuttle bus system, mostly regarding 
the inability to board buses during peak hours and the inefficiency 
of the Integrated Bus Information and Tracking System (IBITS).

2.1 Congestion during peak hours
There is high human traffic observed at bus stops around school 
during peak hours, namely in the morning, in the evening, and for 
around 15 minutes every 2 hours when students are released from 
their lessons.

This leads to crowding and only serves to highlight the 
inefficiency of the current transportation system.

Figure 2. Crowding around buses

2.2 Inaccurate IBITS in predicting bus 
arrival times
There have been efforts made by NUS to improve the system, 
most notably their partnership with Keio University to replace 
IBITS with a more reliable location tracking system.
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“Called CITIUS (Communication Infrastructure of Transport 
Information for Universal Service), the system aims to provide 
bus operators and commuters with useful area information based 
on the precise location and condition of the bus, in real-time.” [3]

The current IBITS serves to alert shuttle bus passengers of the 
approximate waiting time for the next shuttle bus. The way the 
system works is by plotting virtual points for each route the bus 
travels and upon travelling through the virtual point, one minute 
is reduced from the arrival time until the bus reaches the stop. [9] 
Thus, the accuracy of IBITS is highly limited by traffic conditions 
as it assumes smooth traffic and the wireless network 
connectivity. As it is unable to take into account current road 
conditions, it may explain for the unsynchronized timings 
displayed on the board and the actual bus arrival timings.

This endeavour aims to do the same thing by using the global 
navigation satellite system (GNSS) to track the location of buses 
and display the related information on digitized signage at bus 
stops. CITIUS also aims to add on to the plethora of traffic-related 
information already available on signage, including providing 
information of nearby bus stops and facilities, and updates on the 
current road situation around the area.

2.3 Buses

2.3.1 Irregular frequency
There is an average of 1 internal shuttle bus trip per 1.5 minutes, 
taking into account all the buses that move around NUS. The 
average time for a bus to arrive at peak hour is 5-8 minutes.

However, especially during peak hours, the buses usually come in 
bulk and at irregular timings, perhaps due to the large number of 
students boarding and alighting the bus, and traffic congestion.

2.3.2 Design
Currently, the buses that are employed in NUS are generally older 
coach buses. Such buses are slower and less comfortable than 
newer buses such as those used for normal commuting.

The buses in NUS usually have steps at the entrance and exits
which increases the amount of time needed for students to alight 
and board the bus. Such buses are also not friendly to the disabled 
and are generally less safe as compared to low-floor buses that are 
utilized by public buses in Singapore.

2.3.3 Inconvenience travelling without shuttle buses
The inconvenience generally stems from the long duration it takes 
to travel to and fro different faculties and areas within the school 
compound.

E.g. it takes around 20 minutes to travel from NUS Business 
School to Ridge View Residences.

Figure 3. Time taken from NUS Business School to Ridge View
Residences

E.g. it takes around 20 minutes from Faculty of Science to 
University Town. [5]

Figure 4. Time taken from Faculty of Science to University 
Town

3. PROPOSED SOLUTIONS
3.1 Alternative transportation methods

3.1.1 Construction of a cable car system
One solution is the construction of a cable car system within 
NUS. Though it may seem like a radical mode of transport, cable 
cars are actually a very suitable mode of transport for urban areas. 
Urban cities such as Medellin, Algeria and Rio de Janeiro are 
already utilizing cable car systems as a viable form of mass transit.
Cable cars are not only environmentally friendly as they do not 
emit exhaust, they are also create less noise pollution, which is 
commonly found in buses and, do not contribute to traffic 
congestion as they do not run on roads.

There are mainly 2 types of cable car systems: Aerial Tramway 
and Gondolas. [4] The aerial tramway consists of two large cabins 
permanently attached to each leg of the pulling cable. It has 
additional cables, leading to stability in windy conditions and is 
able to run at a higher speed of up to 45km/h. Its capacity is 
almost the same as a standard bus. 

However, in urban conditions, the additional cables for stability 
are not necessary, thus gondolas are sufficient for a comfortable 
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and safe ride. Gondolas are able to run at a speed of up to 25 
km/h. [11] Furthermore, the gondola system’s capacity can go up 
to approximately that of small to medium sized tramways on rail 
tracks.

Figure 5. Capacity passenger per hour per direction (pphpd) 
of typical urban transport systems (CERTU / STRMG / 
CETE, 2011) 

The small gondolas offer seating for more passengers, and are 
easy to board and alight, even for mobility impaired travellers and 
the wheelchair bound. System performance is adaptable to service 
demand by modulating the travel speed and the number of cabins 
in circulation. [2] The infrastructure required for smaller cabins is 
also lighter, more flexible (including curves and intermediate 
stations) and less expensive. The costs for installation range from 
$3 million to $12 million per mile, depending on a city’s current 
infrastructure, whereas it costs about $400 million per mile to 
construct subterranean subways and about $36 million per mile to 
construct light rails systems. Additionally, it can be constructed 
and be made operationally ready in a short period of time.
Maintenance costs are much smaller than the individually 
motorised vehicles of bus rapid transit or light rail transit, and 
they potentially need fewer staff with personnel only required at 
each station rather than in each vehicle. [1]

Figure 6. Comparison of operating costs over the same route 
between modes (road-based modes and the ropeway)

The large number of gondolas offers continuous service, with up 
to several departures per minute and thus serves to minimise the 
waiting time required and therefore reduces the congestion 
caused.

Figure 7. Proposed cable car system

3.1.2 Construction of new routes
Another solution to consider is the drilling of a horizontal tunnel 
across the hill adjacent to Ridge View Residences, such that a 
direct pathway can be formed from University Hall to NUS 
Business School.

Figure 7. Proposed Tunnels between Lower Kent Ridge Road 
to Kent Ridge Road and from Kent Ridge Road to Research 
Link

The geology of Kent Ridge is generally sedimentary rocks, with 
Siltstone and Sandstone forming the general component of 
underground rock formations in Kent Ridge. These sedimentary 
rocks are generally hard, with Sandstone scoring a 6 to 7 on 
Moh’s scale of mineral hardness. [6] Therefore, tunneling would 
be a feasible alternative without much disturbance to the existing 
vegetation, as not as many reinforcement structures would be 
required as we would be tunneling through such hard rocks.

The tunnels would help to reduce the travelling distance for 
commuters, as they provide a more direct route to destinations 
that would have been considered distant with current 
transportation methods, such as the travelling distance between 

55 GEM1917 21/11/2014



NUS Business School to Kent Ridge MRT Station. Bus Routes 
can also be rerouted to ease the travelling burden on the single 
lane Lower Kent Ridge Road, thus facilitating a more efficient 
flow of traffic.

3.2 Improving current transportation 
methods

3.2.1 Improvement of IBITS
The NTU Internal Shuttle Bus website enables users to track the 
location and estimated timing of the next bus in real-time through 
a GPS-based system, showing how buses are currently moving 
about the campus. There is also general information regarding the 
shuttle buses, such as the full bus routes and bus stops. Since the 
interface is a single web page on which the bus routes are 
illustrated on the map of NTU itself, users are also able to check 
for facilities nearest to the bus stops. There is also a mobile 
application available for users to download the NTU Internal 
Shuttle Bus Map application on their phones for easy access. [8]

Figure 8. NTU Internal Shuttle Bus Service Map

Expanding on CITIUS, both the research currently being 
conducted, and the use of existing transportation information can 
be utilized to improve the existing shuttle bus service within 
campus. Other than improving the signage at various bus stops 
which may lead to an inundation of information, we can also 
create a website and applications which allow users to track the 
shuttle bus movements even when they are not physically present 
at the bus stop itself.

3.2.2 Improvement of bus designs
Changing existing coach buses to low-floor buses to increase the 
number of people it can contain and increase accessibility. 
Existing coach buses are able to hold about 70 passengers per bus 
[7] in contrast to low-floor buses, which are able to hold about 80 
passengers. [10]

4. CONCLUSION
Our team proposes a comprehensive approach to ensure that NUS 
is well-equipped in terms of transportation to meet the needs of 
the growing student population. By exploring alternative methods 
to get around in campus in a safe yet efficient manner, we hope to 
reduce the burden placed on the shuttle bus services in getting 
students around in campus. In addition, by looking at the flow 
rates of vehicles in and out of the “system” (which is the campus 
itself), we can predict places where congestion is most likely to 
occur through conducting primary research and smoothen the 
locomotion efficiencies at those areas before congestions even 
occur.

For starters, we would hope to conduct on-site surveys on our 
suggested solutions, and evaluate how we can further improve the 
current situation through the usage of case studies. As this has 
been a long-standing problem, we can look at what has been tried 
and tested, and improve upon these methods in order to provide a 
more efficient transportation system, thereby achieving 
infrastructural sustainability on campus.

5. LIMITATIONS

5.1 Costs outlay
The entire cable and entire fleet of gondolas attached must be 
mobilized for the first passenger, which results in high 
inefficiency. However, this also means that minimal energy is 
required for every additional passenger. Thus, at a reasonable 
occupancy rate, the gondola in fact becomes the most energy 
efficient transport system of all.

Similarly, a high fixed cost and low variable cost are incurred 
operationally: all staff required for running the system must be 
present for the first passenger, but no additional drivers are 
required as patronage rises. 

There is an inability to prevent costs outlay during extreme 
downtime for the transportation system.

The downtime mentioned focuses specifically on the running of 
Internal Shuttle Buses even during semester breaks, during which 
few students utilize the service. This leads to high cost with little 
returns as fuel and maintenance are required for the buses to run 
smoothly even during semester breaks.

5.2 Only serves to relieve, not solve, the 
problem
The solutions mentioned above will at best relieve the traffic 
congestion and does not fully prevent it from occurring, especially 
during peak periods.

This is especially in view of the exceptionally high human traffic 
that peaks between lessons. Therefore even though we are aware 
of the times at which human traffic increases, we are at present, 
unable to come up with a solution that is able to fully solve and 
prevent congestion occurring in the short term.

In the long term, however, reconfiguration of the campus may be 
done to increase both transportation efficiency and sustainability.

5.3 Time wastage
There is time wasted during the transition from one mode of 
transportation to another, and at present moment, we are unable to 
relieve the issue. 

In order for transportation to be sustainable, maximum efficiency 
should also be ensured by minimizing the time taken to transfer 
from one mode of transport to another, e.g. from the train to the 
shuttle bus. However, this was not within our scope of research, 
hence the problem was not addressed.
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ABSTRACT 

This paper introduces the current situation of coral reef population 
in Singapore. An analysis and assessment of the situation will be 
provided, together with current and possible solutions to ensure 
the sustainability of coral reefs in Singapore. 
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1. INTRODUCTION 

Coral reefs are beautiful structures formed over long periods of 
time by small animals known as corals. They supply food and 
provide shelter to an incredible diversity of marine life forms. 
Latest estimates suggest coral reefs provide close to US$30 billion 
each year in goods and services, such as contribution to the 
fishery and tourism industries. The power of waves during storms, 
hurricanes, typhoons are mostly abated by coral reefs, preventing 
coastal erosion, flooding and loss of property on the shore; 
billions of dollars of annual saving can be made in terms of 
reduced insurance and reconstruction costs for coastal defences. 
[1] 

In today’s world, approximately 500 million people worldwide 
depend upon coral reefs, with 30 million being virtually totally 
dependent on them. [2] Singapore itself is situated next to the 
Coral Triangle, a roughly triangular geographical region of marine 
waters that hosts nearly 30% of the world’s reefs. There are 600 
different species of corals and over 2000 different types of reef 
fish. Currently, coral reefs worldwide are experiencing a severe 
decline caused by natural and harmful human activities; Singapore 
reefs are no exception. 

2. CURRENT ISSUES 

Despite the capacity of coral reefs to do so many things, they are 
very fragile and need our protection. 

Degradation of coral reefs are caused by many factors, namely: 
increasing temperatures, oceanic acidification, blast fishing, 
cyanide fishing for aquarium fish, sunscreen use, overuse of reef 
resources, marine ornamental trade and harmful land-use practices 
including urban and agricultural runoff and water pollution which 
harm reefs by encouraging algal growth. 

However, in Singapore, the main cause of coral reefs degradation 
is sedimentation. Land reclamation, dredging of shipping channels 
and dumping of earth spoils have resulted in an increase in 
sedimentation and sediment load in the coastal areas. This is 
evident along the southwest coast of the mainland and on some of 
the southern offshore islands. Increased sedimentation 
has affected the remaining reefs in two ways: 

• causing a slow but steady reduction in live coral cover 
• reducing the lower depth limit of coral growth on reef slopes. 

Other factors also contribute to the mix of local threats, including 
accidental oil spillage and recreational related damage. Oil spills 
could potentially blanket sea waters and accumulate, 
contaminating reef flats. Recreational and tourist-related activities 
could also leave a trail of broken corals, as inexperienced divers 
may not have proper buoyancy control and may physically 
damage the corals. 

3. ISSUE ANALYSIS 

3.1 Analysis 

To date, Singapore has lost up to 65% of live coral coverage and 
much of its natural shoreline due to land reclamation and coastal 
development. Reef flats of many islands (inter alia, Pulau Sudong, 
Pulau Hantu and Kusu Island) were reclaimed right up to the reef 
slope, while others were severely affected by the resulting 
increase in water turbidity. In June 1998, 50-90% of all reef 
organisms in Singapore were affected, particularly the hard corals, 
soft corals and anemones. A study of the stressed colonies during 
this period showed that 10 out of 35 colonies died. Other side 
effects were growth of turf algae and silt accumulation, leading to 
partial mortality. Again, in 2010, coral bleaching in the Coral 
Triangle caused the large population decline of corals across 
many countries, including Singapore: 80% decrease for acropora 
and 50% for other coral species between May and October in the 
same year. 

The most significant cause of reef degradation in Singapore is 
sedimentation. Land reclamation, dredging of shipping channels 
and dumping of earth spoils have increased sediment load; this 
affects reefs by causing a slow but steady reduction in live coral 
cover and reducing the lower depth limit of coral growth on reef 
slopes. 
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3.2 Potential Consequences 

• Percentage decrease in coral reefs over the years leads to 
habitat loss of other marine life since corals support a vast 
diversity of life: “If anything happens to the waters here, 
potentially six of the seven turtle species which rely on the 
Coral triangle will be wiped out.” said WWF Singapore 
director of corporate engagement, Carine Seror [3] 

• Loss of the benefits of coral reefs 
o Coastal protection 
o Source of medical advances 

• Loss of Singapore’s biodiversity, species that are reliant on 
coral reefs 

• Negative impact on local fishing industries [4] 
• Negative impact on regional tourism industries 

3.3 Evaluation 

As a city-state on a small island with limited land space, 
Singapore needs to acquire more land for development, and one of 
the ways it does so is through land reclamation. However, this 
adversely affects the health of the marine ecosystems surrounding 
the perimeter of the island in ways aforementioned. Constant 
expansion and land reclamation affects the sustainability of 
marine life, especially corals, which calls for the need of 
alternative solutions to meet both goals in a mutualistic manner. 

4. CURRENT EFFORTS IN SINGAPORE 

4.1 Transplantation of Corals 

Corals can be relocated from areas primed for land reclamation 
for continuity. The Reef Rescue Project, initiated by the Marine 
Conservation Group (MCG) of the Nature Society of Singapore 
(NSS), relocates corals and some reef organisms from reefs 
earmarked for reclamation and development. [5] 

Coral nurseries act as reserves, or ‘genetic repositories’ that 
preserve the diversity of reefs. Comprising in situ (sited in water) 
and ex situ (sited on land) versions, nurseries serve to protect 
coral propagules in a sheltered environment until they reach a 
suitable size. 
Corals of opportunity (COP), commonly found on Singapore’s 
reefs, are naturally occurring fragments or corals which have 
recruited on loose rubble and were damaged by some impact. 
They have a low chance of surviving in an environment of high 
sedimentation and low substrate consolidation, however, they are 
able to function as a suitable source of coral material for stocking 
nurseries. [6] 

In 2007, The National Parks Board (NParks) and its partners 
Keppel Group, National University of Singapore and National 
Environment Agency, launched the first coral nursery in 
Singapore at a site off Pulau Semakau. It was a two-year project 
that aims to grow as many hard coral fragments as possible. It 
makes use of COP and when grown to a sufficient size, the corals 
would be transplanted to coral reefs off the southern coast of 
Singapore to enhance the ecological health of these coral reef 
habitats. [7] 

Furthermore, a marine park will be set up at Sister’s Island by the 
National Parks Board. It aims to give Singaporeans a first-hand 
experience on Singapore’s rich biodiversity that is often 

submerged underwater.  Research activities at the Marine Park 
will also expand our knowledge and understanding of Singapore’s 
existing marine habitats and biodiversity. Marine scientists and 
researchers can look forward to more opportunities to conduct a 
wide range of in-depth studies and regular monitoring on 
Singapore’s marine environment. Restoration activities including 
nurseries for iconic marine organisms are also part of the 
enhancement efforts to be carried out at the Marine Park. One of 
the species which will benefit is the Neptune’s Cup Sponge 
(Cliona patera), thought to be globally extinct for more than 100 
years until it was rediscovered off Singapore’s coast in 2011. 

4.2 Optimising Methods to rear Scleractinian 
Larvae [8] 

Due to its relative ease and perceived low cost, transplantation of 
asexual coral fragments has become the most common approach 
used in the biological restoration of coral reefs. However, it can 
result in collateral damage to the donor colonies and potentially 
reduce the genetic integrity of transplanted populations. 

On the other hand, sexual propagation of scleractinian corals 
involves the collection of gametes from gravid coral colonies 
during the spawning period and the subsequent maintenance of 
the larval culture ex situ. 

A study was carried out to optimize the technique for coral larvae 
rearing in Singapore to help restore reefs by examining: 

1. the ex situ spawning timing and duration of two species of 
scleractinian corals: Acropora hyacinthus and Pectinia lactuca, 

2. the embryonic development and settlement competency 
periods of the coral larvae 

3. the post-transplantation survivorship of the donor colonies. 

The study concludes that large-scale coral larvae rearing is 
technically feasible in Singapore. 

4.3 Construction of Artificial Structures 

Artificial Reefs (The Seacil Project, 2006) 

The seacil is the centrepiece of an artificial reef project by the 
Singapore Maritime Academy at Singapore Polytechnic, led by 
manager Captain Frederick Francis. The brainchild of marine 
consultant Charles Rowe, it refers to structures built out of 
concrete and PVC pipes, which are then installed in deeper waters 
to allow organisms such as corals and sponges to colonize and 
enrich the local marine biodiversity. Corals which are threatened 
by development can also be saved by being relocated and grafted 
onto the seacil, where they may continue to survive and 
propagate. [9] 

4.4 Other Conservation Activities 

Apart from the aforementioned conservation methods, others 
include: 

• Installation of mooring buoys at Pulau Hantu to discourage 
use of anchors, initiated by the Singapore Environmental 
Council 

• Marine clean-up programmes, which involve mobilising 
volunteer divers and snorkelers to clean up the sea bed 

• Educational Programmes 
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• Community efforts: approximately 3,500 volunteers work to 
provide guided walks, guided dives as well as conduct regular 
monitoring of sea grasses and reefs and to clean up and collect 
data on marine debris on our shores. There is also a growing 
number of Singaporeans who blog and share photos and 
stories of their education and conservation work. Even larger 
numbers of Singaporeans, residents and visitors (estimated at 
around 100,000 annually) join these walks to view our shores 
and reefs. 

4.5 Cost-Benefit Analysis 

Conservation 
Effort 

Benefit Cost 

Transplantation 
of Corals 

Coral Nurseries 

• Raises the chances 
of coral propagule 
survival before they 
are used to 
supplement 
transplantation on 
degraded reefs. 
Gives the COP a 
fighting chance to 
survive 

Transplanting Asexual 
Coral Fragments 

• Relatively easy and 
not costly 

Optimising Methods to 
rear Scleractinian 
Larvae 

• Enhances the 
genetic variability of 
the transplanted 
population. Due to 
the very high 
fecundity of corals, 
it has the potential 
to be applied for 
large-scale 
restoration work 

Transplanting 
Asexual Coral 
Fragments 

• Collateral 
damage to the 
donor colonies 
and potentially 
reduces the 
genetic integrity 
of transplanted 
populations 

Optimising 
Methods to rear 
Scleractinian 
Larvae 

• Post-settlement 
survivorship of 
the coral spats 
need to be 
improved 

• Techniques used 
are not cost-
effective 

Artificial 
Structures 

Artificial Seawalls 

• Offers coastal 
protection 

• Suitable Surface for 
coral growth as well 
as other organisms 
such as mangroves 

Artificial Reefs 

• Project Seacil in 
2006 is relatively 
easy and not costly 

• Suitable Surface for 
coral growth as well 
as other organisms 
such as man 

Artificial Seawalls 

• Costly 
• Prone to erosion 

over time by 
water dynamics, 
hence high 
maintenance 
cost 

Artificial Reefs 

• Potential 
damage to sea 
grasses and 
corals in the 
intertidal zone 
due to 
disintegrating 
structures, 

leaving PVC 
pipes and 
concrete slabs 
on the shore 

 

Installation of 
Mooring Buoys 

• Corals are protected 
as boats and ships 
are safely anchored 
away from their 
habitats 

• Better than 
traditional anchors 
as they tend to dig 
and uproot corals 
that lie deep under 
the water’s surface 

 

Marine Clean-
up 

• Removing trash 
from the water 
clears it and makes 
the waters cleaner, 
providing a better 
environment for 
coral growth 

• Very slow and 
strenuous as it 
requires 
manpower 

• Incurs labour 
and training 
costs 

Educational 
Programmes 

Perennial solution: 

• Involves younger 
generations in the 
efforts to conserve 
coral reefs 

• Reaches out to a 
wider audience to 
raise awareness of 
the importance of 
coral conservation 

• Blunt method 
without a 
targeted 
audience 

• Requires a long 
time to take 
effect, hence 
many feel it’s 
useless since 
potential cost is 
involved 

• Dependent on 
emotional 
connections 

 

Most of the solutions evaluated have multiple flaws, including 
heavy costs and scientific disadvantages. In the subsequent 
section, alternative solutions with prior research will be presented 
to supplement and complement the existing solutions. 

5. OUR PROPOSED SOLUTIONS 

5.1 Rain gardens 

Rain gardens are a low technological method that can be quick 
and easy to implement. It is basically a landscaped area that 
absorbs rain water runoff from impervious surfaces (including 
compacted lawns), replenishing ground water along the way. 
Other than being aesthetically pleasing, these gardens allow this 
water to soak into the ground, averting issues of soil erosion, and 
plants help to filter sediments and pollutants. Furthermore, these 
plants could attract butterflies, birds and bees. Melbourne’s water 
department, Melbourne Water, decided to go the way of building 
rain gardens, encouraging residents to do the same. Today, they 
have 10,144 registered rain gardens from their campaigning 
efforts. Rain gardens can intercept and filter polluted storm water 
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runoff before it reaches the reef in coastal areas, thereby 
improving water quality and enabling corals to grow. 

The few areas where rain gardens could potentially be designated 
are: Gardens by the Bay, private estates, condominiums and 
commercial buildings. This would increase the number of green 
spaces around Singapore, as well as make use of existing green 
spaces to perform more functions. 

5.2 Coral Reef Watch 

The National Oceanic and Atmospheric Administration’s 
(NOAA) Coral Reef Watch Program (CRW) uses satellite sea 
surface temperature data to alert managers and scientists around 
the world of the risk of coral bleaching. CRW has also recently 
developed a new system, which uses NOAA experimental sea 
surface temperature forecasts to predict coral bleaching events. 
The prediction system uses forecast models to develop bleaching 
outlooks up to three months in advance. To continue addressing 
the threat of coral bleaching, reef managers are provided with 
tools to understand climate change and coral bleaching and 
information about how to take action in response to alerts of 
potential bleaching conditions. [10] 
Singapore’s climate is also becoming more unpredictable. CRW 
can also be implemented in a similar fashion in Singapore to 
monitor the reefs around the shores; this measure would be an 
important leap forward in the long run to sustain coral reefs, as it 
endows us with the capacity to forecast possible bleaching events 
and develop solutions to stop them before they occur. 

6. Project Value 

For Singapore, development is about being sustainable, achieving 
it and yet minimising its impact on resources and the 
environmental quality; development today should not come at the 
expense of quality of living for current and future generations to 
come. As such, in alignment with Singapore’s policy of 
sustainable development [11], coral reefs, which form a large part 
of Singapore’s marine life, should be conserved. These natural 
wonders form a large part of nature and have been living in our 
coasts for a long time; our development footprints have affected 
and altered up to 90% of our coastlines hitherto, irresponsibly 
threatening their lives and the lives of the species that they shelter 
and protect. Singapore should be developing responsibly while 
not harming the natural environment; instead, it should grow 
together with nature by finding alternative solutions for 
mutualism. 

By sustaining coral reefs, the integrity of Singapore’s marine 
biodiversity is also preserved.  Singapore reefs sustain a large 
diversity of other marine organisms too, such as gorgonians and 
nudibranchs. In 2011, 111 reef fish species from 30 families were 
also recorded. Most reef fishes add vibrancy to the reef and 
contribute to the coral’s ecosystem. Some of the reef fishes 
thriving in Singapore reefs include the damselfishes (Family 
Pomacentridae), wrasses (Family Labridae) and the vermiculated 
angelfish (Chaetodontoplus mesoleucus) [12]. Thus, it is crucial 
for us to conserve coral reefs to ensure the survival of these 
species for future generations. 
 
Reef fishes are of significant socioeconomic importance as food 
and sustenance, and this is particularly so in Singapore due to its 
severe lack of natural resources. The Live Reef Food Fish Trade 
involves the capture of reef fish which are kept alive for sale and 

consumption, and this market extends to Singapore. Live fish 
have long been traded around Southeast Asia as a luxury food 
item, but in recent decades, trade in fish captured on coral reefs 
has expanded rapidly [13]. In Southeast Asia, Singapore alone 
consumes 500 tons of live coral fish a year(ibid) [14]. Some of the 
live reef food fish include the groupers (Family Serranidae), 
snappers (Family Lutjanidae), scads and trevallies (Family 
Carangidae). Sustenance of coral reefs is therefore an important 
act that could result in significant contributions to our economy 
and society. They are our asset, feeding us and generating our 
income, so it should not be taken for granted and left to perish. 
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ABSTRACT 
Our project looks at the social aspect of sustainability in the 

fashion industry. It aims to reduce the cradle-to-grave energy 

wastage through fashion in order to build more sustainable 

businesses. This project focuses on slowing down consumers’ 

demand of new fashion styles, effectively transitioning from the 

notion of fast to slow fashion - its eco-friendly counterpart. Our 

proposed solution is to raise awareness about the benefits of fast 

fashion and provide consumers with an alternative solution in 

their fashion choices. This will be done through the 

implementation of a centralized website for the sale of apparel 

made from sustainable resources, to promote ease of accessibility 

to eco-friendly clothing. 

 

KEYWORDS 

Fast fashion, slow fashion, sustainable businesses, social change, 

centralized online platform, energy wastage 

 

1. INTRODUCTION 
Due to the rising standards of urban living, there is a surge in 

demand for a diverse range of clothing styles to promote aesthetic 

beauty. Each season of fashion kicks the previous collection to the 

curb. In a bid to meet customer demands, retail suppliers are 

likely to overestimate the amount of supply they need. Those left 

unsold at the end of the season are discarded instead of being 

donated in order to uphold the company’s branding standards 

(Chalupa, 2010).  
 

In the manufacturing process, natural resources remain at the 

bottom of the supply chain, followed by a number of factory 

production processes, involving manual and mechanical labour. 

These different sources and forms of energy are used to do work. 

Hence, there is a indirectly proportional relationship between 

product and energy wastage and eco-friendliness. Whenever such 

apparel is being destroyed either due to oversupply or failing 

quality control tests, energy goes to waste. 

 

2. SLOW FASHION VS FAST FASHION 

2.1 Fast Fashion 
Fast fashion refers to a rapid change in fashion trends on the 

catwalk defined by luxury couture houses (Bowman, Debray & 

Peterson, 1993). In order to keep up with the pace of the fashion 

industry, clothing are mass-produced. Without consideration for 

harvest seasons and human rights, synthetic materials are used and 

human workers exploited to ensure that garments are created 

within a short time span.  Compared to the past when there were 

only 2 fashion seasons, there are now 52 “micro-seasons” per 

year. Items from each new trend are manufactured quickly and 

cheaply by retailers to allow consumers to take advantage of 

current clothing styles at lower prices and keep up with the ever-

changing trends (Shannon, 2014).  

 

2.2 Impact of Fast Fashion on the 

Environment 
Fast-fashion retailers, such as H&M, Forever21 and Zara operate 

on a business model of low quality and high volume (Annamma, 

John & Alladi, 2012). Therefore, the clothing are generally not 

made to last and often quickly ends up in landfills (National 

Environment Agency, 2013). As seen from Table 1, textile and 

leather wastes disposed in 2013 amounted to 140,300 tonnes with 

only a recycling rate of 10%. 
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Table 1. Statistics of Singapore’s waste and recycling rate in 2013 

(National Environment Agency, 2013) 

 

As most of the clothing today are made of synthetic, petroleum-

based fibres, it will take decades before these clothing decompose 

(Deborah, 2013). In addition, with the booming fast fashion 

industry, the mass release of chemical treatment waste has caused 

numerous environmental problems. Water quality has been 

plummeted after the release of more than 2000 types of chemicals 

into oceans, and the release of harmful gases such as combustor 

flue gases and free gaseous chlorine have caused major air 

pollution (Kuo, Hsu, Huang & Gong, 2013). The mass production 

of these apparels also requires large amounts of energy throughout 

their manufacturing process, thus requiring higher consumption of 

fossil fuels. 

 

2.3 Slow fashion 
The aims of the slow fashion social movement are to educate, 

inspire and influence change in the fashion industry by 

encouraging consumers to make more conscious consumption 

decisions and reduce their rates of purchase. With a longer cradle-

to-cradle or cradle-to-grave period, slow fashion helps to slow 

down energy and material consumption and gives Mother Earth 

more time to regenerate the raw materials used in the production 

of the apparel. There is a salient need for consumers to realise the 

redundancy of buying fashion items from new trends every other 

week, and to stop themselves from being drawn into the world of 

excessive consumerism. Slow fashion also includes making 

decisions on clothing through quality and not quantity. In the 

fashion perspective, slow fashion eases the pace of fashion 

towards a homogenous fashion culture. By promoting the slow 

fashion lifestyle, we aim to cultivate a systems-thinking approach 

and educate consumers about the negative impacts of fast fashion 

on the environment. 

 

3. PROPOSED SOLUTION 

3.1 Concept 
We plan to set up a webpage that will serve as a centralized 

platform for the sale of sustainable apparel from eco-friendly local 

start-ups and similar companies from the region. As there is only a 

handful of green retailers in Singapore, we hope that hosting all 

these green companies on a single platform will help consumers to 

find what they are looking for, from more sustainable sources. 

Moreover, as products from eco-friendly companies are often of a 

higher quality, they would be more durable. Thus, consumers do 

not have to constantly replace items in their wardrobe, adverting 

unnecessary wastage. By providing convenience to consumers, we 

hope that their transition from buying from fast fashion retailers to 

slow fashion retailers would be easier. 

 

3.2 Stakeholders 
We are targeting local organizations and primarily small-medium 

enterprises. Smaller enterprises may be more willing to participate 

as the website can garner them much-needed publicity. 

Furthermore, the common customer base will help companies to 

expand their own customer bases, leading to higher profits for 

them. 
  

3.3 Pre-execution plan 
We will contact various local start-ups and SMEs to invite them to 

participate in our project. To gauge the feasibility and response of 

consumers to our project, a prototype would be a flea-market 

comprising interested green companies in a prominent area (e.g. 

Orchard road) before the actual implementation of our website. 

This will also expose them to eco-friendly fashion retailers 

available in Singapore. In the flea-market, we will set up a booth 

and approach consumers to tell them about slow fashion. We will 

also devise creative and head turning ideas to attract the public to 

the flea-market event. 

 

3.4 Website Design 
To add to the convenience of consumers, the website will have 

two categories. They can either shop by retailer or by the type of 

items that they are looking for. (e.g. shirt, dress, shoes, etc.) They 

can then choose the item of their liking and deposit them in the 

virtual cart before proceeding to check-out. We will provide a 

variety of payment methods such as cash on delivery, Nets, Visa, 

MasterCard, and PayPal.   

The order will be sent directly to the company where they will 

themselves mail the items to the customers. 

 

4. VISION 
Through the website, we hope to eventually influence consumers 

to change their unsustainable practices. Clothing which is no 

longer in fashion can still be discerningly styled to flatter. Slow 

fashion may be slightly pricier, but quality apparel which we are 

pushing for is free of chemicals, and most of these garments last 

longer. Hence, these options are a good way to save money and 

time, increasing productivity and hence ensuring sustainability. 
 

In time to come, we anticipate that the positive public feedback 

will immensely encourage suppliers to maintain sustainable 

business practices. 
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5. QUANTIFYING SUCCESS 
With the execution of this project, we hope to raise awareness 

about the impact of high consumption of products from the fast 

fashion industry on the environment. The success of this project 

can be measured by the number of viewers on our website. 

Besides, if the companies allow us to do so, we will compare the 

differences in their monthly profits after their participation in our 

project. Lastly, the number of pieces of clothing, the sales of 

which we mediate, also directly reflects how well received this 

idea is by the online community. Another thing worth considering 

is the age range of our patrons, and this can be done by tabulating 

the birth dates of our members after they register for an account. 

This information will be useful for us to adjust our marketing and 

publicising strategy according to the age groups involved.  

 

6. LIMITATIONS AND FUTURE GOALS 
At the genesis of our project, we will only be focusing on 

environmentally and socially responsible companies. We hope 

that the success of our project will provide attractive, empirical 

evidence of the potential benefits their companies will reap 

through a transition to sustainable practices. This aligns with our 

aforementioned goals to expand our clientele to fast-fashion 

companies. 
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ABSTRACT 
By the end of the century, the global population is expected to 
double, placing far greater demands on the available land space in 
terms of urban development and the production of energy. This 
effect can be observed on a smaller scale in Singapore, where the 
population is projected to increase from 5.26million to 6.9million 
in the year 2030, Industrial/Commercial and Defence facilities are 
projected to occupy up to 17-19% of the utilizable gross land area 
in 2050, up from the current 13% in 2014. Singapore is also 
relying heavily (95%) on a non-renewable source of energy - gas. 
This clearly highlights an important factor in the future 
urbanization of Singapore - the sustainability of both land usage 
and energy sources. 
 
For the proposed Sustainability of Land Use solutions, experts in 
the field of urban development have pioneered a paradigm shift in 
the utilization of space - Mixed-use Buildings. The main idea 
behind this theory is to capitalize on the vertical and time-based 
dimensions. Another potential solution that has been studied is 
the construction of underground facilities. 
 
In the Sustainability of Energy Consumption, sustainable 
renewable energy technologies are explored, namely solar cells, 
piezoelectric technology and the usage of the HVAC & Building 
insulation model. 
 
Key words: Sustainability, energy, mixed land use and vertical 
and time based dimensions, underground.  
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1. Introduction 
By the end of the century, the global population is expected to 
double, placing far greater demands on the available land space in 
terms of urban development and the production of energy. This 
effect can be observed on a smaller scale in Singapore, where the 
population is projected to increase from 5.26million to 6.9million 
in the year 2030, Industrial/Commercial and Defence facilities are 
projected to occupy up to 17-19% of the utilizable gross land area 
in 2050, up from the current 13% in 2014. Singapore is also 
relying heavily (95%) on a non-renewable source of energy - gas. 
This clearly highlights an important factor in the future 
urbanization of Singapore - the sustainability of both land usage 
and energy sources. 
 
Singapore's urban landscape has undergone much changes in the 
recent decades since Independence. In the 1960s, Singapore was a 
crowded harbour with poor sanitations, and a shortage of housing 
and infrastructure. Today, the city centre is a bustling business 
and financial hub, with a vibrant influx of culture and space for 
all. 
 
However, none of this occurred by chance. Singapore's unique 
circumstances and land limitations demand comprehensive and 
long-term planning. Although the decreasing birth rate is a 
concern, the lifespan of an average person has increased much and 
this calls for more land space in the future. With a land area this 
small, land planning is crucial in order to sustain growth and 
development in the years to come. 
 
For the proposed Sustainability of Land Use solutions, experts in 
the field of urban development have pioneered a paradigm shift in 
the utilization of space - Mixed-use Buildings. The main idea 
behind this theory is to capitalize on the vertical and time-based 
dimensions of Mixed-use Development. Coupled with a high 
Gross Plot Ratio, this presents a viable solution for the Land 
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Sustainability of urban developments by consolidating businesses 
and other facilities into skyscrapers. 
 
Another potential solution that has been studied is the 
construction of underground facilities. The exploitation of the 3-
Dimensional landscape of land scarce Singapore in the form of 
underground constructions add another utilizable dimension to the 
sustainability of Land Development. 
 
In the Sustainability of Energy Consumption, there is also a 
global trend of the adoption of renewable energy sources to wean 
developed countries off the over-reliance on fossil fuels, and this 
is relevant in the case of Singapore, where 95% of energy is 
derived from gas. In this paper, sustainable renewable energy 
technologies are explored, namely solar cells, piezoelectric 
technology and the usage of the HVAC & Building insulation 
model. 

2. Sustainability of Land Use 
In land scarce Singapore, Industrial/Commercial facilities are 
projected to occupy up to 17% of the utilizable gross land area in 
2050, up from the current 13% in 2014. Coupled with a 
burgeoning population slated to hit 6.9million in 2030, solutions 
to the Sustainable Usage of land space has become an imperative. 
 

In a land scarce Singapore, there has to be a trade off or a balance 
among many other priorities. We understand that economic 
development can hinder the process of being sustainable. 
 
There are limitations of the mixed-use development where we 
need to take into considerations. Since the idea has not been 
widely practised in the industries, there might be lack of 
developmental knowledge for integrating different functions into 
one building. Also, due to the higher complexity involved in the 
mix-use development, both the market and the government 
perceive it has a greater risk involved.  

2.1 Mixed-Use Building 
 

 
From a spatial and time perspective of the functions for housing 
and working, a mixed-use building model can created in four 
dimensions: (I) the shared premise dimension, (II) the horizontal 
dimension, (III) the vertical dimension and (IV) the time 
dimension1 ( Hoppenbrouwer, E., & Louw, E. 2005). 
 
By studying potential mixed-use of buildings in type III and type 
IV utilizations, we could make improvement on efficiency of 
urban land usage, thus contributing to the sustainable urban 
development. 
The Vertical Mixed-use building is essentially a multi-function 
tall building occupying a small plot area that optimizes space use 
in the central areas2 (Kim, H., 2004). The first such mixed-use 
development appeared in the 1960s where the Marina City was 
built and dubbed as ‘the City in the City’3 (Marjanovic & Ruedi 
Ray, 2010). The mixed-use building achieves the objective of 
sustainable land development by housing various facilities in a 
vertical column, thereby reducing the usage of ground level 
building space and thus creating free land space for other 
developments. By creating more usable space on site, Singapore is 
able to accommodate further developments and keep up with the 
rate of urban development. 
 
By incorporating various facilities vertical mixed-use building 
plan offers unprecedented benefits in sustainable urban land 
development in a land scarce, high population density country like 
Singapore. As a mixed-use building can realize a high Gross Plot 
Ratio/Floor-to-Area Ratio (GPR/FAR), whereby (GPR/FAR) is 
calculated by dividing the gross floor area (sq ft) by the gross site 
area (sq ft). In the Singaporean CDB District, the GPR values 
range from ~2.8 to ~12.6+(280m building), while in mixed-use 
building examples highlighted in a paper published by the Illinois 
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Institute of Technology, the “most [mixed-use] buildings surveyed 
are in range of 20 to 30 of FAR[GPR]”. 
 
This clearly highlights the potential realization of land use 
sustainability by incorporating various facilities and business 
sectors into one structure which is able to reduce the gross site 
area used with a potentially high GPR. 
 
The Time Dimension Mixed-use concept is based on the 
exploitation of underutilized facilities outside of their usual 
operating hours by other businesses and activities, e.g. utilization 
of offices after the 0900-1700hrs period. This reduces the spatial 
requirements to house certain businesses and activities separately 
on other plots of land. This has been used in the case of co-
working office and night vegetable market to add value to existing 
space.  
 
There are also additional benefits to mixed-use buildings over 
conventional single-function buildings. Due to close proximity of 
various functions required, there is less need of travelling and thus 
reduces the pressure on the urban traffic system and space for 
parking 4( Hoppenbrouwer, E., & Louw, E. 2005). In addition, 
with spatial differentiation, mix in functions within the cluster can 
add on to urban diversity and vitality. All these would help to 
make city development more compact and thus sustainable. 
 
2.2 Examples 
 
A. Vertical 
In reference to our project in making the building sustainable, we 
can look into some of the existing projects as a guideline. These 
examples can be a source of inspiration and enable us to learn 
how to operate the building more efficiently 
 
2 West Masterplan: A New Paradigm in Urban Planning 
 
It is a project done by JTC Singapore. With total land space of 
730 square-kilometers, and projected population of 6.9million, the 
demand for land is increasingly tough. To maximise land space, 
the conceptual master plan aiming to intensify land use, to 
enhance the connectivity, liveability and vibrancy of the West has 
just been approved. This development will transform the 700 
hectare site consisting of CleanTech Park, Nanyang Technological 
University (NTU), Wenya Industrial Estate and part of Tengah 
New Town into a mixed use development with a closer 
collaboration of work-live-play-learn environment. Nevertheless, 
we shall abstract the ideas related to vertical mixed use only.5 

 
By using the high-density and compact planning strategies, 2 
West aims to reduce urban sprawl and creating efficient land-use. 
There are shared facilities in this campus that will cater to 
industrial buildings, business parks, offices, retail shops, 
residential homes, recreational facilities, communal amenities and 
NTU. The different levels in the E Deck will start off with Hub 
parking (underground parking), to retail shops, to commercial 
offices or residences at the higher levels. 6 

 
As this addresses the issue of efficient land use in the land scarce 
Singapore, the 2 West plan is seen as a new paradigm shift in the 
development of urban planning. As vertical mixed land saves 
much land in an efficient way, it is a sustainable model that we 
can consider.  
 
Langham Place in Mongkok, Hong Kong 

 
The geography of Singapore and Hong Kong are similar as they 
both have high urban density and face challenges of land scarcity. 
Hence, we have looked into the Langham Place in Mongkok, 
Hong Kong as a case study as it would be more relevant to 
Singapore.  
 
Langham Place is comprised of a 42-storey hotel, a 15-level 
shopping and entertainment centre with more than 300 shops and 
restaurants, a major movie complex and a 59-storey office tower 
that is now Kowloon’s tallest building. The hotel is on one side 
and the commercial elements are on the other side. They are 
connected via two overhead walkways.7 (Wang, 2004) 
 
The place is also connected to the Mongkok Station of the MTR 
through an underground passage. This has made transportation 
easily available to and from the tower. Connection provisions in 
the development have been provided in the design in order to 
enhance the flow between the two sites. A 2-way traffic vehicular 
tunnel is constructed to link up the two basements which both 
served for car parking purpose.8 (Wong, 2004) 
 
An innovative circulation system to facilitate pedestrian 
movement is shown in the shopping mall component of the 
building which is the “expresscalators”9 which direct the people 
towards the top of the building. Attractions at the top of the 
shopping mall also help to encourage the people to ascent to the 
top. 
 
The Langham Place has been a landmark project in Hong Kong 
and there are definitely aspects can be applied in the context of 
Singapore where we have similar needs in maximising land space. 
Using this, we can learn how they operate the building efficiently 
and facilitate movement of people within the buildings. 
 

B) Time-Based 
 
Start up-Office and Night Vegetable Market 
In recent years, there is greater awareness of making better usage 
of space in the time dimension; utilise a particular space for a 
different purpose when it is left vacant during a particular time 
period. Singapore is notorious for its high commercial rental rates, 
this can be a great part of cost for many businesses, especially the 
start-ups that have very tight financial resources. Through the co-
working office model, the offices can be used on a demand basis; 
entrepreneurs pay as they use. With the time factor taken into 
consideration, such co-working is capable of facilitating more 
business activities compared to traditional owned office 10 (The 
Straits Times 2013, 23 June). In Singapore, co-working places 
such as The Co and Collective Works has gain great popularity 
among the young entrepreneurs. 
 
A similar application is the transformation of a road in Toa Payoh 
East into a night vegetable market after 10pm where residents and 
business owners can make bulk purchase at a cheaper wholesales 
prices 11(The Straits Times, 2013, Apr 4, The Straits Times). Such 
night markets have added to the vibrancy of Singapore without 
having to demand extra space dedicate specially for such 
purposes. This enables city the to include more functions to 
provide its dwellers with more convenience without having to 
compromise on sustainable land usage. 
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3. Creating Space 
In managing land scarcity and the sustainability of urban 
development, the obvious solution would be utilizable space 
creation in the form of utilizable gross floor area. There are two 
schools of thought - the construction of underground facilities 
and the conception of super high-rise buildings. 
 

3.1 Underground Facilities 
With urban surface-subsurface 3D compact development, urban 
land will be used in a more efficient way, avoiding unlimited 
urban expansion and allowing land to be used sustainably for the 
increasing population. To revitalize urban center by creating more 
open areas and reducing congestion, deep ground dimension can 
be explored. More floor space area may be regained without 
occupying the whole surface and obstructing the sky 
view.

 
 
Singapore currently uses underground space to accommodate 
shopping malls, train networks, new highways, civil defence 
shelters, pedestrian links, and storage for ammunition and oil. 
Shifting facilities such the armoury for storing bombs, missiles 
and bullets underground has helped free up 300 hectares (740 
acres) in Singapore alone.12 

 
3.2 Examples 
Given the expected rise in student population in Universities, 
underground spaces may be utilized to support the growth 
sustainably. Already, two of Singapore’s public universities, NTU 
and NUS, have completed preliminary studies on developing the 
space beneath their campuses for lecture theaters, laboratories, 
sports facilities and performance halls, and found the rock 
composition to be suitable for building underground facilities. The 
third school, Singapore Management University (SMU), has 

already constructed a basement-level space linking its main 
above-ground buildings. NUS has also identified areas on its Kent 
Ridge campus, in the western part of the island, for underground 
development to house classrooms, sports halls, laboratories and 
libraries as it unveils its plans to build the Underground Science 
City. 
 
As suggested by the Institution of Engineers Singapore (IES), 
underground space may be further explored and may be used to 
house power stations, sports facilities, warehouses, wafer 
fabrication factories, laboratories, research centres and even 
incineration plants, and hence free up land for housing, parks and 
open spaces to raise the quality of living. 
 
Models such as the underground city Reso in Montreal13, Canada 
may be examined as a precedent to building an underground city 
network for Singapore. In Reso, inhabitants can live, work, and 
play without setting foot above ground, where temperatures can 
slip below 10 degree Celsius for six months of the year. There are 
more than 30km of underground tunnel and ground-level interior 
walkways connecting the offices, hotels, malls, movie theatres 
and museums which are integral parts of this network. 
 

To sum up, the underground provides a myriad of uses be it 
commercial, business, research or residential parking. All these 
are possible areas that we can venture into.  
 

Although the cost of developing underground spaces may be high, 
the private benefits for investors to develop underground spaces in 
urban area with land use pressures and high development value 
may outweigh the costs of constructing the structures. There is 
gain from commercializing more floor space area as the 
underground Floor Area Ratio (FAR) is not always considered as 
part of regulated land parcel FAR. Along with urban economic 
growth, the development of Urban Underground Space14 (UUS) 
will be required to change from unique use (such as parking or 
civil shelters), to multiple use (such as commercial complex, 
shopping center, cultural exhibition hall, theater, etc.), and may be 
expanded to include multiple functions.  
 
On the macro level, urban land use policies seek to limit 
commercial land provision so as to release more land for housing. 
Moving towards multi-functions underground development helps 
save the investment in land purchase which usually accounts for a 
largest share of total project investment, allowing developers to 
gain from land acquisition savings. All these may increase the 
willingness of developers to develop land underground despite the 
seemingly high costs. 
 
With the underground system, private commercial space may be 
linked with the train system, reducing pedestrian‘s travel distance 
to a business area and enhancing the pedestrian network. In dense 
urban areas, the surface traffic congestion, travel time and 
pedestrian comfort are significant considerations in daily life. 
Therefore, the reduction of the intangible-travel cost of customers 
and increase in patronage to shops could be mutual benefits to 
pedestrians and business.15 

 
By building more underground facilities, green spaces and 
ecological parcels may be reintegrated into our daily life as more 
surface land are released. This could be planned for urban parks 
for leisure. The intangible value of green space may be estimated 
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based on the pricing models of housing market, as an increase in 
rental price due to proximity to green space has been observed, 
showing that citizens value green open areas.16 

 
 
4. DIB-200: Super High-Rise Building 
On the area of usable space creation, the most obvious way is 
building upwards. With advances in modern construction and 
earthquake technology, a novel design of 200-Storey buildings 
(800m) are now possible. Boasting a building volume to lot area 
ratio of 2000% and boasting benefits such as fire safety, this is 
especially critical in land scarce Singapore. 
 
From the original paper, “The DIB-200 is composed of twelve 
units of 50 m diameter (area about 2000m), 50-story cylindrical 
high-rise building units connected vertically and laterally at sky 
lobbies where the shuttle elevators stop, and are arranged by 
stacking one on top of another until attaining the height of 200 
stories (800 m high). By changing the number of combinations or 
the size of the building units, varied types of super-high-rise 
buildings can be constructed to meet the various needs of the 
clients.17 

 
Coupling this Super-High Rise building plan with the Mixed-use 
Building concept can realize unprecedented benefits with 
increased consolidation of facilities into a vertical column with an 
extremely high GPR. As a mixed-use building can realize a high 
Gross Plot Ratio/Floor-to-Area Ratio (GPR/FAR), whereby GPR 
(FAR) is calculated by dividing the gross floor area (sq ft) by the 
gross site area (sq ft). In the Singaporean CDB District, the GPR 
values range from ~2.8 to ~12.6+ (280m building). 
 
However, there is a current maximum limit of 280m and a GPR of 
~+12.6 in Singapore, and the allowance only applies to certain 
land parcels not obstructing airspace, e.g. Raffles Place, Central 
Building District. This reduces the potential benefits of this 
method as the storeys will be reduced to approximately 70, with a 
total level quantity of 280.  
 
The high gross floor area percentage (expressed as a fraction of 
2000% volume to lot area ratio) still presents a high utilization 
percentage of the gross plot area that the building is to be situated 
on. 
 
As such, the Super High-Rise building presents a feasible, high 
plot utilization ratio construction for the construction of future 
buildings in specific land parcels in Singapore, and this allows the 
exploitation of vertical space to further the purpose of the 
Sustainability of Land Use. 
 
 
5. Sustainability of Energy Consumption 
There is a trend to incorporate green technology into buildings to 
manage Energy Sustainability in buildings, and we have identified 
a few possible methods to increase the sustainability of the 
building in general. These are: solar energy, piezoelectric 
technology and Insulation Material with the HVAC system for the 
building.  
 
According to Singapore Power18, the average electricity 
consumption of a 4-room flat per month in Singapore is 423kwh. 
Hence, the amount of electricity when converted to watts is 
568.55 watts. The evaluation focuses on potential cost savings or 

calculating the area of material required to be installed for 
sufficient (20%) energy to be generated to function as a renewable 
energy source for the average 4-room housing flat. 
 

5.1 Solar Cell Panels 
By installing solar panels on top of buildings, preferably a mobile 
one where it can adjust to the Solar energy can be enhanced by 
using the broad spectrum absorption solar cells, sunlight can be 
converted into electrical energy for household usage. Engineering 
researchers report a new solar cell that may be used on non-sunny 
days, paving the way to inexpensive coatings that efficiently 
convert the sun's rays to electricity 19 . 
 
Assuming that a solar panel sizes is 2 square meters 
(21.527square feet), the output of the solar panel would be 160 
watts (functioning at 8% efficiency) at 68 degrees F. After 
calculation (568.55/160=3.553）,the area of solar panel 
needed(sufficient) for a 4room  HDB flat would be 7.1068square 
meters(3.553x2).  After calculation, 1 square meter of the solar 
cell material will generate 14.6% of the entire 4 room HDB.  
 
To be specific, the formula to estimate the electricity generated in 
output of a photovoltaic system is 20. This varies with the size of 
each solar panel. 
 
         E = A x r x H x PR 
 

E = Energy (kWh) 
A = Total solar panel Area (m²) 
r = solar panel yield (%)  
H = Annual average solar radiation on tilted panels 
(shadings not included) 
PR = Performance ratio, coefficient for losses (range 
between 0.5 and 0.9, default value = 0.75) 

 
The feasibility of this approach is evaluated is by how many watts 
of power is produced in a square meter and multiplied by energy 
efficiency percentages, e.g. 20% x 1,000 watts per square meter = 
200 watts per square meter .  Temp and size is always a factor and 
the output of the panel. 
 
It is proven that the area of solar panel  needed for an average 
household takes up too much space(7.10square meters for an 
efficiency 8%)  in order for efficient supply of electricity. 
Furthermore, the cloud coverage and energy loss are crucial 
factors to consider when applying solar power on a large scale. 
Thus this idea may not appear to be feasible in the near future as 
cost is still an issue of concern. However it is certain that solar 
panels will definitely be cheaper as technology gets more 
advance. Furthermore, there is bound to be time that we need to 
turn to alternative energy for energy sources. To conclude, the 
main idea is to use renewable energy as an alternative source, 
exploring into the sustainability area.  
 

5.2 Piezoelectric Technology 
Another idea is the use of a Piezoelectric charge. Piezoelectric 
materials can be used as mechanisms to transfer mechanical 
energy, usually ambient vibration, into electrical energy that can 
be stored and used to power other devices. A piezoelectric 
substance is one that produces an electric charge when a 
mechanical stress is applied. This can be applied to airports and 
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rail ways, they can capture energy from foot traffic, thus 
converting kinetic energy into electricity for daily usage.   

Assuming that we stretch a PSI-5A (1.5" x 2.5" x .0075") sheet to 
±500 microstrains quasistatically at a frequency just below its 
fundamental longitudinal resonance of 15 KHz, and that we 
collect 100% of the stored electrical energy at its height twice per 
cycle we would get approximately 9 watts of electrical power 
from the sheet. The mechanical energy input under these 
assumptions would be in excess of 100 watts.22 

However, the mechanical apparatus for achieving the above 
mentioned 15 KHz high strain excitation is not available, and 
there is no known electronic method for extracting 100% of the 
available energy. 

Looking at this calculation, the amount of PSI-5A sheets needed 
would be 63, when using the electrical power generated by each 
sheet assuming that each one is at 100% efficiency. However, 
100% efficiency is impossible. Hence the amount of sheets 
needed would be much more. Therefore, we need to look more 
into this aspect of renewable energy. 

Although piezoelectric energy has already been used in some 
countries, they are of a smaller scale. Comparing it to 
implementing it in a building would be of a much larger scale. 
Research is going on but however, in the short term, it would be 
difficult to carry it out in Singapore as there are many factors to 
be considered, for example, the cost and also how can we keep it 
at the maximum efficiency.  

5.3 Insulation & HVAC 
One way we can focus on is to not only make the 

systems in the building more efficient but also ensure that no 
energy is leaking out or wasted. One feasible idea would be the 
use of insulation walls, just like the one mentioned in the 155 
years old building, Concordia Lutheran Seminary Campus.23To 
achieve high R value, one to two inch of the inner side of the 
exterior wall, a foam spray insulation is coated. This minimise the 
thermal bridging issues through the exterior walls and help to seal 
up the leaky brick shell issue. Within the exterior wall stud 
cavities, and within the steel beams, along the exterior walls, 
blown in wood fibre cellulose was used. 

    The new roof was constructed using a structural insulated 
sandwich panel system in combination with blown-in wood fiber 
cellulose in the attic spaces. This combined system provided an 
overall R-value of 40. It also utilizes a simulated slate rubber 
shingle with a solar reflectance index (SRI) of 25. The light colour 
of the shingles naturally reflects solar radiation and minimizes 
overall heat gain and energy use of the building.  
 
Another aspect of this building would be the Heating, Ventilating 
and Air-Conditioning (HVAC) System that has been 
implemented. For the energy aspect, the circulation pumps would 
be programmed to shut off if there is no experiment calling for 
water flow. Based on first year of operations, the main pumps are 
turned off 20% of the time with no call for water flow. 24 

One additional measure taken to conserve energy would be to put 
the heat pumps to stand-by mode by monitoring the building’s 
interior lighting system occupancy sensors. The heat pump supply 
fan is switched off as there is a dedicated air supply system that 
provides the required minimum air flow to each space separate 
from the heat pumps. In stand-by mode, the space temperature 

would be increased and the cooling set point would be 
raised.

 

The amount of energy savings varies as there are rooms that are 
always used and also rooms that are mostly in stand-by mode. The 
outside ventilation system consists of a fixed plate energy 
recovery unit that utilizes building exhaust to precondition the 
incoming outside air and is delivered to each zone. 
 
Both the insulation and the HVAC System has helped the building 
to save considerable amounts on electricity cost. Comparing to an 
average commercial office building which operates for $1.71/sf, 
this 155 year old building operates at a much lower rate which is 
$0.75/sf. 25 (Lubbehusen & Thornsbury, 2012) 

Using these figures, we can calculate that we are able to save a 
percentage of 56.1% of the cost of operating this building. These 
systems would be able to help sustain the energy consumptions by 
the users of the building 

6. Conclusion 
In a land scarce Singapore, there has to be a trade off or a balance 
among many other priorities. We understand that economic 
development can hinder the process of being sustainable as 
building developers may not be willing to introduce the novel 
concepts into the market. Rent price uncertainty may also 
contribute to the unwillingness to adopt new approaches. 
There are limitations of the mixed-use development where we 
need to take into considerations. Since the idea has not been 
widely practised in the industries, there might be lack of 
developmental knowledge for integrating different functions into 
one building. Also, due to the higher complexity involved in the 
mix-use development, both the market and the government 
perceive it has a greater risk involved 26 . 
 
In the next phase of our project, we plan to review and evaluate 
improvements and extensions to our project.  
 
For the Sustainability of Land Development, we will attempt to 
create a proposed framework to introduce the vertical mixed-use 
model into an existing tower building and facility management 
tools for managing the transition between different businesses for 
the time-based mixed-use model. For the Underground cities, we 
will be looking into making the underground facilities more 
habitable and hospitable, namely by utilizing solar-tubes and 
ventilation systems to recreate the above-ground experience. Also, 
underground cities will be explored for coastal areas, presenting 
an alternative to underground excavation. 
 
For the Sustainability of Energy Consumption, we will look into 
Passive-Active Energy Architecture to utilize the environmental 
elements to reduce the dependence on active energy technology. 
For the solar cell panels, we will seek to optimize mount angles 
and placements for increased sunlight absorption and hence solar 
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cell output. For the Insulation and HVAC system, we will attempt 
to model after equatorial architectural examples(the paper cited 
was an evaluation of a building in a temperate climate), and 
insulation material life-cycles and cost analysis to weigh the cost 
benefits in net energy savings. 
 
The project will be further enhanced with additional statistics 
from cross-referenced, peer-reviewed papers for increased 
accuracy and this will culminate in a realistic model for adoption 
in Singapore. 
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ABSTRACT 
In this paper, we explain the motivations to the choice of our 
project, describe what leopard cats are as well as the situation and 
threats faced by the cat in Singapore. The situation of leopard cats 
in other countries is also looked into with hopes of possibly 
learning from them. We also outline possible solutions and 
provide the project direction that we will take for our project. 

1. INTRODUCTION 
The Singapore Red Data Book (2008) documented the list of 
endangered flora and fauna in Singapore. In this book, the leopard 
cat (Prionailurus bengalensis) is identified as a critically 
endangered species, with less than 50 adult cats found as of date 
when the book was published [5][6]. Probing further into the 
leopard cats in Singapore, we discovered that the leopard cat is the 
only wild cat of Singapore and felt a pressing need to sustain this 
species in order to preserve the biodiversity of Singapore and 
integrity of its ecosystem. In line with the theme of sustainability 
in our module, we chose “Sustaining the Population of Leopard 
Cats in Singapore” as our project topic. 
 

2. BACKGROUND 
2.1 Distribution 
Leopard cats are found widely distributed across Asia (see Figure 
1) in 21 countries, from southern India to the Russian Far East and 
down towards Southeast Asia. Twelve sub-species of leopard cats 
are recognized [20]. The leopard cat in Singapore belongs to the 
subspecies Prionailurus Bengalensis and can be found in Pulau 
Ubin, Pulau Tekong, Mandai Road and Jalan Bahar [6]. 
 

2.2 Characteristics 
The leopard cat is a small, carnivorous mammal of similar size to 
the domestic cat. It can be easily identified by the distinctive 
leopard prints on its body, as suggested by its name. A typical 
adult-sized leopard cat has a head body length between 45cm to 
75cm, and tail length between 19cm to 31cm. Living in forested 
areas, the leopard cat is nocturnal and its diet comprises mainly of 
vertebrates such as frogs, lizards, birds and rats [20]. Its typical 
lifespan is between 19 to 20 years but could however be reduced 
to only 4 years due to poaching [19]. 

2.3 Threats Faced by Leopard Cats 
Regionally 
Human activities have become the major threats to the survival of 
leopard cats in their native region. In some of the Southeast Asian 
countries, human-wildlife conflict poses a serious threat to the 
population of the leopard cats. There is perception that the near-
endangered leopard cats are harmful to their farming business as 
these cats are predators of poultry. This happened in Malaysia 
where a farmer noticed the missing number of chickens and set a 
trap to catch the predator, in this case, the leopard cats [18]. This 
will pose a serious threat to the population of the cats especially in 
regions where the people are not well-educated and information is 
not well-disseminated. On the other hand, in regions where the 
leopard cats are considered valuable, poaching and illegal trading 
of the leopard cats arises and this problem impedes effort to 
conserve this species. In Brunei, the cat was sold for $2000 [7], 
highlighting the relevance of human-wildlife conflicts as one of 
the major contributing factors to the extinction of the cats as the 
leopard cats have become an exclusive commodity.   
 
Furthermore, habitat destruction is a major component which 
endangers the survival of this particular species. Over the years, 
the size of tropical rainforest in the region has dwindled 
drastically, inflicting serious problem to the cats [9]. For example, 
Indonesia lost more than 28 million hectares of forest between 
1990 and 2005. With their habitat lost, the cats are left to wander 
around urban areas. The change in habitat and its environment 
brings major repercussions to the nature and adaptation process of 
the cats.  In Singapore, the cats grow extinct due to the alteration 
of the main island, development of housing and other urban 
properties [11]. The result of urbanisation is inexplicable; the cats 

Figure 1. Distribution of Leopard Cats in Asia [20] 
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are rarely seen in the main island. The denser the population, the 
more the threats posed to the survival of these cats. 

2.4 The Leopard Cat Situation in Singapore 
The leopard cat was previously thought to be extinct in Singapore 
when a leopard cat was last seen in 1996 on Pulau Ubin. It had not 
been seen on the main island since 1968 but was found in year 
2001, sadly as a road kill, along Mandai Road [8]. It was further 
discovered that the cat still exists, but in small numbers in native 
habitats like Pulau Ubin [14]. Unfortunately, traps (meant for 
other purposes but still inadvertently harm the cats) are common 
in native habitats. Also, the cats are illegally poached for their 
furs. Moreover, habitats and food supply for leopard cats are 
under constant threats as lands are progressively cleared to build 
infrastructures. As leopard cats are carnivorous, larger land areas 
are required for hunting down of prey and so, when more lands 
are cleared, it becomes increasingly difficulty to hunt for prey 
[10]. Therefore, various human activities could pose serious 
threats on an already-low leopard cat population and thus, there is 
a pressing need to eradicate threats to the leopard cat population 
before its extinction indeed becomes a reality like previously 
thought. 
 

3. CURRENT CONSERVATION 
MEASURES 
In Singapore, leopard cats are protected by law as listed in the 
Wild Animals and Birds Act [11]. Similarly, Brunei also enacted 
conservation laws to protect leopard cats in regions under its 
jurisdiction [16]. The main issue that leopard cats face is the 
shrinking of its natural habitat. This challenge is apparent in many 
Southeast Asian countries in which the urbanisation rate is high. 
Housing areas and industry are developed at the expense of 
clearing rainforest. This threat continues to grow in other 
Southeast Asian countries, namely Indonesia where burning of 
rainforests to open plantations is a common norm [3]. Hence, the 
strict execution of the law is of utmost urgency to recuperate from 
the losses. 
 
Singapore has also faced similar problem in which modification 
of the main island has constrained the leopard cats to live within 
smaller habitat. However, Singapore preserves the other two 
islands, Pulau Ubin and Pulau Tekong for the wild cats to live 
without much human intervention. Japan inaugurated its 
conservation programme to protect its own type of leopard cats, 
mainly through habitat rehabilitation and reforestation [15]. This 
has helped minimise the dangers faced by the cats as their natural 
habitat starts to be restored, increasing the chance of natural 
interaction and breeding within their natural ecology. Singapore 
may choose to execute this plan in order to minimise the effects of 
human threats by limiting the urban area and conserving the 
remaining rainforest it has.  
 
Additionally, more research can be focused on leopard cats and its 
ecology. Only a few literatures which have great emphasis on 
Singapore’s leopard cats have been found by our group. Japan is 
ahead in terms of research as it has conducted research on the 
ecology of the cats. Moreover, captive breeding programme was 
introduced in 2000 to promote the reproduction of leopard cats 
[15]. This work has proven to be effective as the number of 
leopard cats grown through the process of captive breeding has 
increased significantly. Singapore may consider putting more 
focus on this type of research project in order to develop a more 
comprehensive conservation programme.   
 

4. POSSIBLE SOLUTIONS 
The following suggestions and methods are identified to sustain 
the population of leopard cats in Singapore. They comprise the 
adopting of a captive breeding programme for leopard cats in the 
zoo, ensuring natural habitats are preserved, and the use of 
technology to increase success of breeding. 

4.1 Keeping Leopard Cats in Zoos 
The leopard cat population could be sustained by keeping them in 
zoos so that they can be observed and researched upon. An 
environment could be made suitable for them such that they will 
be able to live comfortably and not be exposed to threats in the 
wild. The advantage of keeping leopard cats in zoos is that the 
safe and conducive environment will allow them to mate. Similar 
to the two Pandas in River Safari (Singapore) named Kai Kai and 
Jia Jia, having them to mate is a key performance indicator [12]. 
The two giant pandas were flown into Singapore from China and 
they will be staying in Singapore for 10 years to promote public 
awareness on wildlife conservation and develop a breeding 
programme for these endangered bears [22]. Thus, similarly, if 
leopard cats were made to stay in zoos, reproduction can be made 
easy, and as a result, increase the population of leopard cats. Also, 
for educational purposes, people who visit the zoo can acquire the 
knowledge of leopard cats. In Singapore Zoological Gardens, 
leopard cats are being held in captivity for tourism purposes, but 
aforementioned, we should allow the leopard cats to reproduce. 

4.2 Creating a Sustainable Habitat 
Leopard cats live around Pulau Tekong and Pulau Ubin and these 
islands are currently undergoing rising development, and as such, 
habitats of wild animals have been continuously destroyed. 
Therefore, contacting relevant authorities to initiate a policy to 
sustain the habitat of wild animals is necessary to avoid the 
depletion of natural habitats.  In 2007, the Singapore Tourism 
Board (STB) has initiated a proposal to build new attractions at 
the Mandai area, but at that point of time, the Nature Society 
opposed it as they brought up the issue of fragmentation and 
forest degradation [13]. They fear that animals will lose their 
habitat and this includes the rare leopard cats. However, STB 
carried on with their plans and as a result, cleared land to build the 
new attraction, thus causing not only greater degradation to the 
nature reserve, but also taking away the lives of wild animals 
living at that area. Hence, we should prevent such 
implementations at all cost as animals living in the wild will not 
be able to adapt to the sudden disappearance of their habitat. 

4.3 Possible Methods 
We can make use of traditional and technological methods to 
increase the success rate of breeding and/or produce viable 
leopard cat offspring with advantageous traits suited to adapt to 
the current environment. Careful study needs to be made prior to 
deciding which implementation(s) would be most suitable to 
breeding leopard cats. The possible methods are given below. 

4.3.1 Selective Breeding [17] 
Selective breeding is a traditional process whereby humans use 
technology to select traits of a particular living organism and 
breed them, thus, producing an organism of a certain trait. Here 
are the four steps of selective breeding: 
  
1)   Decide which characteristic(s) is/are important 
2)   Choose parents that show these characteristics 
3)   Select the best offspring from parents to breed the next 
generation 
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4)   Repeat the process continuously 
  
We can apply these steps to selectively breed leopard cats so that 
this species will be more sustainable. We can choose traits that are 
more applicable so that the species can last longer. 

4.3.2 Genetic Engineering [17] 
Genetic Engineering is a more recent process in which humans 
artificially implant certain genes into the living organism to 
produce new varieties. Genetic engineering allows the gene from 
an unrelated organism to be transferred, and it is more precise as it 
allows a single or a few genes to be transferred, unlike traditional 
breeding whereby the animals mate, which will result in unwanted 
and undesired genes of traits being found in the offspring. 

4.3.3 Crossbreeding [4] 
Crossbreeding is a process in which humans produce an organism 
by deliberately mating or hybridizing two different species, breeds 
or varieties for characteristics like production, fertility and 
longevity. To prolong the life of leopard cats, or even make them 
healthier, we can obtain the genes of healthy and strong species 
(i.e. Lions etc.) and infuse them into the leopard cats, resulting in 
leopard cats being able to demonstrate capabilities of lions in this 
case. 

4.3.4 Artificial Insemination [1] 
Artificial insemination is the process whereby humans will collect 
the sperm cells from the male animal and manually deposit them 
into the reproductive tract of the female. This process is 
commonly used instead of natural mating because it can increase 
safety of the animals, increase production efficiency and also 
induce better genes of traits in the animals. It also reduces the risk 
of disease transmission due to natural mating.  

4.3.5 Embryo Transfer [21] 
Embryo transfer has been proven as powerful technology in the 
genetic improvement of animals. It is the multiple injections of 
hormones to stimulate and multiply the ovulations in the animal 
you want to get embryos from. The advantage of embryo transfer 
is that it multiplies the best offspring from the animal.  
  
With the wide array of measures to producing offspring, the 
sustainability of leopard cats is possible. However, these measures 
are only proven to be highly successful in breeding farm animals 
such as cattle and its result might differ in wild animals like 
leopard cats. As mentioned above, experiments and research has 
to be done to access the suitability of each measure to breeding 
leopard cats. 

5. PROJECT DIRECTION 
Japan’s captive breeding programme in breeding the Tsushima 
leopard cat with the aim of reintroducing it back to the wild was 
met with success. Under this programme, 23 Tsushima leopard 
cats were bred successfully in Fukuoka City Zoological Park in 
2007 [2]. We may adopt this programme in Singapore by breeding 
leopard cats in the Singapore Zoological Gardens in hopes of 
increasing the number of leopard cats to a sustainable rate and 
reintroducing it back to the wild. Genetic engineering methods 
can be utilised in the breeding programme to increase the success 
rate of breeding. Therefore, our project will look towards working 
closely with the Singapore Zoological Gardens to develop a 
captive breeding programme for the leopard cats. As a side 
project, we will evaluate the various methods to conservation 
(captive breeding, habitat preservation and restoration, and public 

education) and assess the outcome and feasibility of each 
implementation. 

6. SYSTEMS FORMULA 
Our system of interest is the total number of leopard cats in 
Singapore.  
 
The state variables are: 
1) Number of leopard cats in Singapore (L) 
2) Number of leopard cats in the wild (W) 
3) Number of leopard cats in the zoo (Z) 

 
All state variables are measured in leopard cat/year. 
 
Importing (I) and exporting (E) leopard cats contribute to the 
inflow and outflow of our system. 
 
The changes in state variables W and Z are attributed to the birth 
rate (B) and death rate (D). For W, death rate is further 
categorized into natural death (N), and death due to threats (T), 
(e.g. road kills, traps). 
 
The system formulas are expressed as follows: 
 
L = W + Z + I – E 
 

  
 
Dw = N + T 
 
Birth rate for leopard cats in the zoo is expected to be higher than 
that of the wild, as placing leopard cats in captivity would provide 
a safe and conducive environment for breeding. Death rate for 
leopard cats in the zoo is expected to be lower than that of the 
wild, as they could be isolated from predators (e.g. dogs) and 
other threats (e.g. road kills, traps). 
 
As the number of wild leopard cats is facing a decline due to 
habitat destruction and fragmentation, habitat preservation and 
restoration, if introduced, could increase the number of wild 
leopard cats. In addition, public education to increase public 
perception to leopard cats could reduce conflict between humans 
and leopard cats, thus increasing the number of wild leopard cats. 

7. CONCLUSION 
Sustaining the leopard cat in Singapore is important to preserving 
the nation’s last wild cat and the biodiversity of Singapore. 
Leopard cats are threatened by habitat loss due to human 
development and illegal poaching activities despite enacted laws 
to protect flora and fauna. Japan has an active and successful 
captive breeding programme which Singapore can potentially 
adopt. We could breed leopard cats in the zoo with the ultimate 
goal of reintroducing it back to the wild. Genetic engineering 
methods may help with the success to breeding these cats if 
carefully studied and implemented. However, putting them in 
captive should only be seen as a short-term solution to restoring 
their population. Habitat preservation and restoration, along with 
public education, should be carried out to put the only wild cat of 
Singapore back to its home. 
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ABSTRACT 

This project aims to tackle the issue of building a sustainable 

workforce, by utilizing the issue of the aging population that 

Singapore faces – and ultimately aims to provide a channel to help 

unemployed or returning workers assimilate back into the 

workforce through a carefully constructed educational, recreation 

and business hub.  
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1. INTRODUCTION 

1.1 Current Problems  
It has been acknowledged by the Singaporean government that 

Singapore has a low fertility rate that could pose a major problem 

to our active workforce in the future. As of the year 2014, 

Singapore’s fertility rate has dropped to 1.19 births per family 

from the 2012 count of 1.29, far below the replacement rate of 

2.10. [1] Despite the government introducing packages and 

creating incentives to increase births like the Baby Bonus Cash 

Gifts of up to S$8000 per child [2] and the Child Development 

Account, the birth rate has only carried on its steep decline.  

 

Apart from the lack of births, there is also another problem 

concerning the other end of the age spectrum. Singapore faces an 

aging population. This means that as the years progress, the 

proportion of the population nearing or reaching the age of 

retirement increases. The aging population will adversely affect 

the Singaporean economy and will halt growth, as shown by a 

study by Moody’s Investors Service. [3] 

 

The two problems identified give a very negative outlook on the 

future of the Singaporean workforce. Since the desired 

replacement rate of citizens is much higher at 2.10 births per 

family compared to the current low 1.19, we foresee a reduction 

in the Singaporean workforce numbers in the later years.  

 

1.2 Current Solutions  
The government is introducing solutions to these problems one at 

a time. More childcares and pre-schools are to be built to create a 

pro-family environment as an incentive for young couples to start 

families. Also, they are giving subsidies to residents to start 

private childcares. [4] 

Along with the above solution, to balance out the aging 

population, the government has to keep the doors open for foreign 

talent and workers, and making Singapore a hospitable island city 

ideal for starting families and settling down. [5] 

 

1.3 Effectiveness of Current Solutions 
However, these solutions are not without drawbacks. The move to 

create more childcares seems more experimental than expected to 

raise the birth rate, and considering the government has provided 

more powerful incentives like a direct cash grant, we are not 

confident this will work as well as expected. On another note, 

there is dissatisfaction among Singaporeans about foreign workers 

and talents taking away their jobs; 9 in 10 Singaporeans surveyed 

said their main objection to foreign talents stem from the fear of 

losing jobs to foreigners in a study conducted by the Sunday 

Times. [6] 

 

2. OBJECTIVES  
Figure 1 will be used to illustrate our ideal result of bringing the 

unemployed or retired Singaporean citizens back to work to 

contribute to our economy once more. This will increase 

workforce numbers by a sustainable amount, as when the workers 

reintroduced into the workforce leave the workforce in the years 

to come, the younger workers will replace them as described by 

Figure 1 below. 

 

Figure 1. A sustainable net increase in workforce numbers, as 

a result of our plans. 
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The numbers in the boxes indicate the age group. The bars on the 

right are two alternative projections approximately 20 years into 

the future, comparing the final active workforce with or without 

our project. Thus, our project’s aim is to keep the residents, who 

should have left the workforce at the age of retirement, working 

and contributing to the economy. We can also extend the facilities 

and services offered by our project, which will be elaborated on 

later, to the unemployed or returning workers. 

3. METHODOLOGY 

3.1 Building New Life Village 
Our solution to the problems involve building a lifestyle hub we 

named the New Life Village that serves multiple purposes. We aim 

to use the land freed up following the relocation of the Paya Lebar 

Air Base to Changi. The government has already announced plans 

to transform the space into housing estates, industrial or 

recreational areas. [7] Our idea thus provides an alternative and 

unique way to use the land, with a more specific target group of 

unemployed persons of age 50 to 70. Figure 2 illustrates the 

cohesion of the different aspects that the Village would cater to. 

Essentially, the New Life Village will be outfitted with 

educational, recreational, retail and F&B facilities. The Village 

will be modelled as a modified version of a University. 
 

 

Figure 2. Illustration of New Life Village 

3.1.1 Overview   
The village does not only aim to be the learning Institution for the 

returning workers. We are striving to promote a lifestyle for 

everyone around the age group of 50-70. We will market the hub 

as a gateway into modern campus life, much like what we have in 

University. This could serve to bring back the campus experience, 

and enhance the vibrancy and liveliness that is congruent with an 

actual university. This perspective would eliminate any possibility 

of the campus being viewed as a retirement option or a project for 

the elderly. The Village will feature the essentials, like seminar 

rooms, practice areas for the arts or F&B students, a library. 

computer centres and auditoriums. 

 

 
Figure 3. Direction and Motto of the New Life Village. 

Figure 3 illustrates the motto that the Village aims to work 

towards, and would be the manner in which we market this project 

to potential students. 

3.1.2 Educational Intentions 
A 2014 study on the labour market shows a great demand in non-

PMET workers (PMET refers to Professionals, Managers, 

Executives and Technicians. 28% of all vacancies were open for 

clerical, services and sales workers, and 27% of the vacancies 

reserved for transport operators, cleaners and labourers. [8] We 

intend to target the former and decide on a syllabus relevant to the 

needs of the economy. Figure 4 shows the basic modules in 

the syllabus, which are core modules adapted from the Lifelong 

Learning Institute by the Workforce Development Agency.  

 

 

 
Figure 4. Basic Modules to be included in the syllabus. 

The group could look towards adapting these modules, or perhaps 

working with the Workforce Development Agency to feature their 

modules and courses in our Village. We would offer them a 

centralized and conducive environment for the lessons and 

reeducation.  

3.1.3 Recreational Intentions 
The recreational facilities will include sports areas that cater to 

residents who are not strong enough for contact sports. It will 

include badminton courts, yoga rooms and fitness corners. The 

residents can rest in lounges and gaming areas where they can 

play recreational mahjong or card games (without the involvement 

of money). We expect a karaoke corner to be a hot favourite for 

the elders as well. These leisure areas would ensure that the 

Village caters to the social and recreational needs of its occupants 

as well.  

3.1.4  Retail and Food and Beverages Intentions 
The Retail and Food and Beverages (F&B) areas will be modeled 

after actual shopping malls, except there will be an emphasis on 

the products produced by our graduates. This includes products 

from the craftwork and fashion faculty, or services like massages 

or nail art from the service faculty and restaurants or food outlets 

run by our graduates from the F&B faculty. We will introduce 

external outlets as well to integrate the public with the hub, as 

well create artificial competition among our graduates and 

external parties, which would ultimately serve to enhance 

efficiency. 

The Retail and F&B areas are essential as they serve as the 

revenue streams for the project, through the businesses operated 

by and managed by the graduates and students.  
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4. FEASIBILITY OF PROJECT 
Our group understands that there may be certain concerns 

regarding the building and kick-starting of the New Life Village. 

These are essentially the willingness of participation, the 

willingness of employers to hire, as well as the profits generated, 

given the scale and costs of the entire project. 

4.1 Willingness of Participation  
This project is heavily dependent on the involvement of the 

relevant target audience, namely unemployed persons ranging 

from 50 – 70.  

4.1.1 Problem Faced 
Given the immensity of the resources – time and money to be 

directed into building the New Life Village, it is essential that the 

group ensures a certain minimum participation rate, such that the 

efficiency of the project would be maximized. There is an issue of 

members of the public being reluctant to reenter the workforce, or 

competition from existing institutes providing similar options for 

upgrading of skills or reeducation. 

4.1.2 Evaluation 
Firstly, the willingness of participation is ensured, given the 

current statistical findings as shown in Figure 5.  

 

Figure 5. An emprical study of older workers’ attitude 

towards the retirement experience by K.G Lim (2002) 

As evident from Figure 5, generally, the respondents felt that 

work occupies a central role in their lives. About 50% of the 

respondents felt that work is an integral part of life (Items 3 and 4) 

and more than 50% agreed that work is something important 

(Items 5 and 6). About 41% of them realize the need to balance 

different aspects of their lives, such as family, social, leisure. 

Secondly, the group believes that this Village would be a far cry 

from the existing reeducation options, due to our focus on other 

aspects of life. Branding it as a campus experience, as well as 

offering enhancements to the recreational aspects of life, and 

providing involvement in functioning businesses would serve to 

present the New Life Village as an all-rounded and multi-pronged 

approach and experience. 

4.2 Willingness of Employers to Hire 
This is a relevant issue as the purpose of our New Life Village 

would be to equip the graduates with skills to reenter the 

workforce, following their gaining of experience and expertise 

through the course of the programmes offered. 

4.2.1 Problem Faced 
The concern arises if employers are reluctant to hire older workers 

on board, given new waves of younger employees in the job 

market. Should our graduates be unable to find jobs in the 

workforce, their reequipping and retraining would go to waste, 

and the project would be rendered inefficient and unsustainable 

towards building up the workforce of the future.  

4.2.2 Evaluation 
Upon research, the group found out the statistics of the current 

labour market in Singapore in July 2014, as espoused in Figure 6 

below.  

 

Figure 6. Page 14 Chart 12 of the Labour Market Second 

Quarter 2014 Analysis by the Ministry of Manpower. 

As seen, there are openings were available across the skill levels  

29,100 or 45% of the vacancies were for Professionals, Managers, 

Executives and Technicians (PMETs). 34,800 or 55% of the 

vacancies were for non-PMETs, comprising 17,800 (or 28%) 

openings for clerical, services & sales workers and 17,000 (or 

27%) for production, transport operators, cleaners & labourers.  

Given this increasing demand for workers in the labour market, 

the group is confident that our graduates would be able to 

assimilate back into the workforce. 

In addition, as the Village gains recognition as a viable system, 

we would be able to engage with external businesses and firms, 

extending our contact and hence providing easier access for our 

graduates towards recruitment by these firms.  

4.3 Profit 
This section tackles the issue of revenue and hence profits 

generated through the businesses and retail outlets.  

4.3.1 Problem Faced 
Given the high start-up costs involved in building the entire 

Village, the issue of earning back profits from the project would 

be cause for concern. To ensure the continuation and 

sustainability of the project into the long-run, there is a need for 

profits to be generated to sustain the costs of upkeep and running 

the Village along the way as well. 
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4.3.2 Evaluation 
Regarding the issue of profit, the group understands that 

sustainability is a long-run concept. In the short-run, the revenues 

generated would be unable to cover the immense start-up costs of 

building the entire village. However, looking towards the future, 

the businesses of retail and F&B within the New Life Village 

would be able to generate substantial amounts of revenue. 

In addition, a small school fee would be charged to contribute 

towards keeping the school running. Naturally, we understand that 

this cannot be a large sum of money, and thus, should we be able 

to work together with the Workforce Development Agency, we 

can look towards government funding for this entire project.  

5. CONCLUSION 
The New Life Village thus serves to present an attractive option 

for members of the public who are currently not in the workforce 

or even those who are seeking to leave the workforce soon. It 

would equip them with skills, expertise and knowledge to reenter 

the workforce subsequently. With the successful implementation 

of the project, there would be a substantial increment of workers,  

both externally by our graduates who reenter the workforce, as 

well as the internal employment of workers for businesses within 

the Village. The additional features of recreational and leisure 

would further enhance the living experience, and promote the 

New Life Village as a campus for those involved to build up and 

strengthen their social skills, their knowledge, as well as their way 

of life.  
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ABSTRACT 
Rapid increase in world population, 
industrialization, urbanization and scarcity of 
fresh water resources has put immense pressure 
on water resources, both surface and ground 
water (Khalid, 2014). The fresh water available 
for human use is only 0.75% of total water on 
Earth, an amount that is depleting rapidly with 
the exponential increase in human activities 
(Khalid, 2014). Singapore is a relatively small 
city with no natural water resources, having to 
rely heavily on importing water from neighboring 
countries and water purification technologies to 
meet the nation’s water needs (Nasr, 2011). 
Facing the threat of water scarcity, there is a 
pressing need to make water usage more 
sustainable for Singapore’s future. Hence, the 
National University of Singapore (NUS) has put 
in place various measures on campus in the 
efforts to make water usage more sustainable for 
Singapore. In this project, we will analyse the 
current measures in NUS to conserve water and 
propose our solutions to further improve water 
sustainability in NUS. 

Keywords 
Water sustainability, Scarcity, Water catchment, 
Water purification 
1. INTRODUCTION 

More than one-third of the world’s population – 
roughly 2.4 billion people – lives in water-
stressed countries and by 2025 the number is 
expected to rise to two-thirds. Groundwater 
tables and river levels are receding in many parts 
of the world due to human water use [6]. It has 

been estimated that by 2050, 4 out of every 10 
persons in the world may not have enough fresh 
water to drink and to use [7]. Singapore is a 
densely populated city-state with no natural water 
resource. Hence, Singapore would be severely 
impacted if nothing is done to make ourselves 
self-sufficient in terms of water. 
 

2.  PROBLEM 
Singapore has a natural resource disadvantage, 
especially in terms of water (Bhullar, 2013). 
Water scarcity has forced Singapore to import 
water from Malaysia. However, the long-term 
signed water agreement in 1962 between 
Singapore and Malaysia ends in 2061 and 
negotiations for the possible extension have not 
been encouraging, with Malaysia demanding for 
a higher price of 15 to 20 times (Tortajada, 
2007). In order to achieve self-sufficiency in 
terms of water, Singapore has invested large 
amounts of money in water catchment areas, 
desalination technology and wastewater 
reclamation known as NEWater (Lee, 2005). 
However, these efforts are still insufficient to 
meet the entire water demand of Singapore. In 
view of this challenge, the Public Utilities Board 
(PUB) set up the Water Efficiency Fund (WEF) 
in 2007 to encourage companies to reduce their 
water consumption by at least 10%. Therefore, 
we feel that NUS should take part in making 
water usage more sustainable by reducing 
wasteful consumption in any way possible. 
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3. CURRENT MEASURES  
3.1 University Town 

3.1.1 Stormwater Management 
Each year, Utown is able to cut down on an 
estimated 244,800 cubic metres of water. This 
amount is equivalent to almost 100 Olympic-
sized pools (NCCS, 2011). Such sustainable 
usage of water resources is achieved by the Green 
Roofs in Utown. It functions with an eco-pond as 
storm water management features. Rain water is 
first filtered through green roofs to remove 
pollutants.  A portion of the rainwater is used to 
water the plants in campus and the remainder is 
pumped into a campus water features (DP 
Sustainable Design). 
3.1.2 Evaluation 

It is undoubted that Utown in NUS has achieved 
an impressive level of water sustainability. The 
special design in the structure of the building 
helps to save huge amount of water and improve 
the efficiency of utilising rainwater. 
However, the implementations have not been 
adapted to the main campus in Kent Ridge area, 
where most of the learning and student activities 
are carried out. The scale of sustainable usage of 
water may not be the same as that in Utown due 
the difference in size. Moreover, it may be 
difficult to adapt the same design to different 
infrastructures in Kent Ridge campus, such as 
faculty buildings, laboratories and residential 
halls. 
3.2 Halls 

3.2.1 Inter-hall Environmental Award  
The Inter-hall Environmental Award is a yearly 
award that is awarded to the Hall with the     
greatest reduction in the usage of water and 
electricity (OES, NUS). This award encourages 
the reduction of environmental impacts by NUS 
and cultivates the Hall residents to become 
environmentally responsible citizens. 
In order to account for different infrastructures in 
each residential hall, the grading criteria are 

based on water and electricity usage per person in 
comparison to the previous years. 

 
3.2.2 Evaluation 

This award certainly contributes in decreasing 
water usage in the residential halls as well as in 
encouraging the residents to live in more 
sustainable lifestyles. 

However, water consumption only takes up 20% 
of the overall grading. Compared to the other two 
components, which are electricity consumption 
and eco-projects, the water component has not 
been given enough emphasis and hence may be 
neglected, causing this measure to be less 
effective in raising the awareness of sustainable 
usage of water resources among the residents.  

4. APPROACH 
4.1 Estimation and breakdown of water 
consumption 
Our group aims to investigate the water usage in 
the NUS campus and identify areas of water 
wastage that can be prevented or reduced. To 
start with, we are going first estimate the water 
usage on campus. If possible, we are going to 
request the data of the water consumption in NUS 
from the NUS Office of Environmental 
Sustainability directly.  
There are several categories of water usage we 
would like to research on such as hygiene, 
landscaping, food services, and research and 
academia. For the hygiene part, we are going to 
survey of fixtures such as bathroom sinks, 
urinals, toilets, sinks, drinking fountain, and 
showers. Next, we are going to survey the 
number of those fixtures in buildings in NUS. 
After that, we are going to find the reference of 
the amount of water used by usage of the fixtures, 
for example: lites per flush. Finally, we will 
compile the data for each building. Next, for 
landscaping, we will estimate the water 
consumption based on data of ground services: 
frequency of watering of trees, flower beds, etc. 
Then, for the food services, surveys will be 
conducted for the water used in cooking/ serving 
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meal/drink in some cafetarias. Finally, for the 
water consumption in research and academia, we 
think this will be the hardest part as we cannot 
estimate the water consumed. However, we will 
try to contact the building directors to get the info 
of the water used. Another way to estimate the 
water usage is by looking at the water meter and 
lastly, if finding such data is not possible, we are 
going to approach the NUS Office of 
Environmental Sustainability. Lastly, the data of 
the water consumption will be used as the water 
consumption baseline on campus. 

4.2 Investigate and Evaluate Water 
Conservation Measures 

After having the water consumption baseline, we 
are going to search for several 
measures/strategies to reduce water usage or 
manage unused water. For now, we think there 
are several solutions to make the water usage in 
NUS more sustainable. First possible solution is 
by water metering. Such metering capacity will 
be beneficial to evaluate the estimated values of 
water usage based on baseline consumption from 
the previous part, and to keep track of water 
consumption across the university. This way, we 
can detect any water loss more quickly and 
hence, quantifying water conservation initiative 
will be possible. To add, as we already know, 
rainwater catchment is able to save a huge 
amount of water from the grey water and can be 
used for daily activities in hygiene and 
landscaping; however, it is only applied in 
Utown. We believe that this method can be 
implemented to the whole NUS so that there will 
be more water that can be used in daily life. 
Mainly the rainwater catchment stores rainwater 
to tanks and distributes the water to place where 
the water is needed, such as toilet or garden. 
Also, we believe that water conservation 
awareness needs to be promoted more so that 
people are aware of this. For example, in the 
U.S.A, there was an exhibition called “Water: 
H2O = life”, held by the American Museum of 
National History, that exhibited about water; Life 
in water, the water cycle, what the consequence 
of water scarcity, etc. After the exhibition, a 
survey conducted by the exhibitor showed that 

more people become more aware about water 
conservation. We think that such activity is great 
in increasing the awareness of water 
conservation. 

 
Our group hopes to propose a series of measures 
to conserve water usage on campus. For example, 
at this stage, we have identified installing water 
flow meters, as a possible measure, to keep track 
water consumption on campus based on 
estimation of baseline water consumption, which 
will make detection of water loss easier. 
Furthermore, we also would like to propose the 
application of rainwater catchment in some 
consumption areas such as hygiene and 
landscape. 
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ABSTRACT 
In this paper, we describe the formatting guidelines for this paper. 
This format is borrowed from the ACM guidelines for conference 
papers. Note that this paper is in the correct format, so you could 
start with this Word file and edit it. 
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1. INTRODUCTION 
 

Suicide rate in Singapore has been rising steadily ever since 1996. 
In 2012, the number of deaths by suicides reached a record high 
of 467 in 20 years. While the onsets of mental disorders occur 
mostly during young adulthood, mental illnesses can be prevented 
and intervened in earlier years. Through this project, we aim to 
improve the psychological well-being of youth – Singapore’s 
future leaders and sustain this improvement in the long term. 
 

2. Current Situation in Singapore 
 

The psychological well-being of Singaporeans has been at an 
unhealthy low in recent years.  

In Gallup’s 2012 research, Singapore was ranked the most 
unemotional country in the world out of 140 countries surveyed, 
which seemed rather counter-intuitive considering Singapore has 
one of the world’s lowest unemployment rate, and highest GDP 
per capita. Such behavioral indicators are important gauge of 
country’s society well-being. This results points strongly to how 
the majority of Singaporeans are not satisfied with their lives. 
Furthermore, the mental health of Singaporeans has worsen in the 
past decade. The number of suicide deaths in Singapore increased 
by 72% from 1981 to 2012. Singapore’s suicide death rate hit all-
time high of 467 in 20 years in 2012, with the most significant 
increase coming from youth aged 20-29. 

 
In addition, there has also been a steady increase in occurrence of 
other mental disorders. The number of diagnosis of anorexia 
nervosa of female students increased by 300% from 1994 to 2004.  

The average Singaporean is not any better. According to World 
Happiness Report, Singapore’s Happiness Indicator decreased in 
2005 – 2012 period. 
 
Trend in number of counselling cases 

As a result of the fall in psychological well-being, some 
Singaporeans have sought external help anonymously. Samaritans 
of Singapore (SOS), an organization providing confidential 
emotional support to people thinking of suicidal thoughts, 
reported a 98% increase in the annual number of counselling cases 
from 2008 to 2014. The number of counselling sessions increased 
by a staggering 193% since 2008. 
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3. CAUSES 
 

While there are many stressors leading to psychological problems 
in youth, some stressors have more potent effect on youth’s 
psychological health. 

Since suicide rate for children younger than 10 years old is not 
very significant, we focus mostly on the causes of suicide for 
teenagers and young adults. Out of all suicides committed by 10-
14 year old from 2000 to 2004, academic stress and family 
problems were the main reasons in 59% and 41% of the cases 
respectively (Loh, Tai, Ng, Chia, & Chia, 2012). 

Researches based on suicide letters (Chia & Tai, 2008) have 
found that school problem is the cause for 20% of suicides 
committed by youth aged 10-24 years; relationship problems 
accounted for more than 60% of the suicides of those younger 
than 25 years. Most relationship problems for this age centered on 
family miscommunications (Chia, Chia, & Tai, 2008). 

To conclude, the two main causes leading to mental disorders for 
youth in Singapore are academic stress and strain in family 
relationships. 

 

4. Impacts 
 
Individual  
Psychological well-being positively correlates with good 
academic results and other beneficial traits. Better moods enhance 
learning process (Nadler, Rabi, & Minda, 2010). When factors 
such as IQ, age, and previous year’s GPA were under control, 
primary school students with higher level of satisfaction tend to 
do better academically compared to their peers (Quinn, & 
Duckworth, 2007). 
In addition, students scoring high in life satisfaction have better 
learning attitudes, anger management and lower alcohol	  
consumption (Huebner, 2004). The inverse is also true: Low life 

satisfaction in students is associated with severe consequences, 
including those related to mental health, physical health, and 
school achievements (Huebner, Suldo, Gilman, & Minke, 2006). 

Positive emotion, an indicator of mental well-being has been 
shown to induce creative thinking (Nadler, 2010). 
Society 
Good mental wellbeing will carry on from youth to adulthood 
(Fergusson, Horwood, Ridder, & Beautrais, 2005). People with 
higher levels of emotional well-being tend to live longer, have 
happier lives and are better team-players (Robertson, 2011).  

Psychological well-being also benefits companies. High levels of 
psychological well-being of employees translate into lower 
sickness-absence levels, better retention of talented people and 
more satisfied customers. (Robertson, 2011). 

In addition, happiness increases productivity by at least 10% 
(Oswald, Proto, & Sgroi, 2014). Improvement of happiness and 
mental well-being of Singaporeans will thus boost Singapore’s 
economic growth. 
 

TARGET	  AUDIENCE	  -‐	  YOUTH	  

Looking	   at	   the	   deterioration	   of	   mental	   well-‐being	   of	  
Singaporeans,	   we	   realized	   the	   need	   to	   enhance	   the	   mental	  
health	   of	   Singaporeans	   since	   young.	   Young	   people	   reporting	  
suicidal	   ideation	   or	   making	   a	   suicide	   attempt	   are	   an	   at-‐risk	  
population	   for	   subsequent	   suicidal	   behavior	   and	   depression	   in	  
adulthood	   (Fergusson	   et.	   al,	   2005).	   We	   hope	   our	   effort	   in	  
improving	  mental	   health	   in	   adolescence	   will	   also	   translate	   into	  
better	  psychological	  well-‐being	  in	  adulthood.	  

Another	  reason	   for	  choosing	  youth	   is	   the	   fact	   that	  young	  adults	  
and	  youths	   in	   Singapore	  are	  especially	   susceptible	   to	  emotional	  
instability.	  According	   to	  SOS	   (2014),	   30%	  of	   the	   suicide	   cases	   in	  
2013	   are	   committed	   by	   people	   younger	   30.	   Young	   adults	   aged	  
18-‐24	  has	   the	  highest	   chances	  of	  having	  mental	  disorder	  out	  of	  
all	  adult	  age	  groups.	  

We	   plan	   to	   target	   secondary	   school	   students	   (aged	   11-‐15)	  
specifically.	  Secondary	  school	  is	  usually	  the	  time	  when	  academic	  
stress	  increases	  significantly.	  While	  suicides	  are	  extremely	  rare	  in	  
children	  under	  10	  years	  of	  age,	  suicide	  rates	  rise	  in	  the	  10	  to	  14	  
years	  age	  group	  and	  increase	  markedly	  in	  the	  15	  to	  19	  years	  age	  
group	  (Ung,	  2003).	  

 
 

4. Proposed solutions 
To tackle the problem of poor mental well-being, we propose to 
implement a programme that will be introduce in secondary 
schools across Singapore. A carnival will be used to kick-start the 
programmes, which includes a compulsory psychological test, 
animal-assisted and meditative therapy.  
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4.1 Carnival  
 

Methodology  
 
A guest of honour would be invited to secondary schools to 
introduce and kick start the programme. Seniors in the schools 
will be given the opportunity to organise this carnival. While 
organising, they can learn the factors of stress and research on 
ways to relieve it. The carnival will give out positive vibes, 
enticing students to look forward to benefitting from the newly-
introduced programme. 
 
Programme Details 

Introducing certified 
Pets and school 
counselors 

To give students a first hand interaction 
with the pets and provide school 
counselors the opportunity to interact 
with different students. 

Posters and pamphlets Show the signs of stress, how to relieve 
stress, and help-lines/ other means of 
reach that students can go to 

Parent and 
teacher/counselor 
session 

Provide tips to parents on supportive 
parenting 

Stress relieve stations Break plates, tear paper, scribble their 
worries 

Balloon releasing 
stations 

Write their worries and unhappiness on 
the balloon and let it go 

Moral support 
exchange station 

Students make one promise each to their 
parents that they are doing their best and 
parents write a letter of encouragement 
to their child 

Bad way of releasing 
stress 

Emphasis bad ways like alcohol, 
smoking, violence, suppressing feelings 

Food that relieves stress Provide food that relieves stress like 
blueberries, cashew nuts, tea, chocolate, 
orange and walnuts 

 

Aim 
This annual family event is to spread the awareness of prevention 
of stress and depression by eliminating the social stigma of seeing 
psychiatrist and going for counselling. It can both educate family 
members of the dangers/signs students show when under 
depression, as well as, strengthen family bonds. 
 
4.2 Psychological Test 
Methodology  
Schools will administer a compulsory psychological evaluation 
test for all students during the yearly health screening period. 
Students will have to complete the test before the annual health 
check-up and the results will be reviewed during the checkup.  

Aim  

To identify students who are at the risk of having psychological 
disorder by flagging  
, so that we can intervene early and prevent the number of suicide 
rate from escalating. 
 
4.3a Animal-Assisted Therapy 
Methodology  
Introduction of pet assisted therapy in schools. Pet assisted 
therapy involves participants interacting and playing with pets 
such as dogs and cats in the programme. 
Counsellors in schools can collaborate with certified dog handlers 
in pet therapy to help reduce the stress level of students and 
promote healthy living lifestyles. 
Projects such as having students take turns to care for the dog and 
to bring the dog out for a walk can be initiated. Schools can also 
set up a little dog-park in campus and have professional dog 
handlers educate the students on such as how to groom a dog, 
basic dog training tips etc. 
 
Aim  
Pet assisted therapy has been shown to stimulate awareness, 
pleasure and social interaction with others. (Kalfo, 1991). It can 
also improve the psychological health (happiness) of students and 
build confidence amongst them. By entrusting students with pets, 
they get to learn about responsibility and practice ownership. It 
can also encourage more physical exercises as students go 
outdoors more often to walk the dogs. It gives them an 
opportunity to hone their social interactions skills as they can talk 
and interact with like-minded pet lovers. 
 
Research has also shown that pet therapy can lower depressive 
symptoms, increase feelings of belongings and also happiness. 
(Francais G.M., 1985) Pets also provide for the emotional aspects 
of people, as they are non-threatening, non-verbal and reassuring 
comfort for people. They can help people to come out of their 
shell of depression and loneliness, and also bring about hope and 
joy in their lives (Michaels, 1982).People feel more comfortable 
and open up a lot better when there is presence of pet in the 
room.  (Schrammel, 2013). Counsellors in school can have pets 
around when they are having counselling sessions with students. It 
makes the environment less stressful for students and creates a 
positive and relaxing image of counselling. This can remove the 
stigma or fear of going to see the counsellors in schools, and 
encourage students to seek help more often when they need it. It 
can lift the spirit of the school and inject positive and calming 
vibes.  
 
 
4.3b Meditative therapy  
Methodology  
Yoga sessions will be conducted in secondary schools all over 
Singapore during PE lessons. (Sat Bir S. Khalsa PhD, 2012) 
According to the Ministry of Education, by 2017, all secondary 
schools will implement an hour increase in PE curriculum time to 
two hours per week. (Lee, 2013) It would be good to set aside 1 
hour for yoga sessions as the positive effects can be further 
amplified if conducted on a regular basis. 
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Furthermore, the average cost of a private yoga lesson is 
above $20 per session, thus it may be considered pricey and not 
worthy to sign up at public locations. If it is implemented in a 
school setting, it will be beneficial to all students as a form for 
stress management technique. 
 
Aim  

Research have shown that yoga and meditative therapy 
is indeed beneficial to the body, mind and soul of an individual. 
Some benefits of yoga include lower stress level, better 
concentration level, a form of anxiety relief as well as greater 
flexibility and strength. (Call, D., Miron, L., & Orcutt, 2014) It 
can also build up an individual’s self awareness and social 
awareness. (Semwal, J., Juyal, R., Kishore, S., & Kandpal, S., 
2014).  These positive effects can definitely help youths improve 
both their physical and mental well-being in the long run. Various 
schools overseas such as St Raphaela’s secondary school in 
Dublin, Ireland (smith, 2014) have introduced yoga as part of the 
students Physical Education programme and and it has been 
proven to be very effective and well received by the students. 
Furthermore, compared to the sports that Singaporean students are 
currently engaged in during their Physical education lesson, yoga 
can be considered less physically demanding, making it a friendly 
sport for all to join. 
 
 
 
5. Sustainability 
 

5.1 Quantifying sustainability  
 

Psychological Health = World Happiness Index* + Emotional 
expression* – Suicide Death Rate* 
 
By using this equation, we can quantify Singapore’s 
psychological health in a holistic way, and determine if there is an 
improvement by examining the various indicators. 
We may also take into account of the natural suicide rate of 
Singapore and neighboring countries with similar social and 
cultural background.  
Also due to the nature of the project and happiness is difficult for 
us to quantify, we would just have to assume that 3 indicators 
above are the major indicators although we acknowledge that 
there are also other indicators to quantify psychological health as 
well.  
 
*World Happiness Index is taken from World Happiness Report. 
*Expression of Emotion is taken from Gallup 

*Suicide Death Rate is taken from (SOS) and World Health 
Organisation.  
 

5.2 Moving forward / Aim 
We hope to improve Singapore’s overall psychological health-
being and sustain this improvement. At the end of the project, we 
hope to reduce the suicide rate to Singapore’s natural suicide rate 
and for Singapore’s Happiness index to improve.  
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ABSTRACT 
In this paper, we describe the statement of the problem, the aim of 
our project and the parameters of the study. Additionally, the 
paper states key assumptions and considerations and 
recommended solutions based on our findings.  

Keywords 
The Keywords of our topic are “Singapore”, “Public Transport 
System” and “Population”. 

1. INTRODUCTION

 
Although there have been major plans to improve the public 
transport system through increasing the efficiency of buses and 
trains, in recent times, there have been major disruptions 1in the 
train services multiple times causing major disruptions to public 
commuters. 
This then begs 
the question of 
whether or not 
Singapore’s 
public transport 
system will be 
sustainable in 
the near future. 
Considering that the public transport master plan has been rolled 
out and has projected to the year 2030, our project will aim at 
addressing this question within this similar timeframe. 
Additionally, our group feels very strongly that the public 
transport system should not only be able to support the 
population, but support the population comfortably.  

                                                                    
1 Straits Times – Mondays MRT Train Service disruption  

2. STATEMENT OF THE PROBLEM 
Within this statement, there are some key considerations. Firstly, 
the Singapore public transport system will refer only to the Bus 
and MRT services. Secondly, considering that the most extreme 
periods of public transport 2usage are during peak hours, the scope 
of the project will mainly revolve around whether or not the 
Singapore transport system is able to accommodate the population 
during the peak period.  

3. AIM 
The aim of our project is to review and understand the current 
problems within the Singapore Transport System, considering 
different perspectives and limitations. We will then be able to 
evaluate quantitatively where the numbers of population 
congregate and hence, cause problems, and whether our two 
model situations will be able to ease, or possibly solve the exiting 
problem. 

4. Literature Review 
4.1 World Class? London’s Transport: 
Progress and Future Challenges.3 
Author: Professor David Begg 
Sponsored by: Siemens 
Background: London’s population is expected to hit 9 million by 
2020, with many agreeing that the transport system would need an 

entire overhaul to be able to sustain the 
population growth.  
Methodology: The study used a wide 
spread of existing data, comparing the 
world’s densest populations and their 
transport systems, coupled with general 
consensus surveys that indicated 
commuter satisfaction levels and 
policies used such as congestion 

charging4. Case studies from various countries have also been 
cited to substantiate key findings5. 

                                                                    
2 LTA travel smart market research results - Page 2 
3 Siemens – World Class London’s Transport System  
4 Siemens – World Class London’s Transport System Page 30 
5 Siemens – World Class London’s Transport System Pages 27-30 

Will the Singapore Transport System be able to support 
the population considering future population growth 

projections1 of 6.9 million? 
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Findings: The study made certain key findings regarding the 
entire transport system. Specifically, it mentioned that “Extra 
lanes on the M25, more trains on the Underground, longer 
platforms and trains on the DLR, new capacity on the Overground 
– they all fill up and revert back to the original level of congestion 
in somewhere between two and ten years.6” This links back to one 
of their arguments of promoting transport through the use of 
bicycles. Additionally, the study suggests that “Cars are extremely 
inefficient users of road space they need to be discouraged in 
cities. As Boris Johnson has ruled out wider use of congestion 
charging beyond the central zone this greatly restricts his ability to 
reduce traffic volumes and congestion.”7 This seems to suggest 
that, similarly to the Singapore’s ERP System, it may not be the 
best policy to exercise congestion charging. 
The study also found out the densities of residential areas per km2 
and employment peak of jobs per km2. These findings substantiate 
the locating of public transport services, adjustments in frequency, 
capacity and usage    
 

 
 

4.2   Investigating predictors of the demand 
for public transport in Melbourne, Australia 
Author: J.F. Odgers 
Sponsored by: RMIT University, Melbourne, Australia 
Background: Melbourne population is predicted to grow between 
4.5 to 5 million residents by 20308 Article identify and analyse the 
correlation between several significant independent variables and 
the level of patronage of Melbourne Transport System 

Methodology: The study uses mostly statistical analysis9 
collected from transport authority, quantitative survey report, 
projection and extrapolation of data and equations model to 

                                                                    
6 Siemens – World Class London’s Transport System Page 32 
7 Siemens – World Class London’s Transport System Page 32 
8 Investigating predictors of the demand for public transport in 
Melbourne, Australia page 1 
9 Investigating predictors of the demand for public transport in 
Melbourne, Australia page 3-4 

review the effectiveness of Melbourne main transport network 
(rail, tram, bus)10 

Findings: The study made critical findings that the forecast 
expect a reduction in demand of Melbourne Public Transport 
System. The study found that there were several different 
variables affecting different transport systems by using the 
equation model11. It shows that the top three explanatory 
independent variables affecting public transport demand in 
Melbourne are average price of unleaded petrol, employment rate 
and wages and resident population.12 There are, however 
limitations of the findings such that there are several separate and 
at times conflicting data are presented by public authorities and 
some probably important factors are hard to quantify into 
variables. With the above variables and limitations, suggest that 
for the case of Singapore Mass Rapid Transport system, several 
possible scenarios have to be taken into consideration to come up 
with the best solution that can support the Singapore public 
transport system with the burgeoning population growth. 

4.3 Land Transport Master Plan 2013 
Author: Land Transport Authority of Singapore 
Sponsored by: Land Transport Authority of Singapore 
Background: There is a need to develop the Land Transport 
Master Plan (LTMP) 2013 in place of the LTMP 2008 as new 
challenges surfaced and greater demands are to be met in the 
length of the 5 years. In this Master Plan, the older plan is 
reviewed and new ideas are proposed to improve Singapore’s 
transport system over the next 20 years13.  
 
Methodology:  Mainly, LTA has its own corporate planning and 
research department to source for data essential for the Master 
Plan, from conducting surveys such as the Household Interview 
Travel Survey in 201214 to calculate key figures such as the 
absolute length of rail and rail density15.  
LTA also consults MSI Global for land transport solutions from 
policy-making decisions to strategic planning16.  
 
Findings: The first part of the LTMP 2013 looks at how the 
LTMP 2008 had fared and how and what should be further 
improved on. According to the Household Interview Travel 
Survey in 2012, the increase in percentage share of public 
transport trips indicates a greater ridership by the population. This 
shows that the LTMP 2008 is on the right track. Total travel time 
for public transport has also shortened comparing 2008 and 
201217.  The next part of the LTMP 2013 identifies the arising 
problems due to the change of Singapore’s landscape. Higher 
expectations from the commuters, growing population and 
economy, and tighter land constraints were picked out as the 

                                                                    
10 Investigating predictors of the demand for public transport in 
Melbourne, Australia page 1 
11 Investigating predictors of the demand for public transport in 
Melbourne, Australia page 6 
12 Investigating predictors of the demand for public transport in 
Melbourne, Australia page 7 
13 LTA- LTA Master Plan 2013 Page 2-3 
14 LTA Academy- Enhancing Urban Travel Experience 
15 LTA- Department of Statistics Singapore Key Annual 
Indicators 
16 LTA- Our Organisations, Our Subsidies 
17 LTA-  LTA Master Plan 2013 Page 11 
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General Equation: 

NL = NP – NE* 
 

NL: Number of late passengers 

NP: Total number of passengers 

 

*NE represents the number of people who arrive early 
which can currently be assumed to be people who do 
not miss either their 1st/2nd/3rd boarding opportunity. 

concerning issues for Singapore’s public transport system18. These 
problems were then addressed in the rest of the plan. They tackled 
the problems by consulting the public on their opinions and 
feedbacks using methods such as opening focus group discussions 
and online consultations19. Initiatives to improve the network of 
Singapore’s transport system were developed20. Plans to improve 
the comfort of rides of trains, buses and taxis were crafted21. 
Means to encourage and improve the lives of the commuters (for 
example, implementing more safety regulations and putting up 
sound barriers 22 were established. The use of private transport is 
also discouraged to ensure a smoother traffic by tax policies such 
as erecting new electronic road pricing (ERP) gantries and issuing 
certificates of entitlement (COEs) at a controlled rate. 

5. Methodology 
5.1 Parameters and Key Assumptions 
 The research is restricted to Singapore’s public transport system, 
which only involves public buses, SBS Transit and SMRT, and 
mass rapid transport (MRT). We have decided to focus our scope 
on morning peak hours, from 6.00am to 9.30am23, from Monday 
to Friday. The key assumptions that we have arrived at are that 
- LTA’s Master Plan projections are accurate and reliable  
- No major political change in Singapore 
- No major disaster that affects the growth of Singapore’s 
population, all from now till year 2030.  
	  

                                                                    
18 LTA-  LTA Master Plan 2013 Page 13-14 
19 LTA-  LTA Master Plan 2013 Page 16-17 
20 LTA-  LTA Master Plan 2013 Page 20-25 
21 LTA-  LTA Master Plan 2013 Page 26-33 
22 LTA-  LTA Master Plan 2013 Page 38-41 
23 SMRT- Taxi Peak Hour Surcharge 

5.2 Variables and Constants  
For our Variables and Constants, we have chosen to use two 
different observational situations. Firstly, we will analyze the 
possibility and impacts of constructing a express transportation 
service, specifically to the MRT system. For the Second situation, 
we will analyze the possibility and impacts of extending flexi-
work hours by changing office hours from 8am to 10am. This will 
allow the shifting of demand from the more congested timings of 
6am - 7:30am to a later timing, thus easing congestion issues and 
increasing efficiency.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

5.3  Data 

Situation 1 Express transport 
service 

Independent 
Variable 

Dependent 
Variable 

Constant 

Number of 
stops an 
express 
MRT/bus take 
as compared 
to the original 
for a one-way 
journey 

Number of people 
who are late for work 
due to public 
transport 

Transport 
frequency during 
peak hours 

 Satisfaction level of 
commuters 

Capacity of public 
transport 

  Working hours are 
from 8am to 5pm 

  Time vehicle takes 
to stop at each stop 
remains constant  

  Ratio of 
Singapore’s 
population taking 
public transport 

Situation 2 Extending flexi-work 
hours 

Independent 
Variable 

Dependent 
Variable 

Constant 

Extending of 
flexi-work 
hours. 
Start: 8am to 
10am  
End: 5pm to 
7pm 

Number of people 
who are late for 
work due to public 
transport 

Transport frequency during 
peak hours 

 Satisfaction level 
of commuters 

Capacity of public transport 

  Number of stops the public 
vehicle takes for a one-way 
journey 

  Time vehicle takes to stop 
at each stop remains 
constant  

  Ratio of Singapore’s 
population taking public 
transport 
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Based on our literature reviews, we were able to focus our search 
on key and relevant data. The figures below display some of our 
key data and findings. 
 

 
Fig 1. Key Ridership Data Changes (in thousands) 
The information provided in Fig 1 is imperative to study the 
possible changes in ridership over the years. This allows us to 
scale our model’s data accordingly such that the number of 
passengers calculated will not be understated. 
 

 
Fig 2. Residential Population Distribution 24 

One of the Key findings of the London literature review was that 
determining residential population distribution was of utmost 
importance. From the data in Fig 2, we were able to narrow down 
the densest residential areas to be in Bedok, Tampines, Jurong 
West and Woodlands, each having approximately 250,000 – 
300,000 residents.  
 
 
 
 
 
 
 
 

                                                                    
24 SINGSTAT - Geographic Distribution of the Singapore 

Resident Population, 2010 

 

As for satisfaction levels, a study done by the Institute of Service 
Excellence (ISES), suggested that in general, the public transport 
system ratings fell over the course of 2 years, 2013 and 2014. 
According to the study, the public transport sub-sectors of MRT 
(59.7-points), Public Buses (58.5-points), and Taxis (63.2-points), 
fell by 4.35-points (-6.8%), 2.17-points (-3.6%), and 4.10-points 
(-6.1%), respectively, although the change for Public Buses was 
not significant25.  
 

 
 
 

6. Conclusion (thus far) 
Currently, the project has gotten off to a fairly good start, with 
certain key parameters, assumptions and preliminary data 
obtained. As we progress on, we will seek to obtain more data 
regarding our variables that we have yet to obtain, and 
additionally, work closely with our mentor to see if there are any 
possible areas where we are lacking in our model. 

On a side note, we understand our limitations in determining 
accuracy and rigor in our data analysis due to our lack of 
statistical and mathematical knowledge. However, we will attempt 
to add robustness to our project by considering our limitations and 
giving appropriate assumptions when necessary to eventually, 
determine the effectiveness of our proposed model.  

Lastly, after our model data and projections have been made, we 
will then use our data and findings to propose suggested solutions 
to the current public transport system and see if there are ways in 
which our project is able to improve the current system based on 
our predetermined output variables. 
 
 
 
 
 
 
 
 
 

                                                                    
25 ISES – CSISG Q2 Results Overview, 2014 
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ABSTRACT 
The sharp increase in frequency as well as intensity of natural 

disasters raises an urgent need for safe shelters across the world, 

but especially in Asia. This paper will apply sustainability 

concepts to investigate the interaction of different variables. This 

is the first step in achieving our project’s objective: to design a 

transitional shelter that can sustain a large population for a 

prolonged period of time. 

 
 
Keywords  
“Underground”, “Shelter”, “Disaster”, “Sustainability”, 
“Southeast Asia”, “Geothermal Energy” 
 
 
1.  REASONS FOR PROJECT  
1.1 Heavy Impact of Natural Disasters 

 

 

Figure 1. Worldwide Trend in Climate-Related Disasters [4] 

 

 

 

With reference from Figure 1, although a minute number of 

anomalies and fluctuations exist, the general trend across the 

years show that the number of natural disasters worldwide having 

been increasing. In particular, floods and storms occurred more 

frequently than droughts and cases of extreme temperatures. As 

such, while our proposed solution can possibly provide 

emergency relief to all types of natural disasters, we aim to 

strengthen our structure primarily against floods and storms. 

 

Figure 2. Frequency of Disasters in Different Regions [3] 

Figure 2 shows that on average, for every 2 natural disasters that 

occur in other regions listed above, the Asia-Pacific region would 

be hit by 3. This proves that the region most in need of 

underground shelters is the Asia-Pacific region. 
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Figure 3. Impact of Natural Disasters (Type) in Asia, 2013 [1] 

Placing greater scrutiny on the Asia-Pacific region, we 

investigated the impact of various natural disasters that occurred 

in 2013. From Figure 3, it is evident that the region is faced with 

many different forms of calamities, floods and storms being the 

most frequent and devastating resulting in terms of casualty rates 

and extent of damage. Granted, we are not able to control the 

frequency of natural disasters. However, we aim to minimise 

damage by providing a relief shelter to the people affected. This 

will also buy time for the country’s government to carry out 

rescue and restorative procedures.  

 
1.2  Inadequate Relief Shelters to Cope with 
the Disasters   
  
Post-disaster shelters can be categorised into five different types. 

Each type caters to a different phase of the rescue and 

reconstruction process. 

 

Figure 4. Different Definitions of Shelters [2] 

For best results, all five types of shelters should be utilised. 

However, most developing countries currently lack, in both 

quantity and quality, sustainable shelters that can last long 

enough for the later phases, especially transitional shelters. 

Professional assessment of some prominent transitional shelters is 

shown below:  

1.2.1 Burkina Faso (2009) 
 

 

 

 
Figure 5. Analysis of Existing Shelters in Burkina Faso [2] 
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1.2.2 Indonesia, West Java (2009) 

 

 
Figure 6. Analysis of Existing Shelters in Indonesia [2] 

1.2.3 Philippines (2011) 

 

 
Figure 7. Analysis of Existing Shelters in Philippines [2] 

In summary, the current existing shelters in most developing 

Southeast Asian countries are mostly short-term emergency 

refuges which are not equipped to accommodate refugees for a 

long transitional period of post-disaster. The few available 

transitional shelters are not of acceptable quality to ensure safety 

against flood and wind hazards. Hence, our main aim will be to 

provide transitional shelters that can sustain a reasonably large 

population for an extended period of time. 

 
2.  Project Outline and Areas for Further 
Investigation  
  
Our primary target area is Southeast Asia, particularly countries 

like the Philippines and Indonesia. These are countries most 

affected by the aforementioned environmental threats, and hence 

in urgent need of reinforced transitional shelters. Our proposed 

underground shelter is illustrated in the diagram below. 

 
Figure 8. Simplified Diagram of the Underground Shelter 

As these underground shelters must be able to protect refugees 

against surface threats for a certain period of time, sustainability 

is an important consideration. To investigate the sustainability of 

these shelters, we have decided to divide our project into the 

following segments and look at each segment in greater detail. 

These segments are: 

2.1  Population and Time Variables: 
 
To simplify our investigation of how different variables interact 

with one another, we have decided to fix population and time. 

The maximum number of people one shelter can take is fixed at 

A and the longest duration of their stay is fixed at B. We plan to 

find out the numerical values for A and B based on further 

research on the capacity of existing underground facilities as well 

as the current demand for shelters during and after disaster period. 
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2.2  Quantification of Variables 
 
In order to assess the sustainability of our underground shelter, 

variables that continuously enter and exit the shelter must be 

quantified and looked at in greater detail. For our shelter, some of 

these variables include people, time, energy, food and water. By 

making certain assumptions and using the governing equation for 

a system, Inflow – Outflow + Generation – Consumption = 

Accumulation, we have set a certain criteria for each variable to 

meet in order for our shelter to be sustainable.  

2.2.1 Energy 
The primary source of energy would be geothermal energy, the 

natural heating of the Earth’s core. A possible secondary source 

would be solar energy if solar panels can be installed in the 

building above the shelter. However, some heat may be lost 

through radiation as the shelter is made of steel. By the principle 

of conservation of energy, energy cannot be created or destroyed, 

so there is no generation or consumption.  

2.2.1.1 Word Equation 
Framing the word equation yields: 

Geothermal Energy Absorbed = Electrical Energy Harnessed + 

Thermal Energy Lost to Surroundings + Heat Dissipated by 

Turbine 

2.2.1.2 Assumptions Made 
Rock strata surrounds the shelter, turbine operates adiabatically, 

inlet and outlet streams to turbine are at the same height. 

2.2.1.3 Energy Provided by Turbine 
∆Kinetic Energy + ∆Potential Energy + ∆Enthalpy = Q + W 

Where Q is the heat absorbed by the system and W is the work 

done by the turbine. Due to the inlet and outlet streams being at 

the same height, ∆Potential Energy = 0. Also, since adiabatic 

operation of the turbine is assumed, Q = 0. After passing through 

the turbine, superheated vapour is condenses and flows back into 

the earth as a sub-cooled liquid. This means that ∆Kinetic Energy 

is negative since inlet velocity > outlet velocity. Using the steam 

tables provided in Chemical Engineering textbooks, it can be 

shown that ∆Enthalpy is negative as well. As such, the equation 

simplifies to:  

 

Work Done by Turbine = Kinetic Energy In – Kinetic Energy Out 

+ Enthalpy In – Enthalpy Out 

Electrical Energy Harnessed = Turbine Efficiency x Work Done 

by Turbine 

Energy Efficiency = Electrical Energy Harnessed ÷ Geothermal 

Energy Absorbed x 100% 

2.2.1.4 Sustainability Criteria 
Electrical Energy Harnessed ≥ A (A is a constant to be 

determined depending on the population and time period).    

2.2.2 Clean Water  
The primary source would be a nearby water source such as a 

reservoir or a lake. A possible secondary source would be 

underground water. Before entering the shelter, water from these 

sources would be purified through the Singapore NEWater 

treatment process. Clean water can also be generated by recycling 

waste water through the same treatment process. Consumption 

depends greatly on the number of people in the shelter, the time 

period the shelter is occupied and the amount of water consumed 

per pax. 

2.2.2.1 Word Equation 
Framing the word equation yields:  

Inflow + Rate of Waste Water Recycled - Consumption = 

Accumulation 

 

2.2.2.2 Assumptions Made 

Outflow of clean water is assumed to be 0, meaning no clean 

water is wasted. Any accumulation of clean water goes to water 

reserves in the shelter. Initial reserves is defined as some constant 

A, where A will be decided based on the number of people and 

the residence time. 

2.2.2.3 Sustainability Criteria 
Accumulation ≥ 0 to ensure that there will never be a deficit of 

clean water. As water is the basis of life, it is imperative that the 

reserves must never be depleted. Hence, we chose it as our 

sustainability criteria. 
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2.2.3 Food 
The primary source of food will be reserve food supply. The 

possible secondary inflow is international food aid. Food can also 

be generated from our own underground shelter (crops that 

require less warmth and sunlight to grow). Consumption depends 

greatly on the number of people in the shelter, the time period the 

shelter is occupied and the amount of food consumed per pax. 

2.2.3.1 Word Equation 
Framing the word equation yields:  

Inflow + Rate of Food Generated - Consumption = Accumulation 

 

2.2.3.2 Assumptions Made 
Outflow of food is assumed to be zero, meaning no food is wasted. 

Initial accumulation is defined as some constant C, where C is the 

reserve food supply, decided based on the number of people and 

time period.  

 

2.2.3.3 Sustainability Criteria 
Accumulation ≥ 0 to ensure that there will never be a deficit of 

food. Food security, which means accessibility to a food of 

acceptable quality and quantity, is for survival. Hence, we chose it 

as our sustainability criteria.  

2.3  Areas for Future Investigation 

2.3.1 Cost-related questions 
Who is going to fund our project? And how? Is the cost of 

building and maintaining these shelters manageable in the long 

run? 

As of now, we have come up with two methods to save cost. The 

first is to split the refugees into several small shelters instead of 

one huge shelter. The second is finding existing underground 

structures that can be renovated to act as shelter when required.  

This saves the costs incurred to build new structures. We might be 

able to gain new insights when studying existing shelters such as 

fall-out shelters, underground army bases and ammunition 

facilities, and Jurong Rock Caverns. 

 

 

 

Another significant cost-related issue we identified after 

extensive research is the relatively low conversion efficiency of 

geothermal power plants [5]. This means that we will need a large 

number of geothermal power units, which will incur higher 

construction cost. At the same time, these power units will suffer 

wear and tear and hence incurring more maintenance cost. 

2.3.2 Management-related questions 
Since our shelter aims to house a large number of people over a 

long period of time, management issues become a major 

contributing factor to the overall sustainability of our shelter. In 

fact, we might even have to modify certain aspects of our design 

to facilitate management. Some of the management questions that 

we plan to look into are: 

How can we safely evacuate refugees into and out of the shelters? 

How can we distribute food, water and other supplies efficiently 

and orderly? How can we facilitate the operation of medical staff 

and other rescue teams?  

We plan consult staffs from Non-Governmental Organizations 

before addressing these questions. With their expertise and 

experience in dealing with post-disaster emergency relief, we 

would be better able to evaluate measures that can be taken. 
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ABSTRACT 
Waste management has become a central issue if we were to 
ensure sustainable living. In particular, plastic waste must be 
properly managed due to proliferation in common consumer 
products. To ensure proper plastic waste management, current 
policies should be rigorously critiqued and reviewed to ensure 
their effectiveness. Moreover, behavioural patterns of consumers 
can be analysed so that policies tackle the root of the problem. In 
the end, this paper will aim to identify the most efficient way to 
ensure sustainable consumption and management of plastics.  

 
Keywords 
Consumerism, plastic waste management, sustainable living. 

 
1. INTRODUCTION 
1.1 History of the “Throw-Away Society” 
It is a human society strongly influenced by consumerism, which 
leads to excessive consumption of resources and hence mass 
accumulation of waste products. It is often regarded as a post war 
social change having emerged following World War II. The 
factors which contribute to such behavioural changes include 
greater affluence, innovation boom, better technology and 
consequently cheaper production methods. Moreover, such 
consumer patterns were also thought to drive economic growth 
and job creation in the past.  

However, it is obvious that such consumer patterns that were 
“beneficial” to the economy in the past has no place in the world 
we live in today as it directly contradicts the notion of 
sustainability. This project will focus on how the mind-sets and 
cultures that arise in relation to the “throw-away mentality” can 
negatively impact sustainability efforts and how Singapore can 
adjust policy formation and implementation.  
 
2. ENVIRONMENTAL IMPACT 
In the North Sea, the stomachs of 94 percent of all birds contain 
plastic. Plastic bags have also been found in stomachs of multiple 
endangered marine species. In short, at least 267 species are 
known to have suffered from plastic contamination either through 
entanglement or ingestion of marine litter.  

 
The presence of plastic waste in oceans and water bodies not only 
cause harm to marine species, the accumulation and dumping of 
such plastic wastes at landfills are an eyesore. This is because 
plastic waste such as plastic bottles take about 450 years to 
decompose. 
 
Plastic waste may seem trivial to individuals as this waste, similar 
to other household wastes that are usually taken care off by the 
authorities. However, these plastic wastes indirectly affect human 
health by acting as water collection areas and become breeding 
sites for Aedes mosquitoes. In countries Kenya, malaria outbreaks 
follow due to the accumulation of water in plastic bags. 
 
 

3. POLICIES 
3.1 Policies adopted in Singapore 
Solid waste in Singapore has increased 6.4 times from 1970 to 
20121. Judging by this rate of increase we will need to build new 
incineration plant every 5-7 years and new landfill every 25-30 
years [Teo, V., N.D.]. As Singapore has a land mass of around 
700 km sq. Due to such a small landmass unlike other countries, 
Singapore don't have the luxury of simply sending her municipal 
solid waste (MSW) to the landfill. To cope with this limitation, 
Singapore has implemented the integrated waste management 
system. These has led to some of the lowest rate of waste being 
landfilled3, with high rates of recycling at 61% in 20134. 

Singapore’s integrated waste management system consist of 
firstly the waste collection, followed by waste minimization and 
recycling ending with waste disposal either by landfill or WTE 
plants.  

With strong policies implementation in 2011, of the left over 41% 
of waste not being recycled, 38% are send to Waste-to-energy 
incineration plants while the last 3% of non-combustible waste are 
being landfilled [Chung, D., N.D.]. 
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Fig 3.1: Flow of waste (Singapore) 

 

3.1.1 Waste Collection 
Unlike many countries in the EU where landfill taxes and cradle-
to-grave policies are implemented as part of waste management 
policies, Singapore doesn’t practice any of these policies. In 
Singapore domestic waste collection is tendered to private waste 
collectors for each of the 9 waste collection zone, who would then 
categorise the waste as part of Singapore’s integrated waste 
management system. Industries would engage waste collection 
and recycling companies for waste disposal. Construction and 
demolition(C&D) companies are an example of an industry in 
Singapore with high rate of recycling their waste due to 
government policies. 

 

3.1.2 Waste Minimization and Recycling 
The main bulk of non-combustible waste like construction waste, 
industrial slag are being recycled at 99% and 97% rates to 
minimize the amount of waste going to be landfilled. 
 
Over the years Singapore has made great progress in reducing the 
amount of waste to be landfilled. Materials like metals, industrial 
sludge and construction waste are being recycled at a high rate. 
This is done through government policies and industrial efforts. 
For example, contractors who want to tender for large government 
projects are to have design and construction methods that 
minimize waste production [Cooper, J., N.D.]. Industries are 
encouraged by government to minimize waste, in the case of 
construction waste NEA has ensure there are C&D waste 
recycling facilities7. In industrial estates, there’s the Recycling 
Programme for JTC Industrial Estates, in which bins are placed in 
waste collection centres to collect wood waste.  
 
In 2001, NEA implemented National Recycling Program, in 
housing estates to facilitate the differentation of recyclable MSW. 
For industrial premises and those not covered under the public 
waste collection tenders, there exist private arrangement with 
general waste collectors.  
 
NEA has also set up an Innovation for Environmental 
Sustainability (IES) fund for Singapore-based companies to 
subsidy part of the cost of researching technologies that would 
contribute to environmental sustainability8. 
 

3.1.3 Waste Disposal 
Waste disposal in Singapore’s integrated waste management 
system comprises of the WTE plants and the landfill. 
Interestingly, more domestic waste(56%) then non-domestic 
waste(44%) are being send to be disposed. 
 

WTE plants are efficient in volum2e reduction of waste, reducing 
waste by 90%9 this is a key process through which most 
incinerable waste in Singapore are disposed of. The 4 WTE plants 
in Singapore are capable of dealing with 7600 tonnes of waste per 
day [Hoshaw, L., 2011] producing 1048 GWh of electricity in 
2008. While the cost of incinerating waste is higher than that of 
the value of electricity produced, incineration of waste still 
remains a vital measure for disposal of waste in Singapore. 
 
Waste that cannot combust would be send to Tuas Marine 
Transfer Stations to be sent to Semakau Landfill, the only landfill 
in Singapore. The ashes from the incineration process are also 
send to the landfill. With proper minimization of the waste being 
landfilled, the Semakau landfill which is built in 1999 is expected 
to outlive its 30 years life span and continue operations to 2045. 
 
3.2 Policies adopted Globally 
3.2.1 Campaigns  
Some of the campaigns introduced in certain countries include the 
Bag Yourself A Better Environment campaign in Australia, 
designed to reduce the use of plastic bags in 2003. (Hennessy, 
2003) Citizens were encouraged to buy reusable bags instead of 
taking plastic bags and youths in Australia were also made more 
aware of the rising plastic wastage and the problems it carried. 
More recently, in an Australian suburb, Avalon, the Surfrider 
Foundation Australia, a non-profit environmental group, is 
cooperating with many other community groups and schools to 
transform old materials such as old sheets and upholstery offcuts 
into bags that shoppers can borrow and return. (Begley, 2014) 

 
3.2.2 Innovative Technology and Ideas 
Recently in Japan, there has been an experimental development of 
plastic recycling using coke ovens by Nippon Steel Coporation. 
Due to the similar thermal decomposition behavior between and 
plastics and coal and also the process which refines by-products, 
this area is being explored to reduce plastic wastage in Japan. 
[Kenji, Koichi, Hirotoshi, Seiji, & Hiroshi, 2006] Also, scientists 
in Rutgers University in the United States have explored, with 
success, the usage of recycled plastics to replace materials such as 
wood. High density polyethylene based recycled plastic lumber is 
more cost effective and unlike wood, will not rot due to moisture 
or insects and this [Nosker, Lynch, & Lampo, 2012] also reduces 
deforestation. Other new technologies developed include a new 
packing technology by Unileaver that uses 15% less plastic in 
Dove Body Wash bottles (Unilever launches breakthrough 
packaging technology that uses 15% less plastic, 2014) and oxo-
biodegradable plastic produced by Symphony Environmental 
Technologies (Oxo-biodegradable Plastic). In the UK, many cafes 
prefer selling bottled water instead to giving free tap water, 
resulting in large wastage of plastic bottles. Hence an 
entrepreneurial initiative by Edwin Broni-Mensah involved 
allowing customers to buy £12 re-fillable stainless steel bottles 
which can be filled with tap water and hundreds of participating 
restaurants and cafes. Furthermore, with every two bottles sold, 
one person in a developing country gets clean drinking water for 
life. (Day, 2013) 
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3.2.3 Regulations 
In certain countries, harsher methods are being used to reduce 
plastic wastage, such as the newly passed ban on single use plastic 
grocery bags in California. [Calefati & Richman, 2014] Despite 
the political attacks and an on-going initiated referendum against 
this ban [Murphy, 2014], it is the reports of overwhelming success 
that resulted in its approval. Many other countries such as 
Bangladesh and Rwanda have also banned the use of polyethylene 
bags. Less severe methods are undertaken as well, such as the ban 
on plastic bags that are less than 24 microns thick, which is the 
minimum thickness for it to be recycled, in South Africa. [More, 
2014] Similarly, China and Botswana bans plastic bags less than 
25 microns thick. Also, many countries have imposed plastic bag 
taxes, such as Spain, Wales, Scotland, and many more. [Planet 
Ark, 2012] 

 
4. INITIATIVES  
4.1 Approach 
Our proposals and approach will involve three communities of 
people, mainly the consumers (customers), the producers 
(manufacturers), and the authorities (government, policy makers). 
 

  
Fig 4.1: Framework of approach  

  

4.2 Understanding the mindset of Consumers 
Having done relatively well in the areas industrial waste disposal 
and policy planning, we propose to focus on the reduction of 
waste from the consumer community. To ensure effectiveness in 
the implementation of policies and measures, we must first 
understand why the throwaway society has been allowed to thrive. 
 

4.2.1 Hidden Mountain 
With the integrated domestic system in homes, we do not see the 
build-up of waste that we generate, as they are disposed of daily 
and effectively disappear from our point of view. As the saying 
goes, ‘out of sight, out of mind’. Being unconscious of the 
amount, and the aftermath of the trash that we create, we will not 
usually make an overt effort to reduce waste in everyday activity. 
[1] 

4.2.2 Cost 
Since most products’ packaging costs are already included in the 
retail price, the consumer would have no reason to reduce 
excessive packaging. Furthermore, the packaging is done by the 

manufacturer and the consumer would assume that the whole 
packaging would result from the manufacturer having the most 
profit in mind. Similarly, the cost of disposing trash, especially 
domestically, is not on a pro-rated basis. Rather, consumers 
usually pay a fixed amount of miscellaneous fee every month.  

 

4.3 Making trash more visible 
Trash sorting is a popular way of economizing on waste disposal, 
as well as increasing the rates of recycling in many countries 
(discussed above). Trash sorting increases the awareness of not 
only the overall amount of waste generated by individuals, or 
individual households, but also the awareness of the type of waste 
that they are generating. This activity also encourages the 
conscious effort to recycle potentially throw-able items. Over 
time, as trash sorting becomes ingrained into our culture, we can 
further implement a system where trash disposal services are 
charged based on how much trash one creates.  
 

4.4 Increasing cost 
By increasing the tax or price of plastic bags, consumers will have 
more reason to take charge of their usage of them, as it will 
infringe on their spending. Of course, one cannot raise the tariffs 
for plastic bags too high as it might result in consumers simply 
avoiding the store. Also, we recognise that sometimes it is 
inevitable that consumers do not bring their own recyclable bags 
due to pure negligence, and they cannot be faulted too heavily on 
that. Hence, we propose to conduct a survey to find out the 
minimum threshold cost of each plastic bag sold during a 
purchase that will cause them to feel the pinch in their pockets. 
This will prevent a complete avoidance of shopping and defeat the 
purpose of implementing extra charges when giving out plastic 
bags. This method of charging per bag would work best and most 
effectively when implemented in major supermarket chains as the 
scope is wide enough to have a significant impact. This again 
takes advantage of the consumer’s tendency to save and be as 
economical as possible. 
 

4.5 Improving Packaging Methods 
We now shift the focus from the consumers to the manufacturers. 
Manufacturers can invest on developing innovative packaging for 
household products, and improving existing ones. For example, a 
bottle of concentrated detergent when diluted can be equivalent to 
more than two of the same bottles. Alternatively, the dilution 
bottle and the detergent pack could come separately. (Fig. 5.4) 
Amway’s detergent can be diluted up to a ratio of 1:10, meaning 
that 9 bottles of detergent can be saved.  

 
Fig 5.4: Amway’s dilution bottle, maximum ratio of detergent: 
water is 1:10 

109 GEM1917 21/11/2014



 
4.6 Influencing the Community 
Community led events that are approved by the authority, whether 
at the grassroots or national level will influence the community in 
one way or another. Such events have credibility and funding, and 
emphasises the government stand in reversing the bad habits of 
the throwaway society. Where possible, community based events 
or celebrations can focus on one or more aspects of recycling, 
reducing or reusing materials perceived to be trash, to spread 
awareness among the young and old. One example is the Chingay 
Parade 2015. In line with SG50, a nine month long “We love SG 
flowers’ community engagement programme has been launched, 
where plastic bags are transformed into plastic flowers that will 
decorate the costumes and floats that will be used in the Chingay 
Parade next year. Though the idea of using waste materials to 
create something new is not relatively new, we can progress from 
making aesthetically pleasing artwork with rubbish, to venturing 
into encouraging the community to come forward to create 
something useful and practical, with a reward, monetary or 
otherwise.  
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1. INTRODUCTION  
The rising population of the National University of 
Singapore(NUS) student body (Figure 1) has led to 
an increase in overcrowding in bus stops and buses. 
Thus, this has led to an increase in demand of 
transportation among a larger population, inevitably 
leading to an increase in carbon emissions from 
NUS shuttle buses. 
Although the various departments in NUS (mainly 
The Transport, Logistics and Car Park Department 
in the Office of Campus Amenities, Office of 
Environmental Sustainability, Office of the Vice 
President (Campus Infrastructure) have 
implemented alternatives (which will be assessed 
later) to ease the problem of overcrowding in bus 
stops. The irregular and insufficient frequency of 
buses resulted in overcrowding in buses and bus 
stops. Hence, this pressing problem still persists as 
students are unable to reach class on time (to be 
quantified by surveys and recordings)  

 
Figure 1. NUS Undergraduate Population (Source: 

National University of Singapore, 2014) 
 
This problem is particularly more significant during 
peak hours in the morning and the evening where a 
large bulk of the population is going for classes and 
going home. This poses a greater issue in the 
evening where students from all places around 
campus are heading towards the same place (i.e. 
Kent Ridge MRT station). As such, students who 
are waiting to board a bus at later stops which are 
nearer to the MRT station are almost always unable 
to board the bus due to fully packed buses. 
 
 
 
 
 

 

 

Figure 2. Overcrowding in NUS bus stops (Source: 
The Straits Times, 2013)  

 
NUS has devoted a lot of its funds towards the latest 
green building projects such as UTown to reduce 
the campus carbon footprint. (Vasco and Chang, 
2011)  However, the rising student population poses 
a challenge for the campus to maintain its low 
carbon emission. Therefore, we believe that NUS 
would definitely be supportive of future measures to 
further reduce the carbon footprint in NUS.  
 
In our project, we hope to propose alternative 
sustainable forms of transport which can be 
incorporated in NUS. In this project, we would be 
analysing different forms of alternative transport 
which would help to encourage and ensure 
sustainability of NUS transport.  
 

2. Why this problem has to be 
curbed for a sustainable future? 
 
We will be attempting to quantify the problem of 
congestion in bus stops so as to highlight the 
importance of implementing our proposed 
alternatives, and to analyse the efficiency of current 
transportation measures in meeting the 
transportation needs of the students.  
 

1. What is the average time a student waits 
for the bus during peak hours ? 

2. What is the average transit time for a 
student ? ( Different routes will be 
assessed) 
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3. If more shuttle buses are introduced to 
ease the overcrowding at bus stops, would 
it lead to more congestion in NUS roads 
and hence a higher transit time? 

4. What is the current number of shuttle 
buses running in a day? 

5. What is the amount of energy needed to 
run these buses for the whole day? (i.e. 
energy from diesel) 

6. What is the cost of running these buses 
(i.e. wages for bus drivers, diesel charges) 

7. What is the total amount of emission 
release per day from all shuttle buses in 
NUS? 

 

The purpose of obtaining information (1, 2 and 3) is 
to compare the current waiting time with that of our 
proposed alternative transport. 
The purpose of obtaining information (4, 5 and 7), is 
to compare the amount of carbon emission produced 
by the current transportation facilities with that of 
our proposed alternatives. 
The purpose of obtaining information (6) is to 
compare the cost of implementing additional shuttle 
buses to the cost for implementing our proposed 
alternatives. 
 

3. Evaluation Criteria  
 
We will be organising and assessing the proposed 
alternative based on the following framework:  
 
Feasibility: 
1. Safety of the measure  
2. Total cost of implementing said measure (Within 
stipulated budget) 
3. Geographical landscape of NUS 
 
Receptiveness (Information and opinions gathered 
and ascertained mainly through surveys) 
 
Reasons that may deter from using the proposed 
alternative transportation: 

1. Psychological reasons 
2. Students may be used to crowded shuttle 

buses and not willing to switch to 
alternative transportation 

3. Challenges of learning alternative 
transport  

 
Sustainability: 

1. Evaluating the effectiveness of reducing 
carbon emissions with our proposed 
alternatives.  

2. Evaluating the effectiveness of reducing 
the overcrowding situations in shuttle 
buses and hence the waiting time for NUS 
transport. 

 
4. Alternative forms of Transport  
 
Our group has decided to assess micro electric 
vehicles, bicycles, solowheels and travelators for 
our proposed alternatives.  

 
By evaluating the case studies, we will formulate 
workable systems for our proposed alternatives, 
i.e.  where to implement them, how to implement 
them, and whether there would be a system that 
would involve borrowing of bicycles or solowheels 
on the go.  
 
4.1 Bicycles as an Alternative 
Transport 
 
Cycling is an alternative form of transport which 
could bring about various benefits to individuals and 
the environment. With the presence of increasing 
population in NUS, cultivating a cycling culture 
may be effective in ensuring sustainability of public 
transport (NUS shuttle buses), as well as 
redistributing the number of daily commuters taking 
buses, hence reducing the overcrowding situation 
and meeting the transport demands of the increasing 
population. Cycling is also an environmentally 
friendly transport that has no carbon emissions, 
hence it will leave a smaller carbon footprint. 
 
4.1.1 Past/Current cycling facilities in 
NUS 
 
·         Climate Action day 2012 was organised by 

NUS Office of Environmental Sustainability. 
In this programme, NUS provided free bicycles 
to promote cycling as an alternative and 
greener means of transport, as well as to test 
the cycling routes at different peak hours. 

·         Cycling paths in Utown have been built to 
encourage people to cycle  

·         NUS Bike is a 2011 student initiated 
movement with the objective of improving 
intra-campus mobility via quick and easy to 
use bike share. 

·         Designated bicycle parking spaces are built 
around the campus.  

 
4.1.2 Challenges of implementing bicycle 
sharing system in NUS 
 
·         Extreme temperature and precipitation 

(Pucher, Buehler and Seinen 2011), data 
suggests a significant decline in cycle usage 
when hot and humid ( >28 °C and > 60% 
humidity) (Capital Bikeshare 2012). 

·         Cycling decreases when gradient exceeds 4% 
(Midgley 2011) (Figure 3). 

 

114 GEM1917 21/11/2014



 
Figure 3: Steep Terrains in NUS, as shown in red 

(Source: Study on Green Transport in NUS) 
 
 
 

 
Figure 4: NUS Eco-Route (Source: NUS, Office of 
Environmental Sustainability)  
 

 
 
4.1.1 Case studies 

To effectively tackle the challenge of encouraging 
students and staff to cycle around NUS campus as a 
form of transport, we will analyse the different 
methods that are used to manage similar challenges 
in other geographical areas. 
 
We are going to analyse of cycling culture in Seattle 
which has numerous areas with steep terrains 
(Seattle Department of Transport, 2013)  
 

 4.1.3 Cycling culture in Seattle 
 

Seattle’s challenging topography is a barrier to 
current and potential bicyclists. The city is said to 
be on hills, and these include Capitol Hill, First Hill 
and West Seattle. Many residents have cited hilly 
terrain as a barrier to cycling. Their primary 
concerns include difficulty in maintaining control 
on steep terrains, not being physically fit enough to 
cycle up the slopes, perspirations which might affect 
their appearances-professional attire. Hilly terrain 
can be particularly challenging for less experienced 
riders, seniors and families. 
 

To manage this challenge, Seattle Bicycle Master 
Plan has come with up the following possible 
solutions to cultivate a cycling culture in Seattle. 
However, these solutions are still inadequate to 
completely eliminate the situations of bicyclists 
covering hilly terrains. 
Infrastructure solutions: 

 
  Reconstruction/ modification of roads 
 

· Prioritise connections and roads without hills:  
 
        Prioritize bicycle connections that minimize 

elevation changes and provide direct 
connections. If the only alternative to a busy 
arterial (main road) is a very steep grade, then 
the arterial should be treated aggressively to 
allow comfortable and safe cycling on the most 
desirable route. 

· Comprehensive approach to combine cycling with 
other modes and utilize design and technology 
to minimize the impact of steep terrains 
 Provide direct and convenient access to transit 
stations and stops from the bicycle network 

 
· Building the right facilities for hills:  
        Cycling pathways in steep terrains should be 

wider than the cycling pathways on flat 
surface, as cyclists may require more space to 
travel in a weaving, or switch-back, pattern. 
Furthermore, the speed differs between cyclists 
of varying abilities. The widened bicycle lanes 
may include bicycle passing lanes (Figure 4.1) 
and buffered bike lanes. (Figure 4.2) 

 
-          . 
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Figure 4.1: Bicycle Passing Lanes- Second bike lane 
added adjacent to the first to provide ample space 
for passing 
 
 

  -           

 
Buffered Bike Lanes: Bicycle lane with a buffer to increase the space between the bicycle lane and auto travel lane or parking. 

 
 
Figure 4.2: Bicycle buffered lanes to ensure safety 
of cyclists 

4.1.4 Innovative bicycle-friendly 
infrastructures 
 
 Bicycle Stairways, Channels and Elevators  
 
A bicycle stairway is a pedestrian stairway which 
also has a channel alongside or in the middle to 
facilitate walking a bicycle up or down the stairway. 
Cross-section shapes of the channels vary, but are 
usually either nearly rectangular or V- or U-shaped. 
 

 
Figure 5: Bicycle Stairway (Source: Wikipedia)  
  
 Software 
  
 Help cyclist to avoid hilly pathways as much as 
possible through software: Seattle is currently 
showing information about steep grades on existing 

user maps and information materials. This can be 
expanded to provide suggested route maps for lower 
elevation gain routes and on roadway wayfinding. 
These maps should be placed at major stops and 
stations (for bicycles) showing nearby bicycle 
routes. 
 
Publicity 

·         Encourage the use of foldable bikes: Folding bikes 
become a viable hill solution for bicyclists when 
combined with other modes. Encouragement can be 
in the form of money incentives to buy foldable 
bicycles, and high level of bicycle friendliness 
(Calstart, 2011)  
 
Systems 
Bike sharing: Public bike sharing systems are 
comprehensive mobility systems that use a fleet of 
bicycles and stations spread over an area to provide 
inexpensive and accessible transportation to 
primarily urban communities. They are well-suited 
to short trips, typically 2-3 miles or less. (Further 
supported by “A Systems Perspective of Cycling 
and Bike-sharing Systems in Urban Mobility”) 
 
4.1.5 Evaluation 
 
Providing bicycles as an alternative form of 
transport may be feasible as the cost of 
implementation is relatively lower than other forms 
of transport. This is because the cost of bicycle is 
relatively lower than other forms of transportation 
($100 bike compared to solowheel- more than 
$1995). Moreover, NUS already has bicycle related 
facilities (i.e. bicycle parking spaces) which could 
be fully utilised if bicycle sharing system could be 
implemented in NUS. 
 
To make NUS a more “bike friendly” 
environment,  some of the relevant infrastructures 
changes that we can adopt include building bicycle 
stairways, adding buffered bicycle lanes to ensure 
the safety of cyclists who are cycling on the roads. 
Prioritising bicycle roads over arterial roads might 
not be practical too, as motor vehicles, (i.e. shuttle 
buses) are still the main form of transportation in the 
campus. 
 
To ensure the safety of cyclists, education on bike 
safety needs to be implemented. Information of 
using the bicycle sharing system, as well as the 
safety aspects riding bicycles could be provided in 
the form of a mobile application, as well as 
information list beside the bicycle sharing system. 
(Similar to the information provided by Seattle on 
the steep areas) 
 
4.2 MicroEV as an Alternative 
Transport 
 
The micro electric vehicle (microEV) is a relatively 
new form of technological transport, which 
resembles a golf buggy. Case studies involving the 
microEV are still on going, such as the recent 
collaboration between Toyota and Grenoble, France 
((implemented in October 2014) to test out microEV 
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on roads (Toyota iRoad concept) to reduce 
congestion and emissions. (Luleva, 2014)  
 
In 2012, NUS ran a year-long trial to study whether 
microEVs can be used to enhance transport around 
campus, and whether it can be used as an alternative 
form of transport for providing personal mobility. 
The study involved a fleet of 10 Toyota COMS 
microEVs provided free by trial partner Toyota 
Tsusho(Singapore). The microEVs is used for 
travelling between Kent Ridge Campus and 
University Town. (Sim, 2012)  

 
Figure 6. MicroEV  (Source: NUS’ News Portal)  

 
4.2.1 Evaluation 

 
        However, there are several limitations regarding the 

use of the microEV, rendering it ineffective as a 
form of alternative transport. Each microEV 
requires 8 hours for its lead-acid batteries to charge 
(NUS News Portal, 2012). Many faculty members 
involved in the trial felt that the charging time is 
way too long and will not be able meet the demand 
of usage of the microEVs. Also, the cost of 
microEVs are high (Chua, 2012). The hassle to use 
microEV (i.e. a driving license is required, the lack 
of parking spaces) discourages people to drive 
microEV. One other issue to consider is the path 
width. If microEVs are to share paths with 
pedestrians, the paths in NUS will need to be 
widened as currently, the paths are approximately 2 
meters in width. If microEVs are sharing roads with 
vehicles, a need set of traffic rules will need to be 
implemented in order to ensure safety on the roads 
(Tong, 2009).  
 
The Office of Vice-President (Campus on 
infrastructure) has done a transport feasibility study 
to improve mobility in NUS. We have contacted the 
office and we are hoping to retrieve relevant data 
and information from them to substantiate our 
proposal. We aim to study the usage of microEVs in 
NUS and the possibilities in other forms of 
alternative transportation. 

 
 

4.3  Solowheel as an Alternative 
Transport 
 
The solowheel is an electrically powered vehicle 
with a gyro-stabilised uniwheel. It is lightweight, 
weighing at only 11kg and can be transported and 
stored easily, thus making it a highly compact form 
of transportation (Solowheel Europe, 2014). One 
charge cycle, which takes about 1 hour, can provide 
1-2 hours of riding time. The solowheel moves by 
detecting forward tilts and backward tilts to help the 
engine decelerate. 
 
4.3.1 Case Study 
 
Solowheel have recently become a popular form of 
transportation in Shanghai as it is small and light, 
making it compact for travelling around a populated 
city like Shanghai. Citizens find that this new 
invention convenient as it is easier to carry and it 
makes travelling easier compared to walking. (Du, 
2014) 
 
4.3.2 Evaluation 
 
The solowheel is an extremely safe form of 
transport as it has a stabilised wheel system. In 
terms of stability, it ensures postural stability 
through forward and backward movement, 
longitudinal and lateral stability on uneven ground 
and steep terrains. (Solowheel Europe, 2014) 
Unicycle can be also be controlled according to the 
direction that the rider prefers.  
 
The solowheel is also a better alternative compared 
to the Segway because it is much cheaper and 
lighter (Solowheel Europe, 2014). Also, its compact 
size allows it to be carried around easily even where 
sidewalks are narrow. It could also be stored easily 
like in apartments or in narrow elevators unlike 
Segways which are huge and bulky, causing great 
inconvenience when carried around. 
 
Solowheels can overcome obstacles up to 6cm in 
height and descends from obstacles up to 12cm in 
height (Solowheel Europe, 2014). The solowheel is 
also safe when going on a slope. It maintains the 
balance and its power allows one to maintain 
constant speed.  
Since the solowheel frees one’s hands, one can carry 
an umbrella during rainy days therefore making it a 
suitable form of transport during all kinds of 
weathers.  
 
The solowheel can only travel at a maximum speed 
of 16km/h (Solowheel Europe, 2014). If one 
attempts to travel beyond this limit, the solowheel 
will topple backward the foot platform slows down. 
To stop, one can just simply put a foot on the 
ground. One does not need to worry about losing 
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control of the solowheel as the solowheel would 
slow itself down to allow one to catch up with the 
solowheel, thus making it an extremely safe form of 
transport. 
 
Table 1: Breakdown of cost  
 
Product Solowheel Segway Electric Bicycle 

Price 1900 7000 1300-4000 
 
 

 
Figure 4: Solowheel 

 
4.4 Travelators as an Alternative 
Transport 
 
A travelator is a slow moving conveyor mechanism 
that transports people across a horizontal or inclined 
plane over a short to medium distance. We have 
decided to analyse whether travelators would 
encourage sustainability of NUS transport. Through 
the implementation of travelators, we hope to make 
walking more “effortless”, hence encouraging more 
people to walk along the travelators, instead of 
taking the buses, for their short distance trips. With 
more people choosing to walk instead of taking 
buses, this may ensure a more even distribution of 
the commuters, hence ensuring greater sustainability 
in NUS transport in meeting the needs of the 
increasing population. 
 
Currently in NUS, there is a link way connecting the 
Kent Ridge Campus to University Town. Generally, 
students take the shuttle buses to travel between 
Kent Ridge and Utown. Many students find it a 
chore to walk across the link way due the long 
distance, and the lack of other forms of transport. 
(Surveys to be conducted/Quote Distance). This 
results in huge congestion in the buses that are 
heading to Utown. Hence, we propose to implement 
travelators to be built on the link way such that we 
can reduce congestion in buses. By building 
travelators along the link way, we hoped that more 

students will be willing to travel to and from Utown 
on foot. 

 
 Figure 7: Link way connecting Kent Ridge campus 
to Utown 
 
We would need to work with Vice President Office 
(Campus Infrastructure) to obtain more information 
on the NUS transport problems.  
 
5.  Follow-Up 
 
From the evaluation of our case studies, we will 
come up with viable systems encompassing our 
proposed alternative transportation, which will be 
well received by NUS students. Our proposals will 
also be evaluated against the mainstream solution of 
increasing the number of shuttle buses, as well as 
the efficiency of current measures.  
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ABSTRACT 
This project aims to propose and investigate the use of 
social engineering as a method to improve energy 
efficiency in NUS. The project looks to utilise the module-
bidding instruments available in NUS, as primary tools of 
implementation, to shape attitudes of students toward 
environmental friendliness. Module bidding has an 
extensive outreach, being an indispensable process in 
organising a student’s education in NUS. By surveying the 
energy consumption levels of a representative sample of 
infrastructure in NUS, and collecting information on their 
respective energy policies, energy usage ratings will be 
formulated. These simplified ratings can then be used to 
encourage students’ decisions in bidding for modules with 
better ratings. The resultant action allows individuals to 
actively reduce their carbon footprints, and is expected to 
improve overall energy efficiency in NUS. 

Keywords 
Social engineering, university, module bidding, energy 
efficiency, sustainability, ratings, environmental attitudes, 
open source, carbon footprint 

1. INTRODUCTION 
With recent growths in Singapore’s education 
landscape[1][2], energy usage within the sector presents a 
key frontier to address. (Figure 1) In particular, the higher 
education# sector has seen a 13.9% increase in enrolment 
over a 5-year period (2008-2012)[3] causing institutional 
energy consumption to rise accordingly (Figure 2)[4]. This 
warrants dedicated action to combat leaps in energy 
consumption within these institutions. 

	  

	  
 

 
Figure 2. Energy consumption across education 

 

In 2011, as the President of NUS, Professor Tan Chorh 
Chuan set a campus-wide target of reducing carbon 
emissions to 23% below ‘business-as-usual’ emissions by 
2020[6], in spite of the upward demand for energy 
consumption. Similar calls by other universities in 
Singapore led to green sustainability offices[7][8] being set 
up to address energy efficiency issues and arrest 
ineffective usage in campuses. With growing demands in 
energy use, and a rising need to reduce emissions, new 
methods to raise the efficiencies and reduce wastage are 
required – an issue which this proposal envisions to tackle.  

As the largest university by population, the National 
University of Singapore (NUS) forms the majority of 
university energy consumption (Figure 3), making it an 
ideal campus for the proposed prototype’s implementation. 
Module bidding is also an endemic process to NUS, which 
is a key prerequisite condition for this project to be 
implemented. 

 

Figure 3. Student population size of universities 
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Figure 1. Energy Consumption in Singapore[5]	  
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2. OBJECTIVES 
To meet our ultimate aim of improving energy efficiency 
in NUS, a systematic and sequential approach is proposed. 
The facilitation of this process will be aided by the 
following deliverables: 
 

1. A survey on student attitudes toward 
sustainability 

2. A ratings standard benchmarked against national 
standards used by Singapore and several other 
countries.  

3. A web-based prototype integrated into module 
bidding instruments used by NUS students, such 
as NUS CORS[9] and NUSMods[10]. 

 
The survey on student attitudes will be conducted on a 
sample group of users, before and after employment of the 
prototype. This will facilitate impact tracking of the 
project’s deliverables for further improvements. 
 
To aggregate the energy efficiency of areas selected in the 
sample scope, along with their corresponding energy 
policies and smart design features, a ratings standard will 
be devised from several national eco standards published 
by governments in selected countries. 
 
This project culminates in a web-based prototype solution, 
incorporating the ratings standard, as well as other key 
information. The solution will be integrated into module 
bidding instruments such as NUS CORS and NUSMods, 
where students bid for modules in the academic semester. 
When integrated, critical information involving the energy 
usage, proximity, and consumption policies of specific 
modules will be presented to students. Together with the 
simplified ratings standard, users will become aware of 
their carbon footprints, and be encouraged to bid for 
modules with better ratings. 

 

3. APPROACH 
A multi-dimensional approach will be adopted for this 
project. First, data concerning the efficiency of energy 
usage of all the rooms in NUS has to be measured and 
obtained. This process will be performed on a 
representative sample population, based on a set of defined 
and quantified criteria. The actual implementation phase 
will subsequently be carried out, whereby the data will be 
uploaded onto the NUSMods platform, presenting it in a 
reader-friendly format.  
 
3.1 System design 
 
The proposed prototype is envisioned to integrate 
seamlessly to existing bidding platforms, and be self-
sustaining in design. To do so, broad strategies are 
employed to construct a quantifiable growth model, 
guaranteeing the continued impact of the project over the 
course of implementation. 

 

 

Figure 4. System model of the proposed prototype 

 

The project has the following systemic features: 

3.1.1  Big Data Phase 
Data boundaries will have to be set up to aggregate a 
proportional amount of infrastructure for surveying, as 
well as the amount of users designated for prototype usage. 

With the boundaries set up, two types of data will then be 
acquired: quantitative and qualitative. Quantitative data 
refers to datasets involving infrastructural, energy 
consumption and emissions metrics. Qualitative data refers 
to surveys of attitudes towards sustainability and 
environmental contribution, and is measured as a point of 
initialization, to facilitate future impact tracking. The 
datasets will be acquired both manually and through 
respective agencies possessing the requisite data. 

 

3.1.2 Social Phase 
After the data is compiled and processed, the project seeks 
to make the data relational, by means of simplification and 
scaling. This is to maximise outreach, by allowing the 
designated users to comprehend the data more easily. A 
simple and robust rating standard will be produced for this 
purpose, communicating the energy efficiencies across the 
modules and infrastructures surveyed. 

Various stakeholders in NUS with the potential for 
cooperation in areas of sustainability, modular and facility 
management will then be sought to multiply our impact. 
By building onto existing, well-known models, higher user 
penetration rates can be guaranteed on the onset, leading to 
a higher success rate for the prototype implementation. 

 

3.1.3 Prototype Phase 
With data and integration complete, the prototype will be 
fully implemented into the target environment (i.e. NUS)  

As part of encouraging innovation and further 
development, all metric data and interface code will be 
made open-source thereafter. Doing so will also make the 
project impervious to disruption by personnel changes. 

 

3.1.4 Feedback Phase 
To ensure continued success and model growth, some 
areas with the potential to develop are explored: 
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Table 1. Areas of Improvement 

Growth area Specifications 

Physical scope • Expand the amount of 
campus infrastructure 
surveyed 

• Increase number of 
modules to be profiled 
and tracked 

Impact tracking • Create a green demand 
census to measure the 
impact and popularity 
of the prototype 

Platform mobility • Increase outreach by 
offering more 
platforms to 
participate (e.g. 
Mobile (Android/iOS), 
Tablet (Amazon 
Kindle OS) ) 

University policy • Further incentivize 
participation by 
seeking integration 
with university policy 
(e.g. Rebate bidding 
points for fulfilling a 
minimum amount of 
successful green bids) 

 

3.2 System scope 
A representative sample of the school’s infrastructure has 
to be defined for the data acquisition process. Hence, a 
proportionate number of lecture theatres, tutorial rooms, 
laboratories, and seminar rooms, based on faculty size, 
should be selected. Given time and technical constraints, 
the project scope will be scaled to suit prototype testing 
conditions. This is to ensure that the quality and rigour of 
assessment will not be compromised. 
 

3.2.1             Lecture Theatres 

The bar chart below shows the percentage of selected 
lecture theatres amongst the total number of lecture 
theatres in each faculty. 

12 lecture theatres will be selected in total. 

 

3.2.2             Tutorial rooms 

One tutorial room will be selected from each block in 
every faculty. Hence, the number of rooms selected will be 
as follows: 

Table 2. Sample population of tutorial rooms in NUS 

Faculty No. of rooms 
selected 

Engineering 12 

Faculty of Arts and Social 
Sciences 

7 

Computing 2 

Business 2 

Science 17 

School of Design and 
Environment 

3 

University Town 1 

 

3.2.3            Seminar rooms 

For this project, the seminar rooms in University Town 
will also be investigated. 

There are a total of 12 seminar rooms in Town Plaza, and 
13 in Education Resource Center (ERC) respectively. 2 
seminar rooms from each building will be selected, giving 
a total of 4. 

All selected venues and rooms will be analysed for 
efficiency, and comparatively assigned a “green rating”. 
This framework is potentially expansible, and can be 
grown to include all known venues in the future. 

 

   Figure 5. Sample population of lecture theatres in NUS

0%	   20%	   40%	   60%	   80%	   100%	  

Engineering	  

Arts	  and	  Social	  

Computing	  

Science	  

Business	  

University	  Town	  

2	  
2	  

2	  
2	  
2	  
2	  

8	  
6	  

0	  
14	  

4	  
4	  

Lecture	  Theatres	  

Selected	  

Not	  
selected	  

123 GEM1917 21/11/2014



3.3 System evaluation (criteria) 
 
To evaluate spaces on their levels of environmental friendliness efficiency appropriately, other frameworks for evaluating 
energy efficiency were consulted to help formulate a framework that is well-suited to an educational context. The table below 
shows the criteria used by the various frameworks to allocate points. 

 

Table 3. Various frameworks and their respective criteria 

     Framework 

 

Category 

Green Mark[11] 

(Singapore) 

GBI[12] 

(Malaysia 

 

Green Star 
(Australia)[13] 

Proposed criteria 

Lighting Use of motion and photo 
sensors, flexibility of 
lighting controls and 
improvement of lighting 
budget from previous 
years 

Use of motion and 
photo sensors, 
flexibility of the 
lighting controls 

NA Presence of energy saving 
technologies, light to floor 
area ratio and flexibility of 
lighting controls 

Equipment Energy efficient rating of 
the equipment  
used  
 

NA NA Energy efficient rating of the 
equipment used  
 

Mechanical 
ventilation 

Percentage of non-air-
conditioned areas and 
efficiency of air-
conditioning units. 

Provision of Energy 
Management Control 
system where Air-
conditioned space ≥ 
4000m 
 

 NA Suitability of the ventilation 
technique employed. Position 
and distribution of ventilation 

Active design Proper design of building 
layout that utilizes 
prevailing wind 
conditions to achieve  
adequate cross ventilation 
and for 
minimum direct west 
facing façade through  
building design 
orientation.  
 
Effective sun shading 
provision for windows  
on the west façade with 
minimum shading  
of 30%.  
 
 

NA NA Smart design features that 
saves energy and presence of 
partioning 

Energy policy Energy policy, energy 
targets and regular  
Review by administration 
 

Presence of energy 
monitoring systems 

NA Presence of energy saving 
room policies and presence of 
energy monitoring and energy 
management systems 

Energy 
consumption 

Energy consumption 
below a certain 
benchmark 

NA Greenhouse 
gases emitted to 
power the 
school 
compared to a 
benchmark. 

Total energy consumption per 
unit area (kWh/m2). 

 

This framework for assessment will be translated into a points system, eventually resulting in appropriate rankings to be 
accorded. Not all categories carry the same weightage, as certain metrics have more veritability than others, in the context of 
environmental sustainability. For example, having a more energy efficient room energy policy will contribute more tangibly to 
sustainability, as compared to the more energy efficient equipment.  
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4. IMPLEMENTATION 
 
4.1 Timeline 
This section presents the schedule for completing the 
proposed project. The pre-preparation phase, which is 
expected to last for the duration of the semester break, will 
be used to build competencies in building the prototype 
(e.g. acquiring coding knowledge), communicating with 
partner organizations, and organizing for data acquisition.  
 
The data acquisition phase, which is expected to last 
between 3 to 4 weeks, will involve field research and 
collating raw data from project partners. The data will then 
be processed and organized, before being utilized to 
construct the prototype. Building and testing is expected to 
take up to 6 weeks, culminating in a final product 
presentation and report to summarize the quantified 
outcomes of the project. 
	  

 
 

Figure 6. Projected timeline for implementation 

4.2 Sources 
The following table contains both primary and secondary 
research sources involved in the proposed project. Primary 
research data for this project will be sourced from partners 
within NUS.  

Primary Research Sources  
Partners Requirements 

Office of Facility 
Management (OFM) 

Electricity consumption 
statistics  

Office of Environmental 
Sustainability (OES) 

Energy emissions, 
consumption and 
sustainability performance 
metrics 

Office of Estate 
Development (OED) 

Infrastructure and room 
feature data 

NUSMods Timetable and modular data  
of  academic semesters 

Energy Carta NUS Statistics of societal 
attitudes towards energy 
conservation, feedback 
from  outreach events 

Secondary Research Sources 
Field data collection and surveys. 

 

5. FOOTNOTES 
# - Higher education refers to public universities in 
Singapore. 
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