SSEF2025: STEM for Good! Contest

The following entries have been identified as the top 3 entries in their respective categories.

The entries are presented here in no order of merit.
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Turning Waste into Wealth

TURNING WASTE
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Extending Semakau Landfill Vertical Expansion for
Sustainable Waste Management
EXTENDING SEMAKAU LANDFILL:
VERTICAL EXPANSION FOR SUSTAINABLE WASTE MANAGEMENT

GUIDELINES FOR COMPLIANCE AND SUSTAINABILITY

CONSTRAINTS ON
HORIZONTAL
EXPANSION:

URGENCY OF EXPANSION

« SEMAKAU LANDFILL IS EXPECTED TO REACH FULL CAPACITY IN |2 YEARS
« THE RATE AT WHICH WASTE IS DISPOSED OF AT SEMAKAU LANDFILL

SIGNIFICANTLY EXCEEDS THE RATE AT WHICH IT BREAKS DOWN. O T — MINIZE A5
WITHOUT MMEDATE TN SWGAPORE WL FACE A CATIEAL WASTE GRS SURRONONG _ SENSITIVE DSE AL AMOMR - WATER SuuRcEs: oispERSION
MARINE HABITATS, SUCH AS WPERMEABLE.
CORAL  REEF  AND (MARINE) FLOURISH FLORA. pre=; _u""-' =
TR k. waGROvES PROTECTION AND FAUNA i . o
SEMAGMILANOFIL SPANS U o PROXMITY  TO  OTHER
~ 350 HECTARES
(35 SQUARE KILOMETERS) X
AND IS ENCLOSED 8Y A 7- 1o’
ST | S coosc | VERTICAL EXPANSION:

ROCK BUND.
b AND EXTEND LIFESPAN OF LANDFILL BY

- 10-15

INTEGRATION OF PIGGYBACK CONCEPT
VEGETATION LAYERS
SYNTHETIC LINING LAYERS
COMPACTED WASTE (INCLUDING ASH
AND HEAVY METALS)

WITH REINFORCED TERRACING SOLUTIONS
SUCCESSFUL BLOBAL CASE STUDY

FREDERICK COUNTY'S SITE B LANDFILL EXPANDED VERTICALLY
BY 33 TO ACHIEVE AN AIRSPACE GAIN OF 1.8 MILLION ' (2.4
MILLION CUBIC YARDS). EXTENDING LIFESPAN BY 4-5 YEARS.

Smce ALREADY
HAS  ENGINEERED SLOPES,
EXPANSION CAN BE ACHIEVED
BY REINFORCING, STEEPENING
AND TERRACING THEM

ACK STHATESY WILL INVOLVE RESRADING THE FILLED
vy m oo A 10 1V:3H) THROUGH COMPACTION AND GED-
SYNTHETIC REINF CRCEMENT OF INCINERATION ASH ANG SOIL.
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WASTE CELLS WILL THEN BE 1
SLOPES AT EACH LEVEL.

OPENG PLATFOANS THAT CAN BT AUPURPOSID FOR FUTURE VEGETATIN.

ACE0 WITH PROGRESSIVELY GENTLER

TEMPORARY WILOLSE RELOCATION FROM ESTABLISHED VEGETATION CELLS
« BOTTOM ASH 6 FLY ASK HAVE SUGHTLY LOW DENSITIES RANGING FROM 19 - 2.9 6/CW’,
AGGREGATES
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Algae Guard _ CEDAR GIRLS' SECONDARY Ho Bao Khanh,

THT PROBACM
GUARD

VLNl GNGOR mR  TMIOMO®  IOLGWGLUN AT ICAT
RISING SEA LEVELS: A DIRE WARNING | Singapore’s BaCh Le Khanhvan
FROM GLOBAL WARMING'S IMPACT ahb?g

A mall island nation with limited | carbon
By Ho Bao Khanh, Hoang Bao Chi, Bach Le Khanh Van Innsd. sll!l. i g’i‘n n r:" e l"lngmy redisotion
T vulnerable to this lﬁl’ent. In the next 10~ | strategies
BIOPLASTIC Vi y 20 years, rising sea levels could lead 10 | {40

N
Soluilon S e s of the country being submerged,
- Ecofriendly alt. to plastic | - Sob Improverment g atening Singapore as a whole. primarily
- Carbon zequestration g Singapo Selik atioal
Absorb up to an am ?"OVONWE*C“?'U O%
uuf«'nru?hom“mm. - ik i)
02 {INDUSTRIALY )
e
S INDUSTRIAL S ueL
- - o N
The amount of CO2 released e O:Em“:;".:’“
‘burming biofuel Is less than et s retiiedebapa i P i
amaunt absarbed by algac. of fossil fust To tackle this chall‘h!o, reducing | but it doesn't
CO2z  emissions in industrial | addre he

production, which accounts for
over 60% of emissions, is vital.

More comprehensive meas
significant reduction.

Benefits

Algae-based solution supports its goal of
achieving net-zero emissions by 2050.
Reduces dependence on fossil fuels.

Algae's rapid growth can be applied globally
to reduce carbon footprints.

Contributes to global climate change efforts.
Mitigate the impact of rising sea levels while
boosting green technology innovation.

Limitation & Improvements iii) Maintain growth factor

EFFICIENCY * Photobioregetors design: Maximize light
i) Inadequate CO; absorption rate compared to . m g?i::':f:gmgg’?be — !,v
factory emissions
. biosis with bacteria: Engineer algae to
form symbiotic relationships with CO,- tor o e Uﬁ‘l'lzo professed
consuming bacteria to enhance CO,
cbsorpﬁon‘ ge-
. : Encourage algae to POST-CULTIVATION PROCESSING

form bloﬂlm by provldmg textured surfaces, i) Biofuel
g EPS tion and straining M_MM.MQM Use enzymatic
high-biofilm algae, hydroly

1o break olgce cells.

RESOURCE DEMAND * Elocculgtion: Using bio-flocculants to clump
i) Space consuming algae together for drying-efficiency.

e Verticgl  forming: Stack layers  of “) Biochar

photobioreactors. . Convert

« Rooftop svstems: Utilize factories’ rooftop. algae into biochar in water af 180-250°C *.
ii) High setup cost « Recycle heat: Reuse heat generated dunng

* Government subsidies and grants. pyrolysis for drying algae for biofuel.

* Benefit from economies of scale.
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Biochar —the Good Kind of Char NUS HIGH SCHOOL OF Tan Le En,
MATHEMATICS AND SCIENCE Tang Linda,
Dhingra Saadya,
Alicia Lim Ke Xuan,
Chong JiaYu

THE CHALLENGE REACHING NET ZERO EMISSIONS

In 2022, the total greenhouse gas emissions was 58.59Mt. Achieving Singapore’s goal of net zero greenhouse gas
emissions (GHGE) by 2050 will be challenging due to Singapores lack of slternative energy sources. In 10 years time,
unless significant policy changes are implemented, this goal will not be feasible. Food waste contributes significantly to
GHGE as they release stored carbon into the atmosphere after incineration or during decomposition. In 2023 alone,
Singapore generated 755,000Mt of food waste. Thus, minimising CO2 emissions from food waste is crucial to reaching net
zero GHGE.

OUR SOLUTION: BIOCHAR-ENHANCED CONCRETE . ") @
A SUSTAINABLE INNOVATION FOR CONSTRUCTION

PRODUCTION: @ ) =55 43—

Biochar is a stable, carbon-rich organic compound, which hllps to lock away carbon and ‘
prevent it from ing the here for of y 4
During Pyrolysis, Noml:s such as food waste, is thcnully d.compoud in the absence of r ~ ‘:.':"“"
oxygen, generating biochar, oil and syngas, a flammable gas which can be used to heat the )
reactor at the start of the Pyrolysis reaction and also supply renewable energy, ensuring * @

that the production of biochar is self-sustained and carbon-friendly. Sockor & -

» Enhanced Thermal and Acoustic perties: i to P f
improving energy efficiency of buildings
* Porous Structure: Increases surface area of proving water and
ability to di i d sites by adsorbing and i
3 ¢ Enhances Mechanical Properties of Concrete: Improves :ompusslvc strength and
(SUimoge o ke porun bility of reduces shri of
poren.

By using biochar-enhanced concrete, we effectively solve 3 issues at once!
—» Food waste AND more durable AND reducing carbon f

o imp carbon and waste recycli

» reduced carbon emissions in cement production (vduch emits 0.9kg of CO, per kg of cement produced) a

* improves strength and durability of cement buildings with this cement last LONGER!!
» resistance to cracking due to porous structure

b + CONCLUSION

=
LI Wi i mpssble t cieve e
cement to water biochar cement being carbon emissions, it is possible to achieve

ratio harder to handle net-zero carbon emissions. By using

M""" biochar in cement, it solves multiple
Additional research is necessary to develop the best mix. problems at once, making it a sustainable
mm?:mmhnu-mﬂdwmw.mw-m and effective solution in battling the

implement it in large-scale construction projects.

Citations:

II-M&)‘,S D, B. 8. & Kawvaris, F. (2024, Janwary 9. Biochar-corcrate: A production and Sustair Cane Studies in Construction Matarials.
v sciancadivact com/scimnce/ article/ pii/S221450952400010X #0130

s.-n-».ss Gupta, 5., Kus, K. W, How, 0. Kim, S. Tsang, D. C. W, & Ok, Y. 5. (2023, July 221. Application of biochar in concrats - & review. Cemant and Concrete Comporites
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BioMASH: Pyrolyzed Waste-derived Biochar for PAYA LEBAR METHODIST GIRLS' Hannah Eliz Go Lomotos,
Wastewater Treatment SCHOOL (SECONDARY) Macayle Paquing Ledesma,

SEMAKAU LANDFILL IS

EXPECTED TO BE FULL BY 2035.

Currently, Semakau, Singapore’s only landfill, accumulates
2,100 tonnes of incinerated waste each day. However,
incinerating waste largely contributes releasing greenhouse

gases and negatively affecting the environment.

A solution is thus proposed:

PYROLYSIS

BENEF'TS . « thermal conversion process in the absence of air to cHALLENGEs

derive energy components from solid waste

« can produce useful products such as biochar

« has been examined as an
1o incineration, Singapore’s current solution

This project can
provide a low-cost
and sustainable
alternative to other
wastewater treatment
methods.

Biochar can be produced
from a variety of waste,
thereby reusing waste for
practical applications,

¢ . '®

This project presents a solution
for two problems: the Semakau
landfill reaching full capacity,
and Singapore's water stress.

 a¥
e
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BIOCHAR
« produced from pyrolyzing waste
« removes contaminants like
organic pollutants and metals
« can improve water quality

WASTEWATER
TREATMENT

Pyrolysis is a costly
method compared to
incineration.

Waste Is composed of
varied components,
making it hard to
estimate the quality of
the produced biochar.

Unlike incineration, pyrolysis is
a complicated and intricate
process that requires good
handling.
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SOURCES

dolorg/10:1016/ wasman 2014 08.004
nhitos/dolora/I0IONE/Lienvman 2017.03.087

Oraphics: Canva (irasutoys)

Angela Chloe Royeca Ong,
Sophia Amelia Zhu Lee
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Ensuring Food Security In Singapore

g ENSURING FOOD
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CHIJ ST. THERESA'S CONVENT

Bheema Lokesh Yuktha

GEMM (Genetically Engineered, Modified& Manipulated) Rice
as a Protein Alternative

GEMM (Genetically Engineered, Modified& Manipulated) Rice as a Protein

Alternative
- Balancng Ermvironmental Responsibility & Intemastionasl Food Security: Boosting Rice Protein Cortent through STEM -
By Abna Lew Lin Rong, Clarysae Wong Ang Kai, Savuntha Ang fis En, Quel Xy Kyrs, Gae Yenuan

GEMM Mite Flaung Ganedc Engviwiring, ModNcaton & Munpolation J4€ the cove of our s0k00vs 10 Food staldity, wisle s g higher
proten (eesdx wath i the stasies we ast - o "

ey

The future that aweits us in 20 even 10 yesrs' time is o depressingly blesk one where the stability of food seawity is
thveatenad to an extent that humanity cannot afford. Even in STATUS QUO, W S0 an increasing urgency brought farward by
winttime disasters snd wordwide famines, where current food altermatives ame emviranmentally hareful o wre met with
flerce resistance from consumers, where protein alternatives are actively degrading our emvdronment (Think dving wilalife
and buming forests). So. why rice? Rice & a staplo food relied an by for more than 4 BILLION PEOPLE worldwide - it's
an essential 1o our cultures & culsings, consumer-orented. and a ragidly growing industry both in agriculture and F&E. (Not
1o manticn, its cooking ease. palatability, and shelf tifel)

Why rice? A glimpse Into problems that may arise In our near future...

Issues with our current sources of protein: Growing D dO0naR L & Ints L Scale

1insects” Swch an it Desphe efforts made for Singaporeans ™ In 2017, Sngapawans tonsume an average of Blg of noe A yeer per
Incorporste neect hased proteln  sitsmamves into el e,  Gpfd — wnd thet namber o oony oroected ogel highee
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0 Gt 3 more feslient food system Ut mets LOth Mt ool
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e and e d. gowls For e e i 1 e with U Consumption in Sngapod’s :
domestc aitvetion of cow usng the precson dop 1mgetion methad past 3 years '
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How can STEM incorporate more protein into rice? [The Beans - or Genes?]
Beans: (The Genes)

Bearts v cragusty high in probein dus 5o the fact that 2 is full of plart-Desed netrients, specticdly smeo sode. Amno scxds ere S boldng Slocks
Of DRSS N DENS COMMN 2 wide varkety of Thom For example. c2rmain beons conman 241% mare pronsin Than white e, which i sportam
whin wo ralyse how Wege an WO TS Can huve 00 huvies. cgecialy Tose i mone Geadviniaged tuaons B9 poong wountics), whoe
rulrastrisen & protas Sefidercis arv  dely sroblarre o miliom. By analysryg the el stnctires of Dt Besrs gurn. wu ate dble Lo oliliey
CRISPH % wosure tie v b cormt of or fioe groten ol

Prasectin = Te malt 20m08 Droncn 0 D2NS TS 3 SgnTVant ke in the soed s Qe pronsns, comrburing 5 the sunritional walse of Desn s

The Genes: Introducing CRISPR!

CRISPR technology!
(GEMM: Ganetic Enginesring,

Modification & Manouuﬁ@
After the exparnimented

CanD oty the rice’s DNA Insertion
of gue RNA gene responsible for
phaseoln producton inte rice DNA

bapg I

Empioy Cos9 protees to corry &
ude RNA oo 2 cell

€, opm wested and stable. Rice ix geneticly engineered 1o procke Somazk mutaticn wil
we get rice with @ higher phaseoln whidh t5 a protein, Increasng pass o thin chinae in
protein content! protein content in rice DNA to all other cells

Additional Benefits of GEMM:

1 Modityng rice 0 contain higher protein evels could fwip reduce the reiance on other sources of protein, horce less
land, water, and resources will be needed to procuce food containng the same asount of rotein

Z Fice wodd be more widely accepted as 3 source of ceoten as it is already an integral part of our Culture, Nsedts sudh 36
crickets sod mesiworms

3 Incroasing protein content in rve will recuce the ghycemic Index. helpng to reduce the risk of dlabetes in Sngapore

4 For low-intome houssholds, the higher proten content of rice would recduce the money spent on other proteln
dremaves.

g 5 e in wlso moch chanper to pradace i large quantities arlibe chicken or cther scurces of mast
e

NANYANG GIRLS' HIGH
SCHOOL

Alina Lew Lin Rong,
Samantha Ang Jia En,
Clarysse Wong Jing Kei,
Gao Yexuan,

Quek Xinyan Kyra
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Care in Crises: Addressing Singapore's Healthcare Crisis in

2040
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Reducing Plastic Waste in Singapore

-_@REDUCING PLF ' NGAPORE!

HI1UN 1 |
‘ e '
Plastics therefore take up 30% of total waste disposed, making it the most el
abundant material disposed in Singapore’s landfill {The Straits Times, 2021).
Pulau Semakau, Singapore’s sole landfill due to severe land scarcity, will run
out of space by 2035 at this rate, posing a huge concern (MSE, 2024). e e
_ Fig. 1 {GreenFuture, 2020) S

WHY IS REDUCING PLASTIC WASTE IMPORTANT?

LANDFILL WASTE

Plastic takes 20-500 years to fully

» biodegrade (United Nations, 2021)4

« Cerain plastic types like LDPE requires UV
light to break down - this iz absent
underground in landfills (Dogan, 2021).

» Plastic therefore takes up much space in

landfills, a pressing concern for Singapore

due to limited land space.

OUR TWO-PRONGED SOLUTION TO REDUCE PLASTIC WASTE IN SINGAPORE: RECYCLING & PRODUCTION
INCREASING RECYCLING CONVENIENCE INCREASING RECYCLING MOTIVATION

MOBILE COLLECTION EXTRINSIC MOTIVATION: INTRINSIC MOTIVATION:
Collection from homes for easier access.

: Using the NEA app. residents request for mobile mﬂnns i1} En“mﬂn"

bins to throw plastic recyclables. + Residenis scan a QR :'_ (= 3 B

Mabile bins (Fig. 2) and routes code using Singpass to. R PeTemaieed TeYSINa TaCts  rcento

to homes are equipped with activate the mobile bin. provide users a sense of accomplishment,

—

RED E PLA ' EAPOR DA 1

= Recycling plastic is key o reducing plastic waste in Singapore.

& ln the past 10 years, Singapore's recycling rates have declined (NEA, 2023). In
the same period, plastic wasie generation has increased, yet plastic recycling
rates have remained constantly low (Fig. 1; GreenFuture, 2020), fluctuating
between 4% and 6% (NEA, 2023).

NIIRERER R

SAVING RESOURCES

» Plastics are made from finite and non-
renewable petroleun (Williams, 2022).

« As most plastics disposed are siill in good
condition, they can be easily recyded,
reducing the need to produce new ones,
saving resources (Hopewell, 2000).

1_Plastic disposal into landfills allows
dic substances to seep into the
environment, affecting flora and
fauna (UNEP, 2018).

2. This has resulied in health problems
in humans, such as thyroid homone
disruption and autoimmune diseases
(Brent, 2010).

robot navigation sysiem « Paints are awarded when items. maotivating users ta recycle more.
powered by RFID and are accepted for recycling. » Customised and generated based on the
ultrasonic sensors (Arulsehi, = These points can be used to quantity of plastics per user and calculated
2014). exchange for climate vouchers to into a real-world context for users to feel
« Bins then retumn o purchase energy- and water- impact of their efforts (Fig. 3).
neighbourhood processing efficient products. This could be a
facility to be emptied o reduce more sustainable model for the Diear P
chances of overflowing bins. Climate Friendly Households m-n_n,u."f&
Programme. R Fald
- . . = Data-driven Famime:
PLASTIC SELF-SORTER Fig. 2: Mobile bin T B iy o
« Mobile bin contains infrared technalogy more points could be awarded for Chinecen, ¢ ¢
to automatically sort plastics based on jplastics that are recycled less
their emission wavelength value often o encourage more recycling. Fig. 3: Customised
(Emom, 2024). recycling facts

Mo seli-sorting by users or manual
soring at faciliies required, increasing
convenience and downstream efficiency.
This single-stream collection method rejects
contaminated plastics and non-plastics to ensure
clean pure plastics are collected, which are
important for processing and production of high
quality resins (Chia, 2023; CGS, n.d.).

Recycling statistics are automatically forwarded o
MEA for nation-wide monitoring, aligned o
Singapore's Smart Nation initiative QI
and inform policy-makers

L::-n recycling rends.

Learn Recycling Process
« Muobile bins return 1o a facility located
near playgrounds for processing (Fig. 4),
and

where children can be engaged in
learn more about the recycling process.
Such visuals heightens brain activity and
reinforces learning and memaorny
(FutureLearn, 2022).

Each facility comprises a transparent

-
-

casement containing a washer, shredder
and compressor.

+ Compressed plastic granules are collected from processing facilities in
USING RECYCLED PLASTIC FOR [ESSer e e e

Recycled plastic bricks through superheating and re-moulding, and
BIIII-III"G ﬂ"l] l:l]"s.l.ll-":r-[u" z Concrete-plastic mixtures for the building and construction of indoor
mon-structural works which do not bear too heavy weights.

IN SINGAPORE - jons ar: both sustainable and cost-saving, twa impartant ;
requirements for the local industry. Scan for list of
. sources used
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Rising Sea Level in Singapore

RISING SEA LEVEL IN SINGAPORE

ECO-SOLTUTION: Low- oot Jybrid Berregs with Mangroves
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Climate Change

The world is facing climate change in
world Including Singapore. As humal
destray the ozone layer, causing.
health to be at risk. The global surfa
perlod over at least 2000 years, Ear
 industrial era {1850-1900) Moving fe

{nnovative ideas .‘j

= Painting the cool paint on the outside of
different transportations Is another solution
to moderate the rise in heat level as

P such as cars are always under
the sun that produces heat. Cool paint can
reduce the energy consumption of air-
conditioning of transportation.

* Using the same technology as some of our
glassas that have a lenses called transition
lenses that automatically respond to lighting
conditions by "transportations” to the
appropriate tint. They darken in the bright
sunlight and retum to a regular tint in dimly

"y, lit. Therefore, the same technology can be
Yy, ‘ used on car windows.

Owan: To e Einlegiate
plastic tottles Lo rate
cotd peint
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e living candition to live in and a safe place for cveryone ta live in.

 lavel in many parts of the
eating carbon emissions to

¢s and animals even us and our
sinca 1970 than in any other 50-year
rmer than It was In the pre-

nable eco system is made, so that we

\Q Time to solve it

» We can increase the greenery and piloting the use of
cool paint on building facades.

= Cool paint is a type of cool material, which can be
applled on the exterlor surfaces of bulldings such as
roofs and walls, and other urban surfaces like
pavements and parking lots.

= Cool paint is a heat reflacti hnology for
bulilding surfaces, which has numerous well
d ited benefits, particularly in terms of
increasing sustainability, and mitigating the urban heat
Island effect.

» Disintegrating plastic bottles and making them inta s
new type of cool paint that can reach 1.2 degree Celsius
balow the surrounding alr temperature whan exposed
to direct sunlight. At night, the coating could reach 3
degree Celsius below the ambient temperature. The
coating can reflacted across its spectrum.

« Painting the cool paint on the outside of different
transportations is another solution to maderate the rise
in heat level as transportatio ch as cars are ali
under the sun that produces heat,

m Source:
o=

L attpeiwew.un.org!

2 atipsfiwew i nbeco.comy)

3 sttpsyimaintainasility com.sgl

A, attpsivew.ntu.edu.sg!
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