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FROM SOLAR TO COOLER

Individual Academic Work
Instructor: Mayura Patil

Location: Choachukang, Singapore
Autumn. 2023

In recent years, the price of electricity has tripled, due to international events,
and it is important for Singapore to find a stable energy resource it self. But
according to some research, the wind tital , water ,are not that suitable for
singapore.

Singapore is a perfect place to develop solar erengy, it gets a lot of sunshine.

Given Singapore's tropical climate with year-round summer, protecting people
vulnerable to heat stress is indeed a challenge. This project focuses on future
solar energy development to mitigate heat stress among people. It utilizes
vacant land within communities as a platform. The project aims to develop a
system design that provides financial support and innovative land use strategies.



FROM SOLAR TO COOLER
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High electricity comsumption area

WIND
Insufficient mean wind speed of 2m/s or
7.2km/hr. Need an average of 6m/s or
21.6km/hr wind speed to harness wind power

HYDROELECTRIC

Fairly flat. Need a large amount of water and
height difference between stored water and tur-
bine plant displacement of wildlife and population

GEOTHERMAML -~ am
Only possible in Tekong and Sembawang hot
spring at 70C

EFFICIENCY OF RENEWABLE ENERGY IN SINGAPORE

Singapores total electricity consumption in 2022 increased,
rising by 2.6% from 53.5 TWh in 2021 to 54.9 TWh in 2022
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Temperature

Carbon Dioxide emission

BIOMASS Uniform Singapore Energy Price(USEP)
Mostly for industrial uses like the incineration
Plants, Mainly wood, horticultural, food waste
and waste paper.

SOLAR
Abundant tropical solar ener
Further improvement in ef
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PV module prices



SITE ANALYSIS
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ELECTRICITY CONSUMPTION BY SECTOR

IINDUSTF{IAL 10.9TWh

| COMMERCIAL 10.3TWh

HOUSEHOLD | 3.8 TWh

Industrial and commer- _
cial areas consume far ||
more electricity than
residential areas

ELECTRICITY CONSUMPTION BY SECTOR

Solar deployment in Singapore grew significantly over the years, sur-
passing 1 GWp of solar installed capacity in the first half of 2023.
Grid-connected installed capacity increased from 126.0 MWp in
2016 to 1005.7 MWp in the first half of 2023. Singapore is on track to
meet 1.5 GWp of solar deployment by 2025, and at least 2 GWp by
2030.
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OUTDOOR WORKERS OLDER ADULTS

Older adults do not adjust as well as young
people to sudden changes in temperature.
They are more likely to have a chronic medical
condition that changes normal body responses
to heat.

They are more likely to take prescription medi-

cines that affect the body's ability to control its
temperature or sweat.
- i
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BASIC MODULE

Module design is based on the size of the solar panel.
There are mainly four basic units.

SOLAR PANEL

MOBILE PLANTER

VERTICAL FACADE

BASIC FRAME

Four structures with different functions can be formed
through different combinations

SOLAR COOLING PANEL

GARDENING SET
SHELTER(CONSTRUCTION/COMMUNITY)
FACADE(AIR COOLING/ DUST ABSORB)

TYPE 2
GARDENING SET

SOLAR COOLING PANEL

iy

PLANTS 4 5

1 Daucus carota.

2 Lycopersicon esculentum
3 Solanum tuberosum.

4 Cucumis sativus.

5 Brassica oleracea.

6 Brassica rapa.

Shrub

UNIT 1

SOLAR PANEL

SHELTER(CONSTRUCTION)

UNIT 2

Suitable for all ages 9@0,})

MOBILE PLANTER

TYPE 3
SHELTER(COMMUNITY)

Planter

UNIT 3

Cyl

VERTICAL FACADE

AIR COOLING

lindrical pipe Solar panel frame

= T

Plumbing

UNIT 4
3
000%
BASIC FRAME
TYPE 4
DUST ABSORB

Plumbing

Water tank  Soil

Cirrus _
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1 Ophiopogon japonicus ! ‘ﬂ ’ . .
2 Buxus bodinieri . 1 Forsythia suspensa 1 Campsls grandlfl.ora.

3 Vinca major . 2 Rhododendron simsii. Can be recycled on construc- 2 Hff‘_ileffl flEPaIEnSIB-

4 Viola tricolor . 3 Hosta plantaginea. tion sites and industrial areas 3 Vr_ﬂs “fllf‘?r a

5 Lonicera japonica. 4 Gardenia jasminoides Ellis 4 WlSt\f-'l'la smens}s.

6 Lycoris radiata 5 Rosa chinensis . 5 Jasminum nudiflorum.
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L 1
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'SOLAR
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SOLAR FARM
STAGE 1
SOLAR FARM

@ BUILD SOLAR PANEL

COMMERCIAL > COMMUNITY
SOLAR GARDEN

2 ®

ACHIEVE PUBLICITY EFFECT

In Stage 1, solar panels and planting ponds are arranged on the
vacant land. The planting ponds not only attract people but also
help cool down the solar panels, thereby increasing their energy
conversion efficiency. The energy collected during this stage is

used to offset the installation costs as well as other maintenance

expenses.

“BLiC iy
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ix s LI‘%:TE%RAGE '
| ™ o | —
;J?n [+ BATING ROOM
H I ~ _

I JENGINEER OFFICE

5 —RESTROOM
] YEW,
CHOA CHU KaNgG i\]r_‘mr} TH . ; O B < - f
CONSTRUCTION
STAGE 2
CONSTRUCTION COMMUNITY
q 1 | 1 If‘ll
| rooftop |
MOVE SOLAR PANEL

In Stage 2, when the vacant land has new construction plans,
the solar panels and flower ponds can be relocated to suitable
rooftops of surrounding HDB buildings, providing energy for
the surrounding HDBs and rooftop gardens. At the same time,
some modules can remain on the construction site, providing

infrastructure for worker operations.

o

!
@

g

601

- E-" .-f?
o
| S
L] EE £|
% ELJ] &
Gini: 9
| kﬁ o YEW
YEw 7,
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ROOFTOP GARDEN
STAGE 3

COMMUNITY MORE GREEN »  COMMUNITY
“‘ _
| rooftop | | rooftop
@@
MORE MORE COOLER

MONEY ENERGY

In Stage 3, the accumulated electrical energy converted from solar
power can be sold. More building rooftops can be equipped with
planting ponds, solar panels, and cooling modules.
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STAGE 1 SOLAR FARM

COMPUIET.
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STAGE 2 CONSTRUCTION
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~ Again.
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STAGE 3 ROOFTOP GARDEN

SECTION C-C

MAIN USERS
All residents near by

ned with roof garde
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Community Club

Community Club
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.I;Ehm“'l Playground

Polyclinic

e |l 1

Kidney Dialysis Centre

Community Plaza

Hawker Center

Community Plaza

Polyclinic
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LA 4702 MLA Studio: Designing Sustainable Infrastructure: Materials, Methods, Technologies
AY 2023-24, Semester 2

COOL GO

Electric Transit and Cooling Station

Studio Tutor: Max hrish

ZHU LUJIA
E1168918@nus.edu.sg

COOL GO

In our vision for the future transportation network near utapao airport, our
goal is to establish efficient connections to surrounding unexplored attrac-
tions, enhancing the tourist experience through sustainable travel options.
Thailand is currently promoting the development of electric vehicles, the
EEC can offer support for usage of electric vehicles in the region. And by
establishing a public EV transportation network It will significantly reducing
carbon emissions from road traffic.Furthermore, due to climate change, the
eastern region is forecasted to experience particularly hot and dry condi-
tions. To enhance tourists’ outdoor experience, we will explore passive cool-
ing designs that reduce temperatures without significant energy consump-
tion.

According to research, for a journey, ground transportation accounts for
32% of carbon emissions. With the expected increase in passengers in the
Utapao , carbon emissions from ground transportation are also expected to
increase significantly. Additionally, there are many deficiencies in the current
transportation services in this area, such as Insufficient frequency of buses ,
Foreign tourists are often overcharged by taxi drivers., and issues with pas-
senger luggage management.

And also regarding the impact of climate change: Due to the influence of
the EI Nifio climate, the eastern region will become very hot and dry. Cur-
rently, some old buses in Thailand do not have air conditioning, and the hot
weather can affect passengers’ choices to use public transportation. The hot
environment can also have negative health effects on outdoor workers.

To address the current deficiencies in transportation services and the
issue of hot environments, | propose two strategies: the first is Go Electric
Transit, and the second is Cool Cooling Station.
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Mapping of Existing transportation services

By 2030, ahigh-speed rail will be completed. It will significantly reduce travel time between differ-
ent regions of the EEC. In the future. However, the high-speed rail still cannot solve the “last mile
problem” in this region. From the map on the left, we can see that all these red stars represent
attractions that can only be reached by private services. Therefore, it is essential to establish an
efficient transportation network to solve the “last mile” problem in this area.
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It seems there are not any .
direct buses to nearby attractions. ‘

| Passengers \ Bangkok taxi driver
rips off foreign tourists

A taxi driver in bangkok is facing public outery from
Thai netizens for charging foreign tourists 10 times
the normal fare during the Songkran festival

Local residents also com- || want to hang out around

mute for work and daily life. | nere, but carrying this lug-
gage is really inconvenient

.

Existing bus services

Utapao-Rayong
Utapao-Sattahip-Sri Racha-Chonburi
Utapao-Koh Chang island-Chanthaburi-Trat

Only run 4 Times a day

Tourists can contribute
to traffic congestion,
affecting the daily activi-
ties of us

The existing service is inadequate;
waiting for the bus takes a long time

We need reliable
® transportation services

News

tourists |

The impact of El Nifio is expected to take its toll on Thailand. The east-
ern region forecast to be particularly hot and dry.

Space in square metres é @ ﬂ'& w Electric Transit
Car

required per occupant

Eastern region may be scorching hot weather, with tem-
peratures soaring up to 41 to 43 degrees Celsius.

—® Developing EV public
. ﬁ @ Q0 e transportation network 40°C++
Grams of CO2 per person ] " -
kilometre travelled Motorcycle —| ¢ Replace old gasoline vehicles @
with new electric vehicles
Developing public transpor- 8: 05 Optimize airport transportation services 4
tation and promoting the —D The,re area !Ot Old_l_)us
use of Rail Luggage storage service @i " don't have air conditioner
Electric vehicles can . . : -
o@: 0.8 Ticket services @——
reduce carbon emissions E @ N p —
. . Waiting outdoors in hot weather —y
B This can also increase can be very uncomfortable.
( A Utapao airport's revenue. ~—1®| Il just call a taxi instead.
oQ; o )
O,
Electric

motorcycle
Q OOOl Cooling Station
- @ Q08 ® % Cooling the waiting

Eiadtiic Blg % areas for passenqers o At the airport, workers on the tarmac have to
% work through these extremely hot days.

Green power *Exploring areas in the airport that ~
ﬂ'. fequire cookng Many devices in the airport
© H @ ‘ Cost-effective & e T\ __| o generates heat, causing dis-
Electric car environmentally friendly comfort to people nearby
— - \_Gresnpowes / cooling method "
EV investors Outdoor worker

There are many deficiencies in the current transportation services in this area, such as Insuffi-
cient frequency of buses , Foreign tourists are often overcharged by taxi drivers., and issues with
passenger luggage management. Currently, some old buses in Thailand do not have air condi-
tioning, and the hot weather can affect passengers’ choices to use public transportation. The hot
environment can also have negative health effects on outdoor workers.

Deficiencies and Strategies



OPERATIONAL CAPABILITY

Responsible for serving long distance tour

i\ Capacity: §§9F¥
60 thie
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@ Electric minibus Provide long-distance services for a small number of to

'DC]C]
: — % = Capacity:  fi¥pRFREPIPTTITIIING 20
@ Electric car Provide more timely and personalized service
TN 250km per charge

Capacity: f§§¥F 5

Shared services within short distances

Capacity: §§§§ 3-4

Shared services within short distances

@ 50km per charge
Capacity: § 2

Provide long-distance inter-regional services.

Capacity: § *100/carriage

o
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il @@:@ Linear Beach | can check here where | can go
\ N Paa e to play later. It's great to have a
g \ @ \ "l“’"i*’[l El a :'“f"i‘l/ bus directly to the attractions. w
|‘.. \ F i L §
? \ Natural Discovery JFI=F
L | |
3{_; ' Rajong
I i Plaitaysia ﬁ
- LL_Y
3 T > i : Ground transportation hall ]
1 Plrchase COOL GO ficket
Mappmg Of a” bUS routes and operation range for different The map displays three tourist routes. These routfas can be sewicgd by Electric.buses and Elec-
. . tric minibusses.And the yellow areas on the map indicating short distances services. In these
types of electric vehicles locations, Electric tuk-tuks and electric motorcycle can be shared.These electric vehicles are

supplemented by green energy generated from Jiayin’s solar panel and Sandy’s biomass energy.
These energy sources will provide power for charging stations in ground transportation centers
through the power grid.



RiiiibeE oF people: i| COOLl GO TICKET SYSTEM
Number of luggage: @ Would you like to store your luggage? @ O

Yes No
|/ ______ " I/ |f ______ | |/ ______ I ! |/ ______ '
Pey . | | |
| = | Ao = I = |
| I ! “ﬂ ! I |
N - : I | )? %q s : | I = : [ :
| & 3 | - om ! | ;! =,
I ‘ I I | | 1 I
S — ! ~ L S — ! A e e el o o — =t ! Mo e !
Pattaya Natural discovery Islet Expedition Linear beach Airport city Baan Sustaina

Distance:15km

Electric bus Electric bus Electric taxi

Coming soon.....

Please go to

Platform A2

o2

Price 20B

Order confirm

CONFIRM

|
|
|
|
|
|
|
|
|
!

Select [ Select j [ Select )
\ 1 y,

COOL GO tICket System WOrkﬂOW For example, a tourist inputs the number of passengers, the number of luggage items, and

whether luggage storage service is needed, then inputs the desired destination. The system
automatically filters available transportation options. For example, if the tourist selects a ticket
to Natural Discovery, the system provides all available transportation modes, comparing energy
consumption, carbon emissions, and prices of different options.




; ] to start their journey immedi-
N ﬁj__Later by storing their luggage

Can be placed at the exhaust
vents of the HVAC system to
effectively reduce the tem-
perature of the hot air.

| Can be considered for use on

| building facades to help cool

|| the building and reduce air con-
| ditioning energy consumption

moving en the road

bus stations for passengers, as well as
applied to other locations requiring cool

.
Can be utilized to construct
and comfortable resting areas

;

w age
T Platform A2

Potential usage scenarios There are also other potential use cases include:

It can be installed on building facades for cooling and reducing air conditioning usage.
And also it can Cool hot air generated by HVAC systems in the airport.( Heating, Ventilation, and
Air Conditioning)




Water cooling pad
Water distributor

Hotair — _» Cooler air
Evaporative pad

Water Reservoir %

Venturi effect

Hot air \\

Increase in velocity

Drop in temperature

Decrease in pressure

Materials and Manufacturing Process

Using collected plastic bottles for a small mod-
ification to recycle waste. By removing the
bottle caps and bottoms, we can obtain a
cylindrical ventilation duct.

Plastic bottles

(]
cut
u %-— i —-— -

Wood shavings have the advantages of easy availability, water resistance, good

strength, absence of debris, excellent water retention, and rapid evaporation speed.

Thailand has a well-developed rubber industry, can obtain a lot of materials.

|

Rubber wood ashes

Rolling with

Porous unit

my car to arrive in this

~ Cooler air Wood shavin lastic bottles
2 From RUIQI g P
______ Rain water Rain water = Solar panel

______________________ = — s -

Filter layer - A | ;:' ________
distributor — e A R T R Bo / : i
: Light onergnd e _—
{ : 5 =}
"‘1 'I .t :' -j : _

Great! | can wait for — / i

cool place.

**

- _,Wéter pump

Water Reservoir

2

Le -

- * ‘ff__{
;*"";& : ﬁ

Water system: Can collect and filter
rainwater stored in a tank, then distribute
it by a water pump to drip from the top

N

B \*-\;_

=

Energy system: Using solar
panels to generate electricity, provid-
ing power for the station's lights and
water pump for the water system

Will this bottle in my
hand also become
like this?

Amazing!! | can feel
the cool breeze
coming from this wall.

i 5
280mm

(Waé-l;_colieélio;\j

Cooling principles and section

The cooling wall will integrate with water and solar energy systems. For the water system: Rain-
water can be collected and filtered at the top, and then stored in a tank at the bottom via pipes,
and pumped back up on the top for distribution. Water circulates back to the tank after passing
through the cooling wall. For the energy system: The station’s lights and water pumps can be

powered by solar panels on the top.



LA 5701 MLA Studio: Country
AY 2024-25, Semester 1

The World Out There

Studio Tutor: Jessica bridger

ZHU LUJIA
zhu.lujia@nus.edu.sg

JOHOR UPt DOWN|

Background:

Climate change research indicates that, in the worst-case scenario, the
mean sea level could rise by up to 5 meters. With the added impact of storm
surges, the sea level could temporarily surge to 10 meters.

The BIG IF:

If flooding issues intensify in the future, Johor’s central region—a crucial
backbone for the state—faces the risk of being submerged. As a key hub for
economic activity, transportation, and a densely populated area, abandoning
this region is not an option. Instead, Johor must learn to coexist with water.

Design Strategy:
By exploring different relationships with water—living underwater, restoring
water systems, waterproofing infrastructure, and building above water—I
propose four core design components:

-Quick Link System (Above Water): A network of elevated pathways and
transportation solutions ensuring connectivity even during floods.

-Wetland Park (Water Restoration): A natural buffer zone that restores eco-
systems and mitigates flood impacts.

-Heritage Dam (Waterproof): A reinforced structure preserving historical
and cultural assets while managing water levels.

-Johor Walk (Underwater): An innovative underwater experience that em-
braces flooding as an opportunity for adaptation and education.



Peninsular Malaysia
Population

[ <100,000
7 100,000 - 299,999
I 300,000 - 499,999
B 500,000 - 699,999
I 700,000

® Safest
Boundary

High floors are safe

Detention Pond

Storm surge

H_eritagg area

Flooded infrastructure

Research Mapping and Design Strategy

This diagram analyzes the impact of flooding on different areas within Johor’s city center. Based
on varying elevations, it proposes a range of design strategies from low to high elevations, specif-
ically addressing tall buildings, urban open spaces, heritage areas, and the causeway




Current

Plan to address the issue of flooding while initiating the
design of an elevated transportation system.

RTS Link )

LEGEND

\ Transpgf /,,fé
\ e

Causeway | Corfime
y \ oAn ﬂ

side

2080

Remove buildings in the 10m storm surge zone.
Restore mangroves along receding boundaries.

RTS Link

LEGEND

\ . Demolition Areas
Causeway
Mangrove restoration

\ . Heritage protection
1

2150

- Build bridges connecting tall buildings.
Construct wetland parks in open spaces

N/
B .
SN §

RTS Link

LEGEND
Wetland Park Zone

E Floating Residential

Mangrove Walk Important connection

Master Plan of Johor C|ty Center This diagram presents the future master plan for Johor City Center in 2150 and outlines key stag-
es of its development:

Current: Address flooding issues while initiating the design of an elevated transportation system.
2080: Remove buildings within the 10-meter storm surge zone and restore mangroves along
receding coastal boundaries.

2150: Construct bridges connecting tall buildings and develop wetland parks in open spaces.
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Isometrics Perspective of Site This drawing illustrates the relationships between several key design components:

-The Quick Link System connects all major rooftop gardens and tall buildings.

-Parking lots within the Storm Surge Zone have been transformed into wetland parks.

-The Heritage Zone, protected by dams

-The Causeway Area, envisioned for future underwater recreational development, have been
reimagined as the Johor Walk Zone.



Above Water

RTS Link

Emergency Floor

Station

Quick link

Leverage existing tall infrastructures, buildings, and RTS links to create adaptable
pathways capable of adjusting to varying heights. These pathways will serve as
emergency evacuation routes during disasters, forming a comprehensive elevated
pedestrian network for the future of Johor city.

Water Proof

Dam

Mangrove Restoration

Build a dam to protect the heritage area, incorporating stone piles constructed from
recycled bricks on both sides. These piles create a suitable habitat for mangrove
growth, enhancing natural coastal defenses while promoting biodiversity.

Design Strategy Prototypes

Heritage Area

Restore Water

Wet Land Park

Can connect with
another park

Transform existing urban parking lot prone to flooding into wetland parks,
integrating them with rooftop gardens. Beneath the wetland parks, incorporate
detention ponds to store excess water, enhancing flood resilience while promoting
ecological connectivity.

Under Water

Floating Bridge

Coral Restoration

Repurpose submerged infrastructures, such as the causeway and reclamation
land, into habitats that support coral and mangrove restoration. Install fixed
anchor points on these large structures to accommodate floating bridges, creating
opportunities for recreational activities across the strait
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This rendering shows the future scene of Johor Up Down, from the under water part to the wet-
land park to the roof garden and quick link bridge above. Rich and colorful activities

Rendering
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Rendering This rendering shows the future scene of Johor Up Down, from the under water part to the wet-
land park to the roof garden and quick link bridge above. Rich and colorful activities




R LT U

i

Rendering This rendering shows the future scene of Johor Up Down, from the under water part to the wet-
land park to the roof garden and quick link bridge above. Rich and colorful activities




Rendering This rendering shows the future scene of Johor Up Down, from the under water part to the wet-
land park to the roof garden and quick link bridge above. Rich and colorful activities
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