20.307
Toward Carbon-Neutral Architecture and
Urban Design

Lead Instructor The course teaches a working understanding of how to design, construct, and
operate sustainable architecture and urban design developments and projects

Naree Phinyawatana toward achieving carbon neutral on all aspects. Students will develop an

Zheng Kai understanding of a building’s relationship to its site’s natural systems; the building

enclosure’s ability to mitigate outdoor conditions; passive systems for conditioning
and lighting; mechanical heating, cooling and ventilation strategies; lighting and
daylighting opportunities; site and building water cycles; and health and well-being,
and advanced building and environmental system simulation through a series of
lectures and workshops.

Case studies will be introduced based on the lecture themes. Topics are discussed
based on the physical laws that govern the exchange of energy between building
and environment and how they relate to human comfort. The ability and confidence
in making both quantitative and qualitative statements about building performance
will help students in integrating these considerations into their future architecture
and urban design work. Ultimately students will be able to understand the impact of
their design decisions on building performance to mitigate the carbon footprint.

Workshops throughout the semester will be a series of design exercise and
environmental design studies as well as calculations, which will serve as supporting
documents for the final carbon-neutral project at the end of the semester.

Learning Objectives
After successful completion of the subject, students will be able to:

Describe fundamental knowledge and concepts of sustainable design, carbon footprint, carbon emissions, low-
carbon design strategies, and zero-carbon design calculations.

Classify and discuss carbon-neutral architecture and urban design concepts, methods and strategies.

Assess and criticize the carbon footprint generated through the selection of design strategies, construction
materials, and building systems pertaining to carbon-neutral architecture and urban design.

lllustrate a thorough technical knowledge of carbon-neutral architecture and urban design strategies.

Select carbon offset strategies based on their consequences related to building energy, comfort and
environmental impacts.

Apply and integrate technical knowledge within designs of carbon-neutral architectural projects.

Measurable Outcomes
Achievement of the Learning Objectives will be measured in terms of the student’s ability to:

Participate in in-class laboratory exercises, design studies, and calculations.

Complete short homework assignments focused on implementation of topics and methods communicated in
lecture classes and laboratory sessions.

Present selected case studies of real projects through discussion and analytical computational analysis.
Compare different carbon-neutral architecture and urban design types and strategies using simulation tools to
predict thermal comfort, daylight availability, energy consumption, water consumption and reclamation, and
embodied energy of materials as part of design homework assignments.

Design, simulate, analyse, and document a final architecture and urban design project through the application
of quantitative measures such as environmental performance simulations, water use, and embodied energy
accounting that were learned through homework assignments mentioned in the previous MO.

Produce a written report documenting the features and analysis of a final carbon-neutral architecture and urban
design project.
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2020 - Smart City and Pandemic Ready

Because of the recent COVID-19 pandemic, the course content expands to cover design strategies to serve as preventative
measures against COVID-19 as well as to focus on Singapore Smart Nation initiatives. With these two special topics, selected
case studies have been chosen to represent exemplar innovative developments around the world including Jurong Lake
Garden (Singapore), Woven City (Japan), Hudson Yard (USA) and Barangaroo (Australia).

Final Project

The final projects demonstrate all key sustainability strategies that students have been learning throughout the semester.
For this year, students work in groups on four separate sites in Singapore. Each site will be the upcoming innovative and
smart districts to support the course focus on Smart City and Pandemic Ready.

Group 1 - Punggol Digital District

en.. (35) Communiy Access
=’ & Engagement




The course also includes a simple exercise for students to think creatively on pragmatic strategies to be
incorporated to be ready for future pandemic events through various programs including office, supermarket,
school and shopping mall. The submissions demonstrate on students’ understanding of the past norm, present
(COVID-19) norm, and the soon new norm that we will have to adapt and adjust our lives to the post COVID-19
environment.

School : 2025

‘Co-curricular activities and sports: Tech
involvement in sports, facilitate individual

Canteens could be half the size, if Turning to large, open, well-ventilated

school if half a day, less need for students to

eat in. Open air concept for canteen to reduce
virus spread. Different design of eati
Individual transparent pods/pa

‘spaces in nature as outdoor
classrooms, particularly for younger
children.

performance and increased efficiency:
automatic update automatically to coach.
Integrated amenities. Perspective shift to

jmental and phyiscal heal
-

Classes that can be held smoothly
online continue, universities
allocate more area for space -
intensive research activities

Online schooling and e-learning for
maijority of the lessons to minimise
transport to and from school.

School fully e gadgets in class
instead of using printed materials
except for examination.

2025

Spaces:

Designated isolation rooms
Natural ventilation
Reconfigurable flexible spaces
Shift in circulation and
program arrangement
Hygiene stations

'Contactless' devices
Incorporate elements

from hospital design

Actions:

* Seat tracking

* Identify essential workers

* Rethink density to prioritize
physical distancing

* Video conferencing

* Practice good hygiene




2025 Supermarket

Team Members :

Ho Zhi Yuan 1002404
Wong Shu Miin Naomi 1003109
Tan Shao Xuan 1002054
Sally Tan Jie Ying 1002389
Xiao Yiming 1002256
Zhu Wentao 1002356

Human traffic
People are more concemed about their food safety Supermarkets are tailored for purchasing of only
and health. Organic food items as well as plant-based  perishable products for shoppers to visit and purchase,
foods have grown in popularity as they are deemed while other products are typically ordered online
Consumers are also looking into options of having and delivered directly to houses. As such, there is a
their produced grown in their own homes, where they  significant decrease in number of typical customers.
know what goes into what they eat instead, people look to delivery services for such
purchases, thus the majority of peaple visiting
supermarkets are delivery personnel

Supermarket Layout

Beyond displaying and selling packaged food,
supermarkets will start investing in on-site food
production. These indoor farms will be displayed

in supermarkets to give shoppers a better
understanding of where their food comes from.

Interactive screens will also allow customers to

check and compare the nutritional value, the

carbon footprint etc. of their food while they !
browse the aisles. Operation Model Online Grocery
Priority Shopping Hours will continue. Some Supermarket will be transformed into warehouse setting,
supermarkets may convert into self-pick-up for Contactless delivery for all grocery shopping with the
customers or collaborate with other merchant for help of autonomous vehicles.
online delivery.

2025: The post COVID-19 situation will see a rise in implementation of technology and robots to redefine
the shopping experience for consumers such that social interactions can be safe.

Elevator - non-contact lift buttons.  Shopping - avatars for virtual shopping. Maintenance - autonomous disinfection robots.

Restaurants - social distancing pod for dining-in Entrances - sanitizer tunnel



Students

Toh Sing Ru

Ong Li Wen Anjelica

Fang Zixin

Kyaw Htet Paing

Clarissa Maharani Hartanto
Samanta Tang

Punggol Digital District - Redefining
Retail

Punggol Digital District is a 50ha masterplan located in the north of Punggol and
is planned to be the next generation smart and integrated digital district. This
group focuses on “Redefining Retail” for this innovative district of Singapore. The
project proposal comprises of retail, digital platform and active outdoor areas.

The current retail scene of Singapore consists of large air conditioned shopping
malls with mainly physical retail spaces and services. More than just having

retail spaces, the project creates an enhanced retail experience of the future that
focuses on incorporating the digital and outdoor aspect to retail. Additionally, this
new retail prototype experience will be fully functioned as an open outdoor park
along the waterfront of Punggol Digital District. All activities will be connected in
a single mobile app.

PROGRAM DETAILS

PROGRAM ZONING

The site is loosely divided into three main zones: 1. work/learn zone will be nearer to the SIT and JTC campus and consists of the
learning 2. play zone consisting of retail and recreation zone (play) 3. live zone for events and retail
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DIGITALLY-CONNECTED PROGRAMS ON SITE
In line with the masterplan for the site to be a smart and integrated digital district, we hoped to focus on the digital aspect
of our site by connecting all the programs within a single mobile application, the Punggol Digital District App.
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Term 8

Learning Space (10%)|
A

tion,

Retail Space (40%)
-F&B
-Shops
- Outdoor Retail
Indoor (Gym, VR - Popup stores run by
rcade) IR
Outdoor (Elevated]
Walkway, Playgroun

Services (10%)

surounding
.+ buildings provide
shelter to the
ground level
most of the fime:
of the day.

NOURISHMENT
Working fogether with
community farms in
singapore fo bring fresh
products to be cooked
and sold in the food
court.

'MOVEMENT

Ground level and Food court also
elevated circulation promotes healthier food
forms a loop which choice.

promotes people fo

move around the site

PANDEMIC: COVID Ready

In the light of COVID, the project looks at several
measures in which measures could be
implemented in fimes of pandemic.
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Students

Jennifer Gautama
Lim Hui Yee

Tan Zhi Wei
Michelle Gouw
Lim Jin-En Clarissa

Sungei Kadut District - The Future of Food

Sungei Kadut District will be transformed into an eco-district that embodies the
concept of live, work and play. The district will welcome new growth industries
such as agri-tech to seize new economic opportunities.

This group develops a mixed use development that will support the goal “30

by 30 - 30% of home-grown food goal by 2030." The project has a vision to
provide food for 200 people daily on-site with urban farming and R&D labs as
well as education facilities and exhibit spaces for showcasing innovative farming
techniques.

Specialty Program Background
High Density Vertical Farming

FARMING SYSTEM

Modern farming should use technolagy, science, engineering

and R&D to improve yields and operations. With land and T
tabour constraints, and imminent climate change, the Sfarowiseer
approach to food production needs to transform and be needs atlsast
more creative. 32 watts

AQUAPONICS

potable water
rainwatar catchment

water
reticulation
of water nutritionts rich
circulating
throush
wetlands

AALGAE PRODUCTION

CONSTRUCTED TUBE PLANTS

OUTPUT
G

minimum waste water
tociysower

water
consumption

50 gallons of
nutrient solution nozzle mist
will require a water+

50 watts nutrients %/
air pump to K— MIST PUMP

be well
oxygenated.

AEROPONICS

(+) Fewer nutrients and water used on average.
! (+) Massive growth due to roots' access to oxygen.
(-) Dependence on the system. If one of the item is missing the
— entire system will be restricted.
) (-) Regular maintenance of root chamber to prevent diseases
\e_[_Butriept mist © striking roots.
HYDROPONICS
{ (#) Commercial choice. Simple large scale operation can integrate
aquaculture,
¢ (#) More plants grown within same area since require smaller root systems
A (-) The cultivation is required to be continously monitored.
] (-) Frequent checks of water pH level to prevent fluctuations that can
Qi nutnentsalution damage plants and eventually cause a die-off.
losed
o AQUACULTURE AQUAPONICS
Z =
L5 (+) Uses lesser water than soil-based gardening, hydraponics or
recirculating aquaculture.
(#) Secondary harvest/ income (fish, prawns etc.)
(-) Requires extensive cleaning of media beds that can become clogged.
(-) Complex system to ensure right conditions for both fish and plants.
s =

(+) High yield
ON THE WHOLE () costly equipment
() Technical knowledge required

ENERGY
(k/kgly)

WATER
(L/kgly)

YIELD
(kg/m2/y)

Higher yields of hydroponics result from
_/ the controlled environmental conditions
maintained within the hydroponic green-
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Programmes Breakdown

Final Massing

material and equipmen
storage

general storage

education
centre

Eco Systems

Overall

research laboratory

meat-culture:
laboratory

aeroponics
and hydraponics
farming

w

S——

Greenery Water Energy Ventilation
RAINWATER HARVESTING
Collection of storm water for
treatment and purification
fromroof and bioswale
5 BIOFILTRATION GARDEN BED
E=nin]= o R s Natural filtration process to
A ' collect storage of water to be PHOTOVOLTAIC CELLS
N | s ! further cleansed SEEasscsRSamEssms e nms PV Cells placed on the roof to reduce
' | solar heat gain and support energy
E| N ~-EREAICE | SUN SHADING FACADE DEVICE
GREY WATER RECYCLING CONEERENCE Vertical fins that are directed to o demand
Reduce portable water use by Q ! | provide optimal shade within building |
utlsing greywater for flushing | _|| IREHGHM—-i ; NATURAL VENTILATION
g and irrigation use i i COMMUNITY SPACES i Cross ventilation promoted wi
'
' \NOR (SH 0 p i Shoes that iy beiiscd it [ P massing that creates open airways
: o I J' events and encourage activities >
i INFILTRATION
! Lush landscape to increase
! previous surfaces to reduce
i stormwater runoff
' ;
'
|
'
: |
& BICYCLE RACKS
! O Allow for visitors/ staff to cycle FOOD COMPOSTING
i reducing general carbon emission J 1o oo op oo oo LBl 2 Collection of food waste to be composted
s i i St into bio fertiliser and renewable energy
Greywater
""""""""""""""""""""""" COOLING COIL CONDENSATE RECOVERY
Approximately 10% of water used in farming is
lost through transpiration.
POTABLE WATER WATER SUPPLY DISTRICT COOLING SYSTEM
—_— One of Singapore’s national tap | —2 For use in water coolers, taps, Delivers chilled water through a

consumption.

water supply; clean and safe for

showers, washing areas.

network of pipes to various

programmes for use in space
and process coolings



Students

Lim Xin Yan
Chin KeeTing
Jane Cher
Song Tingxuan
Goh Min Rui
Anirudh Rathi

Tengah District - SuperCC

Tengah District will be Singapore’s first smart and sustainable next-generation
HDB town, with green features and smart technologies. The development

of Tengah will provide new homes and workspaces in the Western region of
Singapore and compliment Jurong Innovation District.

This group develops a mixed use development that will support the goal “30

by 30 - 30% of home-grown food goal by 2030.” The project has a vision to
provide food for 200 people daily on-site with urban farming and R&D labs as
well as education facilities and exhibit spaces for showcasing innovative farming

Programmes: Complementing Residential Living

C  COURTYARD

@ FARM-TO-TABLE BREWERY @ STORAGE SPACES

SM  SUPERMARKET

Pandemic Mitigation Strategy

SANITISATION/
TRACKING GANTRY

CROSS
VENTILATION

CONTACTLESS
INTERACTION
HYGIENE
STATION

DIGITAL
MENU.




COMMUNITY

Green roof provides an
outdoor space for the

community to socialise, LIGHT
Light wells created to shield

visitors from direct sunlight
7.\ MOVEMENT but still allows natural
Dedicated cycling route lighting in the form of
2 beside pedestrian indirect daylight.
walkways to encourage —_—

carbon-free movement 2 ”
in the community. \ e

AIR
Internal spaces are

angled to encourage
natural ventialtion
through the building.

rg

Q)

Stormwater Collection
Rainwater is filtered through the green roof and
excess is emptied into a basement storage tank

Greenhouse

Encourage responsible
production and consumption

BIPV Panels

Offsets building energy use

Voids

To allow wind flow in building

3 Types of Facades
) Optimising lighting, ventilation

* and privacy

Pavegen

Generate energy from human traffic

Next-den
Supermarket

Pandemic-ready community . .
experience Publ'c At"um
Acts as extension to nearby
~——= community farmway _
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Students

Ho Zhi Yuan

Wong Shu Min Naomi
Tan Shao Xuan

Zhu Wentao

Sally Tan Jie Ying
Xiao Yiming

Jurong Innovation District - SERIS Campus

Jurong Innovation District will be a vibrant ecosystem for advanced
manufacturing, livable and sustainable industrial district of the future. It will
also be a home to thriving industry-academia collaborations that will lead new

paradigm for manufacturing and R&D programs.

This group designs the project for a selected client “SERIS - Solar Energy Research
Institute of Singapore” who has been the innovative leader in R&D on solar cell
technologies. The program comprises of office, R&D, labs and workshop areas.
Various in-development technologies has been implemented on the project as a

test bed for SERIS.

Targeted Site & Tenant

Clean Technology Jamarican Damond o
Flowserve. nergy.
Cleantech Park —
T (O
nons Cnamen
Green Research & Development sloy’ ot Blajapiet
Solar Energy itute of Singapore (SERIS)
e

Aringn S
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S
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Farea

The daily life of a researcher through the proposed design

Strategic location of different
types of solar cell labs in SERIS
(Facade BIPV related research)

Comfortable indoor office environment with °

maximum use of natural lighting and sound
control measures.

- ®

Qutdoor collaborative areas are
=) iteruced andSheounded by
(-] QG

natural landscape

the hot desk area with direct access to central
atrium area covered by the BIPV roof.

%9 0
'
! o B
Walking under shelter with path
made with Pavegen

Flexible working environment is introduced in m o

Strategic location of different
types of solar cell labs in SERIS]
(Water related research)

< Well-developed cycling networking in
e 3 1ID. Encourage active mobility travel
within the district

e

vy

Foyengore

@ &m

Arrive at Tawas MRT Station
(Walk from MRT to Office)

® 9am-10am

Reach office after breakfast & Meeting with other
researcher teammates in meeting room

© 10am-1030am

Plan out research & experiment goals for the day
in collaborative room near water solar cell testing
area

© 1030am- 1pm

Working in Lab & Workshop

1pm-2pm
Lunch with fellow researchers in canteen

2pm-3pm
Give Lecture in LT

© 3pm-5pm

Consultation with NTU students in hot desk area /
Meeting Rooms

©® 5pm-7pm

Back to lab & Workshop to continue her research

@ 7pm-8pm

Cycle to other part of JID for dinner

8pm
Take MRT home



Building is sepearated into

Typical Office Block public and non-public areas

Step 1 Step 2
Changing building heights to Orientat= Building to
create open view and ~ face the park

Functional spaces located on

increase natural ventilation the green roof and publicarea

Renewable Energy = ﬁ) Daylight Control

Strong emphasis on the use

i Indoor daylight control
of solar cell technologies

via facade design

% Food Preparation

Wide range of healthy
food choices available in
the F&B Area

Access to nature

Seamless connection to
Jurong Eco Park

Smart Operation

Smart lighting Control

Urban Harmony

High Green Ratio & The
integration between
greenery & workspace

Social Benefit |:|

Creating privately owned
public spaces (POPS) within 2 Collaborative spaces,

an office building Y —— atrium space & courtyard

are provided for gathering

|
Community Access
%i) & Engagement

Active Commuter Site Planning & Selection

Maximize the use of natural

lighting within the building . Community Garden
Providing different types of the
communal space in office and

Solar Energy (SERIS) collaborative space

Implementation of different types of
Urban Green , solar energy. This building serves as a @
Forming green connection to test bed for SERIS solar cell research Ventilation System I:E
Jurong Eco Park and creating Mixed ventilation )
new office environment in a "9{5 systems has Sun shadlng_;
natural environment é@ implemented to lab Facade Design
area and those areas Unique facade design
with low wind speed based on solar radiation
g T 1 on building surface
g LAB - Thin-film Tandem Solar Cells C—i ) (
| —— AP
" | 1aB-commonlab - N OFFICE ( \ Tzf;g::? —~>
I ! I Q i Natural Ventilation
) LAB - Common lab G T : OFFICE B g 1 : orrlcsl Maximize the use of
: *é I : 1 the natural in office
LAB - B ‘T—WEEEK_—_“I’ and lab area
Solar i “— —nomEBK————
Systems H 1 |

' | Heat Exchanger

Water Recycling System ‘ o oo bk - A,
Collection of rainwater for WATER TANK (Grey / Fresh Water) WATER TANK (Grey / Fresh Water)

greenery.



