Transforming Cities in Hot and Humid Climates

Towards more Efficient and Sustainable Energy Use s e
etwork

Future Challenges of Cities In
Hot and Humid Climates
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Nature of the Built Environment

“When you build a thing you cannot merely
build that thing in isolation, but must also
repair the world around it, and within it so
that the larger world at that one place
becomes more coherent and more whole;
and the thing which you make takes its
place in the web of nature as you make it.”

Christopher Alexander
£ Architect, Theorist, Educator
o Author of “A Pattern Language”, 1977, and “The Timeless Way of Building”, 1979.
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ADAPTABILITY AND RELATIVITY (A STORY OF DARWIN, EINSTEIN AND THE
SHAQ)

"It is not the most intellectual of the species that survives; it is not the strongest
that survives; but the species that survives is the one that is able to adapt to and

to adjust best to the changing environment in which it finds itself”. Charles Darwin




Eskimos’ Ice House

Made of ice bricks with thickness of
about 500mm. The indoor temperatures
can be maintained at above —5°C
when the outside temperature is—30°C.




Egyptian Residence
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Cave Houses
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Taman Tropika House, Universiti Teknologi Malaysia
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Estimated U.S. Energy Consumption in 2016: 97.3 Quads

Solar
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China 2010 Primary exergy to useful work flow map
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SADLY

it does not work

DAMN YOU
THERMODYNAMICS

Always ruining everything




WHO CAN TELL ME
THE FIRST LAW OF
THERMODYNAMICS?

MEN WILL
NATURALLY MOVE
TOWARDS THE
"HOTTEST” GIRL IN
COLLEGE'!

Zeroth Law:
You must play the game

First Law:
You can't win

Second Law;
You can't even break even

Third Law:
You can't quit the game

So.....we need more
SCIENCE !



Building Energy Flow-paths
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Figure 1.2: Building energy flowpaths.

Clarke, 1985: Energy Simulation in Building Design



Passive Solar Elements
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Figure 1.5: Passive solar elements in architectural design,
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Wind assists air movement
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Air Flow Modeling

Wind tunnel experiment to establish the boundary conditions for CFD computational analysis
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Concurrent Temperature and Air Velocity Profiles
Outside and Inside Building

N

Wind speed: 3.28 fps (1 m/s). Lower wind speeds give time for Wind speed: 3.28 fps (1 m/s)

heat to accumulate and create heat pool between buildings.

Wind speed: 16.40 fps (5 m/s)

/\‘

Wind speed: 32.8 fps (10 m/s). Higher wind speeds help
dispersing heat pool between buildings.

Wind speed: 32.8 fps (10 m/s)
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Sustainable Urban Development - Tianjin Eco-City
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Technology (alone) is not the answer.....
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Tropical City Concept
Kampong Bugis Dev’t Guide Plan Proposal 1989




Tropical High-rise

Bio-Climatic Skyscraper — TRHY Pinnacle@Duxton - WOHA
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“Urban Shades” - Clarke Quay




Sustainability




ERGY

Z
Singapore’s Energy Policy Aot

Smart Energy, Sustainable Future

Challenges Our Approach

Resource & alternative | Ia
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Godis in The devil is In
the details? the details?
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An n-gram is a contiguous sequence of n items from a given sequence of text or speech
[computational linguistics and probability]

http://grammarist.com/wp-content/uploads/2014/09/details.jpg



Life-cycle Process

BUILDING DELIVERY PROCESS
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Total Building Performance

BUILDING DELIVERY PROCESS
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HOLISTIC APPROACH TO ENVIRONMENTAL SUSTAINABILITY

« Waste management & Material & Waste « Micro climate management
segregation Management * Thermal comfort

« Waste conveyance system « Ventilation

* On-site refuse processing & » Eco biodiverse habitat
composting * Minimize site disturbance

» Use of environmentally friendly « Alternative transportation

or recycled materials

Environmental

Quality &
Protection
Water Energy
Efficiency Efficiency
BLUE STRATEGIES GREEN STRATEGIES
+ Water efficient features » Energy efficient infrastructure
« Storm water management * & public amenities
* Rainwater harvesting « On-site energy generation
+ Grey water recycling « Use of renewal energy

» District cooling plant
* Hybrid ACMV system
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Net-Zero Energy Building in the Tropics
“Walk the Talk”
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SDE 4 - Under Construction




SDE 4 - Hybrid System
Daylight Measurement

windows windows

3.0m| 4.0m

5.0m

. horizontal FL+0.7m ' Vertical FL+1.2m ‘C'MOS camera




SDE 4 - Hybrid System
Thermal Measurement

32



Human Centric Design
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SCIENCE

Chilly at Work? Office Formula Was Devised for Men

By PAM BELLUCK AUC. 3, 2015

P &b
Confirmed: Men Are to Blame for Your Freezing
Cold Office

‘ Joanna Rothkopf

Molly Mahannah wears a sweatshirt and blanket at w

http://blog.gridium.com/3241/are-your-set-points-sexist/
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What's next?
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Green buildings also better for health, not just
more energy eflicient: BCA study

Samantha Boh

SINGAPORE - People who work in "green" buildings are less likely to
suffer from fatigue, headache and even skin irritation, according to a
study which shows that the benefits of such buildings stretch beyond
saving energy.

Study conducted by BCA and NUS from Jan 2014 for 3.5 years




WELL LIVING LAB™

WELL The first lab exclusively committed to researching the real-world
LIVING impact of the indoor environment on human health

LAB

To deepen our understanding about the indoor environment’s affect on human health and
well-being, Delos and Mayo Clinic have coliaborated to create the Well Living Lab™.
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