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2.2 billion population increase by 2050
2 trillion sq.ft of new construction By 2050
NYC every month for 35 years






Sustainable Course Modules:

Building life-cycle assessment. 03.14.2023
Circularity in the building sector
Carbon neutral design
Building resilience
Bioclimatic design. 03.07.2023
Sustainable material system
Sustainable facade design
HVAC for tropical climates
Building integrated renewable energy systems
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Bioclimatic Design

» Bioclimatic Design is a green building design strategy that utilizes natural
elements such as climate and site resources to create a healthy, energy-
efficient built environment.

» Bioclimatic Design enhances occupant comfort, health, and well-being
through:
- natural ventilation (i.e., natural cooling and improved air quality),
- shading (thermal comfort), and
- daylighting.

» Bioclimatic Design minimizes the use of active systems or reduces energy
consumption in heating, cooling, ventilation, and lighting energy.

» Bioclimatic Design conserves natural resources while protecting
surrounding ecosystems (e.g. bodies of water, vegetation, and natural

habitats).



Bioclimatic Design

Built Ecosystem

environments
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Climate and Bioclimatic Design
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Koppen Climate Classification System — temperature, precipitation, vegetation



World Climate Classification

Code Type

Description

A Tropical climate

« Monthly average temperature = 18°C
* No winter season
« Strong annual precipitations (higher than evaporation)

] « Annual evaporation higher than precipitations Code Description Applies to
B Dry climate / Desert « No permanent rivers  Steppe climate (semi-arid)
S * Annual precipitations range between 380 and 760 mm B
« The 3 coldest months average a temperature between -3°C and 18°C
I Hot moderate climat * Hottest month average temperature = 10°C * Dry (And an_d _ser_m-arld)chmates
ot moderate cimate « The summer and winter seasons are well defined w * Annual precipitations < 250 mm B
* Coldest month average temperature of the coldest month < -3°C » Wet climate
D Cold moderate climate * Hottest month average temperature = 10°C = * Precipitations occur every month of the year A-C-D
* The seasons summer and winter seasons are well defined + No dry season
* Average temperature of the hottest month > 10°C W + Dry season in winter ACD
E Polar climate « The summer season is very little different from the rest of the year
S * Dry season in summer c
+ Monsoon climate:
S - * Annual precipitations = 1500 mm A
Eois ool Sppiesl m * Precipitations of the driest month < 60 mm
a- hot summer + Average temperature of the hottest month = 22°C c-D
T » Average temperature of the hottest month between 0 and 10°C E
* Average temperature of the hottest month < 22°C
b: moderate summer * The 4 hottest months average temperatures > 10°C C-D E « Average temperature of the hottest month < 0°C e
* Average temperature of the hottest month < 22°C « Abundant precipitations
C: short and cold summer « Monthly average temperatures = 10°C for less than 4 months CD M « Mild winter E
’ * Average temperature of the coldest month = -38°C
D: very cold winter * Average temperature of the coldest month < -38°C D
H: dry and heat = Annual average temperature = 18°C B
K: dry and cold * Annual average temperature < 18°C B

15



20°C ambient temp 30°C ambient temp

Human body reactions to main climatic elements
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Light in Bioclimatic Design

- Aperture & daylighting

- Natural cooling

- Natural heating

Benefits Occupant comfort & energy savings

natural light illumination



Heat Balance in Bioclimatic Design

- Thermal insulation

- Overheating protection

Benefits - Occupant Comfort & Cooling Energy Savings

Heat balance



Air in Bioclimatic Design
- Natural ventilation
- Natural cooling

Benefits —Improved air quality & health, energy efficiency

Air movement



Moisture Control in Bioclimatic Design

- Vapor barrier
- Ventilation
Benefits - Improved air quality & health, material longevity

Moisture control



Key climate elements and climate analysis

Net Zero Energy Design, Hootman, 2012



Tropical Bioclimatic Design

Bioclimatic Design

(D humidity (2) temperature (3) radiation (4) air movement

3.24 Antonin Raymond, diagram of tropical design principles, from Fry and Drew, Village Housing in the Tropics, 1947.
Modern Architecture and Climate, Baber, 2020.
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HORIZONTAL TYPES

VIEW: SECTION: MASK

CHARACTERISTIC:

Horizontal overhangs are
efficient toward south or
southern orientations. Th

mask chorocteristic is seg

Louvers parallel to wall he

82 169. Examples of various types of shading devices.

&

retractable

efficient.

positioning.

ge 1o permit ai

circulation neor to the ele
tion. Slonted louvers give

better protection thon ver!

Canvas canopies will have
some chorocteristics as sol

overhangs, and can be mo

Where protection is neede
low sun angles, louvers hu

salid horizontal averhang:

A solid, o perforated scre
strip porallel to wall cuts |

lower rays of the sun.

Movable horizontal louver
change their mask charac-

teristics according to their

VERTICAL TYPES

VIEW: PLAN AND SECTION: MASK:

EXAMPLE CHARACTERISTIC:

Vertical fins serve well toward
east ond west and neor these
orientations. Their mask charec=

teristic is segmental .

Vertical fins oblique to wall will
result in aymetrical mask
Separation from woll will avoid

heot transmission.

Movable fins can shode the whole
wall, or open up in different
directions according to the sun's

position..

f

Eggcrate types are combinations
of horizontal and vertical types
and their mask 1s a superimposed

diagram of the two mashs

i
i
HIHHI H vertical fins results in asymetrical
| ek

i

Solid eggerate with slanting

Eggcrote device with movakle
horizontal elements shows flexible
mask characteristics. Becouse of

their high shoding ratio, eggcrates

170.
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Walker Guest House, FL, USA (hot-humid climate), 1953, 53M2, Paul Rudolph
Google image



Walker Guest House, FL, USA (hot-humid climate), 1953, 53M2, Paul Rudolph
Lesson from Modernism, Boner, 2013
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Walker Guest House, FL, USA (hot-humid climate), 1953, 53M?, Paul Rudolph

Lesson from Modernism, Boner, 2013



Walker Guest House, FL, USA (hot-humid climate), 1953, 53M?, Paul Rudolph

Lesson from Modernism, Boner, 2013



Lesson from Modernism, Boner, 2013
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Walker Guest House, FL, USA (hot-humid climate), 1953, 53M?, Paul Rudolph
Google image



Walker Guest House, FL, USA (hot-humid climate), 1953, 53M?, Paul Rudolph
Google image
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vegetation topography

wild habitat




Micro-Climates

09/02/2016 Arch 4305_Building Systems Integration | Kyounghee Kim, Ph.D
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157-158. Section and plan of a house showing the location of vegetation and overhang measurement.
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159. Summer shading from dewn to dusk,



The Art of Integrating Rainwater - Ecological Landscape Alliance






Typical design of a bioswale of city street



Southwest Montgomery Complete Street, Oregon. Nevue Ngan Associates
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BT.U.'S AND SHAPES
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N NE E SE S SW W NW
bedrooms O 6 6 ¢ ¢ O
living O 6 6 ©
dining ® &6 6 6 ©
kitchen ® 6 0 ¢
library C ®
laundry ® O
play ® 6 6 ¢
drying yd ® 6 06 ©
bathrooms ® O ® 6 6 0 O
utility ® O @
garage ® O ® 6 ¢ 0 ¢
workshop ® O ®
terraces O 6 6 O
sun porch ® 6 0 ¢

126. Suggested sun orientation for rooms.
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Zilvar House, Czech Republic (temperate climate), 83M?, 2013, ASGK Design.
Archdaily image
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Zilvar House, Czech Republic (temperate climate), 83M?, 2013, ASGK Design.
Archdaily image
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Zilvar House, Czech Republic (temperate climate), 83M?, 2013, ASGK Design.
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Zilvar House, Czech Republic (temperate climate), 83M?, 2013, ASGK Design.
Archdaily pmage






Bb Home, Hanoi Vietnam (hot humid), 44M?, 2013, H&P Architects.
Archdaily image



Bb Home, Hanoi Vietnam (hot humid), 44M?, 2013, H&P Architects.
Archdaily image



Bb Home, Hanoi Vietnam (hot humid), 44M?, 2013, H&P Architects.
Archdaily image
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Bb Home, Hanoi Vietnam (hot humid), 44M?, 2013, H&P Architects.

Archdaily image






Bb Home, Hanoi Vietnam (hot humid), 44M?, 2013, H&P Architects.
Archdaily image



Power of 10 (Net zero energy home; passive house standard), Orebro, Sweden (cold),
148m2 / home, 0.4AMWh/yr/home, 40kW battery.
Street Monkey Architect



Power of 10 (Net zero energy home; passive house standard), Orebro, Sweden (cold),
148m2 / home, 0.4AMWh/yr/home, 40kW battery.
Street Monkey Architect






Bioclimatic Design Takeaways

« Bioclimatic Design is an approach to sustainable building design that takes
into account the local climate, local environments, and user needs to create
a comfortable, energy-efficient and sustainable architecture.

* Building shapes and enclosures respond differently depending on climate
and site conditions.

» The benefits of the Bioclimatic Design are to improve user comfort, health
and well-being by shading, natural ventilation, and daylighting.

« Bioclimatic Design minimizes the use of active systems and energy use in
heating, cooling, ventilation, and lighting energy.

Bioclimatic Design preserves the surrounding ecosystems by working with
local vegetation, bodies of water, and natural habitats.



Kyoung Hee Kim, PhD AIA NCARB
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