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“All systems pertaining to the habitation of the cabin are “introverted” or 
traditionally defined as, “off-grid.” These systems include solar power, 
water harvesting and composting toilet. Heating is provided by a wood 
burning stove and cooling is accomplished through cross ventilation. 
Lighting for the space is provided by candle.”

Edifice, Marc Thorpe Design, 2019
© Marco Petrini

“This architecture is systemically connected to the environment 
through sustainable technology and infrastructure. Self-sustaining with 
zero ecological footprint. The edifice is an architecture of responsibility 
and respect for our environment and ourselves.”
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“This four-storey building is 
completely recyclable, produces 
no emissions and is self-
sufficient in terms of heating 
energy requirement. The 
completely glazed building has 
high quality triple glazing panels 
featuring a k-value of 0.4. Its 
design is modular.
Because of its assembly by 
means of mortice-and-tenon
joints and bolted joints, it cannot 
only be assembled and 
dismantled easily but is also 
completely recyclable. The 
electrical energy required for the 
energy concept and control 
engineering is produced by solar 
cells.”
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1. DEFINITION OF BIOCLIMATIC/SUSTAINABLE
CONSTRUCTION

1. Energy

2. Water

3. Waste
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1. Energy

© DPA
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2. Water

© DPA
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3. Waste
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2. BUILDING LOCATION

1. Climate

2. Built environment
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2.1. Establishing the climate

© Turbosquid

Montezuma Castle – Arizona (US)
© Working on Wanderlust

Okinawa Institute for Science & Technology
© Kosodate

Manhattan
© Max Touhey
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2.1.a. Solar irradiation

© Colourbox, Turbosquid

Total Solar Irradiation @ Earth’s surface:
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2.1.a. Solar irradiation

© Colourbox, Turbosquid

Total Solar Irradiation @ Earth’s surface:
• Stefan-Boltzman equation for black body radiation (per m² of emiting surface):

• Solar constant:
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2.1.a. Solar irradiation

© DLR
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2.1.a. Solar irradiation

© DLR
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2.1.a. Solar irradiation

© Norbert Geuder
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2.1.a. Solar irradiation



19
Principles of bioclimatic construction

2.1.a. Solar irradiation
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2.1.a. Solar irradiation

Heliodon 
Hbar
Winter Solstice
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2.1.a. Solar irradiation

Heliodon 
Hbar
Summer Solstice
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2.1.a. Solar irradiation

Direct Normal Irradiance (DNI) in Paris
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2.1.a. Solar irradiation
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2.1.b. Wind

Wind speed & direction in Paris
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2.1.c. Precipitation

Precipitation in Paris

Precipitation in Singapore
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2.1.d. Psychromatic chart

Paris
© Andrew Marsh
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2.1.d. Psychromatic chart

Singapore
© Andrew Marsh
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2.2. Building environment

US suburbs
© Jason Hawkes

Beijing 
© South China Morning Post

Wengen (Switzerland)
© Kosodate

Hong Kong
© Andy Yeung
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2.2.a. Shadow
Summer solstice
5 am – 9 pm
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2.2.a. Shadow
Winter solstice
9 am – 5 pm
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2.2.b. Wind funnel

© A Green Vitruvius
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2.1.b. Wind
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2.1.b. Wind
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2.2.b. Wind in height

© A Green Vitruvius
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2.2.b. Wind in height

© A Green Vitruvius
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2.2.c. Wind breakers

South-West wind
10 m/s
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2.2.c. Wind breakers

South-West wind
10 m/s
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3. BUILDING CONCEPTION

1. Organization of the façade
2. Organization of the rooms
3. Solar inputs
4. Lighting
5. Water
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3.1. Organization of  the façade

The larger the compactness ratio:

• The higher the energy demand

• The higher the energy deperdition
through wind

• The higher the lighting

• The larger the ecological impact 
(imperviousness of soils)

• The larger the area of PV modules that
can be installed Buildings with different Compactness Ratio

© Cherki
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3.1. Organization of  the façade

Energy consumption for different opening types
© Paule et al.
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3.1. Organization of  the façade

Sunlighting of the facades at the winter and summer solstices under average conditions in Paris
© DPA
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3.2. Organization of  the rooms

Spaces requiring less or discontinuous heating
Buffer zones

Spaces with high heating demands
Unheated conservatories or sunspaces

• Reduction of surface exposed to 
prevailing winds

• Control of ventilation & 
infiltration

• Location of entrance doors away
from corners and from prevailing
winds

• Use atria and courtyards to act as 
buffer space and introduce
daylight
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3.2. Organization of  the rooms

© Divisare
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3.2. Organization of  the rooms

© Divisare
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3.3. Solar inputs

Sunlighting of the facades at the winter and summer solstices under average conditions in Paris
© DPA
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3.3. Solar inputs

© Tobyr Smith
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3.3. Solar inputs

© NASA

New York « Cool Roofs » Initiative
© Huffington Post
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3.3. Solar inputs

© Gaffin et al.
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3.3. Solar inputs

New York « Cool Roofs » Initiative
© Huffington Post

OR

© Buildings

• Higher albedo
• Less heat absorption

• Increases building insulation
• Contributes to evapotranspiration
• Filters PM + pollutants
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3.4.a. Lighting simulation

PLANE SURFACE TEXTURED SURFACE

Summer solstice
2 pm

Natural lighting for a plain or textured facade
© DPA
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3.4.b. Circadian lighting
Circadian lighting 
© The Lighting Practice

© Hoare Lea
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3.4.b. Circadian lighting
© Coelux

Ordinary LED Sunlight

© Sunlight
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3.4.c. Transporting light

© Solatube

Openings

© Daily Mail

© Bearing Consulting
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3.4.c. Transporting light

© Parans

Optical fiber
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3.4.c. Transporting light

© Sunportal
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3.5.a. Water collection

Source: European Natural Water Retention Measures Platform (NWRM)

GREEN ROOF

PERMEABLE SURFACES

INFILTRATION
TRENCHES

SWALES

CHANNELS AND RILLS

SOAKAWAYS

DETENTION BASINS

RETENTION PONDS

RAINWATER HARVESTING

RAIN GARDENS FILTER STRIPS

INFILTRATION BASINS
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3.5.a. Water collection

Source: European Natural Water Retention Measures Platform (NWRM)
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3.5.a. Water collection

Green roof

Source: European Natural Water Retention Measures Platform (NWRM)
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3.5.a. Water collection
Rainwater harvesting

© Geoplast
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3.5.a. Water collection

Source: European Natural Water Retention Measures Platform (NWRM)

Permeable pavement
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3.5.a. Water collection

Source: European Natural Water Retention Measures Platform (NWRM)

Infiltration trenches
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3.5.a. Water collection

Source: European Natural Water Retention Measures Platform (NWRM)

Infiltration basins
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3.5.b. Water recycling

© DPA
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3.5.c. Water purification

© Ecofilms
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3.5.c. Water purification

© Tsoumachidou et al., J. Environmental Managment 195 232 2017
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Class activity

• Work in groups of 2 or 3

• Choose a location

• Establish its climate using the Methodology described in http://lptms.u-psud.fr/wiki-
cours/index.php/Physics_of_sustainable_development

• If you were to build a house or a building on this location, what are the parameters you
would keep in mind during the project design?


