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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 woo d .‘
burning stove and cooling is accomplished through cross ventilation® N'
Lighting for the space is provided by candle.” i

‘, ble Qchnplogy"\é-- .,
| ;; il tprint. The edlflce is an archltec?fure of .w.., ol
-ﬁé d 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



PRODUCTION

Produced renewable energy

EFFICIENCY

Reduce energy consumption

SOBRIETY

Reduce energy losses
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REUSE

RAINWATER COLLECTION

WATER SAVING DEVICES

INCREASED USERS AWARENESS
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: aSte

SUSTAINABLE

Low ecological impact

NATURAL

ef - I‘.'.
- Local, renewable, less transformation

&

RECYCLING

Recycle waste & reuse materials

SOBRIETY

Reduce material use
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1. Climate
2. Built environment
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2.1. Establishing the climate

Montezuma Castle — Arizona (US)
© Working on Wanderlust

¥
.

Okinawa Institute for Science & Technology
© Kosodate

Manhattan
© Max Touhey
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‘ !.'.a. !olar 1rra!1at10n

149.6 x 10° km

700 000 km

Total Solar Irradiation @ Earth’s surface:

13

© Colourbox, Turbosquid Principles of bioclimatic construction



2.1.a. Solar irradiation

149.6 x 10% km

700 000 km

Total Solar Irradiation @ Earth’s surface:

« Stefan-Boltzman equation for black body radiation (per m? of emiting surface):

P=cT" o =567 Wm 2K

+ Solar constant: 5.68 x 1078 % 5778 47 (7 x 108)?
TSI =
47r(1.496 x 1011)2

Principles of bioclimatic construction

— 1366 W/m?
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2.1.a. Solar irradiation

©DLR

Radiation at the top of atmosphere

Absorption (ca. 1%)

ayleigh scattering and absorption (ca. 15%)

catter and Absorption (& ca. 15%, max. 100%)

Aerosol........................
Clouds. . eflection, Scatter, Absorption (max. 100%)
Water Vapor....................... Absorption (ca. 15%)

Direct normal irradiance at ground”
Principles of bioclimatic construction
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2.1.a. Solar irradiation
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.d. DOlar 1rra

1 Planck curve T=5780 K at mean sun-

earth distance

] 2 extraterrestrial solar spectrum
S0, 3 absorption by 0;
W/(mZum) ] f 4 scattering by 0, und N,
o 5 scattering by aerosols
] 1;, 6 absorption by H,O vapor
3 l 7 absorption by aerosols

1000 —
500 — UV radiation: 0.01 -0.3% ym; ~ 7 %
H Visible Spectrum: 0.39 - 0.75 um, ~ 46 %
0 - Near infrared: 0.75-2.5um, ~ 47 %
0.2 04 0.6 0.8 1.0 12 M 14 www.volker-quaschning.de/articles/fundamentalsi/index.php
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SOLAR RESOURCE MAP

DIRECT NORMAL IRRADIATION
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This map is published by the World Bank Group, funded by ESMAP, and prepared by Solargis. For more information and terms of use, please visit http://globalsolaratlas.info.
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4. dolar 1irradaiation

SOLAR RESOURCE MAP

GLOBAL HORIZONTAL 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

S
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Direct normal irradiation
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Direct Normal Irradiance (DNI) in Paris




.1.a. dolar 1irradiation

SOLAR RESOURCE MAP

PHOTOVOLTAIC POWER POTENTIAL
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Average wind speed (kmph)

A

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Wind speed & direction in Paris

24



2.1.c. Precipitation

Average precipitation (mm)
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.1.d. Psychromatic chart

Psychrometric Chart

INDICATOR: 100% 0% 80% 0%
) 1 1 L

Dew Point Temperature (°C)
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I |
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Abs Humidity: 7 09431 gikg
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.1.d. Psychromatic chart

Psychrometric Chart
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2.2. Building environment

US suburbs Beijing
© Jason Hawkes © South China Morning Post

Wengen (Switzerland) Hong Kong
© Kosodate © Andy Yeung 28
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e E——
2.2.a. Shadow

Summer solstice
5am -9 pm
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T
2.2.a. Shadow

Winter solstice
9am -5 pm
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Turbulence around tall buildings Turbulence and buildings

© A Green Vitruvius Principles of bioclimatic construction 31



2.1.b. Wind
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mn

L

Principles of bioclimatic construction

g Velﬂcit}' (m/s) [Pressure (Pa)]
- 24,591 [25.051]

21.296 [6.645]

17.388 [-11.760]
12.295 [-30.166]
| 0[-48.571]
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.2.b. Wind in height

|5 —20h

7

Prevailing wind funneled through a city street Natural shelter belts: extent of sheltered zone

© A Green Vitruvius Principles of bioclimatic construction 34



.2.b. Wind in height

00 Windspeed : m/s

S 40

500
gﬂ}_ 40
{Hﬂ{}_ 30

IUD— 30 “

Iﬂﬂ___r m 70 = ;

0 20
= 0000000

Wind speed at a given height is lower in towns than over open land

© A Green Vitruvius

Principles of bioclimatic construction

35



2.2.c. Wind breakers

Velocity (m/s) [Pressure (Pa)] South-West wind
utn- Wi

[ 21.090(101.090]
18.265 [24.461] 10 m/s

14.913 [-52.169]

10.545 [-128.798]
- 0[-205.428] Principles of bioclimatic construction 36



2.2.c. Wind breakers

South-West wind

10 m/s

Velocity (m/s) [Pressure (Pa)]

37
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21.090[101.090]
18.265 [24.461]
14.913 [-52.169]
10.545 [-128.798]

0[-205.428]
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3. BUILDING CONCEPTION

1. Organization of the facade
2. Organization of the rooms
3. Solar inputs

4. Lighting

5. Water

38



C'ompactnessRatio =

3.1. Organization of the facade

Sur faceof the facade.
Volume

1
pr ¢
The larger the compactness ratio: SV A
' e

The higher the energy demand

The higher the energy deperdition
through wind

The higher the lighting

0
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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80

60

20

kWh/m2.y (weighted energy)

Energy consumption for different opening types
© Paule et al.
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500 North Facade 500 East Facade

= 400 a—1 hine i 400 11 June
é w31 Dec ‘g_' 21 Dec
< 300 = 300
E o
L]
g 200 5 200
g ~ 8

0 0

4 6 8 10 12 14 16 18 20
Time (h)

Time (h)
South Facade
— 500 West Facade
@400 71 June g 400 71 June
= 71 D £ w21 Dec
%300 -g.- 300
5 5
3 :
o 200 < 200
= £
0 0 e
4 6 ] 10 12 14 16 18 20 4 6 8 10 12 14 16 18 20
Time (h) Time (h)

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

@\ces requiring less or discontinuous hea@

Buffer zones

Spaces with high heating demands

/Reduction of surface exposed m

prevailing winds

e Control of ventilation &
infiltration

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

e Use atria and courtyards to act as
buffer space and introduce
daylight

Unheated conservatories or sunspaces /

\_ /
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SUNROOM IN WINTER

o Principles of bioclimatic construction 43
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2. Organization o

e

SUNROOM IN SUMMER

© Divisare
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500 North Facade
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Sunlighting of the facades at the winter and summer solstices under average conditions in Paris

© DPA
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3.3. Solar inputs

Eie flected

Lie flected

albedo =

Em

"0 0.1 02 03 04 05 06 0.7 0.8 0.9 1

© Tobyr Smith
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3.3. Solar inputs

New York « Cool Roofs » Initiative
© Huffington Post
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olar 1inputs

Surface Temperature ['C]

3

3

6/14

6/29 714
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7129

© Gaffin et al.
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3.3. Solar inputs

New York « Cool Roofs » Initiative © Buildings
© Huffington Post

* Higher albedo * Increases building insulation
* Less heat absorption e Contributes to evapotranspiration
* Filters PM + pollutants
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4.a. Lighting simulatio

Summer solstice
2 pm

%"-'«Q 6000.00
‘\it"_\ .‘.ﬁ}\,‘
L b
\\‘ \'\"
\?(_ tg‘
X y 4800.00
i‘;\ i\\
x\\ “s‘
X ©
\\, &‘a
i SEE ’_ %‘&&
=2 .
B s 3614.27
Results of Lighting Analysis
PLANE SURFACE TEXTURED SURFACE

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

Circadian lighting '!!-m---!m
© The Lighting Practice : .

©Hoare Lea Principles of bioclimatic construction | 51



3.4.b. Circadian lighting

© Coelux

Ordinary LED

© Sunlight Principles of bioclimatic construction 52



3.4.c. Transporting light

Openings

© Daily Mail

© Solatube

_ ~ Principles of bioclimatic construction 53
© Bearing Consulting



Optical fiber

© Parans
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3.4.c. Transporting light

a. Parabolic mirrar(1st)
b. Parabolic mirror(2nd)
c. Cover glass

d. Solar tracking sensor
e. Operator

f. Concentrator post

g. Al pipe

h. Bendor

1. Guide rail
|- Acrylic pipe
k. Relay lense

|. Diffuser

© Sunportal Principles of bioclimatic construction
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3.5.a. Water collection

RAIN GARDENS FILTER STRIPS

CHANNELS AND RILLS

GREEN ROOF ks [ Sl =1

INFILTRATION 1o g L P 405\ INFILTRATION BASINS
TRENCHES ol ’ L

DO T TTIIF R\ RAINWATER HARVESTING
RETENTION PONDS

< DETENTION BASINS
SWALES

- SOAKAWAYS
PERMEABLE SURFACES

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

siai poo) sanpal
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Water Framework Directive
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B0INDE JUBIN||04 83NpaY

of Water R:

Reducing Bunoff

UDUB}al IB}EM |08 BEERIIL|

abieyoal iejempunoiB jo/pue uoReIyYUl @R RIOL|

uopendsueiodens asesiou|

Slowing and

Sroring

Runoff

HOUM Mo|s

Houni aioyg

Green Roof

Rainw ater harvesting

Permeable paving

Swales

and rills

Ch

Filter strips

Soakaways

Rain gardens

Detention basins
Retention ponds

Infiltration basins

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

" !!_l;-!- ﬂh !:!!ﬂ-“m

""E-|_

© Geoplast
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3.5.a. Water collection

Permeable pavement




3.5.a. Water collection

Infiltration trenches

Depth"ébgve base

Width

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

Infiltration basins

Pretreated
Inflow

Energy

4=m Bypass flow / Dissipation == Flow

Sand Filter

Infiltration

Source: European Natural Water Retention Measures Platform (NWRM)
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© DPA
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public system
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from public
YY Y v Y v potable water
| | | | system
A gray water rain water service water potable water

treatment system  retention tank tank tank

Potable water

Rainwater
Service water
Overflow
Gray water
Dark water

Overflow
tank

Introduction to Physics & Architecture
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3.5.c. Water purification

Reed Beds

To Fruit Trees

P

Header Tank

AT A

Frog Pond

© Ecofilms Introduction to Physics & Architecture 64



J.c. Water purification

re-use options
toilet basin shower bath
¥
Y
. U_lll

()
mains |
water

. kitchen sink washing machine
n

SEWEl e mains water

=
g —
K:

toilet garden car
flushing irrigation washing

c W
Yol "
w =z
water hosing of outdoor
features surfaces

greywater treated greywater —— black water

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

Introduction to Physics & Architecture
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