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the Context of intervention or, in short, the
Place as the mix of environmental aspects such
as socio-economic, cultural, regulatory, and
physical.

The architect’s task is to gather these
information, evaluate different aspects and
alternatives and compose them in early design

ideas

Frof. Giuscppe Ridolfi, PhD
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1. CLIMATE
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CLl MATE affects physical, socio-cultural, and technological aspects
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I he influence ot the site: GEOGRAPHICAL POSITION

Insolation is the sun’s energy on a surface
Sun’s energy depends on angle, sky conditions, volume and surfaces around.
Weather files give the total amount of direct energy along a year measured perpendicularly to

the sun direction

And diffuse energy measured getting all the energy and subtracting the direct energy capted,
World Solar Energy Map
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Képpen’s climate classificationc
Latitudinal Model of the Koppen Climate Groups

POLAR CLIMATES (F)

MESOTHERMAL CLIMATES (C)

’D&Y CLIMATES [l‘?f‘“\
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2- Tune-Up your climate conditions and zones
considering the best appropriate wheather data

-find detailed statistical data of your site

-consider climate condition of similar sites
In terms of:

*altitude,

locations (by the sea, hill, urban,...)

*type of soils

*terrain morphology,

*winds exposition,
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2- Tune-Up your climate zone considering the climate evolution and site
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2. Confirm the main energy behaviour using Annual Temperature Profile

9 .
e Ry froriwaers
5

COOLING VS HEATING: A GENERAL ESTIMATIONwith ANNUAL TEMPERATURE METHOD
jAvg. High Temperature
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7.3 Temperature Method
Annua' temperature profile, with
estimated heating and cooling
seasans highlighted.

Svwree: Ecolec! oulpuls of annual
weather data from Central Fark in
New York City.
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3. Analize thermal condition in order to establish design priorities  heating/cooling
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Find & define appropriate design criteria & recommendations

Prof. Giusecppe Ridolfi, PhD

SUN, WIND & LIGHT
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Prof. Giuseppe Ridolfi, PhD

4. Find & define appropriate design criteria & recommendations

SUN, WIND & LIGHT

crchitleclurul dus g1 strategics
g edmsce

MARK Da<AY and 5.7 BROWN

USING RULES
OF THUMBS

Example of general
recommendations for glazing
types and orientation
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MODELING CLIMATE, SITE &
PLACE ASSESSMENT
TO SELECT WHERE AND HOW
TO BUILD SUSTAINABLE
ARCHITECTURES
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THERMAL COMFORT

Parameters affecting thermal comfort

Echanges thermiques du corps humain

| B N

Envelope temperature ] —

= e 240/053;55, Evaporalion
Air temperature ] o :i" Sweating
Alr speed 2 365%, ;;;gg. Convection
Humidity ] '

QF ssvne
Metabolism ] ------ 35 /o:.... Radiation
Clothing v . »
3 3 8% - ingestion

RADIANT TEMPERATURE+AIR TEMPERATURE
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-sweating
-radiant temperature

- air temperature

Prof. Giuscppe Ridolfi, PhD
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Radiant heating systems compensate a lower air
temperature with a higher radiant temperature, while air
heating systems compensate a lower radiant temperature
with a higher air temperature. The operative temperature
-- a weighted average of both -- can be the same. Source:
Radiant Heating & Cooling Handbook, Richard Watson,
2008.

Air heating (left) versus radiant heating (right) in a church building. Source: Fabric-

friendly heating, Dario Camuffo.
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TEMPERATURE

f (altitude, context, sun radiation, wind, humidity, sky)

Climate data

Prof. Giuseppe Ridolfi, PhD
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HOW TO COLLECT CLIMATE DATA: WEATHER STATIONS

e 5 Wheather data includes:
R 'S“H:‘{;?b? B 75 -geographical coordinates
= 3 Trd IO «Annual weather files (8760 hours of the year)
: n e SREY At &2 - Yy ol used to compute Energy Use Intensity (EUI)
> = *q« YN W *TMY (Typical metereological year) that is
.. FEIA B T encapsulated in the .epw files mantained by
25 Non e f Energy Efficiency and Renewable Energy
}}é,f"" (EERE)
Q. . : 2 *Peak condition files used to dimension
g3 s mechanical

y < -
- S0y s = ~
-

8 !

Map of station locations for ASHRAE climate data
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https://energyplus.net/weather
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Environmental parameters affecting thermal comfort: SOLAR ENERGY
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HOW TO MEASURE SOLAR ENERGY ? RADIATION=W/m2

BTU vs KW

Ft2 > m2

1 Btu=0,293071 W/h

1 ft2=0,092903 m2
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Environmental parameters affecting thermal comfort:
SOLAR ENERGY

Solar radiation* at the top of the atmosphere.
*) Radiation occurs when an object emits electro magnetic

energy.
Irradiation is the energy absorbed by an object/surface

1366 W/m? (solar costant)

1W =3,416 Btu.

Considering the earth surface,
the total solar energy is= 174 PW
Peta= million of billions

25

e

1.5

230

W,

Visiile

800

nfrared >

, Sunlight at Top of the Atmosphere

\ 5250°C Blackbody Spectrum

. Hy0

H;0 (&

vel ljoule=1 Nm=0.000278Wh=0,0009478 Btu

Radiation at Sea La

'," Absorption Bands

Ricordiamo che: 1 Kcal =4.186 J = 1,16 x 10-3 kWh = 1x10-7 TEP

-

750 1000 1250 1500 1780 200 2280 2500
Wavelength (nm)
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EARTH'S ENERGY BUDGET

. Refloclond by Reflectad  Refleclod lrom
100%=1.366 W/m2 almosp wslonds oo 'S smiface
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o S =

Conduction and atmosphere
1.000 W/m?2 - sing air 7% 1%

Absorbed by land
and occans 51%

Radiazione assorbita

Detratte tutte le perdite per riflessione e retrodiffusione da parte di atmosfera e superficie terrestre, I'energia

incidente che rimane ¢ assorbita dalla superficie terrestre e contribuisce cosi al suo riscaldamento, in
maniera variabile a seconda della latitudine e del tipo di superficie
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VARIATION OF SOLAR RADIATION DUE TO ANNUAL PERIOD AND LATITUDE
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The influence of the site: GEOGRAPHICAL POSITION
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Intensity = SIN (a)

http://andrewmarsh.com/software/sunpath-on-map-web/
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http://andrewmarsh.com/software/sunpath-on-map-web/
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1MAS/63.5"
140%/90"
1635°16.5°
\
N Eqeinox S p
June Solstice o .
Decomber Solstice EQUIHOX Solstice
Relationship of maximum Sun height to latitude for the equinox (left) and June solstice (right).
The red values on the right of the globes are maximum solar altitudes at solar noon. Black
Note: first neasurement repeesents the angle frem the numbers on the left indicate the location of the Equator, Tropic of Cancer (23.5 degrees N),
norharn sie of the horizon, while the sacond measuremant Tropic of Capricorn (23.5 degrees S), Arctic Circle (66.5 degrees N), and the Antarctic Circle
s from tn south (66.5 degrees S). The location of the North and South Poles are also identified. During the

equinox, the equator is the location on the Earth with a Sun angle of 90 degrees for solar

so I a r n oo n fo r 50 d egrees N o rth d u ri ng th e noon. Note how maximum Sun height declines with latitude as you move away from the

Equator. For each degree of latitude traveled maximum Sun height decreases by the same
H H H amount. At equinox, you can also calculate the noon angle by subtracting the location's

'l u n e SO I Stlce’ eq u l n ox’ a n d Dece m be r So I Stlce * latitude from 90. During the summer solstice, the Sun is now directly overhead at the Tropic
of Cancer. All locations above this location have maximum Sun heights that are 23.5 degrees
higher from the equinox situation. Places above the Arctic Circle are in 24 hours of daylight.
Below the Tropic of Cancer the noon angle of the Sun drops one degree in height for each
degree of latitude traveled. At the Antarctic Circle, maximum Sun height becomes 0 degrees
and locations south of this point on the Earth are in 24 hours of darkness.

«<
seS/MAY ISy
Variations in solar altitude at solar noon for the
equator during the June solstice, equinox, and

December solstice

epiney
N A 50900 S
OomDe SCisrce

NCte et Measursrsent rodresants tha ange o e
Naher S0e 3 e herlon. wihile P 520000 MoasseTesl
2 ol ol




ENVIRONMENTAL DESIGN FProf. Giuscppe Ridolfi, PhD
M%mm ARCHITECTURE AND ENVIRONMENT LAB

: g
SITE LOCATION
Latthede  A0G* " e 5
Loagitude: 000" el ;/ A -
‘-.,_. ; P b »

Timozoree 400000
DATE AND TINE

Dwix 2T Ay 2077
Timee 1200
BOLAR INFORMATION

el S NE AN AT _"-a.‘x
Alsa /8ot 06776/

B TROPIC  OF
TWILGHT TINES C R N C E R
Chvit NG T }

Astronoim: J3085 ) A IS

TROPRPIC ) OF
CANEER

TROFIC OfF
CRANCETR




ENVIRONMENTAL DESIGN rProf. Giuscppe Ridolfi, PhD

ARCHITECTURE AND ENVIRONMENT LAE

OATE AND TIME
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Hours of
Day Length

VARIATION OF SOLAR RADIATION DUE TO ANNUAL PERIOD AND LATITUDE
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The influence of the site: GEOMETRY
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The influence of the site: GEOGRAPHICAL POSITION
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SOLAR GEOMETRY WITH LADYBUG

PATCHES FOR GRASSHOPPER

HYDRA WEB PLATFORM https://hydrashare.github.io/hydra/index.htmI?keywords=LBExampleFiles

MAILAB http://www.mailab.biz/category/environmental-design/
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Visualization of sun energy radiation
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Visualization of sun energy radiation
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Visualization of air temperature in relation with solar radiation
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Visualization of Relative Humidity
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Inverse relationship between Temperature and Humidity
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Apparent Temperature (AT) The AT is defined as the temperature, at the

reference humidity level, producing the same
amount of discomfort as that experienced
under the current ambient temperature and
humidity.
Basically the AT is an adjustment to the ambient

s £ . W temperature (T) based on the level of humidity.
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The influence of the weather : SKY CONDITIONS
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The influence of the weather : SKY CONDITIONS
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Condizioni atmosferiche
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Air movement: WIND ANALYSIS
1- determine the coldest and the hottest seasonal period and hours

2- for that periods find the most frequent wind directions
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Wind Velocity
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Effect of Wind on Temperature

Apparsnttempsaraturs (AT) as a Wind Chill - after Steadman 1€94
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