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WAVES THAT CARRY ENERGY: DIFFERENT TYPES OF RADIATIONS

4 wavelenght (m)

amplitude (m)

frequence (Hz) = number of oscillations in a unit of time (sec)



; MAILAB ENVIRONMENTAL DESIGN
= MULTIMEDIA | ARCHITECTURE | INTERACTION prof. arch. Giuseppe Ridolfi

WAVES THAT CARRY ENERGY: DIFFERENT TYPES OF RADIATIONS

wavelenght (m)

amplitude (m)

frequence (Hz) = number of oscillations in a unit of time (sec)

Each wave brings different quantity of energy!
shorter is its length, higher is its frequency, and its energy
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WAVES THAT CARRY ENERGY: DIFFERENT TYPES OF RADIATIONS

wavelenght (m)

amplitude (m)

frequence (Hz) = number of oscillations in a unit of time (sec)

RADIATION (light, heat, sound)
expresses the transfer of kinetic energy of the particles
(photons) hittting the matter
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WAVES THAT CARRY ENERGY: DIFFERENT TYPES OF RADIATIONS
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Radiaton Tvpe Radio Microwave Infrared Visible Ultraviolet  Xeray Gamma ray
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WAVES THAT CARRY ENERGY: DIFFERENT TYPES OF RADIATIONS

Penerates Larth's Y Y
Almosphere?
Raciaton Tvpe Radio Microwave Infrared Visinle Ultraviolet  Xe-ray Gamma ray
wavelength (m) 107 1072 107" D45xn~® 1078 1074¢ 10712
"™ ﬁ )
o B
Approximate Scale }"}:t‘r ?‘
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Freguency (Hz)
a* 10" (i o 10° 1% 107
Bmperature of
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this radiation is the | j'
moslinlense 106 K 10000 K 10.000.000 K
wavelength emitted | ik v
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WAVES THAT CARRY ENERGY: DIFFERENT TYPES OF RADIATIONS

Penerates Larth's
" N
Almosphere?
Raciaton Tvpe Radio Microwave Infrared Visinle Ultraviolet  Xe-ray Gamma ray
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VISIBLE SPECTRUM

< Increasing Frequency (V)
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Visble spectrum  through the air
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0,7*10"—6 m

[ | through the water
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LIGHT AND THERMAL RADIATION

The Greenhouse Effect

How to deal with building glazing
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« | ENERGIA
.| TRASMESSA

Every material, above the 0°K emits energy in form of radiation
Every irradiated material absorb some kind of energy

Every irradiated material reflects some amount of energy
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Every material, above the 0°K emits energy in form of radiation

human body
T=37°C=310K ;\max ~ 9 LL micron (nm= 9000 =9*10/3)

BA,S10K)(x10" esg e &)

0 .
390-700 nm A )
0.39-0.7 micron
3,9-7*107-7 metri
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VISIBLE SPECTRUM

< Increasing Frequency (V)
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thermography to see in the dark
and to read body temperature
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SPECTRUM ANALYSIS REVEALING MATERIAL COMPOSITION
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every material has its specific absorption frequency
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SPECTRUM ANALYSIS REVEALING MATERIAL COMPOSITION

colori complementari

Every irradiated material absorb some kind of energy

Every irradiated material reflects some amount of energy
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SPECTRUM ANALYSIS REVEALING MATERIAL COMPOSITION

‘ ‘ .

every material change its emission frequency
in relation to the temperature
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The BLACKBODY

Real BODY
E inc — E rifl + E ass + E trasm
ENERGIA
TRASMESSA
Einc s E"iﬂ e E ass =% E trasm
Emc E e E inc E inc

Theoretical BLACKBODY
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ENERGY, WAVELENGHTS AND TEMPERATURE OF A BLACK BODY

The BLACKBODY

Black body is a perfect absorber and emitter without reflection
in real world each body has a balance between absorption and emission
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ENERGY, WAVELENGHTS AND TEMPERATURE OF A BLACK BODY

Color Temperature of a Black Body Radiator
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igure 11.8. Planck’s law imtensity | ot various 1=mparatires. (From T. R, Harrsen,
fadation Pyrometry and lis Underlying Principie of Hear Transfer.” Copyright 1960,
John Wilsy & Sons, Inc., New York. Reprinted by permission )
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http://www.exo.net/~pauld/workshops/Stars/Stars.htm
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ENERGY, WAVELENGHTS AND TEMPERATURE OF A BLACK BODY
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QUALITY OF LIGHT: ENERGY, WAVELENGHTS AND TEMPERATURE

Blackbody Radiation Curves

Intensity

Ultraviolet

6000 K /B

Bodies radiating at similar

temperatures
fthe sun: 6000 K
Carbon arc lamp: 4000 K

Lamp filamenl max.: 3000 K

' Infrared
Wavelength

/
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Calor Temperatures of Common Light Sources

Day'ight Sources
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QUALITY OF LIGHT: ENERGY, WAVELENGHTS AND TEMPERATURE
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ENERGY IN THE VISIBLE SPECTRUM

spectrum of solar radiation on earth

2.5
TV V|5|b|le Infrarosso »
— 390———700 nm (visible spectrum)
2
& : .
NE ELsdiazio"le solare s€nza assorbimento atmosferico
e .
=
— 5778K sun radiation as a black body
M
~N
L -
@ Radiazione solare al livello del mary
e
© Bande d'assorbimentp
— dell'atmosfera
1LO
- CQ HO

250 500 750 1000 1250 1500 1750 2000 2250 2500
Lunghezza d'onda (nm)
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T

, transparency of glass

relative intensity of the
solar radiation (%)

0
10°

-
A
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4 ~
10 10
.
visible
wavelength (nm)
Fig. 7. Range di trasparcnza del vetro rappresentato sullo spetiro della radiazione solare.

Un confronto con la figura precedente mostra che il vetro non ¢ trasparente nel range di emissione dei corpi a
temperatura ambiente o di poco superiore.
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T

, transparency of glass

relative intensity of the
solar radiation (%)
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0
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.
visible
wavelength (nm)
Fig. 7. Range di trasparcnza del vetro rappresentato sullo spetiro della radiazione solare.

Un confronto con la figura precedente mostra che il vetro non ¢ trasparente nel range di emissione dei corpi a
temperatura ambiente o di poco superiore.
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TRASPARENCY OF GLASS & % OF RADIATION PASSING THROUGH GLASS

I\ 390 - 3500

100 1-----3 e~

rency of glass

relative intensity of the
solar radiation (%)

— 3 1} 10
10° visible 10

wavelength (nm)

Fig. 6. Spettro della radiazione solare.
Sull’asse orizzontale e indicato il range di emissione relative ad un corpo a 300 K. Lo spettro di emissione di
questo corpo non ¢ rappresentato ¢ sarebbe interamente sotto Ia curva dello spettro solare.
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human body

T=37°C=310K A 9 1

BA, 210K)(x10" esgem &)

i lpm)

390-700 nm
0.39-0.7 micron
3,9-7*107-7 metri
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THE GREEN HOUSE EFFECT

Outzicie coiction Inside
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GLAZING MATERIALS. Spectrally selective coating

100 4-==--=====-- .
2 i
58 |
zs |
£ = )
g i ! . transparency of glass
e L . ¢
i 7 A
£ i \

0 ! + '3" +—
10? vmfhk 10’ 10 10
wavelength (nm)
Fig. 7. Range di trasparcnza del velro rappresentato sulfo spetiro della radiazione solare.
Un confronto con la figura precedente mostra che il vetro non & trasparente nel range di emissione dei corpi a v
temperatura ambiente o di poco superiore.

A5

Spectrally selective coatings alow
garing prod icts ta reflact snlar
irradlaton outside the visipiz
speclum wilboul significently
redacing vieinle Ight

transm ttarce. This allows low-
SHGC pracucts with high Teis.

Seurca: Courtesy of PPG Mdustifes.

»
o B 8 8 8 8 8 2 8 8
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GLAZING MATERIALS. Spectrally selective coating

(TVis) Visible Trasmittance for daylighting (3 "o, Tvis 57 %
Visible transmittance is the amount of s B ’L @ 0.25
light in the visible portion of the =) 0.17
spectrum that passes through a glazing 3
material. @
-
2 E [F————— =
§ ’ 'j— 063
(SHGC) Solar Heat Gain Coefficient 0.3C
is the fraction of the incident solar g
radiation transmitted through a g Tvis [ — 42%
windows plus the portion absorbed and % : ‘:—_‘,‘3.][ 0.23
. = 0.25
subsequently released inward 5
@
U-value ability to transmit heat _‘g ' 45%
it is expressed in units of W/m?K. The £\ e ' 0.22
lower the U-value, the better < 0.25
insulated the building element. o -
= :
- e e L o
- o
2 J— el
= - 025

6.4

Glazing properties from saome wide!y manufaclured insuizled glazing unils (1GUs).

Source. Courtesy of L2uison. Chart based on WWASHRALE Handbock of Fundamentale (2U05) 591.24.
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GLAZING MATERIALS. Spectrally selective coating

Light-to-Solar-Gain Ratio
In the past, windows that reduced solar gain (with tints and s
coatings) also reduced visible transmittance. However, new high- I
. . . L
performance tinted glass and low-solar-gain low-E coatings have Gain B a0 T
made it possible to reduce solar heat gain with little reduction in e s
visible transmittance. Because the concept of separating solar i [ -
ain control and light control is so important, measures have LR . o
[ . . 5 .
been developed to reflect this. The LSG ratio is defined as a ratio '*w.,\v} ¥ v
between visible transmittance (VT) and solar heat gain coefficient
(SHGC) Sas: Double Glaxing B
. ‘ | ’7 z
LSG ratio= VT/SHGC x | o
- iy — fant
, Gain
A ;oL
The image illustrates the center-of-glass properties for the options 07l LSG=1.12 B | Ught l‘_\ t S i}
used in the Facade Design Tool. A double-glazed unit with clear :;"_, B Y
glass (B) has a visible transmittance (VT) of 0.79 and a solar heat G| Laows o i
gain coefficient (SHGC) of 0.70, so the LSG is VT/SHGC = 1.12. \ | il | condrg 1
Bronze-tinted glass in a double-glazed unit (C) has a visible -l | L5G=0.89 - & K | ' ' Lew.sober goin Lew-€ H
— v "
transmittance of 045 and a solar heat gain coefficient of 0.50, 5 B ‘ 4 .
which results in an LSG ratio of 0.89. This illustrates that while the " - * - | G
bronze tint lowers the SHGC, it lowers the VT even more compared a3l LSG=1.80 E I
to clear glass. The double-glazed unit with a high-performance tint ‘ B LSG=2.24 (R
(E) has a relatively high VT of 0.52 but a lower SHGC of 0.29, 1.2 - D) - ‘ — -
resulting in an LSG of 1.80—significantly better than the bronze ’ WD
tint. A clear double-glazed unit with a low-solar-gain low-E coating g b bt
(H) reduces the SHGC significantly, to 0.27, but retains a relatively - ! ‘ Lght <
high VT of 0.64, producing an LSG ratio of 2.4—far superior to 704 0.2 03 0.4 0. 06 07 038 O 1.0 & -“-"_\f-\ RN
those for clear or tinted glass. Visible Light Transmittance (Twis/VT v “V-Andves

[hev |l (3 aring with C
Brecomm “int
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GLAZING, GLARING AND GEOMETRY.
QUANTITATIVE & QUALITATIVE DAYLIGHT ANALISYS

Daylight Factor

)
Daylight factor is based on the

amount of indoor light as a
percentage of outdoor light levels.
Using a CIE overcast sky, it
reports the percentage of outdoor
light that arrives at a given point.
Point A has access to significantly
more sky than point B, with a
proporticnally higher daylight
faclor.

Source: lliustration by Amal
Kissoondyal.
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GLAZING, GLARING AND GEOMETRY.
HOW TO EVALUATE DAYLIGHT QUALITY

llluminance Levels Analysis in False Color ' ("l luminance levels for 2
p.m.on March 21 at a work plane

height of 30" above floor level

show that the majority of the

space is at or above 250 Lux,

meaning the space is well daylit

1 and likely needs no electric lights

n to be on.

Saurce: Autodesk Feotect output of

o~
Radiance data averlaid on an
goe Wustration by Amal Kissaendyal,
T / ——
3 EQ =

a - — bR AL Laibln i dh
: e 1000 Lux

500 Lux

| ] - | & 4’
.’/ s SR N j 9 h\
- - 0 Lux

llluminance
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GLAZING, GLARING AND GEOMETRY.
HOW TO EVALUATE DAYLIGHT QUALITY

Daylight Factor Analysis in false color
Federzl Center South, Bulding t
12032, is 2 60 .wide office plate in
thz form of a U-shape around a
adayli* atrrum . he falie calor
rasulis of = davlight factor
simmlalion ur e growd Noor
shoa good daylight bzsed cn

sectional propertics, inzluding:
cffice plate width, s<yligkt
geometry and glazing srogertias,

Source Coutesy ¢f 26F Awchitect: | -‘
e

a daylight factor (DF)is the ratio of 0% 107

the light level inside a structure to the
light level outside the structure. 1.5% i3.0%)
It is defined as:

DF = (Ei/ Eo) x 100%

0.0%

Day ignt Factor. Tha
reaulta include a 50%
decrement since interior
furt €hings ware nct
mcdelad

where,

Ei = illuminance due to daylight at a
point on the indoors working plane,

Eo = simultaneous outdoor
illuminance on a horizontal plane
from an unobstructed hemisphere of
overcast sky.
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GLAZING, GLARING AND GEOMETRY.
HOW TO EVALUATE DAYLIGHT QUALITY Daylight Factor Analysis
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GLAZING, GLARING AND GEOMETRY.

HOW TO EVALUATE DAYLIGHT QUALITY

Illuminance Levels & Contrast Ratio

v
! N

- Y g™
I - mugmuumvmn-uu
LD PLAN WITH LLUMIMASCE () 8.6:1

Plan-view studies showing
ilumimnance levels for Lthree
window options on a north
facade under overcast skies. The
room’s contrast ratios across
width and depth are also shown,
with lower contrast being
preferable, but difficult to
achieve, with side-lighting.
Lighting designers typically
include a room's cantrast ratio in
their sludies Lo ensure even
lighting throughout a space.

Source: Courtesy SLRA Arcintects.
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Daylight glare probability studies
of atrium skylight options using
DIVA software shows .26 and
.29, both ccnsidered
imperceptible glire. Zach arez
within a neis of view thal
contributes to glare s assgned a
randomr color to show its location.

Souvrce: Courtesy of SERA
Architects
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SHADING AND DAYLIGHT DIFFUSION

Reflectance & Transmittance f(angle of incidence)

b6

Trarslucent materials transmit
some light and heat direct'y, and
diffuse the rest of the transmittad
light In most cases, the diffused
light is more concertrated around
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DAYLIGHT DIFFUSION

Radiazione componenti assorbite.

\% Fig. 46. Un materiale granuloso non trasmette la
luce in linea retbapmala diffonde in tutte le dire-
T Sl M g zioni. Se i grant del materiale sono trasparenti a
e tutte de.componenti del visibile, la luce diffusa é

ancora bianca (neve, gesso, ecc.). Se invece i gra-
ni assorbono certe lunghezze d'onda, la luce dif-

A . .
Radlazione fusa, e con essa la colorazione del materiale, é
o g complementare alla luce che viene assorbita,
inciden te Questo é il caso dei materiali opachi colorati.
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SHADING AND DAYLIGHT DIFFUSION

Systems for daylight diffusion

E<TATE INVERND
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SHADING AND DAYLIGHT DIFFUSION
16

Visual Comfort/Glare Improvement Strategies

A study prepared 107 I State
University by ZGF Architecis LLP
rates four window options tor
uscr cartro labliizy, daylig-t

D
avail ability, visual comfcrl, and Posihve -

heat gain. “W-ile ssamulatiors —— ¥

predist lightiapg erérpy savings
due "o the use of daylight, these Neutral < < < <
tavirgs a%¢ ¢~ ly realized when the

system suecessfully bloces glare or o, ¥ o ®)
allows users te block glare egaqye -
witlhoul blocking cayl gt

Sovrce: Courlesy sTZCF Asiletes
P

Ideal As Designed Bottam-Up Top-Down
w/ Stops

Occupant Cont\
Daylight Availability
Visual Comfort
Heat Gain
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Glaring & Shading

LIGHTING vs GLARING: Shaping windows and shading

The Shaderxde approach which advanced *a'lier werk by Zrin Kiftan aad Or. Andiew Marsh,
involes svapping the asnual energy costequences of sach paction where a chade could aflect energy
tréensm ssioa trouzh a window (1) In two o° tree dimensions (2),

The method begins by running 3 «ngle smulation of a building shaded only by con:ext. wnich
ylelds hourly nformation atouet thermal loads ard heat gelns fransmitted th-oegh the windcws from
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Glaring & Shading
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SIMULATION for DAYLIGHT ASSESSMENT

2.000 Brusfs

1,000 Btuss”

2 Blue
Typical Window Frame 4° ceeper 12* Horzontal Shade  24' Horizontal Shade Vartica and Average Daily
Horizoatal Shadaes  lrradiation

SIMULATION OF SHADING EFFECT
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SIMULATION for DAYLIGHT ASSESSMENT

Point-in-time vs annual analysis
ILLUMINATION LEVEL

5000+ Lux - 100% DA 26
3500 Lux 70% DA Plan view >f an open cffize spacz,
1500 Lux ' 1 . 30% DA showing a fagade with cclumns at
0 Lux :::33 + . 0% DA the bottom. A point-in-time (PIT)
:altu’:nirq‘aggn levels S - Jne, 4 E:Xll’g:n :rl:t:rntomg'b ; analysis (left] providas
L':e:gmuer 21, line wlﬁm llu'naigwlicn nformacion ahout dayight evels
levek » 200 Lux and gotential for glare at 3:00

p.m. on the winter soltice, fo-
exemple. An arnual deylight
autoromy analysis (right) shows
areas that are successfully daylit
for a ceitan percentage of the
veir. Both ute falie co'ors to
on investment ot 3 years. It tre project tean assumes thatoccupants:will turn o1 the lights when they ~ Tlustrate lighting levels, they are
Autodesk tcotect outputs of
5 Radiance and Daysim analyses.
return on invasiment of 10 years. As 2 broader example. ASHRAE 90.1's baselinz building energy usz2 resacstively.

it viniaue Lo every desiegn. lzading W industiv-wide misunderstanding regarding a building's modeled

leave at night, oczupency sensors may anly be projected to recuce lighting energy use by 20%, with a
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SIMULATION for DAYLIGHT ASSESSMENT

Point-in-time vs annual analysis
DGP - DAYLIGHT GLARE PROBABILITY

B.13

S :lnloﬁarabta Glare .45
An ::.ls! I;.u.l»c ttewpuim willin 2 Eg Eain - ges:cuc"g:‘% f;(?\;oreagﬁ-“gﬂ
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{Reinharl, 2002). T hlind
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SIMULATION for DAYLIGHT ASSESSMENT

Physical scale model to evaluate daylight and glare
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SIMULATION for DAYLIGHT ASSESSMENT

Physical scale model to evaluate daylight and glare

7.17

Fagade shading studles testing
antions with (%) harzantal chade
only. 121 vertizal arg horizontal
fins with the horzor tal e ement
as e light shell and (30 vertca
and karirantal firs with the
Farizontal zs sill reflectar. Cazh
vphivn was lesied wilh 3 placing
percentage aptians (2 The
arangs number shows the
perceniage al the glazing that i

shacer ir eack option
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SIMULATION for DAYLIGHT ASSESSMENT

Physical scale model to evaluate daylight and glare

7138

Daylighting stucies tasting the
same @ <hacing optiars as 7.17
The large orange number showes
the average daylight factor in the
16" perinnsler sone, #read Lhe sovall
nunther shows the contrast ratp

across His arca
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SIMULATION for DAYLIGHT ASSESSMENT

Physical scale model to evaluate daylight and glare

8.14

A physical daylighting modsi
showing use of light meten to
calculate the daylizht factor. An
pvercast sky Is simulated by the
light box, which has highly
reflective ceiling avd walls ©
create uriform light levels

Sovrce: Cowrlery oI SERA

Architect:

And a physical daylighting model
showng use of a behodon ot the
Energy Siudies in uildings
Laboratery in Portland, Oregon,
to predict daylightng levels under
sunny sicy conditicns. The krge
wheels rotate the model through
specific solar angles in relaton to
a bright electric light

Source: Courtesy o1 SERA
Archifect:
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SIMULATION for DAYLIGHT ASSESSMENT

DIGITAL SIMULATION TO EVALUATE DAYLIGHT AUTONOMY vs DAYLIGHT AUTONOMY MAX

Tare Cespwinn |
P Do g p Prodie L e P it < awed Db
A1 OC0arey Tite Cantdotica 53 [ BT e——— =
avwd Trm e Crounas Sebacy.
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Lrch & Irowmadics brescs s [Aetve bted Cortral User aucids cnrombert ghors B 3041, |
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o 7D P" [l L T 3ctn s
g Coanrel et ddic Taeg v |

SewtOsviners Arahvss |

A given seenur thal reposls & DA of 75% rmieans Lhal efecloic ighls would nol be recsssary zL Lhe
semser zuring 75% of the occupicd hours vach year. DA presents a cest case scenas ¢ for lights to be

dirnmed o ofl, siver glare mav wose blinds to Le deplopad, reducing gt kevels ot the senscr, DA

sullware tequices the apul of various assa olans eboul Uk LuilZing ur uses' operelions 2 blinds as

-0l

Dursim wollwarg, Urad i alssy
cayligh: autonzmy, has a user.
npatted min mom lighting

Jiren ok, mer il Lhe
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Jocurately eslimate whe cketre
W may be d mmed o off 2n
an arual Basis
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SIMULATION for DAYLIGHT ASSESSMENT

DIGITAL SIMULATION TO EVALUATE DAYLIGHT AUTONOMY vs DAYLIGHT AUTONOMY MAX

£.24

Plan view of reading room
showing annudl DA and DAmMay,
The skylight geamatry is shown
to provide enough dayight
throughout most ¢f the year
with averlighting inonly a

few places foronly around

10% of occupicd hours.

23RS

p- -+

I #

L=

100% DA 25% DAmax

10% DAmax

0% DA 0% DAmax
Daylight Autonomy - 30fc Daylight Autonomy Max - 300fc
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SIMULATION for DAYLIGHT ASSESSMENT
HOW TO MODEL TREES

DO

.53

Sactional ine daa g baeking
seith showing teees at byvo
Fotentil ¢ =ianoes fom e
fagude,

Loosrune w S Smmmner, Qomog 3
Wi, Chizaqu.

8.54

Lreaton of <5l tree geomety,

Lesmmve v Saumesy, rmings £

Sy
L3 LT TUR Salhe A0

Photeshop [lustrator

Simulation
This simulatinn was perfarmed ay SOM's Dasign Perfarmancs Group, which specinlizes in =arsy design
simulatinns, The Revit-hased madal veas importer and rebuilt in Rhinn far this tres canany study in the
sesizn deveiopment phase

Resedrch wes conducled inlo modeling and delining the walivs @nd sessonagl behaviar ol o Tharmlese
Hannylacust ra oreate o simuiated tene, & ventar aatline (1) of the speaiss woas projected antn ten sides
of @30 voume. The canopy cpenness was approxinated in the Rhine vodel (2) w0 allow direct, cacpled
light freom warizus direcbicns and o variation o' light sasing throueh and refiecting off kaves, Ths approach
recduned meshen surfaces and simuiztion Ume

Acsearch and gudancs fram Ckristopher feek at the Lriversity of Washingtan integrated Cesign
Lab <DLy into the optical properties (3 of tne leaves were used to create a Radiance matedal (4) for
the leaves using Oplas © Spflware. The bree lecves ware schedaled Lo Se oresent in (e madel belwern

fWay < 5th and Cetaler 19th to simuate seoidusus wvegetation






Aspects affecting daylight quality

e DAYLIGHT AVERAGE
* GLARING
e SHADING

The most relevant daylight effect on thermal condition
The green house phenomena.

LA CONDUZIONE DEL CALORE

Prima avevo fatto la radiazione

Radiazione raggi incidenti

Convenzione quando questo equilibrio si realizza attraverso l'aria
Conduzione materiali a contatto

si equilibrano talvolta molto

lentamente a causa di una specifica inerzia del materiale sia condurre che delle capacita c
accumulo
e tempi di assestamento con il sistema circostante.

La prima e una proprieta isolante ovvero di trasferire energia termica
La seconda capacita di ...latenza....



4.4.4 Visible Light Transmittance (VLT)

The percentage of visible light that passes through a window or glazing
material is characterized by the parameter known as the Visible Light
Transmittance (VLT). An opaque wall would have a zero VLT (0 %),
whereas an unobstructed and empty facade opening would have a 100
% VLT. This property only measured the light in the visible portion of the
spectrum (and not infrared light). A properly designed glazing unit with
high VLT can reduce the electric lighting load and its associated cooling

load.



Environmental parameters affecting daylight

GLAZING GEOMETRY & MATERIALS

e DAYLIGHT AVERAGE
* GLARING
e SHADING



Environmental parameters affecting daylight:

GLARING & SHADING



Textbook:

Other resources: :

https://issuu.com/jesic/docs/design _energy simulation for_archit

http://andrewmarsh.com/software/sunpath-on-map-web/

http://andrewmarsh.com/software/app-shading/

http://andrewmarsh.com/software/app-daylight/

http://web.mit.edu/jaimelee/Public/ ECOTECT TUTORIAL Fall09.pdf

http://bim.rootiers.it/node/143

http://comfort.cbe.berkeley.edu/EN
www.nrel.gov/docs/fy080osti/43156.pdf
http://www.tranebelgium.com/files/book-doc/13/en/13.ibowhx58.pdf



http://andrewmarsh.com/software/sunpath-on-map-web/
http://andrewmarsh.com/software/app-shading/
http://andrewmarsh.com/software/app-daylight/
http://web.mit.edu/jaimelee/Public/ECOTECT_TUTORIAL_Fall09.pdf
http://bim.rootiers.it/node/143
http://comfort.cbe.berkeley.edu/EN
http://www.nrel.gov/docs/fy08osti/43156.pdf
http://www.tranebelgium.com/files/book-doc/13/en/13.ibowhx58.pdf
https://issuu.com/jesic/docs/design_energy_simulation_for_archit
https://issuu.com/jesic/docs/design_energy_simulation_for_archit
https://issuu.com/jesic/docs/design_energy_simulation_for_archit
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EMISSIVITY vs EMITTANCE

Infrared
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