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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	

WAVES	THAT	CARRY	ENERGY:	DIFFERENT	TYPES	OF	RADIATIONS	
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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

WAVES	THAT	CARRY	ENERGY:	DIFFERENT	TYPES	OF	RADIATIONS	
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390

through	the	air

430 770

through	the	water

0,39*10^-6	m 0,7*10^-6	m



The	Greenhouse	Effect

LIGHT	AND	THERMAL	RADIATION	

How	to	deal	with	building	glazing
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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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micron	(nm=	9000	=9*10^3)

390-700	nm	
0.39-0.7	micron	
3,9-7*10^-7	metri

Every	material,	above	the	0°K	emits	energy	in	form	of	radiation	

human	body
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thermography	to	see	in	the	dark	
and	to	read	body	temperature	



SPECTRUM	ANALYSIS	REVEALING	MATERIAL	COMPOSITION
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every	material	has	its	specific	absorption	frequency	



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
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every	material	change	its	emission	frequency		
in	relation	to	the	temperature	

SPECTRUM	ANALYSIS	REVEALING	MATERIAL	COMPOSITION



=
Theoretical	BLACKBODY

Real	BODY
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The	BLACKBODY



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



STEFAN_BOLTZMAN’S LAW

WIEN’S LAW (1893-) 

PLANK’S LAW

ENERGY,	WAVELENGHTS	AND	TEMPERATURE	OF	A	BLACK	BODY
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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



MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      
         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN

QUALITY	OF	LIGHT:	ENERGY,	WAVELENGHTS	AND	TEMPERATURE



halogen	incandescent		
lamps

gas	discharge	tubes	

Low Pressure Sodium Vapor  
(LPSV) Lamps
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QUALITY	OF	LIGHT:	ENERGY,	WAVELENGHTS	AND	TEMPERATURE



ENERGY	IN	THE	VISIBLE	SPECTRUM

390———700	nm	(visible	spectrum)

sun	radiation	as	a	black	body	
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spectrum	of	solar	radiation	on	earth
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ENERGY	IN	THE	VISIBLE	SPECTRUM	&	IN	GLASS	SPECTRUM



390										-								3500

TRASPARENCY	OF	GLASS	&			%		OF	RADIATION	PASSING	THROUGH	GLASS

700
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390-700	nm	
0.39-0.7	micron	
3,9-7*10^-7	metri

human	body
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THE	GREEN	HOUSE	EFFECT	

390								-						3500

700

=	26,85	°C
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GLAZING	MATERIALS.	Spectrally	selective	coating
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(TVis)	Visible	Trasmittance		for	daylighting	

Visible transmittance is the amount of 
light in the visible portion of the 
spectrum that passes through a glazing 
material. 

(SHGC)		Solar	Heat	Gain	Coefficient	

is	the	fraction	of	the	incident	solar	

radiation	transmitted	through	a	

windows	plus	the	portion	absorbed	and	

subsequently	released	inward	

U-value	ability	to	transmit	heat	
it	is	expressed	in	units	of	W/m²·K.	The	
lower	the	U-value,	the	beCer	
insulated	the	building	element.
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GLAZING	MATERIALS.	Spectrally	selective	coating
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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 
coatings) also reduced visible transmittance. However, new high-
performance tinted glass and low-solar-gain low-E coatings have 
made it possible to reduce solar heat gain with little reduction in 
visible transmittance. Because the concept of separating solar 
gain control and light control is so important, measures have 
been developed to reflect this. The LSG ratio is defined as a ratio 
between visible transmittance (VT) and solar heat gain coefficient 
(SHGC).

LSG	ratio=	VT/SHGC

The image illustrates the center-of-glass properties for the options 
used in the Facade Design Tool. A double-glazed unit with clear 
glass (B) has a visible transmittance (VT) of 0.79 and a solar heat 
gain coefficient (SHGC) of 0.70, so the LSG is VT/SHGC = 1.12. 
Bronze-tinted glass in a double-glazed unit (C) has a visible 
transmittance of 0.45 and a solar heat gain coefficient of 0.50, 
which results in an LSG ratio of 0.89. This illustrates that while the 
bronze tint lowers the SHGC, it lowers the VT even more compared 
to clear glass. The double-glazed unit with a high-performance tint 
(E) has a relatively high VT of 0.52 but a lower SHGC of 0.29, 
resulting in an LSG of 1.80—significantly better than the bronze 
tint. A clear double-glazed unit with a low-solar-gain low-E coating 
(H) reduces the SHGC significantly, to 0.27, but retains a relatively 
high VT of 0.64, producing an LSG ratio of 2.4—far superior to 
those for clear or tinted glass.

LSG=1.12

LSG=0.89

C

B

LSG=1.80
LSG=2.24

H



Daylight	Factor
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GLAZING,	GLARING	AND	GEOMETRY.	
QUANTITATIVE	&	QUALITATIVE	DAYLIGHT	ANALISYS	



Illuminance	Levels	Analysis	in	False	Color	
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GLAZING,	GLARING	AND	GEOMETRY.	
HOW	TO	EVALUATE	DAYLIGHT	QUALITY



Daylight	Factor	Analysis	in		false	color
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GLAZING,	GLARING	AND	GEOMETRY.	
HOW	TO	EVALUATE	DAYLIGHT	QUALITY	

a daylight factor (DF)is the ratio of 
the light level inside a structure to the 
light level outside the structure. 

It is defined as: 
DF = (Ei / Eo) x 100%

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.



Daylight	Factor	Analysis
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GLAZING,	GLARING	AND	GEOMETRY.	
HOW	TO	EVALUATE	DAYLIGHT	QUALITY	

http://andrewmarsh.com/apps/staging/daylight-box.html



Illuminance	Levels	&	Contrast	Ratio
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GLAZING,	GLARING	AND	GEOMETRY.	
HOW	TO	EVALUATE	DAYLIGHT	QUALITY	



Glaring	&	Shading	
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Reflectance	&	Transmittance			f(angle	of	incidence)
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SHADING	AND	DAYLIGHT	DIFFUSION	
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DAYLIGHT	DIFFUSION		



Systems	for	daylight	diffusion
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SHADING	AND	DAYLIGHT	DIFFUSION	
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SHADING	AND	DAYLIGHT	DIFFUSION	
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LIGHTING	vs	GLARING:	Shaping	windows	and	shading	
Glaring	&	Shading	



Glaring	&	Shading	
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SIMULATION	OF	SHADING	EFFECT	
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SIMULATION	for	DAYLIGHT	ASSESSMENT



Point-in-time	vs	annual	analysis	
ILLUMINATION	LEVEL
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SIMULATION	for	DAYLIGHT	ASSESSMENT
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Point-in-time	vs	annual	analysis	
DGP	-	DAYLIGHT	GLARE	PROBABILITY	

SIMULATION	for	DAYLIGHT	ASSESSMENT



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

Physical	scale	model	to	evaluate	daylight	and	glare
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Physical	scale	model	to	evaluate	daylight	and	glare

SIMULATION	for	DAYLIGHT	ASSESSMENT
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SIMULATION	for	DAYLIGHT	ASSESSMENT

Physical	scale	model	to	evaluate	daylight	and	glare



Glaring	&	Shading	

MULTIMEDIA | ARCHITECTURE | INTERACTION
MAILABScuola di 

Architettura

         

      
         

      

prof. arch. Giuseppe Ridolfi
ENVIRONMENTAL DESIGN

SIMULATION	for	DAYLIGHT	ASSESSMENT

DIGITAL	SIMULATION	TO	EVALUATE	DAYLIGHT	AUTONOMY	vs	DAYLIGHT	AUTONOMY	MAX
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SIMULATION	for	DAYLIGHT	ASSESSMENT

DIGITAL	SIMULATION	TO	EVALUATE	DAYLIGHT	AUTONOMY	vs	DAYLIGHT	AUTONOMY	MAX
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SIMULATION	for	DAYLIGHT	ASSESSMENT
HOW	TO	MODEL	TREES



the	END



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	capacità	di	
accumulo	
	e	tempi	di	assestamento	con	il	sistema	circostante.	
La	prima	è	una	proprietà	isolante	ovvero	di	trasferire	energia	termica	
La	seconda	capacità	di	…latenza….	

•	DAYLIGHT	AVERAGE	
•	GLARING	
•	SHADING

Aspects	affecting	daylight	quality



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

•	DAYLIGHT	AVERAGE	
•	GLARING	
•	SHADING

GLAZING	GEOMETRY	&	MATERIALS	



Environmental	parameters	affecting	daylight:

GLARING	&	SHADING	



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/fy08osti/43156.pdf	
http://www.tranebelgium.com/files/book-doc/13/en/13.ibowhx58.pdf	

https://issuu.com/jesic/docs/design_energy_simulation_for_architTextbook: 

Other resources: : 

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


