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CLIMATE	
a	physical,	socio-cultural,	and	technological	determinant	



Insola<on	is	the	sun’s	energy	on	a	surface	
Sun’s	energy	depends	on	angle,	sky	condi<ons,	volume	and	surfaces	around.	
Weather	files	give	the	total	amount	of	direct	energy	along	a	year	measured	perpendicularly	to	
	the	sun	direc<on	
And	diffuse	energy	measured	geEng	all	the	energy	and	subtrac<ng	the	direct	energy	capted,		

The	influence	of	the	site:	GEOGRAPHICAL	POSITION	



1-	Find	your	climate	zone	





2-	Tune-Up	your	climate	zone	considering	the	climate	evolu<on	and	site	



Climate	zones	and	their	priori<es	for	hea<ng/cooling		

To	be	cooled	

To	be	heated	



30°C	
	

20°C	
	

10°C	
	

0°C	

COOLING	VS	HEATING:	A	GENERAL	ESTIMATION	TEMPERATURE	METHOD	

4.	Confirm	the	main	energy	behaviour	with	conceptual	energy	analysis	



HOW	TO	MEASURE	SOLAR	ENERGY	?	

RADIATION=W/m2	

Environmental	parameters	affecEng	thermal	comfort:		
	
	
•	SOLAR	ENERGY	
•	VENTILATION	
•	HUMIDITY		
		

	
-  radiant	temperature	
	
-				air	temperature		



1	Btu=0,293071	W/h	
	
1	_2=0,092903	m2	

BTU	vs	KW	
	

Ft2	>	m2	



CLIMATE	DATA	

	
Wheather data also includes: 
•  geographical	coordinates	

Wheather data includes: 
•  Annual weather files (8760 hours of the year) used to compute Energy Use Intensity (EUI) 
•  TMY (Typical metereological year) that is encapsulated in the .epw files mantained by 

Energy Efficiency and Renewable Energy (EERE) 
•  Peak condition files used to dimension mechanical  
	

We	collect	data	near	airports	and	other	sta<ons		
	



Environmental	parameters	affecEng	thermal	comfort:	SOLAR	ENERGY	
		

SOLAR	ENERGY	



Solar	radia<on*	at	the	top	of	the	atmosphere.	

	1366	W/m²	(solar	costant)	

	1	W	=	3,416	Btu.		

Considering	the	earth	surface,	
the	total	solar	energy	is=	174	PW		
Peta=	million	of	billions	Solar	radia<on	spectrum	

Environmental	parameters	affecEng	thermal	comfort:	SOLAR	ENERGY	

*)	Radia0on	occurs	when	an	object	emits	electro	
magne<c	energy.		
Irradia0on	is	the	energy	absorbed	by	an	object/surface	

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

	1joule=1	Nm=0.000278Wh=0,0009478	Btu	



26%=	356	W/m2		

74%	=1010	W/m2	
	
1.000	W/m2	

100%=1.366	W/m2	
-costante	solare-	

Radiazione assorbita 
Detratte tutte le perdite per riflessione e retrodiffusione da parte di atmosfera e superficie terrestre, l'energia 
incidente che rimane è assorbita dalla superficie terrestre e contribuisce così al suo riscaldamento, in 
maniera variabile a seconda della latitudine e del tipo di superficie 

atmosfera	



Monthly	values	of	available	
insola<on	in	Wm-2	for	the	equator,	
30,	60,	and	90°	North	

152.100.000	km	 147.300.000	km	

Aphelion=	July4	
Perihelion=	January	3	

Sols<ce=	Dec	21/22	

Sols<ce=	Jun	21/22	

Varia<on	of	solar	radia<on	caused	by	
the	distance	of	the	Earth	

	G		F		M		A	M		J			J		A		S		O		N		D		

EQUINOX	

SOLSTICE	

VARIATION	OF	SOLAR	RADIATION	DUE	TO	ANNUAL	PERIOD	AND	LATITUDE	



hpp://andrewmarsh.com/so_ware/sunpath-on-map-web/	

		

The	influence	of	the	site:	GEOGRAPHICAL	POSITION	

Effect	of	angle	on	the	area	that		
Intercepts	an	incoming	beam	
of	radia<on.	

Intensity	=	SIN	(a)	

a	
23°27’	 23°27’	







solar	noon	for	50	degrees	North	
during	the	June	solsEce,	equinox,	
and	December	solsEce. 		

Varia<ons	in	solar	al<tude	at	solar	
noon	for	the	equator	during	the	
June	solsEce,	equinox,	and	
December	solsEce 		

Rela<onship	of	maximum	Sun	height	to	la<tude	for	the	equinox	(le_)	and	June	sols<ce	
(right).	The	red	values	on	the	right	of	the	globes	are	maximum	solar	al<tudes	at	solar	noon.	
Black	numbers	on	the	le`	indicate	the	locaEon	of	the	Equator,	Tropic	of	Cancer	(23.5	
degrees	N),	Tropic	of	Capricorn	(23.5	degrees	S),	ArcEc	Circle	(66.5	degrees	N),	and	the	
AntarcEc	Circle	(66.5	degrees	S).	The	locaEon	of	the	North	and	South	Poles	are	also	
idenEfied.	During	the	equinox,	the	equator	is	the	locaEon	on	the	Earth	with	a	Sun	angle	of	
90	degrees	for	solar	noon.	Note	how	maximum	Sun	height	declines	with	laEtude	as	you	
move	away	from	the	Equator.	For	each	degree	of	laEtude	traveled	maximum	Sun	height	
decreases	by	the	same	amount.	At	equinox,	you	can	also	calculate	the	noon	angle	by	
subtracEng	the	locaEon's	laEtude	from	90.	During	the	summer	solsEce,	the	Sun	is	now	
directly	overhead	at	the	Tropic	of	Cancer.	All	locaEons	above	this	locaEon	have	maximum	
Sun	heights	that	are	23.5	degrees	higher	from	the	equinox	situaEon.	Places	above	the	
ArcEc	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	laEtude	traveled.	At	the	AntarcEc	Circle,	
maximum	Sun	height	becomes	0	degrees	and	locaEons	south	of	this	point	on	the	Earth	are	
in	24	hours	of	darkness. 		

Equinox	 SolsEce	





hpp://andrewmarsh.com/apps/staging/earthsun.html	



The	influence	of	the	site:	GEOMETRY	



Annual	varia<ons	in	day	length	for	loca<ons	
at	the	equator,	30,	50,	60,	and	70°	N	

152.100.000	km	 147.300.000	km	

Aphelion=	July4	
Perihelion=	January	3	

Sols<ce=	Dec	21/22	

Sols<ce=	Jun	21/22	

VARIATION	OF	SOLAR	RADIATION	DUE	TO	ANNUAL	PERIOD	AND	LATITUDE	



SOLAR	ENERGY=	f	(power,	angle	of	incidence,	sky	condi<ons)=	World	LocaEon	



hpp://andrewmarsh.com/so_ware/sunpath-on-map-web/	

The	influence	of	the	site:	GEOGRAPHICAL	POSITION	

SOLAR	GEOMETRY	



hpp://andrewmarsh.com/apps/releases/sunpath2d.html	

The	influence	of	the	site:	GEOGRAPHICAL	POSITION	

SOLAR	GEOMETRY	



SOLAR	GEOMETRY	WITH	LADYBUG	



The	influence	of	the	site:	GEOMETRY	



The	influence	of	the	weather	:	SKY	CONDITIONS	

Cloud	coverage	is	measured	as	a	percentage	of	total	sky		
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The	influence	of	the	weather	:	SKY	CONDITIONS	

hpp://www.sunsim.it/	



		

The	influence	of	the	site:	Shading	Mass	 The	calcula0on	of	the	solar	energy	that	can	be	received	by	a	certain	point	of	the	site	
throughout	the	year	is	an	analysis	that	is	currently	used	for	the	correct	installa0on	of	
photovoltaic	panels.	In	addi0on	to	the	use	of	so=ware	it	is	possible	to	carry	out	this	
analysis	directly	on-site		with	the	use	of	appropriate	equipments	more	or	less	
sophis0cated.	These	tools	can	also	be	used	to	check	the	view	shed	of	a	given	point	in	the	
area.	

Solar	Pathfinder	-	The	Solar	Pathfinder	has	
been	the	standard	in	the	solar	industry	for	
solar	site	analysis	for	decades.	Its	panoramic	
reflec0on	of	the	site	instantly	provides	a	full	
year	of	accurate	solar/shade	data,	making	it	
the	instrument	of	choice.	

Solmetric	iPV	-	is	an	iPhone®	based	
site	evalua0on	tool,	providing	full	
solar	site	analysis	in	an	affordable	
hand	held	package.	

SunEye™	-	The	Solmetric	SunEye™	is	a	hand	held	
electronic	device	that	allows	users	to	instantly	assess	
total	poten0al	solar	energy	given	the	shading	of	a	
par0cular	site.	Iden0fying	the	shading	paKern	early	
in	the	process	reduces	the	expense	of	system	and	
home	design	and	improves	the	efficiency	of	the	final	
system	or	house.	

	

Fish	eye	Camera	





		
The	influence	of	the	site:	GEOGRAPHICAL	POSITION	

AVERAGE	DAILY	RADIATION	



Perché	UR	è	maggiore	di	nope?	



Visualiza<on	of	sun	energy	radia<on	



Detailed						and					Average	

Visualiza<on	of	sun	energy	radia<on	



Terrain	solar	exposure	and	solar	access	to	evaluate	the	best	loca<on	

Visualiza<on	of	sun	energy	radia<on	



IrradiaEon	analysis	



Visualiza<on	of	air	temperature	in	rela<on	with	solar	radia<on	

from	archicad	



Detailed						and					Average	

Visualiza<on	of	Rela<ve	Humidity	

from	archicad	



Inverse	rela<onship	between	Temperature	and	Humidity	



75%	

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	temperature	(T)	based	on	the	level	of	
humidity.	

Apparent	Temperature	(AT)	

Environmental	parameters	affecEng	thermal	comfort:	HUMIDITY	



	
	MODELING	WIND	
	





1-	determine	the	coldest	and	the	hopest	seasonal	period	and	hours	
2-	for	that	periods	find	the	most	frequent	wind	direc<ons	

Air	movement:	WIND	ANALYSIS	



Wind	Velocity	

from	archicad	



3-	define	wind	speed	for	the	hopest	and	coldest	periods	
4-	reduce	the	speed	according	to	al<tude	and	roughness	of	the	site		

Air	movement:	WIND	ANALYSIS	



Effect	of	Wind	on	Temperature		

Environmental	parameters	affecEng	thermal	comfort:	HUMIDITY	



								HOW	TO	VISUALIZE	WINDS	–	Airflow	Modeling		
	
	
Understanding	the	air	flow	and	distribu2on	pa4erns	for	buildings.		
The	building	form	and	shape	can	affect	how	air	flows	through	the	building	and	across	neighboring	developments	into	the	
building.		
This	is	an	important	considera0on	for	natural	ven0la0on	and	can	significantly	reduce	costs	of	air-condi0oning	provisions.		
There	are	Computa0onal	Fluid	Dynamics	(CFD)	tools	available	that	can	help	simulate	the	air-flow	paKerns		within	built-
spaces	as	well	as	for	whole	building	estates		
	
Basic	so_ware	tool:	
Flow	Design	hpp://www.autodesk.com/educa<on/free-so_ware/flow-design	(student	version	available)	
	
Other	popular	so_ware	tools:	
Fluent	by	Ansys:	hpp://www.ansys.com/.	(student	version	available)	
FloVent	from	Mentor	Graphics:	hpp://www.mentor.com/.		
Comsol	MulEphysics	modeling	so_ware:	hpps://www.comsol.com/.		
	
References		
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NREL	(2009)	A	handbook	for	planning	and	conduc<ng	charrepes	for	high-performance	projects,	Na<onal	Renewable	Energy	Laboratory	(NREL),	
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Air	movement:	WIND	ANALYSIS	



5-	Orient	the	model	according	to	the	wind	direc<on	

Air	movement:	WIND	ANALYSIS	



6-	Set	the	wind	velocity	&	analyze	results	(low,	high	pressure	zones)	

Air	movement:	WIND	ANALYSIS	



Air	movement:	WIND	ANALYSIS	



CLIMATE	CONSULTANT	

hpp://www.energy-design-tools.aud.ucla.edu/	




