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RE-PRESENTATION	

Van	Gogh’s	Studies	



Mario-Ridolfi-Casa-De-Bon	



Walter	Gropius	«the	Expansible	House»	



Piero della Francesca. De Prospettiva Pingendi (1472-76) 

IINNVVEESSTTIIGGAATTIIOONN  ��  RREESSEEAARRCCHH  
LLEEAARRNNIINNGG  ��  KKNNOOWWIINNGG	



Studying		

MMOODDEELLIINNGG::  tthhee  LLaanngguuaaggee  ooff   DDeessiiggnn  

Riccardo Morandi. Bridge studies (1987/89)		R. Mark. Force visualization on Gothic Cathedral 
usign polarized light and plexliglass (‘70s)	

Leonardo da Vinci. Anatomical drawings (around 1510) 

Simula�on	of	materiality	in	order	to	understand	how	it	works	

     

               
      

      



	“What	real	func�on		
the	pea	has	in	the	whistle”		

Stuart	Ruskin	(1819-1900)	



“Design	is	not	just	what	it	
looks	like	and	feels	like.	
Design	is	how	it	works.”		

S.	Jobs	(1955-2011)	



PERFORMANCE	DESIGN	



Func�onality	and		
Performance	Design	
	
	

	
VISUALIZING	MATTER	



..a	map	of	rela�ons	between	forces”	
Deleuze,		A	Thousand	Plateaus	(1988)	

DIAGRAM:	
THE	ABSTRACT	MACHINE	





	
102	story		
381 m.	tall	
(443.2	m	including	the	antenna)	
	

20	months	including:	
	
-				Demoli�on	of	Waldorf	Astoria	Hotel	
-  Design	
-  Autoriza�ons	
-  Financing	
-  Construc�on	(1	year	and	45	days)		

The		race				for		the		sky	

Empire	State	Building	
Shreve,	Lamb	and	Harmon,		

		



Fast	tracking		

Integrated	Delivery	Project	(IPD)	

Op�oneering	
defining	the	final	solu�on	through	the	evalua�on	of	alterna�ves	

Lean	Produc�on	

From	September	the16th	to	October	the	3d,	1929		
16	alterna�ves	(2	by	day)	were	delivered	and	compared:	
The	night	of		the	last	day	the	17th	solu�on	(the	Solu�on	K)	was		approved	

Project	Management	(P/M)	or	

Design	and	Manage.	(D&M)	
	
		Just	in	Time	

What	if	?	

Empire	State	Building		



Computa�onal	Design	
	as	a	scien�fic	research	



MODELING	FOR	SIMULATION	
	

“	This	process	is	similar	to	the	scien�fic	
process,	which	involves	asking	ques�ons,		
framing	a	solvable	experiment	to	answer	
the	ques�on,	tes�ng,	and	intepre�ng	the	
results”	K.	Andersonn	



louis	kahn	sketches	

Decision-Making	through:	
-rules	of	thumb	
-individual	intui�on	
-experience	&	tacit	knowledge	
	



The	tradi�onal	architectural	approach	is	a	limited	
itera�ve	process	based	on	qualita�ve	analogies	



Decision-Making	through:	
-formal	procedures		
-evidence-based	observa�on	
-benchmarking	
	

Computa�onal	Design	
	as	a	scien�fic	research	



Parametric	computa�on=	a	procedure	where	the	model	is	
structured	through	constraints,	parameters,	instances	and	
variables	represen�ng	and	affec�ng	phenomenological	a�ributes	
such	as	geometry,	physical	property,	users	behaviours,...	
	
Evolu�onary		computa�on=	a	procedure	based	on	trial	and	error	
problem	solvers	with		automa�c	metaheuris�c	or	stocas�c	
op�miza�on	

Computa�onal	Design	for	modeling	simula�on	



Evolu�onary	Design,	Grassohopper	



Evolu�onary	Design,	Grassohopper	



Watanabe,	Iidabashi	Sta�on	







“For	me,	it	is	calculus	that	was		the	subject	of	the	
issuu	and	it	is	the	discovery	and	implementa�on	of	
calculus	by	architects	that	con�nue	to	drive	the	
field	in	terms	of	formal	and	constructed	
complexity”	(G.	Lynn)	

We	are	at	the	point	that	is	possible	to	inform	ma�er	for	predictable	behaviors.	
Informing	ma�er	is	not		anymore	and	only	the	produc�on	of	materials	with	
predictable	or	defini�ve	forms;	materials	do	not	come	to	live	through	designing	
forms,	assigning	meaningful,	visible	and	understandable	forms	to	ma�er,	assigning	
univocity,	and	worshipping	the	aura.	
Today,	mastering	the	ma�er,	is	an	ac�vity	that	takes	place	at	the	structural	level,	
dealing	with	rela�onships,	parameters,	forces,	and	energy	fields	expressed	and	
formulated	through	the	numerical	matema.	
With	new	technological	abili�es		we		are	now		able	to	produce	materia	operata	
(materials),	and	even	materia	prima	(ma�ers),	that	can	be	invisible,	with	mul�ple	
possible	shapes,	able	to	incorporate	performa�ve	(more	than	connota�ve)	
informa�on.		
As	a	result	we	deal	with	«performa�ve	informed	un-materiality»:	materials	«farcé»	of	
that		special	untouchable	ma�er	that	is	the	knowledge;	for	this	reason	we	can	define	
objects	mainly	made	of	un-materiality,	able	to	incorporate	informa�on,	memories;	
able	to	mutate	dynamically	presences	and	a�tudes,	to	respond	under	complex	and	
interrelated	condi�ons,	variables,	parameters.	



MODELING	FOR	SIMULATION	NUMERICALLY	PERFORMANCE	BASED	

	
	

features:	 precision	
objec�vity	
replicability	
communicability	
	

More	than	that	digital	tools	
give	us	an	holis�c	and	visual	
percep�on	of	fenomena	in	
order	to	have	a	faster	
comprehension	of	a	large	
quan�ty	of	aspects.	



Today	there	are	a	lot	of	so�ware	to	approach	and	modeling	architectural	designing	
That	are	very	intui�ve	and	give	the	opportunity	also	to	architects	to	run	some		
technical	analysis	that	in	the	past	were	served	to	enginnering	and	specialist	

As	a	result	architect	today	can	use	this	tool	to	inform	their	project,	deciding	
on	evidence	of	test,		controlling	the	machinery	for	the	fabrica�on	(files	to	factory)	
	

EVIDENCE	OF	PROOF	AND	CONTROL	OF	THE	PROCESS	



PLAYING	OPTIONS	
AND	
UNDERSTANDING	
CAUSALITY	

Powerful	tools	for	gamers	
	
		

h�p://andrewmarsh.com	



•	Extension	
•	Deepeness	
•	Operability	
	
	

MAIN	ASPECTS	TO	CONSIDER		
IN	DIGITAL	MODELING	

FOR	SIMULATION	

•	Accuracy		
•	Reliability	

Level	of	details	=>	run	�me*	vs	accuracy		
	 	 	 					>	many	tests	vs	few	detailed	solu�ons	

*Run	�me=	amount	of	�me	that	a	computer	needs	to	run	the	task	
	

The	art	of	digital	modeling	for	evalua�on	purpose	



It	is	important	to	note	that	Building	Energy	Modeling	is		
a	computer	program	and	the	accuracy	of	results	would	
	largely	depend	on	the	inputs	provided	to	the	model.		
In	this	context,	one	should	be	mindful	of	the	expression		
‘garbage-in-garbage-out’.		
	



	
Sample	Building	Analysis	is	focused		
on	a	representa�ve	part	of	the		
building	to	be	more	accurate,	deep		
and		able	to	include	more	parameters.	
	
	
	
Whole	Building	Analysis	is	focused	on		
the	whole	building	It	needs	to	reduce	
	the	level	of	details	and	to	consider		
few	parameters.	
	



SHOEBOX	ANALYSIS	

1-Set	boundary	condi�ons	able	to	
represent	meaningful	or	cri�cal	
parts,	systems,	aspects	of	the	
building	
	
2-Set	adiaba�c	perimeters	
	
3-Itera�ve	input	of	different	
condi�ons	in	order	to	test	different	
behaviours		
	
4.	Run	analysis		
	
5.	Analize	and	evaluate	



TIME-STEP	analysis	=	over	a	period	of	�me	hour	season,	year	
	
	
POINT-IN-TIME	(PIT)	analysis=	in	a	precise	single	moment	segment	like	
ho�est	hours	
	
		
	
	
	

OTHER	TYPES	OF	MODELING	FOR	SIMULATION	

STATIC		
	
	
DINAMIC	



Impact	of	decisions	

Level	of	details	

Conceptual	&	Schema�c	Design		
involves	the	evalua�on	of	different	ideas.		
It	is	not	an	analy�cal	ac�vity	but	more	conceptual,	not	detailed	

MODELING	&	SIMULATION	IN	THE	EARLY	STAGE	



Early	Stage	Design	

WHICH	LEVEL	OF	DETAIL	IS	REQUIRED	IN	THE	EARLY	STAGE	
THE	BIM	PROCESS	



LOD	phases	can	be	summarized	as	follows.	
	
				LOD	100:		Modeled	elements	are	at	a	conceptual	
point	of	development.	Informa�on	can	be	conveyed	
with	massing	forms,	wri�en	narra�ves,	and	2D	
symbols.		
	
				LOD	200:		Modeled	elements	have	approximate	
rela�onships	to	quan��es,	size,	loca�on,	and	
orienta�on.		Some	informa�on	may	s�ll	be	conveyed	
with	wri�en	narra�ves.				
	
				LOD	300:		Modeled	elements	are	explained	in	
terms	of	specific	systems,	quan��es,	size,	shape,	
loca�on,	and	orienta�on.		
	
				LOD	400:	Con�nua�on	of	LOD	300	with	enough	
informa�on	added	to	facilitate	fabrica�on,	assembly,	
and	installa�on.		
	
				LOD	500:	Modeled	elements	are	representa�ve	of	
as	installed	condi�ons	and	can	be	u�lized	for	
ongoing	facili�es	management.	

h�ps://sustainabilityworkshop.autodesk.com/buildings/project-
phases-level-development	

WHICH	LEVEL	OF	DETAIL	IS	REQUIRED	IN	THE	EARLY	STAGE	
THE	BIM	PROCESS	



ELEMENTS / LIBRARIES DATASET OF FACTS 
& PERFORMANCES 

THE WHOLE MODEL AS A SYSTEM 
WHERE THE INTERACTION TAKES PLACE 

BIM	FOR	INTEGRATED	DELIVERY	PROJECT	



Ø  We	need	to	go	with	an	engineering-integrated	process	since	the	early	stage	
Ø  Bim	is	a	chance.	Is	not	a	new	and	more	efficent	way	of	produc�on	
Ø  It	is	a	way	to	integrated	specialisms,	to	have	a	comprehensive	view	of	the	whole		
Ø  Building	and	more	than	that	a	view	to	an�cpate	the	construc�on	and	all	the	problems		

and	conflicts	that	can	arise	on	the	site.	
Ø  It	is	a	way	to	visualize	materiality	and	for	that	reason	to	have	an	understanding	on	how	

the	building	works.	
Ø  BIM	and	object	oriented	compu�ng	in	general	are	providing	us	a	way	to	get	an	holis�c	

approach	to	deisng	
	
	

BIM	allows	us	to	integrate	�me,	costs,	manufacturing,	facility	management	
and	maintanance	informa�on;	to	check	conflicts.	
More	than	that	BIM	let	us	to	an�cipate	decisions,	evaluate	alterna�ves	and	
their	effects,	to	extend	and	speed	up	op�oneering	

It’s	a	way	to	be	aware	about	our	decisions	

BIM	FOR	INTEGRATED	DELIVERY	PROJECT	(IPD)	



1.	Autodesk	provides	various	BIM	so�ware	programs	such	as	
Revit	for	archi-	tectural	design,	Mechanical,	Electrical	and	
Plumbing	(MEP),	and	structural	engineering	as	well	as	cloud	
based	solu�ons	such	as	BIM360.	Visit	for	more	informa�on:	
h�p://www.autodesk.com/.	
	
2.	Bentley	Systems	also	provides	a	suite	of	BIM	tools:	h�ps://
www.bentley.com/.	
	
3.	DProfiler	by	Beck	technology:	h�p://www.beck-
technology.com/.	
	
4.	ArchiCAD	by	Graphiso�:	h�p://www.graphiso�.com/.	
	
5.	Vectorworks	Designer	by	Nemetschek:	h�p://
www.nemetschek.net/.	
	
6.	Tekla	Structures:	h�p://www.tekla.com/.	
	
7.	Google	Sketchup	Pro:	h�p://www.sketchup.google.com/.	
	
8.	Affinity	by	Trelligence:	h�p://www.trelligence.com/.	
	
9.	Vico	Office:	h�p://www.vicoso�ware.com/.	
	
10.	Digital	Project	by	Gehry	technologies:	h�p://
www.gehrytechnologies.com/.	

BIM	SOFTWARE	



Tes�ng	the	trade-off	in	order	to	be	
aware	of	how	configura�ons	and	
elements	can	affect	behaviours.	



Tes�ng	the	trade-off	in	order	to	be	
aware	of	how	configura�ons	and	
elements	can	affect	behaviours.	

Digital	Modeling	give	us	ethical	responsabili�es	
of	our	choices	based	on	evidence	of	proof	



Ethical	responsibility	about	us	and	the	environment	we	live	
	
Because	the	built	environment	and	construc�ons	
are	one	of	the	largest	factor	that	affect	our	environment	
	
Inside	the	US	Construc�o,	Buildings	sector		represents:	
49%	Energy	consump�on	
77%	Electricity	consump�on	
47%	Carbon	Dioxide	emission	
	



	
According	Architecture	2030	Program	in	2035	
75%	of	building	will	be	renovated	or	rebuilt	

For	architects	reducing	impacts	is	a	big	ethical	responsability	



		



Class	Text-books	
For	other	resources	check	Mailab	class	portal	out	

Green Energy and Technology

Nilesh Y. Jadhav

Green and 
Smart 
Buildings
Advanced Technology Options



INTERNAL 
 LOAD 

SITE 
  

FUNCTIONAL 
DETERMINANT 

NATURAL 
DETERMINANT 

BUILDING 
DETERMINANT 

ENVIRONMENTAL	SYSTEM	DETERMINANTS	



	
Thermal		
Light	
Ven�la�on	
Humidity	
Acus�c	
	
	
View	
Security	
…….	

SOLAR	ENERGY	
NATURAL	LIGHT	
WINDS	
HUMIDITY	
RAIN	
SKY	CONDITION	
	
	
	
	

Environmental	elements	that	affect	people’s	comfort	

NATURAL	FACTORS	
	

NOT	NATURAL	FACTORS	

Modeling	Climate,	Weather,	Site,	Users	and	Architectures.	



MODELING	FOR	PASSIVE	DESIGN	

Passive 
Design

LocaƟon 
and 

orientaƟon

Layout 
and 

Massing

Building 
envelope

The term ‘Passive Design’ here refers to design 
strategies, technologies and solutions that effectively 
take advantage of the environmental conditions outside 
the building to maximise the energy and cost savings 
while ensuring the core building facilities and provisions 
(such as indoor comfort, safety, health, etc.) are not 
compromised. The environmental conditions can provide 
several advantages or disadvantages to the building 
such as the following: 
 
D��+A�5312<371: can reduce the energy used for artificial 
lighting but excessive and improper exposure may result 
in glare and other forms of visual discomfort 
D� +<=:+5�>/7<35+<387��can reduce mechanical ventilation 
energy to move air 
around but can result in hygiene issues and over-cooling 
in cold climates 
D� +<=:+5�-885371��to reduce the need for excessive air-
conditioning or mechanical 
cooling in hot climates 
D� +<=:+5�2/+<371: to use the energy from the sun to 
provide heat indoors in cold climates instead of providing 
excessive artificial heating. But this needs to be 
managed in hot climates to reduce air-conditioning 
energy use 
D�$2+.371��(from trees or neighbouring buildings) can 
reduce heat from direct sun exposure in hot climates but 
can obstruct views and natural light and heat in cold 
climates. 
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Passive 
Design
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and 
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Layout 
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Massing

Building 
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ARCHETYPES	

MODELING	FOR	PASSIVE	DESIGN	



Passive 
Design

LocaƟon 
and 

orientaƟon

Layout 
and 

Massing

Building 
envelope

INTERNAL 
 LOAD 

SITE 
  

FUNCTIONAL 
DETERMINANT 

ENVIRONMENTAL 
DETERMINANT 

BUILDING 
DETERMINANT 

”archetypes	is	the	level	of	basic	architectural	
design	where	issues	of	si�ng,	orienta�on,	
loca�on,	shape,	propor�ons	and	surface	to	
volume	ra�o	are	considered,	along	with	
neighborhood	or	urban	fabric	context	of	
building	groups	that	set	the	pa�ern	for	access	
to	sun,	wnd	and	lights”-SW&L	pg.6	

ARCHETYPES	

MODELING	FOR	PASSIVE	DESIGN	



	

Massing	contribu�on	to	a	passive	design		
	
1.	Building	loca�on	and	orienta�on	on	the	site	
2.	Building	layout	and	form	
3.	Building	envelope		
(windows,	walls,	roof,	insula�on	and	shading).	



WHY?	:	
	

USING	MASS	COMPUTATIONAL	MODELING	
FOR	PRELIMINARY	ENERGY	ASSESSMENT	

Ini�al	mass	modeling	address	fundamental	design	parameters,	
including	the	building	envelope,		orienta�on	and	form,	typically	
without	including	mechanical	or	electrical	systems	in	a	manner	it	
can	speed	up	analysis	and	allow	the	evalua�on	of	many	different	
alterna�ves.		
	
It	provides	crucial	design	guidance	and	useful	feedback	to	the	
design	team	on	how	the	form,	orienta�on,	programma�c	
strategies,	and	other	variables	will	likely	affect	the	project’s	
performance	in	terms	of	energy,	dayligh�ng,	comfort,	and	other	
design	characteris�cs.		
	



WHAT	&	HOW	TO	MODEL:	
•	ENERGY		
•	CLIMATE	
•	BUILDING	
•	SITE		
•	USERS’	BEHAVIOUR	
•	COMFORT		
	

USING	MASS	COMPUTATIONAL	MODELING	
FOR	PRELIMINARY	ENERGY	ASSESSMENT	

Energy	modeling	and	simula�on	tools	
allow	the	design	team	to	evaluate	the	
energy	performance	of	the	building	in	
the	virtual	environment	considering	its	
geometrical	model,	design	parameters,	
occupancy	schedules	and	local	weather	
condi�ons.	



�  EnergyPlus	by	the	U.S.	Department	of	energy	(free	tool),	available	at:	h�ps://	energyplus.net/.		
�  IES	Virtual	Environment	(VE):	h�p://www.iesve.com/.	
�  eQUEST,	quick	energy	simula�on	tool:	h�p://www.doe2.com/equest/.	

AutodeskGreenBuildingStudio:h�ps://gbs.autodesk.com/GBS/(cloudbased).		
	
	

	ENERGY	MODELING	AND	SIMULATION	SOFTWARE	
	
�  23	TRNSYS:	h�p://www.trnsys.com/.		
�  DesignBuilder:	h�p://www.designbuilder.co.uk/.		
�  Radiance:	Ligh�ng	simula�on	tool:	h�p://www.radiance-online.org/.		
�  OpenStudio	by	NREL:	h�ps://www.openstudio.net/	(open	source,	free	interface		
	

	TOOLS	USING	ENERGY	PLUS	AND	RADIANCE	
�  Dymola:	h�p://www.3ds.com/products-services/ca�a/products/dymola.		
�  Autodesk	Revit	(previously	known	as	Ecotect).		
	

ENERGY	ANALYSIS	SOFTWARE	

AVAILABLE	COMPUTATIONAL	TOOLS	FOR	ENERGY	MODELING		





Table 3.3 Typical input parameters required for building energy modeling

Model input set Input parameters

Location specific • Local climate data (typically imported via a weather file in the
software)

• Interior conditions and set points
Architectural massing and
form

(Typically imported through 3D geometrical modeling tools
such as Google Sketchup)
• Building shape and orientation
• Total floor area
• Number of floors and thermal zoning
• Floor-to-ceiling height

Building envelope • Window-to-wall ratio
• Area, orientation, solar absorptance, and thermal
transmittance of all opaque building surface

• Area, orientation, solar heat gain coefficient, visible light and
thermal transmittance, and shading of all glazing components

• Mass of building components
• Infiltration rates

Thermal and electric loads • Lighting intensity
• Plug loads intensity
• Sensible and latent (moisture) loads from people and other
equipment

• Pumps, motors, fans, elevators
Schedule of operations • Lighting schedules

• Plug-load schedules
• Occupancy schedules

Mechanical and Electrical
(M&E) systems

• Cooling/Heating system type, including the source,
distribution, and terminal units

• Ventilation system type
• Fan and pump inputs
• Economizers and/or heat recovery systems
• Domestic hot-water system
• Specialty systems (e.g. fume hoods, exhausts)
• Renewable-energy systems

Commercial	so�ware	have	
built-in	industry	standard	
default	related	to	physical	
and	technological	proper�es,	
and	benchmarks.	

TYPICAL	SOFTWARE	INPUT	



Table 3.2 Benefits of energy modeling at various stages of building development (adapted from
AIA 2012)

Building stage Energy modeling outputs
Concept design ✓ Define goals and requirements of the project based on early

modeling results
✓ Experiment with options for building orientation, massing and

envelope constructions
✓ Explore ways to reduce loads
✓ Get the design team together to assess integrated system

performance and make design decisions based on the results
Schematic design ✓ Create a baseline energy model

✓ Test the effectiveness of different energy conservation measures
and options before selection and implementation

✓ Determine the most cost effective solution to reduce energy
consumption to the lowest

Design development ✓ Finalize baseline model to compare against proposed design
✓ Create proposed models with system alternatives to choose from
✓ Provide annual energy use charts and other performance metrics

for comparing baseline versus proposed design
✓ Evaluate specific products and technologies with refined data

and details
Construction documents ✓ Create documentation needed to accompany energy model

results for code compliance and for green certification
requirements such as LEED

Commissioning and
post-occupancy

✓ Use results of the as-built model for commissioning
✓ Collect metered operating data to create a calibrated model to

share with outcome-based database

The	output	of	the	energy	
modeling	so�ware	are	values	of	
physical	aspects	affec�ng	users’	
comfort	and	natural	resourses	
trade-off	
	



WORKING	WITH	BUILDING	ENERGY	MODELING	IN	THE	EARLY	STAGE	
•	THERMAL	ASPECTS	
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THERMAL	ASPECTS:	CLIMATE	

CLIMATE 



	
Thermal		
Light	
Ven�la�on	
Humidity	
Acus�c	
	
	
View	
Security	
…….	

SOLAR	ENERGY	
NATURAL	LIGHT	
WINDS	
HUMIDITY	
RAIN	
SKY	CONDITION	
	
	
	
	

Environmental	elements	that	affect	people’s	comfort	

NATURAL	FACTORS	
	

NOT	NATURAL	FACTORS	

Modeling	Climate,	Weather,	Site,	Users	and	Architectures.	



CLIMATE	
a	physical,	socio-cultural,	and	technological	determinant	



HOW	TO	MEASURE	SOLAR	ENERGY	?	

RADIATION=W/m2	

Environmental	parameters	affec�ng	thermal	comfort:		
	
	
•	SOLAR	ENERGY	
•	VENTILATION	
•	HUMIDITY		
		

	
-  radiant	temperature	
	
-				air	temperature		



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		
	



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	affec�ng	thermal	comfort:	SOLAR	ENERGY	

*)	Radia�on	occurs	when	an	object	emits	electro	
magne�c	energy.		
Irradia�on	is	the	energy	absorber	by	an	object/surface	



26%=	356	W/m2		

74%	=1010	W/m2	
	
1.000	W/m2	

100%=1.366	W/m2	

Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		



Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		



SOLAR	ENERGY=	f	(power,	angle	of	incidence,	sky	condi�ons)=	World	Loca�on	

Environmental	parameters	affec�ng	thermal	comfort:	:	SOLAR	ENERGY	
		



Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		

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	t 	
	the	sun	direc�on	
And	diffuse	energy	measured	ge�ng	all	the	energy	and	subtrac�ng	the	direct	energy	capted,		

The	influence	of	the	site:	GEOGRAPHICAL	POSITION	



h�p://andrewmarsh.com/so�ware/sunpath-on-map-web/	

Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		The	influence	of	the	site:	GEOGRAPHICAL	POSITION	

SOLAR	GEOMETRY	



h�p://andrewmarsh.com/apps/releases/sunpath2d.html	

Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		The	influence	of	the	site:	GEOGRAPHICAL	POSITION	

SOLAR	GEOMETRY	



1	Btu=0,293071	W/h	
1	�2=0,092903	m2	

h�p://andrewmarsh.com/so�ware/sunpath-on-map-web/	

Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		The	influence	of	the	site:	GEOGRAPHICAL	POSITION	



Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		The	influence	of	the	site:	GEOGRAPHICAL	POSITION	



Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		

The	influence	of	the	site:	GEOMETRY	



Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		The	influence	of	the	site:	GEOGRAPHICAL	POSITION	

AVERAGE	DAILY	RADIATION	



The	influence	of	the	weather	:	SKY	CONDITIONS	

Environmental	parameters	affec�ng	thermal	comfort:	:	SOLAR	ENERGY	

Cloud	coverage	is	measured	as	a	percentage	of	total	sky		



The	influence	of	the	weather	:	SKY	CONDITIONS	

Environmental	parameters	affec�ng	thermal	comfort:	:	SOLAR	ENERGY	

h�p://www.sunsim.it/	



Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	
		The	influence	of	the	site:	Shading	Mass	



Visualiza�on	of	sun	energy	radia�on	

Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	



Detailed						and					Average	

Visualiza�on	of	sun	energy	radia�on	

Environmental	parameters	affec�ng	thermal	comfort:	:	SOLAR	ENERGY	



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

Visualiza�on	of	sun	energy	radia�on	

Environmental	parameters	affec�ng	thermal	comfort:	SOLAR	ENERGY	



Irradia�on	analysis	



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

Environmental	parameters	affec�ng	thermal	comfort:	AIR	TEMPERATURE	



Detailed						and					Average	

Visualiza�on	of	Rela�ve	Humidity	

Environmental	parameters	affec�ng	thermal	comfort:	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	affec�ng	thermal	comfort:	HUMIDITY	



Rela�onship	between	Temperature	and	Humidity	

Environmental	parameters	affec�ng	thermal	comfort:	HUMIDITY	



Wind	Velocity	
Environmental	parameters	affec�ng	thermal	comfort:	WIND	



Effect	of	Wind	on	Temperature		

Environmental	parameters	affec�ng	thermal	comfort:	HUMIDITY	



GREEN	METRICS	,	CERTIFICATION	&	TARGETING		
	

HOW	TO	EVALUATE	ENERGY	PERFORMANCE	



GREEN	METRICS	&	CERTIFICATION		
	

Baseline	solu�on	or	standardized	metrics	

�  LEED - Leadership in Energy and Environmental Design- U.S. Green Building Council (USGBC), 
�  NZE - Nearly Zero Energy  >  Net Zero Energy 
�  LBC - Living Building Challenge, 2006, International Living Future Institute. 
�  ENERGY	STAR,	U.S.	Environmental	Protec�on	Agency	in	conjunc�on	with	the	U.S.	Department	of	Energy 
�  NATIONAL	GREEN	BUILDING	STANDARD,	Na�onal	Associa�on	of	Home	Builders	(NAHB)	
�  GREENGUARD,	Greenguard	Environmental	Ins�tute,	
�  Green	Globes	operates	in	the	US	by	the	Green	Building	Ini�a�ve.	 
�  PASSIVEHAUS, 1988 Adamson Lund University (Sweden) + Wolfgang Feist dell'Institut für Umwelt und Wohnen (D)  
 
    National certification by Law in Italy 
�  D.	Lgs.	19	agosto	2005,	n.	192	(a�ua�vo	della	dire�va	2002/91/CE)		

�  L.	2006/32/CE	(recepita	in	Italia	dal	D.Lgs.	115/2008,	che	introduce	le	UNI	TS	11300)		
	

	

HOW	TO	EVALUATE	ENERGY	PERFORMANCE	

interna�onal	sustainable	building	cer�fica�on	program	
Voluntary	cer�fica�ons		

h�ps://www.biggerpockets.com/renewsblog/2011/03/11/green-building-cer�fica�on/	

2030	Framework	for	climate	and	energy	



•	Fabbisogno	termico	per	riscaldamento	≤	15	kWh/(m2a)	
oppure:	Carico	termico	specifico	≤	10	W/m2	
•	Fabbisogno	frigorifero	per	raffrescamento	≤	15	kWh/(m2a)	
•Tenuta	all'aria	n50	≤	0,6	h-1	
•	Fabbisogno	di	energia	primaria	≤	120	kWh/(m2a)	
•	Basso	surriscaldamento	es�vo	(n.	gg.	<	10%	con	Ti	>	25	°C)	
	
Mentre	è	consigliato	ma	non	obbligatorio	soddisfare	ques�	
altri	parametri:	
•	Proge�azione	senza	pon�	termici	<	0,01	W/mK	
•	Serramen�	a	taglio	termico	Uw	≤	0,8	W/m2K	
•	Impian�	ad	alta	efficienza;	ven�lazione	interna	con	
recupero	di	calore	superiore	al	75%	
•	Rido�e	dispersioni	termiche	per	approntamento	e	
distribuzione	ACS	
•	U�lizzo	efficiente	della	corrente	ele�rica.	

is	a	voulantary	standard		
based	on	EUI	(o�en	4,75	kBtu/�2)	clodes	to	2020		



Evalua�on	also	considers	in	which	way	energy	is	produced	inside	the	whole		
produc�on	and	distribu�on		process	including	looses.	
For	example	for	coal		is	considered	a	reduc�on	of	50%		
	
	
But	he	evalua�on	of	CO2	emissions	is	more	meaningful	
	

EUI	-	ANNUAL	ENERGY	USE	INTENSITY											kBtu/sf/year	
	 	 	 	 	 	 	 	 	 	 	 	kW/m2/year	

	
allows	us	to	run	energy	comparison	between	different		
buildings	on	a	per	unit	area	basis	





Energy	Demand	Intensity					(EDI)	
Energy	Produc�on	Intensity	(EPI)	

=				EDI	-	EPI	EUI	-	ANNUAL	ENERGY	USE	INTENSITY		

In	any	case	we	have	to	understand	that	EUI	
parameter	doesn’t	return	any	guarantee	
concerning	Co2	emissions	





Solar	Heat	Gain	Coefficient	(SHGC)	
The	Solar	Heat	Gain	Coefficient	(SHGC)	is	a	ra�o	of	
the	heat	transmi�ed	through	the	building	envelope	
into	the	building	to	the	heat	that	is	reflected	away.	
SHGC	is	a	dimensionless	parameter	and	can	
theore�cally	range	from	zero	to	one,	with	one	
represen�ng	that	all	of	the	heat	being	transmi�ed	
through	the	envelope,	and	zero	represen�ng	none	of	
the	incident	solar	heat	being	transmi�ed	inside.	A	
low	SHGC	would	be	desirable	for	buildings	with	high	
cooling	load	(e.g.	tropical	and	hot	climates),	whereas	
a	high	SHGC	would	be	beneficial	for	buildings	with	
passive	hea�ng	requirements	(e.g.	cold	climate	
condi�ons).	
Infiltra�on	or	Air	Leakage	
Infiltra�on	or	air	leakage	is	caused	by	air	entering	or	
leaving	the	building	due	to	uninten�onal	gaps	in	the	
building	envelope.	The	outside	air	infiltrated	into	the	
inner	space	would	cool	or	heat	interior	spaces	
through	convec�on	and	make	the	envelope	
insula�on	redundant.	The	air	leakage	from	inside	to	
outside	would	result	in	energy	wastage	and	overload	
on	air	treatment	facili�es	such	as	hea�ng	or	cooling	
as	the	treated	air	would	escape	to	the	surroundings	
instead	of	hea�ng	or	cooling	the	space.	

Other	parameters	used	in	energy	modeling	





EVALUATION	IN	RELATIONSHIP	WITH	DESIGN	ALTERNATIVES	



BASELINE	SOLUTION	based	on	current	average	benchmark	
	

EVALUATION	IN	RELATIONSHIP	WITH	



EVALUATION	IN	RELATIONSHIP	WITH	BASELINE	SOLUTION		
based	on	current	average	benchmark	
	



*)	for	example:	LEED	cer�fica�on	uses	ASHRAE	90.1		

BASELINE	SOLUTION	based	on	Code*	compliant	element	as	a	basic	benchmark	
EVALUATION	IN	RELATIONSHIP	WITH	



Targets	based	on		
U.S.	Commercial	Building	Na�onal	Average	















Fig. 4.4 Massing options and implication on building performance (Sefaira 2013)

In any case the optimized solution is a compromise between different aspects 



MASS	MODELING	FOR	ENERGY	EVALUATION	



Designing	is	mapping	the	
pa�ern	that	defines	the	
whole,	that	is	represen�ng	the	
rela�onships	among	the	parts	
	

The	contextual	method	
represents	rela�onships		
between	the	parts.	
It	can	comprehend	the	wholeness	



Building	Layout	and	Massing	
“Massing”	is	the	architectural	term	used	when	
determining	the	overall	layout	(e.g.	compact	or	
spread-out),	shape	(e.g.	square,	rectangle,	oval),	size	
(e.g.	height,	length,	width)	and	form	factor	(more	
solid	or	porous	with	cut-outs)	of	the	building.	
Massing	choices	depend	on	the	project	specifics	such	
as	the	project	site	and	its	goals.	It	should	be	
op�mized	in	the	early	stages	of	the	building	along	
with	its	loca�on	and	orienta�on.	Successful	massing	
for	green	buildings	would	help	to	reduce	energy	
loads	for	the	building	by	leveraging	on	the	natural	
effects	such	as	the	wind	flow	pa�erns	and	the	sun	
path.	
Apart	from	reducing	energy	use,	a	good	massing	and	
orienta�on	can	also	help	in	rainwater	harves�ng,	
integra�ng	the	building	with	urban	planning	
provisions,	reducing	material	usage	and	in	protec�ng	
ecologically	sensi�ve	elements	such	as	greenery,	
trees	and	ponds.	Modelling	and	simula�on	tools	as	
described	in	the	earlier	chapter	can	be	used	to	
assess	the	performance	of	the	building	with	various	
orien-	ta�on	and	massing	choices.	Figure	4.4	shows	
the	impact	of	different	massing	op�ons	on	the	
building’s	energy	use	intensity,	opera�ng	costs	and	
daylight	poten�al.	
		







ENERGY	CONCEPTUAL	MASS	MODELING:	A	NEW	WAY	TO	DESIGN	

















12	STEPS	PASSIVE	STRATEGIES		
IN	MASS	MODELING	



1-	Find	your	climate	zone	





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



3.	Select	the	main	energy	behaviour	according	with	climate	zone	

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	



Tall buildings have less roof solar radiation, 
better for cooling strategies  
 
Compact or Thick buildings have less 
dissipation and works better in cold climate, but 
have a limited possibilities for passive design 
 
Skin dominant buildings allows a better 
ventilation and daylight, but have an higher 
dissipation. They works fine for passive design 
 
 

5.	Select		the	mass	types	according	to		
func�onal	des�na�on,	architectural	image,	
energy	considera�on,…	

Short Fat/Thick (internal load dominant) are 
the current type for commercial buildings, 
manufacturing,… 
 
Short Thin/Skin (skin dominant) are the current 
type for housing schools,..  
 
Tall Fat/Thick ((internal load dominant ) are the 
current type for hospitals, offices,… 
 
Tall Thin/Skin (skin dominant) are the current 
type for housing, offices, schools,… 
 
Compact or Thick buildings have less 
dissipation and works better in cold climate, but 
have a limited possibilities for passive design 
 
Skin dominant buildings allows a better 
ventilation and daylight, but have an higher 
dissipation. They works fine for passive design 



ILD= Internal-Load-Dominated 
SLD=Skin-Load Dominated 
C=Cold Bundle 
H=Hot Bundle 
ar=arid 
hu=ventilated dominated 
H2=very hot, heavily cooling dominated 
C2=heavily heating dominated 
	
	
	

6.	Define	the	main	energy	strategies	according	with	mass	types		



COOLING	vs	HEATING:	a	detailed	es�ma�on	using	Shoebox	model	

7.	Tuneup		the	energy	strategy	according	to	more	detailed	analysis	



8.	Model	the	context		

Rapporto	superficie/volume	
	
Distribuzione	urbana	densa	vs	compa�a	
Al�	edifici	vs	bassi	
Edifici	compa�	vs	bassi	
	



9.	Model	mass	alterna�ves		



gbxml	

10.	Define	the	best	mass	orienta�on	



When	Modern	Movement	used	the	North-South	orienta�on	(+19°)	
Le	Corbousier,	Plan	of	La	ville	de	3	million	d’habitants	



New	orienta�on	for	Temperate	Climate		

10.	Define	the	best	mass	orienta�on	



TEMPERATE:	exposed	facade		to	South-East-(West)		
	
COLD:	exposed	facade	to	West	and	South	with	big	
windows	an	low	sill	
	
ARID:	small	high	windows	exposed	to	East	and	North	
to	in	order	to	avoid	ground	radia�on	
	
HOT-HUMID:	Windows	exposed	to	North-South	in	
order	to	take	advantage	of	the	big	pressure	
difference	for	ven�la�on.	

10.	Define	the	best	mass	orienta�on	



�  More	orienta�on	flexibility	in	
temperate,	hot	humid	and	
tropical-humid	climate	

�  Consider	to	obtain	breezy	
street	for	hot	climate,		

�  Evaluate	the	effect	of	dense	
or	desperse	urban	fabric	

10.	Define	the	best	mass	orienta�on	



Los	Angeles	

10.	Define	the	best	mass	orienta�on	



Ra�o	of	the	ground	area	between	building	to	the	total	surface	area	of	the	ground	and	walls	

Envelope	ra�o	by	Shasua-Bar	et	al	2006.	

11.	Define	the	neighborhood	pa�ern	and	model	it	
		



11.	Define	the	neighborhood	pa�ern	and	model	it	
		



11.	Define	the	neighborhood	pa�ern	and	model	it	
		



11.	Define	the	neighborhood	pa�ern	and	model	it	
		



11.	Define	the	neighborhood	pa�ern	and	model	it	
		



12.	Update	the	building	model:	spazial	zone	and	thermal	block		



12.	Update	the	building	model:	building	hight	



12.	Update	the	building	model:	building	hight	



12.	Update	the	building	model:	exterior	shading	elements	



12.	Update	the	building	model:	exterior	shading	elements	



SHADING	VOLUMES	FROM	THE	CONTEXT	

12.	Update	the	building	model:	exterior	shading	elements	



12.	Update	the	building	model:	exterior	shading	elements	



Climate Analysis 
(https://sustainabilityworkshop.autodesk.com/buildings/climate-analysis)

Solar Position 
(https://sustainabilityworkshop.autodesk.com/buildings/solar-position)
The Solar Envelope 
(http://www-bcf.usc.edu/~rknowles/sol_env/sol_env.html#anchor471853)
Reading Sun Path Diagrams [video]  
(https://sustainabilityworkshop.autodesk.com/buildings/reading-sun-path-diagrams)
Sun and Shadow Studies in BIM 
(https://sustainabilityworkshop.autodesk.com/buildings/sun-and-shadow-studies-bim)
Sun and Shadow Studies in BIM –Workflow [video] 
(https://www.youtube.com/watch?time_continue=317&v=_LrjmknwPyg)

The difference between source and site energy 
(https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-portfolio-manager/understand-metrics/difference)

Revit Tutorials: Conceptual Massing 
(https://www.youtube.com/watch?v=00Uo8gIc1YU)
Revit Tutorials: Design Options 
(https://www.youtube.com/watch?v=b1zNYwjnVPA)
Revit Design Options 1 of 3 [video] 
(https://www.youtube.com/watch?v=cGelwjOAvPI)

Energy Analysis Workflows in Revit 
(http://help.autodesk.com/view/BUILDING_PERFORMANCE_ANALYSIS/ENU/?guid=GUID-E85A114E-BA0D-4811-B1A5-4EE26462708A)
Revit Energy Analysis Webinar [video] (https://www.youtube.com/watch?v=nFdW913mgLI)
Building Performance Analysis in Revit 2016 R2 with Autodesk Insight 360 (http://www.aecbytes.com/tipsandtricks/2015/issue76-revit.html)

examples
Italian Nursery School: Conceptual Design Analysis 
(https://sustainabilityworkshop.autodesk.com/project-gallery/italian-nursery-school-conceptual-design-analysis)
Sustaining Modernity: An Analysis of The Gropius House 
(https://sustainabilityworkshop.autodesk.com/project-gallery/sustaining-modernity-analysis-gropius-house)

LINKS

https://sustainabilityworkshop.autodesk.com/buildings/climate-analysis
https://sustainabilityworkshop.autodesk.com/buildings/solar-position
http://www-bcf.usc.edu/~rknowles/sol_env/sol_env.html%23anchor471853
https://sustainabilityworkshop.autodesk.com/buildings/reading-sun-path-diagrams
https://sustainabilityworkshop.autodesk.com/buildings/sun-and-shadow-studies-bim
https://www.youtube.com/watch%3Ftime_continue%3D317%26v%3D_LrjmknwPyg
https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-portfolio-manager/understand-metrics/difference
https://www.youtube.com/watch%3Fv%3D00Uo8gIc1YU
https://www.youtube.com/watch%3Fv%3Db1zNYwjnVPA
https://www.youtube.com/watch%3Fv%3DcGelwjOAvPI
http://help.autodesk.com/view/BUILDING_PERFORMANCE_ANALYSIS/ENU/%3Fguid%3DGUID-E85A114E-BA0D-4811-B1A5-4EE26462708A
https://www.youtube.com/watch%3Fv%3DnFdW913mgLI
http://www.aecbytes.com/tipsandtricks/2015/issue76-revit.html
https://sustainabilityworkshop.autodesk.com/project-gallery/italian-nursery-school-conceptual-design-analysis
https://sustainabilityworkshop.autodesk.com/project-gallery/sustaining-modernity-analysis-gropius-house

