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WIND,	VENTILATION	AND	
OTHER	PASSIVE	DEVICES	



EFFECT	OF	WIND	ON	TEMPERATURE	(Apparent	Temperature)

Thermal	comfort=	f	(TEMPERATURE,	WIND,	HUMIDITY,	METABOLIC	RATE,	DRESSING	RATE)
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WIND	CHILL-	Siple	e	Passel	del	1945	reviewed	in	2001
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•	To	heat/cool	through	thermal	convection	
•	to	refresh	through	the	sweating	acceleration	
•	to	clean	exhausted	indoor	air	
•	to	prevent	condensation,	moisture,	and	germs

WIND,	AND	PASSIVE	VENTILATION
For	cooling,	better	thermal	distribution	and	indoor	air	quality

Computational Materiality for Sustainable 
Architectures and Comprehensive Skins  



MOVIMENTO	PASSIVO	DELL’ARIA	NEGLI	EDIFICI:	TIPI	DI	MOVIMENTI
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Densità	f	(temperatura,	altitudine)	movimento	verticale	alto/basso	(moti	convettivi)		

Cinetica	f	(velocità	del	vento)	spinta	direzionale	

∆	Pressione	f	(umidità,	altitudine)	spostamento	verso	bassa	pressione	

f	[temperature	>thermal	energy	|	altitude	>	gravitational	energy	|	velocity	>	cinetic	energy	|	humidity	>hygrometry]	
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DENSITA’:
bassa

caldo

PRESSIONE	CINETICA:

Il	surriscaldamento	
dell’aria	comporta	la	
dilatazione	del	gas	e	
conseguentemente	
riduzione	del	peso		
dell’aria	che	ne	induce	il	
movimento	verso	l’alto.	
Viceversa	il	suo	
raffreddamento	provoca	
il	fenomeno	inverso	

NB.	Anche	l’aumento	di	
vapore	acqueo	comporta	una	
diminuzione	di	peso	in	
quanto	la	sua	densità	è	
minore	degli	altri	gas	che	
compongono	l’aria

Buoyancy	Effect

MOVIMENTI	DELL’ARIA	PER	DENSITA’:	LE	CARATTERISTICHE	DELL’ARIA

stasi	
cinetica	
particelle

aumento	
cinetico	
particelle
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TEMPERATURA:
alta
bassa

alta

alta
bassa

freddo

stack	(or	chimney)	effect
1
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MOVIMENTI	DELL’ARIA	PER	DENSITA’:	I	MOTI	CONVETTIVI	INTERNI1
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MOVIMENTI	DELL’ARIA	PER	DENSITA’:	I	MOTI	CONVETTIVI	INTERNI1

il	sistema	a	pavimenti	radianti	garantisce	una	più	omogenea	distribuzione	delle	temperature	interne

HEATING
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MOVIMENTI	DELL’ARIA	PER	DENSITA’:	I	MOTI	CONVETTIVI	INTERNI1

COOLING

Sistema	raffreddamento	a	piastra	radiante



winter	time	
–		Air	within	a	building	acts	like	a	
bubble	of	hot	air	in	a	sea	of	cold	air		
–		Rises	to	the	top	
–		Draws	outdoor	air	in	from	cracks/
gaps/openings	in	the	bottom		
–		Indoor	air	flows	out	through	
openings	in	the	top

summer	time	
–		Air	within	a	building	acts	like	a	bubble	of	
cold	air	in	a	sea	of	hot	air	–		Falls	to	the	
bottom	
–		Drives	indoor	air	out	through	cracks/gaps/
openings	in	bottom	–		Outdoor	air	is	drawn	in	
through	openings	in	the	top	
•		Temperature	differences	usually	lower	in	the	
summer	time	so	the	amount	of	flow	is	smaller
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MOVIMENTI	DELL’ARIA	PER	DENSITA’:	EFFETTI	CAMINO1



Cinetica	f	(velocità	del	vento)	spinta	direzionale	

MOVIMENTI	DELL’ARIA	PER	CINETICA:	LA	SPINTA	DEI	VENTI	
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MOVIMENTI	DELL’ARIA	PER	CINETICA:	LA	SPINTA	DEI	VENTI	2
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MOVIMENTI	DELL’ARIA	PER	CINETICA:	LA	SPINTA	DEI	VENTI	2



+

_
Bernoulli	principle=	higher	speed	lower	pressure		

∆	Pressione	f	(velocità,	altitudine)	spostamenti	verso	la	bassa	pressione	
FROM	HIGHER	PRESSURE																													TO	LOWER	PRESSURE	

+ _

_

+
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	CAUSE/EFFETTI	DEI	DIFFERENZIALI	DI	PRESSIONE3

Barometric	pressure
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	DINAMICHE	NEGLI	EDIFICI3

P	atmosferica	esterna		P	interna		 R	isultante	



caldo

PRESSIONE	CINETICA

stasi	
cinetica	
particelle

aumento	
cinetico	
particelle

bassaalta

freddo

MOVIMENTO	ARIA

+ _

+
_ _

_

+

+ +
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	DINAMICHE	NEGLI	EDIFICI3



Winter	time
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cold

Summer	time
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warm
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FROM	HIGHER	PRESSURE																													TO	LOWER	PRESSURE	

+ _
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	DINAMICHE	NEGLI	EDIFICI3
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	DINAMICHE	NEGLI	EDIFICI3

WINTER																													SPRING	&	FALL																				
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	DINAMICHE	NEGLI	EDIFICI3
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Natural driving mechanisms -- Buoyancy
Stack effect

17

Applications: Supply of outdoor air

• Supply of outdoor air  removal of pollutants
– In air changes per hour (AER or h-1) or liters per person per 

second (l/s-p)  
– What happens if you have a very tall space?

• Pollutant concentration = source strength/removal rate
– Removal rate includes dilution/exhaust plus deposition on 

surfaces or chemical interactions/transformation
– Chemicals: source strength expressed as mg of pollutant / m2-h 

or mg/h
– Dilution/exhaust rate expressed as dilution ventilation (air 

changes per hour)
– Deposition: gcm-1s-1
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Concept of the neutral level
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Single-sided ventilation
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Stack driving flows in a building
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Wind floor 18F

Memorial Hall

Entrance Hall

Lecture 
Rooms

Graduate School

Offices

Library Car Parking

Roof Garden

119.5m

Heat Storage TankRain Water Tank

Canteen

Roof Garden

Stack effect in a 
high rise 
building
Liberty Tower, 
Meiji University, 
Tokyo

Stack effect
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Influence of wind and temperature (stack 
effect) on ventilation and air flow pattern

(source: AIVC, 2009)
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Cross flow ventilation 
(source: AIVC, 2009)
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Influence of wind and temperature (stack 
effect) on ventilation and air flow pattern

(source: AIVC, 2009)
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Cross flow ventilation 
(source: AIVC, 2009)
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Single-sided ventilation

4949

Natural and Mixed Mode Ventilation Mechanisms

Courtesy of Martin Liddament via Yuguo Li

Mixed Mode Ventilation

Sketch of school system
Sketch of B&O Building

Natural Ventilation

Cross Flow Wind

Mixed Mode Ventilation

Wind Tower Stack (Flue) Stack (Atrium)

Fan Assisted Stack 

heated/cooled
pipes

heated/cooled
ceiling void

Top Down Ventilation

chilled pipes

Buried Pipes
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“Driving	forces”	of	ventilation	and	infiltration:	ΔP		

1.	Three	primary	mechanisms	generate	pressure	differences:	
–		Wind	

•		Caused	by	wind	impinging	on	a	building,	creating	a	distribution	of	
pressures	on	the	exterior	surface	
•		Depends	on	wind	direction,	wind	speed,	air	density,	surface	orientation,	and	
surrounding	conditions	

–		Stack	effect	(natural	buoyancy)	
•		Caused	by	the	weight	of	a	column	of	air	located	inside/outside	a	building	
•		Depends	on	air	density	and	height	above	a	neutral	reference	level	–		Density	is	a	
function	of	temperature	(so	this	is	temperature	driven)	

–		Mechanical	air	handling	equipment	(fans)	
•		Fans	are	used	to	supply,	recirculate,	exhaust,	and	otherwise	balance	
pressures	and	flows	in	buildings

ΔP	=	ΔPwind	+	ΔPstack	+	ΔPmech
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	CAUSE	COMBINATE3
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	CAUSE	COMBINATE3



o2a Studio has unveiled their 
proposal for the Lorry I. Lokey School 
of Management at Tel Aviv University. 

https://www.archdaily.com
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Stack driving flows in a building

Neutral 
pressure 
plane

+

+

_

_

+

+

_

_

_

_
Indoor air 

temperature 
is greater 

than 
outdoor

Neutral 
pressure 
plane

+

+

_

_

+

+

_

_

_

_
Indoor air 

temperature 
is greater 

than 
outdoor

Neutral 
pressure 
plane

+

+

+

_

_

+

+

+_

_
Indoor air 

temperature 
is less than 

outdoor

Neutral 
pressure 
plane

+

+

+

_

_

+

+

_

_

+

+

+_

_+

+_

_
Indoor air 

temperature 
is less than 

outdoor

(A)

Indoor air warmer Indoor air cooler 
than outdoor than outdoor

(B)

33

Wind floor 18F
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Stack effect in a 
high rise 
building
Liberty Tower, 
Meiji University, 
Tokyo

Stack effect
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Wind Floor
for Hybrid 
Ventilation

Gross Floor Area: 59000 m2

completed in 1998

Meiji University Liberty Tower, Tokyo, Japan
(source: Professor Toshihara Ikaga, Keio University)

35

Natural ventilation in buildings
Francis Allard, Mat Santamouris, Servando Alvarez, European 

Commission. Directorate-General for Energy, ALTENER Program
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44

Effect of inlet and outlet sizes, openings on 
adjacent walls, wind perpendicular to inlet

45

Simple formulation for Vent Calculation
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MOVIMENTI	DELL’ARIA	PER	PRESSIONE:	EFFETTI	SULLE	INFILTRAZIONI	POSITIVE/NEGATIVE3
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WINDS		&	AIRFLOW	MODELING
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WINDS		&	AIRFLOW	MODELING

ORIGINI	E	DINAMICHE	DI	VENTI	E	BREZZE
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WINDS		&	AIRFLOW	MODELING
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WINDS		&	AIRFLOW	MODELING

ve
nt
o	d

i	g
ra
die

nt
e

HOT

COLD



ENVIRONMENTAL	DESIGN	 |					prof.	arch.	G.Ridolfi,	PhD	

WINDS		&	AIRFLOW	MODELING
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WHY	A	HOT	AREA	IS	AN	HIGH	PRESSURE	AREA?
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WINDS
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WINDS



ENVIRONMENTAL	DESIGN	 |					prof.	arch.	G.Ridolfi,	PhD	

vento	di	gradiente

WINDS



SEA	&	LAND	BREEZES
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MOUNTAIN	&	VALLEY	BREEZES
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SEASONAL	WINDS

cold

hot

hot

cold
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AIRFLOW	MODELING



Understanding	the	air	flow	and	distribution	patterns	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	consideration	for	natural	ventilation	and	can	significantly	reduce	costs	of	air-conditioning	provisions.		
There	are	Computational	Fluid	Dynamics	(CFD)	tools	available	that	can	help	simulate	the	air-flow	patterns		within	built-spaces	
as	well	as	for	whole	building	estates		

Basic	software	tool:	
Flow	Design	http://www.autodesk.com/education/free-software/flow-design	(student	version	available)	

Other	popular	software	tools:	
Fluent	by	Ansys:	http://www.ansys.com/.	(student	version	available)	
FloVent	from	Mentor	Graphics:	http://www.mentor.com/.		
Comsol	Multiphysics	modeling	software:	https://www.comsol.com/.		

References		
AIA	(The	American	Institute	of	Architects)	(2012)	An	Architect’s	guide	to	integrating	energy	modeling	in	the	design	process		
ERI@N	(Energy	Research	Institute	@	NTU)	(2013)	Nanyang	Technological	University	(NTU),	Singapore		
NREL	(2009)	A	handbook	for	planning	and	conducting	charrettes	for	high-performance	projects,	National	Renewable	Energy	Laboratory	(NREL),	Sept	
2009		
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AIRFLOW	MODELING

http://www.autodesk.com/education/free-software/flow-design


_

=

ENVIRONMENTAL	DESIGN	 |					prof.	arch.	G.Ridolfi,	PhD	

RICONOSCERE	I	DIFFERENZIALI	DI	PRESSIONE	INDOTTI	DAL	VENTO	SUGLI	EDIFICI	
	



LOW	PRESSURE

Skinny	buildings	create		
deeper	low	pressure	area

Taller	buildings	create		
(proportionally)	deeper		
low	pressure	area

LEEWARD	
underpressure	zone

WINDWARD	
overpressure	zone
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METODI	INTUITIVI



LOW	PRESSURE

2L

0,93L

0,66	L

L
L L

Shorter	building	creates	(proprotionally)		
a	deeper	low	pressure	area	

Longest	building	create	
A	deeper	low	pressure	area
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AIRFLOW	MODELING
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FORME	COPERTURE	/	EFFETTI	SULLE	PRESSIONI	

	

METODI	COMPUTAZIONALI	
come	procedere



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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METODI	COMPUTAZIONALI	



3-	define	wind	speed	for	the	hottest	and	coldest	periods	
4-	reduce	the	speed	according	to	altitude	and	roughness	of	the	site	
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METODI	COMPUTAZIONALI	



5-	Orient	the	model	according	to	the	wind	direction
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METODI	COMPUTAZIONALI



6-	Set	the	wind	velocity	&	analyze	results	(low,	high	pressure	zones)	
NOTE:	in	order	to	get	a	better	visualization,	wind	speed	MUST	be	
proportionally	increased
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METODI	COMPUTAZIONALI	
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7-	Design	buildings	according	the	wind	pressure	zones	and	cinetic	forces

•	Effect	on	ventilation	related	to	the	building	rooms	dimension
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7-	Design	buildings	according	the	wind	pressure	zones	and	cinetic	forces

•	Designing	skin	openings	for	good	cross	ventilation			
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45

Diagonal	wind	(around	45°)	is	
better	than	hortogonal	for	an	
homogenous	distribution	of	
ventilation	inside	the	building
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7-	Design	buildings	according	the	wind	pressure	zones	and	cinetic	forces

•	Designing	skin	openings	for	good	cross	ventilation			

ENVIRONMENTAL	DESIGN	 |					prof.	arch.	G.Ridolfi,	PhD	



VENTURI	EFFECT	:			Higher	speed	(lower	pressure)	if	the	entrance	is	smaller	than	the	exit	

Pairing	a	large	outlet	with	a	small	inlet	
increases	incoming	wind	speed.

7-	Design	buildings	according	the	wind	pressure	zones	and	cinetic	forces
•	Designing	skin	openings	for	good	cross	ventilation			
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7-	Design	buildings	according	the	wind	pressure	zones	and	cinetic	forces
•	Designing	fins	for	good	cross	ventilation			
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Air	movement:	Cross	ventilation	+	Stack	effect	room	diagramsWorking	with	natural	ventilation

Air	movement:	VERTICAL	VENTILATION



WORKING	WITH	NATURAL	VENTILATION	DEVICES	
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FROM	HIGHER	WEIGHT								TO	LOWER	WEIGHT

TEMPERATURE Lower Higher
DENSITY Higher Lower

ALTITUDE Lower Higher
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STACK	EFFECT	or	CHIMNEY	EFFECT	

VELOCITY Lower Higher
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During	the	night		
the	stack	effect	is		
less	effective
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	 Wind	Towers
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	 Wind	Towers
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	 Wind	Towers
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	 Wind	Towers
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	Exhaust	Air	Vent
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	 Chimney
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	 Chimney
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WORKING	WITH	NATURAL	VENTILATION	DEVICES	Windows



WORKING	WITH	NATURAL	VENTILATION	DEVICES	
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WORKING	WITH	WATER	EVAPORATION	IN	HOT	DRY	CLIMATE	

Computational Materiality for Sustainable 
Architectures and Comprehensive Skins  



ENVIRONMENTAL	DESIGN	 |					prof.	arch.	G.Ridolfi,	PhD	



ENVIRONMENTAL	DESIGN	 |					prof.	arch.	G.Ridolfi,	PhD	

Yakhchal	
(from	Parsi	Ice	pit)



Latent	heat	is	the	energy	absorbed	by	or	
released	from	a	substance	during	a	phase	
change	from	a	gas	to	a	liquid	or	to	a	solid	or	
vice	versa.		If	a	substance	is	changing	from	a	
solid	to	a	liquid,	for	example,	the	substance	
needs	to	absorb	energy	from	the	surrounding	
environment	in	order	to	spread	out	the	
molecules	into	a	larger,	more	fluid	volume.		If	
the	substance	is	changing	from	something	with	
lower	density,	like	a	gas,	to	a	phase	with	higher	
density	like	a	liquid,	the	substance	gives	off	
energy	as	the	molecules	come	closer	together	
and	lose	energy	from	motion	and	vibration.

Sensible	heat		is	the	energy	required	to	
change	the	temperature	of	a	substance	
with	no	phase	change.	The	temperature	
change	can	come	from	the	absorption	of	
sunlight	by	the	soil	or	the	air	itself.		Or	it	
can	come	from	contact	with	the	warmer	
air	caused	by	release	of	latent	heat	(by	
direct	conduction).		Energy	moves	
through	the	atmosphere	using	both	
latent	and	sensible	heat	acting	on	the	
atmosphere	to	drive	the	movement	of	air	
molecules	which	create	wind	and	vertical	
motions.
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LATENT	HEAT		vs	SENSIBLE	HEAT	



0,09	W/h	
0,079	kcal	

0,63	W/gh	
0,54	Kcal/g 1	litro	=	630	W/h 1	litro	=	45	W

Tempo	medio	15-20’

How	much	energy	in	water	state	transformation
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How	much	is	the	benefit	from	evaporative	cooling
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How	much	is	the	benefit	from	evaporative	cooling
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How	much	is	the	benefit	from	evaporative	cooling
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25
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55
%

70
%

26°
30°

		PRE	Humid.												POST	Humid								Tbs-Tap*	
Tbs	(	HR	)=	Tap						Tbs*(	HR*)=Tap*						
35°	(50%)=	45°	=>	27°(80%)	=37°	=>	𝝙	+2°	
37°	(25%)=	40°	=>	25°(55%)	=26°	=>	𝝙	-11°		
30°	(70%)=	41°	=>	26°(85%)	=38°	=>	𝝙	+8°
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WORKING	WITH	MASS	LATENCY	&	THERMAL	LAG	

Computational Materiality for Sustainable 
Architectures and Comprehensive Skins  



Thermal	Lag	describes	a	body's	thermal	mass	
with	respect	to	time.	A	body	with	high	thermal	
mass	(high	heat	capacity	and	low	conductivity)	
will	have	a	large	thermal	lag.

Thermal	diffusivity	is	the	thermal	
conductivity	divided	by	density	and	
specific	heat	capacity	at	constant	
pressure

What	is	THERMAL	LAG?

thermal	mass	is	a	property	of	the	mass	of	a	
building	which	enables	it	to	store	heat,	
providing	"inertia"	against	temperature	
fluctuations.	It	is	sometimes	known	as	the	
thermal	flywheel	effect.	

This	is	distinct	from	a	material's	insulative	value,	
which	reduces	a	building's	thermal	conductivity,	
allowing	it	to	be	heated	or	cooled	relatively	
separate	from	the	outside,	
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https://en.wikipedia.org/wiki/Thermal_mass
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https://en.wikipedia.org/wiki/Thermal_conductivity


A	thermal	flywheel	effect	from	Nature:	Marine	breezes
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Thermal	mass	affects	the	temperature	
within	a	building	by	stabilizing	internal	
temperatures	in	three	ways:	
•					stabilizing	internal	temperatures	by	
providing	heat	source	and	heat	sink	
surfaces	for	radiative,	conductive	and	
convective	heat	exchange	processes;	
•					providing	a	time-lag	in	the	
equalization	of	external	and	internal	
temperatures;	
•					providing	a	temperature	reduction	
across	an	external	wall	(the	decrement	
factor).thermography
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Benefit	of	Thermal	Mass



Thermal	comfort	exists	when	a	body’s	heat	loss	
equals	its	heat	gain	or	vice	versa.	
The	body	exchanges:	
·62%	of	this	heat	via	radiation,	
·15%	by	evaporation,	
·10%	by	convection,	
·10%	by	respiration	and	
·3%	by	conduction.

http://www2.ecospecifier.org/

Relatively	small	changes	in	mean	radiant	
temperature	have	a	far	greater	effect	than	similar	
changes	in	air	temperatures	(Ballinger	1992).		
This	gives	rise	to	the	importance	of	recognizing	the	
overall	Environmental	Temperature	[T(env)],	as	
opposed	to	just	the	dry	bulb	temperature.	
								

T(env)	=							2/3	Mean	radiant	surface	temperature	+	1/3	Air	temperature

Internal	temperature	stabilization	
Thermal	mass	influences	comfort	by	radiant	exchanges	with	
the	skin.	In	fact	radiant	exchange	with	mass	surfaces	is	
singularly	the	most	efficient	way	of	maintaining	comfort	
compared	with	an	other	technique	as	the	body	is	more	that	
twice	as	sensitive	to	radiant	losses	and	gains	than	all	other	
pathways	combined	(conduction,	convection,	respiration,	
evaporation)	and	more	than	four	times	as	sensitive	than	any	
other	single	pathway.
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		When	heat	enters	a	space	directly	by	
penetration	of	sunlight,	lighting,	equipment	
losses	or	heating,	the	temperature	rise	will	
be	in	inverse	relationship	to	the	accessible	
volume	of	thermal	mass.	Therefore,	the	
indoor	temperature	will	rise	almost	
immediately	if	there	is	little	thermal	mass	in	
the	room.

Thermal	mass	effects	on	diurnal	indoor	temperatures	of	various	materials.
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Internal	temperature	stabilization	



Thermal	mass	effects	on	diurnal	indoor	temperatures	
of	comparative	insulated	cavity	brick		&	lightweight	
structures	(Think	Brick	Australia	2006)

Internal	temperatures	stabilization	using	different	structural	materials	
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http://www2.ecospecifier.org/knowledge_base/technical_guides/thermal_mass_building_comfort_energy_efficiency

Specific	heat	is	the	amount	of	heat	
needed	to	raise	the	temperature	of	one	
kilogram	of	mass	by	1	kelvin.

Heat	capacity	by	materials
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Radiant	energy	stored	during	the	24	hours
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The	effect	of	using	heat	generated	during	the	day	
to	warm	at	night	in	winter	and	vice	versa	in	
summer	is	known	as	the	‘thermal	flywheel’	
effect.	The	effectiveness	of	the	flywheel	depends	
on	the	time	lag	introduced	to	a	building	by	an	
external	wall	or	other	boundary	element.	As	can	
be	seen	from	Figure	3,	time	‘lag’	is	the	time	delay	
between	external	maximum	or	minimum	
temperatures	and	internal	maximum	or	
minimum	temperatures	respectively

Time	lag	+	temperature	reduction
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COOLING	vs	HEATING:	Thermal	storage	strategy
Effect	of	Thermal	mass	storage
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SOLAR	ENERGY	TIME	DELAY

Effect	of	Thermal	mass	storage
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- skinny	buildings	
- single	houses,	
- medium	density	residential,		
- low-rise	commercial	buildings		
- small	scale	educational	and	industrial	

buildings.	

HIGH	IMPACT	on		
CLIMATE	DOMINATED	BUILDING

MEDIUM	INTERNAL	on	
LOAD		DOMINATED	BUILDING

Locating	mass	in	a	building

- medium	and	high-rise	commercial	and	
educational	structures,		

(Baverstock	(1994)	has	shown	that	mass	used	in	
this	way	can	provide	27%	of	the	overall	
building	cooling	benefits	and	38%	of	the	
overall	building	heating	benefits.)
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•	External	walls	require	minimum	levels	of	added	insulation	for	wall	types	under	200kg/m2		
In	the	case	of	if	adequate	solar	heat	various	kinds	of	earth	walls	such	as	adobe,	rammed	earth	and	compressed	
earth	blocks,	with	their	time	lags	of	10-11+	hours,	is	recommended	left	unsealed	or	finished	with	a	‘breathable’	
paint.	

Locating	mass	in	a	building	and	operations	in	buildings	with	thermal	mass
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Locating	mass	in	a	building
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THERMAL	STORAGE	FOR	HOT	ARID	CLIMATE	

Locating	mass	in	a	building
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Trombe	wall
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Modified	Trombe	wall
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Modified	Trombe	wall


