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Introduction. Principles, systems, morphological and tech-
nological features for the use of natural bioclimatic ventila-
tion in architecture

1. Preliminary observations
Ventilation is the process that partially or entirely substitutes the
air inside a building using air from outside sources. The necessity
to provide a correct degree of air circulation stems from the need
to maintain correct oxygen concentration and eliminate pollu-
tants; also, in some determined circumstances, eliminating
excess steam and heat produced by the building itself and its
inhabitants. Moreover, simple air movement (be it either from
external sources or the result of recirculation) influences thermal
comfort by modifying convective exchange and latent heat
between the human body and the surrounding environment.
Our well-being is therefore influenced by air in at least two ways:
for its being the element we use to breathe and the means
through which most of the thermal exchange between the body
and the external environment takes place.
Ventilation of a building may be: natural, when air-flows takes
place through the openings in the building envelope (doors and
windows) and/or through specific technical areas simply by
exploiting elementary principles of Physics; mechanical, when it
takes place through special ducts, pumping air-circulation
through the use of mechanical instruments; hybrid, when it takes
place by integrating both the aforementioned options.
Another aspect strongly influenced by ventilation is exactly that
inherent to energy consumption, produced by the same in two
distinct manners. The first, in the case of mechanical and hybrid
ventilation, depends upon the energy used by the instruments
necessary for air circulation; while the second, envisaging all the
cases in which the building is heated or air-conditioned, depends
upon the heat subtracted (from the heated areas) or added (into
the cooled areas) that must be compensated by the installations.
In the case of particularly crowded buildings (such as movie the-
atres), or polluted ones (such as fitness centres) requiring a great
deal of air circulation, ventilation might represent the most impor-
tant thermal burden and must therefore be limited as much as
possible. But if on the one hand the demands pertaining to air cir-
culation cause a high degree of energy consumption, on the other
hand natural ventilation might represent a valid instrument for
energy- saving activities and for sustainability. In fact, exploiting
the potential of natural ventilation to the utmost means avoiding
economic, energy and environmental costs intrinsic to the use of
mechanical facilities – but not only. When the conditions of exter-
nal air allow it, this would also mean saving (at least in part)
expenses related to the interior air-conditioning; these environ-
ments may be made comfortable by subtracting excess heat and
shifting the air in the right measure without resorting (or resorting
in the least) to the help of mechanical installations.

13
intr
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In this case, contrary to what has been affirmed for artificially air-
conditioned buildings, increasing air exchange even beyond
strictly sanitary requirements might prove to be beneficial.
In addition to direct environmental control, ventilation may also
play a decisive role in the performance of the architectural enve-
lope. Improvements deriving from the arrangement of ventilated
cavity walls principally envisage the possibility of restricting ther-
mal burdens due to solar radiation during summer months and
the prevention of risks involved with condensation (and relative
reduction of thermal performance) during winter months.

2. Natural ventilation and formal, typological and distribution
features of the building 
The shape and orientation of a building with respect to the wind
direction are two parameters that determine the form and intensi-
ty of the pressure range on the building envelope. Consequently,
with reference to natural ventilation, these are the first aspects to
be taken into consideration during building planning and in the
choice of solutions to be adopted.
In general, when a current encounters an obstacle, its flow is
diverted and locally deformed with the consequent formation of
positive pressure zones on the upwind sides and negative pres-
sure zones on the opposite sides. A trail is also formed beyond
these, namely an area in which the flow continues to be altered
by the presence of the obstacle. It must be kept in mind that wind
also has an important effect on convective dispersion through the
external surfaces of the building.
The greater the resistance that the building opposes to the wind,
then the larger the trail and greater the convective dispersions. In
relation to passive cooling, greater attention should be paid to this
aspect; but for that which regards problems more closely inherent
to natural ventilation, the distribution of pressure on the different
sides is of utmost relevance. This can be described through the
pressure coefficient trend. Behaviour of some standard forms
compared to the wind on a horizontal level will be later treated,
while imagining that the building is being invested by an unob-
structed air flow. The present will be limited to the analysis of
solids with sides perpendicular to each other, with aerodynamic
behaviour that differs from that of curvilinear surfaces. These
generally cause the formation of a deeper trail on the downwind
side. One must also bear in mind the different effect caused on
air-flows by squat and streamlined buildings. Regarding the latter,
air flow collapse at a greater distance; whereas when envisaging
lower volumes, vortexes head back towards the building and then
return eventual smoke exiting from the chimney stacks.

- Elongated type
When wind direction is perpendicular to one of the sides of the
building, it is the only one subjected to positive pressures and
therefore with incoming flows.

Atlante dei sistemi tecnologici per l’Architettura Bioclimatica. Ventilazione naturale in Architettura

14
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For the said reason it would not be advisable to have the wind
parallel to the greater axis since this situation would lead only
the openings of one of the smaller sides to allow inflow of signif-
icant amounts of external air, with a low exchange rate and with
probable strong incoming accelerations due to the Venturi
effect. Moreover, it would be difficult to establish an internal con-
nection between the two ends in buildings of large dimensions,
consequently subjecting the areas situated downwind only to
negative pressures and therefore to unfavourable conditions.
On the contrary, when wind comes from an oblique direction,
then the two upwind sides will find that the portion adjacent to
the corner that joins them is subjected to positive pressure and
the rest is in depression. The ratio between the portions may
vary all the way to the complete annulment of one of the two
when wind direction becomes nearly perpendicular to one of the
axis, producing a situation similar to the previous case.
The two downwind sides will be entirely in depression. Once
again, a greater balance between positive and negative pres-
sures (and therefore better conditions for natural ventilation) will
be obtained when the direction of the wind approaches the nor-
mal one of the major building axis.

- Square type
Configuration of the pressure range generated on the building
sides is not very different from that described for the previous
type. Although the more compact geometry of the internal space
favours (thanks to an appropriate arrangement of the openings)
adequate ventilation with whatever sort of orientation. In this
case, the major obstacles to air circulation might derive from the
internal articulation of spaces.

- “L” type
An “L” shape involves a particular distribution of pressures due
to wind shadows which the two wings might stretch over one
another. When the wind comes diagonally, in the direction of the
external corner of one of the two wings, the other will find itself
with negative pressures on all four sides. To this one must add
the difficulty of obtaining internal connections such as to activate
a flow between sides with opposite pressures situated opposite
to one another.  more balanced situation is verified when the
wind has a perpendicular (or nearly perpendicular) direction
aimed at the greater side, or when the sides belonging to the
internal corner of the “L” are located upwind.

- “T” type
With the wind obliquely directed at the external corner of the top
wing of the “T”, this type may represent problems similar to
those described for “L”-shaped buildings. All of this although the
greater articulation of this form generates, in every other case, a
more variable and balanced pressure range. Nevertheless,
even when faced with a favourable situation, namely when wind
direction is aimed at one of the concave areas of the “T” and the
eight sides are equally divided between positive and negative
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pressures, one of the three wings always remains with negative
pressures on all of the three external sides.

- Open-court type
Again in this case, the wind shadow that stretches out to cover
entire wings (particularly with winds in the oblique direction) may
determine the formation of constantly negative pressure ranges
on the three sides adjacent to a wing of the building. The situa-
tion is more balanced when the direction is such as to receive
winds perpendicularly and the conditions of the three wings are
more favourable towards the establishment of through ventila-
tion.

- Closed-court type
This closed shape guarantees a good pressure differential on
the four wings that can generally count on the formation of oppo-
site ranges both on the internal and external sides. This situation
is particularly favourable for through ventilation since it guaran-
tees good conditions in every sector of the building and is more
accentuated with winds in a direction that is perpendicular to the
sides.

3. Natural ventilation, typological and dimensional features
of the openings and their systems
The position and conformation of air permeable openings to be
used for passive ventilation should be planned according to the
ventilation strategy to be adopted within the building. In the first
place, it must be established whether the aim is to obtain ventila-
tion by effect of the wind, by the stack effect or a combination of
the two. Subsequently, with reference to the cooling function, the
main role to be assigned to natural ventilation must be defined;
this may be addressed towards body cooling or cooling of the
building facilities as such.
The dimensions of the openings must instead be calculated
according to the capacity one intends to obtain and the air veloc-
ity one wishes to establish within the environment.
In the case of wind-driven ventilation, the entrance and exit open-
ings must therefore be placed in the spots with the maximum
pressure difference in order to best exploit air flow. In the case of
stack ventilation, one must on the contrary increase height differ-
ences of the openings as much as possible. This means placing
the bottom one (entrance) on the upwind side in order to exploit
the combined wind effect, in any case avoiding that the two
mechanisms come into conflict. At this point, should the objective
be body cooling, air-flow should be addressed at eye level;
whereas should one wish to disperse the heat accumulated with-
in the building facilities, then the current should be addressed
towards the ceiling or the floor. The purpose may be achieved
both by varying the height of the openings or by using direction
devices such as lugs, shutters or protected screen slats applied
to the windows. Finally, flow magnitude will be determined by the
dimension and shape of the openings: it will be proportionate
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(although not in a linear manner) to the area of the openings and
to the friction loss coefficients of the same. The value of the said
coefficients are tabulated and depend upon the ratio between the
area of the window and that of the relevant wall, the position of
the window on the wall itself, the ratio between the dimensions of
the opening and the dimensions of the transversal section of flow,
the ratio between areas of the exit and entrance openings.

4. Natural ventilation and morphological-technological fea-
tures of the architectural envelope
Ventilated walls are made up of two layers separated by a cavity
wall with openings towards the outside and/or inside that allow for
the passage of air to and from the cavity wall itself.The openings
may only be located on top or at the foundation of the wall or sec-
tions of the same, or they can simply be made by exploiting the
joints left open between the slabs of the outer coating.
Dimensions of the cavity wall normally range between a minimum
of 4-5 cm. up to a maximum of 20-30 cm.; whereas the ventilation
openings (in a one-metre linear extension in the plan) should
reach a minimum of 20-30 cm² per each linear metre in height of
the wall section (namely of the wall portion that is ventilated
through the openings considered in the calculation).
Ventilation usually follows an external-external path that is natu-
rally activated by the stack effect. Thus during the summer
months part of the heat created by solar radiation on the outer
layer and the heat consequent to thermal burdens to the inner
layer are subtracted from the building facilities by convection.
During the winter, ventilation slightly reduces thermal resistance
that the building facilities would have with air in the rest condition;
but on the other hand contributes towards disposing steam thus
foreseeing the risk of condensation which, in addition to causing
deterioration to the building facilities and sanitary problems,
would cause a much more drastic reduction in thermal isolation
performance. In any case, should calculation verifications not
bring to light condensation problems, closable ventilation open-
ings may be envisaged – avoiding ventilation during the winter
and transforming the cavity wall into a normal air chamber.
Ventilation solutions might in any case also be diverse and pro-
vide for external-internal air-flow, with the objective of passive
heating or dynamic isolation depending upon the configuration
and exposure of the wall; or internal-external, with the aim of
maintaining the temperature of the envelope close to the internal
one and reducing dispersions or thermal burdens, typically in
mechanically air-conditioned buildings. Barra-Costantini systems
provide for air being naturally heated by the sun in the walls fac-
ing southwards inside cavity walls located in the attic, giving heat
to the structures and then returning to be heated once again on
the front wall of the building. The two layers can practically be
made out of any kind of material, be it lightweight or heavy,
opaque or transparent, depending upon the climate and the per-
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formance that one wishes to gain from the building envelope.
The possibilities offered by ventilated envelopes will be summa-
rized through the analysis of four different configurations that vary
according to the properties (transparency/opacity) and the differ-
ent combination of the two layers that make up the ventilated wall.

- Opaque internal, opaque external layers
This is the most common solution and it is normally established
with the succession, from the inside towards the outside, of a
structural layer, an isolating layer, a ventilated cavity wall and
outer coating. The latter must mostly be dry mounted on metallic
structures and may make use of a wide range of different mate-
rials such as stone, bricks or wood – depending upon the
appearance and thermal performances desired. Heavier mate-
rials foster greater thermal inertia, while lighter materials offer a
higher degree of isolation.

- Transparent internal, transparent external layers
This is a valid system when one needs to plan vast glassed-in
areas and guarantees good thermal performance (in the field of
transparent envelopes), together with excellent potential for natural
illumination and direct passive heating. Continuity of the cavity wall
must in any case be interrupted in correspondence to the ventila-
tion openings for internal areas, in order to avoid interferences
between the two air-flows. Moreover, walls facing southwards
need sunshade devices to prevent the internal areas from being
overheated during the hot season. These devices might be located
in the cavity wall, providing enough free space for air circulation.

- Opaque internal, transparent external layers
This solution produces a build-up of heat in the internal layer of
the wall due to the greenhouse effect; this might therefore be
considered a passive heating system with a function similar to
that of Trombe-Michelle walls. Air-flow should vary from outside-
inside during the heating season and from outside-outside or
inside-outside during the rest of the year. Once again, it shall
nonetheless be necessary to provide sunshade devices for the
glassed-in areas during the hot season.

- Transparent internal, opaque external layers
The application of an internal transparent layer may be coupled
with that of a semi-opaque layer or one with variable opacity on
the external side. This solution allows one to regulate incoming
light, exploiting solar energy for heating purposes during the win-
ter months and protecting the facilities from over-heating during
the summer. It would be appropriate for the ventilation to be
adjusted according to onÈs needs, so that the wall might withhold
warm air or introduce it towards the interior during winter months
and on the contrary expel it outwards during the summer. This cat-
egory also includes windows combined with green walls. The use
of vegetation with deciduous leaves may suitably regulate sun
radiation on a seasonal basis, but not ventilation. Moreover, it
does not allow for any flexibility over the 24-hour period.
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5. Natural ventilation and morphological-technological fea-
tures of bioclimatic areas
Buffer spaces are areas of intermediation between the internal
and the external space. By mitigating temperature differences
and wind impact to the situation of a building directly exposed to
external conditions, these elements are especially useful in
reducing thermal dispersion during the winter and relative energy
requirements. For that which regards natural ventilation, by the
same token these may carry out a pre-heating function on exter-
nal air. Moreover, especially during the summer, they may foster
air exchange by exploiting the stack effect when these present a
significant vertical extension or by crossed ventilation, especially
when they stand in a position passing horizontally.

- Buffer space with prevalently opaque elements
The presence of mostly opaque elements on the outside enve-
lope, therefore endowed with a certain mass and thermal inertia,
guarantee greater stability of indoor conditions, mitigating and
postponing temperature oscillation compared to external tem-
perature. But it is limited by the fact that it offers a lower margin
for natural illumination. Pre-heated air may be used for interiors
during the winter, also recovering part of the heat dispersed by
the main space (dynamic isolation) or, should the outgoing air be
of acceptable conditions, it can be expelled through the buffer
space in order to keep its temperature closer to the internal
level. Whereas during the summer, when the outside tempera-
ture is lower, it is advisable for the buffer space to possess inde-
pendent ventilation or that it any case it should stand at the end
of the air-flow towards the outside, therefore downwind in case
of through or combined ventilation.

- Buffer space with mainly transparent elements
This represents the best solution for natural illumination and the
one that allows (with its exposure towards the southern direc-
tion) the best exploitation of the benefits provided by direct sun-
light, thanks to the greenhouse effect generated by the win-
dows. On the other hand, summer causes a tendency towards
overheating when suitable screening and ventilating devices are
not provided. Moreover greater thermal dispersions, due to the
glassed-in areas themselves, cause the internal conditions to be
more variable compared to the previous typology – functioning
in a similar way in that which regards ventilation. In this case,
greater heating during periods of sunshine fosters the formation
of convective movements that (with suitable openings in the top
and bottom) encourage natural air circulation.

- Buffer space with combined transparent and opaque elements
The coexistence of opaque and transparent elements may rem-
edy (especially when opacity can be regulated) overheating
problems inherent to the completely glassed-in typology and the
insufficient illumination provided by the prevalently opaque one.
The opaque or semi-opaque layer may be built with various
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types of sunshades such as metal grids or creeping plants
(preferably of the deciduous kind). The choice of bulk materials
has also been contemplated (such as stone) that although on
one hand stabilize temperatures thanks to their thermal inertia,
on the other entail resigning the flexibility of lighter systems.

- Buffer space integrated with vegetation and water
The integration of vegetation and water allows one to develop
the cooling potential of buffer space, which otherwise risks (in a
climate such as the one in Italy) being a functional element only
during the limited winter months. In fact, water and plants sub-
tract the heat necessary for changing the conditions established
during evaporation and transpiration processes from the envi-
ronment. Heat may be subtracted from the air or absorbed by
radiation that otherwise would contribute to a rise in temperature
of radiated bodies and indirectly of air itself. Vegetation also
offers shelter from the sun and contributes towards improving air
quality by filtering dust and enriching the air with oxygen.

6. Natural ventilation and morphological-technological fea-
tures of ventilation towers 
Ventilation towers boast a long history with many examples, espe-
cially amongst the cooling systems employed in traditional Islamic
architecture. The principles exploited in ancient Middle Eastern
cities are substantially the same used by modern towers that once
again are based (as all natural ventilation methods) on the force
of the wind and different air density, depending upon variations in
temperature and height. The field of application of these towers is
not only limited to passive cooling and the systems herein pre-
sented may contribute towards satisfying ventilation requirements
in any climate and in every season of the year. In fact, towers may
be functional both due to the introduction of replacement air to the
building and for the expulsion of stale air towards the outside; this
exact distinction itself is at the basis of the classification employed
in analyzing the different systems that will be illustrated hereafter.
In any case, whatever the function directly operated by the differ-
ent systems, all the towers actually participate in the entire venti-
lation process as they contribute towards enabling the flows that
activate either the extraction or the emission of air through open-
ings located in different building locations. To best exploit wind
pressure, it is generally wise to position the mouth of the tower at
a height above that of the surrounding buildings. Elevated height
of extracting towers is also useful for the stack effect, which may
also be helped by heating the top portion of the tower by way of
solar radiation. Should the section be sufficiently wide, the reflec-
tive inner surface and the outer vent correctly oriented and sized,
then the ventilation towers may also be used as solar ducts for
natural illumination. Other features and requisites that are com-
mon to the different tower types are described in the two tables
illustrated on the following pages, while the characteristics intrin-
sic to the principal categories will be described thereafter.
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- Ventilation towers with descending air induction
Input towers channel air inside by exploiting the greater wind
velocity at the collection height. Exclusively counting on the
aforesaid, it is essential that these be pointed in the right direc-
tion and at the right height. Should winds be very variable or
should one foresee using the towers even during the winter sea-
son, some revolving vents may be installed so that they might
follow the course of the wind in every instant. In some cases it
is also possible to regulate air-flow by using adjustable slats.

- Extraction towers with ascending air-flow
This type of tower, in addition to availing itself of wind pressure,
may also count on the stack effect. Both forces may be opti-
mized using simple measures regarding the final segment and
the tower vent. The latter may also be open on both sides and
the shape of the stack, by varying the horizontal section crossed
by wind flow, may increase draught thanks to the Venturi-
Bernoulli effect described in the opposite table. The simple exhi-
bition of the top part of the tower to sunlight might instead ampli-
fy the stack effect, heating up the ascending air. Should the shaft
be built in masonry work, or in any case using materials that
possess a certain degree of bulk and thermal inertia, then the
effect may be extended even beyond hours of sunshine.

- Towers with integrated air intake and ejection 
The input and output of air by means of the same tower, divided
into independent shafts, can be made possible thanks to a dou-
ble vent with its openings aimed in opposite directions. Wind
effect generates positive pressure to the upwind opening and
negative pressure to the downwind opening, activating two
flows respectively in the descending and ascending directions.
When the final segment of the tower is exposed to the sun, it
would be wise for the side dedicated to ejection to be directly
radiated. This would accelerate draught and avoid the afore-
mentioned mechanisms from coming into conflict on the intake
side. Adjustable slats can be used to vary flow rates depending
upon the season and requirements of the areas in question. 

- Ventilation towers with integrated cooling systems
When ventilation is employed especially for a cooling function, it
would be useful to integrate the tower system with other ele-
ments that would enhance performance. These possibilities
mainly regard the use of land, water and vegetation.
Ground thermal inertia is employed by coupling the tower with
underground shafts that may be located in an intermediate posi-
tion between the area to be cooled and the ventilation tower; the
latter would provide external air and subsequently pump it into
the building, or in the initial position of air-flow, attracting it direct-
ly towards the outside thanks to the draught produced by the
tower. Water and plants are instead employed for cooling pur-
poses through evaporation and transpiration processes, which
subtract the heat necessary from the air for transformation into
the state of water.  The objective is obtained by placing air-flow
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(before input into internal areas) in contact with vegetation, or
with water bodies of water, water jets or sprays. The system is
particularly suited to hot-dry climates and should absolutely be
avoided (especially atomization) in hot-humid climates where
further air humidity would be counterproductive, especially for
that which is inherent to body cooling. 

7. Natural ventilation systems: potential and critical aspects
in performance and physical-spatial interaction
Induction of a good level of ventilation in environments allows the
dissipation of heat from inside building facilities, which is carried
out through the convective removal of heat accumulated within
the internal structures. 
Natural ventilation systems make reference to devices such as
buffer space, courts, ventilated walls and roofs, ventilation and
extraction towers, horizontal underground ventilation shafts,
those integrated into building structures and ventilation plates.
Amongst the different possible interactions, we must underline
the one between ventilated cooling obtained through wind towers
and underground horizontal ventilation systems called earth
pipes, which exploit the benefits of the soil. Air being channelled
inside the underground shafts is cooled since the geothermal
temperature is constantly in the range of 18°C, subsequently
channelled into the ventilation tower and distributed to the envi-
ronments adjacent to the same.
Morphological-spatial heating systems may be reinterpreted in
order to foster natural ventilation. An example of this may be the
buffer space system which, once it is of the right size and
arranged in the right direction, may guarantee effective natural
ventilation during summer months by allowing heat to be dis-
posed of by the internal environments.
Another possible application is represented by the collaboration
between ventilation towers of ascending air input, greenhouses
and courts. The latter systems heat incoming air, increase the
stack effect and therefore improve overall ventilation.
The elements and components belonging to morphological spa-
tial illumination systems such as skylights and lightstacks may
also be transformed into ventilation systems, demonstrating how
strategies and technologies aimed at optimizing illumination may
be interpreted according to ventilation. In fact, skylights might
become glass tower systems that combine natural light and ven-
tilation. Natural ventilation systems and passive cooling systems
may cooperate with one another in enhancing the capacity of low-
ering internal temperatures: some interesting cases are wind tow-
ers and various water systems working together in conjunction.
We can find examples of these bioclimatic systems in Middle
Eastern architecture, envisaging the presence of a fountain in the
middle of an environment – thus providing a drop in temperature
and evaporative cooling.
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Luogo: Salisburgo, Austria,
Anno: 2001
Progettista: G.W. Reinberg
Contesto: isolato extraurbano
Latitudine: 47°80’
Zona climatica: freddo contenuto

Insediamento residenziale Gneis-Moos

Il terreno su cui sorge l’insediamento Gneis -Moos è caratterizzato
da una posizione al margine fra la zona residenziale e la campagna,
nei pressi di entità naturalistiche di rilievo e con una esposizione otti-
male rispetto al sole. Due corpi di fabbrica fra loro perpendicolari si
sviluppano lungo i margini nord ed est, separando l’area di progetto
dall’insediamento diffuso che si sviluppa nei dintorni. I corpi di fab-
brica orientati verso sud lasciano libera la vista a ovest e permettono
al verde di penetrare all’interno dell’insediamento. Fulcro del siste-
ma degli accessi è una piazza situata nella zona di ingresso a nord-
est, dove si trova un grande serbatoio accumulatore di energia ter-
mica e il punto di raccolta dei rifiuti. Le schiere sono orientate secon-
do l’asse Est-Ovest che risulta essere ottimale ai fini della ventila-
zione naturale: infatti così orientati gli edifici possono godere degli
affacci sia a Sud, da dove penetra la brezza estiva essendo il lato
sopravento, e di quelli a Nord, parete sottovento da cui fuoriesce la
ventilazione passante. I corpi di fabbrica orientati a sud presentano
la facciata più alta verso meridione, in modo da guadagnare il mas-
simo apporto solare e ridurre al minimo l’ombreggiamento sul lato
opposto. La caratteristica portante delle villette a schiera è la pre-
senza di serre o giardini d’inverno esposte a Sud, progettate diver-
samente per le differenti tipologie di edificio. L’efficacia del giardino
d’inverno viene aumentata dal suo utilizzo come sistema di capta-
zione dell’aria fresca esterna per i ricambi d’aria interni. 

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

ABITAZIONI TIPOLOGIA A SCHIERA

CASO STUDIO
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Luogo: Biel, Svizzera
Anno: 1999
Progettista: Log Id, D. Schempp
Contesto: bassa densità urbana
Latitudine: 47°14’
Zona climatica: fredda

Edificio per appartamenti a Biel

Il sito è rivolto a sud-est su un lotto ripido, ed è pertanto ideale per il
concetto di architettura solare verde di Log Id.
Ogni unità residenziale è dotata di balcone, ma la caratteristica più
importante è la serra. Posti davanti a ogni abitazione e integrati con
essa, questi giardini d’inverno sono un mezzo semplice ma efficace
per sfruttare al massimo l’energia solare. Le serre delle maisonettes
sono a doppia altezza, mentre quelle degli appartamenti superiori  si
estendono sopra il livello del tetto. D’estate questi spazi sono utiliz-
zati come serre mentre d’inverno non sono riscaldate e fungono da
cuscinetto termico. Nelle calde giornate estive è possibile aprire la
vetrata esterna creando un camino termico che fa muovere l’aria fre-
sca dal retro dell’edificio attraverso le abitazioni; nelle giornate inver-
nali soleggiate invece è possibile aprire il vetro interno tra la camera
e la serra per riscaldare la casa. La massa di calcestruzzo dell’edi-
ficio trattiene il calore raccolto in questo modo e riscalda gli interni di
notte. In totale, si riduce del 20-30% il fabbisogno di energia da
destinare al riscaldamento.
Le serre contengono aiuole per piante semitropicali, con il sistema
di irrigazione automatica. Queste piante costituiscono un elemento
importante del progetto: assorbono anidride carbonica e producono
ossigeno, riducono le sostanze dannose presenti nell’aria.

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

ABITAZIONI TIPOLOGIA IN LINEA

CASO STUDIO
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Luogo: Ningbo, Cina
Progettista: Mario Cucinella
Architects
Anno: 2008
Contesto: media densità urbana
Latitudine: 
Zona climatica: freddo contenuto

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

EDIFICIO UNIVERSITARIO VENTILAZIONE

CASO STUDIO

19

Centre for Sustainable Energy Technology

Nel cuore del distretto di Zhejiang, provincia orientale e costiera
della Repubblica Popolare Cinese, si trova la città di Ningbo, un
milione e 200 mila abitanti, dove la Nottingham University ha recen-
temente inaugurato un nuovo campus. Si tratta del primo campus
indipendente della Cina e nasce per il preciso intento di divulgazione
delle tecnologie sostenibili come solare, fotovoltaico, eolico, eccete-
ra. Al suo interno sorge il Centro per le tecnologie energetiche soste-
nibili (Cset, Centre for Sustainable Energy Technologies) che ospi-
terà un centro visitatori, laboratori di ricerca e aule per corsi di spe-
cializzazione.
L’edificio di 1.300 metri quadrati, che presenta un design ispirato alle
lanterne e ai ventagli della tradizione cinese, si adagia su un grande
prato a ridosso del piccolo fiume che scorre internamente al cam-
pus.
La sua struttura, parzialmente opaca, è attraversata da una piega
trasparente che realizza la facciata dell’edificio dando origine a una
forma dinamica in risposta alle diverse esigenze legate all’orienta-
mento, capace di trasformarsi dal giorno alla notte.
Il complesso è interamente rivestito da una doppia pelle in vetro con
motivi serigrafati che evocano gli edifici storici della zona.
Un’ampia apertura sul tetto convoglia la luce naturale a tutti i piani
dell’edificio e contemporaneamente produce un effetto camino che
assicura un’efficace ventilazione naturale.
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Casi di studio “C”. Ventilazione e caratteri morfo-tecnologici dell’involucro architettonico

The shard

The shard è’ il grattacielo più alto d’Europa e vede l’impiego di diver-
si sitemi bioclimatici all’interno dell’ edificio.Il tema della ventilazione
naturale viene trattato attraverso la realizzazione di una doppia fac-
ciata vetrata ventilata con un intercapedine interposta.Quest’ultima
oltre a realizzare ovviamente il fenomeno della ventilazione naturale
all’interno dell’edificio ne assicura l’efficenza da un punto di vista cli-
matico riducendo sensibilmente il fabbisogno energetico richiesto.
La facciata più esterna si può dire essere caratterizzata da sagome
frammentate che consentono il passaggio dell’aria che permea nel-
l’intercapedine, dove si sviluppa un flusso d’aria continuo.
La facciata viene collegata attraverso un sistema di ancoraggio a
distanza variabile, alla struttura di base su cui si integrano diverse e
compatibili tipologie di rivestimento.
L’intercapedine di dimensioni variabili , talvolta ispezionabili anche
attraverso passerelle ancorate, fa si che si generi un flusso d’aria
ascensionale:“effetto camino”variabile in funzione della dimensione
dell’ intercapedine e della differenza di pressione provocata dal
vento sia durante il periodo estivo che durante quello invernale.

Luogo: Londra, Regno unito 
Anno: 2009-2012
Progettista: Renzo Piano
Conesto: Southwark, sud del
Tamigi
Latitudine :51°30’
Zona climatica: mediamente
fredda

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

FACCIATA VENTILATA CON STRATI TRASPARENTE INTERNO / TRASPARENTE ESTERNO

CASO STUDIO
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Casi di studio “D”. Ventilazione e caratteri morfo-tecnologici degli spazi bioclimatici

B House

Come molte case in Vietnam anche questa si trova in un ambiente
vivace, spesso esposto a polveri, calore e rumori. Per questi motivi
la necessità del committente era quella di poter abitare uno spazio
“introverso”, separato dalla strada grazie a spazi tampone. La solu-
zione adottata dagli architetti consiste in una schermatura che rive-
ste la facciata dell’edificio con un sistema a “doppia pelle”. Tra que-
sta parete e quella più interna dell’abitazione si definisce il buffer-
space permeabile da luce, acqua e aria e dove viene posta la vege-
tazione. La parte più interna è data da grandi pannelli di vetro apribili
per permettere il passaggio dell’aria e intimità con gli scenari
ambientali esistenti. Il sistema che si viene a creare permette di fil-
trare la luce solare e fare entrare l’aria all’interno. Ulteriori aperture
poste in alto e in basso nell’edificio permettono la ventilazione negli
ambienti interni grazie allo studio delle zone di sovrapressione e sot-
topressione. Dato il clima prevalentemente caldo e umido per quasi
tutto l’anno lo spazio intermedio garantisce il raffrescamento negli
spazi interni, quando le finestre vengono aperte e l’aria può circola-
re. In caso di temperature più rigide il buffer-space funge da filtro per
la luce, schermando le superfici trasparenti e limitando l’effetto
serra, ma anche per i forti rumori e le polveri che si trovano sulle
strade caotiche direttamente adiacenti alla facciata delll’edificio.

Luogo: Ho Chi Min City, Vietnam
Anno: 2014
Progettista: i.House Architecture
and Construction
Contesto: alta adensità abitativa
Latitudine: 10°72’
Zona climatica: Tropicale

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

BUFFER SPACE CON ELEMENTI PREVALENTEMENTE OPACHI E COMBINATI 

CASO STUDIO

36

III

1°Libro Ventilazione vers4_risc_pass_beer.qxd  24/11/2020  11:36  Pagina 269



Accademia di formazione dell’assessorato degli interni

L’edificio è caratterizzato da un atrio avvolgente costituito da un
parallelepipedo di vetro al cui interno vi sono gli edifici, la vegetazio-
ne e l’acqua, quest’ultimi molto utili per il controllo microclimatico e
della qualità dell’aria.
D’inverno gli edifici ricevono tutti i benefici dell’essere inglobati in
una struttura completamente trasparente: possono godere di illumi-
nazione naturale diretta, possono godere dei benefici provenienti
dall’accumulo termico passivo dovuto all’involucro totalmente vetra-
to che si comporta come una serra, possono godere di una ottimale
qualità dell’aria grazie alla presenza dell’acqua che provvede ad
umidificare l’ambiente; inoltre l’aria nelle ore più calde della giornata
tende a salire naturalmente verso l’alto e a fuoriuscire da delle appo-
site aperture, in questo caso è anche garantita una naturale circola-
zione interna di aria.
D’estate la presenza di aperture per la captazione della ventilazio-
ne, posizionate in punti strategici in base alla direzione delle brezze
estive, permette all’aria esterna di entrare e raffrescarsi interagendo
con la vegetazione e l’acqua, innescando i processi evapotraspira-
tivi che raffrescano e purificano l’aria che si distribuisce tra gli edifici
e da qui negli ambienti interni agli stessi.

Luogo: Sodingen, Germania
Anno: 2000
Progettista: Jourda & Perraudin
Contesto: media densità abitativa
Latitudine: 51°31’
Zona climatica: freddo contenuto

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

ATRIO AVVOLGENTE

CASO STUDIO
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Casi di studio “E”. Ventilazione e caratteri morfo-tecnologici delle torri e dei condotti di aerazione naturale

Luogo: Baltimora Stati Uniti
d’America
Anno: 2013
Progettista: Behnisch Architekten +
ASG
Contesto: media densità abitativa
Latitudine: 39°18′ N
Zona climatica: temperata borea-
le

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

TORRI ESTRATTIVE A FLUSSO ASCENDENTE

CASO STUDIO

74

Dipartimento di Giurisprudenza Università di Baltimora

Il nuovo dipartimento di giurisprudenza di Baltimora comprende
aule, uffici e libreria per la prima volta nella storia dell’università in
un unico edificio, posto all’interno della città universitaria segue le
linee di rinnovamento di Baltimora sotto il punto di vista architettoni-
co. L’edifcio è caratterizzato da un atrio centrale fondamentale sia
per le prestazioni tecniche dell'edificio favorendo la ventilazione
naturale, sia per promuovere gli obiettivi sociali e pedagogici della
Facoltà di Giurisprudenza. Dispone di ampie vetrate esterne e inter-
ne per efficientare l’ingresso di luce diurna negli spazi di lavoro
interni, fornendo allo stesso tempo un interno trasparente e comu-
nicativo, collegando visivamente lo spazio pubblico, spazio didattico
e spazio amministrativo in un ambiente aperto e stimolante.
Previsto per raggiungere lo status di LEED platino, l'edificio utilizza
una serie di tecnologie per ottenere un risparmio energetico del
43% su un edificio di base ASHRAE 90.1-2004, con un dispendio
energetico annuale di circa 125 kWh/m².
La struttura dispone in copertura di un green roof e terrazze all’aper-
to che raccolgono e dirigono l’acqua piovana verso i serbatoi di rac-
colta di capienza pari a 25.000 galloni, l’acqua viene riutilizzata per
l’irrigazione e per le acque grigie. 
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Luogo: Cambridge, Inghilterra
Anno: 1991-2004
Progettista: J. Outran
Contesto: alta densità abitativa
Latitudine: 52°12’
Zona climatica: freddo contenuto

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

PILASTRO CAVO PER LA VENTILAZIONE A FLUSSO DISCENDENTE

CASO STUDIO

90

Istituto di legge a Cambridge

Il complesso della Business School si articola in due nuovi edifici,
l’”Ark” a pianta rettangolare con copertura a giardino e il “Castle” a
pianta quadrata e con tetto a capanna, collegati all’ottocentesco
ospedale Addenbrook. Nelle ali laterali, totalmente ristrutturate,
sono state sistemate la biblioteca e le sale multimediali, mentre al
centro è stato ricavato il grande atrio-galleria che funge da punto di
incontro per la vita sociale. L’invenzione delle colonne dell’atrio
sovradimensionate non scaturiscono da una esigenza estetica
quanto dall’obiettivo preminente di creare un edificio autosufficiente
ed a risparmio energetico. Alle colonne portanti si affiancano colon-
ne robot cave di cemento nelle quali sono inseriti i cablaggi di tutti
gli impianti ed i cervelli elettronici che li governano. Infatti, grazie a
speciali sensori, questi regolano l’apertura dei vetri e la circolazione
dell’aria naturale, il sistema di riscaldamento e quello d’illuminazione
che, collegato a pistoni idraulici appare e scompare dalle colonne.
Nel soffitto a forma sinusoidale sono istallati una rete di distribuzione
di aria e i servizi elettrici. L’apertura superiore delle finesre viene
regolata dal sistema computerizzato centrale che controlla la qualità
dell’aria e la temperatura nei locali, lasciando la parte bassa delle
finestere al controllo manuale. 
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Luogo: Dessau, Germania
Anno: 2008
Progettista: S. Hutton
Contesto: isolato extraurbano
Latitudine: 51°50’
Zona climatica: freddo contenuto

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

LAGO D’ARIA INTERRATO PER LA VENTILAZIONE NATURALE

CASO STUDIO

91

Agenzia federale per l’ambiente

La nuova sede dell’Agenzia Federale per l’Ambiente (UBA) è stata
progettata a seguito di un concorso internazionale bandito per la sua
progettazione nel tipico “brownfield” della città di Dessau, cioè una
zona dismessa e con terreni  contaminati, poichè in passato vi si tro-
vavano gli impianti a gas della città. Gran parte dell’area dove è
stato costruito l’edificio è stata lasciata liberamente accessibile alla
collettività. L’UBA Forum si incontra accedendo al nuovo complesso,
spazio di forma semicircolare che porta il parco all’interno dell’edifi-
cio e mette in connessione l’area degli uffici con quella a fruizione
pubblica. Per accedere agli uffici si prosegue all’interno di un atrio
con copertura interamente a vetri e sistemazione a verde che è
situata in posizione centrale rispetto agli uffici dei vari dipartimenti.
L’edificio è compatto ed integrato con un elevato livello di  isolamen-
to termico ed è dotato del più grande scambiatore di calore realizza-
to fino ad oggi. Il sistema consente la canalizzazione meccanica
dell’aria fresca attraverso lo scambiatore di calore quando la tempe-
ratura esterna è troppo alta o troppo bassa. Invece, gli uffici vengono
ventilati naturalmente quando la temperatura esterna è confortevole.
Quando l’edificio è in funzione almeno il 15% del fabbisogno elettri-
co viene fornito da fonti rinnovabili.
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Luogo: Londra, Inghilterra
Anno: 1998-2003
Progettista: N. Foster & Associates
Contesto: alta densità abitativa
Latitudine: 51°30’
Zona climatica: freddo contenuto

Sistemi tecnologici per il controllo e l’ottimizzazione della ventilazione naturale in architettura

CANALI INTERRATI PER LA VENTILAZIONE NATURALE

CASO STUDIO

94

Sede del Great Autority

All’attuale forma dinamica della City Hall si è arrivati attraverso studi
formali ed ambientali. Il progetto originario venne modificato dal
team diretto da Ken Shuttleworth. Al piano terra si troviano: l’anfitea-
tro all’aperto, il caffè pubblico, la sala espositiva ellittica e la rampa
di scale a forma di spirale che conduce i visitatori al cosiddetto
“salotto” di Londra, una terrazza piena di luce utilizzabile per mostre.
Nel lato nord, che non è mai irraggiato direttamente, i vetri sono tra-
sparenti mentre nel lato sud l’edificio è realizzato a gradoni sfalzati
e rientranti in modo crescente verso il basso in tal modo è realizzata
una naturale protezione solare. L’edificio viene aereato naturalmen-
te durante tutto l’anno ed è governato da regolazione manuale. Le
vetrate che compongono la facciata sono dotate di elevata protezio-
ne solare. La stessa facciata è munita di aperture superiori ed infe-
riori ed un supplementare guscio in vetro. Una serie di lamelle poste
nell’intercapedine svolgono la funzione di protezione solare intercet-
tando il carico radiativo fuori dall’involucro. L’aereazione dell’edificio
si realizza attraverso delle griglie dove si immette l’aria pulita preri-
scaldata ed umificata d’inverno e raffreddata d’estate. Per la distri-
buzione dell’aria si usa l’intercapedine nel pavimento collegata agli
uffici mediante alette di ventilazione. 
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