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ABSTRACT

The passive approach to the themes of energy savings is essentially based on the morphologic articulations
of the constructions. The experience of Studio Nicoletti in low encrgy building is exemplified by five
groups of designs based on different typologies. Cool air stored in the heart of buildings. Tall buildings:
energy savings based on minimization of the structural materials and bioclimatic systems. Double skin for
cooling the external envelope of the buildings. Urban climate: climatization of large urban fragments,
protected either by a glass envelope or a bioclimatic pergola. Integration of various methods including
extensive use of natural lighting, like in the design for the New Acropolis Museum in Athens.
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FORM AS A TOOL FOR ENERGY CONTROL

There is no doubt that the passive energy approach is certainly the one that, being supported by the material
shape of the buildings has a direct influence on architectural language and most greatly influences
architectural expressiveness. Terms like "passive cooling” or "passive solar use™ mean that the cooling of a
building or the exploitation of the energy of the sun are achieved not by machines but by the building's
particular morphological organization,

Form is our main tool. To give form to the material things that we produce is an ineluctable necessity. In
architecture form in fact summarizes and gjves concreteness 1o its every value: to economy, to aesthetics, to
functionality, and therefore also to energy efficiency.

Our target is to enrich our expressive message with forms producing an advantage energywise.

Many concrete examples and a whole literature have recently grown up around these subjects and the
wisdom of forms and expedients that belong to millennia-old traditions has been "rediscovered”. Such a
revisiting however is only, or most especially, conceptual, since it must be filtered through today's
technology and needs, both being almost irreconcilable with those of the past.

Among the “historical” concepts two are of especial importance.
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One consists in the effort 1o establish rational and friendly strategic relations with the physical environment.
The other recognizes the interactions between the psyche and physical perception in the creation of the
feeling of "comfort".

The former, which may be defined as an "alliance with the environment”, deals with thc physical
parameters involving a mixture of natural and artificial ingredients such as soil and vegetation, urban fabrics,
pollution. The dominant outside parameter is of course the sun's irradiation, our planet’'s primary energy
source. All these elements can be measured in physical terms and are therefore the subject of science.
Within the second concept we consider our emotional and intellectual encrgies, which are our prime
inexhaustible source of renewable power. In this case "cultural” parameters are involved, which are not
exactly measurable. However, they represent the very essence of the architectural quality.

Objective, scientific measurements paramethers tell us very little about our emotional way of percieving
which is actually influencing the messages of our physical sensorial organs. Our perceptual reality arises
from a multitude of sensorial components — visual, thermal, acoustic, olfactory, kinaesthetics - and also
from the organizational quality of the space in which different parameters come together, like the sense of
“order” or of "serenity”.-But such practical evaluations as that of usefulness can be involved too. The
evaluation is a wholly subjective onc but it can also be shared by a set of experiencing persons. Therefore
these “cultural” parameters are different in different contexts in spite of the incxorable levelling on a planet-
wide scale. But the parameters change not only with the cultural environment, in the anthropological sense,
but also in relation to function. What is suited to a gallery of contemporary art may not be for an
archacological museum, or for a concert hall. The scientific - measurable -- parameters can thus have their
meanings very profoundly altered by the non-measurable but describable cultural parameters.

ENERGY EFFICIENCY AND ARCHITECTURAL EXPRESSION

Our efforts must not stop at the banal technical solution of problems, forgetting the complexity of our
inteflectual and emotional life, or the symbolic and more generally psychological values of which
architecture is the vehicle.

The designs that are presented here summarize some of the experience our team gained in the attempt to
create architectures that are energy-efficient in a very broad sense.

The passive approach to the themes of energy savings is essentially based on the morphologic articulations
of the constructions. The form, in its geometric and material sense, conditions the energy efficiency of a
building in its interaction with the environment. It is then very hard to extract and separate the parameters
and the elements relative to this efficiency from the expressive unit to which they belong. By analyzing
energy issues and strategies by means of the designs, of which they are an integral part, we will more easily
focus the attention on the relationship between these themes, their specific context and their architectural
expressiveness. For ease of reading they have been clustered in five groups, on the basis of affinities of the
means employed for energy purposes.

The low energy target means also to eliminate any excess in the quantities of material and in the
manufacturing process necessary for the construction of our built environment. That claims for a more
sober, elegant, essential expression, which is not jeopardizing at all, but instead enhancing, the richness and
preciousness of architecture, while contributing to a better environment also from an aesthetic viewpoint.

STORING COOL AIR

The use of great shaded spaces in the center or on the periphery of buildings is an “historically” efficient
method. The purpose is to create reservoirs of air cooler than that outdoors, both to set in motion
movements of air in the very heart of the building organisms and to constitute zones acting as filters to the
atmosphere and to the sunlight. Obviously, the strong contrast in thermal and visual perceptions when
passing from the outdoors to the interior is the main psychological effect, of quiet protection and wellbeing,

In the 300m. long Departmental organism of Udine University City the air-cooler space is the central
distribution spine of the building wings defining a series of inner square courts. The three-levelled sequence
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of rooms for teaching administration and research are located at both sides of the inverted pyramid shaped
spine which receives natural light from inclined skylights. They have four different orientations rotated by
about 45° in respect to the cardinal points depending on their location in the organism.

For thermal reasons it should be avoided any direct penctration of sun-bcams, particularly in the hottest
months. For the design of the skylight inclination we simulated “how the sun sces” the opening of the
skylights.

As a result those spaces enjoy a very pleasant temperature and natural homogenecously diffused Light
(Fig.1). This kind of illumination, reflected by the soft lawn-green vinilic floors, gives a fecling of clam and
serenity, coherent with the university intellectural lifestyle. The cooled air reservoir characteristics are to be
found in several buildings 1 have designed: the Pisa Hall of Justice, and in Rome, the University’s
Department of Computer Science and the Social Security Agency’s headquarters.

Fig.1. University City of Udine - general view, section of the
main building, sun-views of the sylight system

DOUBLE SKIN

Another group of designs is based on a double skin typology. This system is screening the interior spaces
from the violence of the sun’s rays with opaque or semi opaque surfaces and air spaces.

The double skin system is the main architectural feature of the Casa Moncada in Bagheria, near Palermo,
and of the awarded competition design entry for the New Bibliotheca Alexandrina in Egypt.

In Bagheria, the rigid volume of a multilcvelled apartment house, is protected by a curvilinear envelope
rhythmically perforated by large openings. Oriented towards the North/South axis the shape of this external
skin acts like a solar instrument. It was inspired by the geometry of the sun path as well as by the shape of
the old Islamic solar observatorics. Between the internal volume and the external wrap, the continuous flow
of loggias thus created, efficiently provides for shadow and ventilation naturally cooling the internal volume
of the apartments (Fig.2).

In Alexandnia, the enclosure of the Reading hall similar to a gigantic masharabijia, has two concentric walls
with two different types of openings. Only the internal ones are protected by glazing. The external walls
open up views into the surroundings, offering protection against direct sunlight. The inner envelope - in
contact with the climatized area - is constantly in the shade and cooled by natural air circulation.
Furthermore, the inverted cone-shaped volume - with its 71° inclination - is completely shaded during the
hottest period of the summer solstice, when the sun is about 82° over the horizon. The 110m. diamether
lens-like air-space covering structure and the underground book storage area for 7 million volumes (for
which darkness and low temperatures are vital) also optimize energy balance using natural methods (Fig,3).
In the Hall of Sport of Palermo, the idea of the dynamic of sports is joined to that of lightness. An efficient
system of protection against the solar radiation was built by superposing on the two end windows sunshade
screens formed by large stainless steel pipes that describe warped surfaces in space. In addition, to create jts
60m. span tensostructure of the roof, a moderate amount of steel was needed, its exceptional properties
under traction being exploited (Fig.4).
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Fig.3. Bibliotheca Alexandrina, Egypt - general view, section
and detail view of reading room, solar scheme of the double
skin of reading room

Fig 4. Sport Palace, Palermo - side views, shadow projected
by the sun-screens on June 21
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THE CRYSTAL PALACE

The great glass shell that protects an entire “citadel” is a theme of great fascination that is developed too in
the designs for the Rome Bank Headquarters on the Ostiense and the Cardiff Opera House complex.
Similar to a large boat emerging from the earth to float on the River Tiber, the new Bank Headquarters
has a triangular plan and a triangular longitudinal section. The building is situated near to a2 monumental
group of redundant gasholders.

Their exceptional profiles erupt into a 15,000m’ glazed interior plaza, giving life to all the bank activities.
The control of the bioclimate of the plaza is determined by the north facing roof. Becausc of its
inclination, the angles of incidence of the sun’s rays on it are low. The modular shading system integrated
into the roof space-frame permits a view of the gasholders without the sun penctrating into it during the
months between the equinoxes and the summer solstice.

The system’s geometry provides a foliage effect, recalling the experience one has under a tree.

The volume envelope is clad in blue-black granite with bluc glass panels, following the rhythm of the two
bands of windows of the offices on cach floor which, with the help of light-shelves, permit a very deep
penetration of natural light into the working spaces. Warmth roman travertine dominates the inferior of the plaza
(Fig.5).

Fig.5. Headquarters of a Bank, Rome - general view, section,
interior view, detail of single element of foliage-sunshades
to the space frame structure of the glass roof, functional
schems of the foliage-sunshades

Aided by the climate, the glass shell typology has a radical solution at Cardiff and one that is much more
measured in Rome. Both designs summarize the conflict between transparency, absolutc visual permeability
and the violence of the sun’s radiation that represents, especially in Mediterrancan countries, one of the
most arduous challenges to the contemporary architecture that relies essentially on passive systems for climate control.
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In Cardiff, the crystalline warped geometry of a huge glass “Wave” envelops the entire “City of music”.
Under the Wave, foyer and terrace restaurants, bar and cxhibition arcas on the rooftops of the auditorium
and the other facilitics form a sequence of weather protected piazzas at different levels.

The glass and anodised aluminium carapace of the “Wave” specialised to resist the aggressive maritime
environment, will decrease the energy consumption and the wear of the City of Music and will allow an
extremely compact and flexible scheme.

This 37.000 cubic metres of this public space is never artificially refreshed or directly heated.

For most of the summer, the Atrium space will be controlled at an optimum level by adjusting the amount
of the ventilation using the openings on the lower edge and on the upper crest of the Wave.

During heatwaves, the microclimate will not get uncomfortable: firstly because the space is so tall, warm air
will rise to top levels. Secondly, part of the enclosures is opaque and the glass is partly obscured with
fritting. At low level the foyer space will be at the same temperature as outside and substantially less than
any normal non air conditioned building.

During the winter in order to achieve a reasonable temperature under the Wave, (average U value
2.7W/sq. m.°C) we exploited the “green house effect” in daytime and the heat loss of the “buildings” of
the City of Music in the night. Consequently, the Atrium space will be maintained at about 18°C in cold
evenings when the outside temperature is -4°C. The whole heating requirement will be the same as it
would be if the Wave were omitted entirely (Fig.6).

PABCHPLES OF S0GA CUMATE CONTROL  SUMMER BAY

Fig.6. Cardiff Bay Opera House - general view, section,
principles of indoor climate control

CONTROLLING URBAN CLIMATE

The idea is to naturally “condition” a fragment of city in order to cool the individual building-elements that
compose it. This energy theme was taken on in the designs submitted to the competitions for the
construction of the New Souks in Beirut, for the new Hall of Justice in Reggio Calabria and in the
Extension of the Prado Museum in Madrid. In the first prize internationally awarded design for Reggio a
similar pergola of steel and aluminium panels covers an open space that determines, together with the
existing buildings, a system of plazas to form the distributional node of the complex, whose buildings are in
contact with a sensibly cooled mass of outside air.

In these cases an “artificial sky” was created, a sort of “pergola” capable of sheltering from the rain and
shielding from the sun’s rays, while not obstructing the view towards the outside. Ascending movements of
air are also activated by the considerable difference in temperature between the shaded areas on the ground
and the structures of the sunshade roof and cold air is also drawn from the underground spaces.

In Beirut this strategy tends to restore spontancity to the shops, which are independent of the “artificial sky”
that protects them. Thus they are not constrained to follow preconstituted buildings schemes but can rather
pursue free and random forms as in the tradition of the ancient bazaars (Fig.7). In the first prize awarded
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design for Reggio a similar pergola of steel and aluminium pancls covers an open space that determines,
together with the existing buildings, a system of plazas to form the distributional node of the complex,
whose buildings are in contact with a sensibly cooled mass of outside air (Fig.8).

In Madrid the “Technological pergola” has as its purpose to unify the multiple articulations of the museum
complex, which is broken up into several buildings, to shade the connecting urban spaces and to protect
special glazed enclosures being adopted for some functions of the complex.

Fig.7. Reconstruction of the Souks of Beirut - view of the Souks
protected by the pergola, functional schemes of the pergola,
urban scheme with the bioclimatic pergola
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Fig.8. Hall of Justice, Reggio Calabrna - the model, view of the
intemal piazza protected by the bioclimatic pergola, functional
schemes of the pergola
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TALL BUILDINGS

The Helicoidal Skyscraper tackles the energy problem by minimizing the quantities of material needed to
build it. An aerodynamic form that opposes least resistance to the wind and a static system based on the use
of steel under traction -- and thus on the use of its strength most congenial to this material ~ form its
rational basis. Inspired by the high structural efficiency of the limb of a mammal (a compressed central
bone - external tensioned muscles) the 600m. high skyscraper morphology consists in three inhabited sails
cambered and mutually wrapped, like those of a ship ready to “loose the wind”, that is, an instant before the
wind no longer has a hold in it. A bad form for sailing, but an excellent one for the static of a building.
Each sail is anchored to one of the three hollow cylinders forming the “bone” of the system by a host of
stay-cables compressing the floors to the core. The floors do not therefore represent a deadload but instead
actively work with the statics of the organism as a whole. The light Weight structural principle is applied in
other two designs for tall buildings. The Tower of Mestre Light Weight structural principle is applied in
other two designs for tall buildings. In the, the structure, drvided into three sections, is resting on a single
cylindrical hollow mastcore housing all the vertical service ducts. Two slim walls cantilever out from this
structure. This composite clement, its floors and the triangular modular steel grid of the fagades, act
together as a lightweight structural unit. The form itself provides both strength and rigidity (Fig.10).The
Tower of Calabria, the headquarters and symbol of the Calabria Region, stands in a vast, empty, rolling
landscape. Its form is generated by a space system based on a triangle producing the indeformable shapes
demanded by the area’s high seismic vulnerability. The triangular base and the triangular top of the building
are rotated by 60° in respect of each other: the first has convex sides the other concave ones. The
connecting surfaces define the concave-convex three-dimensional triangular steel structural grid of the
fagade which works together as a unit with the r.c. central nucleus and the floors of the building (Fig.11).
The complexity of bioclimatic control in high-rise structures mainly derives from the action of the wind and
the difference in pressure and temperature between the top and the bottom of the building which generate
convective flow of air. Direct exchange of air between the inside and the outside spaces is to be excluded
due to the different pressure of air on the two opposite sides of the volume. In the Tower of Calabria, the
first two lots of ten floors are characterised by inner courts with sealed glass walls. Cold air is conveyed
from the basement floors and from the shafis of the central nucleus of the building and expelled through the
radial empty elements of the “star” shaped system of the internal structure. Infra-red radiation is controlled
by special heat reducing glass panels and by orientable inner “micro-louvers”. Natural light is projected
towards the office areas more distant from the windows by a system of “light shelves” in which artificial

lighting is also incorporated.
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Fig.9. Helicoidal Skynenper - elevation, structural Fig.10. Tower of Mestre - rendering and plan
scheme, aerodynamic experiments, plan
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Fig.11. Tower of Celabria, Catanzaro - bioclimatic scheme,
plan of 2nd, 14th, 32nd levels, geometric schemes, model

THE ACROPOLIS MUSEUM

In this design one of the crucial issues was the study of the natural lighting system, and particularly its most
important symbolic element: the “Eye” looking at the Acropolis. In this museum, built at the foot of the
“holy rock”, the direct penctration of sun rays was drastically excluded for their damaging effect on the
marbles of the precious ancient sculptures. Through the eye the view of the Acropolis enter within the
archaeologic exhibitions, giving to them a sense of concreteness and becoming an integral part of
muscographic system. Due to its complexity, several different passive method were applied in this museum.

The heart-core of the design is the “Parthenon Space” a void reproducing the dimensions of the temple and
also its orientation according to the cardinal points. In this space the metopes, freizes and pediments are
exhibited in the exact position they had on the temple site, thus preserving their original architectural
meaning. The building skin reacts to the environment to ensure the best intemnal conditions for the artworks and
the expected two million visitors per year between May and September. Facing North, the glazed surface of the
Eye avoids direct solar radiation but will be skimmed by them for brief moments every year. The external
envelope of the 40% hypogeous structure is naturally cooled by an epidermic ventilation system activated
by double walls and the cladding. Natural light can penectrate only through a very limited typology of
perforations besides the Eyc: roof slits, lightwells and the lateral glazed areas of the Parthenon Space,
protected by very large light-shelves. An extensive controlled use of daylighting will improve the quality of
perception while saving energy. In collaboration with the Fraunhofer Institute fur Solare Energiesystem our
team developed the simulation models to measure the different temperatures and lighting levels determined
by the sun radiations in the various exhibition areas of the museum, in different hours, seasons and sky
conditions. This last data were provided by the University of Athens. The study was financed by the
European Community (Fig.12).
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