
















1 INTRODUCTION 

The European Smart Cities and Communities ini-

tiative, proposed under the SET-Plan (Strategic En-

ergy Technology Plan), is affecting a very broad 

context, not only in terms of the parameters used for 

the definition of the Smart City, but also refer to the 

type of urban realities involved (Komninos 2008). 

Social awareness of the environmental problem and 

necessity to preserve the balance of the biological 

system in which we live, lead to design solutions, 

technologies and use of materials which are 

sometimes different from “traditional” ones. The 
aim is to adopt models of production and less impact 

on consumption of exhaustible resources of the 

planet. In the complexity of the construction process 

is therefore required a balanced way that manages 

together innovative technologies and traditional 

knowledge in a reasonable architecture, capable of 

adapting different solutions depending on the needs 

to be met, the environmental context and the 

regulations to be observed. The buildings have a 

profound impact on the ecosystem, economy, health 

and productivity. The knowledge of this impact in 

the fields of building science, technology and 

operation, management and maintenance are 

available to designers, builders, contractors, 

operators, and owners who want to build green 

buildings and maximize both economic and 

environmental aspect. The solutions of sedimented 

architecture over the centuries, are characterized by a 

close relationship with the natural elements of the 

site and the daily and seasonal weather changes. The 

fact that these have persisted over time shows 

basically the correctness of their principles. 

Architectures then conditioned by the specific 

climate of the places in which they were built and 

characterized by a careful use of resources and 

technologies that enhance the principle of maximum 

efficiency with minimum expenditure of energy. The 

traditional architecture, in fact, was the result of all 

the knowledge and processes that were competing to 

increase man’s ability to adapt to the environment 

and to evolve in it. 

2 A SMART TECHNOLOGY FOR PASSIVE 
HOUSE MODEL 

When we talk about super-technological cities we 

can consider urban planning that even before the 

presentation of European Smart Cities model, were 

built in order to reduce CO2 emissions and improve 

the energy performance of buildings through the im-

plementation of innovative technologies (ICT - In-

formation and Communications Technologies), like, 

for example, the city of Abu Dhabi, capital of United 

Arab Emirates. When talking about the model of 

Smart City we follow the tendency to idealize a 

composition of factors whose feasibility is closely 

linked to the rapid progress of the strategies that 

have new goals in the field of climate and energy 

(Gibson, D.V. et al. 1992). Above all, the attempt is 

to involve citizens and also a natural propensity to-

wards improving the quality of life and local econo-

mies. It deals with investments in favor both of the 

efficient use of energy and of the reduction of CO2 

emissions (considering 1990 as the base year) by 
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2020, necessary to support cities and regions with 

ambitious and pioneering measures. Another objec-

tive is to achieve a 40% reduction of greenhouse gas 

emissions through a sustainable use of available re-

sources and systems approaches related to new 

measures on buildings, on networks of local energy 

and transport. The initiative allows to structure na-

tional and international proposals for programming 

and planning Grid Solar Energy Grid and Smart 

Buildings and Green Cars. Therefore the objectives 

of this European initiative concern the implementa-

tion of best practices related to sustainable energy 

especially in relation to the redevelopment of exist-

ing heritage. To move in this direction it is necessary 

to integrate the most appropriate technologies and 

policy measures best suited through the considera-

tion of important structural intervention, in the field 

of existing buildings. All this is necessary to reach 

certain parameters on the isolation of external and 

internal horizontal structures and on the casing of the 

building, in order to avoid heat losses. In this way it 

will aim at identifying ambitious measures guide for 

the construction Smart of buildings, above all re-

thinking the existing buildings (Chesbrough 2003). 

Specifically, we can define Smart Buildings, zero 

energy buildings, or zero emissions ones, taking into 

account the requirements on the energy performance 

(EPBD, Energy Performance of Buildings) through 

the use of innovative materials (nanomaterials, solid 

insulating, vacuum insulating, cold roofs, etc.), 

which have to respond to lower levels of energy con-

sumption. The technologies of Smart Building im-

plement an automation system for buildings which 

allows you to manage in real-time safety, energy 

conservation, control of the whole structure and in-

tegration with innovative monitoring systems. The 

logical structure of a Smart Building therefore lo-

cates the following levels: the first one is physical 

and includes all the sensors/actuators (humidity, 

temperature, fire, intruder, etc.) and systems 

(HVAC, elevators, etc.) that innervate the structure 

of the building (Tselentis et al. 2010). The second 

level is characterized by the so-called Building Man-

agement Systems (Fig. 1) that have the purpose of 

supervising the systems and implement some auto-

mation. The third one is constituted by a system able 

to collect events from all systems and to correlate 

with each other (Building Control Room). The Smart 

Building also includes the typology of Green Build-

ing, because it uses materials with a low environ-

mental impact and systems for the efficient man-

agement of heat. It is an active building, which 

produces and distributes energy through the imple-

mentation of Renewable Energy Sources (RES), of 

ICT technologies and of materials that contribute to 

energy savings for the improvement of living com-

fort and safety (Komninos 2002). Smart Building 

can be considered as communication systems and 

data sources in a more integrated urban eco-system; 

for this reason the design approach to the entire 

building process has become a methodology of inte-

grated design (Whole Building Design), founded on 

the principles of synergy and interconnection. But to 

go from design of sustainable energy building to 

Smart Buildings it must innovate the individual 

phases of the building process starting from the ho-

listic point of view (costs, flexibility, energy effi-

ciency and overall environmental impact, etc.) of 

building which will have be able to better respond to 

the demands of productivity, creativity, quality of 

life of the occupants, that is, the Whole Building De-

sign. One of the Italian emblematic examples of 

Smart Building was presented by the prototype 

biosPHera, example of passivhaus model, designed 

and built by ZEPHIR (Zero Energy and Passive 

House Institute for Research), with the aim of show-

ing how a passive building born and lives with an 

almost energy zero. The building consists of two 

blocks whose walls screens provide information 

about the inner well-being: temperature, humidity, 

percentage of CO2, air-conditioned environment and 

surface temperature of the building envelop. It was 

necessary the three-dimensional modeling of the 

house, with the study of the optimal orientation and 

shading optimized in three different climates: north-

ern, central and southern Italy. The use of free solar 

energy, derived from the environment, together with 

an energy performance envelope and from an effi-

cient plant system, have allowed to develop a near-

zero energy building component. In addition, the 

proper arrangement of the openings ensures the 

house a free energy intake, which is maintained and 

exploited thanks to an efficient heat casing, equipped 

with opaque components and limited thermal trans-

mittance. The energy obtained by free solar heat is 

distributed through a system of mechanical ventila-

tion with heat recovery, high efficiency, which min-

imizes dispersion and waste; the limited portion of 

thermal power, still needed to achieve an adequate 

indoor comfort during the coldest days of the year, is 

ensured by electric radiant plates positioned inside 

the walls and connected to the PV system placed on 

the roof. The building is also equipped with an inno-

vative plant called “aggregate compact” which in-

corporates, in a single machine, the production of 

heating air, cooling air, controlled mechanical venti-

lation, heat recovery, production of domestic hot wa-

ter, having a high overall efficiency. Wood was the 



natural element used in the construction of building 

both limited environmental impacts, due to the pro-

duction, transport and disposal, and its capacities 

hygrometer and of healthy indoor air: the structure of 

the house is made entirely of wood panels; design at-

tention has been devoted to the study of the casing, 

optimizing the quality of thermal insulation of each 

component and assessing regularly the absence of 

thermal bridges at the overlaps of different compo-

nents, using innovative materials (airgel panels, 

nano-technological superinsulating, from the aero-

space industry; insulating expanded panels extruded 

with high insulating power; rock wool panels phono-

thermal-insulation at low content of aldehydes; fi-

ber-plaster biocompatible slabs with thermal-phono-

insulation function and high absorption capacity of 

volatile pollutants). The design attention is then fo-

cused around windows, active element in the energy 

needs of the building; starting from the choice of the 

transparent element, a triple-glazed low emissivity is 

able to give at the same time a high thermal insula-

tion and a suitable sun transmission in the winter; 

were studied and simulated, at dynamic level, the 

conformations of three types of frames: wood, wood 

and aluminum, aluminum. For the opaque elements 

of the housing, both vertical and horizontal, were 

composed stratigraphy consist of numerous ele-

ments, able to meet the requirements of thermal in-

sulation, hygrometric migration of steam and air 

tightness. We have to questioning if already existed 

a precursor of the Smart Building. How you can ap-

proach the concept of contemporary intelligent 

building to traditional construction technologies? To 

associate the idea of Smart Building to a building be-

longing to a particular historical period and of which 

we can recognize a certain standard of energy per-

formance, it means being able to read in the tradition 

of that building a smart technology to integrate with 

the contemporary innovation (Ishida 2000). It is very 

interesting to watch the bioclimatic aspects of tradi-

tional architecture, the immense heritage of 

knowledge that has led to ingenious design solutions 

from the functional point of view and often very sig-

nificant in terms of aesthetic and symbolic. This her-

itage, made by culture and history of building, of 

symbiosis between local climate, physical environ-

ment and local building materials, is accorded to a 

regionalism that varies from place to place. Types, 

shapes and construction techniques, components and 

used materials, show formal solutions of an architec-

ture that has developed without architects, as result 

of human intelligence and of the deep knowledge of 

environmental factors. The nature of the soil, expo-

sure to sun and wind, the presence of vegetation, the 

moisture content are some of the factors that have in-

fluenced the settlements in every time and place. A 

study conducted on traditional building of popular 

architecture caved in the rock, leads to the identifica-

tion of some of the most interesting examples for the 

analysis of methods of environmental control over 

bioclimatic architecture of the past. The most explic-

it examples can be seen in areas where climatic fac-

tors take on extreme values, because the first need is 

the protection. In Mesa Verde (Colorado), several 

hundred houses are carved into the rock faces south 

and use ingeniously the physical and environmental 

resources for the air conditioning (Fig. 2). Mesa 

Verde is located within a large cave with south ex-

posure, away from direct high sunlight of the sum-

mer and enjoys ventilation of summer breezes com-

ing from the valley. At the same time it is well 

exposed to the south to collect the lowest winter 

rays, so that the heat of solar radiation can be accu-

mulated from the rocky bottom of the cavern. The 

heat is stored by the rock of the cave, that has a great 

thermal inertia, and by land bricks of the buildings in 

adobi, that is made of earth and sun-baked. The ac-

cumulated heat is transferred gradually during the 

night, to create a microclimate constantly comforta-

ble. In southern Tunisia in the middle of the desert, 

at 7-12 meters deep, living for two thousand years 

Matmata, Berber troglodyte diggers whose agglom-

erations are a model in the field of bioclimatic archi-

tecture. Following only the intuition, the ancient 

builders realized with a small number of techniques 

and materials available, comfortable and functional 

works based on the exploitation of microclimate and 

local resources, for thermal comfort and shelter from 

the external agents. And with a wide range of solu-

tions, because each site has its own characteristics, 

even at short distances. In Islamic countries you pro-

tect yourself against heat and temperature range 

night-day forming communities by continuous com-

plex tissue, such as the casbah, urban systems char-

acterized by buildings huddled together, deep porch-

es and walls thick, sometimes culminating in the so-

called wind-towers. The buildings are adjacent so as 

to minimize the surfaces exposed to the south and 

the thermal exchanges with the outside air exces-

sively hot. The typical form of Islamic casbah is 

closed, with a few outdoor narrow spaces and shaded 

street. In coastal regions the road tissue is often ori-

ented in order to facilitate the channeling of cool and 

moist breezes from the sea and to avoid dry-warm 

winds from the desert surroundings. In Iran and Pa-

kistan there are, since sec. X, baud-geers (wind 

catcher), kind of towers or chimneys, which collect 

the air flow at a height and through the vacuum cre-



ated by a careful study of the prevailing winds, the 

channels through the house. The implementation of 

these ducts and hoods is well known in traditional 

architecture of the Middle East: it is possible to ob-

tain an internal temperature cooler than ten degrees 

outside. The architecture of the past decades totally 

ignores the natural techniques of environmental con-

trol related to the structure; the new energy technol-

ogies are introduced with difficulty, and we tend to 

think of them as additional elements that apply to the 

building without formal integration or conceal as 

much as possible. In many regions are hidden tech-

nological and traditional aspects and territorial mor-

phologies that would allow a natural construction of 

urban settlements under bioclimatic principles: un-

derground, houses carved into the rock, ducts, pipes, 

etc. To interpret bioclimatic architecture of the past 

through the Smart key, means to deep the function-

ing, the performance and technology of a building 

system, so that brings new benefits to existing build-

ings and provide the best solution to save energy. 

The reality of urban settlements of the Islamic tradi-

tion, for example, shows examples of spaces con-

structed according to the principles of passive. The 

design of Masdar City (Fig. 3) represents the first 

city in the world to be designed and conceived as 

Carbon Neutral (zero emissions and completely eco-

logical) will be built in the desert about 20 kilome-

ters from Abu Dhabi. The proposed project focusing 

fields such as thermal insulation of buildings, light-

ing, low energy consumption, the percentage of glass 

surface, the optimization of natural light, the instal-

lation of smart appliances, smart meters and intelli-

gent systems for the management of buildings, 

through an integrated distribution grid throughout 

the city and an energy management system that in-

teracts with the electrical load on the grid base or 

Smart Grid. The energy required it will be produced 

by a solar power station, as well as photovoltaic, 

wind, geothermal and hydrogen; the water produced 

by a desalination plant powered by the sun and 99% 

of waste will be reused, recycled, end up in compost-

ing and energy plants. In Masdar City, the form of 

the city is dictated by climatic criteria clearly de-

fined: the heating of the walls of the buildings are 

negated by the very close distances between the fa-

cades, the spaces between buildings favored the ven-

tilation of the roads, which also contributes the wind 

tower, at the center of the square. It is a conical 

structure which exploits the air currents above the 

buildings, to ventilate urban environments. The 

walls of residential buildings are covered with cor-

rugated panels similar to clay with the function of 

solar shading (brise-soleil) and elements which facil-

itate ventilation. Were adopted design criteria of the 

typical houses Yemen, with large thickness and pe-

rimeter natural ventilation chimneys. It was possible 

to develop and apply a wide range of environmental-

ly friendly materials, such as low carbon concrete; 

recycled aluminum; timber. 

 
3 CONCLUSIONS 
It was recognized that the greatest environmental 
benefits come from some of the tools more passive 
and less expensive: the city (and buildings), the ori-
entation (with regard to the sun and the prevailing 
winds) and its shape. Respecting tradition means to 
observe the local culture, transpose messages, check 
the local availability of materials, find a form of 
functional and aesthetic integration into the land-
scape and in the existing buildings that do not break 
the harmony. The Smart Building today proposed 
must take into account the new reading of bioclimat-
ic architecture of the past (Fig. 4); only in this way 
you can adapt your project to the reality of the place, 
trying to learn from existing local, from constructive, 
typological and climatic changes, and the use of the 
materials available on site. The rules of traditional 
construction are discovered and cleverly adapted to 
current needs, supplemented by the current oppor-
tunity to express the best results in the balance be-
tween tradition and innovation. 

 
Figure 1. Example of home automation associated with the 
concept of Smart Building. (by Starlight Vattano) 

 

 
Figure 2. Group of houses carved in the rock of Mesa Verde in 
Colorado. 








