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Introduction
Solar energy technologies have been used since ever and the sun is 

our most important economic energy resource. As a design concern, 
it is time to revive the ancient idea that sunlight and architecture can 
be combined to provide human comfort as well as protection from 
an increasing hostile ambient environment. Passive solar tempered 
domestic or other environments can be autonomous and independent 
from fossil fuel energy grid [1].

As referred by Smith [2], solar radiation is the main source of 
renewable energy. It o�ers a direct source of energy that regulates Earth 
climate and gives us the opportunity to obtain energy from the wind, 
waves, tides and biological sources. Since climate features depend on 
the sun, it is therefore logic to de�ne “solar design” as the techniques 
adopted in buildings to avail those actions.

Novel and more e�ective ways to combine ancestral traditions 
and state of the art technology are being explored for the design of 
architectural and engineering systems that integrate passive and active 
solar features. �e design intent is to satisfy aesthetic needs considering 
both technological and ecological issues. Orr [3] de�ned ecological 
design as the art that reconnected humans with the world where they 
have evolved for millions of years, and considered that to achieve 
such connection there is a need to rediscover the forgotten ancient 
knowledge [4].

In Mediterranean architecture, ancestors applied simple and smart 
strategies to build homes, public places and even entire cities having 
as reference the sun [5]. Sun and wind have inspired many aspects 
of architectural development in the Mediterranean area, from spatial 
distribution to selection of materials to cover illumination, heating 
and cooling necessities [2]. In fact, these have been explored in such 
ways that light, heating and ventilation needs were ful�lled [6]. Other 
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Abstract
Within this paper we describe the design and development of technological innovative modules to be applied 

in architecture cladding. They combine passive solar features like solar protection, solar thermal energy storage, 
ventilated and Trombe wall effects with active solar thermal collectors and photovoltaic systems. The proposed 
solar protection features can also include a biological element, proving support for vertical gardens and shelter 
for small birds. This novel modular system comprises several multifunctional technical parts. A prototype of the 
thermodynamic module was constructed with selected cork, ceramic, glass and copper materials.

commercial thermodynamic systems.

examples can be described. For example, Socrates described that 
Greek houses lost heat as fast as it was collected, due to convective and 
radiation losses through wall openings. Later Romans discovered that 
if the south-facing portico and windows of buildings were covered with 
sheets of mica of glass supported on wooden frames, the solar energy 
passing into the building would be trapped inside causing the internal 
temperature to stay more of less constant into the night [1].

�e geometry of space has also been experimentally explored to 
take advantages of solar incident rays. Rectangularity of buildings and 
cities led to the understanding of how the sun’s energy can be utilized 
to create human comfort in the varying ambient environment and how 
heat and cold can be manipulated by architecture [1].

Architectural solutions that explore sunlight, sun heating and wind 
are more than the sum of ecological engineering, passive systems and 
technologies. Sun and wind in this concept are also exploring renewable 
resources, promoting social, cultural and aesthetic values in straight 
relation with the surrounding environment [7]. �e research of more 
sustainable architecture is an urgent need and is being studied by new 
generation of architects and designers. �e objective of solar design/
architecture is to �nd solutions that are energy e�cient, sustainable 
and aesthetically integrated, respecting also local heritage. �e belief 
that the road to a sustainable future necessarily encompasses the sun is 
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wide spread [3] and has led to the development of a number of hybrid 
systems, integrating passive and active elements.

Arabian culture references in contemporary architecture can be 
seen mostly in Mediterranean countries (for example North of Africa 
and South of Portugal and Spain). �e Institute du Monde Arabe in 
Paris, designed by Jean Nouvel in the 80s, is an example of many that 
makes use of several geometric forms that are frequent in the Arabian 
culture, reinterpreting them into contemporary shapes (Figure 1). �e 
author created mobile diaphragms, similar to those in a camera that 
induce shadow and light e�ects, originating a magical atmosphere. �is 
building is strongly rooted in traditional Arabian architecture.

Interactive facades are determinant elements in solar architecture 
[8] that draw the outside shape of the building, connecting structure 
and installation with the outside environment.

Solar architecture is not limited to isolated interventions such as 
solar thermal collectors on the roof; the conceptual basis must embrace 
local natural resources such as solar, wind and geothermal energy 
sources. Local climate, building location and orientation, building 
volume, interior design and selected materials must also be considered.

It is not possible to speak or write about architecture without 
referring materials. �ere is a diversity of materials that have been 
and are being used in all types of architectural projects. Ceramics 
are natural architectural materials and have enormous potential as 
creative construction materials for sustainable architecture within 
a novel scenario were we need to have in mind the environment of 
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Research Contextualization
Ecological design is the art that connects us as sensitive humans 

that evolved through millions of years in a marvelous world. It is not 
necessary to rebuild this world, but reveal it. We do not need to do 
more research, only rediscover old and forgotten things [3].

In the 90´s, sustainability was a question for specialists, but it has 
converted into a generalized primordial conscious. Climatic changes 
and scarcity of resources has become a central theme of discussion. 
�e occidental societies must reduce in 50% carbon emissions. �e 
construction sector contributes with 40% of carbon emissions and 
consumes 50% of the planet energy and presents enormous challenges 
to architects and designers. As referred by Hutton [4], the question is 
to know how they can contribute and in�uence the way of thinking the 
project.

It is worth considering two choices: reduce passive energy 
consumption through the intelligent project and the active application 
of energetic development technologies or energy generation. �e 
new paradigm has to assess our conception of buildings beyond the 
comprehension of these technologies [4].

�e new generation of more ecological architects and designers 
has been developing new and more e�ective ways to integrate passive 
design and active systems in projects that include traditional ancient 
bio climate features with advanced technologies. Aiming to respond 
to sun forces (together with dynamics of wind, climate, places, season 
cycles and day and night rhythms), those projects treat ecological issues 
and satisfy also our aesthetic aspirations. �e greatest sensation of 
urgency has provoked a new innovative spirit and design explorations 
and experimentation, as well as a bigger compromise to reinforce the 
necessary e�orts for more suitable ecological responses. However, the 
problem has been approached in a perspective to explore new materials, 
new structures and new technologies and never in a perspective 
for recovering cultural heritage which was one of the fundamental 
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ventilation panels of wall, door and window, railings, gate panel and 
stringers. �e motifs were �ora, geometry, Arabic calligraphy and 
cosmic features depicted in two and three dimensional compositions 
either in relief or non-relief forms. Consistency in patterns of motif, 
particularly �ora motifs, results to an establishment of identity to the 
vernacular architecture of north-eastern region of Peninsular Malaysia 
[20].

As previously said, the geometric drawing of the technological 
energy system developed was based on a detailed analysis of the 
Mediterranean most in�uential geometry patterns. �e hexagon was the 
geometry selected and it is considered by El-Said as the most important 
geometric shape of Islamic art [21]. �e hexagon, likewise the square 
and the triangle, is able to completely �ll in the plane without the need 
of any other shape. Considering the hexagon geometry as the basis for 
the technological development of the modular alveolus part, we started 
making and exploring bi-dimensional and three-dimensional sketches, 
manual rendering images and technical and non-technical drawings. 
�e module was called as "alfardon". Within the project, we were not 
concerned with the necessity of creating a new geometry, but mainly 
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�e innovative technological parts are based on a hexagonal-based 
shape with distinct energy and aesthetic functions [19]. �e ventilated 
function (chimney e�ect) is performed with a totally closed ceramic 
module [9]. Vents can be placed on the thermodynamic module at 
the top of the sunspace where the temperature is higher and at the 
bottom where temperatures are lower to induce the chimney e�ect. 
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�e device designed to work as an active thermal element for 
heating domestic water was manufactured. A hexagonal geometry 
prototype with an approximate area of 0.5 m2 [19] was built (Figure 
16) and experimentally tested in vertical standing during one month.

For the simulations of the theoretical model we used TSOL 
Expert 4.5 commercial so�ware. �e alveolar module used within 
the simulations has an explosion area of 1 square meter in an upright 
position (90 degrees with the horizontal plane) and the absorbing 

surface oriented in south direction (azimuth 180 degrees). �e period 
of simulated time was between 15th April 2011 and 15th May, 2011.

�e following parameters of thermal performance were considered:

•	 E�ective thermal capacity-2.98 kJ/(m2 K) 

•	 Linear loss coe�cient-4.052 W/(m2 K) 

Figure 10: Thermal passive glass module to perform Trombe and chimney 
functions.
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Figure 11: Organization of the materials for different energy functions.

Figure 12: Simulation of a thermo-active surface built of copper and ceramic 
plus glass modules.

Figure 13: Simulation of a thermo-active surface built of black ceramic with.

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: External view of a facade composed with ceramic and solar thermal 
modular and illumination parts.

Figure 15: Internal view of a facade composed with modular parts for inside 
illumination.

http://dx.doi.org/10.4172/2168-9717.1000132


Citation: 

http://dx.doi.org/10.4172/2168-9717.1000132
http://www.dennisrhollowayarchitect.com/SimpleDesignMethodology.html
http://www.amazon.com/Architecture-Climate-Change-Peter-Smith/dp/0750665440
http://www.naturalthinker.net/trl/texts/Orr,David/Oxford University Press - The Nature of Design - Ecology, Culture and Human Intention %282002%29.pdf
http://www.naturalthinker.net/trl/texts/Orr,David/Oxford University Press - The Nature of Design - Ecology, Culture and Human Intention %282002%29.pdf
http://books.google.co.in/books?id=tzOHZwEACAAJ&dq=sauerbruch+h+utton+c+olour+in+a+rchitecture&hl=en&sa=X&ei=wrgzVM2KIoyIuASoi4Eg&ved=0CB0Q6AEwAA
http://www.laurenceking.com/us/towards-zero-energy-architecture-new-solar-design/
http://www.laurenceking.com/us/towards-zero-energy-architecture-new-solar-design/
http://lib.ugent.be/en/catalog/rug01:000810466?i=3&q=%22Christian+Schittich%22&search_field=author
http://www.worldcat.org/title/facades-fachadas/oclc/723416361?referer=di&ht=edition
http://cat-on.net/books/christian_schittich-detail_solar_architecture_-_from_passive_utilization_to_smart_solar_architecture_3
http://cat-on.net/books/christian_schittich-detail_solar_architecture_-_from_passive_utilization_to_smart_solar_architecture_3
http://www.worldcat.org/title/moldear-ensamblar-proyectar-la-ceramica-en-arquitectura/oclc/433893232
http://www.worldcat.org/title/moldear-ensamblar-proyectar-la-ceramica-en-arquitectura/oclc/433893232
http://www.tandfonline.com/doi/abs/10.1080/0954482031000091068?journalCode=cjen20#.VDOuqeLdXIU
http://www.tandfonline.com/doi/abs/10.1080/0954482031000091068?journalCode=cjen20#.VDOuqeLdXIU
http://www.mi.sanu.ac.rs/vismath/jablan/d3.htm
http://redeazulejo.fl.ul.pt/pesquisa-az/ficha.aspx?t=m&id=4
http://www.idemployee.id.tue.nl/g.w.m.rauterberg/conferences/CD_doNot������ý/ADC/final_paper/124.pdf
http://books.google.co.in/books/about/Design_in_architecture.html?id=DAlQAAAAMAAJ&redir_esc=y
http://link.springer.com/chapter/10.1007%2F978-0-85729-224-7_29#page-1
http://link.springer.com/chapter/10.1007%2F978-0-85729-224-7_29#page-1
http://www.designsociety.org/publication/32466/the_design_of_narrative_jewelry_as_a_perception_in_action_process
http://www.designsociety.org/publication/32466/the_design_of_narrative_jewelry_as_a_perception_in_action_process
http://www.designsociety.org/publication/32466/the_design_of_narrative_jewelry_as_a_perception_in_action_process
http://books.google.co.in/books?id=utpNAAAACAAJ&dq=Dise%C3%B1os+Isl%C3%A2micos,+Editiones+G.+Gili&hl=en&sa=X&ei=CM4zVMvDDYyXuATvkYG4BQ&ved=0CBsQ6AEwAA
http://www.acr-edition.com/?ARABESQUES-Art-decoratif-au-Maroc&lang=fr
http://sigarra.up.pt/feup/en/noticias_geral.ver_noticia?P_NR=13277


Citation: Raquel SO, Coelho R, Marques AT, Torres C, Simoes JA  (2014) Design of Active and Passive Solar Elements for Sustainable Contemporary 
Architecture. J Archit Eng Tech 3: 132. doi:10.4172/2168-9717.1000132

Page 9 of 9

Volume 3 • Issue 4 • 1000132
J Archit Eng Tech
ISSN: 2168-9717   JAET, an open access journal 

identidade cultural como referente para uma actividade projectual sustentada, 
Phd Thesis, Faculty of Engineering of the University of Porto, Porto.

20.	Said I (2010) Carving motifs in timber houses of Kelantan and Terengganu: 
sustaining Malay architecture identity. In: Conference on Technology and 
Sustainability in the Built Environment, King Saud University, Saudi Arabia.

21.	El-Said I, Parman E (1976) Geometric Concepts in Islamic Art, London.

22.	Gan G, Riffat RB (1998) A numerical study of solar chimney for natural 
ventilation of buildings with heat recovery.  Applied Thermal Engineering, 18: 
1171-1187.

23.	Chan HY, Riffat SB, Zhu J (2010) Review of passive solar heating and cooling 
technologies. Renewable and Sustainable Energy Reviews 14: 781-789.

24.	Liu YW, Feng W (2012) Integrating passive cooling and solar techniques into 
the existing building in South China. Advanced Materials Research, 368-373.

25.	Asnaghi A, Ladjevardi SM (2012) Solar chimney power plant performance in 
Iran. Renewable and Sustainable Energy Reviews 16: 3383-3390.

26.	Fiaschi D, Bertolli A (2012) Design and energy analysis of solar roofs: a viable 
solution with esthetic appeal to collect solar heat. Renewable Energy 46: 56-61.

27.	Koyunbaba BK, Yilmaz Z (2012) The comparison of Trombe wall systems with 
single glass, double glass and PV panels. Renewable Energy 45: 111-118.

28.	Quesada G, Rousse D, Dutil Y, Badache M, Halle S (2012) A comprehensive 
review of solar facades. Opaque solar facades. Renewable and Sustainable 
Energy Reviews 16: 2820-2832.

29.	Albanese MV, Robinson BS, Brehob EG, Sharp MK (2012) Simulated and 
experimental performance of a heat pipe assisted solar wall. Solar Energy 86: 
1552-1562.

30.	=DPRUD�%��.DLVHU�$6��������,QÀXHQFH�RI�WKH�YDULDEOH�WKHUPRSK\VLFDO�SURSHUWLHV�
RQ�WKH�WXUEXOHQW�EXR\DQF\�GULYHQ�DLUÀRZ�LQVLGH�RSHQ�VTXDUH�FDYLWLHV��+HDW�DQG�

http://dx.doi.org/10.4172/2168-9717.1000132
http://sigarra.up.pt/feup/en/noticias_geral.ver_noticia?P_NR=13277
http://sigarra.up.pt/feup/en/noticias_geral.ver_noticia?P_NR=13277
http://www.epublication.fab.utm.my/122/
http://www.epublication.fab.utm.my/122/
http://www.epublication.fab.utm.my/122/
http://books.google.co.in/books/about/Geometric_concepts_in_Islamic_art.html?id=V0A9AAAAMAAJ
http://www.sciencedirect.com/science/article/pii/S1359431197001178
http://www.sciencedirect.com/science/article/pii/S1359431197001178
http://www.sciencedirect.com/science/article/pii/S1359431197001178
http://www.sciencedirect.com/science/article/pii/S1364032109002615
http://www.sciencedirect.com/science/article/pii/S1364032109002615
http://www.scientific.net/AMR.368-373.3717
http://www.scientific.net/AMR.368-373.3717
http://www.sciencedirect.com/science/article/pii/S1364032112001104
http://www.sciencedirect.com/science/article/pii/S1364032112001104
http://www.sciencedirect.com/science/article/pii/S0960148112002005
http://www.sciencedirect.com/science/article/pii/S0960148112002005
http://www.sciencedirect.com/science/article/pii/S0960148112001656
http://www.sciencedirect.com/science/article/pii/S0960148112001656
http://www.sciencedirect.com/science/article/pii/S1364032112000901
http://www.sciencedirect.com/science/article/pii/S1364032112000901
http://www.sciencedirect.com/science/article/pii/S1364032112000901
http://www.sciencedirect.com/science/article/pii/S0038092X12000813
http://www.sciencedirect.com/science/article/pii/S0038092X12000813
http://www.sciencedirect.com/science/article/pii/S0038092X12000813
http://link.springer.com/article/10.1007%2Fs00231-011-0838-0#page-1
http://link.springer.com/article/10.1007%2Fs00231-011-0838-0#page-1
http://link.springer.com/article/10.1007%2Fs00231-011-0838-0#page-1
http://books.google.co.in/books?id=4tyI9YP_YtgC&pg=PR4&lpg=PR4&dq=%29+New+technologies+for+energy+efficiency+New+York.+The+Fairmont+Press.&source=bl&ots=wjtNY0SpWP&sig=RC-_3DtqbwExVU96X8U-OQL9AsY&hl=en&sa=X&ei=FrMzVJvkFtiXuASYioHIAQ&ved=0CCgQ6AEwAw#v=onepage&q=%29 New technologies for energy efficiency New York. The Fairmont Press.&f=false
http://books.google.co.in/books?id=4tyI9YP_YtgC&pg=PR4&lpg=PR4&dq=%29+New+technologies+for+energy+efficiency+New+York.+The+Fairmont+Press.&source=bl&ots=wjtNY0SpWP&sig=RC-_3DtqbwExVU96X8U-OQL9AsY&hl=en&sa=X&ei=FrMzVJvkFtiXuASYioHIAQ&ved=0CCgQ6AEwAw#v=onepage&q=%29 New technologies for energy efficiency New York. The Fairmont Press.&f=false
http://www.sciencedirect.com/science/article/pii/S0360544211006761
http://www.sciencedirect.com/science/article/pii/S0360544211006761
http://isiarticles.com/bundles/Article/pre/pdf/26009.pdf
http://isiarticles.com/bundles/Article/pre/pdf/26009.pdf
http://www.sciencedirect.com/science/article/pii/S136403211200425X
http://www.sciencedirect.com/science/article/pii/S136403211200425X
http://www.sciencedirect.com/science/article/pii/S136403211200425X
http://www.itiomar.it/pubblica/dispense/MECHANICAL ENGINEERING HANDBOOK/Ch04.pdf
http://www.itiomar.it/pubblica/dispense/MECHANICAL ENGINEERING HANDBOOK/Ch04.pdf
http://dx.doi.org/10.4172/2168-9717.1000132

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Research Contextualization 
	References and Creative Process 
	Materials and Technological Functions 
	Design Concept-The Eco-Multitask Modular Alveoli (EMMA) 
	Conclusions 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	Figure 13
	Figure 14
	Figure 15
	Figure 16
	Figure 17
	References

