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Abstract:

Nowadays cities are challenged by climate changeew concept of smart
urban centres has successfully arisen, neverthaelssader look into
technology must be considered. In order to attamergy efficiency,
innovative architectural proposals have to studi€de perspective of
urbanism has to look from the individual living tinip to the global
network. Today PV is one of the technologies whglshaping buildings
and cities. Experimental solar communities are dpemonitored and
universities have a key role in this step. Iniadivike Solar Decathlon
competition highly contribute to this purpose o¥eleping technology and
knowledge. In this paper, the Polytechnical Uniigref Madrid will
present its approach to the contest with a houpiogosal “The B&W
House” that implements new patents which not ordyenrepercussions
from the architectural point of view, but also seselcontribution in an
urban sense for the future cities.
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Introduction: How cities are harnessing knowledge ad technology

The 21st century faces serious challenges on algballe: climate change,
energy management and low carbon economics. Althern have become
issues of utmost importance in governmental polayd enterprise
organization strategy. Due to the population’s tamis rise, cities are
notably increasing energy demands. Actually, urtxmrtres represent about



75% of the world’s energy use and consequentlyyo®®@0% of global

CO2 emissions. Therefore, cities are responsibleathing sustainability
standards and this requires the implementatiomobvative approaches
concerning urban design, metropolitan governancd arirastructure

investment models.

Smart cities and intelligent buildings

New economy changes social organization, redefirtimg city of the

present century. This has significant implicatiomas only on the way we
live, work and move around our cities, but alsonges the pursuit of
sustainable urban form. The concept of “smart dig$ arisen: referring to
the level of digital infrastructure provision to ethidea of the city

functioning as an autonomous entity capable of tgyptself to external

stimuli. “Intelligence” of this new economy shouldt be taken only as a
measure of ICT network efficiency, but also includéher forms of

technology applied to sustainable constructionti@nother hand, building
intelligence focuses on how constructions and teldgyy can support an
organization serving the needs of the occupanterahan controlling or
limiting them.

Consequently, the basis for a city’s long-term sss¢ and therefore
maintaining its intelligent status, lies in the ptility of its fabric,

processes and systems. It is this aspect that nakemtelligence and
urban sustainability mutually dependent concepisrtier to achieve this,
a framework must be created to allow for local@tthat is integrated into
city-wide, regional and indeed global visions. Tioeus of the planning
system should be to set strategic goals, and tbhewdrk with both

developer and user organizations to ensure thatithenables transaction
and freedom for residents and organizations.

Opportunities for more innovation: Solar Cities

In terms of improvement there is a long way to mohie renewable energy
shift. Solar cities represent for industrialisedimies, the most effective
strategy to cut down CO2 emissions, mainly becduslelings, in use or
construction, are the biggest single indirect seun€ carbon emissions
generated by burning fossil fuels. Apart from thhe building sector can
most realistically accommodate relatively rapid raea without profound
complications. It has been demonstrated that, itoisdifficult to reduce



carbon emissions from houses by 60% or more thraungngy efficiency
measures, but it is only possible to reach the 989%&l of reductions
required by using renewable energy technologiesal @uthorities are
recognising the need for efficiency, demand manage¢mand lower-carbon
energy to go hand-in-han&urthermore, actions at the local to regional
scale are needed to deliver extensive carbon emissiductions, but to
date most strategic thinking has focused on natiooiey.

A Solar City is an urban centre that focuses imimittg the following
goals:

Lowering of greenhouse gas emissions by the y8&0 20 an amount
equal to a city’s 1990 population level multiplied 3.3 tonnes of CO2.

ldentifying near- and medium-term milestones faeemhouse gas
reductions according to a schedule for the yea@®$-22050

ldentifying corresponding improvements in the sfanmation of energy
production to solar and other renewable systemslucerl energy
consumption, reduced consumption of natural ressyrprotection and
improvement of urban environmental quality, impnment of social equity
and improved quality of life

Photovoltaics technology

Photovoltaics represent an ideal chance for towdsciies as they have a
high concentration of potential PV sites with a\neanergy demand. At
the same time the physical infrastructure can sugdpoalized electricity
generation. It is estimated that installing PVssoiitable walls and roofs
could generate up to 25% of total demand. The Isiggetential for PV is
as systems embedded in buildings. Whatever the dfpgke PV module,
the potential for exploitation of building integeat photovoltaic (BIPV)
installations depends primarily on the availabldaisarradiation. For
demonstration projects recently completed, plarorespeculative, shading
issues were largely avoided by choosing open sii#s minimal nearby
obstructions.

However, in the medium- to long-term BIPV in densban environments
will need to be considered since this is wherertagority of energy use
takes place. The wider adoption of BIPV will depemddemonstrations of
its economic viability. PV devices at present asedu on silicon in various



formulations, but new materials and processes ofdP¥ication are being
investigated to obtain more efficient and accesguobducts.

Theoretical and practical approaches

The preliminary phase prior to the integration &f Echnology, must
consider certain studies such a strategic irrazhatapping of city models
along with an assessment of massing schemes. Hented aim is to
guantify the solar access to the respective facadégurations. There are
certain factors which determine PVs efficiency igiwen location such as:

» Compact developments with fairly consistent rbefghts are ideal for
roof-mounted PVs

* Orientation is an important factor

* A more open urban grain may exploit the poterdfdlacade PVs. In this
case over shading must be considered, especialheinontext of seasonal
changes in the sun’s angle

The surface area available for either facade of R installation is
largely determined by the surface-to-volume rafichigh ratio of surface
to volume suggests opportunities for facade integr&#Vs. However, in
high-density situations over shading will limit &g opportunities. On the
other hand, lower values indicate opportunitiesrémf PVs. As stated, the
spacing between buildings is an important factadetermining facade PV
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Solar access and space betwesn buildings (source: The Martin Centre, Cambridgs)

The figure shows three plan orientations coupleti tiree height-to-width
ratios. The street with west to east facades offexdeast overall efficiency
for solar access whereas the diagonal street offfersdoest overall solar
opportunity. However, to sum up, wide spacing betwbuildings with a
southerly aspect will be particularly suited todde BIPV. Wide streets
and city squares provide excellent opportunitiegice PV mode. A tighter
urban grain points to roof-mounted PVs.



Some European cities have taken significant imvest in this direction
creating a network of Solar Cities reinforced bysearch funding
(www.solarcitiesineurope.nu). In 2000 the city addrBelona introduced its
mandatory ‘Solar Ordinance’. In German cities soRVW panels are
becoming commonplace, despite the country’s redgtieloudy skies. This
is primarily due to the German government’s ‘feediegislation which

has fixed both subsidies and favourable tariffsofeners of PV roofs.

Knowledge for urban policies: Solar Decathlon

The role of universities and research groups igitaf importance in order
to develop successful policies that incorporatéestd art technology for
urban sustainability. In this sense, the initiatviethe Solar Decathlon
competition promoted by the Department of Energythef United States
plays a relevant goal: a clever combination of gyeefficiency, solar

energy systems, and technology certainly holdgtbenise of a clean and
secure urban energy future. The objective is tgo hetroduce new

technologies and create social awareness in ditfeagdience targets,
responding to the urgent need to phase in sustaiealergy systems in the
world’s cities.

The Solar Decathlon is a competition for univeesitall over the world to
design and build a prototype of a self-sufficiealas energy house fitted
with all the technology that enables maximum enegfficiency. It takes

place at the National Mall in Washington D.C. iretho called “Solar

City”, where all the prototypes are exhibited amdnpete, undergoing the
10 tests that make up the contest (decathlon).

Furthermore, Solar Decathlon consists of a grouactiities necessary to
organize the holding of this international evemnt,order to advance the
knowledge of commercial, solar and sustainable ingusvith particular
emphasis on high efficiency and self- sufficiencighwegard to energy.
The final phase of the competition in Washingtonsists of the assembly
and exhibition of between 15 and 20 prototypesigthesl and built by the
diverse participating universities, subjecting thwma series of 10 tests,
which will be evaluated by a jury to determine Wianers in each category
and the overall winning university.



These 10 contests are:
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Architecture: Design/Implementation
CommercialViability:Habitability/Construction/Mark®trategy/Cost
Engineering: Functionality/Innovation/Efficiency/ibility

Lighting Design: Artificial Light/Natural Light/Engy Efficiency
Communication: Communication Plan/Compliance witles/\Web
Comfort Zone: Temperature Levels/Humidity Levels

Hot Water Production: Quantity/Temperature

Appliances: Energy Consumption/ Optimum Temperature
HomeEntertainment:HomeTheatre/Dinner/PublicExtoiti_Lighting

Energy Balance: Energy Production/Energy Consumptio

Among the objectives of the Solar Decathlon théofeing stand out:

The advancement of knowledge in subjects related the
industrialization and sustainability of the housses,they can be of
scientific use and create awareness and spreadkiiue/ledge
gained.

The awareness of the students and citizens towardbe issues
related to the conditions of sustainability andissrvment in the way
we live, creating the responsible use of energytewand the
generation and use of clean energy.

Demonstrating to contemporary society that it isqiole to build
commercial highly energy efficient sustainable hogs without
giving up comfort, esthetics and the pleasurewviridj in them.

The first edition of the Solar Decathlon Contessvireld in Washington
D.C. in 2002, the second in 2005 (in which the Ralinic University of
Madrid was the only European participant), and tthied in 2007, again
with the participation of UPM representing Spaindaurope, together
with the University of Darmstadt (Germany).



These contests aim to fulfill the objective set #2010, totally self-
sufficient commercial housing. This is a US Fedefaministration
initiative which looks to promote research and wat@mn in issues related
to energy efficiency, and in turn generate awarersgsl educate citizens
and students in the need to create a more susikainadrld and fully
demonstrate that livable, economical housing carblié, without the
energy efficiency having a negative effect on biseand comfort
conditions.

The Polytechnic University of Madrid (UPM) has peapated in the Solar
Decathlon on two occasions, the second edition0OP52 and the third in
2007, achieving ® and %' place respectively. In 2005, they participated
with the “Magic Box” prototype (led by Estefaniar@afio), and in 2007,
with the “Solar House” (led by Sergio Vega), botithvthe coordination of
the Vice- Rectorate of International Relations &MU

This last presentation was carried out after thieibation of the SDO7

prototype in the Madrid Real Estate Fair, and “Bdpain”, an event

organized by the Spanish Government. During thesets, it was visited

by the Spanish President and the Ministers of limgwasd Environment, as
well as various MPs, public and private instituspand a large amount of
the public at large, who had the chance to see dperation and get to
know about the multiple research projects assatiatth it.

Today “Magic Box” 2005 is exhibited in Beijing arnke prototype “Solar
House” 2007 now serves as an experimental protdtypene development
of diverse research projects aimed at the charaatiem and optimization
of new technology focused on improving the condsio@f sustainability in
commercial housing in Spain and on achieving 10@¥essifficiency and
improving the conditions of energy efficiency.

The consortium of companies that sponsored andhdetw the project
include more than 30 companies, constituting ammgka of University —
Company - Public Administrations collaboration, amem which

significant progress in the knowledge that enalaléater industrial and
commercial application is expected. Apart fromithpact in R&D that the
Project represents, it has also had a wide sprestiammpact (on more
than 850 counts) which helps fulfill the projecésn of creating and
spreading public awareness.



Study case: The B&W House

The Project of the UPM TeamSPAIN for 2009,"The B&N®use”, came
about after an analysis of the regulations thattrgest adheres to and the
experience of UPM in previous years, in the seéochuild a competitive
prototype, designed based on the tests involvedpastli experience, to
achieve the best score possible and one of thedasiions.

Experience

For the initial conception of the house, minimunbiteble and maximum
construction area have been studied, along witblaggn heights, energy
efficiency, as well as existing transport limitaio (land and sea) from
Spain to the US, assembly at The Mall in Washingtehich should be
carried out in a short period of time during thentest. Taking these
aspects into account, an answer to all of thenbkas found.

Transport

A simple geometric house has been created, madefujree basic
modules that fit together, without conditioning timernal layout of the
house. The dimensions of all three modules haven lz@apted to the
maximum measurements allowed for smooth transpomtaifhe UPM
proposal for the participation in the Solar DecathP009 seeks to achieve
a modular prototype, that eases transportatioraasembly, with the use of
light-weight and manageable components, avoidirguse of cranes and
heavy machinery, to minimize complicated assembly.

Use

These three modules are made up of the left fldo@kcentral and the right
flank, and they form the functional space of theidey based on concepts
of energy efficiency, orientation and space qualitye modules house the
main service areas in the rear part, this mearts tie outer part of the
flanks, house the kitchen and bathroom and in téetral area, the
installations can be found. The frontal and cerdrabs form a unique and
integral multi-functional space where different sisg# the house can be
developed: living room, dining room, areas of moeamand a private
sleeping area. This initiative seeks out flexiblenfshings that allow the
transformation of the spaces and the optimum atdaptdo different
contest situations and later residential use.



Integration

In our case, the integration of the photovoltaiagla in the house is
another key aspect to the Project and contest,roongte the use of
renewable energy. This photovoltaic integratior s accompanied by an
architectonically rich and formally integrated dada that pleases the user
and encourages its use, aiming also to optimizarschpture and the
production of clean energy. This explains why tbef rof our house has a
central support with a lower coating that hides $treicture and has an
inclination of 15°, due to the limitation of therpetted height in the Solar
Decathlon regulations, which for later commerciatia@n will reach 30° to
obtain the optimum angle for maximum solar capéffieiency.

Facades

Looking to increase the volume of the solar capsungace, it proposes the
installation of vertical thermal and photovoltai@ngls on the enclosures of
the house and facades, which apart from captumeggy create a lighting
effect, improving its spatial quality. The hybridlar panels (photovoltaic
and thermal) of the house not only produce thetmtet energy and
domestic hot water. They also air-condition thesiior by exchanging
energy firstly captured through a global envelope #hen stored; thus
enabling a deferred use of it in favour of biocliroaeeds.

The approach of the design is based on two priesighe daily trajectory
of the Sun which implies diverse orientations amel intersection between
architectural surfaces considered as an axis ddtioot for PV solar
modules. Therefore, the scientific innovation ise thnternationally
registered patent presented by the Polytechnicaldusity of Madrid
under its Solar Decathlon 2009 competition R&D pamgme. Essentially,
this revolutionary PV mobile modules system widlrtsform the concept of
dynamic sustainable architecture.




Roofs

This building offers the initiative of dividing theoof in two parts with

different functions: lower and upper. The tradiabnoof (upper) covering
the building, only has a hygrothermal function, hhe lower part serves
as protection from water and for solar capture,t@taic as well as

thermal, with optimum orientation according to #revironment, wherever
the house is located.

The development of a patent intends to developnaRi¢ solar roof which
is capable of orientating itself towards the Surach moment of the day,
without projecting over the footprint of the buildi. This is achieved by a
balanced movement over its centre of gravity alevith a controlled
motorized technology of cables. The approach ofdiésgn is focused on
adapting the structure and movement of industakirdrackers to integrate
them on constructions. The application of the tssod this invention will
be displayed on the housing prototype represeritieg University, the
B&W House, in Washington in October this year. Tipeactical
implementation of this PV roof system in the glolmadrket will set a
milestone for sustainable prefabricated resideandsother buildings.

The Solar Decathlon House 2009 employs multipleeotforms of
technology which pursue the direct and indirect momement in
sustainability conditions, of which the followingasd out: Maximum
insulation levels to minimize energy loss, 100% doystruction thanks to
prefabrication, low level of residues during coustion, rainwater
collection system, grey water recycling system, kater generation
system, geothermal heat pump system to supplyritbtald air, as well as
hot water support.



Urban possibilities of “The B&W House”™ new housing
refurbishment, cities

“The B&W House” fulfils three basic conditions:uches the minimum

surface area possible, it is able to be dismanded moved, admits

modifications as required by each occupant. Tharggshaped plan counts
with a program for 45m2. It proposes a multiple-lrga@g space along with

certain fixed technical rooms. The flexibility dfig construction scheme
makes the progressive enlargement of the dwellosgiple. Therefore, the
house can expand itself according to the needstsobccupants both

horizontally and vertically. In other words, it @& elastic architecture
susceptible to “personalization”.

As a result, this prototype matches with Yona Hred’'s theory of
“moveable architecture” if associated to a megastire and can be related
with his concept of spatial city (ville spatiale)his city is a three-
dimensional spatial superstructure, whose elemeautschange position,
spanning areas where there are already buildihgscity) as well as non-
urban areas where there can be none such as, suekeavoirs, marshes,
and farmlands. These modular grid-like superstrestare placed there to
help alleviate the ever present problems of hallifaland coexistence in
modern cities. The idea of a permanent supportingtsire with temporary
interchanging units, which can be plugged in oroeed also had a very
significant influence on the work of the Archigrgroup.

The vertical development of “The B&W House” admitse, two or more
floors, while displacing the solar auto-orientatnogf over them.

Ground floor: Living room-dining room or dining roo and bedroom,
kitchen, bathroom, installations

First floor: main bedroom with its bathroom, secarydbedroom with its
bathroom, studio or third bedroom

Second floor: Bedroom with its bathroom or studivhwathroom, or as
first floor or studio with roof garden

In all of these cases the north side of the bugdian be used as parking
area.



On the other hand, the horizontal expansion ohthese is more accessible
due to the lack of architectural barriers suchtascases. Apart from that,
the increase of south fagade is certainly benkfitdhich makes it a
specially attractive option for the demands oftibasing market.

Refurbishment is another alternative based on if@eimentation of the
solar tracking roof on existing buildings with adetg conditions to
incorporate it. This option upgrades buildings ¢éaah a higher level of
sustainability by energy self-sufficiency.

The issue of density is central to the design efdtstainable urban form.
One of the main debates in urban planning todagmred on whether the
high-density compact city is more sustainable thatiffused low-density

settlement. Where sustainable objectives inclu@eetfficient use of land

and good accessibility, high density seems fundémhefowever, the

design of the sustainable urban form cannot beicesi to high-density

development alone.

Taking into consideration the need of creating neties which are
designed according to solar criteria to improveaarisustainability, we
have developed a new urban theory with “The B&W s#as a starting.

Location of the single family house

“The B&W House” proposes an isolated building watisolar roof and sel-
orientating photovoltaic modules on the facadesv&ational solar houses
need to orientate themselves towards the southé&imorthern hemisphere)
to optimize the modules on the roof with optimaklination. This

conditions the views towards the surroundings. Hdawantage of the
tracking roof favours any orientation of the houwsech can be determined
by the best views without negative consequencek@pnergy production.



Therefore, the natural location of this house iannsolated position with a
certain amount of space for the movement of theadags so that the

shadows do not affect the neighboring houses, wdrelseparated between
gardens. A study has been developed on the adedistéémces between
buildings in order to prevent shadowing in an urbamironment or a rural

area.

Terraced developments

Apart from the isolated schemes, it is possiblecamnbine “The B&W
House” in terraced developments considering ceftaitors:

It is convenient to place garages, warehouses akshops in the
intermediate spaces between houses so that thergofacasts shadows
on areas that do not requiere special daylighting.

It is recommended to orientate the rows in the-east direction to
maximize the south exposure of the houses andadkantage of the
greenhouse on the facade.

In all of these cases the north side of the bugdian be used as parking
area.

Auto-similarity modular expansion of “The B&W House”

If we consider a set of “auto-similarities” from H& B&W House”, the

result offers a collection of buildings with similatructures and diverse
social architectural, civil and industrial posgtiils. The different scales
obtained by means of this process of enlargememtana a conceptual

identity.

Among the multiple possible options, the followitaple summarizes the
measurements depending on the considered module:



Square |1 3 6 9 12 15 18 21 24 27
Type

Measures 1x1 3x1 3x2 3x3 3x4 3x5 3x6 3X7 3x8 3x9
Side x| 1m 3m 6m 9m 12m 15m 18m 21m 24m 27m
Im

Side x| 0,90 2,70 5,40 8,10 10,80 13,50 16,20 18,90 21/604,3@
0,9m

Side x| 0,75 2,25 4,50 6,75 9,00 11,25 13,90 15,76 18,00 ,2520
0,75m

Side x| 0,6375| 1,9125 3,825 5,7375 7,65 9,5625 11,475 ¥5,3815,30 | 17,212%
0,6375m

Side x| 0,6 1,80 3,60 5,40 7,20 9,00 10,80 12,6 14,40 6,2
0,6m
Uses Modelll BO H.| DollysH House¢ House Office Offic Indust. | Indust] Sports

Modular buildings originated by “The B&W House”

Selecting similar dimensions within the modulatsystem, the following
applications can be offered among many others:

- Housing: 9x9; 12x12.

- Offices: 15x15; 18x18.

- Industry: 21x21; 24x24

- Sports center: 27x27; 30x30.

- Solar electric car charging station: 3x3; 6x699k2x12

Each of these buildings offers solutions originatedm the squared
geometry of “The B&W House” without impeding mulgpvertical and

horizontal enlargements. The mechanism is simdathe process above
explained, but applied to other functional usesistiobtaining different

building types.



House

Offices

Industry



Town-planning development based on fractals

If it were the case of finding a possibility o&& growth in a relatively flat
plan, such as the city of Masdar by Norman Fosier,present a new
theory based on the geometry of fractals. It isld#ebwn that this
geometry generates progressively increases iname groportion. This is
very common in different natural manifestations.

Traditionally, cities have their origins in the sspoads, expanding radially
as a stain, which incorporates progressive commextioOn the other hand,
the cities planned in ancient Rome and later in Acae 15th century, start
from an orthogonal center from which irradiate & aferamifications that
cross with other circular, concentric ones to tteattral zone.

The grid conception has also been used in urbamiplg schemes with
blocks with an interior court and streets distanz@dm from one another.
Such is the case of the urban expansion in Baraedod Madrid along the
past century. In contrast, the kibutz settlinggha desert of Israel were
established according to a circular, concentricett®ment with a radial
access.

With the objective of finding an intermediate sadut between the circle
and the grid, both widely used in “ex novo” devetagmts, a development
based on the auto-similarity concept is proposed.

In any of these situations and in case of settiregauto-similarity of “the
B&W House”, the maximum solar optimization in th&y®f the future for
houisng, offices and Industry can be obtained. @iplanning the city
according to the square or rectangular geometrth@fbuildings and the
shadowing on the green areas, there is an equitiboif lights and shadows
that attains the optimal energy balance. Thisse due to the preservation
of the humidity for the trees and plants in theegrareas, without excess of
water evaporation.



Urban diagram

The idea is to take the original module used agiragl unit or cell and turn
it into a city or tissue. As a result, the urbantoe emerges from the house
and so do all the other uses (offices, industryThe distribution would
enhance the green areas, situating them in therecextbng with the
administrative buildings. In the following externahg would come the
offices and houses. The industrial areas wouldlaeed in the periphery.
Finally, there would be green areas surrounding lihdts of the
development and parks would interconnect the diffeuses.

Nevertheless, this new geometry can be combinecertain urban sites
considering axes in relation to orography and/tarsarientations that have
marked the main streets in determined sities sschhe&bes, Rome, Paris
and Washington. Need not to be said that all tk&ipus designs will have
to combine in each case, the existing intercity nemtions. This will
generate without doubt an appropriate proposautbeach location with
its nuances.

Social benefits and political awareness

In terms of generation of knowledge and technolagpplication, the
participation in this project will provide the sEmrs with:

-Possibility to laying the foundations for a stalpl@rtnership with UPM,
through an agreement that enables the developmémiecesting activities
for companies: Technical Seminars, participatiorsame of the Masters
programs given at ETSAM, Speciality Courses, LaxguConferences for
students and R&DI collaboration.



-Access to leading technology and systems in Im@liged Construction,
sustainable, energy efficient, intelligent andite ttilization of the cleanest
form of all energy production: solar energy.

-Possibilities of carrying out experimental tesistéchnical solutions that
can be of interest to companies, under the supenvand collaboration of
the UPM teachers and researchers.

-Development for a specific research Project folne €DTI (Ministry of
Industry) to finance one of the prototypes (Madoid Washington) and
recover part of the investment, by means of suésidr credit.

Conclusions

Investigations into the sustainability of the bu#nvironment, and
programmes for action to address the problems iswelstigations identify,
too often get caught up in the detail. Solutiontefconcentrate on the
environmental attributes of an individual buildingithout sufficient
understanding of broader strategic frameworksysfesnic attributes, or of
the drivers and consequences of individual actidiss contradicts the
fundamental meaning of sustainability, and can opdy addressed by
rooting the issues within a broader framework adotly and action. By
linking urban sustainability to city intelligencee will begin to develop a
framework that can attribute real, relative vallmstter enabling the
achievement of the green agenda.

Design principles that ignore the character andhtityaof solar access in
urban settings will not produce buildings that maize energy efficiency.
More significantly, it paves the way for the forratibn of urban design
principles where the morphology and fabric of buig are fashioned in
response to the local solar access to maximize ¢nergy saving potential;
one of the goals of urban sustainability.

“The B&W House” that will be presented at Solar Biédon 2009
competition sets a milestone in the development soistainable
prefabricated residences, starting from a desigat ttounts on the
progressive family unit and urban requirements,hwihe technical
advantage of controlling quality and price for sb@urposes.
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