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Abstract:
Passive cooling systems are the combined techsidations and design strategies used to promotecéobon cooling. The aim
of our research is to evaluate the performanceefficency of these systems, why and when they atdfumction correctly, and
to assess what impact they have on architectusagale This methodological approach allows us to pam passive cooling
systems in contemporary architecture in differeartgpof the world and to analyse the posture reggriihe integration of passive
cooling systems.
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1. Introduction
1.1. Article plan

The aim of the present research is to estimateffimency of passive cooling systems, the reasoneir success
or failure and what impact they have on architectiithus, an analysis and evaluation methodologysetap to
verify the viability of passive cooling systemsciontemporary architecture. Tvwools were set up to evaluate the
buildings: firstly, a data matrix, which we shadilica critical databasethat allows for comparisons to be made
between qualitative and quantitative data, andretgofiles on each building that contain both quantitativeadand
a critical analysis of their architecture. Tiiles serve as instruments of communication. Moreover architectural
appraisal they contain aims at understanding ttisitact’s postureregarding the integration of passive cooling
systems. To explain the methodological approachyileise the French Lyceum of Damascus, Syriaigies] by
the architect Yves LION, as an example.

1.2. Why is it important to do a research on the passiveooling systems?

Some data about Air Conditioning are essentiakfaén the necessity of this type of research:0@2the global
market for AC increased by approximately 14%. Exenme worrying is the fact that in 2008 China becéinee
world’s largest market for air-conditioning (1). Vilan easily imagine the consequences on energyrdkema

Figurel. Previsions of electrical consumption in Italy MABD
Other important confirmations can be obtained fribis graph, diffused by the Italian Ministry of Rctive
Activities. We can see that in 2004 summer eneysamption exceeded the winter energy consumpliothe
Mediterranean area the necessity of cooling areerimportant than the necessity of cooling (3).

1.3. The issue of research

Few architects have employed passive cooling systemecent years. The problem is that the scieniiérature
and technical solutions are rare or in experimepitakes. It is difficult for an architect to propas®lutions that
haven’t been tested. Passive cooling systems veenenon in vernacular architecture, but architectseelstopped
using this knowledge. In hot climatic regions, \aular architecture has often been studied to gteeasummer
comfort. In the past, physical activity in housesswnore important. In winter, users covered thevesabr Lit fires.
In summer, they could only reduce physical activithie comfort temperature in houses was about I6%inter.
Today the comfort temperatures are different amgl fram 21/22°C in winter to 26/27°C in summer (418).
Contemporary architects, to respond to contemparamyfort demands, have preferred to abandon velaracu
construction rules in favour of AC systems. Thesogais that it is not easy to adapt vernaculartcoctve
solutions to contemporary comfort demands withesearch and experimentation.

We consider that the number of contemporary bujslithhat adopt passive cooling as a design strategsomote
low carbon cooling is very limited (3). The PHB@esearch group, for example, estimates that ne than 50

! Dictionary definition. Posture: a mental or spiait attitude, from: http://dictionary.reference.dbmowse/posture [20/05/2011]
2 passive and Hybrid Downdraught Cooling (http://wphdc.eu/)
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buildings cooled by evaporative cooling systemsehasen built worldwide over the past 15 years (7). The
problem, was that we had to analyse buildingsdahaiocalized in different parts of the world. @oethodological
approach aims at comparing and evaluating sumroetifmatic buildings performances, as well as uni@deding
the integration of passive cooling systems in decliire. The adopted method has led us to compaldiriys with
different functions in different parts of the warM/e have put into place a number of indicators With enable us
to make critical analyses and comparisons of diffebuildings. These indicators will also help asihalyse both
summer and winter bioclimatic performances.

2. Methodology adopted for building analysis

To resolve our problem, we have developed a methggldhat permits us to evaluate the buildingsyesesns, the
objective of which was to guarantee the thermalfootnof users. Ousystemiapproach (6) permits us to study
buildings and their architectural devi¢esd to interpret them as an engine that guaratheesermal comfort of
users. We considethat a dynamic and responsible interaction betwiebabitants and architecture can lead to
important energy and carbon reductions, and coneatjy that buildings do not consume energy, infzatig do
through the medium of architectlrg). Therefore, evaluation must take into considien not only technical
solutions, but also the comportment of users antkaspects. E. RECHTING et M. MAIER (8) defineth
complex systems as models composed by linked dethes aim to obtain a result. We analyse buildags
complex systems composed by different devicesnieah usage, social, and so forth.

2.1. Methodology-based research

The analysis was carried out by dividing the buigdinto progressively smaller architectural devjstarting with
territorial implantation and concluding with desidetails. The functions within the building systamre also
analysed, based on J.L. LE MOIGNE's systemic apgrphy adapting the method’s four precepts to cablem.
The aim of this division into individual elementasvto analyse each element following its functidgthiw the
whole system. In order to evaluate and divide thi&llmg up we followed the method used by S. HANRQ@T. The
vertical break-down of buildings gave rise to anmadf both quantitative and qualitative data, whige designated
as thecritical database The evaluation of the architectural devices fokd S. HANROT’s method (10), with
critical appreciation for them ranging from 1 tol&very poor, 2= poor, 3= sufficient, 4=good, 53vgood,
6=excellent. Hence, by using these grades, thdiiniatic performances of buildings could be evaldate
satisfactory mark (3) corresponds to a well-degigihevice that was congruent with the building syst€he lowest
grade means that the device has reacheiieal point— the point at which a single factor causes the no
functioning of the building system - where the dirij was unable to guarantee user thermal comfort.

2.2. The critical database

The critical database is a data matrix analysetiffarent definition levels. It contains technieaid quality data as
well as critical analysis data and the gradesehable us to evaluate the bioclimatic buildingSgrenances. The
critical database is broken down into the followdreginition levels: Territory => latitude, longitedthe climate, etc.
Group of buildings => orientation, etc. Entitiesarrphology, volume, etc. Systems to improve usenfod =>
cooling, control strategy etc. Divisions => outwasdtical divisions, etc. Constituent parts => tnaaterials, types
of glass, etc. One of the aims of the critical Hate is to compare different passively cooled inglsl

Given that over 60 architectural devices have lawtysed, the amount of data is too large for easyparisons to
be made between any two buildings. To resolveptoblem we chose the most significant indicatdisse which
arebadly designed or built can jeopardize the biodliofunctioning of a building - and created a radaart that
had 12 indicators and the average mark attributechth element. The most important indicators are:
Morphology of the groupdefines the shape and the layout of the buildingee global operatiotdsage defines
the use of the building at the time of researchiumctional plan defines the organizational structure of the
building. Shape coefficientlefines the ratio (adimensional (11 pp. 52-7&een the outside surface and the
volume of a buildingRate of active glazinglefines the ratio between the glazed surfaceshangeripheral floor
shapeRelationship between the passive cooling systenitendimate defines whether the passive cooling system
used is appropriate to the site's climatatural lighting defines what percentage of daylight penetratedtlilding.
Thermal inertia defines the capacityf keeping a stable temperatuFeinctioning of the passive cooling system
defines how passive cooling systems function and they are adapted to the buildir@pntrol strategy of building
services, both automatic and humaefines the control mode of passive cooling systand how they relate to the
whole building.Partitioning: defines the internal barriers preventing air flegvthrough buildingsSolar protection
of vertical surfacesdefines the presence and quality of sunscreens.

If one or more of these indicators is badly conedier implemented, then the entire building systanmot
guarantee the thermal comfort of its users. Theyerhat this radar chart provides concerning tleméin Lyceum in
Damascus is easily interpreted.

3Dictionary definition of “device” : a machine ordbused for a specific task, from: http://dictiopaeference.com/browse/device+ [20/05/2011]
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Figure2. Theradar chart of Lycée Francais Charles de Gaulleyd3gus.
The building is well conceived and built, althoume badly-ranked indicator underlines certain waaikts. The
critical indicator is: Shape coefficient. The biild is composed of little pavilions that are corteddy exterior
corridors. The problem is that the external surfaicéhe building is very large. Moreover, the alzseof thermal
insulation, linked to the shape coefficient carpgalise the thermal comportment of the whole bagdiOne of the
most unusual devices of this building is the cdratategy. The architect has decided to adophtimean control
strategy as an educational instrument. The usens apd close the solar chimneys following instauidisplayed
in every classroom. If the users do not make couse of the openings that are studied to guararzsteeal
ventilation at night time, the passive cooling systdoes not work, and the classroom is too hobéxé morning. In
other places, this system of functioning is nohhygegarded, but considering the educational peepaf this
building we have decided to give it a good gradelics device.

2.3. Comparison of two different buildings

This methodological approach has enabled us to aoergifferent buildings in different parts of thenhd. In this
article, we are comparing the French Lyceum in Dsoua with the CII Institute of Quality, Bangalohedia; the
building contains offices of the Indian industrgiitute.

= @ =Cll Institute of Quality, Bangalore Inde === Lycée francais CHARLES DE GAULLE
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Figure3. Theradar chart of comparison between the French Lycauoanthe ClII Institute of Quality
The graph shows us that the two buildings havendasi average grade, but the Bangalore buildingdithsrent
problems, in particular the control strategy arelgblar protections. The solar protections arefficgent, because
the building faces west, a problem that can jedparthe working of the system. The most importanbfem is that
the passive cooling system has a human contraégiraThis is a problem because users start theoeative
cooling system only when they are in thermal disimsThe passive downdraught evaporative cooliywiesn can
maintain the comfort temperatures, but cannot Ialertemperature, in the extreme climatic condgioh
Bangalore. However, if the control system were @nattic, it could start functioning before discomftamperature
levels were reached. Thus we can see, in this basecontrol strategy can jeopardize a buildiregisire system,
depending on the analysis of the usage linkeddadytbe of building and the type of passive coolggtem.

2.4. Methodology adopted to analyse the posture of arcigcts in relation to the integration of passive
cooling systems
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We use the same classification that G. BAIRD usdhe bookThe Architectural Expression of Environmental
Control Systemto analyse the posture of architects in relatmthée integration of technical systems “building
system integration can also be used as a mearisualhexpression’... Level 1: Not visible, no changee system
or subsystem in question is not in view to thedingj user, and therefore modifications of its pbgkform are
esthetically irrelevant. Level 2: Visible, no chandhe system is exposed to public view but netealtor improved
in any way from what the purely functional applicatrequires. Level 3: Visible, surface change. $istem is
visible to the building’s occupants and has had/anirface alterations made to it, with its otheypical aspects
remaining unchanged. Level 4: Visible, with sizestwape change. The system is visible to the ugbedfuilding
and has been given a size and/or shape other than i& simplest and most economical. The surfazsnent and
position may remain unchanged. Level 5: VisibléhJuacation or orientation change. The system jzosed to the
view of the occupants of the building, but its posihas been altered from what is functionallyimgt. The shape
or surface, however, may remain unchanf)€t p. 12). By applying Baird’s system, the Damaslycée obtains a
level 3 and the Bangalore IIC Building a level 5.

2.5. The impact of passive cooling systems on buildinggpology

We try to analyse what is the impact of passivelingosystems on architectural design. Y. MANSOURIhiis
research works (13), has linked the typology are tthpology of natural ventilation systems to thpolpgy of
buildings. Starting from his works we have modifieid typo/topological grid to adapt it to all thagsive cooling
systems. This image permits us to better understaadarchitectural constraints generated by passbading
systems.
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Figure3. Grid of typo/topological analysis of passive coglsystems

3. Files of buildings

To improve the knowledge of buildings and to cominate the analytical results, we used the setoolthat we
created. While the data matrix enables us to utaleghe way passive cooling systems functions file buildings
allow us to focus on their architectural aspects @mmunicate the results of the research.

3.1. Content of files

The building files layout derives directly from thetical database, and is divided into four pa#tsynthetic,
analytical description of the building appears loa first page, along with the file index, the birlgls geographical
and climatic positions andsynthetic logmf the building that facilitates understandinghofv the building
functions, the typo/topology of passive coolingteyss and the level of integration of passive capigstems.

The second and third pages contain the radar ahdrthe psychometric analysis of the climate ofsitee The third
part details the devices based on the criticaltdesa analysis, with some images helping us to statet better the
synthetic analysis. The fourth part is devotedrahiéectural reviews that aim to investigate thehétect’'s posture in
relation to the integration of passive cooling eys$. Previous analyses have allowed us to unddritan
bioclimatic functioning of the building. The methaldgical approach that we used has enabled us&ssshe
different architectural devices. The architectueaiews aim at replying to another question: whahe impact of
passive cooling systems on architecture? Thediesain the images and graphs, which illustrateexqudain the
analyses more clearly and coherently. Moreover,nwdaa is accessible, the results of pre-constmigimulations
and the real performances of the buildings, as agfost-occupancy assessments, are presentedalysea.
These supplementary analysis have added to ourl&dges of the building and to the design orientatitaken by
architects to obtain the final results.
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4. Conclusions

It was possible to compare two different builditiganks to the critical database. The architectpalaisal has
enabled us to understand the decisions made rthéects. The data matrix has allowed us to wstded better
the functioning of passive cooling systems in s way as the files have allowed us to give premie to the
architectural aspects and the architect’s posiégarding the integration of cooling systems ingrigect.
Although only two buildings have been comparechis #article, our methodological approach will erabs to
compare many buildings and to know when, how anetidr passive cooling systems work well or not. aMe to
create a database of rules that will allow the isgchto reduce errors to a minimum.
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