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Architectural and Environmental Compositional Aspect f
Technological Innovation in the Built Environment.

Mario GROSS{acomo CHI'BMeaNjanna NIEGRA
(1)DepartmehtArchitecture an@&@diggigmico di Twrirtaly
mario.grosso@palidooimo.chiesa@ probitbantna.nigra@polito.it

Abstract

This paper focuses on the complex relationship between histobudibdiognde@didate
projects, both from compositional and environmental points of view. In spite th
contradictions in their nature, their integration is essential from the very ear
both to imprdyer eefficiently preserve the environmental and architectural qual
this work is to define a number of guidelines to support and inform the design
and eventually ensuring the qualitgnafethte Ibatiht e&estihetically and environment
end, the paper explores the use of climatic and microclimatic analysis as a too
and sustainability performance of future buildings. In palstisukdr,ashé¢heogikea
microclimatic matrix, as support to the climatic considerations about different
and cooling systems; and to the architectural/compositional approach definitio

Keywordasrchitecture, envirommkemtatmidechnology, innovation

1. Introduction

The building sector, excluding indssrnesplobsibdénfgesr almost 40% of total prim
consumptiochevelopealuntries [l]lpeThésntage ineluadrgy demand for space heating
cooling, hot water production, lighting, cookinlgn ardd ibitdre,r cconsliderciegy. the g
warming effepersfisterrtnd of ggasenemission, the energy consumption for space ¢
in several couZ&dji.ewithin this framework, a passive approach to building desigt
taking envelop rather than HVAC system as the main itrddaoo lggwyeoeme natla f ocron
reducing energy consumipuibhing slkeetor. This approach can contribute to curb t
trend related to carbon emission -fropendi¢nanspgaes conditioning systems. N
technologies able to increase blugleifigcBEgnetip mént are cemsaliidaentiviined
legislation, standards, and codes of practice. In addition, passiv@lamndaligbrid
and mitigating intermadugramesd solutions for increasing solargavesl iknwowwmter
even éfspecially for notlwidespreadldecreadrasticalfymore diftfhus eechengged
foheating aadling a building. However, to reach much more stringent goals su
nearerenergywildings (NZEB), a®PBRt2WMOE31/EU by 2020, or, even more, the
positierergyuilding (NPEB), a much stronger effort than currently done to inte
impact technologies to a sustainable architectural design approach needs to b
In stei the scientific progresses achieved in the studies of environmental sys
debate about the aesthetic of sustainability seems to hfaveroffeldsberhdahd ahd
academitThe projects categorized asarrustfdemablesfined either according to the
type of environmental systems and technologies utilised, as well as their
architectural design approach. The contemporary examples of subexirodble a
different aesthetic approaches that designers seem to have undertaken. Thes
more literal design solution of environmentally aware buildings, in which the |
was conceived as a ddsighetawbdre technology oriented approaches, where t¢
environmental artificial systems became expmeasrsdbitethteimasle bveesst hoeftia. Exampl



these approach can be considered: 1) the Jacob House 2d0letrorra,nkVisloynsiMric¢
United States, built bet@4@nih94Hhich the incidence of the solar light was liter:
the building and the floor plan; to the 2) the environmental houses largely
technologicaks$ewhere heavily applied to the buildings without much design int
more sophisticated example of high tech buildings such as the Centre du Pomp
France, built betwekn7X97lhe architegwagel ddrsustainability seems therefore to
the mimetic tendencies of relating to the environment in a literal manner;
sustainability by expressing the efficiency of the technologicaltlieapatédsoput |
integration seems not to be explored or discussed as much. This happens d¢
software and tools that can assist the design process, by integrating microclim
systems and technmdbydes. &his paper will explain in the next sections how som
1) offer support to the design process; 2) enhance the integration betweer
technological systems; and 3) contribute to thefdarm ates bme the afefusitaomability .

2. Thepreliminameysign process
Accordinbigoa and Mddfihléadelivery process of building projects can be subdivi
theoretical areas such as: building opportunity generation; building scope
production; building erection; building functioreind;camdr@l.ojfadhdefibheesa phas
from conception to censtchatacierised by a number of instances in which the i
design choices and technological systems can be critical to enhance the en
perfonance of projects. Specifically, this paper will deal with the area of proj
design process, as critical moment to explore the integration between arch
technological fesdueeal reseafzleexrplained that the earliest involvement of el
awareness in the design process, the more cost, time, and quality effective
Moreover, GfgR§bdogetherCwithg@8 pointed out a number of critéioalsiasgedtsing
the phases of building design programming and building preliminary design, t!
clients need, the building scope and the buildimgraotearssobgri¢denigtpongram
another importerfttharpreliminaryheesiggmglysiepresents a critical aspect of inte
between environmental awareness and architectural design approach. The site
wind, light, ground, water, surroundinmg legildiatgen ,ahadsutthea potential to dramati
building orientation, dimensions, interrelation, and localization, as well as
approach. During the preliminary building design, technical amdcemvtiifbanteenta
informing geometry, volumes, colours, construction systems selection, and ass
As the flow chart in Figure 1 shows, the building design program phase is
compatibility and performanod abeessimeamlated to the definition of virtual space
result of fulfilment of both functional and environmental requirements. These,
determining design objectives, activities taibdnmerbaoardnealanatiieniwedtisas
laws, standards, and regulation at various scales. On the side, butafeérdess im
not considered part of the buildinrg prreosgerrate maimgessential operation nftarl the er
compatibility assessment of building design choices.

3. Environmendapects of the preldmsnanmy

Tl environmental aspects of the preliminary design process are related to th
affecting the impacts ofté¢thedbsigdiend) on the physical context:akpatiiolysi.gecale
global, regional, local, and indoor/outdoor as well as tempeéenaayi.eunrcimgcefnin
the building and its entire life cycle.

Environmental assessment implies different approaches and methods at diffe
preliminary design phasetypewoomaimalysis are, generally, considered: enviro
programming and site analysis.mAkfwerkadeserfigteon, this paper will focus on t
particular attention to site climate evaluation.

3.1Environmental building programming

Environmental building programming foilawedaap@rioachacbed aigtegiacess of
analysis and assessment from user needs and activities to requirements, and
definition, according to the compatibility (environmental) loop above describec
Durinbis proceasious toslixh as diagrams, checklists and matrbEcesmplans lbé apy
thesapplicasicoore numerous, but generally they do not deal wighlD&diironmental a



Fig. Elowhart of the preliminamcedbabed on a perfedmaaceappromalge modified)from [

The main actions to be carried out in the environmental building programming

-reception of the client brief including building deseégirs;objectives and users
-reception of laws, standards and regulations related to the building type to b
-list and classifizativinaedl relevant environmental requirements
-analysifs inpottp @itowrse lated to the activities affeomreagtthkoéhvoutdoor and indoo
-list and classification of functions related to the activities;

-definitiomroefial spaées as spatial represaqdgaegeatedffunctions

-definition of dimensional (order of magnitueg)iaedt emtsirommientat space unit



-aggregation of virtual spacedinmitso their reciprocal linkage characteristics -
compliance to the defined environmental requirements
-alternative configuviatwalsspficelayrdutl

Avirtuspace does not have physical boundaries but just potential links within i
and with the externalhescrtexitential links are related to various aspects: di
geometry, commurmpiltatios,phenomena (airflow, dayligHithese har rroandnati banl) buildin
programming focuses on some of these aspects, the ones which have an impac
as mentioned above.

3.2Sitelimate analysis

The site analysis phase of a preliminary design process concerns various as|
transportation, landscape, socimllanssmug@stoodsynliand use, economic value, ern
impacts. Within the la{dldmattleelgsiis aimed at evaluating the potential vocation
site to locate ajoraatiwiittyual,epacbuiladiith regard to thermal comfort as a functio
factors such as solar radiation&lRd wei sddBlmaapalysis usetsmacroclimate matrix
(SMM) asoodllowihggoptimising the location of outdoor activities, space units, o
i.e., buildingslation to thermal comfort. danme labergynd@mhvddce hindvatsntroduced

by two American sclemtidtesndtlified by7IGrobsabldws designers to locate properly
to a sustainable and bioclimatic appaotohtigméetidsifacenudettsned irbuhleling
programnghas&sdescribed aBboveMdhn also be used tooptumimlyloe tbafldings

urban design by eviadéubtihpence on @opestird/protection srellartagddiiation and win
either for new assets or in a specific existing context.

AnSMMis elaboratadraphic overdaypot ftbemanalyses ofhadiag aimdlow dynamics
ona lotresulting on a four variable zoning derived from the -<loadeihadainodh of
windy/shelteredFignehis zoning ismatkéxt because it is discretized by a norma
cells are characterized by one of BeecHowarvalriabiledshen associated to a poten
level (see T)abdeorder to assess its vocation as a recipient of activities.
TheSMMs built on a virtual plane, whicahthe gepeanalldee@ltif it is popsoldiec €o
differematrixes by chlamigimgtorcreatdhrelémensional matrix of the psohedctesite. T
depends on the specificemédedsngremowever, -thmtetnbireral enakbgpuire a higher
investment in terms of time, cosdnamnautd mgpdexkieyimreeessional CFD $foftaviafleow
studiest is advisable to proceednwiheatiadysfisodmdeidding under design, or retrof
in ordterevaluate the mutual influences betweamddotfetaeanltebuildings

Fig. Example imfdwake core aomalyisiser and summer (point 4) for a construction lot in M¢
The airflow analyses were conducted by using the software KARALIT CFD.



TheoreticallgMdhanges over time foMearilyg treély, and hourly peopsa tircernhtes k y
sun amhbleseasonat monthly, Weaubyyrevailing wind,ontbetcomsideitedowevar,
SMM, being used as a design paramaterefesreenaboagratieeme climate conditions as
during solstices,mimrnting and afternoon, and relevant seasonal pAsvailing wi
example, the referencendla¢eBoakamisph:rle December at 10:00,amd 24 :00ne

at 8:00 and 16:00. iHoswewsrsiible to chootsmididkeerd roth the laomtd etdite codcagst

of the year, esbiynatddg the typical meteo(dIMydcathgebocalusyngr general
reference Jellgn@lJanuafya19:0D200 and 15%5).0When the calculation of shadin
conducted by spseiaidic soffwaseimportpatidibtentiton theorretimaefinition (local
Meridian, reference Meridian, solar hours).

The following steps shall be perfomrm@M:Mo elaborate a

1. defition of giteontext and condteaintsurrobrudin@nd natbwralc)les

2. discretization of the analysed lot by a normal grid with cell s dimension
(for example, 5x5 m);

3. analygissolar pattelevashtadingnamiimsdifferehdrenkcaseys and hours;

4. seasonal analysnsvakeore(ssee Figu(eYfereamporal analysis, faragxample
nigttreezes);

5. overlpimgf thresults from thereblgeesiepd and anthegridefinedsia@ in
order to classify kepxciRx2linatrékimatenditigaamywing sunycam; shaded
winyl shadedlmthisprocess is repeateadntddeliddirs adadys (see Figure 3)

6. assigning a score to the four clzeasdsnid eotifiiee tatdvétioshdecach matrix
developed in (sste@ Bable

7. constructibowoftinederenSeMiMor each type of activities/functions/space uni

In Figure 2 wind wake core seasonal anallyseadiandaiapMdelbicupheetarkusdpalite d
The prevadbaosemind directiofromrertinwinter (from hills tdres®muaimdummer

(from sea to land@anearealdfouesnge in directions occura dayighduleréemgeme.
These analysesaweired wsithg the CFD softward. Kaxisltientl building context reduc
wind velocity at the ground floor in the East side of the construction lot, char
natural ventilathensafie time, on the same side, ne\ertutrd édffiddinig, eavident, v
consequent increases in the wind velocitied. tTde lpaerdeds bfeiittdon heoghd
represent an es$felativectiobinlyis potensiadndfort situation.

Wind analyses could be ipdntdfecesnd ways: UsSHDg saftwawleicmees specific
aerodynankitewledge iantdint®ensuming and kyswliyn,d tunnel simulation, which reg
physical model, specific kaodel@itcqdeaintaboratmmrybBsdniglified method theesed on
statistical correlation of wind tunnel test data ongronhgltarcad | dd saavilsvoimad ying
incidence amgle as the one ellap daadedoon the basis of a previodis research [1
The score assigned to each cell of an SMM, as indisaliadeida dhlasxshbicatsoapob,
potentoaltdooomfort condridlabesd to types ofandtihgieseheetabtolic, rtdtet can be
assess on a qualitative scale (Table 1) or using quantitative values

Activities Season Relation between site microclimate ma
conditions
shaded shaded suncalm | sunwind
calm wind
L Winter Unfavoural Worst Optimal Good
ow .| Stay; wall (cold wing Good Worst Optimal Unfavourd
metaboli -
rate around Summer Optimal Good Worst Unfavour3g
(high RH)| Unfavoural Optimal Worst Good
Medi Winter Unfavoural Worst Good Optimal
edrum Walking 1 (cold wing Good Worst Optimal Unfavourd
metaboli . -
rate slow runnin Summer Good Optimal Worst Unfavour3g
(high RH)| Unfavoural Optimal Worst Good
Hiah Winter Worst Unfavoural Good Optimal
'9 .| Run fast; (cold wing Good Worst Optimal Unfavourd
metaboli Lo .
rate activities Summer Good Optimal Worst Unfavourd
(high RH)| Unfavoural Optimal Worst Good

Tabl: A classification of outdoor thermal crerhdbincbondhtéeomsadnoclimate matrix variables
types of activities.



As an example of a quantitative assessment, a score could be, for a high met:
running: in winter, 1l-cf@mimshaded sWwardeyd, 4stiomgalm, 5 for -wumdy; in summer, 1
for surceyim, 2 for -wumady, 4 for sctedched5 for sWwarddyd.

3.3Architectural/compositional implications

TheSMMpresented above was used asdasbgs aefogaachcanelietedhen Master of
ArchitectB8uest@inabpolfitthe PolytdrrivicrsafyTurirhe call of the atelier was to dev
design proposal for a new university building in Melbourne, following the exist
Building andipgahaculty at The Melbourne University.

In thaseliethe microclimatic analysis wasma@plseages afestigndprocess, to inforn
the decisiaking process on a compositional level.

As showed in3fagutethe microclimadyicisaproduced a reading of the site that sho
of calm (wind and sun) over different time of the year. By analyzing the site ¢
was defined optimizing the volumetric definition odefireed ariddsse,s;insmagder the
volumes; define the intemdlspayoalt allocation of functions; and determine t
characteristics of each fapattee derfdhegdide. This latter allowed the design of a
which pattern, shading systems, and glazing features where equally balanced &
and surfaces exposubes (figure

Fig3:Example of calculation of a smatmikcaschiasetdor a volstetdycbytMdaymak P.Tootkabon
Danial Mohabat Doost, and Xiaochen Song).

The definition of the volumetric organization allowed the definition and the fu
the design proposed. Bivwguran8 ekRample of solar exposure analysis in which
mapped according to incidence of the sun on each its part. This analysis all
decisions on the shading devices design as well as fofhthdagead® rean e opat t(Eig e
6).

Further analysis was also utilised to determine the performance and specif
components defined in the project proposal. Specifically, glazing character
ventilateddéagain screen were s#lectédr asdach facade, according the expo
characteristics, elaboratedliimattie aniaftpsis.



Fig4:Example of design process in which the volumetric organizh@barwate disftiosea to ma
site, previously explored by the mic(otuldmabiyc Mamlylsi®.Tootkaboni, Danial Mohabat
Xiaochen Song).

Fig5:Example of solar exposure analysis on the desirnupgiyopyskanak theTsottkaboni, De
Mohabat Doost, and Xiaochen Song).



Figh6: Example of design process to establish modules, patterns and shading devices
according to the solar analysis on the facadiem dtac exch dbytdiby mjicMamak P.Tootkaboni, De
Mohabat Doost, and Xiaochen Song).

4. Discussion

The useao$MBhowed a number of aspects that can enrich the design process,
providing design alternatives; 2) the assistanceolimgide aredirsigecn &gfattieantsn
contribution to the selection to tbemsorecaipprsysitetms; 4) ensuring quality thro

1.

The ability of providing design alternatives could be referred to the abilit
of volumetric configuration and location within the site; the definition of
relation to the building orobunmatiacheandav§e)y oé the land; the inclusion (or
natural elements found on site as architectural features; and the po:
characteristics as main concept for the overall design approa@iysMoreove
can also inform elements of facade design such as the relation between
shading configuration and location; colours and patterns diffusion, v
elements; orientation and type of facade elements.

. Theuse af SMW®an also assist in the definition of technologies and specific

the relation between performance required and positions within the bui



specific technical requirements and thetefese ooffeegugregliigééements;
highlighting the opportunitlyotdidesmMpatiad elements or details.

3. The awareness of the microclimatic configuration of a site could assist
appropriate construction systemsaclhyrafffteranglysis of areas of the future
could be design or treated with the use of different construction syste
contribute in saving in cost and time by applying the use of consdruction
Moreover, the results of a microclimatic analysis could as well inform
construction systems.

4. The ability of designing buildings -sip&tc Eficbedntthi¢iente can also contribute
better conditions threulgfleospan of the building itself. Not only architectut
more effective choices in terms of construction systems, and technologie
of sustainability over time.

Fig7: The imageows the design parameters that can be informed by the use of microclime
of the design process and delivery. Above the blue band the design process is sl
characteristics. Below the blue pamdnehersethigih be enrich/integrated by-chemnaitse of th
analysis are listed for each phase of the design process.

Figurésummarizes a number of patramrteesmbddified and informed by the use of
analysis throughout the design protestheanchapediveeydesign process is describ
phases and related to all the design parameters that caesbeTakilisedimelatmof
the useaodittdimaanalysis, design phases and design paramdeséms treqpd e lsoegyt s

that can be applied through all the phases of projects delivery. This metht



considettimghnical parsaaedeoptimizing design solutions, without impingifng on tt
the design process, which instead informed on a number of Moteovtexl, dbssign
methodology could desieslbpmeent of sepewciiféenent wlelsetior each technical element
support the tesltenguodflity of desigagmad hbieciesoptimization.

5. Conclusions

Environmental building programimmmageaadasysds can provide designers and arcl
abitly of open an informed discussion on the role of design within the sustain
Having a number of design alternatives directly informed by the environmental
a new architectural language ahlathecorapiproaches that have been taken so far
architecture until now, and implementing them toward an integrated language b
This language could potentially produce a varietyyotfobluir dti egq® rtdyw tc omstu orpltyi atm
resources depletion, but that are able to express the identity of those bui
environmental and technological approach to designsdhyewmsiangprth&cpesiocm atin
preliminargrdediase, is essential for considering these issues in the design pr
compositional solutions and suggesting possible optimization procedures.
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