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ON THE AESTHETIC PROBLEM OF SOLAR WATER HEATERS 
IN CYPRUS 

Dr I. Mictlaelides.BSc(Hons). PGQ;pj,PhD 
Seniorlocturer,Departmenlo!MechanicaiEngineering, HTI. 

Ch.Athanasioo.HTIOipi 

Theus.oltherrnosyphOnsolarwaterhealerslortheproduciOonofoani!aryholwalerisaooste!!9Ciiwland 
widespreadapplica10onolsolar""""V'/"'Cyprus.Theestimaledpar1<o!solar~"'wor10ngor<lolr is 
$0,000rn>.whir:/1~tcapproximately0.86m>perinllabitanlanda00<1tri00tionrotl>onalionai""""V'/ 
<lemando!aboui6%. Tllemarel>oweverc<utainpr-...swhichamrt0al&dt<>thevisualan<l&eSiheticpoinlol 
view. Thetradit<>nalsolarwat&rheal&raddsatleightiOIMbuilding,whichalleclsiMOYe<IOiappearanceanc)the 
orohite<;tum<>lll>obuildW>g,and ., rnanycaseo~isa~laciOrk>rll>ouseolsucl\aunii.Thispaperelab

or&lesonlheproblemanc)proposesirnp<oYedde"'OnoonfiguraiOons olsolarwarerl>oalerslorinsralalion in buil<l
ingswith llatterrace<>rinclirledroolo. 

ThealmosllulrelianceoiCyprusonirnportedo;linmeet;n.;Jitseoefll)'deman<lanc)lheoburldance<>lsolarradi· 
al0onl0gellrerwithagoodtechnologicalba5e anc)lhe~r""""P(anceo!solare""'9)'S)'Stemocrealed 

ta""ablecondilionslorll>o~liorrandutiiizationolsolarenergy.To<lay,lheoontriOOtiono!solarenergykl 
rMelingtl>oporimaryenergy-o!tl>o;slanc)isestimaledloabout6%.fu<lhermom,ltoonlribiJie!lt<>lh&reob>
tioninlheatrnospherlcpollutionlhatiseslimatedt<>appro:<Onately2W,OOOIO<l$oiC0>pe<)"((ar(European 
Commission,HI\16) 

Solar-'l)}'isalrnoste>«*r.W.I)'UM<IIorlhe~o!oanilaryhotwal91',rnainl)' in hoo""""*'s.The•ystam 

mostl)'us.ed in resldentialapplications is ll>ol~ltheiTOO$ypllonsolorwalerheaterlhal""""'lf'sestwoflal 

plal<lsolarcohctoo.ol3""of surl....,andahotwal<lrstoragelartko!190 i l!escapacity.Theunills equipped 
with anaul<iliaryelectrie-.lof3kWihalbi>Ostslhflsy:stem incaseol r<>doJcedsolarm~lion.OWinglolhe 
!acl!loatllleSI.ppl)'o!freshwal<lriOIIIehoosehok!s.,CyprusisnoloonliflllOO.IS,a<Xlldwarerotoragelari<ionec
eosary,anc)ll>isis uoualylocal&donlhotopollhfl solarwalerheater!nor<leriO~adequale cir<>Jiat ing 

pressure ln lhedistributioncircuit.Thisltdi:fse"raheVIIIOihounil 

Therna.,problemwilhll>ouseollhlstype<>lsolarwate<healer is itslntegraliorrloll>obuilding~stlrY8SBndits 

neignbo<tloode<>virQr'lrfle(1t,lromll>oe<mlructionpoinlolviewMdlheawll>olic. Thepurposeo!lhispresental ion 
ioiOproposeimpr"""""Oosignoon!>guralionso!solarhotwal&rsy:sl<lmsinlendedk>rresldentiafapplk:aliorr•wllh 
llalor~rools.aimingiOimproo.oelllecurrentsiiUaiOonwithou!alleclinglllepe<Jormanceo! tl>ooyotem 

Tlleopero!Oonolalhefmos)'phonsolorwaterl>oa!orist>asedCM'111>oiMrmosypllonprinciplo.TI>owat&r"'tllfl 
solarc:oll&clor ;s r.eare<lbyltlesoiar-'ll)'aboorbedb)'lhec:ollect<>r,~exs>anc)s,anc)~becornesless-anc) 

r.sest'>roughtl>oc:olleo:torlnt<>ll>otopoflhehotwatersloragetani<.Atlheoamelirne,cokltlrwaler, Deinghea• 
ifll,iodrawn ., itsplacefromlhobotlomoflllesloragelaroi<.Sincelhecirwlat;n.;Jlor<:elnlhosystomisorl)ia 
s.maiiOonsltydille<ence,larger\llannorrnalplufl(lingmusl beUS&dlominimlzll !rOctlonlosseslnlhepipes. 

Walerllowrate<leper>;tsonlhol8mpllralumdiflerflnCeinducedasaresulto!llle solarradiallon;lnbllghiSI.W1tt 
maybea•n'liChas84kglh(MicM-oet of, HI92a).AI>ighllowmte willincmasellle-oreN;c;e,cybul. 
will....n.cellle<X>Iie<:!or lemperaiUm.Anolh<><signllicanlfaclor,whiclla~~eo;tslllewalernowrate,islhevellic31 dis

tancebeiW98r>llle1opollhecoWecloranc)lhobottomoflhe1101walerstoragetank.TllegrealerthiodiSianceis. 
lhelargerwillbfllho !IC7wmle.Kreidrlranc)Krelth(1977)s"'IQ8StlhallllelopheaOorO!tl>!c:ollect<>rshouldbeat 
leastXlcmbelowtl>o<Xlldleg!iUinginlhesroragetank .,or<ler lohaveasatis!actoryop&rationar>dalso"""'*' 
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C.I0350.degme.C.ar<lr:onlrollinglhe<»;tll"f\COOI®Io!lheenvironmen1<118boul0.5% 1oaboui 3% 0X)'VfHl, 
prltferably1 % to 2%, wilhll>erema'"<lero!lh8erwir"""""'tbe<nganlnettgassudlasargonornilrogen. 

Owu apa<iodDiaboul.....,rolllours,lhareactionwiiQOIO~Oon.IOfmlngthe<»;lde. Thooxi<loisamorpllous 

inlorm.wl'lichn'lflanswhanO<bje<:tedloX-r~crrslallograptry~tailsroprodoceanycharacteristicC<yStalline 
pea~. Tho elemenlal amorphous melal can lhe<1 bollorrnfld by redudng !he amorphous O>Cide at elevaled lemper· 
arureln a "rdrogenalr'nOSpllere.Thiswil,ln lum.lormelemenlala~melala<melalalloys .michwillgen. 

eralyha,.,aparticles;•eV8ryinglromaboul50nano<'MiflfSdownlol&sslhanoreq'"'llo 100angstromsinoize. 
:=';l !':,~amorpl>oilll,lh80lCidationandreductic!ncanberepoatedarrdlh8cryslalllnitywilbe 

Ther.ilialredl>clionrlllungstencanlorm lhe .bela..tungsten8118Cies-Tho .be1a.·ll.ongsloocanalsobereacl&dwill1 
ammonlaftnS1eadolo><Y9"")1olormamorphous lungsloonitri<lo.Tho.be!a.·lungstencanal""be "'aclfldw11h 
cartx.onmonoxklelotormamorpl>ous lungSII!fl<>xycarbide.Again,wilhttlesereactionsilisimportantrocootrol11w 
lemperalurtlandconoenlralionotreactant!I"S(NH.sub.3<>rCO)Io-a rapidorstrong8JIOII>ermicreaclion 
ASwiHI!he<»<idalion reaelion, ll>enilndaliona<carburizalionreactionn-..rslbolconduclO<Ial lesslhanaboul 
350.0ogree.C. 

AS~Indicated,lhlsreactloncanbeoonducl&dwithlungsten,rnolybdfHlum,alloysoltungslfHlandmolyb

<lenur'n,uwenaa iron,ctu-omium,r;obollandnicl<elallo<rsoltungstena<rnolybdfHlum 

Qncell)rmfl(l,lheelemerUalarnorph:Jusmelalcanbollurlhe<reactediOiormreJrac101)1melal~Thein<J

viduillmetalcomposiliona<aloy!lcanbereacted in lh8pre-olarrmoniRIOiormlh8nilri<l<lcomposilion.The 
-~metalcanaiSobertlael&dw'ilhacarburizinggas.sumasacart>on<io>:ide-<:8rlxw1,..,..,.i<lo 
rril<tura.IOiormlhemelal carbide.Thesecanal""bolrti8CiedwilhhfiXamel~siazane101ormlhesilicido. 



Thecarburiut.,.,r&aeliont<>lormll>ocarbidoaolt""in<livkluale<>mposilion$canbocor>;~ucte<linahxedbedor 
lluklizedbedrMCt<>rin a controlederMronme<~twilh acarburizlngoasouchascarbon,.,...,.;oo,carbondio>j(le, 

melhaneorethane.Generalt\'. thereac1""'mi><turewilhavelll.lflioier>tcartlurizlnggasinaninot<te<>Yirormentto 
establisn a carbonac!jyityolaboutt .Thisis pass<'Jdthmught"" amorpllousmetal. 

T""r&aelioo1isc:on<botedatatamperatureolab0u1550.<1egree. C.t<>Bbout700.degree.C . .,....ap$1iodo120to 
240minu!os.ThelormedcarbkleshouldhawlaparliclesiZ<Oollesstllan 20nanomete<s,~el<lrabtylesstl>an 1 0 

Preparat.,., olamorphous tur>gstMvia.alploa.-tur.gsten 

AnYnonit.<n motaluf>9$1D18 (AMT) was pyroly>ed b't ""ating In llowlng helium 1<> SOO.<!Bg,..... C. to prodoc! 
WO.oub-3-x, a mi><ture oiWO.oub-3 andWO.sub.2.9. The WO.sub.3-xwas redo>:e<l in hyttrogen at625.<1egree. C .. 
reoxOdizedlna2%mi>rtur& ol"""f""" In l>ellum,and linaWyn>-reduoedlnhy<l{oQen1<>prodooehlghsurlaceaff:a 
alpha..tungst&n, .alpha.-W. The high ou~ace area .alpha.·W wu<:OOI&d to 2S.deg<ee. C. In tlowing helium gas 
andlt>ool>&atedlnase<iesolst"'>'lto300.<18gree. C.In llowing 2% 0.sub.2/H<t lo~ocluce a~tur.g 

st&ncOOd& . . gatM'III.·W0.$Ub.x 

Temperature(.degree.C.) 

The.garM'IIl.-WO.sub.xwasheatedin llowinghyd<ogento400.deg<ee.C.uponwhictt ~reducedtoamorphous 

tur>gst&n,.gamma.-w. 

Preperatior>olamorphous tur>gstenvia.beta.-tur>gsten 

Ammonium metatungstate (AMT) was pyrolyzfl<l b)l heating In !lowing l>ellum to SOO.degree. C. to pr<Xtuce 
WO.sub.3-x. a mixlure oiWO.sub.3 andWO.S<Ib.2.9. TheWO.sub.3-xwas reduCed in 11y<1rogen atSOO.<Iegree. c .. 
reoxi<le<l ln a 2%mlxwreoiOl<)l{l'ln ln helium,andflnaJ!y"'·recluced inhy<l<oQen t<>produc8 highSUI1actlarea 
beta.-tungsl&n,.beta.-W.Thehighsurtacearea.beta.-Wwascooloodto25.<1egt'M.C. in llowinghelium5jasand 

thenheatedina -olsteps to300.degme.C.In llowing2%0.sub.2/l-letoprodooeamorphoustungsten<»<ide, 
.gamma.·WO . .OO.•. 



Tempera!u,.(.deg<M.C.) 

The.ganvna.-WO."'-">.•wastleat&dinflowiflghydrogento400.degrea.C.~wlllch ~n'l<b:&dl0an'IO<jlh<lus 
lungsten, .gamma.-W.This islurtherdepir:ledinFIG.I 

Preparationof~morpllouslungslennilridellia .beta.-lungslen 

bela.·W•t-.eatedinase<itlsoiS16!>'ll0300.<1&grea.C. inllowlng amrnon;,gastopr~arnorpho<lstungoten 

nMdtl, .(111mma.-WN.$Ub.x <>r . dtl~a.-WN."'-">.x 

T""""'r~lure( .Oegree.C.) 

oamma.-WN.slf(l.x 

This is lurU>orOepicled in FIG. 2 

Preparalionofamoo-phoustungstenoxyca-llia .beta.·tungsl&n 

beta.-Wistleat&dinaMtieaolst"'>'lto300.degree.C.inllowinganvr.or0a(111sloprodooeamoo-pl>ousil.Jnll$ten 
nitri<le,.<lelta.WC.sub.•O.sub.~. 



r..._at.n(.OOgree.C.) 

TNI .. ....,_IIIopicloo<IO.FII3. 3. 

lnlldditio<11obeinguselullollofmalionoltili<:ides.cart>id&sandnilrldel•ndolht<rel<actoryc»rnppOiilcn.lhepr.
..,llnYenlionisaloo uselul0. 1he-...ent&ltormoo~-pi!Owpowdetooatlngaondlhelll<t.Tll9yc.n 

altQ!)If~with~lol~•nd..sedinany'lll'blionin\JI'I"Ochelemeonlaln"llllal"~· 
The""""pl>ousmetai<Wdocanalto~..-lnJntr...:tionc.lllingloiSUCI1..,00<ide.The~parti$ 

lliNiihoulcl~ff"i:mg-~~The~lliNollhe-r\'lai<M~ooiclet.-ulee 
pigrr*Uandcoalings-in~ 

n.......-,gt.as~ar:IMctlpoonollhe~_...,.,., ___ -..ill __ .ullciO.Ihe., 

:.~-~. F ....... Ihe.._ri"KidOoolprlloCtidn;,._...,.,i!ltobo~hetein.-w 
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Nanomateria ls Research Center 

N""""truct....clmal<>rialoa"'bothocjenlificl~ln!efiiOiinglllld leclv>ologic3lyirnporlant . S~prop&rlieslll..., 

--.Oomonf~atMio<abfOad .. "'I''oi...:I'I""'IOI'IA!s.Eump~Hindudll""'-"'""'"ll'""''lh"~ _ ...... ....----~~~~~-_.,-maoerillllwilh_moogneOc._ 
--C>PII<*~n....pn>pertr~dloMf<orn--......OUCI'I•grM..._or 
la)wf~on•""""'t·tOOnrn.....m...-~1hotloo.o'odO.~""'~Po:M~~ 
lorNiriO!IIruc!UrM""'terifoitlnclu<:lftpeinlpign'ltniS.OOSITI<IIICI,pl\arrlllll08lllii>lll,m&dicllldiagnoolics,calalytr. 
an(IO<JW(II'Ia,membraneslllld tiiWI,blllteriHlllldfuelc.~ot.tleclroric.~lieaMOplbllleYices,lalpenel 

displays,blomai-.SiruellQI""'Iorialt,andpr<J~.aiYeco.~ 

Theprirnary ......... oi .... _.,.~CerMt(NRC}iiiO~--Icw ... """""""' 
l)n:lduc;lionol-.uctlnd(,.l-.,...,..,. . .-.d,_~,AIN!urtlol1hoeer-researd> iiNI 
___ .. .........,ltoll!le Materiell~&ndE~cont........,,lndudlinijoynlhHls,~ 

lng,comp01ition,llruc1u"',ptOpenies,perlor""'..,.·<liagn<>lticl•n(l!'l"ll)deiW>g.E••~ol.-t roneart:hwilh 
poWrlialimpocllnlheinduslrW,.,.....,..(t)IYflll-bolrwnetal,....,..amlc,-r><em~e~~ trom

-OOiulion-""P'<ploaM~(21~111..._.....,~by~~
tCIIP<..-.gll~kM~~-~3)-IIionol....,..tor~loroplic:al,m.gnet· 

lc.~.~--~lionlr. 

Cu«em r-illixuotdonmelhodslorlheprOWr:tionolhlghtorfoc.•rNna~(CBI&~.dielec:
lllcl.ltariSdt.ara.oplical~f.nanopiiiMco.tingo(-reoiolattt....-,lhe<malberrlero,oolar ... llob
rl<alior4.~.,.._,,_....,...~(QH~~.~-)- For 

'*"""-.........,_aticBN,,_......,.,_.,.IOt..pwiiQiilolrp«llNNing.- .... llao 
lllllnO~Ior~ling-aric~Mit'lllllllnduoingoignlll<:anlgralnco.fMOI'IinO.To~ 
~Bj)l)tOaCheolor t-,_tecl!nOIOgiel;, and tontlst our in<lullrialpartnoo.-.O.Iheirocale·uplor 

lndustrjsi.-,-a,...,.amlnlnglheQOI-IIquidphaseoynttleslo-uoingv.rlouo~ 

dilogr>O$Iiepo-.._g.Jo:·ray~--~IIIWJM--It(l_...rnodllinll. 
n...,.,.........,OI.II<:OIMIII .... .-... t..procec~unootorm-...........,... _ _.,..,DDnlrola.. 
... ..,......prot;lueliooopo--. 

'-Of<le<IOiurlherpromole lecl'lnology lranslt<,lheNanomaterialsflas8art:hc.nter""""'"'l)rio;lgetor ltel'l· 
nology"'--opmenn-lhe~creatota(lheHTllacul!y-OIWenlo)-1hotedlnclogjl 

..-.(~atllorge).'-"-lhio-.anamryol~dMsOonsiiDWoOestabliolllll.--illown 
IIJIIII<:alic:woll'*(o)--llralegY.-O.ilolirllye...oi..,..-.NRCI\UIIrelody
lwO,.,....;ng~:(l)~ .............. -~~~hlgh~pmdul;:lonolnon-'"!Kflom
eraled,....,.rlielftancl(211arge•ru~olcootinga.8olhllllhe~•retotocutonlhe""""'*· 
ci&lizalion ol ld\lanCedrl'llteriall~otor.manc<~~~IMChanlcalproperliel 

Niooo.<.nglstllliolio/ArKir .. sStassio - .. -~ ---



Best Projects in Plant and Production Engineering 

N. Angasliniotis, Mechanical Engineefing Deparlmenl 

Wlllla\OiewiQpmmolingtecflnoiOOytr&n$1t<.Or.~AnijastiniCJ!Ithas--.-..""'l>dH>ganlnlliii!Mibywtlich 

lheHighe<TioCt"nicallnat~UiewiiMI.,..U•brldgelortad"lnolo!D'~-,_~ 
a.oiiii"I{,_Highe<Ttdri::lol~llo,olly ..... ~)..,.. .. -.o!Qgy,_.c-y_,~)..l.lrldtr 
lhif-.omle-<II·IIIHit!__...~Ctnter(NRC)ill)eing~MtlleHigllt< 
Toclv!ica l lnlt~ut&, aiming at its own awlieat""' goal(o) .,ldOO<I"IIIleleialzat""' Slmi"'')).Now.., ~~ fhll"'ar Ql 

O!*lliM..NRCI\asoiter<ly~twoo:operatngdotisiont:(t)~.,...,....._-ii~Dct.Vogon 

~high-pnxluf;IIOnol~lld...._,..... ..... {2)1arve-~ol-· 

WiiNntlletra-oltlle....._..,... oyn,_<Msion.rourtna~,.,...l)fOiKII-.opr<IIIOHdb'fOr. 

~ ..... ~~IOQO"....-.g_Ent;Jr..r.;_Threeol'-""""* 
__ .,.prileb"lhe-~illtlle_....,.,.~Otpar~.~.lheprojld 

""""'ltlelltle."Oesign•r<ICooSiruclionofanAtrnospt>ero-Controlldlnct.ibiiOI'"wllichwuassignldiOG&o<giol 
~-- .... prilelo<lhl~f>n¥odinProduction~....._,.pnljeeu:_ ... 
--~olollrcpiMo..r.lor{llquld-)"DiigrediOQooorviooTria<uioi..,..""Onignol.,_ 
Or)Wig~b"UQo.oidOroplels"aii;SigneodtoMio:nMfZambllootwedlht~lo<lhe"Beslprojocli-IPianl 

E~. 

AINIUtlol .. _lhrM~IIIhat~-- .. -olllleMat_Sc:Wooo..,.. 
~E~contin.ourn.lnc:IU<Iillg ...... modynon"i<:s,luilt~.synlf>etii.~.<>On"90'I
Iion.sln.ICl..,..~openlu.perlolmonc..diagnoollclandmo<leling. 

HfriUitbe-~lhM_,IhoughlhlperliaMr ............ lor-proiecl-'-"""lqueiWiddlo
lirdr ~...,lludtnl$_cloMI)I....,8ICIOOIIw..,..._...,._,_,.prou~~to<!MM.,.._own 
8j)pllratl>Sal!l"lilisdeplcl«<below· 



Mostimpo<1.,11y,ll>ootutlentoduringt""eou<seottheiraltortl>adll>oowor11.o:'lity«>colabo<&teCioSelyw;th'""'· 
eraiCyptiolcompaniessuchularliconS)'r'llhelicOet8<!1""1SCo., Oel<saCentratHea!ingEquipmenl,l"" 
O"YV"ri-Acetylolnetn(lvstr"'s l l<I,Ana>:agorasf'netJmalicsll<I,CMstaklsAgatl'langelouManufact""'rsLl<l. 
Arhimeclesltd.~Eiec1ronieServices,GaledonianCorr<nerciaiCo.Ltdar<lnineo!hermediumsizecornpa· 
niols.Vlllual)lainpu!WIOS-'&oprOYi<ledbylh8Ete<;lricai Engi"""'"''l0epart.-,tofHTIBr>dri'IOI'flopecificalfyby 
'"" leclurer Mr. loannis Demetrioo, the senio< O>slruct<>r Mr. Co<stao G&O<gia<tes, 11'18 inslri>Otors Mr. Par>icooo 
Hadj...,.,..,elar>dM r.Soleri$A~uwelasbylhe"""""""PSUperinl<!f'ldeniMr.SawasSawides 

ln conclusO:ln, lheMdualiol'lregardinglhe8XI)erimerltafresullsWIOSconducledbylheStateCI'Ie<ricall8bOralOry. 
'""Geological Survey Department ar>d the Cypruslns1~ute or Neuroi<>Q'Iar<l Genetics 



MODELLING OF THE MODERN HOUSES OF CYPRUS AND 
ENERGY CONSUMPTION ANALYSIS 

G.A.. ftOOIOES,WpM.s.nio<lnslruc:loi,HTl 

S.A.KALOGIROtJ.~PhO,Eurlng,CEng,MCIBSE,MAS!illAE,Inlttuc:lof,lfll. 

Thillludyu$(!'S TRNSVStomod81 a.-.;t ..,...alell>ll-.wllowl~ ttlemodemtlouseso1Cyprua,lolowedby 
an""""Vl'oonsump!\onon&lysio. F<>r!lltl calculllionl,a TVJlO;all.lelt<l<Oiogbl'/florlorlheNio::<*aareaandatypi
c.IIIII'IOOtl........,are.-.n...__~a!ur"e,wMt1noM~IIused,itnllmoto<1TNI!IIIm

l*•lln--t0.20'Cioi---~5'Cioi...........,.Thil""""'on.,.......,...b,n
lhii~-"""'*'C*to.othl_.,.,....,..;~root<:C~~~S~..-.o-.ii--.Tl"OI~li<W1ir6-

ao ... .,...._,_,.oi!MfiKII-.wtok:to-ina~llPI047"JJ.oiiNcoollng"*'->41"' 

73%oi!Mh&aling-.,l,ito .... """"'oi~---- ....... ., ... ~-"""'
IOraH!helicreuonl,iiiO<a-.lMiilecydlcoallltlalySisitUMdlorhl..............,~olll>ll-n.s 

oonstrUC1>olls.TINiruullalndial!a thatlhewalintu!lliot1nearl)opayobad<ina~)'Urlp&rioo:l, wilhmorginal 
neoaliYo~,wMrfil lheroofinsU.olioni'IUconsid8rabloeconomlcbenehlwilhaOiecycle18>'ingsol 

CU770upiOC£8680<1ejMndingonllwrocmtempenot""'-thlinlulalion~ 

· -~ 
lndHigrW>gklf""""""9.~----...-..g---on~telleatlr.IN
II<.Thilillhe_,-dolypac:OotolbuildingsenoioM~ollicet.BultifQ""-QMI"'*'•oordlione<l 
~llqo.Oie-\OIIhllme.pfimarlly-ollheSitOngtrar.iln!ellecll e< .... todbyll>lll'lowlywrialico:> 
iniiOI&rradialion,lra"'*'l llo'lii!ysil mustl>ii .....O.Thtdil'klr""""C&UMdbyltloiiOraQ<IO<Irlolllltrol-oy lrom 
IIIIIIIIIC!Uf8andC0'1l..,lS IOihlllciroulatedalrmuolbe lakenin1<>_.,1ol1'18<wiselheOOOii"'J&nd <lehl.mi<i· 
lying~will~tiii---

~-~IO ..... IOiht .. buic""""wtok:towilll>il.-d~in--.~ 

(&)-0.. 

-gM!illt>e-al--vYii-IOO<gtonetalfl<l-a"*"'_,.,.,....ol......,..and 
la~{llin. H&at gM\I;.........,oc::<:uiniiM-.glolms: 

. I..Mentheal gM'If~- ... --
(b)Coolingload 

Thilcooling loa<l it !heratealwhich-gymut!beretnOYIIdlrom alj)ac. IOmaimaln lhl!!empt<81ura ond 
tunidityatll>ll duign-TheCO<Jiingk>MI<Iitlerl !romlh& M algainmalnlybecausethe<adianl -rgy f<om 
llleinMII..n-o ......... ~~~e(lire(:l..,...,~passinginloll!*»lhroughoperingl. llmo.ltyllboort>ed 

.,.,._._,..-gy_po<~ol.,.coolingll:.:lonly-llleroomM.-_.,.-,yt,.con

_,ond,.,...,.-llle.-lous......_ln.,.roomMtainhigher....._......_,._""""M.Thot.._ 
llog;~on...,.-.g&~ol.,._ond_objeocllondilmcn~-._ 
...,malmass(ploduclolmuaond~'-l)llgrfiler.TlWI,_.,.Ihll ._l'l<b:lio)Ain._pulccooling 

"*c.nbe .... ~lnti<inglllecooling~. n.. ....-.ibll,..t~ Trom~.lhetlghls 
anclequipmenti>Ciolna.....,, _ _ n;,,_,..~~~a!ebOulth&~lol&l omounl ot-rgyrnual bll~ 

!rom theotmelure dorlngllle dayi>Jt o largerportklnmuslbe -dorirlgthe--"ngtlounlo~lor 
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• S<JI.airtempe<atum('C) 

• currentl>ouldry.Jlull~ILK$("C) 

• llbsorpla..::.olsurfscelo<solarrlldialion 

• IO!alincidenlsolarload(Wfm2) 

• limeint<lf\lal(hCI'Jrs) 

~6Rih.• long-wavemdlat0onlacl<>r • -3.9'Cio<h00z<>rllalsurtac<l!l,O'Cio<""'ticalsurlaces 

~~~:equation(2)varieslromaboul0.026m2 K /Wio<alight.cotour9de.urt,.... toama<imumol!ltbou1 

22 ~rtilions.CeiJ;ngsandFloors 

Whenol<eraconditk>nedspaoeioadj~tooiMrspaoesatdilt8r""ttemperatums,tMtransferolheat11Yough 

thepartitioncanllecalcutatedbyequalion(l), byrepla<:inglhesof.airt""'P'>'l'IUrewill1ltletemperatumoltM 
adja<:er>r spaoe. 

TRNSYSioatrar\$ieont systemssimulatOonprogramwill1aiTIOWiarstructLK$and ls usedinttlepresMIStudylo< 
<lerMngltlerewlts.ThemodularMtureoiTRNSYSmakest!ltlprogmmtlexible,andlacililat~slh&a<ldilionol 
e>tramathematicai ii'IO(If!lstoltleprognun . TRNSYS io-ouitedto<lolaiiedanatysesolsystemsl'l'l>ose 
~Os~onlllepassagooltimeondiodesigrledtosirr>Jiatellletransientpertorman<:eolthermat 
energysystems. Theprogromcat1$01Y8Ia'l.JI'S)'Stemsolaquations<lescri:>e0by FortransubroubMs. Each 
FortransL.t>routiMconta insa..-lo<as)ISlemcomponent.Bycnoa~ngar>inputfole,us""llycaledd&d< IOe. lfte 

userdirectsTilNSYStoconnectthe\<8.rioossubroutinestoforma system.TheTRNSYS&nginecallslllesyst911\ 
componentsbase<lonllleOlpui!Oeand~erates ateachOO..st"''untilthesystemolequalionsiosolved. Thellow 
chartol thedecl<file,writtenaspartollhisprojeclls....,.., in Figuret . 

TRNSYSa-.;ltle....,rstocompletely<loscrlt><tandmonltor ,..intemctionsbet-systemcomponents.The 
programlit>rarylnclu<lesmanyolt!ltlcomponentscommonlytoundinlhe<mal"""'l')'Systems,aswel ascorn
~~rOUiinestoll3ndlelnputol"""'lhe<dataorot,.,.time-dependentfordngtunclionsandoutputolsimulatOon 

resutts.Themodul.arityolllleprOgtamallows theUM<toha"" u manypumps,Chile<s,coofingooilsandsolar 
panei$U~ry. in aoyclesiredcon!i9Jrat0on.Forlllepresemstudy,Typei9TRNSYSIJ'IO(If!lwilbevsed 
(TRNSYS, 1998)toestimatathehealingandcoolingloed!rloramodelbuilding . AIIMalingandcoolingtoadsarOs· 
=wals,windows,llat rooJsandlloorsarecalculatedwil!rType t 9m;><jel, byutilizingllletransl!trJunction 

Thlsii'IO(If!lhastwobasicmodor>SoiO!ltlration,l.e.,the"""'l'l'raleandltletemperaturfl-controlrnodoeS.Inllle 
Slud)r,lhelemperature-cooiJOimode io """"""",since""l!r t"'smodeltle !emperature ollhebuildingcat1t:>e 
maiotainedt:>etweenii!>"C~>edlimitsandthermergyrflq.lir&dtomaintainthe:ron<tinthe$!>8cilied temperature io 

glwlonasoott>utaiOngwithllle limit temperaru"'.Thezor>e humidityralioioalooa-tof\oatbe-.amaxi
rro.rmanda-..mlimll5j)f>CIJ>edbylhe userandlhehumiditicationordehumiditication-'lJll 0scorosidered 
Additionalty,heat mayt:>ead<tedor~bytheuseolaventilalionflowstreamoran instanta"""""heatgain 

Olpuian<lacootr<>llef io used inoonjunction wil!rthlsmode tocootrol thetleatingorcoolingequiprnent 



,---- -

Fogur<~LFlowdlartollheTANSYSded<fillt. 

Note:lhesyrnbolsr_..eMnt 
I globaloolarradiationonahori•ontalsurlaceat!henexlhour{I<J/tl) 
l.o.- directnormllloolarradatiortatlhe"""thour(i<.llh) 
T· dry·~ temperaiUreallhene>cttimestep("C) 

<o>- humidilyratioallheM)(Itime&tep 
w.- - wV>;tvelocityatlhenexttitn(lstep(mls) 
h,,ln·totalradiationonsurlacenumbetl<>ri(I<Jim2h) 
......... btlamradiationonsurtacenumbetl<><i(I<.VrnZh) 
T. zonetempe<aiUra("C) 
o._. sen~load(i<Jih) 

01.· tatootload(I<JII\) 
Or· lotalload(kJ/t\) 

=~=a=:~~·:eru:::~-!.,~~.t:~=~=~..=~oW:: 
lndudesbotllcorl';t•'li""and radialivereoistanceshooldi>Oibe used.Becausera<liation;shandi<l<l""!"'"'letyt.y 
TRNSYS.onlyMirlside,.,.,..,.,tivereslstanceoiO.t044m>-K-hr/kJsllooAdbe lncludedwtlen<le,.;...;nglheuans
lef lunclioncoofficier>ts.This\181""oto;:Udaloobe~ied ., the~ramete<li$1oiType19.forc.oloolatitlglhesol
airtemperatures.ThestandardASHRAEe><ten>OI$UrlacereslstanceAO,canbeliii<Hias~ isoirocelhewir<l~ 

is uN<IorWytocaiOulatelhe$01·airtempe<ature. 

Bansal an<l!lha.-.;lari(t996)have~asoltwara !OOcstledAOMITandu$<1dTANSYStoMnulllteabuild

ingunder..,....,wealhe<oooditions lnor<lerto"""luatalheoooorooyol!heifprogram.Simulationshavebeen 
pe<lormo<Jforlhr,..<liflorenlclimaticzonesin l-loflightatl(lheavyconstruc:IOOsundetoondi!lonool 
glazeGiunglaze<lareasand-.tilationflltes. 



2.4Typiea!MeleorologicaiYearlorN~a.(;yprus 

The_.,lclimaiOccondil...,.o!Cyprus""'mosllyVI!f)'sunny.Oit1an"""mgesolarrMialionol5.4kWhlm2 
ptrr<layooahorizorrtal surlll<;e(Pelrakis611J/.,1998) . Thisflldialionisamongtl>e~inlheworklandthe 

SOiat-gyinpulispallil:ulatlyhighrufinglhed<youmo>l<"lhallasiS!romAprO«>Oclober.D00"91horesloltl>e 
year, suoshin&durationfllmainsconsi<lomobl&_, in tho<XII<Ie$tmonlt>s.~1Htsarecaffie<IOU1 in ~a· 
Cyprut.R><Ihisreasonal)<picaiMet~Y&ar(TMY)Iorlhisareaisoocessary.Petrakiselai.(1991J)hllVII 
_.,tedtl>eTMYiromllourtymeasuoements.QISQiarinodianoo(globalandl)illuMoohori"""talwrlae<l),lor 
a ._nyear period,from 1986«>1992.Themeas""""""tswenlpellormedbyiiNIMeteor<>loglcaiS&Mceo!lhe 
Mi<Oslf)'oi A.gricu4tureandNatureiAesourC$$olCyprus,allheAIIullassllregion, anareaioo;atedtoll"'soburbs 
oiNicosia.Aihafa,...isalalatitWeol35"09',k>ngi!Ude33"24'8nd16:!mhigh,abollelhemeanseai<M>I 

3. THECYPRUSHOUSES 

Thepreoenltrendino-..oasisi<>C<lOStruct...,f)'lafllehOu$eS.welinexCMSolthol,.,_ollhe<>e<:upants 
with alololimpr~....,_tslor<leooration,whichan~unlort..,..lel)o -~taflyincorrect 

Thee<>nslouclionmetiK>da.wlied~lsbasicaflytholsamealoverCyprus.Thebearingstruoturflolabuil<l
ing,whichmaybeeith&r alarg&ITII,IItj·sl<><w buildingorsingl<l·•loreyone,consistsoltholfo<lnOaliorls,lhe 
~thebelln\$andslaba.Thebearingstruotureisma<le<Jirl!lnlorcedconcreta.fortheconcoeltlmixture 
Port1andcement,lin<laggmgate(sand)andcoa<S8aggregata lsused. 

ThewallsarnconSiruotedlromholowl;lriQ<srnaDelromburnld$y.coveoedwithplasltlo<>nbo1hsides.Thedirnen
sionsol tholtM'icl<oare30cmby20cmby 10crn.e..te<f\lllwal shaVIIalhidcnessolaboot25cmandint•malwafls 
athickrless<Jiaboul15cm.Duringlherfloe<rlyeaos.lhernlsatrendtouS<!cavif}'e>:.temalwals,C011Strucled<JI 

:::.~;::.v;:,:,·:::::~·;:~·~:;!"'=~t~~::·::.~=.!; ~tala~~ 
layerolsandorsco""o!llbQutiOcminWhichal plvmbingand-seovicesareplaced,and!iNIIy lhefloor 
linish(usvalyl..,s,mafble,orgraniroblodcs). 

,,. •• ,.,= ~"~"~ 

,,,-~ 

-~--·-

F!Q<Jm2.0elallotE•rornalwalt 

Flathori><>ntalroots,WhichconstiMolhemajority,consislol thllslab.usuatyl50rr<nin thid<ness,.OII1anaddi
tionatlayeoolplasterol3cmaltheunderslcleawNedifltleslabisootfair·!aoeoonslructedl.&.,smoolhwilhool 
i<f&gularilies•tltleunderside.Usuaflylh&rootiswaterprovedwilhalhinl.-,.er <>fbiturnenondpainledinwhiteor 
Rluminlurncolooroo!Qp.Howevetduringtherflsenlj'ears,lhe lrendlhal~""aUislouseaninclin&d,lair!aoe 
&lab.ins.ulated118tylightlyande<>ve<&dwilhalaye<<Jimo.larandroot!Hesoo«>p,wilhout•laf..,ceilinginthe 
roorn(F9Jia3).Therflas<>nlorlhismolho<lolconstruclionist>eoo&useifis~.doesno1.-darrySf*:ial 

$kil$andis<:lle-r.Oicoo<S81hlsmo!hod is """""""'tallyincorrecl,slnc&lh&healgainsorlossesincrease 
..;ththolincreaS&ollhemolao&alhat(I08sootlulveaddilionalinsulatio<1<)rafal$ecedingunderooath. 



~~--M"oo 
F"og.Q3.0eW!oiAoolconstruclion. 

3..1-HouNConslruclion 

TRNSYS~ t911UHdO!_IO_..t.lhe~--~wiiiW1oii'Odel-ln 
Nic:ooiii~TolirnplityCIIIculalions.l,_..,.,._---.a_o,..ol,_.-.d 

lnCypnllll~"'*"'-lleltloslotgaln-~TMII'OdelllcJuse_,.t«tinFISI'A•.IIu 
111001' VMoltlll! m2-oonsistsollow._,lielol.,.ternl0 ...... l (mlenglhby3 mhigll, wilho ~window 
cpenlngol5.2moeead'I_Thoo...._....,ll~lely~IO!tleorealhat ai)'J)IColll-would 

ha>oe,l:luiO\eleaooiCONIOe~•.......t>eroloinglol~onNd'lwal,onlyonewindowilconsldl«<<wlttl• 

!Otaiiiiii~IOihetQIAI&rU.SincelhesamomodelwillblluNdlniMIIualinglhelo3dlof""OouiCONiruo
IIMIII'»t~!bliotlllnolimpOOatU 



TN&-.~ ... ._..ol ........ ....__b'fTANSYS- ... ThiY-Iile.Two

:.=..~~...._.,lln_ ... .-vy~......-.gtrom"4<loulb.ti"ogoon-

,_.......,.oensdyol-britbio~~-·~~(k)ol 0.2"-lW/mK.Iot•...._.,....,. 

<litletflnceoi15"C(20 - 3S"CJ.Sinc8,.1herma1cono:lucti'My--N~""'-•-olilsa111aon 

lhe fJ"ol:o:l8l hOuse l<lrnpet81u,. "'' "'lion io poeo1orme<l. Figure 5 "-" the tompet&.tuM "''"'lion through tluN oon
oecutiloedeyllneat!y F6bt""r~Th&-conalfUCiionol ther.oocosa t_il.....,lfylhfllla""'(0.2mslr¥-

:::--.:::.."':,":'l<o;:":;::=')but•1hermal~oi0.2"-lWiml<-.-inhllt$t 

Asilii-•""J1iigtlldillerwnoool ... ......,.._._ ... _,_,_.~oi0.3"C.Th& 
-wt~Monoi....,___.,. ____ ~ ... --TN&-tllalll-.-

brid< ..... ..,.,oon<lu<:IM!yilnol ... ~laclo<

Th&~ ol,. fl"ol:o:lelllousedu<lnglheho<.on; olo !"fllk*yearis•tw:>wnin Figur• 6.ThetemperaiUrt"'''" 
_.,.;m..w,r- t0-20'Cd..-ingMn1tt-mlsesto~S"Cd..-ing ........... 

Th&DDCJing_healing_'-*'lllrom--,-.wrtol,.moclol-il~ln,_ l,Aslll _lhfl ...... loadii_IO ... I'OOII'DDIISINCiion.....,_boo ............. ~ .... -or\tft
lllion, lhecoollniJI<>adllllight<tor,. Eatt..-.dSCIUtlo-- r"'*""- translo<-tllehause,III0<8 
oolar tiNt d..-ing the ~ !lOu,. o1 tho <loy. n.. heating k>ad IIIIIQI>arb,. North and West w>~tis sn:e tney 
.--n,.ferN~s~KIIIrhutdllringhldly.Th&ltoofolthemo<Joel-inthilcue-notconsi<ltted 
ll>boo•parlilion.tnotm,tromour~lhllground....._,an __ IOve<y'*-'ot6-

22"C.in~tor.e...----. 



f'"~e.Temperll!l>revarialionola~-lofuchhoulol•typ~c:aii"''f. 

Tgr•~lemper•lure('C) 

lll • ambiemlompa~al.n('C) 

Tgr • IS.(T•I7)'C '" 

Mlolheao;t..alllooflypeMOOfii~"'Cypn•-•UH<I"'IheTRNSYS<:aiWaliont.Thistypoollloof

==~o;:*'~l!.~-·5cmol~edoand.5cmolplaSier.2cmolmllrble 

T-I.CoolingW>C~IIHtinllload,.,itlncllrom.-yOOfllltUC1ionlol~ol-fiiOdool-. 

Coolongload(k'Nh) 
for25' C 

1570 

""' 1395 

"'" ., .. 
13736 
323 

"' 317 

"' 1667 
31058 

Healingload(k'Ml) 
for21 ' C 

"' "' '" 600 
1974 

""' "' '" 572 

"' 1224 
12768 



Theloadlromilll..-s."""""'lnT-I,IIIl>oullhe...,.....,~CIIhlwndoworlenla!M.The,_ 

kltlhilllli>lollhlllran$tr"OM!I--thlr ... -oy ll"*""'*'~·~ ........ -uy ll lrit· 

lng ... - . 
By~llltlious-a;or,.lt'l.<:tion,_UMCIInCypfw.llllil'e!leclonlhe-~IIQ'*'be 
obs&r-.d. Thelrlve•ligotion ll poorlotmedkltlhelolowingll>t-.ca,_ 

(a)0.2mtlngle_bridc_wilh0.02mp1Mt<lfonMCI'rlklot, 

(b)::..--wilhO.Im_bridc_0.02rnplaWfon-lklot-•loyerci0.02Srn-ln 

(c) ~--wllhO.lm i'IOiowbrid<ond0.02rnpla•t .. ontactooido arxt •layerCI 0.05r'rr lni<JIIrtionin-. 

ltrrM.l$1benoteo:llhalinoll!l>l-caoulnon-ir'eulatedi'()(JI,oonsuucteclln:wnlloir·lace0.15rnlln¥y.,.,_ 
_. • ........,. Thet-..lttlndicalelhMihll,....fypllllsnolcl...,impcrNnceucbinglhl-rear(F'oguret 
7 & 8)lhll~vwlelionln ... ..--• ..wrne~y-

Thilcl _ _.noi_, ... , ....................... . ~-.The...n.tionCII!Ie'-lingload_, 
be-inF'ogur•9.MwalheMallngloadill'loltedlor!I>I"""-"Ciot)'l'bl.laruoryday, lnordartoketpilll 
lnoldeternperatoreat 18'C8rld21'C, IOr .. rlouo wa.II CQr'IS II\ICtiono.A$~11-.a radoc1MO!illlhealing~ 

clamaxinu'nci0.5 ~Wh .-..lllln--rCAH. 
The .... cl ... ___ _ ,.__, .... t.aling_ooallng_is.,...ted~lhe 

----ln-to--~Tht....-..lor~tht~tu<elntht'"'9'all8-
l!ti.ECondl!lellornidOiyr•!k>-0.005-0.0011(1<gwaterll<gd<ya!<) ... lrdicated ln~Z. 

!':o~~-~-:,::~~:~=.~sa:,;=:::..,~~cl~:,..~~ 
ble-wilh5cmnaation.TheMating-~•...u:rior>Cis-n.u.~--z.scmnaation 

-•reduclonciii- IO'II.Ior•--wilh5cm ...... tionloriMinlainirllllhl-~a118-21.EC 
:::n~lon<J4elt\rlt lnircteuing,.._lemp8tlllor•lfomiB'Cto21'C,ItMIM•lingloadllrnora 
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}:: - ====~----.=---7 ,--.,--.,---__:::;! 

"" 

& 8 10 12 14 16 IB 20 22 2~ 2tl 28 30 32 ..... 

~~lhe~~cl tf>er<>OI"""slructionio-!eO. Forlhis test,runs Rrfl~lor • 0-2 m 
linglehclowbr'dc wa~ wllh 0_02mplaoler Meec:hllght enclll'lollollowino;j lhree varialionJ· 

<e)enon~IOOI.~ Irorn lllir-*>oO. t 5mt--v,...,..., 

{tl)~JOOI.const:.- homloi<-Gc.O. I5m,...,.oonctelol811d0.025m~Nulllion,

(c)...,....,rool.oonolruclldlrom...,·laot0. 15m'-Y--0Jl5m~-lion. 

lho~~- .. --_,~-..ci ... F"9d10. As~io-,efl'llljo<...,;ngeen 
,_.IDI .... Iing ... roolllinoo-ioM_in .......... __,.....eol e -· ~o13"C<Uing,..._ .10< ... "-leo:lrooi- ... IOI<npOOU.n--liool ... tit_ ii _IOihe~""""'.....,......... 



Songlewal 
DoublewBIWIIh5 

cmlnsulatiOil . . 
(kWh) (kWh) load (kWh) load 

COOimgat25"C 30620 

Heat•ngat te·c 5557 

Heat•ngat 195"C 

Healingat21 "C 

Clurinlj--(F-It),ll>e_ftiDI_I'IOI_N ____ IUIWICI.....-ci3J"C-hnon-

-IHrvol-h~ICI .... ""I041'CI• .. a~-.::tioni'llhe- it~.A
t<looi<OO>IheOOOiin(lanclhNiingloaclslo<....-rvo~construeiiOnt.lor~lhemcOII-at...touo 

""""'""""*''"'"laOndicatfldinT-3. 

"r---------------------. 

;::~ 
113 / ----ln>ul. ~oof 
t- 11 2.5crnNol.Rool 

691215182t~V~D~~0~~51~ 

Thutlo<l<eePingthei'IOuH!empeflltureat25"C,aeoolingiOa(lol3t065~Whil-lorlhllllllngiewallcon· 
Olrue1ion.Ak>ad feducllonol38.3%'"""-loraroo1Nuii!Jonol2.5cmandare<b:tionol46.0~ rftUIISiora 
r<;>eiMI!o~cm-lion.Thehealingloo<lpr-*ar«<uetionol62.3'1.1otaro<Jiwi!1>2.5cminsula!Jonancla 

-..c1ionol72.9%1oraltiOiwilh5an!nsUa!ion,lormMll.nngllle-t«npetal""'at t8>C ~IIIe 
..--at1D.$'C,aoavingol55.3'7.-lorU=Int<A&IIon-&5.8'101or5an......,_ . .t.I21'CIIIe 
~oavingil50.:nlolor2.5cm-ancleo.310r5cm-



r..;J.Cooling-Heoolng~lofYatlausrooi~ILMpinglht""""'-·' __ _ - ,,,.. 
wallno- Stnglewallwtlh 2S StnglewallwtlhS 

Roof em Roof lnwlation em Roof tnwlation 
Insulation 

(kWh) (kWh) {kWh) 

"-" """ 2S' C 

Heattngat 
18' C 

Heat tngal 
9030 19S'C 

Heattngat 12775 2 t ' C 

UEIIeCICI~Venlilabon 

MIM-CII--oonside<ed~-~--..... IOiht_,o>.~IMelleciCI 
inltt:tfMing~.~lllillniON~"'*'tt._~-~~~CI..,_.Iefr4>eratut1tlhMihtlndoot 
during----during-ii~Fo<~--1.7VIIper .... ol-- ill 
~~CIMCctndilionlniiSpiemDHign.c.m.t, t ii65).Thil,_,....,.,_.....,,500 

kOf>CI.....,.Iion*·""""fi'IOdtl-. nt.-ontt.__~~~mpera~on_,....._....ol~lllil 

... - . ..tleniMOUISiclo~ ill ................. ----in-.111~.1n-



wl>envemilaUonalril..,trodl.lce<lintothllhouNwhenttleout.O.t.-nperatureltleosltlanltlehouN~ture, 
the~leol_,..,.., Thio-..leio~Giaote<liiFi;utet2,w!>ereln.A'¥1h&~,.ole!Umlltidt 
-lfllill<lut-ticn. ... -.U'C. __ ......,.,_~wilbe-byOiboutlto2'C. 

; ~r&£§5 t ~~ __ .-.------:::_. ____ ~-~. - - ··, · --~ 

!-33 NOV-
Jj • •• -.v...,.._, " .. 
6912 151821~V ~33~~~ 45 ~51~ 

Fig<.oM12.Theelloclol_by .. ..,ol.Mt,lor•--ol0.2mbrk*wilt"IOUI-. 

Ched<inglhealtec!ol-enli•tion".arlou•alr-conditionedmodelhousea.end.-..g-.liaatlonllirtoent• rtt>e 
~-".,;.,*lh&outside~tureltl'9*~the-""-""h""-"'*-"'........,..· 
the.-lrdcltedlnTeblo ..... -.M~ Ie...,,ln.,_llwelt fiCI_.,._-.tn.......,..lllil 

leldtol01...-.gol01bout2.9107.6'4. 

..... 4.CooliigendHeeliig~lorvarioi41'CICIIDIIII&Iru:tioo".-,'oOIIh"'""*"'nicA!-Iilatioo 

==-Rool ~.:.::2_ 5 cm =--=5cm 
.~, 

~301 71 

F"...-y'lh&elleclol<:ONWUCiing ... lnc:tinedooolintleadolthe~llati'OCII.It"""'*"'d.ThioiiiiXIn
.wctliontnCIII!y~.-yslnOypuo.......,_to __ .... llt-lnT-5 .... _ 

oool_ln..,...,._ollol<l-• . t""' !l. t '!l.~onlll-.uotionend-ol,..ar,-oon

llrUCiecllnlhe.....,_ .. lhel\ati'CICII.Hmomber.ote<lthOughlhatlorlhllnclinedrCICIIh&typicalconstNCtion 
io tScm~conCttlle,~mmW'!Iteri><'O(IIingwithScmpllste<andelly tileoon iCip. lhilconstruction,...ed 

::9~elemre.le ... lmitationolll'll_oool ..... r~S~Attlnl~ol ...... ~-



~. ECONOMIC NIAl.YSIS 

=._liMo.a\OWig~mtll'oclllb'IN"'"rious~---lhoor-~ter:lin,._e.,. 

"' ~ lt- U...--conolruclion,.,..r!ypaysbod<llll~lcropilalexpendilura. Looldr>O-'M irom 
llllerwir"""*'lalpoinloiYiew .ndiiiiN'Iinglnluel,which il lm!><>r~.M it ~IObeo:IOnii. The .... lniOad 
lnlhoobuildingCO<'I'If)S iromllllrooiii"I&NIIore ~sinsulat>on rortutlllnlllrgeiiWingt,raf"9ir"ogffomC£677010C£ 

UIIOb'•20-yearp&riod. l1511o<Aa t)eii<II«< !MIIhese runbetsreler1011Wingtlnluel ar.:l elt<:lriclly-lhoo 
l:lo-.gltoanditionedal .. hrlurlollhoo)'Hr. 

Heatong 
temperature 

("C) 

195"C 

wallw1lh wallwrlh 

"'"' ""' lnsulahoo lnsu1a11oo 

Srnglewall Srogte wall 
wrlh 2 5em wrth 5em 

Roo! Roof 
lnsulaHon 

6710 

7002 

Theobjecl;,.otlhlsw<l<I<OsiO~~~IIe.....,lingarld~IOad""r>alionb'v~riousbuiklingconol!uctiona 

erot:OU!1!8<e<l in CVP'""'·Thll lt~..r.g lheTANSYSprogrtlm. -petlo<mslhoo~...alytial)y 
..-nployinglhoo lranslet!....:tion mtii>Od.FO<IIIIIICilir:IAaliona,a~Met~ Yearb'IN Nic:IDMtr-

• ~modolllousot•r•.-e<~. 



The_in(licele_ .. __ ...._.,ll ... -n<)alr~ii.....:I,-~1().20'C 
~~~~--~30-4S"Cior--The ........ banol .. hulini!_ODOii'lg_IDI __ _ 

rool-indical•lt>e~ollt>erool.....,bOn.~-inaAido.clion'-'>11D•1'11.ollt>e 
DDOiing--""1073'JI.ollhe'-linll-.- ... -olmechanocal_it.,...,......,.,..il_ 
10-.. -·-in--lt>e......odehlmplt<lo ..... ilfliGhtr-lhe-~---
in .......... Thoo~inclicalesl"lalin-liMNilno ____ ellocl __ in-IINdtiOa 

oaqolllt>oulU-7.1!"4.Thee11odollhl'.........,_rool.....,.torA$$1hetic---.illlllo~.Thil 

~decru-lhe-rgy~-olilll>erlyccr.truction. 

l'"onaJy lleulbilotyll~ !oprMMled.Thelife ~o:.IOMfy&IIIIUMCIIDI'lhe""""""'"'.,..wyMoll!le¥8rlot>s 
DOnllructiont. TnerflUI!sindicatelf>allhewal.....,tionl)llyl l)ad<inatwenl)'yeareperiodwl>ereaslherool 
._tionllllconaklorobkl-~· botM!~wilhaUe cycleuWIQiol CI:6770'-'>I<>C£8680~onlhe 

roomt""""atureanolhe._bonlhit:kness. 

.o.sHAI\EF.....-.--.1997 

-N.K.--..so.iM.S., 1996..C<lrnl)llrilono11Mperio<le""""""--TRMSYS-SUNC00e 
IDI'IhennlltJtAdinlj~.s-~\ltll.S7,J'to.l .. pp.$-1& 

=~~WA,1991.ScWE~oi"""""""Prtoc:eoHo,2nt1Edilion,JchnW..,.-Sont. 

~.S .. t 99e. Eeonomi<:Analysiso1Soio<EI"II<OY ~-Using~. ~olrt..F«ftl 
Worli::f~EI'Mtfl)'~DerM!<.CololedD.US"',YDI. 2.pp.1303-1Xfl. 

1(181ne!II., 1998. HlNSYSmarol81 . ~it)rol~..,.,...... 

Petroi<IIM,I(ombezkleoH.D..ly!<oudisS.A<:IIo~A.D.,I(....,_~,M~.r-M .. KIIOglrwS ...... 
RodiriiG.,Chrysii i . -Ha<ljigiar>niA.. I998. Gener&tlonol l t~meteo<ologicalyeariDI'NlcolliC)'Pt'l'. 
-Erwgy.\ltll.t3,No.3,pp.381.388 

OmarM.A.onc1101111idM.,1997. Utii:l:ing~"""*"'melllo<IIDI'"""'irODOii'lg-eolc:UIIIiorw, E""'PY 

~-~Yt11.38,No.•.pp.319-332. 



IDENTIFYING CUSTOMER SATISFACTION: NATIONAL QM 
SURVEYS IN CYPRUS SERVICE SECTOR 

Or ~I IOIInnis, HTI Olpl, BEog {Hom), MPhll, PhD, Senior A$0, MIMehE. CEng, 
HigherTeciYik:allnstiMeCyprvs 

Mr. Smith Tonv. Mphil, OIC, CEng, MIMechE, MICA, IJnlo4rsil:y ol Glarnof911n UK 
Mr. Zarws Geooge, HT1 Oip, 8Eng {Hom), MSc,KPMG C)'l)niS 
Mr.Economldes Andre~s. BEng{Hons),MSc, lntercollege,,Cypru$ 

Nowdayal!lelfHNstol~ ilogruwing .. _lh<lworld;~andUMflate beoon'Ongmoreardmore 

~. The)i8rern!Or'9lrwiling«>accepl "'tenorquaNtyofany~sor oervicetproW!ed tolhtm, ln 
IO<la(s~ marl<el,rnbusint>sscan...--.riltloutMiislioi<IWSI<Imeti[S!amalioO.H, I 996~There!Orl, 

"'l!leruniOihe,_............,....,._._IObwsonl!lerlgj'ltpriorillaPftMdfl<llhal~wiljainlht 
E..._,Union(E.U)irllhe,..t ..... .,.......lheC'f'puslnl:t.osvyingenenoi""*"-~~irlordlriO 
~-Oitoe< E..._,OO<ririn 

The"'""'ObjecriveollhtiJoint •••rllur<~-.J9illion was todernonstra!e-identi !icalioo1!1n<!onalyMof 

CllSI<lmfKr~ts-..-llvouglll\lllionel~inl!le~--sugoeslw.ytiNll!le

,___,.can....,.._.irlordetiOM!isly-'*"*-Mwill-"-_._,~
.,.,_,.UMdin......,..._on_ll>_,.._.........,.,......,......,..,_,. _ _,<llnlill'.,. 
-~panw-.OfaJSIOintf_......,..<-.gllle~OIOuaily F..-.;:t;onDeployrneni(OfO) 

Thes!udy lnYHt9Btfl<l ltlllpotento.tof...,O'o'lnglh<lperlorma"""oltl>o C)'III'IIIho!elandbolni<W>gr.cluslry,by 
<:are...,O:It<llilyingl!leCUIUome<<~N'<IIhedegrNOI!heirimpor-.A-...>Oimporllr>t~ 

-11>-...--l!le-I>OIIolt-banbinCypus .... ~---"""""""' 
11Mmwill ... target .... (-~).The-~-~1Nfir1111tagelorlhoo

<lulllily~ (TOM) implementalion,_il ... ~l'l>l-·. ~·on ... perlor
Olanyirldl4trvcanl><ls....::otM!ol(atl!le~alioo1st~oiTOM)only •n.,lhe.........,ollhecust""""" and 
tl>oquality-ol!eredbyttllho!elshavebNnklenlilleaandODI'I'ectl)o-led.Oillerenllyoxpnmed,il'it 
""'ans 'lf)Wig11>c:IM8lhi<OIIP'-'-1Ntwo'. By idionlilyinglhlr-ollhlr<US10me<S-IIwquality
olllw~-..............,..,.lor_..IObe--101'9-lern'lpiSnl;lor....,_lionol 

-"""""' 
There..,.,.a.rga.......-o~-..n:ro--~e~ets.....,._,_,...oi....,_~IOW.N<· 
>loolitlcllr. lnchio:lulol ........ __ """'....,ol~lhe-pooo:as$-~<>l""'911Pl 

_,hojleiO""""" .. lhe-.~II>..U..auflors(s-M.MII. I IIIKI[-[AylnC.,I995jl!lebMI 
l\'llll!'oMoiOOndO.I<:lin<.t•.......,.ond<>*dinglnlom'lalk>nonlar:tsand~koml&'{lll....,.,_ol~.ll 
IOproduceeQUH!Ionnalte.Thllowasll>emel~lllat was aOQpt.O 

_ .. N<>Ice~--oonniOII~.-MptCIIolt..re~Mionthip~ .... ~ 
<Mion-ill--.anrOQII'CIIec-unoqw. ltlef11ar~lwo..-<»mpco:WUo110uoiOualilyin_...,.; .., . 
.;,~.,.;~......,.,._, 

Ballringinn*lcltl>oaOnsollheresean:llot~.~wasneoeMarytodesigndilleren1quei1IOI"'r''aitest.ar9(11inglO 

~.:and <li~ QI)jectivel.ytryl)rielly8a<:f1011119sequMiionrlaif1111ndudulMIIOiowlnglorlhll 
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Pr...,talionol rQuiUi ll; ol'lilal lrnpoftanc.. The)l thould b&cloar,IICC\II'Ile, conoisle<U and ..-.taMabitl by 
lhiiPIOP'- the ._tllll<kltnHd. ~ •irnpoftaniiOuselherighi!OOit,IOrmor""""'to~lheres.,.t5(hl· 
,...IOr purpose)l.o.barclltut,lablit.gap.....,._u .. <laglama,m.olllamltlln•diagmmsetc.lnlhlllolk>wing 
~-oltt..-wilb&--~melho<:lslorP<-*'!1-wllll>fl-

~-==:::..ol:.:.::::.::~= .... ~n:=-~~= 
..,._olbat<Nm.~PI<JI)OI1ionll--lhonr.ow.......,;c _ _ lnlhec:aseolh,_,.,ollhe 

17 "-Yilanl<llcustome<~lromlhllcus-"""'"'Y•~wal....aiO""""""riMlhllr...,..._, 
ln l-2. TIIemost signUbnlruulls conoernlngtildlqueolionindMdullly, Mdlhll <li~be-lhetar· 
Qlll .......,landlhll....,.ollhediflore<11 Wll<t.,e"""""'ln<le!llii.Ther-.a1'11confdent>altllltif.....,..lhe 
-ollhii<:OIIWI'oOIIdal-•r•noi-.TIIey.,. ~IOdonlywilhlhltC<>-o!'bolnii.Thedetloii.
_ _..11Dihe-...,~Hio-..,lhM .. _ate_lhefa19M....,.(..--upeclalions) 

lnlheor-tmojorityolh~--"-CIKII)--(IOing .... OOI'I'IPit8d-~-.al 
-onlhe-lhey""-.The.-lol-~pa.-ln_......,.....,....._,ln_lnbar· 

-r11ormonlhe ...... ft!)Otll(bno>IG.t09S. E_,_.A.. IWII) 

Apatt ollhllsummarylablitlnlhii<Min repoM,aMulli .. nrb.ltediagram waii.OMdiOrar.alyllo ollhll ho!Mresu!ls 
.:onsistedoltwocomponenta;whatOOwstomerltNnklllknpGrtanl wflh t~otay t<> o holel,andiOwl'l(ll8>.t....:l 

lhil"-sbeen~lnU..holellheV...,..oii)'Wigi<lCw<us,orcus-Mitslaction.~lhll..wlated 
-~be!c>r411*"i!lllirnplediligr~--lionl0b&MI ..... _,lhll_ ....... _ 
... _olimpo<lance ___ ...... IU¥.~--j)(llltieiOploltt-..lll'l)rOI<imeMI-

oiiM-inlhllloui~-Tho~dlhildiagf8m.-lnFogonl,llllwUl-lhe 

-O'Ia-_,ht mighl--b&koo!O.IIIItiii. The~ollhll_ol ... ~lt...,...lnJm 
lhll~.,..,._,lquM!italivel)r..-.lyZMwllltii~IO---.-lhecua-.petaWe 

,...,_.,._..,by,..-.ond .,.,whel allrib<l!a$hotelo',._eanbebas!_,.lof~l 

n.. .... tysis alsope<milo~uH oloaPonll!ytilupoosiblya,....sureol .. llttac!ionor <lio .. !iltac!ion .ll salis· 
taclionllabalat'lc4l!)ot!_,perc.._, a~rhrltsol a<l98ired~,and~ actu81 altrib.I!Mol otlll)',lhon-., 

IIWIICI..al_....,.lallllllor!oll<lesil.:laper\ence,o-oldilllo!llllloetionmigh!boluidiO,_~ 

Mat>r--.eanboi~Mrnectlrotnltio~:Mooltlmanagoet~sllcU:I~"".--1P2-.o 
lhlirrlportan(:eoiiKioriiii'Oghb'~-·!I!W_Iimto...,. ____ ...,._~,. 
~ol-~l.o.,__...,. __ or_,.llorizonlaluia. 
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Table2:Customersati•lactionSUM~yinl>anUlgMCior 

I 

·-
S.,....rtyasimple<Jiagamcane>,p<esslhatideapossiblybetterlhantablesorBarcllart$('0ill<>""""''oolumn)to 
identify lila difte<ero::e in ..-..an $COrEl$. TrQ it "-n In FY,re 2, whe<e lhe mean score ~ impo<tao"ICfl 111'1<1 sat;s. 
Jactionlor$11Chattril>u1e isslmpl)o drawt1t,.alir>e. Thelir>esareint~>~PM!edasbkrws:m..linlls,wllichhawlpos
~lveslope , indicatesatisl&clion(OhQwnwi1hcontinoouslin&s)wlilelinoswithnegaliv'e~lndioatedissat;s. 

Jaction(.........,wilhdolledlin9s).TI>egreaterlt>eslope,eilherposili.,. ornegati'te,lllegreat<l$llhe....,.<J/satis
Jactionor dissalislac«on~.lt is cleartyshawnonFOgure21hatlhetO!l6impor1antl&clorslof"""""""rs 
lheCypruoho!elsareSI>Orl.So!hislsagoodpoinlwheremana5jefllcouldstarllheirlrript<M>menl$ 

Thegraphclftal1yindicates lhatfac10fSsucl1as, 'cleanrooms','quali1yollood','lriertdtfwhic!1areol~ "' 
Ouadram2(i.e. ~lmpo<tantar.:lhighlyoatislied)sllowanega!Mislope. E>pn~ssed<lillerentty,holelscamot 
rmellhel'f'IO:Itimporlant requir-tsoltheO'cust..--.. 

What at.<>~ tmm lheQfl!IOII is that CIIS!Omersare mosllydissatlsliedwilh'quk:kst~r*-' . Biller[Jollnson 
P.,ThomasB, I 993] reportson!his:'olatotalolt80~sll>ey recon:llnhoiN38% ~ "'!0ll>ecategory 
o!unpmmplfldatldunll<)li(;jte<t~aclions'.llis-tocornpareorcon!~mth&res~l$ola,_sur-



wy\OIIh-...-..y.....rtfe><e<:ul8<llnlhepUIInC)'IIruSandot>owd.M...,...The ~rt....._oonlirnrlhe 

retullsota~~od•t~[SalehF .. RyanC. ,1992).Ciean roorns,qualityotfoo<t. lrlen<Jy•taH.Iocatlon, 
quictcM<Yiceand<M<ol...,...areothighiml>ortancetoltlecus-.nomattetwhoar.lhtyandwtltrfllhey 
oornlngtn:wn.A"""""rison-f>etwolll.dttls-lnTatJil3.~ollhetwolll.dttlndicateltnat 
_,langitlleand-.gillle.nrlbulesolf>e-ptocl.oclareollmpof-IDihe......,_...'ONnmorns'iJ 
dNttrlhltM0$1~--

A!hlbr'-lcomnw"IIIOmakeiollal- ......... 'wislodionollhe...-.k:etprvvidodio,_~good ... 
5.5-'gonhl-..poinloo;Mo.Satislaction_,.IObe~\OIIhttletMgitlloOCIII'II>OII"'oltn.M<Yice.ll\ll::t1 

u'CINnroo<re"and'wlrl<eupcar, bul-wilt'lll'leinlar>gil>le~l.ll\ll::t1M "quictc_....,..and~ 

ononlion'.Apossiblee>pllonatlonls that lor themallllgernenl oltllo tlolell lt lsealllllr 1ocorrec1pt0bltm:o r .. ate<l 
IO,_ngible~'*-bultralning.rnoniiOringand.........._lionollhet!IIMisrnoreolfflir::oA 

----1Drate11Dwnu::ll,....r:r.ostomon'.-.Niillitdwi1hlhoir-•meanvalueol 
5.810--~.,.....,._.,. __ .....,.oi..............,_S~~cenbe 
::..::.:""-~-------·percepliono.Thills...-y-lnlhio_ol_ .... 

- t.n...-n--,.~-

6.7901 
6.160 

6.17. 6.132 
5.909(3 6.364(6) 
6.000. 
5 .5655 
5545(6) 

:.Ft>t,.,.._oa.oy....,.,.._,ol$._ol __ 3 

Oncelht------~~~~-be-IDII.f. 
r.-oatislyiiiDM-.A"""Ygood....,IDr.n;le<standandOMist)'ttle<UIIDmer,_ls~Function 

Otploofmer1t (~0).QF01saquotily ~I001 tllat is based onOO!air'W>IIeusl<lmerl- b)' <lirectly 
ln t~them.H II • O.sigrll001 thatma!CMfeustomerswi1httle,_..l)'«<fresponcllng lya11><""desigll 
.....,_,,,ThilaW(IICII~increasediDeulandr..autioniD~~·~ 

FUfthttmorl,b-cenbeus.ao:IIO~bii'OSI~dellign-. ..-.glllonland 
-IDbe~on~-llal...-t..........,. ..... ..--s·-.A_,oo:MIOFD ..,.. ..... .-.... -inlllslty-·~.,..-- ..... Birti-og-.-·-
111-lnhlli:JiowlnglllQtt,trq,.3 

The~Ralir"l(lllusetl.ilo<prioriQingollllortllandmaklngtrQ.........,.. N~IalllnandgraphS 

wertustdlortllede\OelclpmlntoltheOFOmat~xollownonF'IjU rt3.The~'lms>ortar>eeratingwao-slled 
lnthllcuebasedon the<:ustome<ll$$t...,..,.,IOIIhl-leol 1 to7.TIMiftfUits _,tako<1110111tllo~Urveyand 

ll'leyar.sl-..don T-2. 

Adioncenbe-~ IICWII-,IOirnponlnlnotinglor--'IJ-.Tllllii~M 

ltnporlanc:eRatlngbJOFOt>olrCiM..~-IoMignediOtlle-...,;p~Sironel-0.~ 
-1 .The~3-1~-·good........,._~--~..,., 

n-...._Mwno<lit.cl~.br.ltrs,..,_belnler~bJC<Itfllllllnlllhlt~IONd!Oiher. 

n-.....,..~•~ln«dertolleiptllollr\lllyltiO<Iecio:leWhicll arttne<no$1impo<tlln1 11DwSand 1opro
CMdlnmaklng~~ arxlr"""""'*"'lioni. T~.nthelp fT18111111811Mn~,...,...t tentlonto waysol -





16.350 

F' 6.250 

16. 150 • 
6.050 ,=~~~ ~ 5.950 

5.850 --""""" ""' 
15750 1-· • ·· l..oafion 

5.650 ·· + ··Rqwaic:t1 

5.550 1- = 5.450 

i5Jso 
--~ 

""""' 
5.250 

1- · - BoT 

I ··-5. 150 . --------._. 
,5.050 . • ·. Q.ralilyof ... 
14.950 ~lro.MW 

4.850 \_ ··- ··Friel~ 
14.750 

14.650 
I. •. :::, 

14.550 [: :-1' 14.450 

14.350 - "'"" 
4.250 

,,.. - ...._..., 

f"opn:l::·a..,~IDI--in-



starlonghlwilhhigj'o-olimpoiiNICe. o\llo,a~ritcn-t._pe<b-ole-blri.iro<IMW
aly..:cordingiO.,.II<Qti.......,.("'IQlOIIII..omol"' ............. -imponaoll ... .,.~...,,. 

........... )--OI"I ... INIIilt. 

,+.llh<t-..sollheOFO~-I)< ...... Ied .. ouclot""faSICIIcil:iuUe"""""'"l&n<lir>gtnd .. l<'lrprelalion 
olresulti.Theawn>od>COUidleadtoimpoiW11resull:tiO<oecb4on-makingendslralogiM.thlllb8t'lltSc.tniOiow 
-~end~~as-ua.!OmerU11411dion. 

Tho-.:tionoiCyprvtiO lhe E...-op<NnUnior"l iniMnulbylulure wlll-lhenee<l ollh<tCyprua_....,. 
inrusUyiOcompele wiii1E""'!>Nnonel._...ollhetn.wl>lchateP<QI)ablyol-eij~U. InO!her "<'I'Oitll,~will 

"""'-t._~-byl)o"lngincjmoteen!IMUIO ... Cypruon"lllll<ei.-'OOil .... _ l tSifOnglnlkt
.,...01"1-'~aro:l"*"""ln"*'-lhe~oiCyprvt~>Oiltll'~· ly.n.<:lo<illl"lhehigj'oaro:lcc;INisleni..W:. ____ ol~cNilw ..... __ 

-.n.~~ltla1CypruiManago8r11....-.IIOI<now-....IMquekliHoi_MMotl.,. 

"""""'"'-wilrllhoseoiEuropeanholeiJ.To.,swe<lheteerilicalquestior"ll.omall·tcaleo"""'YSWO<tcon
ducled-tlhe~endlllei<C\IIIOII"'Ierll-raul<ed.lhtough lheumtqueSiicw.-.IOrJolelheirQPinionL 

Tho..--pr-.c~-..solho-c:onct.oliontwilbe""'*'~lo<--. 

Thoresultlollhoresearcl1lirll,_led-'<>ulgaps-C\1$1omerl'pereeplionandcus-.. ... pectlllio<!l 
(~OI"IIheiOpSJttwellas-~pt~Ce~MionendOUIIOm!>rS"perc.plionoiiMoer~ 
~~~·r8PI'I1ic>bri1Mriow.oincelhe __ .,_, ... impol_oi<USIOmlfllrif. 

llc3ion.ln0f'*IIIIM-I<Om~ol .. lllltl""'*tollhl--hi!#*-red-.. l 
... ..-.....n.-~·--ol~~~lo<lhequaljlypo:otJieo'nt.inlhiCyprul 
holol~ 

Thoma-.ptOillemoiCyprueholetaio"~'"""'n resoorcet.Thtr&lotrninirnu'ne&rl inlralningendt<luc.tling; 

_...,.,.lllgtlllyl"lumoor>--~5"1Siemltvtilablelhillllft'*lllelc.__..ollhe"""'*"'"" 
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BIOCLIMATIC DESIGN FOR THE NEW UNIVERSITY OF 
CYPRUS CAMPUS 2nd COMPETITION: PHASE A, STUDENT 
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eoolng.......,tion,.-.glha~ ........ 

-difection-- .. ~--tet>on.ThlrMarfloulotedbyfOCir·bed~ln 

lha~andfOCirandoa-.~c:oolinll 

-"""""'"""' ... ~ 
TIWporlionotlhe~.,..,il•-con
_oi,.Cennl~buiklinglf.~..ur. 

likea~olll-...ntaM-tiiCIMtiH,(X)fl· 
r«<ingandinrenlla!W>gU...houllng.ntawilt>lhe --Thlrs<leladMdedlnlobJrZOMS,OUiolcleiO~. 

::="~aM .. prossdilleflfli"PPYi~ 

. n.Gr-. a. t-): 

===~PI.de"""' -~llour'mry 

.~;:...-mic:fOdimol• 



·--~.zan. • ZoneoiOpenSp.oo 

The-ollhtroutall>r0ugl11t'itpor· 
lionollhec.mpusiiO<gMizedbylhollruc· 
IIOollhelluildir'ICIJ,nrnringlhroughar-. 
_, <01<1.10 .. loOuling ....... n.. ... 
-....lhelluildir'ICIJondlhelluildlngiiJIOIIIe 
,~.in.'""""'.....,.,., ac1iv9 inlttrvenlion ol 
lhegreeniOihtbl--.g""""""'ondrice 

TheopproprilltamictociWnateillolmedby 
lhaughlfuiVsilinglhellorikir'9fand~ tiCIIJiing .... _,. ___ For 

l<.dopllomingtt.~ollhepm. 

~·"'-~"'~r'lio$oltllobl.ilclings. 
lhelile~mltalionsandHamo~phology,and 

lhelocl>ldimabr;~ ...... t>lnli<l-· .. -.,.~-..-. 
~IIMI-asp«:!Jolllle.....-ounr:tit9 
a"'uti~ninl~dnig'1...,_s. 

ThepedellriencifculabDnlolmodynamic 

~~c::~.,.,::_~:: 
---~-,_,ol ""'""'l><tMzes. ln"*'W<1hec:ourtyard 
'--" a p~eas&nr......,.~. _,.,. 

by .... --

(IMign_ .. ,. • .,.,...n.. 
aNfOIMion--.Thegrouncl
onelllll'laO«<bylheiQI-rout•.~ 

ilohacledby!he-.Thtuppe<-11 
proiiiCI.clwillplanlin(jllbooe. 

n..--sr-illotmld_...,. 
comecledwilh!he~olcommon 
8j>8oC<'!tandlhasami-openroo1uolcit· 
culllionondpatl<ing..il.,....adondKII 
liUalatgii(:OUtfyard,.......,in.......,ond 
cooiO......._.l"'-..-.dpoi"MCCIIO"· 
!aces"""rplnoanlsiffingotUI10er*"'tlll& 
warmlhollhawinlttriiUI'I.Inlhosumrner. 
-IOIMdurcoldnoc:lllrnOII~.Ihey 

coolbyiOftO-rJ<Iiiolionondmodlloale 
,.._ollhthol~-...., 

Witnin~lhooopoonspac<o,whid1.(1elintdby 

acira.6arwel.ilp~HU<~tlorbaltl..........,. --·••I*IIY--Ihtnorll>
""'ti<ttlor..n:lpro&tetionond,. ........... 

==::::t:!':t'::.~ 
illhownO.pllln..O.WinF"'II-1. 

lntl>e ............ ...:ydodwaler-. 
lto'oughllle-.i"''ffding"""*-10 
!hea<ljootnla<Ns. Thestonow.,.and 
columnslf'818cinglht_cool ............ 
bree-.olhey-~ .... 
coolinslollhe--~11111ng 

::l:k-::.:':~a!: 
lolloler-.IIOfJQIIIand-""'ol ... -."'*"-·pleasanl--· f'a\Oingllaloousedaoameasuree.galnol 
clompne$1,onlhegroutl(llevel.atthe 
perirM!elol,.builclirr;t.lllnnO->g...--

::!"'a~-!:::=::,-: 
baOoonleoat:>oYe.ln!t'itWWf,pos-glatfl 
-~resulingl..,...,mllecllonol 

..................... .-! 

1.4ostollht~~lion·l1fllllned 
The8UCIO~vtctus1&fla<e8<1hancedetlhoo 

nor!l>ttrn-wil!omotetr-b"""dpm. 
!Kiion. Al ... ---.laiiCWres* ue._ ... __ lhrougll 

l'leitbll,.~tn.o:>k.whllslthey~t<CGPI 
ttMtlow~ondalt<l<rooonsunlr:>the 

............ --""""''Kt-licallolaOe. 



f-pllnling.u-mnesollholhollling....,OI*I 
..,_._.,..a.bo<lndloriesand<UIIiyardsjn. 
be-lholbuiklfnul.liloUHdiOreducelirlem
perai .... -IOP<Q\'klesha(linglo<lheP*fU'Ig$illl<». 
- •-at•--.ro-reil-....y 
-~· 
n. ... rur.r.........,..ollhesilelre..-ao-ttw 
-.g..,an.,.,.,.,._lftt~Tlley..., 

aleppi'lgur>tromrnesoulh10wartllhenontlside,.r 
calculallll-.aclliering""""*'I.CiediOiet 
ac:c.N-wincl~from-"""'wi'ldtlo< 
_,rne~-lhe<UMrptds.Thllii

.,Fo;.2.rteJC~pao~~, 

Thelluildlr'IOSonlhtWHISO<ieollhtpioi,-IO!hol' 
... ,.., ............. -.,.~-The 

...--.. IJO<II'<I-Ihe~al .. 
IJuildinlllif ~'*'wlr~ ~o<>se,_slonM,oncueO., 

melllwlre. ~lhe ............ ~--~~~--1 .. , 
.m.rd'IOIIIt""'*'l!-'leclollht_....,._ 
--(f111. 41. OpenlngtilnlhegJOO.Onlllloot 

~::.e<l..,:;:w;::~~== 
lions-illn:luV>Ihoi(IIOI>$_1he __ 

lhelloot--~""'*-lnlhe~ 
oreas.haloo~da~uand crealionolmold 

n.-.-·-lo< .. ~ol ... -. 
lo-..:1.., wal6rpt00i&d rnetall~ar'o<litrecyde<l 

withlholllklol•"""""to<wai"'CCII>SefWiion.The 
PI"'I1'S.,.KIMrlod!>Van.....,ol~pan. 
titio<toOiw--Uiilialion. 

4.1~,M.-,Orlort>rariM,U)'OIIISf'ld~ 
ln al~lhll"'-'".tlw,_,lhtorier'IUolion, 

:e.ra::.:.:.~":-.=.:e...~IO 
The~le<lo/laQeolihelluil<li<IOI,w~~anNSI· 

- .... ,... . ............ -al17~ 
rmm.,.IIOIIIfl.-.;-.......,........_ao al$l_,..... __ """""""IMIIIJ_ .... 
lluil<li<IOI.Theco~KtiQnoiiOI!Ir11$111.,11>8winl"' 
,......,.._gylo<-holallr>g 

n.----tlonal-lignificant 
IOiar ..... lion ................ IM~Ihey 
,_,..flighrunoontsoiUflWIII>IediOiarr-lion 
This .. plm&IMc:lloMnllli:lr9010d .... $l·-<::Or'lfiOo uralion,wiii'I........_ ____ Anorl-

-rionNOiaiSC!IIIh-lholr.m.aorroor.mom
ing lr>an a ll&ri'K>Oil l""rwl&natlleOitlem iO bego1to 
hnl_.,.,lheday(Fig.2). 

The--~~~---.....-ndas 
provi<:lltl)l&asant,priYIIItiiMniJ*!*ft....,an.........,. 

F'"-tl:Amodllal,.~slioololng,.SMppil!pl4lfroml«llh-.:r-• .r-rld <Ur-.ID 
~I>'IObsrll.l<'lldoolaraccau.as...,. •• -~"""''IMt>()(rh.l'l»innffr,/orbolh!M~ttrld _, .. 
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Tl>enot!l>ernOO<fidots<A!I>e~Llni!$Mve~totl>ewesta.nd&astsidesMwellason!hetopoltl>e 

wals.Tho~"""O'iogsummerbl.,.zes,whicharemaOnlylr<>m tl>eWi!Sibut oo;;casionallyMIIh-.tO<SOYlheast, 

entertl>ecorr-wilhin30to45Mgreesol!l>eopeningdireclion. Thosaare!l>ebeslcondi!Oonsl0<!1>e~ovi

oionoler0$$venli~tion.•ro;llhe)oa reta"""""'IO<!I>ecirwlationolairllowintl>eOO<fidotsaro;lintotl>e rooms 

lnadditOon,tl>erango<A!I>esiz<tsaro;llocation<Atl>eop&nir.g(entra'"""'<I<>O<s,notth aro;lsouth!Opwindows,ba~ 
cony <I<>O<s) o!le<s lk!xlbi~ty. The oecupants can rego.Oate the open;ng part aro;l in eflect the potential to< moot bon· 
t l icialvenlilatOon"""""ding!<>lhedirectionolbnlezesaro;llher;le$iradllow<Aair. 

ThooverhangsaboYethecorridorsaro;ll>alconiesdirecllhecoolingb<eezestowarditl>eopening.Throughlhe 
lop-tMalrtlowstowar(IStl>eceiling,whichiseooeretea.ndlherftforeMSlhermal storagemass,solhat 
it retainsthecoolness<Aihen'ght. ln adddOon,th<ttopo;>peningsollersa!etyas-uvis<Jal poivaocy.Theoeiling 
lan(apr<>gramrequOrement)c:irculates!l>eftirflow,whichotherwisawouldtendtostrat~y.distrillu ting~ totheentira 

room. (TRs ,...,.,.,..,., in Fog.~.on!l>enext page.) 

4,4Dayligl>/illg 
Tholinear~o!lhebuildingpjansinaoneroomdep!hoflers!l>epoten!"'IIO<naturalligMnglromlheiWO 

opposi1e sides. whicll is i<l&al 10< uniiO<m W>ualty comiO<table lighting distribution withou1 Qlare (again FO(I. 4) 
Forlhermo<e the top windows in combination with the glazed doors a.:llifrvfl a high <laylighting lactor, so~ is pos· 
siblelortM"""""""ntstoregulatetheirltonsityoltl>e<laylis11ta<:<:otding!<>l!le<r.-a<<leslres. 

Thonorthtopwi00ow0!'8flingsolle<Linilormnaturallighting.tr"'"<AQ1arfl. Glareporeventionis alsooflel"flod b)llhe 
usao!.....mangs.sidofonsa.nd!llfloverfloladnorizontalslan&dsl>ading deoic<osuspe-nded""""!l>eW<!$11>:>using 
units . Furlher~T~<Q,re<luction<Aglareisprovidedb)lthesliding,per!Qrat&diK>'88flS,whi<:h reducetl>eb<lghtne-ss 

<Atheglaz&dopooing•onlheeasthousingunillt 

Thoreducllonolextremecontra$1isa.et-.ievedwilhlheusaolsoftNghtcolor•ootl>ewalsa.ndceilings,whichgive 
better diSlribulion <A the ligl~ng 

FO(I. 4.Sectionviewsohowing,inwinter, tl>esunpenetralionin!l>eoantar<Atheday throughtl>el>fOP"flyangled 
canopy$1als. ln summer.directsLinpenetrationispreyent&db)ltl>eslat onglea.ndspacing.Thonarrowshape 
andplaoementol~pr""""enaluratventilation. Evapo.-ativecoolinglrom!l>eunclerfloorwe"edrubble 

stones proYi<tosaddilionalsummercomlort. 



Alllllt!Midi'lgs.,._COI!Cfele_llrl.dlnllwilhiollill*>ellol<:oncr<~~eblod<a,wtok:l!ate~ 

........ lloclured. ThiltypeolmaJMoonttN<:tion. Jn.-IOihtconc:rMIIoolendrooltlabt,QIIQ~IAg 
uwtl"lhe<"""S1<>rage.Thll111oiP'Ortieular oignificencelorllltCypr"'Ciimoticconditi<Jna.duetolhtcl>ariiC
Io-ritticofll'll' diumalllucluAiionl(51025degrNsCelskr.r)al!dll>epcMemial lnller<ll11 lnmasslorllrge iOiercon 
lrlt>ulionln>WllftrandcoolinglnlhtNQI11 

The,.....,. n.uaaroo e><lernely witt\ rigid e><trutled pOiyttyr-...., -ed wilh plasler on plololk: mHh 
~-lor ... relleclion. 
Tht.,...,....lloorllsr...,..........,wilh __ II"'IOMic:_,~-lholnnai~Tht

rool--toppedwilhlgl"lfweighiCOIICfele-lormftgliiOpelllor• ... -.-ler"pf<>llfing ....... 
br---ll>~ ............ ..-.fllldiabon.AprOIICtlon¥ol-~--·releo> *'1!.....-e..-,.,..,. ... ..-.of ... -~ ............... .,... 

~wlttllowerniuMI)Ia>~~llng111,_on .. ..._lor~ll-.heal -lnWir11er..-.lhea1 
~lnoln!he~U~M~e<. 

e. CONCLUSION 

:::.IJuilo:lingearesiled.piolmed.dHigned--10rrWWni~!he~heallnglll>dcoolingrequire-

Tht~.,.~iro:.lllili'lgollhebUidings-*'l!wilhlatgeglazi'lg101ht-.-.,. ... 
ol~tt-.g""""'""rangong"""'-...ga.eicle-.perbaled..,...,..lll>d.._.,... ....... 
lelllce......,.unotrslruc:led .... __ pr.-:tionln-._...IO_>es_...,prOIICtlonln 

N-. 
Thttlub-ogplan-.ll>eiMngii*UillclngiMhp<l>"ideoo&ar-orle<>ledln-..,._lormuirTun..,...llaal ..... 
"fheoorrlcloriSirelc!"tinOat lhti)ad<of lllal;luildingSMd!helow•UM-olballorooml endwpbOI>rtlaaciiiS 
Clln"lalicb<oi!en;...--.sllieklirl; llla.,.,~oltllarootre lromtllaCOidnorlher~-.-ln llla...,...,..., 
lllaychennelltlecool.....,.,.,bref,-. 

Tht~e,.,localedlo<.......,_~aou-*eliononclorilorm""....,~lrM...,.,!Jiere 

Speclel~eattn~our::~>•.,....:IOiinQ-_.ollhecommon~.-~~-.--..-~~-.
-OI!Midi'lgs-lnlle ......... lor--cooling-llepldryln......,loroolatg.olnt..m.noelle 
-...tic~OI ... ~ 

TNel'WetdWIMing~-10-e"lhlri <!Hignllo<oornlorl.corwerienoelll>d~"lli!hlnllgl-.. 
bl.odgt!o.can501 oltainlow-vY~ondlow~~~~-·~n.o...,.tolhi$,M~w&$ln 

llla~rtlwfMinO compelilion.illhotapptrll>rilrleuseolbioclimll!lc~principleslna~lc.lnutgnrled 
approach. T'-<1 fi~ll.,., wW!ning~plle- (oul olsl>) oiiOuld .-enure !hal ltlelinlshed cornpleler:am· 
~~e&IT)IIhrougllwith-~. I! ~OO...~willc.ttainl'lt>eMlfll"ly ol ........ ,.,.,..att:l"lilee-

~O.W .• K}PWou.A.,ltill,lliodmlticQaignslorlle-llnlwweilyoiCyprus~lll~ 
F.-..torSdlw:elll>dT~Ihrf~ 
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