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Abstract: 

AIVC 10932 

Electric load profiles of tropical, subtropical and some Mediterranean islands in developed countries 
are characterised by morning/midday and evening peaks arising from all year round (tropical) and 
summer (subtropical/mediterranean) high power demand in the commercial and residential sectors, 
due mostly to air conditioning appliances and bad thermal design of the building. 
The work presented in this paper has led to the realization of a global quality standard for energy 
saving and thermal comfort. These quality standards are obtained through optimized bioclimatic urban 
planning and architectural design, the use of passive cooling architectural components, natural 
ventilation and energy efficient systems such as solar water heaters. 
With the aid of an airflow and thermal building simulation software (COD YR UN), the impact of each 
technical solution on thermal comfort within the building was evaluated. Throughout the year 1996, 
these technical solutions will be implemented in 280 new pilot dwelling projects through a partnership 
between the French Electricity Board (EDF), institutions concerned by energy saving and 
environmental conservation (ADEME) and construction quality improvement, The Ministries of 
Housing, Industry and the French Overseas Department, the University of Reunion Island and several 
other public and private partners. 

1. DEMAND SIDE MANAGEMENT IN THE THERMAL DESIGN OF BUILDINGS 

There are four French overseas Departments (DOM) : two islands are located 
in the Caribbean (Martinique and Guadeloupe), one situated 400km to the east of 
Madagasgar in the Indian Ocean (Reunion Island) and the fourth Department is in the 
North of Brazil (French Guiana). All experience a hot climate, tropical and humid in 
the islands of Guadeloupe, Martinique and Reunion and equatorial in French Guiana. 
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Fig 1 :Growth in number of dwellings - Reunion island 

Each year 20,000 dwellings are constructed in the French overseas 
Departments. Three quarters of this development is in welfare housing. Initially this 

* Universite de la Reunion, Faculte des Sciences, Laboratoire de Genie Industriel, BP 7151, 15 avenue Rene 
Cassin, 
97 715 Saint-Denis Messag Cedex 9, France - email : garde@univ-reunionfr 
t Concept Energie, 1 rue Mirabeau, 13410 Lambesc, France. 



new housing was constructed' without- the comforts of'a:ir· conditibning· or h'6t Water; :. 1 

which · has thus led to ' a h·aphazard installation of instant electrica1! hbt1 ~titer' boiler~' 
and badly situated, conceptualised and maintenanced individual: afr [; conditibtnin~ . < 

systems. The lack of thermal regulations, in combination with the , ~con?mic~ , 
constraints of a tight construction budget have led to the development 6

1f bulitlings ·' 
totally uriadapted to the tropical climate. The farge populati(}n increase' 'in the D0M, 
the rise injliving· standards, and the decreasing costs of air conditioning app1ian'ce's ·1 

constitute a reahmergetie·, economic and environmental problerril · ,;i ; i ; . ;~"·:•. , 1i !·,,-
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Fig~2 : Daily electric load profile, power capacrt:;/ and annual electri(; cons.umption - Re:unioJ'lilsland. , 1;: '( i 

The above factors result in a high demand for electrictity a ' peait Hine·~'( see bg'.-1 '1)' cls1 

well as the daily and night\y mismatiagelrieht of corisi.unpti6n which has a direct':effect op. the 
~;'ize of the electficaf 'procibciicfo plartts ' and therdfore foture itlvestnlents. · ·1 

', ,( 'il L " · ;. ; -: . 

In an insular positibn (si1ch ai( 'the case of the" 'DOM) tli~ '~ bfecmcal proauctforr is 
principally that generated by the low effidrent oll'ming1of fo'ssil fuels wl,lich res'tilt~ i h igh co 
and S02 emissions. The reduction of electrical pfoductloii I also 1 ine~s 'a1r eduction: ;bf 1polluant 

' j - ' .. i" ·-· ; ' . I ' ... -. . ' ' • ' f ; I 1 • ( em1ss1ons. u (,,, ,,, , ... 1-..· 1 ,. r11 11 · J •. ; .1 • • ·,. . • !••'"· ... ,. ' •.i .. 1.1 '" • 

Wherl'cbnsidetirig :{he'-e6onomical a'.spects; 'tllis 'higH:ptbdtictioh c6~t 1 alsd geil<drit~s 1 a cdntinual 
high defi~ite for' 1EDF iri "tlie DbM' (over· 2 · thousarid-ntillion; French Francs1

; 1995) as the 
average production CO St per kWh I lS1 'greater thim the' Selling phcei (the' .Sellihgi p~foe . bbng the 
samd<i:dtifu.Jinla.tldFran~~y. :- :· · :_, .. ; :;;,.; ' ' , "' . .,.' i . ,._. ,,;,,i, Ii ·:·., i1ih J: _1 .. :: '( (." • 1 ,,_;_ 

All these factors lead to the conclusion that. de~and side management in the thermal 
design of buildings is of great econornidi, :sdCial arid environmental importance. 

An overall ~ong term programme to improve comfort aµd energy performance in 
res'ide1\ti1a) and coniniercfal Bui1amgs' 'is actuaU}I u'n'.ctet!.way i1r· cl1e . dri:ieas· de~1a1!ferlients. In 
the new housing se~tor~ a: r qu.ality s'tahd'ard se~] has· oeen~ law tned · bohcetb'.ilig 1 llib· building ' 
sttutture,· tne h t aUr protl Jcti~n syste1'ns ' and Uie iir cohctitiolling a.pplian1ces. .. · 1 , •• :, .. , 

I I ':,I .. -:1 .· : .:' ,. >I. u •• , 1 ?: ·~I~ : ll.._
1

,."'1 :.dlf ·,: ,:·, t1J....! ) I ' .. 1!r.. 

1 ·~ - 'iu:" 1•• ,,,,,J_,, t~·tuii:E'conel\'ls·r1N-nARI>'·..i ;,,, •'' .. ,·, ;·i·J·, .Ji::· 1-. 

; I [ d ~ l <.I : I I /, ,. c l f ;, .' l l ! d j ; ''. ' L ; : ~ I'd . : f~ ' '~-- i' ) i I i : .. ' l; l l L. 'J ••• 'I l; J ;, i . \ I ~ t 

. . This DSM pilot initiative'· ~li '1 l~r- ciieh .··· "e!:t.rly 1 : t1~9S 11 tl e'.1Fr mcfi (Ji 1~
1

dk ' of 
Guatl~18uµJ ·~d·ReilliiHn'thfough a ·~aiti1.~t~lllp 1p&t'We~n1 th · ~tekcli electi-i'cit)? tlq_ard (EDF) 
!hS'ti lltibr1s in~o ed-- in1

:' en'. rgy -'savitrg· 1fi.id.tt ' nvii b~eHa'l.1 ¢ · nse ·ivJ i611· (ArlEN'IE)' a.ii.ti 
cons'tructicri1 qua1ity impr6v.111ei1t, 't 1e' rrunist . i ~ ''or f!oukihg',,: ·' tlustry filiq lhe! :Fr~b.di' o\Vi~f~&ag_ 
Departem~1W; ; the Un1vefsi'ty''of Reun'ion;>sl'and';ai:tcr sevfa:al otlier'publlc :aria1pii a e partrl~th~ 
ihcluding : I&~ cost' hmlsing ·insiitutidns, archite'~ts ; 1 en'e'. gy ·'cSl:Mli'1clh~s , 'Jete!: . .Tlie i'.>'Bje fi (i5i 
iliitlally./are'i! . ~fnpletnent the stalidatd 0 280 pilot new rdw~Jllbg p~ojects tlii-ou~hout1 tl1&y~~r · 
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1996, ~:fAeJ;I, "t~ €?.~p~~ , of this-.. pilot phase in the residentia~ se9t01; on a much broader scale 
(2000 .Il~Wi dwfflling~ w~r year), and to complete .. i>imilar global-:ene:r;gy) ~fficiency'projects in 
existmg ,J;i,o;usi:µg,avfl: 1¥ge and medium size col11ll>ercial buildings. : <'. 

.r:· !',.;. ·~;· ,;;(I 'lJ: f' 

2.1 TJze ?i?ier:~i<ve_~ ~ ·r :: 1 1, 

_, ~ Th.e _EQODOM " stawlard .aims t0 simplify the creation of 1.naturally 'Ventilated 
comfq~~J,:>jlJ~;,dwelling~dM4iJsti;;ivoiding th.e usual necessity of a :pP.W.eied, air cooling system 
which consumes electricity.. 5CGDQM has both social and econ@.mic objectives asriit.aims to 
improve thermal quality standards and decrease energy consumption in the housing 
concerned. The aim of ECODOM is to provide simple technical solutions; at an affordable 
price, rather; tH1m 'to'!i.-e~earcti 1 ·fl'ie ideat·'bioclimatic 'i:>h&1HJ.g,'''Wnich ts~\~conomically and 
financially un'.fe'iisabJe?1A:lso;·rtlie. simplicity of the technical solµtions provided could enable 
the s:tt~g U,J?, of someth~~~ sHnil~ i]1 different countrie.s ,expert~n~i:ng the same climate.There 
also exists the' work ofrVialama{l4],'t}lltlsmbo [17] and.Ratnaweera [18] who have worked on 
the d~sign, tof .buildings a(fapted 'to a defined climate, in Zambia, Nigeria and Sri Lanka 

' ~ • •• t .... • 

respectiv~fYt :T.pe ~qrk ~of fMatthews for ·low cost dwellings in South Africa [16] is also very 
close to th cl (uwJ ,qf tli~ ;Ef.O:qq>.M standard. . .... ; , . . , , 

. il I: . •. . , 

2.2 The prdc'hptions, ~, :.! ·· 
The comfort level is reached through an architectural building design adapted to the 

local olimate: the dwelling- is protected · from.th¢ .. negative climatic parameters (the sun) and 

~Y?P.rs!t~~.positive plhu.~ti~. fac.~01;~ . (t~f ·~ind)r . : . 
. Thr, achievement of a go<;>d thermal comfort level necessit:~tes th~ application of a 

certain number of compul~1ary ,ru~es. Tl}.ese. ~rescripti~I1:~ i~onc~p:i qie ~'Yellings immediat~ 
s-qn;q~i:i9.ings ~4:~t~ ·£P.t;istj~ap~ ,90A1P?11ants . Jhey 09v_~r fr'f/i po)n~s: ~ ._, 

, > ' ·;HRo~t,9nop,~t~(vegFt~~~paround _,4ebu9din$)1 . 1 1 ·:; ,. 1) ~' ' ' " .'." . l: , \. ·;;:.::: 
:iJ!;,,rr,)) S,olppJipteyt,ion 1(rogf,,wall~,.~indo'Ys) . ,~L '),;:. _. 1 i ' '.) .. ·i r. ·): . 

3) Natural ventilation (exploitation of trade winds, and optimized ratio of ::. ~ ., 
, 1~µsid.~/out~~qe a~fi-;permeabili,W of th~ dw~ll,ng) ~~;~~~~an~9_al yenti~ati~1il(air fon:;). ;·;/ 
. 1) Dom(;!st~c; ,hot w~~er pr<:>d~'?tiq!l (~~.J:VC>.-contro,I,led .night f le~~ric d~,. sizefi , 1 , 1 , r r, 

1. 

i,, 1 •. l:l~cording tp regu~~~m~ntst spla,rJpr g~s ~~t~r heater&). , r , , , . ," , . , , · 

5) Option, air conditioned bedrooms (closed roorri and efficient, reg~latecl_ appli~pce~). 
·. !, ~). j : ' l ' - 1, 

- i I 
. .. . . , 

fl 1 )!!L ,,fl ' 'i ' .;!i... l 1.· il.· · . ~~-l: i r · .· l ·.: 1r! ': ill·d , . .:i .• l. ,\ 

J. . . 111.JR ~9.~.cf Pi}4,~sJ9."9P.~lit)( . s~~p:_u:4~ .. , 1¥.t, ;ir.µJN;>nat1t,pm~q~ ;?f s\~~l~t~~ns w,yre poµiputed 
gp, each ,cowp~~n~·.<?~ ·tJlY)~~jt,~gr~. orper tf.Ull\~P-.~f¥ ,th~ 1~~e.Jj1Jl~ .'1:1?i~ ~nergetic i~pacLof 
each technical ~?l~t~()n)j>P.Jhricthermal.1ypmf.o~.;yvithin. *~( buitdin~r -Various au~~ow h;av,y 
already worked on specific problems concerning the outside structure of the building: Bansal 
[2] on the effect of external col()ur,,_ ,Ma~an:t'1- ~\4]; ~~ p(a~s,ive~ cooling strategies for roof and 
walls, Rousseau [19] on the effect of natural ventilation, De Walls [10] for global 

~?.n~W.e~3:~~on~;?~-tp~1 bpii4ing!ci.qap~~Jo,:i; ;ap~tffi~~pl~~~~e. / ' :i , i'ir i. ; :; ! . . . :: :~ i ?rill 
t ·: ( 1··~ 1q.~ .~~P5?.~9~ .. 9:0?~~s~e~ :0.f . ~1~tp,~J: •. ~fi ,t¥,~~RfiL~~ep}f.j~~, !.~~tn ~ tl_l~,us€? .. P~ ~J~~~qing 
tq~pna1ra~9w, sne-B ~i1~?-1 ~9fi.yf ¥.-€?: I T9i1· I ~P111:1.w.t1 ~i;i.s ~~re r .~flffl ed . put ~m,, .$.~ ~qp~9-\'U.~flt 
'<R!.W181>-~P~.~ ·~~09t. , W~4~· ~mc\gr;r,s ~ . rw4119.ll pamral . 1-v;~q ~i~~ti?it• .. it?, '!- ·"JftY as :t~ . e~¥ru~te ~he 
~µ!W,c1l ~qf ,<rf.~h~ ,~f }~~1; ~b?.:Y:7 .. P.tCf1S{tP~1?:1i1s ~.1 rfN te~~ . ?-.~ . ~erw,~1. ~c,cnnfort. ~~ i energe~ic 
PP ·f8~~~~fy$: T~1~~e .~%w,att~~~· , ~\iie}!j.ian.~lysis and ~1:1-cYi ;~;>'R-H~esi<s .9.f. ·!he re~ul!~ !have be~µ. 
pr~~~:i;it¢dJ.}!?i : a. .. res~arch qoc~~°:C[l 1 ], ! ayailable from, .. l]}~ ~uJ;b.of§ .. ;g1e1 folf9wj,;ig. ; H<J.per 
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illustrates the methodology ·; adopted, pr(!sents the results obtained concemingr :·natur.al 
Ventilation and presents: a synthesis Of the feSUltS for the ·overall Standard preSCtlpti<mS. ) ; i; i; 1 i • 

' ' ! ' : .-,, ;· : : I \ ! I I ' ~: • I I ' { ~ - I , t .i 

3.1 Thec'omputerprogram: ,: 1 ;) 11, l.'i'.ii !· )ll,., :, .. , 

,,,j 1 1i 

. rrye. 1 ~pft~¥e'·~ODYR~ Js~d for o~r .. ~i~iLl~ti?ns, .has ' ai~·e~dy b'~dn ill~str~t~1d _1n 
various ~qbhcat1ons. )'he mult1ple, model aspect !S detailed m [4]. Pa'J)er [5 ]"d~als w1ill 'the! 
their;mai.plode} ~,d Pi~~rr [6) present.~ 1l1~ data ~tincture ~d ~e ciesbri~tio~ . of' tJ;ie'.fron ' ~~~·. 
We will however present t_hy,

1
general lay out of the ~ oftW,ate. On'e of th'e adv'anfages o 

COD YR UN is that the sottWare 
1iS 'an efficient bm dll:ig 1

thennai sii:huiatioH tool, r #lli'el1 
i.'b.cludes research 'and conceptidn: ·aspects, and t takes· into : borisideration different types of 
climate. More precisely, if1i:s a multizon:e" software.1inte~ating bath natural ventil~tip~ ::ind 
moisture 'ttansfei's.1ihe choic~· of the -softWare .is ' thus: justified, by, , the fact that in a.humid 
tropical climate, the building is an open system: where ·the airflow ·ttiansfor exchap.ge,s a:r;ei ve.Jjy, 
impbrtaht and the eliinatie' ~sollicitations are 1variable. CODYIUJN11pi:ecisely matches these 
objectives as it was designed · for! that purpose.The computer program has l)een valid~Je~ 
through experiments carried out, on real pilot sites, in a humid tropical climate [12]. 

When considering the thermal behaviour of a building, its thermal .state is determined' by 
the continuous field of temperatures, in all points included within: ,the, physiql1 limi~s of the 
building. The constitution of a reduced model with a finite number of 1 ten;tperatµ,:i;e~~! js 
possible l)y assuming some simplificatiions (monodimem;ionnal h¢at -con4uytion,.well mixed 

;·v6htmes;linearizedsuperfi~ial ,exchang~s,ect; ... ) , ! ' ,' (:'• !., , 1 ) r ):/. "iJ11: , 

In relation to the calculation program, at each step the softw:are execut~s 1 t}l,t:r;r~cognitioµ 
of airflow patterns, temperature field and specific humidity of ea:cb zone. 11 ; , 

I ' ~ ; i I I i •.,, / ' : 

r , ,. { I 1 • j : ; ; : ~: • .: ! ; / _i ! 

:)1! I I. ,/ • • I _ Jr Airflow and 
thermal model 

. '• 

· 1: •. it I .! .: I • I 

.. 
J' .. ! I ; I / I j l l 1 '1· f• 1• l'I. I 

., J ( : J1 
,: ; , • , II 

Ii I 

I I I ' i'.. ' . 1•' ,. 

J • ~ 

... . , "Humlclity inodell 1 ' • J • 'I i"'· ., '.:,'Ill 

'• I I lt11 ·l', t l :· ~ ' •• I 't { 

o I ' •J l f f '• 

' I ' 1 ·, - ' ·: 'Firjl3.:·'Geltertilf!owchart'-' i ,,,, ,, ~ 1 .: 

• I 1 ' i .• ; •• f '.' , ; -1· , , , if• [ l ! •• J :• . l .. ,.(< ' ' , ! : i r' , , , . I J [U. ·' 

Based on the b.odal -'analysis~ the then:nal ·model relies ion INSiNs. :pi:evjou,~ 1?i:n;tµl<1.tion 
J''cbde; C0.ll)YBA'[7]; and is the main .. part of the software . . With the usii<1.l p}lysiq1;l a~~umptions, 
'We use •the tech:hique 1-0:f nodal discretisation of the· space 1 variabk by, .. fintt~ .Giiff~renct:); )n 
1aoaitidn;the'mass of a'.i'r'irtside onei!zone;is represented, by a singile,,t;h~r:m,al, p(J.pacity,, ~hu&~ , f9r 
a given zone, the· principle of errergy : conservation applied. tQ, each, .: c9nceme4 w;aj.1 n9,q_e, 
associated with the sensible balance of the air vohirn.e,; .c,cmstitute. a .. set1 .. 9if xqu,<ltipns, . t}lat; ;c,an 
becoridehsedt:n ·a:-matricial·form. 1 . : I ~,, - ; · ;111;.r: : 1 ;~·_;: 1 i. '-' · i 1. :~:_,·1i '. · · 1ri1· _1!i ., 1 ,' , . ; ' ·1• ' 

.. ,,_.,_, .. . ..... -1 .. ·r -dI ···[·· .] ... . 
, ... , ·, : I' •• ·'1 c -= A T'.f'B" H. ·- - ·. ·~ ···- •• -· ·-· •• ·---

11 _ :·. - '',' •: I • I --df -- - .. - ·- __ :.1 ... l~·f .. , I lq~ . ·• ·1 I I I l 
• 1 , ' d I , I " · I 1- ' ·--- •• -

• { I l l 1 o '. I I), 11 ~ t-' j 11 1 ',) o i 1 

_At e_~c4 ste~, the _re~oluti~:'?- ()f e.qu~tion .. (l~)i uses~ ' ati"linplicit ~u~(e, dff(~f~ij,¢'~ PfOye~ute 
"~pd th~ . , co~P,·Iing iterations between the different zones: m~ke.. rt.: pO,~sip\~ r wi q~fo.~1~te the ,.. ... ... . .. - ... ... -... . ... .... . . -· - ~ 
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evolution! 'Of; :temperatures, as well .. as those o:( sensible pow.ers needed in case of air 
conditioning;.! 'li'he;zone coupling approach of CODYRUN,is similar to the one used ii:i ESP 
[9].The most simplified airflow model takes, as known, the airflow rates between all zones. 
The more detailed model is an airflow pressure model which takes into· accowt the ,driving 
effe<?~S of tl e w,ind and the .thermal bu~yaocy. The problem of large op_enings .in this pressure 
tn9dei'is. s0~vrid "~ith ,p.~ u8e· of the W~lt~n iliodel [21].fu comparison with oth1fr1Hbgrams, it 

~~bb,e .seeii;'.}h~t t~r ~A~~i p~~ssui;~ ~.°.1~d~l, int~rgr,~tuig large ~I>,1ni~?s, i~ sifuil1~f .io. T~ 
ftlJ:-:. J;!1e ~Wldmg is ~lso. lepre~~ntc;.d ~~ .a network of'wi;:ssurenodes, conne ted·by non-lmeat 
ei<J,U~tions giving the flows ~~· a 

1funclf OD• of ttie pressw·e different~ : ·: '. ; . . . . 
.. r . '·· ., 1 • •• :1il.1 . :· r- · · - ·~ 1 •• , 

., : ';This detailed airflow calculation goes _through the iterative solution 9f t1;ie; ,system of non 
lihear equations made up: with the air mass .conservJition ins.ide each zone. Tl],~ flows involved 
in : this model. are couple& with rthe, Uthermal . syst~m, which el}.aqles simu,ltaneously 
c0nsideration' of all the:differenti thermal transfers. ;_. : , ,, . , . . . : : , 

1
1 The-hl.imidity ·model l'eads to a system of equations si@la~j to tl}.~ thernJ:~. t1,10del iput 

tl6e.s not take into account the ·humidity trartsfers in the· partitions. and the ;fµmiture. . , . · 

:3.'2r Defmition of a typical.day 

I 
I. 

· I ., I 

:Reunidn ii-s situated ;a,ti 'a latitude.of 211° South and a longitude of 55° East. The climate 
is Jmniid~tropical. '" L d: , .J~ : . , " '; . 

;_ ' . .iL :There is a dry:sea:son (May to ,(i)ctober), mainly cold and dry pr~dominate~l;,P,y the 
tr~de winds and a wet season (November to April), h()tter and .more ~µIl).id with light winqs 
'from" differing' directions. The island is also influenced by the passage of cycl<mes. 
The relief splits the island in half: , • 

• The windward zone, exposed to the trade winds, characterised by heavy rainfall and 
an average temperature of 23°C1 . . 

• The leeward zone, generally sunny and dry. This region has much less rainfall and 
the average temperature i~ 2 to 3 de·grees higher than the above zone. 

I ;;J1: I l G : :·: ~ i 

The study of the effects on a building froni 'outside conditions, necessitates the 
availability of certain meteorological informations, reprcisentative of the studied site. In order 
to reduce the calculation time, OUii:Simul~tions ·were carried out over one day only. This day 
had to be that which was most representative of the conditions of the wet season. It is in that 
period that the most unfavourable combination -of parameters are found. 

The day which most closely:represep.ted Jhe •,~y.er,age temperature and solar radiation 
conditions observed on site was selected. Also, in order to optimise the radiative gain of direct 
sdHit·i1a:tliatiorts;tc,nditiohs with~low1cloud :-O:oV;ering ·w~re ,chose!'\.;( see Fig_ 4). : 
• 
1

' ) r; The choiCe bflt site for the selected meteorologiqa1 :sequenc~ WGl,S th,e weathw- station.-f1t 
'·Gillot;:·sitlihted 'in rfu~ Nbrth East of the isl'and, .:near to St.d)enis. It is a highly p<j>pulfited mi1J?n 
1 zbrie. · rfhe'.site is tepteseiiiitafrve for a: humid coastline,. at ~least duting-1the, wetLseasRni . V\T,pen tpe 
: tratle l#'ind§ '-afo n~t blowing) We set. the:initial temp€?ratu.te of th~ , $tru(;)ture of each buil,di~g 
!iwith'a;twodh'.y!finhi:alisatiort1.simulation.file. 1; ,11! .;:J · i1 ·:::,(; 1•1,;;·· ' ·!! ! ·;.· ~.;,_; · .. 

The following table gives the values found for each.pan<mieJer;for 1t4~ giv~n ~it~:J. .: 

Daily direct solar radiation ' ' I I tl -, I . .' 
- ' , 

Daily diffuse solar radiation 

:}\ verage riiinlfuillf:i 1fofn'.peraf\iN:: ~ Hot seasnn .I; '. .'Ii) 

: ' . ; 
L .I from 5700 to 7400 Wh.m-2 

from 500 to 1000 Wh. m·2 

I . ._: '. • , 3Q.0~ ,\'. • ; , 
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. Taqle J. Meteorological c~(teria used for the typir;al dqy _ 

I : 

. I 

External temperature and Humidity 

31 .0 .,.,.-----,-----~~------.. 

30.d -~-1t----,<--==;1'()Q---,4~ 
29.0 4--<l....V:~"'"----'~-~=-----t 

Ci' 28.0 l--~.O-,..----xJ!¥,---l 
~ 27-0 -i-~·~· __.:.._-JY---------0----1 

~ 20.0 l----;/--\----;:;.......,,"ill'---""<>~ 
~ 25.0 t---+-~-r---------1 

24.0 ~,.,.Q-----4-----'"--------1 

23.0 +---i.).C_---------4 
22.0 ~t-++-t-r++-t-++-++"'-+--<H-+-+-+--~,+ 

85 1000 
80 900 " 
75 000 · 

70 700 " 

65 600 " 

60 500 

55 
400 
300 

50 200 I· 45 100 
4,0 

Hcrizontal solar radiatlcm (W/m2
) 

,..,- 'Q. 

I Q 
;. r \ ' 

I Q 

r \ ,, "" ' f 
9 \ ., 
I \ 

" 'j•,'' '\ 
. - j~ - !L r· 

- M In r- a') ;:::: ~ ~ ~ ~ N -~· ·~ ,• 
Time thour) : : J, 

- ; M LO'i !"- .;.tJ.'J ~- ~ ~ •' ~ ~ N f'.3 
U!".~ ltiourl • 

• ' ~ i ' I ---0-- Ext temp ~xternal R~ 1%1 ] j I . 

•I 

k';,.,, d · Tvnir.nl dnv u.w~d in the simulations .... "'O •• .,,,.,a ., 

\ . \\ )° ' ' . \ ,' .. 7 J . ' 

I. 

' I I 
I 

~ I 

I 

·' 

Wind : When. concerning . the ~i_nd s.~eed and wind _ 1d~~e~tion, . o~~- a~?1 ~a.~ 1 i~ 1 , .s~~ula~y. the 
thermal· behav10ur of the1 dwellmg dunng the wartn humid 'season, wli'ich 1s. a penoo when the 
trade winds do not 'occur.The Reunion Isl~nd is influenced· by the phen6m~na of land-sea 
heating and cooling effects, thus creating thermal winds ~bnshor6' during ' t'h'e day, ciffsliore 
tlw-ing t11e.night):·Foilowiug the ic'dnsultation of th~ hicteorological figrtfos 'ln ·o~r posession, it 
was founa• that a night breeze, ·wrth a ·speed hicl attain~ lm/s,' tepre'sgdis '20% of the 
:di tribntion iin ~frequency an<:! th~t its direction 'is ~·erpehdlcular to tHe .co·ast tin:e ~t rright. 
" We· also' ·created ·an 3.i.ti flcial . wind :file, · consistfog of'· & 'en -d-Jnse~uti ve days 

experiencing the same external temperature, relative : humidity and '· sb'l'ar radiation 
characteristics (identical ~o the typical _day .above) but with different wind speeds and wind 
directions. We considered the case of days with a light wind (v =; 1 m.s-1

), and days with a 
moderate wind (v=5 m.s-1

) from variable directions. This way it tas possible to assess the 
airflow performances of the dwellings in different wind situations. 

''.<) 1·. 

Day 1 : no wind r ·~, 

Day 2 : light wind (1 m.s-~). South East 
Day 3 : moderate wind (5 m.s-1

), South East 
Day 4 : light wind, East · -
Day 5: moderate wind, East · · ·' '" · "

1
' 

:p~y 6: ,l,igh.t Wil}.d~ N:<:l:r:th :\ i• j .J I '\ i i I · :,,: 

p,~y 7. ;: IT1-0dei;a~e ;wi:gd, Noirth.·. :,, :1Jl' 

3.3 Description of a typical dwelling: 

7 6 

l 1 
' Ir+- 5 

._.. 4 

The typical dwelling chosen is that which is most reprsentative of the type of 
accomodation built in the Reunion Island, in terms of architecture and building materials. We 
have selected two typical dwellings which conform to the plans figure 5 but differ on a level 
of themml inertia (one is a light structure, the other a heavy structure ) and a dwelling in block 
of flats. These dwellings constitute the references for our simulations. Table 2 summarizes all 
the components of each dwelling. 

• The typical individual dwelling 
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N 

10.85 rn• 11.14rn2 11.051112 "" 
/"-, 

.,.; 

~ 

j , N 
~·· ~ 

~2.7Qr.' "" 
I ' 

• .,.\ 
?Jl2>1"' ,. f' - ... . ' I)/ 

~~ "·L· 
I I 
! ,,. 

2 • ,. .,_ 

'I J 

'": 

". 
"" "" '" ai 

'r •"\'I • 1• \ ·~ • l:i ,. 

0 
Ul 
c-l 

Fig 5: Vues of the typical individual dwelling , 

0 
Ul 
..f 

, J I ' I • t. • • • " ' l ' r !.i -" t f ' ! : i; ' I ' I::; ; ' '.; j I ~.:; ( ' • 'j J 

' j This a':Y_eI!fi?,~ 's COJUROS~~;P~!.hre,~,ki:idfq9msl,a liv~ngroom, a),.,_at)rroom,_and a.kitchen. :. · .- .: .:. ~ply th~ . li~inq ~~nes , of) he Ji~qµse; bedi:ooms 1 and,. 2 and the living room were 
con~.!f:lered ,for the SlillUlat,1pns, t9J :rp.u ltiple ~easoi;is:lf'. tii,·; ;;-:J . ·,, .. 

•
1
·, .. ~. . 1) TR-e ~tanq~d croncentrate~_e?'9JP.sively oµ th,.e impJqvi_nent Qf the living areasi 

:, ·• J . ; , , • ~) ;we)l~ t~}cin& . info" ~~8~!; the i?-un;i.Per of .~sp~ci~, ,cove~ed_ we ~ave tried to 

11 ~W~~~rr ~~.:..t1;um}J~r o(ZQ.ljl~;;,, tl?-'4 ;I~ ,}V)ly; a thre~ rqemed ~mlding {F~g 16) se·emed 
..:., ... ,. .. ;~~~:. rpost c;>l;>~~ou~ cp.ojce in order to highlight the diffe~nt :thertnaJ, ;air flow, 

. influence,.,. of orientations, etc .. . phenomena. 
l l< > 11 ; ' i.' T 

' • ~ iit · · .rl ... -~ 

:· i:-1 ~I), II"'!"" . ..,., -ip 
bedro~~· 1 

I ~~~~ . :::J.30 nu. I 
ndro3·!~ 

, . .J ___ , 
··+· 

I I _; • _1 i I , ~ j . 

.:• 
I ' , · , ~,i 

,, 

JI I ·. ,; ·1 :. ·• • · 

Fig6~··Typical layout for the simulations 'J'; r· 
f, _, , 

.· 

I &, t 

The glaz~d surf~'fces in the. rooms represent 11 % of the total smface, and i~'the livirlg 
room 22%. The bedroom surfiic't~s are ~11 m2 with a volume of 3d"mJ; theiliviJ:lg; tbofu slirface 
is 22 m2 with a vo'lume of 60 m3. 

• Flats : 
. ' ·.\. ; .. . 

~ (.) ~ j l,. . -~ - u. ·;~ . ') J ; 

.'.Ii 

l'+'l ' : .. • ,, • . ·'. n1r ('J ,_,.,,.;·1-.,J" fi"l['rt' ··r .,,,r,: :.,-,,,.;·\ i. ' ( J :''i, ;,~ ..... <ii·,. ;·. 1:,;iV"·l G. fL; '. ' J 1_11: •. j{1 ( ~·11;~.~·-! .~1·b:1_1 J ~ ) •/ I LI,,.,, J·, ! '·'2 1'11· .. ' .1 ... ~ · _) - i 1. 
JI 

• • •• { , .• i,.. .-.• i . c)''I'-.. ·.-r:·t ,: llJ'''.•'-\r, 1·;~1·! .. ·1 ,_ .. ,, 1 .~ 1 "';_;. ,I ·::r;(C r:· )~llJldV.fd J. ui=~; !, :..1 fU1: . .Hr!.;!'. .~Vb .. ~n; JJ !,. 'l u ,.J .1.J r'· i .J•J ;(, 1 .. ::.
1 

, (,. •• • 

. i·1; .. r. r .. H ' •Ji_(.[f: 1• 'l•.,/ :T_G_jJffJir~ );JC "J ( i 1 If'; ".''.Jf :Jd.T 0.j.!J~i-t::_.~I• ::~ .1:1.: i'i.'. 
·<· .. :l'.,'i 
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After consulting the local low cost housing institutions and the new housing· statistics 
for Reunion Island, we found the most comnion ·dwelling found is' the T3N ;· which consists of 
two bedrooms, a living room and a veranda{Fig. 7). Thesimulations·were carried oat ·on thlee 
types of dwelling (one beneath the roof, one between two stairs, and the one on the side of the 
building), which are part of the building elements·. classification of De Waal [ 1 O] (see Fig 8). 
For our simulations, we assumed the typical flat to be a two zone building (Living room zone 

I ( "' 4J, ·, 

....!.f Li"lingroorTI _1 

., 
44,00.2 !. Tf.48 7 .20.;l 

i:I 
"I 
I '' I" 
,i ' I ) I ~ '' 

I ' , , . · .·• I 

and bedroom zone). 

IL! 11.- • ' ' 

.. 

'· 

'I 

·: ·'' 

'•, 

... .. 

I~ • • I • 'It 

•I' ' ' • •: I 
1 

,• 't • 

I 1, l 1 l(jl I I, 

, .. ,,, ,'f! ! 

I ; , 

.. 
' ··'·L\ 

; ,t ' t \ II I 

'I 'I{.~ I 

Fig 7 : Typical flat ; : : . / · · Rig 8 : (:(1,se s.t.u_4i~,s: ,, , :'11 q 

... Th rmhl '" ' 
Typical dwelling 1

• 'Miferillls • .1 , 1 • resist~cc .. • , , · • 1 Absdrbtivity 
~· ·!'l; )' . '! 'J J I I ' 

U lit strul'lure dw~/1111 
Roof 
External walls 
lnkrnal walls 
Heavy tructute dwelling 
Roof 

,. . ,, 

,inm:shy:f!tlairsp,aq~ (lQ ci;p) ! ; . ·: 1, >:, v 
wood boards with air space '(5 cm) 
wood boards with air space 

concrete (16 cm) 
hollow concrete: block;s (201 1<rn) , ; ·, : . 1 .. .1External walls·~') 

·Internal walls , ; ,. , , ,hp}low ~oncrete b)ocks (2.Q m.) . , , 
Flat 
Roof 

'· E~terhal ;·\Valls ' ' J : 

:l!iforn'a l walls" 
i i 

1· . \ .. ~ 

J ;. 

concrete (16 cm) . . ' . 
· d6ricrete (10 cril) ' · 1

' • ' ' ' • • 

I • ·plastc1'b6ard{with ·a1i aitgap ~f 5 om) ' ! 

,, (m2.K/W) " •, a 

',., 

0.1 
, 1 Q.25,. ., · I 

I ~ • I , l • 

.o.7 I .,. 
''o~7' r '' \ '. l 

O,,]',. I 1'.' \' 

'Q.7 
I 0..1 . "---''~-:-~~-,--~-

...., /r r: 
••"Q.~/ ' 'L 

O,T· 1 1·.~ 

• ' I ; : , . J ; :- • ' • l : :) ~. i 

11 .1 I '·-· 

J I 1 i;l.,, :i?11i l t I' tr 

• I ,~(. .. , I I' 14 ~I :1:1, (;I Ir l r.l.Yll · 1 1;ri,,-:,~. ·~~.-·,r',•111!~;,t!j 11 -:,r -.\: .1 1 1 ... 11 1 • 

.$.1 .Corµpµr;ison, :cr. it. e.rtq: .,,, 1 ... ' .. 1 •. . ,,·,· 1. 1 ... (' ., .,, . . ' .. 1 11., ·, .. ,, JI; i; \ : 1'' L' J I l ! '.' l : I 
1. i : ! I J' ' I \I I· ·';, •. ,. 

·1'; -' r ! To compare the differenMechnical· solutiQns,1 tlii,e, tht:;lTI1a\i9om{ort ~.sp~ct, a~ we~t ~s Jge 
"energetic aspect were1taken .into .. account. · . , 1; . I ;':1·1 ,, • •• , , 1, ·': ! , 1.1 , . ~ 1 ·,, , ".,, :1~. 1 

l f 1 I IU)IJ ,),/bf I 
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Comfcm.t crir~r,ia.1 · IJ : . r· " · 
·•.1The comfort parameter we c,hose is the resultant temperature. This variable enables us 

to take ·into ac~Qunt the non,.comfor.t; arising from the long wave radiative. effects . 
. •. I.! J·. 

(, .. ·· J'ir . . d• · i: :r11 ·-i 1 iJ ,, Tres=0.5.5 •Ta+0.45·Tr 
1 fr ' :~:ur::· · ::d_ ~;· ,. 

where Ta : indoor air temperature (°C) 
Tr : mean radiant temperature : 

I'.'! 

n 

_Ls; ·Tsi; 
Tr = _,_i=_,_1 __ _ 

n 

_Lsi 
i=l 

~~· ', ·i:-··, .. 
~ ·:u·; .. -- .. 

!
·. ~.: (' -L 

~ r . -· .. . ~~ \ 

where Tsi is the indoor surface temperature for zone i, and Si the i component surf~ce. 

'~ 
We followed the evolution of this variable throughout our typical day but average day 

and night temperatures were used, characterizing the day and night uses ufi1th~4,yv:~11ing. 
• resultant day temperature : average resultant temperature from 7h00 to l~hOQ 
• resultant night temperature: average resultant temP,erature from 20h00 to'0,6h00 
• maximum resultant temperature · 

Energetic criteria : 
Another important criteria is the energetic criteria. We have. used this criteria to 

measure power and energy improvements brought abo}ltby the __ J~s:-J:wi~~l .~o,lutions. The 
criteria used in our simulations are: 
• maximum power (W) 
• maximum power•per square metre (W/m2

) . 1i'. . 1:•v, . .- \ 

· ... ~ttj'.tal}1~~ily'therma\~t!Yf.sY(thermal ·kWh)" .. "·' .. - ~- "~· - ... ·-~ · ·~ - - ~~···· ·M 

• ~overalUhermal ener~y dµring the wet season:(~~pnal kWh) .. w''l·· , ; 
__ __ ·- _.:.:_Th~ P9\V~r o~serv~tions were carried out on the base of an infinate power air 

conditioning system which keeps each room at -a terriperatlire 0C2s°C~ :this method Jhus 
enabled:'.us to obtain results in energy consumption~hd· i1Hhettnal-power reduction. . •.. ~.: 

' j - ~ [ ' : ) ·.: ' . •/., I;•; d < : ; ' : ~ ~ • I • j j'. ' 

. f 

3. 5 -.-Th-e-simula.tion strategy:· 
r , , , • , , .,~ ,'; (.!Jr : , 1 ;· , 

The ciimponents : J '. ( •. ) ) . 1 '.JJ:>:: ...... :. >' 
·As far as outer=~rotecting structures11are-coricemed·(re:.roof1 ·walls, windoW.s)! we ha~e 

- earned out-a-temperature andpower.study'fbr.eaclidir.'ellmg' and ~ath.c.o.mponent]J.art tli~reof. 
During rour simulations,. the building is closed and has no air renewal. Only the therfual 
perfo~~nce aspect is 1t~en into consideration. This iajii~l: l?j\~s~ ~~ables us to o~.'aj,n ~~}.f· o-~st 
technical solutions. For,.example, when.ieonsidefipg, ftn, OP,C\que :~p,~;ition, is a sol.~r, p,ro~ect~<;m 
~'fdih~ o:25, o~so-;o.75'0fi r~qliir~a.~a-: .diineijsiortof1heover-1iaiig~ana h: lieiglir6fthe 
wall), or is insulation more cifficf~~t :f W'e ~'ave1tHeiJf6re 't~~ted different roof colours with 
differing insulation thicknesses varying from 0 cm to 10 cm, different opaque separation 
colours with a solar protection in the form of an over-hang varying ftdhi d/h >±'Q ti'.» dlh ..1::: i,lor 

· bY '·thb~al,·irlsalatiofr.ifo1 iwhfoh ·th~! thiickne:ss>varids ~om 0 icm~fu 4crrt Asfregards"the solar 
protection of the glazing, we compared different dimensioR"Sco:fhorizontal external .Sim11hades 
and venitian blinds. 

,, 
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Natural ventilation is a case unique, as the improvments may only1'be' judged tlre 
improvments by the tenwerature reached. :1'he pr0iblem posed was to· measure the impact of 
external . and internal permeability on the internal .. resulting temperature. ·· In i brief,,, :what 
percentage of facac,le openings is necessary. for :the ilJprovment of thermal comfort,. and1does 
the intetj.pr lay out have any influence c,m this ?: t:(he bjocliqiatic perfeqtiopist~ site percentages 
of 40%, which ar'i too high to .. be economi~alJy feasable[l]. We have varied the inter:i<m and 
exterior penneability rates of typical dwellings from 15% to 40% and have simulated all the 
possible combinations. " 1• , , ., ".\,,/ 

• ' I : \ : , ; )1) ( ., I . .. 2. !f , ~- ·I . ; ; ! • • • I: ,, \ 
4'if1cqnditionedr9om option, <: · ;~ ·ll • .. ·: · " · " · ,, •1 • • .,, .. ;J :· _, ·i , '.i•.·i·,.,.,. 

We presuppose that one of the rooms is air conditioned, with a cold production p~po,d 
fro,tp., ~OhOO !tq 1 Q:h,00 . .i The internal gains are constitµted .PY four: ·people (2. aduJts and 2 
children), and by the lighting in each room. The following .t~\>le,1sununarizes. the jptem.al 

j ;· ·. i I 'j; i i ,, I' '! , ,', ! . j, 'f 

------' '--'·-..· .... 11_ : __ .....,..___,~' __ l_. _. _ ,_ ,_,_: !_~ :-' __ .• _: _• ... 1,.·._'. __ ,_1: .. 11l :'--I i·; 

INTERNAL GAINS Sensible gains (W) Latent gains (W) 

.. .. 

Adult 60 60 
Child '40' I ' 

... 
Lighting room 1 · '100' 
Lighting room 2 100 
Lighting Living room 300 

,, 1 • 1f 1 1· 1H 1 • • 1 ~· ,i;·r, I, - 1 : ' , ' • 

40 
0 
0 
0 

'J'able 3: internal charges summary table - individual dwelling 
.. 

The simuladons were . earned .. oiit on -a .. dwelling · with bad thermal : structure, an 
importa.llt air renewal rate (5 vol/h) and a set temperattire of 26°C and 22°C and a dwelling 
with goog solar pioteftion, a controlled air renewal rate of 1 vol/h and a set temp~rature of 
26°C. "' ' ; : ' 

:fl i , I 

••I •i I I 

Real case:' " --· · , 1 

W~tp. an·the·technipil_s.o.~µtions ·~f~i:\ch ~Pll1;Ponent,.ofthe outer stnicture conformed to, 
in a second ph~~e, w.e pc;>mpared the exi~ting dwelling, which is on overall padly designed ( 
bad solar protection, instifficitjlt ventili;ltion;efo: .. :), to a well designed dwelling adhering to 
the technical solutions that h~~. been fo.und durin~, the first phase. 11 •· • · !: ; ' 

1\\1. \ , ... • , :. 11 : ' \ , >I 

4 . . RESULTS 
: ~ I . .' ' ,, .. ' • I Ii,. : 1 I: '. i. .. .• 1; .. 'I I i l 0

: )f I).'..!, 

4.1 Locatiori:on site: · . 1. '' \ ,1,,." . • " :· " :· . • · · ' '• (\! •. 11 • .. ; ' 

I 
1'' I ·i P'erfbnnant tbennal and ei1erg'etib housing d~sigu sfarts 1ihlti.~l~yil~t : t11~1no6at!~h on the 

building ~ite. The immediate surrolllidings of a· b~iJCling lia e a· 'sigrufl~aitt 'in'tiueil~:e <)fi1 iii~ 
cdnditiofi§ oftlreml'al comfort mside!. Tllts 1 i~ ' particu1atly

1 

the c se' :f6r11- ~ ~UITQ,Ulldi~g surface 
of the 8ruldili¢, 'wliicfi sh i.tld. neither tef11e~t the sMa adiation 'fov;arcr the hduse h~r 'lli~ '6as~ 
theail.'il:lieirtalrtempe~ture: "· ' · 11 '" . ·•• 1 ' .! 1 " 1 '!. .. . ,,· ·11 ?: ! · ,.:;· 

,. 4···.. hri 1· 1 > ::i 1 J t: . •· ..... ·: .J r~f.~ J, ' •' 4 ,." ·' \ 1, ' ·; • h'L 

The results concerning the surroundings are : 
The finished surface around the building should be protected from direct sunlight for 

more than thre.e quarters of its perimeter, at a width o~ at least 3 111etre~ : ·'fp.is cruj b'ci abhi'evetl 
'by' ehnfu: v~gefa ion ( (fawrl, bu~hes, I :dower.S)"w 'cfi1d \ tlie' bullclli1ig, 01 'by ' ~11 J veget~'tion s,un­
bl'cfok$: Th~e prescdptlbns are ·silnila 'tci the 'rHcb'm'mentlat bris'. 1) ' De ~W'aU [10] coitcetlli:hg 
urban 'pla.nll:ing1fo{warm'huntld 't fiinates. ' i: · ··:t i•; '"' ·, ' · · i'il! • 'J

1 • 
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4,2 : S~lq,r.protectton: ,.. , ['I ' () 

'
11Iri a1humid1tropital' climate, the source ohmcorilfort arises frem a temperature increase 

duert:o a·;badrarchiteotttral'conception, when·conc'emiri.g insulation: 80% of'this is due to solar 
radiation, the remaining 1to conduotion ;exchanges. The setting up of eftid.ent solar protection 
constitutes. the sec0J11.cJ.r Jfortdamental 1phase in

1 
the thermal design of buildings. This pfotection 

cohcein.s;all the hterior separatioh.~'ofthe dwelling: roof, walls and windows. " ·' .! 

~ j,_. I i ,"' I \r j i.. • i ' ! ; 
" 

..:. 1 : i 

Solar protection of the roof: · · 
Thermal inflow represent up to 60% of the overall inflows from the separations in the 

dwellings. Efficient solar protection of the roof is therefore of prime1tirgence'for g{)od therlnal 
design.! ' i . l .·•, 1u.::· . '/ ' "fl rit ;" ' ., ) ii •. · )',I ' I i _· 

· · l'ht:! foll0wing"tablelis valid fbr·tetrassed1rooves, inclined rooves·wlri:hout lofts, ro6ves 
w1rth !eiosed or, barely ventilated lofts.· •, : ~·: i ! • 11 • ·_, ., 

1 
• • r · 

When concerning well ventilated lofts, there should be ventilation ducts spread-' out 
uniformely _thro~gh _~p the p~tjf;t!et~r im.d ~hicP, 2~face con[orro,s ~o ~!J.e foll.gwing inequation : 

. : . "/ ·: : '; ~ 

S0 Total area of openings 
- = ~ 0.15 
S1 RQof area 

I+,! I V· t. •• 

In this case~ tire ceiling· under the tuft should· satisfy certatfi pre'Scripti'<>ns ~(-see table 4). 
~' i \ I ' • I I .\ ,' • '. ' . '. \ I' . ' •I .I ' "1 ' ' •. ~ . ' ' _f: ' ' .'• '\) ~ 1. • • • ' ;' ' ' \ . 

, :1. 1 IN8t/LA'1'E!J SIMPLE ROOV,ES• ,, 
<..• 1r Polystyrene type insulation · Polyurethane type insulation 

.. Rpof colour A. -=(J.041 Wlm.K /... = 0. 0~ .. Wlm.K 
Light (a.= 0.4) 5 cm 4 cm 
Medium (a.=0.6) 8 cm 6 cm 
Dark (a.= 0.8) 10 cm 8 cm 
ROOVES WITH LOFTS WELL VENTILATED • 

L i· ' ' 
1 ~o1ysryrene tYJ;e'i11s_ulalion' PBlyui" lha1l'e1t}pe ins~~atioh r 

,,! .':; 'Roofcolow:: ·· . · · "· i.· •· 'A 'd 6.0111 W!1ti:'K1• • • ' ... . 5:. 1JJ·o:v:i<f'w/1;;.'K1 .. ! '"° .. .. " 
Jlf!Jighf(ai=0:4)' ; ·. ''·! " .:.u• :; ;'. :Noinstilatiori'needed' '' ,. '" '· 

Medium(a.=0.6) f•2;cm 1 ;,;.,•.: r J, l cm • .. · :' ,,. 

Table 4 : Roof solar protection 
.. I ~ ,. • · .: :·t 

In general the use of a light colour is the only way in which we are able to lower the 
inside temperature of the dwelling by 3°C, equally, insulation adds a sup,lim~ntar:y ·deGrease of 

3, :~~,.I: I ;l;h~, a;y;oi~~.dt~h~ffiHiJ, P,O"':~r :i~ ii ?P'.Y perm~ ·O~ P!?.t~ep~efi. m-~~1. ~d t~y :avoi~ed: thermal 
~n~r&¥ i~.19Hr~ 1to 1 ~?-°'k~P1-~ ~q~JP.~ .\YRf?l~ 9f'\~e w~t se,~~911-r ,, .. ·':' f'iJ'I': • : _ · ,. r·i·: 
·~ _ .i l" , Eq~'}~lr, it ,~~ l?C??S,~flY,: t?:i~~Y. (9f¥.Jl.~UE~ul,4tionib<l!Prrs ~lf~~~ .a~ a~~rni~um ~~il-Goa;ted 
P,~p~~9ts. [SJ··:. 1-'Hr~~ piv~t b@, ,iµst~Ue~ ;iµ'. ~W.c§, r ~ArP: :~n ·'1:idJ.a~Y:~~ 1 ~is,gaJ?~ 'f.he ~1um~~llll}· ;r~~1 
reflects radiant heat like a mirror, whilst the polished aluminium emi~s)i~tlepJth~ .t,'~~ial1it.1l:eat 
that falls on it. This type of protection is very efficient in climates which experience high 
levels of sunshine. 

·: , · .: .1.:• L1d<: :·c i;,· 1'.•,: ·;·: :.1 '..J :J.;Jc· o :F: LJ trrl2 :u 1 r ~11,._JI ':,ii.1 1· : . .i,y;: ~;"r.:i; 1 : I J,1.; / :'r 
So/ar.)xr,otP.ctipr. 9/1 walls : ..• r, 1- 1.' ... ·, 1• " ' · , 1, i· v,. .... -. •)''J ... , ,,, . ,., .. .. .... .- . , ; . . , " -1 ~~ ~{ ,I 1 t 1'1 ,, , ; :"' I i i• t · .J ,J.,,. •.. J· /,. , .•· •I.I• /., •• ,,JI _ . · • •. • , 

i .. , . ' ,r Tpy;~e~aJ ,g.~~~ fi:?P.?-.. ~he ~f!ll~ . ~~l'F:~se~t~ Z.q ,t~JQ!P,. (40 .~ .. 65 . ~Jor the d~~~~ings 
w.JV.r!:1, ·i~TE· ,not: u~Rf~r~ tp.e :i:o,of))~f: th~)1'ermal gains. ;from. t~e . seperatiop,s.):7,arim.J.~· :-sC?~l,lt,iop~ 
enable a protection of the walls from the sunlight: horizo~ta} 9+ verti_cal . .canopy,p~ .. qye:i:!J.~ng, 
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thelimal insulation of the 'walls. The r.esults · obtained from the simu~a:tions · cdrrstitute the 
following table, which give the optimum . dimensions of the canopy'.· in: 'refation to1 LthJ 
orientation of the walls and the walls inertia. ; · '• •· ·· ll • 1 

, 1 ·1 1 
,, 

Type of wall East 

concrete 20cm (R=O. l m2 .K/W) 0.4 
h,ol~ow con,crete WoHks (R~0 .2 ff12 .K/W) , i 0.1 
wood (R=0.5 m2 .K/W) 0 

light colour ' : 1 

South West North 

0.2 0.7 0.5 
0.1 ,Q.3, ·1i<?,2 ., 
0 0 0 

I ' 

'. f ' .> medium Colour I::, 

East Suoth west North 

0.5 1.3 '0.1 
D:.S ·;,Q} .. 9r8 o,~ 

0.2 o., o .. : . 0 
"' 

Table 5 3over h.a'n'g oj,canopylP-· minimum dlh.ratio valii.es to be ires-pected. , · {., t ' t/ ~ 

'._ 
1 i ·~ I i : , I ' ! I· '• • \°I : • .. i' J : r~ ·f ! .•,'' 

'·· 
I 

.1: 
'l'..1 

:1 I 1 

. , .,. 
. ' 

F6r walls with no canopy, the minimum· insulation thickne~ses· (in cm) needed f6r1the 
different wall types and of different orientations are shown in the following table: · 11 · · i 1,· 

l ligltt colour.~- i 'j ' \l' ' mMium.colout \' . , • I . : : 1 \ 

· .East . South . ' West ' North East 8outh : iWest Noth ' 't •. : " 

;. d i l",.' ' 

· , concr~te20cm(R=0.1 rn~.~ , , ~ ,, : 1 1, 2 . . 1 , 2 1 2 11 , 

.hollow concrete blocks (R=0.2 mi .KJW) 1 1 1 
1 

1 
1

, 1. 
1 
l, 1 2 ' 2 

I ; · ~ 1 ' wb·bd (R=0.5 m2.K/W) 1 0 0 o·' 0 . 0 0. ·, 1 • ' {i': 'I ' 1' l,J 

, .' • ' L 1 f ····' Ii ii:'•l".;lilil·.'.Jd 

!;qplel A;.· In~l,llftion ofi'r:valls (if!., crzJ for differen.,~ pri~~t~(io11s r a,~q, ~ft(Jrnq~ ;c9Zours (for q. 'r:f '!-ductiVf w ?i.P:.q~ t, 
W/~·.[9 " ,·: \ 1;.r ".: " 1 r; ,·, f: : · ;·1 ;' " ' , '.I:. ,

1
· ,, ; :: \ ~· i .' ' j 

The~e , ~olutionsJead to a redu9tion in the. result~:o.g 'i.nterior tern;perature 'of 0.5°C 
(heavy .stru.cture) 1·t0 1 O.C (light structure). They ·enable a .. reduction of th~ enteri1,1g thennaJ 
flows of 40W .per · .tnf of :prqtected1 area, coruesponding to .an avoided,, therr.nal energy · of 
;.Pi,5kWQ./;m2 for: a light ·stwcture. For~· he;ivy strµctur(l; the,.reduction qf ent~r;ing ,;.flow iS;;!lS 
W/m2 and the avoided thermal energy is 2~ kWb/m2~ . rrt ' ''I ' ' : ,1 : . , · I; :1 .1 ·. :1.i i;: · 

Solar prote(;'tiorr of windows: ·'''·.,. · · · ,.,,. '''"" . ' ·' .' ,,,,. ·· · 1' 1 , • , • • , .. r, 
'I jl , ' ;>J · ., •J (:' :_1 '1 : 'lidl I \ •. •:' \ '

0

il \ , ' . 

The protection of the windows is fundamental, not only because they represent 15 to 
30% of the the.rm~tgai~$::but'. alsO' because they cotitribute to the increaefe)n~he uncomfort 
experienced by. tbe -occ~pant, due .fo: th,e .. in~tant heating of the :ambiaijt · aktemper~nn,-6 ~a' ah 

, exposure to direct -C}f reflected sunlight. All the windows must the_refcm~ ~e protected.by some 
sort of window shading, such "as horizontal canopies and other shading,. d.evices ,:such as 
venitian blinds.or qpaq~e; rtiobile strips. · · ; · . _ ·· : . .· - ···~~~ ·· · ,: ' ., ... · : 1 

. · '· • ' 

. The simul:atiqns;·enabled~us to optimize the geomet1ic .ch:aracteristics_·o{t):ie horizontal 
can~pies in relatiori ~to tll,e .. orientaticmofthe gfazing: (see.Tiibfo 7)._·: ~~c :· ~ .. - ·' ~ -_, • J.. "" ·'' :'i i , ' 

., , . 
• I 11 1 11 ~ ' I • r '' u:· '.1 l ~ ;_1 ' >- I .I J 1 J.11' I f .'1 I I ,, .. ti 

---------· ._1_.,,_ ....... _. _, ! '1 ... ·..,, ................ , ..,,_1\·,_,,_, ._.1._.1\_-: (-'.' I \ • 1\' I 

Orientatif!n of windows 
,.~: · .:. i: 1i1 : ~~st" " sbi{rtii ' ·\v~sf ;N6rih ''.' ·:.1!;:· 

?Reunit5I11Islahd"-· . ·' "6.S ' ,- ib ,., · r ·· ~tl6' • •:.•j ··"' 1 ' 1 
' 

h " .I ·11; 

lJ.' 1 t 1 i 1,~· '' 1. 1.: .... ,1..,d ; .. 1, <.s, 1d i 1 l,Jc .· · !itl'J1r·: Ii '• . " ii'; 

... ~Pl<f(. :: Vp.lff<?i ,Of~<(, ;i; V11(c<1jfl /) .,. q~;.f.hr(fas.e,,2),,, •·:; ., -: r1 1:J :r:t !1. i~ · .. , 

case 1 case 2 
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:. Th,~~ solutiqm,lead to a reduction.of the interior temperature of more than 4°C for.a 
!ight. struct~, an,d 2~G for , a heavy struture. Th~y enable the reduction of the thermal flows of 
120W per m2 of protected window for a light struture, corresponding to an avoided thermal 

c. energy of 130 kWh/m2
• The reduction of the thermal flow for a heavy structure is of 100 

' . W /m2 and the avoidijd:-themial energy· is~lUO 'kWh/m2 • • . •. 

/1) (" "t 

In wafni climates'; natural ventilation is the most usual means of hea'.t transfer from 
both occupants' and buildings.-[&:]... . .. -· - - .. . -· : '... .; ., ' 
.... :.L 

Depending on its importance, the m1.tural ventilation, ensures three •functiohs [l}; [10]. 
• Weak flow (1to2 vol/h) for the preservation of hygiene conditions by air renewal. 
' tJo.f.9d_er.qtejlow (40 vol/IJ,), for t)le.evacuatip:ri ofint~mal gai~s and the:qooling,ofthe outside 

structure.:~ ... ,: , 'J · .: 1 •. ".. : :1 · .·: . · :. .. . 11 • ·• .i. 
• High flow--·Tmare. thrin~Yoo votlliJ ro·ass-ure1he. comfort ·by sudatioiCTiiiis the higli· air speea 

and a good. layout ·betters the sudation~ process. This is the only means ' which enables the 
compensation of the high temperature.s, C.Quple.d.to .a .. higb. rate of bygroroetry. 

Our aii}.-i is therefore to find the exterior/interior permeabilitY coupling__ which enables 
us to obtain~ air renewal rate pf 40 vol/h. On t~e one hand the stnictuie,ortl\e"' ctwe:\ling will 
be sufficiently-cooled·1Uid-01r the"'Other;·suclr-an·air renewal rate·allows us to 1rope·for Wind 
~p'e~ds' oT 0:2"a'{).5 m.s·1 ·;·whlctl'"iS fafgely"Silffid'ent, ·wllen taking into adcoun~ th~ ciifi~f~c 
parameters (outside temperature rarely greater than 32°C), to assure a good level of comfort~ 
- 1 ~.: We>found from the 'sintulations that'the critical air renewal rate·of'410 vol/his obtained 
fb't a con:flguratioh of exterior permeability -equal to 25% and interior permeabil'ity ·of 25%, 
equally for a light structure, as for a heavy·s .. ructure. The natural ventilation is simply more 
effective 'during the inight for the heavy structure," whereas for the: light structure it serves 
mainly to evacuate the overheating from during'the.'d'a.y (!;"ee Fig.1.9)r:., · ·· · t i · 

1 
•: "; . ' · 

Different% of openings for a weak wind day Different% of·P·P~1Jh1gs fo.r a w,~l'k \"'ind ~ay 

' Ext40%b!nt40 

.JTx~48'Yo I Int 25 · 
E

0

xt4b%11nt15 · 
!E'xt25%l/ h~lio·· 
E xt125:'tb /In~ ,25 
Ext 25% /Int 15 
Ext 15% / lnt40 

E~d5%/lnt2S 
Ext 15%/ Int 150 

Living room · light dwelling 
·~'l ·J; ~I: ... ' :.J ! \( 

Living room - heavy dwelling ' 
'•!}_ ,'I ' f', 1' I,. ·- · l ; ,. - ;.~ 

I 1 \ • • ·\ ; • 1Nigh ! 1 ' 
Ext 40% I Int 40° 

E.xt 40'.'A> 'i l,nt, 25 ,' 
E'~t 40ok'!lnt 15 . 

I'. • ' 

I I , opa.y 
I 

I I 

I ~ • .. :· 
I I 

I 

I 

.. • , .- ,)'1 

: E~t25%/l~t40 . 
. Ext25%/lnt25 

Ext25%/lnt 15 

Ext 15°,6 / lht 40 

l 'iExt15%/lnt25 · 

\, 1.,f~~~5%~1nt1,5 

I 

· II 

,. 

I ' 
I 

I 
I ,, 
I 

I 
. 

I " 

oPeak 
•Nrgh. 

E~ 

26 27 28 29 30 31 32 33 34 35 36 26 27 28 29 30 31 32 33 34 35 36 

Resultanttemperature (~) Resultant tempera1ure ( ~) 

Fig 9 : Jnjl~tenc·e ~fJhe % of opening$ ior:.a.lighJ (J:fi.d IJ.~qyy .4w~l!ing .. . . _ 
~ I • • • ' 1 • \ I ' • •' 1 ' • \ 

Tlnus th~ dwelµng shquld ~P.ve fOmplete ,Rf9ss y~n~ilatt011~· see ;Fjg 10). At each level 
or :floor; there Jhoulp 'exist openings in the princiJ?.fll·rooms, on at ·least two oppQ~ng ~ac;a~~~ 
(t~e pri.ncipal ~~~~1 being the b~~-:-Q?.~ and_ the ~v~.g r~~m).~so ·t~~ .~~ti<?~ la~~oursh_ 

1 
td· 

be· designed ip. a W?tY that th9 1 outs1~e arr, flows thtough 'the · pnnc1pal rooms and th:e 
corrido_or~, f!.om_Qne> focade !o the12!her; by the doors and the other openings in the partitions. 

> • • if') 
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I 1 1) 

Pl = Sol ~ 0.25 
Sp 

P2 = 802 ~ 0,.25 
Sp I 

S _ Spl +·:S'p2 
']J - 2 . 

Sil~ Sol or So2 

Si2 2'. Sol ,or So2 

Sol Net surface of 
openings, principal ; rooms 
(faryade, 1 ). i 

So2 : \ Net surface of 
openings, .. principal . r~oms 
(far;ade 2) , . ·· 
Spl , Sp2 : Total surface of 
principal rooms of fayades 
1 and2. 

,·,. 

Fig 1 O gi vt:s lhe delails of the calculations needed to detennine the exterior and 
interior permeabilities of 25%. We obviously took into account the influence of thermal 
buoyancy for the determination of this percentage of openings. The building has to be'()rienfod 
if possib~e with respect to the wind direction. ': ,; ·•Ji · ,, 

'!(1 ! 

. " •" : , I 
Air fans : . · '' :' 

When natural ventilation' air speed is unsufficicnt, air fans can b~ used in addition. 
This enables an increase in the comfort range of more than 2°C [15]. . 
Each room in the dwelling should b~ equipped with electric ~iring in the ceiling, wfr~d to a 
wall switch?A~stined exclusively for the installation of air fans... .• . ""·; . . ., 

4. 4 Air conditioned bedroom option: 

In Cyiiain dwellings and at cyrtw,n times of the year,. nat\lraly~ntjlation ev~n.with the 
I t tJ f ,,, I ' ' , ' 

1 
' •• I • 1J\ ' i • I , 

existance of air fans, is not adequate to attain an acceptable level of comfort. In this case we 
'·can choose to"airr· cdnllition the. bedr6oir'1~s hsirig· 'bffrt idnt appt'fa.nces.' The1 'simulations which 
··we1 'cafiied ·Out show' 'that the( air cOndi'tionirtg charges Can be reaucetJ t1trougl:i good S TUttt'lrb 
'cdnceptioh and control of the 1air rene~al rate: For a 1ight ·shucture these savings I' ach 3)4 
cooling kWh per day, and 11 kWh for a heavy structure, where the inertia plays '~(dciriiiti~tifig 
role in ~h~. !liL cQU4itiql).ers cq11sum.pti_qp.. Jhr9ugho1J.t. Jh~ W.hQl~ . Q.f the . .w~t. .s~~s_on., Jh~ 
consumption'.' was· tliminisheff 'by ;half where·'_!?;ood stnicture' 'design existed (1000 cooling 
kWh). The ·~aximum cooling power istheiefore' 80W/m2 • -· -- • .'. _

1 
- .. -· ·- · . . .. --- • 

' f \ ~ ~ . • ' I I 

Practically, the air conditioners should meet certain standards o(,efficiency (cooling ef Ciency 
I ) ' I I ., . ~ ' ~ i ~ 

of 2.5 for tl;ie .window units an~ 3 for split-~y~tems), of perme~.bility (each room shoul~)Je 
equipped with a .. mechanically-contfolleCl air ·renewal of 25in3 /h) arid a mainfonance,GmifraeC \-

' 1 ! ! 
I I 

I\ 1\-
. ,, 

·1,(' 

4.5 Cqs...~ sJf:i:dy ' . ... ··- • . · -· -· _ 1'.'. '.:_ .. . ___ . • _· __ ·-· --·.. _ I•!./ 

In this part ·of the paper we.1have. compared the, basic, ·;badly ;designed dwellings with 
the dwellings which adhere to the prescriptions of the Standard in terms of solar protection 
<1nd natural ventilation. Fig. 11 to 14 show the comfort gains in the living room area for an 
individual light structure and a heavy structure. Where good thermal design exists, the 
resulting inside temperature of the dwelling remains inferior to the outside temperature for a 
heavy structure, and remains no more than 0.5°C above for a light structure. 
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--optlnized 
dwelling 

- - • - - • • Extleflll 

. !! ' 40 1.=::::::::ti±==::::;fif __ ~ _ ____:\ ___ _J 

i 38 1-----...-t~--.-,-----\-----; 
i36 ~------1------~~----; 
·i 34 ,,_ ___ .. _ _,, __ ~~--~·---< 

: 32 +--,---,~,----i-,.,....,.,...------,-~,.-~ 
;.-( I 1•! 'rol.j.:..'..___:::.!.!..'.-'.'..__t~~~;'.;t::::=.:=~-~;...._j 

] 28 1----..,'-oif·T+o'--'------'-'-c-__;;::,.,.o---1 
~ f6 1""'-~~~~---,--.,----.......: ......... ~ 

'. JLi 24 1
.,._.." ·-··~~~----~~--~~-...., 

) [ ' . 2;2 +-.+--t-+-+-.+.-+-t-+--.i-+-o<n-t-+.-+-r++-<-+-+-+-+-1 
. ~· / , ,..... 1cr; r-- ~ N gJ 

Fig 11 :Case study - light structure 
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., 
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Fig 12 :Cas'e'}tudy ~heavy struJture 

<' • 

,Tel)Olperature ('C,), ,, ,,_, 
42.0 ~-----------_.... I 
40.0 :(" ' : I 

38 .0 -1----1 

36. 0 1--==---1 
34.0 

. : '.32.,0. 

30.0 

2b'.o 
2e.·.o 
24.0 

Base 

•Day temp 
1-----t 

1 
___ __, .Night temp 

, ___ __, a Peak terrip' 1 

· Ecodoin 

t ;. ' f • \ ' · ~ \ ' . , • ' ~' I 

Fik 13' :<;omfort'g~lrys -'lig~dtruc,ture ' , :- •' 1 
! r 'FiiI4 :Cdm/drt lcAns' ~'h~~Vy'H~~b,?drJ'' 

··i. _;>.L~ . _., ,, '.: t · l~, ·JI i!t -. .J': )' ~;'.·. :: . ;·; 1~ ;J i; ;1i:Y-.:i~· .. 1 : _·; (. : ·'f:~,, it r:_i :.'·,; ib . {·.) 

'! :_: ,, ;E;videnye,;al~R shp~sj,t~t, each ~e~luijpal::so~,uti,on)mprpv~s th~ iy.tefjip~.po1,11f9rt: (~-~~ 
f;W?le, JO). lt,,WflS :fPlJJ;ld>that . mo~~.tQ.f-9- .?0%.iC?f.the cwn,fort improvmYJ:lt ~qµie~.dir,eqtly;Jr9m 
fue .sql!¥' 1m;>tectio11 of tht1 1 rq9rand ,~t:'. i1a~ur~1; ventil_~tion,. theref9re. these are thy, <yssenti<:\l 
~prµpor.~11ts,of ~9mfoi;t ~WPri9vm~nt. 11 ,. ,11 'J.: 11 .1 ,, ;r .. 

~: r1 ,0 .... , 

Hefttp:stntcture;::rr 1.'. ·1;r·· "·r·r; 1! \!' .. 1. · Li'·l·/'1;.! ;;-.,;· ,, 

Day 38 % 38 % 
Night 19 % 56 % 

~ \ ( 

·11 §Qlai;;pr~!~cr~op. 
.i . o,f wa~l1s. ! , . 

, t?ol<ir,p~otec,1jipn . : '·' .. . 

, _ of_'?>'.~9pw~1: : '' ·'' 
;. ·1 .- 15~o/<;r:v I.i i:~ , . ·10·.U ,..' f . n· 

:"·\ 16%'c: : ' I ' " 18 %! ,o , t 

. ,,d 
~ I i_ 

'I 

' ) . • ) ... I : i I ' 11 .. . : a' fr"" : r r I • I. ~c I ~ ;i ,l 

10 % 14 % 
12% U%i 

I' Ii ' ?,':o'. 'i ! I::', 'i/ I; Tab.Ae~B .. '.1Per.&ntageirharlge''ft eomfof(t!du-e to eai:h passiVe!oqofrh'g strategy ;; l' 

. . 
,)!,·,~~~!~~( )fl; {~j 'I 1 -~i! . ! :-~rtf!:).'~Jr~\' 1- f'•I '.-J'/.I; \ f -! ( .1 :_) l ~l ) j : •' ' , 

5. CONCLUSION 
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