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Abstract :

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 (CODYRUN), 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
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new housing was constructed without the comforts of‘air:conditioning or hot Water;
which has thus led to'a haphazard installation of instant electrical hbt‘ wilter boﬂers‘
and badly situated, conceptualised and maintenanced individual’ i condltlo'mrfg
systems. The lack of thermal regulations, in combination with the economical
constraints of a tight construction budget have led to the development of bu'fl"din‘g"s
totally unadapted to the tropical climate. The large populdtion increase in the DOM,

the rise insliving standards, and the decreasing costs of ait* cotiditioning appliances -
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) Fzg 2 : Daily electrtc load profile, power capacity'and annual electriec consumption - Reunionidsland. 11;0¢

The above factors result in a high demand for eleclnc‘xty at peak times ‘(dee ﬁg 1Y a{‘s
well as the daily and nightly mismatiagemiént of consumption which has a d1rect effect on the
size of the electrical productidn plants'and tlierefore future investments. SRS oo fex

In an insular positiod (such as the case of thé DOM) the eléctrical ‘production’ is
principally that generated by the low efficient burning of fossil fuels whxch results in ‘hlgh CcO
and SO, emissions.The reductlon of electncal productloﬁ also means a reductlon of polluant
emissions. U Gl DOvniige Lo st W UOmR aut)des) modsil
When' dons1de1‘ing 'the eéonon‘ncal aspects, 'thls’hlgH pfbdﬂctloh cobt'also genetits'd continual
high deficité for EDF in'the DOM" (o‘ver 2'thousand-'million’ French Francs, 1995) as the
average product1on cost per | kWh‘1s greater than the sellmg prlce (the selhhg prlce Dbeing the
samé as'iti fndinland Frante): - b e IR0 98 e wOte 1

All these factors lead to the conclusion that demand side management in the thermal
design of buildings is of great economitil, ‘'so¢ial and environmental importance.

An overall long term programme to unprove comfort and energy performance in
residential and conimercial bmldmgs is actually under-way in the overseas departements In
the new housing sector a quahty standard seal has been launched concerning the bu1ldmg
structme ’theI hot water productlon syslems and the alr COi’ldlthIlJ.ng appllances e
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This DSM pilot initiative was' laum,hed in early 1995 ih the" erneh“lslénds of
Guadéloupé and Reﬁmtm through a bartnershlp between' the French electrluty Board (EDF),
in$titutions involved  in energy 'saving 'and’ ‘envitonmental ¢onsefvation (ADEME) and
construction quality unprovment the ministries'of Housmg, Industry and the French Overseas
Departemeiit, the Umversxty of Reunion island ‘and 'several otHer pub’llc ahd pnvate parmers,
in¢luding'low cost housmg institutions, architects,’ energy cbdsultdnts eté... The objedtlves‘
initially: are to ‘1mplement the standard to 280 pilot new dwé]ling projects throughéut the year'



1996, .then,.to expand of this.pilot phase in the residential se¢tor on a much broader scale
(2000 .new, dwgllings per year) and to complete similar global energy, efficiency" projects in
existing housmg and large and medium size commercial buildings. - . . .
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. The ECODOM standard aims to simplify the creation of -naturally ventilated
comfortabile, dwellings, 'whilsti avoiding the usual necessity of a:powered air cooling system
which consumes electricity. ECODOM has both social and econemic objectives assit.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, rathef tHan 'to"tvesehrch #ie ideal ‘bioclimatic ‘buildihg, Which s “economically and
financially utifedidable:” Also the. élmpllcrty of the technical solutions provided could enable
the setting up of somethmg similar in different countries experiencing the same climate. There
also exists the work of Malama [14] "Olusmbo [17] and Ratnaweera [18] who have worked on
the de31gn of bulldmgs adapted to a defined climate, in Zambia, Nigeria and Sri Lanka
1espect1vely,, Tpe work of Mattbews for low cost dwellings in South Africa [16] is also very
close to the pmgé of the ECODG)M standard.
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2.2 The prescrzptzon.sz.) 4

The comfort level is reached through an architectural building design adapted to the
local climate:: the-dwelling is protected: from.the negative climatic parameters (the sun) and
fayours the positive climatic factors (the wind),

The achievement of a good thermal comfort level necess1tates the application of a
certain number of compu]sary rules. These preseriptions concern the dwellings immediate
surr;oundmgs and jts constifuant, componants They ogver fivg points,; , . .

1) Posntl,on on, site (vegetation around the buljldmg), D
r[ 2) Solar pr,otectlon (roof, walls,, w1ndows) . T T P
3) Natural ventilation (exp101tat10n of trade w1nds and optlmlzed ratio of o
" . inside/outside air-permeability of the dwelling) or mechanical ventilation. (air fans)
4) Domestlc hot water producthn (servo controlled mght electrlc dmm smed S gt
aecordmg to requlrements solar,or gas water heaters) 5 . -
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5) Option, air conditioned bedrooms (closed room and efficient, regulated apphances)
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‘” - J'l;‘g reaeh1 tl;ese lguahty stan;lards, ran 1mportant mimbe‘r!of s1mulat1ons were computed
Qn, each component of the bulldlmg{ n order tp. quantrfy the thermal an,d energetlc impact.of
each technical solu,uon on the thermal comfom within the bulldmg Various authors have
already worked on spec1ﬁc problems concerning the out51de structure of the building: Bansal
[2] on the effect of external colour, Malama [14]. on passive, cooling strategies for roof and
walls, Rousseau [19] on the effect of natural ventilation, De Walls [10] for global
consr‘deratlons> on the, b}uldmg;adapted fora defined climate. . .. .. 7 1

(20 app,roach consisted of (t.hq ,stl;dy of typigal dwellmgs,,wuh the: use of a building
thermal-a;rflow simylafjon ,§oﬁ\gvare The. sxmu],atrons were, car,ned out on the constrtuant
comqopapts (roof:, wal]g w,mqo?v's) arld on natural veqtrla‘tmn, rn a way as to ,estimate the
mﬂuqnce of each of the above prescrlpbrorls,‘ m terms of thermal cornfort arld energetic
per/forma,n’ces These s1mulat1q.ps theu; analysis ‘and the §ynthesrs of the resulta.have been
presented, in -2, research document [11],, ayailable from,the authors. The, following:paper



illustrates the methodology ‘adopted, présents the results obtained concerning: natural
ventilation and presents a synthesis of the résults for the overall standard prescriptions. i/,
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3.1 Thecomputer program :
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The soﬁware CODYRUN used for our slmulatrons, has ‘already been illustrated in
various pubhcatlons The multiple model aspect is detailed in [4] Paper [5] deals with'‘the
thermal model and paper [6] presents the data structure and the desénptlon of the front end.
We will however present the general lay out of the’ soﬁware One of the advantages of
CODYRUN is that the software is an efficient bulldmg thermal simulatiofi ‘tool, Which
includes research 'and conception:aspects, anditakes into :consideration different types of
climate. Mork precisely, it'is a multizone’ software.integrating both natural ventilation, and
moisture ftansfers.The choice’ of the software is: thus justified, by.the fact that in a humid
tropical climate, the building is an open system: where the airflow-tfansfer exchanges are; very,
ithportant andthe climati¢'sollicitations arervariable. CODYRUN; precisely matches these
objectives as it was designed for that purpose.The computer program has heen validated
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 physical; limits of the
building. The constitution of a reduced model with a finite number of:temperatures; is
poss’ible by assuming some simplifications (monodimensionnal heat-conduction, well mixed
“v6lumes, linearized superficial exchanges, ect...) .+ .+ . -t . © [ iy g

In relatiory to the calculation program, at each step the software executes ,the: recogmtlop

of alrﬂow patterns temperature field and specific humidity of each zone. 1 ',
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Based on the nodal analys1s the thermal model rehes jon. INSA‘S prevtou,s slmulatlon
Yicode; CODYBA [7]; and is the main part of the software. With the usual physical assumptions,
Ke use 'the tebhmque'of hodal discretisation of the:spacevariable: by -finite difference; In
'addition; the'niass of air inside one zonesis represented by a single thermal capacity, Thus,, for
a given zone, the: principle of energy:conservation applied to. each .concerned wall node,
associated with the sensible balance of the air volirme, constitute. a, set; of equations, that, can
be condensed in'a matricial form;. 1oy 3 et asalon v nuuie el mi

g e ] .,,.[ T o et

(ol T T e ¢
At each step, the resolution of equatlon (1):uses. an lmphclt ﬂmte dtffereme proeedure
and the coupling iterations between the d1fferent zones make 1t poss1ble,t9 calqulate the



evolution:of ‘temperatures, as well .as those of; sensible powers needed in case of air
conditioning. The:zone coupling approach of CODYRUN.,is similar to the one used in 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-account the .driving
effects of the wind and the thermal buoyancy The problem of large openings in th1s pressure
quel is solved ‘with 1he use of the Walton model [21].In companson thh other’ prOgrams it
cgn, be seen that the alrﬂow pressure. model mtergratmg large opemngs is simildt' to TARP
[21]. The building is also ,represented as a network of pressure nodes, conneCted by nori- l1near
egllatlons giving the ﬂows as a functlon of the pressure d1£ference

+This detailed atrflow calculatron goes mhrough the 1terat1ve solutlon of the system of non
linear equations made up with the air mass conservation inside each zone. The flows involved
in {this model. are coupled:. with tthe. thermal. system, wh1ch enables simultaneously
eon51d7erat10n of all the:differenti thermal transfers. .. : NP B %
5 U The-humidity ‘model leads to a system of equations snrmlal;, to the thermal model but
doks not take into account the humidity transfers in the partitions.and the furniture. -.

i %

‘Reunidris situated :at'a latitude of 21r° South and a longitude of 55° East. The climate
;s humid'tropical. O (E R SRR TN Y
L. “There is a dry<season (May to: (Dctober) mamly cold and dry predommated by the
trade winds and a wet season (November to April), hotter and more humid with light winds
from'differing' directions. The island is also influenced by the passage of cyclones.
The relief splits the island in half : ~ :
e The windward zone, exposed to the trade w1nds characterised by heavy ralnfall and
an average temperature of 23°C,
e The leeward zone, generally sunny and dry. This region has much less rainfall and
the average temperature is 2 to 3 degrees higher than the above zone.

Il 16 %0

3.2 Definition of a typical-day MR ¢

The study of the effects on a building frond ‘outside conditions, necessitates the
availability of certain meteorological informations, representative of the studied site. In order
to reduce the calculation time, ouy.simulations 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 6f parameters are found.

The day which most closely.represented the .average temperature and solar radiation
conditions observed on site was selected. Also, in order to optimise the radiative gain of direct
sdlar-radiations, conditichs with:lowicloud covering were chosen. (see Fig 4).

) I'The choicé of 4 site for the selected meteorolog1qal sequence was the weather station. at
+Gillot) $ituated in‘the North East of the island, near to St..Denis. If is a highly populated urban
17one. The site is représenitative for a humid coastline,. at least duringthe wet, season, when the

“trade Winds afe not blowing.: We set the:initial temperature of the strueture of each burldmg
Owith a'two days initialisationsimulation file. it .01 (o 9 vl s gne 5 b Qs

The following table gives the values found for each par.ameter, forthe g1ven slte

Daily direct solar radiation oo pfh e T from 5700 to 7400 Wham'?

Daily diffuse solar radiation from 500 to 1000 Wh. m™
"Avérage mdxithum temperature- Hot seasofi )« i oy e v 30°C: o0
‘Average niinimtir 'tefiperatute - Hot season..... .t .5 vio: o, igia 22°C




Table 1. Meteorological criteria used for the typical dgy .
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Fig 4: Tvmml day used in the vzmulatlons'

Wind : When concerning the wmd speed and wmd dlrectlon our aim was to simulate the
thermal behaviour of the' dwelling during the warm humid ‘season, Which is a'period when the
trade winds do not occur.Thé Reunion Island is influenced by the phenomena of land-sea
heating and cooling effects, thus creating thermal winds (onshore durmg the day, offshore
during the night) Following the consultation of the metcorological figures in our posession, it
was found that a night breeze, with a speed which attains 1m/s, représents 20% of the
distribution in frequency and that its direction is perpendicular to the coast line at night.

We  also created an artificial .wind file, consxstmg of seven consecuhve days
experiencing the same external temperature, relative ~humidity and " dolar radiation
characteristics (identical to 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"), and days with a
moderate wind (v=5 m.s") fromh variable directions. This way it \*vas possible to assess the

airflow performances of the dwellings in different wind situations.

: £ 7 6
Day 1 : no wind 3 ‘ 1 l
Day 2 : light wind (1 ms*) South East
Day 3 : moderate wind (5 m.s"), South East |_|_| i
Day 4 : light wind, East o oy o 5
Day 5 : moderate wind, East = e 5 I “"'g—l — i
Day 6 : light wind; North 1 ¢ v Fiwa ve BB il el
Day 7.: moderate wind, Nogth.. .. 1 g e R R T ligg N ,,;' IOl AR O
NN 1 e SR ILE § o T T
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3.3 Description of a typical dwelling :

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 thermal incrtia (onc 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.

o The typical individual dwelling
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F ig 5 Vues of the typzcal mdzvzdual dwellmg
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Thls dv,relfmg is composed of three bedmomsz,a hvmg room a bat,hrooml and a kitchen.

' Only the living zZones, oﬁ the hquse, bedrooms 1 and, 2 and the living room were
'con31dered for the sxmulat),ons for multiple reasons; - y
1) The standard ¢oncentrates exclpswely on the improvment of the living aream
2) W’hen ta.}(mg th ‘aceount; the lnum,ber of aspects .covered we have tiied to
ofptumse the number of zomes,, that is w,hy a threg roemed building:(Fig6) seemed
,the most el;wous chmce in order to highlight the different thermal, dir flow,
mﬂuence of onentatlons, etc .. phenomena -] A
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Fig-6:-Typical layout for the simulations - g 0
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The glazed surfaces in the rooms represent 11% of the total surface, and m‘)the 11V1ﬁg
room 22%. The bedroom surfaces are 11 m2 with a volume of 30'm3; the livitig t6oin surface
is 22 m2 with a volume 6f 60 m3.
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After consulting the local low cost housing institutions and the new housing: statistics
for Reunion Island, we found the most common ‘dwelling found is thie T3/V, which consists of
two bedrooms, a living room and a veranda (Fig. 7). The simulations were oarried out on thiee
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 [10] (see Fig 8).
For our simulations, we assumed the typical flat to be a two zone building (Living room zone
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External walls 'wood boards with air space (5 cm) B ¢ i
Internal walls wood bomds w1th air I space 0.5 ‘ -
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i ['To compare the differenttechnical. solutlons,.the thermal comfort aspect as well as the
energetlc aspect wereitaken into.account. ' M L W8 e ¢ ity LT s ey e
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Comfort criteria) - [r "o .

- (The comfort parameter we chose is the resultant temperature Th1s vanable enables us
to take into account the non-comfort, arising from the long wave radiative effects.
S M Abae Moo il i " : b
(¢ v we sbicdnpel ot 0, Tres=055Ta+045.-Tr
e ATGeT g N TV LT =
where Ta : indoor air temperature (°C)

Tr : mean radiant temperature :

&

iS,- « T'si,

— =]
Tr = s

2.5, PRL oy
i=1 . Py

where Ts;is the indoor surface température for zone i, and Si the i com’ponerit surfz,ice.

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 o thedwe’lhng
e resultant day temperature : average resultant temperature from 7h00 to 19h00.
e resultant night temperature : average resultant temperature from 20h00 to 06h00
e maximum resultant temperature

Energetic criteria :

Another important criteria is the energetic criteria. We have used this criteria to
measure power and energy improvements brought about by the technical selutions. The
criteria used in our simulations are: T
e maximum power (W) e
e maximum powerpér square metre (W/m?) Y
“ e "tgtal daily thermal Briergy (thermal k Whi R e e
e ,overall.thermal energy dwring the wet season:(thermal kWh) e ;
_The power obfservations were carried out on the base of an 1nﬁnate power air
cond1t1omng system which keeps each room at a temperature of 25°C. This method thus
enabled us to obtain results in energy consumptlon ahd m thermal power reductlon e
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3.5~ Thesimulation strategy." o we e o e T M ey B e
The coniponents : 14 (Gud 30V 98 By " n
~As far as outer- protectmg structuresvare-concerned: (ie. - roof; walls, wmdoWs); we have
- carried out a-temperature and.power.study for each dwelling and éach component part thiereof.
During our s1mulat10ns, the building is closed and has no air renewal. Only the therinal
performance aspect is ;talgen into consideration. This lnl]tlal p}rase enables us to obtain the best
technical solutions. For example when, considering an.opaque: separatlon isa solari protectlon
of &/h = 0.25, 0.50, 0.75 or 1 requrred‘(d dmlenswn of the over-Hang and h : h8ight of the
wall), or is insulation more efficient 7 We have therefore tested different roof colours with
differing insulation thicknesses varying from 0 cm to 10 cm, different opaque separatlon
colours with a solar protectlon in the form of an over-hang varying fidm d/h =0 t&:d/h+= 1,%r
‘ by thbAnal-irsulation #n ‘which the! thickness varids from. 0 lem:fo dcm: Asrregards ‘the solar
protection of the glazing, we compared different dimensionscof horizontal external sunshades
and venitian blinds.



Natural ventilation is a case unique, as the improvments may only''be judged the
improvments by the temperature reached. .The problem posed was to' measure the impact of
external and internal permeability on: the internal. resulting temperature. In| brief, what
percentage of facade openings is necessary, for the inprovment of thermal comfort, and:does
the interi:or lay out have any influence ¢n this 2 The bioclimatic perfectionists site percentages
of 40%, which arg too high to be economically feasable[1]. We have varied the interior, and
exterior permeability rates of typical dwellings from 15% to 40% and have simulated all the
possible combinations. o T . eree gy Yove
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We presuppose that one of the rooms is air condrtloned with a cold productlon penod
from 20h00 to,6h00., The internal gains are constituted by four,people (2 adults and 2
chlldren) and by the 11ght1ng in each room. The following table summarizes, the jinternal
chagges . a0 il g T AT BB e 0 on BSE T

I ‘ 14 AWk ‘i ). 2 107 Tt bl i P

INTERNAL GAINS Sensrble gains (W) Latent gains (W)
Adult 60 . . 60
Child 40 ' 40
Lighting room 1 100" 0
Lighting room 2 100 0
nghtmg L1v1ng room 300 0

1 able 3: Internal charges summary table mdzvzdual dwellmg

The simulations were carried out on a” dwelling  with bad thermal ‘structure, an
important air renewal rate (5 vol/h) and a set temperature of 26°C and 22°C and a dwelling
with good solar protectlon a controlled air renewal rate of 1 vol/h and a set: temperature of
26°C. ‘

NA LI i Lt Al

Real case: - v - . -4
W1th all the’ techmcal solutlons of each eomponent of the outer structure conformed to,
in a second phase we compared the existing dwellmg, which is on overall badly designed (
bad solar ptotéction, insufficient ventilation,etc....), to a well designed dwellmg adhering to
the technical solutions that had been found during the first phase. sk b

4, RESULTS |
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4.1 Loc qation'on site: '+ ! ST T TR T SR S A TER, T R R i

" Performant thermal and énergetic housmg demgn starts mitlally at '{Hé Totatioh on the
bulldlng site. The immediate surroundmgs of a buxldmg have a sigmﬁcant ‘irifluénce on' the
conditions of thermal comfort inside. This is parncularl*y the case for the surroundmg surface
of the bulldmg, ‘which should nelther reﬂéct the solar’ r’adlahon toWards the house ‘nor mCrease
the an‘xblent ah temperature ‘ et A

e
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The results concerning the surroundings are :

The finished surface around the building should be protected from direct sunlight for
more than three quarters of its perimeter, at a width of at least 3 metres. This ¢an be Achieved
by élthel végetation (lawn, bushés, flowers) dro nd ‘thé building, or by all' vegetation sun-
blocks. These prescriptions are similar to the recommendations by De Wali [10] cdhcéhuhg
urban planning for warm humid ‘climates. ' el

10



4.2 .Solar.protection: - . . e

-1In a’humid tropical climate, the source of uncomfort arises from a teémperature increase
dueto a bad ‘architeotural' conception, when toncerning insulation! 80% of this is due to solar
radiation, the remainingto conduoction .eXchaﬁges The setting up of efficient solaf protection
constitutes.the second fondamental phase in'the thermal design of buildings. This protectlon
concerns all the exterior séparations ofthe dwelhng roof, walls and windows. ~
o N e e ' % gl iy
Solar protection of the roof : :

Thermal inflow represent up to 60% of the overall inflows from the separations in the
dwellings. Efficient solar protectlon of the roof is therefore of prime urgence for gbod therhal
design! R Mk I L ;o TR L

. Thé follewing table s valid ﬁ)r terrassed'rooves, inclined rooves Wfthbut lofts rooves
with ¢losed orbarely ventilated lofts. « * “#% + . th R
When concerning well ventllated lofts, there should be ventilation ducts spread’ out

uniformely through all the perimeter agd yyhich ‘§Vurface conforms to the following inequation :

e
£

k

_S_ T otal area of openmgs > 015
S, Roof area -

In this case; the cellmg under the loﬂ shollld satlsfy certa’1n pYeScnptlbns (See table 4).

\- 5" Vi

o S UG L SN ARD RSO
Polystyrene%nsulation * Polyurethane type insulation
Roof colour - A=0.041 W/mK A =0.029.W/m.K
Light (. =0.4) 5cm 4 cm
Medium (0=0.6) 8 cm 6 cm
Dark (oc 0.8) 10 cm 8 cm

ARSI ,Jﬂ‘ L ‘s — »
b v S L Po?y.sryrene type'insulation’ P Iyu?'e!hane type insulation ’
51 Roofcolowrt 0 ML g o) wakK ' RI0.059 WinlK
STight (or=04) @ 171 o T 3T No ins{ﬂaﬁon'-'ﬁeeded' T T
Medium (0=0.6) ‘ [*2:0m | gt g i, 1 cm

Table 4 : Roof solar protection

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 suplimentary. decrease of
, !_The avmd,ednther;pa} power is, 150W per m’.of protected,area, and the avoided thermal
energy is eg(ual to,25()kWh/m2 for tpe whple of the wet segson, ., .., L ke Bglh
Equally it is possible to use thennal ;psulatlon bamers sqch as alummmm f011 Qoated
produ(fts [8] Tbese (must b,e msta]led in, ; attlcs Wwith.an adj acent alrgap The alumlmum, f01l
reflects radiant heat like a mirror, whilst the polished aluminium emlts little of the radiant heat
that falls on it. This type of protection is very efficient in climates Wthh experience hlgh
levels of sunshine. . e

|l G SR N U D ) BeliT e Fage 7R 1R
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Solarp}'otﬁctzpn ofwalls . T "
. The thermal gains from the wpllsi, ;epresents 2,0 »to 30% (40 g 65 % ,for the dwelhngs
whlch are, not, urmer the rpof) of the thermal gains frorp the seperatlons Varlousf solutions

enable a protectlon of the walls from the sunlight : horlzontajl or vertical canopy. or.ovethang,



thermal insulation of the 'walls.The tesults: obtained from the simulal'tions ‘constitute the
following table, which give the optimum ‘dimensions of the canopy in''relation to“thé
orientation of the walls and the walls inertia. AR (P 168 201 v

% i3 ; st 1 [

light colowr' '\ o medium colour .
Type of wall East South West North East Suoth west North
concrete 20cm (R=0.1 m2K/W) 04 02 07 0S5 1 05- 137797 i\, S——
hollow concrete blogks (R=0.2 m>K/W) . ;0.1 01 03 .02, 05 03 08 04§ al
wood (R=0.5 m>. K/W) 0 0 0 0 0+ . 0. 02 0.1

Table 5 ‘over hang of canopy\P- minimum d/h.ratio values 1o bewespected. .. * . !0 G N

TP S 2 Vs 7)ol S I A T A : ‘

For walls with no canopy, the minimuni insulaticn thicknesses (in cm) needed: for'the
different wall types and of dlfferent orientations are shown in the following table: - 1!*

T v 1 i {1 ‘ . . llight colour: it N medium.colour i T T ay VL) v
0 U Typeof wall ".East .South.+West’ North East' South :/\West Noth
%) i1 ) i bo—ita e =i i d i
- concrete 20cm (R-O 1 m>.K/W) ., 15 A% 1 1 Nasidcs It 2 2
hollo‘.y concrete blocks (R=0.2 m?. K/W) 1 1 1 1 caund 1 2 2 i
L' 2 wood(R—~05mzK/W) 0 0 o0 0 0 0 MY ‘1‘ FER o ’l
U i LI B SR ] " 1_41 P L

s
Il
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These solutions; lead to a redugtion in the resultmg interior lemperature "of 0. 5°C
(heavy .structure)to 1°C (light structure). They -enable a reduction of the entering thermal
flows of 40W per m? of protected; area, corvesponding to an avoided. thermal energy:of
65kWh/m? for a light structure. For a heavy structure, the reduction ef entering flow is; |15

W/m? and the avoided thermal energy is 25 KWh/m?.. (vl . g el P T I

Solar protettion ofwmdows e Gk B R S LA AT S

The protectlon of the windows is fundamental not only because they represent 15 to
30% of the thermal gams ‘but also because they. contrlbute to the increase. in the un00mfort
ekperienced by the occupant, due to the 1nstant heatmg of the amb1ant air temperaturé and
exposure to direct or reflected sunhght All the windows must therefore be protected. by some
sort of window shadlng, such as horizontal canopies and othel shadlng dev1ces ~such ds
venitian blinds.or opaque mobile strlps . g wilaR

The s1mu1at10ns enabled us to optimize the geometrlc charactenstlcs of the honzontaL
canop1es in relationto the' oncntatlbn of the’ glazmg (see Table: 7) ST S e U A e
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These solutiops lead to a reduction of the interior temperature of more than 4°C for.a
11ght structure and 27C for.a heavy strufure.They enable the reduction of the thermal flows of
120W per m? of protected window for a light struture, corresponding to an.avoided thermal

_energy of 130 kWh/m?. The reduction of the thermal flow for a heavy structure 1s of 100
" W/m? and the avoided theérmal energy is 100 kWh/m?2. o
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43 “Natural ventzlatlon o e e

In warm climates; natural Vent'llatlon is the most usual means of heat transfer from

»bo"th occupants and buildings {8]. ~ - — — - "

Depending on its importance, the natural ventilation, ensures three func’uons [} [10].

o Weak flow (I to 2 vol/h) for the preservation of hygiene conditions by air renewal.

e Moderate ﬂow (40 vol/h) for the evacuation, of internal gains and the; qoohng of the outside
structure. .. . . TR T S T : o TR

P

PR - -

e High ﬂow (n"iore thanJ 00 vol/h)" ’t' 0 assure ihe comfort by sudation. Thus the hlgh air speed
and a good . layout betters the sudation process. This is the only means:which enables the
compensation of the high temperaturgs, cqupled.to a high rate of hygrometry

Our aim is therefore to find the exterior/interior permeability’ coupling which enables
us to obtain an air renewal rate of 40 vol/h. On the one hand the structure of the dwellmg will
be sufﬂcrently‘cooled ‘and-on theother;suclranair reniewal rate allows us to hope for wind

spedds of 0:2/270.5 m.s* FWhich 1§ latgely ‘stifficient, When taking into adcount the chmatrc
parameters (outside temperature rarely greater than 32°C), to assure a good level of comfort,

-+ We'found from the ‘simulations that the critical air renewal rate' of 40 vol/li is obtained
fot a configuration of exterior permeability ¢qual to 25% and interior permeability -of 25%,
equally for a light structure, as for a heavy s.ructure. Thé natural ventilation is simply more
effective ‘during the 'mnight for thé heavy structure,-whereas for the: llght structure it serves

mainly to evacuate the overheating from during'the day (see Figl9):< o B

Different % of openings for a weak wind day leferent%ofppemngs for @ weak wind day
L|vmg room - light dwellmg Living room heavy dwellmg
A U il i R ot ; RIERE S T
G /“ mPeak| 4 7' i S @Peak|
"Ext40% int A0Vt ] | | mNight!] | EXT40N|M40V o ¢ | |mNight
| EXx440%/ Int 25 Yy gpPay ||| Ext40%/int 259 — s I o DPay
EXt40%/Int15 E'%t 40%/ Int 15 —_—
Ext 25% It X0 | Ext25% / Irit 409 g e
Ext26% 7 Int 25%g | Ext25%/Int 25 ——
Ext25%/Int 15%s Ext25%/Int15 i
Ext 15%/ Int 409 Ext15%/1Int40 -
Ext15% Int 259 I Y {Ext 15%/ Int 259 . |1
Ext 15%/ Int 159 . = Rt E)qt15%,4lnt15 = e — = A . ‘
26 27 28 29 30 31 32 33 34 3B 36 26 27 28 29 30 31 32 33 34 3B 36
Resulmnttemperamre {°C}) Resultanttemperature {°C)

Fi zg 9 Influence af [he Af’; of openings for a. lzght and h,e,avy dwellmg

| Thus the dwel)mg should hgve complete cross Yentllatlon (see Fig 10). At each level
or floor, there should 'exist opemngs in the prmcrpal rooms, on at least two opposing facades
(the principal rooms being the bedroom and the living room).Also the interior lay-out should
be’ designed in a way that thq out51de air, flows' through the" principal rooms and the
corridoors, from one facade to thexother, by the doors and the other openings in the partitions.

w N
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Pl=£(£>025 Sol : Net surface of

Sp openings, principal :rooms
_ Ph= 2025 025 (fagade 1). 5
- Sp So2 :' Net surface of
sit Sp = Spl+Sp2 |openings,, principal .rooms
2 (fagade 2) .
i L Sil > Sol or So2 |Spl, Sp2 : Total surface of
Si2 > Sol or So2 |principal rooms of fagades
' 1 and2.

Fig 10 gives Lhe details of the calculations needed to determine 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' 'drlenfed
if poss1b1e W1th respect to the wind dircction. ——

Al
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Azrfans . : & oy

When natural vent11at1on air speed is unsufficicnt, air fans can be used in addition.
This enables an increase in the comfort range of more than 2°C [15].
Each room in the dwelling should be equipped with electric wiring in the celhng, wired to a
wall switch, destined exclusively for the installation of air fans.. . e

4.4 Air conditioned bedroom option:

In certain dwellings, and at certain times of the year, natural ventilation, even with the
existance of air fans is not adequate to attain an acceptable level of comfort In this case we
“can chooseé to"air-condition the bedrooms using' efficient appliances. The simulations which
‘We‘ cartied-out show that the’ a1r conditioning charges can be reduced through good structure
‘ohception and control of the 'air reriéwal rate: For a'light structure these savmgs reach 3.4
cooling kWh per day, and 11 kWh for a heavy structure, where the inertia plays a"domifiatinig
role in the air conditioners consumption. Throughout the whole of the. wet season, the
consumption’ was diminished by ‘half where" good structure’ design existed (1000 cooling
kWh). The maximum coolmg power is theréfore 8OW/m2. - - . . .. -
Practically, the air conditioners should meet certain standards of. efﬁmency (coohng ef}'lcwncy
of 2.5 for the window units and 3 for spht-systems) of permeablhty (each room should; be
equipped with a mechanlcally controlled air renewal of 25m’ /h) and a maintenance,contract. :

i bt : ' o, iER
4.5 Case study _

In this part -of the paper we\\have compared the basxcy badly deSAgned dwelhngs w1th
the dwellings which adhere to the prescriptions of the Standard in terms of solar protection
and 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.

RIS B VI
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- pEV1dence Alsq shows that, e;ch techmpal soluh,cn; 1mprpves the interjor comfort. (see
Table 10) It was found: that moreg, than . 70% of the comfort improvment comes dirgctly. from
me solar protection of the, roof and the natural Ventllatlon therefore these, are the, gssential
qqmpopents,of qomfort 1mprqvment
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5. CONCLUSION






