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ABSTRACT 

AIVC 12170 

This study is a contribution to European projects Pascool/Joule II and Altener/Sink that deal with 
the usability of passive cooling systems in Europe. The first phase of this work was to define design 
methodology in order to evaluate natural cooling potential according to the climatic quantification 
criteria of the site, the cooling needs of the building, the cooling system performances, and comfort 
criteria defined by the couple of temperature and relative humidity set points. Numerical simulations 
have been performed in the second step in order to calculate the Theoretical Evaporative Potential 
Index, the Net Evaporative Potential Index, the Cooling Need Index and the Natural Cooling Saving 
Factor. These parameters have been evaluated for different types of evaporative cooling systems 
(direct and indirect), for different sites in southern Europe, and for various temperature and relative 
humidity set points. A design methodology of the natural cooling potential which was developed in 
order to build southern European atlas will be presented in this paper. This atlas locates the 
applicability zone of the passive cooling techniques and would provide, for building designers, 
decision making tools during the first steps of building design. 

Keywords : Passive cooling technique, evaporative system, cooling potential, natural cooling 
saving factor, climatic atlas, energy conservation. 

RESUME 

Cette etude s'inscrit dans le cadre de notre contribution aux projets europeens Pascool/Joule II et 
Altener/Sink relative a la faisabilite des techniques de rafraichissement passif comme alternative a 
la climatisation conventionnelle dans le sud de !'Europe. La premiere etape de notre travail a 
consiste a la definition d'une methodologie d'evaluation du potentiel de rafraichissement des 
systemes passifs en considerant les criteres relatives aux conditions climatiques, les besoins de 
climatisation d' ete du batiment, la performance intrinseque du systeme et les aspects de conforts, 
definis par des consignes de temperatures et d'hygrometries. Des simulations numeriques ont ete 
realisees afin de determiner les diff erents indices evaluateurs du potentiel de rafraichissement des 
systemes passifs. Pour chaque consigne en temperature et hygrometrie, ces indices ont ete evalues 
pour differents sites de !'Europe du sud et pour les systemes evaporatifs direct et indirect. Nous 
allons presenter, lors de cet article, une approche d'evaluation du potentiel de rafraichissement des 
systemes passifs. Une application de cette approche aux differents sites europeens a permis de batir 
un atlas representant les zones de l'Europe du sud susceptible d'accueillir favorablement 
l'utilisation des techniques passives de rafraichissement. Cette demarche pourrait etre utilisee par 
les concepteurs du batiment comme outil d' aide a la decision durant les phases d' avant projet. 

Mots Cles : Technique de rafraichissement passif, systeme evaporatif, potentiel de rafraichissement, 
-facteur de couverture, atlas climatique, economic d'energie. 
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INTRODUCTION 

During the various�steps ·of design and building construction,' multiple information, of varied nature, 
are the n'ece.�sary triteria for µ1e different actors of,the project. A.mong these informations are to 
choose a type of ,byJ)ding �esi�, to choo.s� a cooling technique that insures a sufficient comfort 
degree, to size air conditioning systems, and finally to evaluate the energy consumption as well as 
the energy gain foll9wing the qse of,( a passive cooling technique. Concerning the evaluation of 
buildings equipped With' passive cooling .systems, se�eral metlJ,ods mentioned in the literature 
(Givoni 1976, SzockQfay l986),9ffer global informations more or less precise about the building 
thermal.behaviour. Ttu�se �ppro.aches based on the use.-0f the .. psychometri� chart provide useful 
qualitative information to architects and building. designers on the feasibility-of a passive cooling 
technique based on comfort aspects." , 

' . � .' 
. -

However they neither allow to quantify the. potential of e�ch cooling technique nor to calculate the 
energy gain realised• 1.Msing- a .passiv_� �qoling system .. The solution developed during European 
projects Pascool/Joule and Altener/Sink consists on two approaches of building thermal evaluation. 
The first is a derailed method of the building thermal behaviour, obtained by the coupling of passive 
cooling :sy�reriis'models with a thertnal c0de (Belarbi et al.1997). It can be_ used during the sizing 
phases of air conditioning systems. 

The s_ecoiid presented in this paper, is a simplified approach based on an an.a1};si� of cooling 
potential evhluation of climates and on the determination of assessment indexesi. pre�ented in the 
form of an atlas for each passive cooling technique. This approach provides helpful information for 
architects and designers of the building dealing with the interest and the feasibility of each passive 
cooling technique according to the comfort criteria as well as en�Fgy conservation aspects. 

I. :METHOD OF EVALUATION OF THE COOLING POTENTIAL 
L� - .;' .'.: . ;:),: .� ..... 

The 'analysiS of natural cooling systems behaviour shows that it is possible to. fi�tablish a common 
general equation for all natural techniques (Alvarez et al.1997, Belarbi et al. 1994). For each studied 
passive cooling system, it is possible to define assessment indexes which characterise the climate, 
the nature of the technique (sink) and th,e building typology. "These factors allow to compare the 
different passive cooling techniques potential. The knowledge of the used fluid properties and the 
characterisation of the natural source of cooling, called .sink, permit to quantify the theoretical 
cooling potential index which is obtained assuming an ideal system (system efficiency= 1). During 

·the ·{;obiing· pioce's& anchrccording ·to heat and mass tnµ1sfe.r. �ith the sin�:· tp<:_ ��id wi!l ha�e an 
evolution from an initial state characterised by ·outlet conditions : .JTPl!tl� (!) �.n� ����c,1.\t) }O a final 
state characterised by the inlet conditions : T1niet(t) and ffiiniet(t). In an ideal process. inlet conditions 

"' of the system coincide with'those·of the siIJ,k (T1n1et(t)� Tsink(t) and �Iet(t)= Wsini.(t)). The energy 
theoretically a�ailable by the sink can therefore be written : '" · ' .. · 

\'..: f1:' I\ ti. 

QTheoretical =I m'(t)Cp (Toutlet (t)-TSink (t))dt (1) 
T 

For the passive coolirllsysteilri' �1whibh1opefhte:.Wiih�·Aifixed, �r"rn�ss{lo'V r��e :;t��1tP,q1��f,; fluid 
, -:- (ai.�)., the value [Tou\]ei(t)-Tsink(t)] integrated on the period of study 't, constitutes an index of 

, . . -�6�p'�soh. '.of !th� theore'tit.1·Fp0tehtia1 truff 'depends wnlyl on .th.e. �Y�!em. by1 1'sin1c(t) an4, ,�n the 
� 

,diixpa�� of tlie �iter;f?y To�t1�1(t)'1(see:figure·il:). This inde� is p�e,qlarly inten;s�i.ng ,�� e.�ta�lish a 
cqmparative p<Jle�tial cartography dfthe different passive cooling t�chniques (Allard et;aL, 1998) . 

.,, I "• 
. •, � ,. 
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Unfortunately this notion of theoretical cooling potential indc;x, does not }ake. into account the 
system efficiency and the cooling requirements of the buildit1g. for more precise -��PlJ?arisons, we 
had to define three other factors: · .. · ·  

: .!.,, '· 
, • •  

f.'r. The available cooling potential index which depends on : climatic conditions of the site, the 
nature of the technique and some comfort criteria of the building defined by a temperature and a 

01 relative humidity set points (see figure 1). It is given by : . .. . . , . .. 
,, lt 

T 

8(t) = 1 si TSink < Tsetpoint 
r : �;) ,: '�I 

et O(t) = 0 si TSink > TSetpoint 

'(2) 

. '. •: !' 
• The useful cooling potential index which depends not only on climatic conditions of the site 

r '. . '. r and the wished conifort degree but also on the ,performance o�.the passiv� cooling, sys.t�m itself. 
lt is given b'y:' J .! •. : r 

.. · -

:; • 
.1, ,'. , 

... •1 ' - 1. L · .J. _r; . ·  

iPuseful = J (Tc�nsignSetpoint (t)-'T,n1e;t(t))-81 (t);dt• 
T - . , .. ' 8� '( i) = 0 . �(Tlnlet > Tse,t n�int 

(3) 

. .. "1.. ' " 

··�LThe cooling requireril�nt inde� represents cooling needs, to be provi�d:bY.th� sysieITiJo insure 
-.:"·, ·> /:11e suitable thermal �?nditions in the building (see figure 1). It is giv�n by : •. .._., , ·:·," ;\ 

• 1. . : �' . u 
[JjRc·�;;i reme�t � J (TOut;er (t)-Tserpoint (t))02·(t).dt. , .. T , , 

82 (t) = 1 si Tout/et < TSetpoint 
·\.i·.: J ,,• •. � ' . ' I  

- '1 :.· 

�.i:; '.P:�1�PtICATION OFTHECOOCIN GPOTENx;IAJ.,APP�QACH1• ,,_ • .  , ·-' ,, '·'· 
J 

�" J •1"& f • ) ,,.r .. J f •tf •I • ,  1 t , • 

(4) 

I ti' =.. -· � I • , • t , ·These indexes have "been defined for different-.. clim.atic. coryditions pf I 05 so,uth Europ�:µi. '�i.te�. For 
I_, ·tpe eVa�OrafivelCOOliilg'°teCJ.lin.ique, and for different.:J.�ye}S Of tCillperature., and re}�tiVe h��ity Set 

- ·points · (providing-the ·w1shed·comfort degree), ass�ssQtent of air conditioning requirement" index 
-have been undertaken. Evaluation of available and useful cooling potentials index as well as the rate 



of energy provided by the evaporative cooling system (natural cooling saving factor) has been done. 
This part constitutes a preliminary assistance level' fo� 'the ch1of�� Uf'a riafural oboling· technique 
which vvill Pf.PYide a suitable con:ifort in the building .. Fro� real meteorological data of studied sites 

.I • ,, , • . ' � ' • ,.., "'t I "1 • .- ' (La Rocl;ielle, �rotone, Carpentras, Rom:a, Sevilla, Athens·, ana Lisb'ori), we have evaluated, during 
this _p�se, the climatic potential of each site by c"onsii:i�ring" theifrespective coelinglneeds. This 
s��dy.has been.re.a�i�ed duri.ng the fiv�.�

onths of. s�e�.(Niatto S�ptemb�r). Figure>2 presents 
values of the available cooJmg potential mdex for these different European sites. We can observe 
very high value of availabl� potential irta�x for Carpentras and'.Athens, about 16000 °h, high·'.values 
of the available inclex for Sevilla, Lisbon and Crotone, about 7000 °h, average values for Roma, I • • I 

around 6000 °h and· finally a sm� va'.lu� .of the available cooli� potential index for La Rochelle 
(3600 °h). Figure 3 presents the evolutjbn of the useful cooling potential index of the evaporative 
system according to the levels of temp·e;§jµre set points. This index takes into account the efficiency 
of the evaporative system. �or ? s)'J!eni \vith a constant efficiency, it behaves with a homotetical 
way compared to the avail'al?,le- pcli.ntial index. Figure 4 presents the evolution of the cooling 
requirement index aecording}o the temperature set point levels. 

20000 -.-------;\-;---------- --..--. t;� 18000 
16000 
14000 
12000 
10000 

8000 
6000 
4000 
2000 

,,. ·11• 
Athenes , ' 

Seville 

La Rochell 

lil22 9C •24 °C 
p.26.�C C28 °C 

; ) )., 
Crotone 

isbonne 
Rome 

O +L.1._._"+'-__,-'+'.,__.1..1..J..._....L.Lµ,11�+L.1-.......Lj-l.ii�-'-J 1-....�� 
·� 

Figure 2 : Available co�ing potential Index.for 
evaporative cooling systetn ;(0�.�� ,;, 

12000 -.-----'·-.:�': ,.,..,. ,..,--'·_'.:_r __ • -----·�·· �' �· --. 

10000 

8000 

6000 

4000 

2000· 

" 

* r ,·,) .. 
Carpentras, 

. \; : . . .. 1 • 

16000 ...---�·---------------. 
. : ,1!!122 °C •24 °C C26 °C C28 °cl 

Carpentras 
12000 

.... 

8000 

4000 

I. 

18 
16 
14 
12 
10 
8 
6 . ; 
4 
·2 
0 

Athenes 

Crotone Seville Usbonn!t 
' Ro 

.i.. Figure,�: Useful tooling potential index for 
evaporative cooling·sys�em (0b) 

La Rochelle 
Caii1eritras I-'' ��· ' �-c=-'°'"> c22 ·c 

•24•c 
.i:;l�6;"C, 
·-C28 .. C' 

Athenes 

Lisbonn s '• • · 

. ' 

�< .t. .. 
- .,_ 

Rome · rcrotoile 

Figure 5 i· Naniral; co'oliilg ·saving. ;factor for. 
evaporative·cooling system .. : "· >1 .'·�;, : - ) . -' : , 

·' '· 
.J" .- - - · - �-�:_•.11 1T�; ..... , , /;�,:i � JS. :. ·,�: . .- �;�(f"j:)! 

These results show that;' 'taken -in'dep·enderttly, , the theoretical 'cooling ;po_tentia1 in�� d()��:,. nqt 
represent the aptjtµde of· the- syste.qi. to cover the cooling IJ.�eds. So it is. �cessa.rY to couple this 
theo�etic_al poteijtfal to th��G'<?.?.1�11g 'ne�d.� of air cond�tiq1?i�g (d�(��fJlti�� rre building type) 
cons1denng the .system P,erform.�c�s. From these considerations \�J�;�i 'f!). ·1¥ . . �9.�ed the natural 
cooling saving factor (A�i'?fd _erilf!t�,ft,8f defined as the rate'betwe�a:�n� � .

. 
fiU.11' <foling potential 

index and the c.9oling reqili11eti1e �t:'!nclex during a given copling perfoCI .,f�d{for each temperature 
set point. The reR,{��fftaq_��i:<l>f th'�.�tural cooling saving·�aetor, given byrfigur.e 5, shows that we 
can have an avaffibie ·�oolin�. R.Ptential index in one localito/·:(�eviU�}higher thap an other locality 
one (La Rochelle) while ilie · fooling saving factor in the first; . .Slte is less':·than for the second site 
(figures 2 and 5). Consequently, the cooling saving factor appears to be a more relevant index for 

-passive coolirig systems evaluation. · ": " • ., · 
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. 
r , .-: . The generalisation of the stu�y, to other sites of southern Europe· �nabled·u·s fo-repreS-eht;for eath' 

. .. . ' � ' ..,. .... ( ) . . country,ra cartogni.phy of the different cooling potential indexes which were defined previously. A.n· 
atlas of avajlable cooling potential'. index -o.f. south European country, tor evaporative cboliilg 
systems, is presented in figures 6 to io. We c�n note that the .avail�ble cooling potential index of La· 
Rochelle is 48 % less than S�villa' o�e- (respectively 3600 °h and 7000 °h) . 
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Figure 6 : Atlas of available cooling ' .. 
potential index in France (Degree-Hours) 
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Figure 8 : Atlas of available cooling 
potential index in Iberia (D�gree-Hours) . 
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Figure 9 : Atlas !)f available cooling 
potential index in Italy (Degree-Hours)-- ,. :·c 
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For each typology of buildi�g and for each level of in�et set point temperatlJfe (Bel�i 1998), a 
cartography of,cooling requirement for an evaporative system has been �so elalJorated. Figure� 10, 
11, 12 and 13 represent the variation of cooling requirement (needs)� G>f tbj·� same bw�ding in 
function of the; different southern countries climate of I;}urope for set poi·· tpnw.erat�e Tsei pomr=25 
0c W,.e can ob;*rv�, for the. same building, that the c�oiing needs of La Rpchel�e 'is 75 % less than 
that tiie S·evma one(respecti�ely-6 Kw.h/m2 and 25 Kw.h/m2). From the·s.-e re�ults .... we cw} deduce 
that the.s:i:t�of La Roe.belle j� far more p�opitious that Sev.illa for.the �Y�RR�ative

_ 
c�oling �e.fhnique 

use. Consequently,1 eomparati.ve:· studies. of the European atlas of the different passive ·cooling 
techniques could have been used during the first steps of building project, by architects, as helpful 
decisi�n ma.Icing tools for:th� choice of the ;most appropriate pa��iY;e te��nique. , .. . 
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Figure 10: Cooling needs in France (Kw.h/m2) Figure 11: Cooling ne.eds in Grece (Kw.h/m2) 
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Figure 12: Cooling needs in Iberia (Kw.h/m2) Figure 13: Cooling needs in ltalie (Kw.h/m2) 

CONCLUSION 

The approach developed in the present paper provides information which could be used to 
contribute to a bioclimatic analysis of European sites and to study the performances of different 
cooling systems according to the climate characteristics and comfort criteria. An evaluator, called 
natural cooling saving factor, was defined in order to make comparison studies of passive cooling 
system potential. It allows to select, for each locality and for each building type, the adapted passive 
technique which provides a wished degree of comfort with less energy consumption. Simulation 
results, obtained for the evaporative system, show that this technique offers a good cooling potential 
level for the most sites located in the south of Europe. By extending this study to other cooling 
techniques we will be able to localise southern sites of Europe suitable for each passive cooling 
technique. The generalisation of this approach on others European sites has allowed to build a 
decision making tool, in the form of an atlas, that could be used by architects and building offices 
during the first phases of a project. However, the proposed approach does not consider internal heat 
gains contributions, the typology of the building and the interaction building/cooling system. In 
order to get the overall evaluation of a proposal solution, an integrated approach coupling a 
modeling of the system to a numerical code defining the thermal behaviour of the building is 
necessary (Belarbi and al.1997). 
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