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ABSTRACT

This study is a contribution to European projects Pascool/Joule IT 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 €tude s’inscrit dans le cadre de notre contribution aux projets européens Pascool/Joule II et
Altener/Sink relative a la faisabilité des techniques de rafraichissement passif comme alternative a
la climatisation conventionnelle dans le sud de I’Europe. La premiére étape de notre travail a
consist¢ a la définition d’'une méthodologie d’évaluation du potentiel de rafraichissement des
systémes passifs en considérant les critéres relatives aux conditions climatiques, les besoins de
climatisation d’été du batiment, la performance intrinséque du systéme et les aspects de conforts,
définis par des consignes de températures et d’hygrométries. Des simulations numériques ont été
réalisées afin de déterminer les différents indices évaluateurs du potentiel de rafraichissement des
systémes passifs. Pour chaque consigne en température et hygrométrie, ces indices ont été€ évalués
pour différents sites de I’Europe du sud et pour les systemes évaporatifs direct et indirect. Nous
allons présenter, lors de cet article, une approche d’évaluation du potentiel de rafraichissement des
systémes passifs. Une application de cette approche aux différents sites européens a permis de batir
un atlas représentant les zones de I’Europe du sud susceptible d’accueillir favorablement
I’utilisation des techniques passives de rafraichissement. Cette démarche pourrait €tre utilisée par
les concepteurs du batiment comme outil d’aide & la décision durant les phases d’ avant projet.

Mots Clés : Technique de rafraichissement passif, systéme évaporatif, potentiel de rafraichissement,
Tfacteur de couverture, atlas climatique, économie d’énergie.
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INTRODUCTION

During the variou$‘steps of design and building construction, multiple information, of varied nature,
are the necessary ériteria for the different actors of the project. Among these informations are to
choose a type of bujlding de51gn, to choose a cooling technique that insures a sufficient comfort
degree, to size air condltlonmg systems, and finally to evaluate the energy consumption as well as
the energy gain following the use of a passive cooling technique. Concerning the evaluation of
buildings equipped with passive cooling systems, several methods mentioned in the literature
(Givoni 1976, Szockolay 1986) .offer global informations more or less precise aboyt the building
thermal behaviour. These approaches based on the use of the psychometric chart provide useful
qualitative information to architects and building de51gners on the feasibility-of a passive cooling
technique based on comfort aspects...

However they neither allow to quantify the potenti"al of éach cooling technique nor to calculate the
energy gain realised: .wsing a .passive cooling system. The solution developed during European
projects Pascool/Joule and Altener/Sink consists on two approaches of building thermal evaluation.
The first is a detailed method of the buildinig thermal behaviour, obtained by the coupling of passive
cooling systems models with a thermal code (Belarbi et al.1997). It can be used during the sizing
phases of air conditioning systems.

The secoiid presented in this paper, is a simplified approach based on an analysis of cooling
potential evaluation of climates and on the determination of assessment indexes, _presented 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 energy conservation aspects.

I METHOD OF EVALUATION OF THE COOLING POTENTIAL
& e e

The analy51s of natural coohng systems behaviour shows that it is possible to gstablish 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 the 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 ‘cooling’ process and ‘according to heat and mass transfer with the sink, the fluid will have an
evolution from an initial state characterised by -outlet conditions : Tgu.m(t) and mo..uc,(t) to a "final
state characterised by the inlet conditions : Tie(t) and wye(t). In an ideal process. inlet cond1t10ns
“-of the system coincide with'those: of the sink (Ter(t)=" TSmk(t) and Omier(t)= Ws,ni(t)). The energy
theoretlcally avallable by the smk can therefore be written :

Y = :
4 el k1 TI |

QTheoretical = Jm' (t)Cp (TOutlet (t) Smk (t))dt (1)

For the passive cooling- systefs ‘which: Spérhte. Withaifixed air:massflow rate and thg.same fluid
. (alr) the value [Tol,ue,(t)-Ts,nk(t)] integrated on the period of study 1, constitutes an index of
companson ‘of ‘the’ theoretical” poteittial that depends :only: on the-system by Tsink(t): and, on the
'chmate of the ite’ by Touwe(ty'(see: figure:1). This index is particularly interesting, 0. establlsh a
~ comparative potent1a1 cartography of-the dlfferent passive cooling technlques (Allard etal. 1998)
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. Figure 1 : Representation of the different cooling potentialindexes ”
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Unfortunately this notion of theoretical cooling potential index does not take into account the
system efficiency and the cooling requirements of the buildin g Eor more precise qompansons we

had to define three other factors :

" 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

e

relative humidity set points (see figure 1). Itis given by :

1Py s =I (T poine (1) = T )@t AR @

6()=1 si Ts,,k <T; et 5(1‘) =0 si Tgp > Ty poim

et point
oy l:" y it b ":‘; .(fy‘ ¢ . 7
b @

The useful cooling potential index which depends not only on climatic condmons of the site
and the wished comfort degree but also on the performance of-the passive cooling, system itself.

It is given by: / . PeE gl -
Useful I (T;‘onsxgnSet point (t ) )Tlnlet (t ))6 (t ) dt - = . (3)
" with' o) =1 si’ T,,,, & D pim o 6 (t) 0 si TM“ sﬂm‘”m

e

‘e The cooling requirement mdex represents coolm g needs to be prowded by the system }o insure

U APPLICATION OF THE COOLING POTENTIAL APPROACH .

Iy

the suitable thermal condmons in the building (see figure 1). It is given by:

[ 575 FiE]
1
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‘These indexes have been defined for different climatic condmons of 105 south EurOpean sites. For
‘the evaporative'cooling technique, and for different levels of temperature and relative hurmdlty set
points (providing the wished comfort degree), assessment of air conditioning requirement index
~have been undertaken. Evaluation of available and useful cooling potentials index as well as the rate
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of energy provided by the evaporative cooling system (natural cooling savmg factor) has been done.
This part constitutes a preliminary assistance level for ‘thé: thoick of 4 natural cooling’ technique
which will provide a suitable comfort in the bu1ldmg From real meteorological data of studied sites
(La Rochelle Crotone, Carpentras, Roms, Sevilia, Athens, and Llsbon) we have evaluated, during
this phase the climatic potential of each site by considering ' their réspective coelingineeds. This
study has been realised during the five months of sumer (May to September). Figure:2 presents
values of the available cooling potential index for these different European sites. We can observe
very high value of available potential index for Carpentras and’Athens, about 16000 °h, high ‘values
of the available index for Sevilla, Lisbon and Crotone, about 7000 °h, average values for Roma,
around 6000 °h and finally a small value of the available cooling potential index for La Rochelle
(3600 °h). Figure 3 presents the evolution of the useful cooling potential index of the evaporative
system according to the levels of temperajure set points. This index takes into account the efficiency
of the evaporative system. For a system with a constant efficiency, it behaves with a homotetical
way compared to the available poféntial index. Figure 4 presents the evolution of the cooling
requirement index according to the tempeérature set point levels.
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These results show that;' taken - mdependently, the theoretlcal coolmg ;potentlal mdex does. ;not
represent the apntude of::the system to cover the cooling needs. So it is necessary to couple this
theoretical potent:al to the cooling needs of air condmoning (def egg, ‘F};m Lhe building type)
considering the system performances Ffom these considerations’ Wé‘ Ma"\fe m&odp;ed the natural
cooling saving factor (Allard et ali1998) defined as the rate’ between* the. X;sbfuf ®ooling potential
index and the cooling reqmremenﬂnde:l during a given cooling period & and for each temperature
set point. The representatign. of thé hatural cooling saving factor, given by’ flgure 5, shows that we
can have an avaifgble cooling potential index in one locality- (Sevxlla) higher than an other locality
one (La Rochelle) while the cooling saving factor in the first Site is less'than for the second site
(figures 2 and 5). Consequently, the cooling savmg factor appears to be a more relevant index for

—passive cooling systems evaluation. : ur ~

g 1 (1
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IIL. ATLAS OF EVAPORATIF COOLIN G SYSTEM POTENTIAL

The generahsatzon of the stuzly to other sues of southern Europe enabled us to Tepresent, for each
country,-a cartography of the different coolmg potential indexes which were defined previously. An

atlas of avmlable coolmg potentlal mdex of south European country, for evaporatlve cooling

A'(;

Figure 6 : Atlas of available cooling °. Figure 7 : Atlas of available cooling )
potential index in France (Degree-Hours) potential index in Greece (Degree-Hours)

Figure 8 : Atlas of available cooling Figure 9 : Atlas of available cooling
potentlal index in Iberia (Degree-Hours) potential index in Italy (Degree-Hours)

For each typology of building and for each level of inlet set point temperature (Belarbi 1998), a
cartography ofcooling requirement for an evaporative system has been also elaborated. Figures 10,
11, 12 and 13 represent the variation of cooling requirement (needs) of this same building in
function of the: different southern countries climate of Europe for set poi-m' temperature Tset poin=25
°C: We can observe, for the same building, that the cooling needs of La Rochelle is 75 % less than
that the Sevilla one(respectively-6 Kw.h/m? and 25 Kw.h/m?). From these results, we can deduce
that the site.of La Rochelle is far more propitious that Sevilla for the evaporative cooling techmque
use. Consequently, comparative: 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
decision making tools for the choice of the most appropnate passive technique.
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Figure 10 : Cooling needs in France (Kw.h/m?) Figure 11 : Cooling needs in Gréce (Kw.h/m?)
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Figure 12 : Cooling needs in Iberia (Kw.h/m?) Figure 13 : Cooling needs in Italie (Kw.h/m?)

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).

REFERENCES

Allard F.& Belarbi R. (1998), Metodologia de evaluacion de las tecnicas pasivas de enfriamiento,
COTEDI’98, Caracas Juin 1998.

Alvarez S., Coordinateur, (1997), Natural cooling technology assessment. Atlas for southem Europe
countries, Final report Altener/Sink project, European commission DG XVII.

Belarbi R., Spérandio M. & Allard F. (1994), Design methodology of assessment of evaporative
cooling potential, European conference on energy performance and indoor climate in buildings, V.2,

pp- 469-475, Lyon.

Belarbi R., Spérandio M. & Allard F. (1997), Evaluation des batiments munis de systemes de
rafraichissement passif. Application au cas de 1’évaporation adiabatique, Revue Générale de
Thermique, Vol. 36, pp. 547-561 Elsevier.

Belarbi R. (1998), Développement d’outils méthodologiques d’évaluation et d’intégration des
systémes évaporatifs pour le rafraichissement passif des batiments, Thése Université La Rochelle.

Givoni B. (1976), Man, climate and architecture, second edition : applied sciences, London.

_ Szockolay S.U. (1986), Climate Analysis based on the psychometric chart, International Journal of
Ambiant Energy, Vol.7, N°4, Australia.

768



