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Heat Attenuation as a Mean to Limit Cooling Load and Improve Comfort 
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ABSTRACT. A short state of the art in heat attenuation studies and 

technology is presented, with reference to the climate conditions of 

Mediterranean countries. The main areas of mass, insulation, building 

shape, glazing and control are considered. The main problems pertaining 

to each area are discussed and the most promising perspectives 

illustrated. A possible scenario for a future European concerted action 

is proposed, considering both applied research, pre-normative studies, 

and industrial developments. 

1. INTRODUCTION 

Scope of this review is the definition of the state of the art in the 

field of heat attenuation in buildings, aimed at reducing the cooling 

load and improving comfort. 

Starting from the results of this analysis, possible future strategies 

will be exposed, concerning both research actions and industrial 

developments. Topics relevants to a European concerted action and to 

pre-normative research will be finally identified. 

A significant starting point for this work was the draft report 

"Horizontal Study on Passive Cooling for Buildings", presented by a 

group of experts under contract to the research programme "Building 

2000", in the context of the European Passive Solar Research Programme 
( 1) . 

The basic ideas there exposed have been further investigated and 

re-organized, considering the following aspects of "heat attenuation": 

1 - Principles 

2 - Design tools 

3 - Design guidelines for architects 

4 - Component development 

5 - Experimental characterization (materials/components/buildings) 

6 - Controls 

Some of these areas will be afforded in greater detail by other authors 

in this Workshop (e.g. design tools and guidelines, building 

monitoring). In these areas our effort will be mainly devoted to point 

out the peculiar aspects of heat attenuation, neglecting a more general 

approach. 
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2. BACKGROUND: FROM TRADITION TO lNNOVATION 

T :- :;:-~i tional and vernacular archi t:'::ctu::-::: is full of examples of heat 

a: : e;nuation features (2). 

2.1. Mass 

Th<; most usual way to reduce heat effec-::s in Mediterranean buildings is 

th<; increase of thermal inertia. Today's building technology tends on 

the; contrary to minimize massive structures to contain construction 

cr,~~ts. The present availability of cheap insulation materials, 

ap~licable as an external skin to the building, helps in allowing all 

U1'' available mass to act as an internal mass, and in many cases this 

ic a considerable advantage (e.g. for residential buildings). The 

conflict between the need of internal mass and budget constraints is 

th~refore one of the challenges for an effective heat attenuation. 

2.2. Shape 

Th~ traditional building shape 

dep~nding on local conditions 

functional needs. 

in hot climates is 

(wind, humidity), 

strongly variable, 

urban conditions, 

Thf: wide use of patios, courtyards, atriums, is a strong indication 

that these were able to improve the exchanges with outside air, and to 

influence the microclimate conditions in these areas by shade and water 

evaporation. 

The translation to today's buildings of these techniques is made 

difficult by the land limitation, that means multi-storeys buildings, 

shortage of open areas, the private concept of the individual family 

life, creating objection to common space utilization. 

The porch is probably the most diffuse type of shading system, 

integrated in the house shape, suggested by the past architecture. This 

feature does not create difficulties for application today, provided 

that a careful evaluation of daylighting conditions and of the amount 

of winter solar gains is performed. 

2.3. Glazed areas 

The amount of glazed areas is very small in many traditional buildings. 

Today's life seems to need much more contact with external light: the 

large diffusion of curtain walls for office buildings, large windows in 

residential buildings (living rooms), seems an indication of a tendency 

toward a larger contact with outside space through wide view, daylight, 

sky presence outside the window. 
This element is probably one of the most strong obstacles to an 

efficient heat attenuation, creating the need of more sophisticated 

solar control, increasing the amount of needed mass, producing larger 

cooling loads. 
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2.4. Comfort conditions and control 

Comfort conditions in ancient architecture were characterized by a 

large capability of the building to compensate external solicitations, 
but still allowed a significant range of permitted indoor thermal 

conditions, to which inhabitants reacted varying their clothing level, 

moving to the most comfortable part of the building, adapting their 

habits to the climate constraints (siesta-time, late night dinner, 

... ) . 
Modern life compels people to a more rigid behaviour, producing 

stricter specifications for indoor climate conditions. In warm climates 

the most striking consequence is the fast spreading of small air 

conditioning units in residential buildings (as the level of life rises 

up), and the practically universal summer climatization of offices and 

stores. If bioclimatic architecture wants to be a realistic alternative 

to this artificial climate conception, a great attention has to be 

payed to the control aspects, i.e. to a prompt and timely response of 

the building changeable features to external variables like e.g. 

variation of external louvres position, turning on/off ventilation 

fans, window opening/closing, etc. 

2.5. Internal gains 

The amount of internal gains is another feature that was much less 

severe in past times. Their effect on cooling load becomes now more and 

more significant, implying a careful consideration of ways to extract 

this heat. Modern techniques suggest also possibilities to control 

automatically the insertion of large part of these gains, so that they 

can be limited as much as possible in the critical part of the day. 

3. AREAS OF HEAT ATTENUATION 

A state of the art of heat attenuation studies and technology will be 
made, considering the different areas where a significant contribution 
to that goal can be obtained. 

3.1. Mass amount optimization 

Several methods of evaluating the optimal amount of thermal inertia in 

a building both in winter and summer conditions have been proposed 

(3,4,5). 

A fundamental observation is that mass itself is not the dominant 

parameter in the process of heat wave attenuation, but the time 

constant (product of thermal resistance by thermal capacitance) is much 

more relevant. Increasing the mass without increasing at the same time 

the heat transfer from the mass to internal air is not effective (3) . 

This heat transfer is much greater if a mechanical ventilation is 

operated, increasing local air speed. 
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A repertory of many wall compositions has b ee:-. produced, where the 

attenuation and time delay of a 24-hour tempera~~~e wave is c a l culate d 

( 6) . 

Cavity walls have a typical and specific beh~viour for heat wave 

attenuation, and are very effective in stopping ~he overheating effect 

of sun on wall surface (7,8). 

Heat storage in mass is much helped by an effective transfer of heat 

from the South to the North side of the build:!.ng. Several solutions 

have been studied and tested (9, 10). 

Comfort evaluations in summer conditions are strongly influenced by 

building inertia, as shown e.g. by the French calculation procedure 

( 11). 

Most simplified design tools (SDT) consider building inertia. The 

classification proposed in the "Passport" European S.D.T. (12) is rough 

but very simple. 

For summer conditions this type of approach is probably unsatisfactory, 

and simplified dynamic simulations are probably the best solution. 

Simple design guidelines for architects are n ot yet available, and 

should be of great usefulness. The special condition of commercial 

buildings and offices, where a fast building response can compress 

heating and cooling loads, has to be outlined. 

We may summarize the situation in the field of mass optimization saying 

that the main lack of information is not in the physical knowledge, but 

in the transfer of information to the designer in a suitable way. 

Simulation work, SDT development, guidelines compilation are the main 

areas of activity. 

3.2. Insulation optimization 

Insulation position has a fundamental role in the definition of the 

useful building thermal mass. Several studies show the advantage of an 

external insulation not only to reduce thermal bridges (heating 

season), but also to better attenuate high temperature waves in summer. 

Increasing insulation thickness, advantageous in winter, may be on the 

contrary a negative factor in summer, when overheating occurs and an 

increase heat transfer toward colder external air should be useful. 

A new method for insulation tickness optimization is therefore 

required, where both winter and summer building performance are 

considered. 

Commercial buildings and offices have completely different insulation 

exigences, because lower inertia and faster response are requested. 

The selection of proper materials and procedures, to avoid external 

insulation deterioration due to high temperature, seems also a field of 

interest. 

A possible role of test cell experiments in this area may be foreseen, 

to obtain experimental data on dynamic characteristics of opaque walls 

in a natural environment. 

3.2.1. Transparent insulation. Test cell evaluation of transparent 
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insulation components for opaque and transparent walls have been 

already attempted (13) and will continue in the Passys II program. The 

difficult application to warm climates of these materials have often 

been stressed. Nevertheless, recent experiences in Northern countries 

report on the need of an external shading even in those climates (14). 

It is therefore at least to be practically evaluated the transparent 

insulation performance both in winter as in summer conditions, and test 

cells seem to be the most suitable tool. 

3.3. Building shape 

The influence of building shape on heat transfer and storage is well 

known. 

A method for the experimental characterization of full building 

transient characteristics should be very useful to quantitatively 

verify the architect's design chaises in existing buildings. 

Identification methods are good candidates for a cheap measuring 

method. 

Among the less known features in building shape design is buffering, 

i.e. how to separate (and connect) a high insolation high temperature 

zone from the living space. Test cells can give only partial answers, 

because the architect's solutions involve larger scale air movements 

that what is available in the 2.4 cm cell height. Here again 

measurements in buildings using suitable techniques, allowing the 

determination of transient characteristics and a better understanding 

of the heat attenuation features, should be necessary together with the 
production of design guidelines. 

3.4. Glazing 

The management of large glazing surfaces is one of the most important 

topics in heat attenuation. The first action should be finalized 

to solar control, using external shading devices (see S. Yannas 

contribution). 

New glazing types are now produced both at industrial and at research 

level, that may permit solar control at the glass interface level. A 

detailed description of these products is out of the scope of this 

report. 

One of the most striking features of advanced glazing materials in the 

possibility of an active control of solar input, through the change of 

the glass transmittance. 

This is extremely useful in climates where glazed surfaces have to meet 

opposite requirements in winter and summer (and sometimes in different 

periods of the same day). 

An important role of research laboratories is the reliability and 

durability testing of these new materials coming from the industry or 

specialized labs . 
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3.4.1. Selecting components 

The availability of new glazing materials creates the opportunity to 

assemble together in a complex glazed component a number of different 

parts, like glass sheets, shading devices, films, covering a large 

spectrum of optical and thermal properties. Moreover, the wide use of 

curtain walls in large buildings introduces another variable to the 

already complex variety of components, namely the method of assembly of 

glazed surfaces. Structural glazed walls, thermally insulated frames, 

use of different frame materials, are examples of the different range 

of items in the field of curtain wall classification. 

A large contribution to the knowledge of window performance can come 

from the results of IEA task on fenestration (15) and other concerted 

actions. The summer conditions where nevertheless not specifically 

considered in these programs. Of} the contrary many architects find 

difficulties in the selection of glazed surfaces, and very often limit 

their choice to the appreciation of the curtain wall color and only 

qualitative consideration on optical and thermal performance. Glass 

companies provide the designers with a large amount of data on optical 

and thermal characteristics of the long and complicated list of 

possible glass products for buildings, subdivided in different 

typologies (reflective, low emittance, selective, mass colored, coated, 

both colored and coated, ... ) . The result is that the designer very 

often gets lost in the selection task, the AC designer very often 

undersizes the installation, shading devices are excessively used, 

artificial light is turned on all the time, etc. 

A very important work is to translate the glass industry information 
into a useful design method, capable of predicting peak cooling loads 

in any period of the year, as well as calculating seasonal loads, 

comfort conditions, best control strategies. 

3.4.2. Testing 

The window industry lacks a testing method for curtain walls, and test 

cells seem a possible candidate for the supply of it (16). 

The PASSYS test cell South fa~ade size seems reasonably able to 

reproduce full scale conditions for a reliable appreciation of curtain 

walls thermal performance: the overall estimate of the wall, including 

transparent and opaque parts, frames, eventual shading devices, could 

supply the right numbers for the performance prediction by an S.D.T. 

method. 
Moreover, test cells could be helpful to characterize other aspects of 

curtain walls performance, at a reduced cost, when the installation of 

the wall sample has already been performed for the thermal tests: 

- infiltration curves 

- daylight transmission 

- acoustical attenuation. 

3.4.3. Infiltration. curves 

This test could be performed in test cells following a pressurization 
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procedure similar to that recommended by the UEAtc agreement on 

windows, now accept by most national standards. Either a full test cell 

pressurization, or a pressurization by a smaller box attached to the 

wall (for higher pressures) could be done. Tracer gas measurements 

could also be done. Among the possible advantages of using test cells 

for infiltration rate measure~ents there is: 

- the possibility of comparing pressurization data with tracer gas 

measurements of the exchange rate in real conditions; 

- the measurement of infiltration ventilation rates together with 

thermal losses for dynamic window components; 

the thermal effect of infiltration through buffer zones, as e.g. 

sunspaces, that in winter means reduction of ventilation load, and in 

summer could represent, flowing in the opposite direction, a heat 

removal through glazed systems; 

performance of complex systems, designed for a solar heat conversion 

between two glazed surfaces, and aimed at creating pressure heads for 

ventilation. 

3.4.4. Daylighting 

The importance of an efficient daylighting performance for curtain 

walls as well as for other glazed systems has very often been stressed. 

An experimental characterization at full scale, as test cells allow, 
has several advantages respect to the more diffuse appreciation by 

small physical models: 

- systems characterized by fixed sizes (fins, reflecting louvres, ... ) 

can only be evaluated in full scale conditions; 

- the daylight factor measurement is obtained in real sky conditions; 

- internal space illuminance can be mapped, and compared with calcula-

tion. 

3.4.5. Acoustical attenuation 

Acoustical attenuation, of great importance for components to 

be installed in noisy towns, is normally evaluated by acoustic 

pressure measurements in reverberating rooms separated by the component 

to be tested. A new standard is now in phase of approuval at ISO, 

introducing the measurement of the acoustic intensity vector instead of 

pressure, eliminating the need for reverberating chambers. Therefore 

curtain walls, once installed in test cells could also be acoustically 

characterized. 

3.4.6. Testing of parts 

The industrial development of advanced glazed component for solar 

control and heat attenuation requires the introduction of new parts, 

reliable and efficient, as e.g.: 

- multipurpose valves, to distribute air flows in different directions 

(external-external, internal-internal, external-internal and 
internal- external) (17); 
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mecha~~:al opening of windows; 

- mecha~~:al adjustment of louvres (18); 

3.5. Control 

Control ~an greatly help in heat attenuation. Possible actuators are: 

windo· .. : CJpeners 

fence/~Juvres position actuators 

- automa~ic control of artificial light 

- control of fan-driven ventilation 

The con'-~ol philosophy can reach different stages of complexity, 

depending on the degree of "anticipation" of the effect of external 

disturba~ces that is wanted. 

Going from the simpler to the most sophisticated, we may list ( 19, 

20' 21): 

- proportional-derivative controls (based on the derivative of the 

internal temperature); 

controls based on identification, where the system parameters are 

identif i ed on the basis of experimental data; 

- "predic"':ive" controls, where the trend of external temperature and 

solar radiation is predicted by the control system, that knows 

typical wheather sequances, and "learns" which are the most suitable 

ones from experience ("adaptative" controls); 

- controls where a real wheather forecast is integrated, autonomous or 

in connection with wheather forecast stations. 

Although several research programs have already been performed in this 

field, the matter still requires a more general assessment and 

practical applications. 

Once developed, controls may be usefully tested by test cell (18). 
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4. PROPOSAL OF RESEARCH LINES 

A proposal of research lines is derived from previous considerations. 

To better illustrate these ideas a schematic diagram is presented. 

Areas 

(perspectives) I 

I 
I 

Research actions 

European 

concerted 

actions 

Pre-normative 

research 

Component 

industrialization 

~~~~~~~]~~~~~~~ ~~~~~~~~- -~~~~~~~~~ 
1 

IMass/insulationl-Component I-Design guidelinesl-Transparent insula-1 

!optimization I transient cha-I for summer+winterl tion wall (and heat! 

I (3.1-3.2) I racteristics I conditions I control/attenuation! 

I I repertory I I systems) I 
I I-Identification! I-External insulation! 

I I methods for I I for hot climates I 

I I bldg transient! I I 

I 1 perform I I I 

I I I I I 
I Building 
j (3.3) 

I 
I 

shape I-Buffering I-Design 

I studies I 

I-Measuring cam-I 

I paign in buil-1 

guidelines I 

I 
I 
I 

I 
I 
I 
I 

I I dings I I I 
l---------- ----l----- --------1-----------------1------------------1 
I Glazing 
1(3.4) 

I 
1 

I 
I 

I-Performance I-Curtain wall te- I-Advanced glazing 

I testing cam- I sting method(s) I components 

I paigns I-Guidelines for I-Valves and motori-

1-Durability/Re-I glass selection I zations 

I lialutity te- I and cooling lodd/I 

I sting of ad- I comfort predic- 1 

I 
I 
I 
I 
I 
I 

I I vanced glazing! tion I I 
I ---------"---- 1----------------------------------------------------1 
!Control I-Assessment I-Testing procedu- I-Control packages l 
!(3.5) 1-Testcell I re I-Smart window and 1 
I I experiments I-Performance cri- I complex window con-I 

I I I teria I trol systems I 
l ___ _ l _ ___ l _ ___ _ I I 
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