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Abstract 
Thermal performance is increasingly taken into consideration in the programming  and 
design of office buildings.  Many of these offices are using the thermal capacity of the 
structure mass to provide thermal comfort. This technique provides stable thermal conditions 
and is expected to be energy efficient in the long term.  The thermal issues require much of 
the structure (typically concrete) to remain exposed to the room environment.  Traditional 
fitting surfaces, such as wall to wall suspended ceilings, are inappropriate for this scenario. 
The challenge is to combine this constraint with Room Acoustic Comfort specifications for 
office spaces, described through reverberation and propagation. Measurements were 
performed according to EN 14240:2004 , with two treatment configurations, based on 
discrete elements, were tested, with a coverage ratio of 45% of the room floor area. In 
addition two plenum heights were used.  
 
The influence on the thermal effect of the cooling ceiling surface is less than the coverage 
ratio. This could indicate that the part of the thermal exchange related to radiation – is 
primarily affected by the masking effect of the panels – is minor than the convection part. As 
a matter of fact, the higher the plenum above the acoustic element, the easier air can 
circulate around the panels. According to the same principle, the larger the distance between 
the panels and the concrete ceiling, the better the absorption performance, since acoustic 
energy is better spread around the panel. Several completed projects confirm that it is 
possible to attain acoustic comfort in office buildings cooled by natural (free) cooling. Also, 
these projects point out the importance of interaction of acoustic treatments with 
(prefabricated) concrete elements, lighting, ventilation and cable management. Finally, they 
emphasize the need of dialogue and co ordination between the acoustician and other 
building engineering disciplines. 
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1 Introduction 

Energy consumption in offices is a growing issue in the Western world. In average, heating 
and ventilation alone stand for more than half of the energy consumption of an newly built 
office building. During the last few years, certifications and green labels have become 
numerous. All of them are very focused on energy consumption. It is a strong incentive for 
the client or the landlord, which then leads to an increased use of techniques for thermal 
regulation. These techniques question the existence of fitting surfaces, such as suspended 
ceilings. At the same time, standards and reference documents for acoustic design of offices 
tend to put forward more and more stringent demands. How then can thermal comfort and 
acoustic comfort be maintained in the building? This paper tries to describe and quantify the 
incidence of acoustic treatments on thermal regulation with concrete mass in the context of 
sharper acoustic demands for offices. 

2 Thermal performance of office buildings 

At present, regulations on thermal performance of office buildings define target values above 
100 kWh/m²/year for the total energy consumption of the building in use. In general, energy 
consumption of an office building is shared between 40% for equipments (computers, 
servers, copy machines, etc.), 40% for lighting and 20% for ventilation and air conditioning. 
Coming regulations in 2012 will include the challenging target value of 50 kWh/m²/year. An 
efficient way to reach this value is to avoid air conditioning, which is very energy consuming. 
The solution to cool such “AC-free” buildings is to use the thermal mass of the concrete core: 
baring walls, soffits, etc for summer cooling. For physical reasons, the surface that 
contributes most to comfort is supposed to be the ceiling. Therefore, the soffit should be as 
exposed to the room as possible, in order to facilitate the energy transfer. 

2.1 Summer cooling : energetic challenge for office  buildings 

The energetic challenge for office buildings is to prevent overheating during summer, 
avoiding energy consuming systems such as air conditioning. The potential energy savings 
are large, since energy consumption related to the cooling of an office building can be as 
much three times higher than the heating. One of the techniques available to designers is 
overnight ventilation, together with buildings with a high thermal mass.   

2.2 Overnight overventilation cooling ventilation a nd thermal mass  

The principle is that the structure of the building, and particularly the soffit participates to the 
cooling of the ambient air during summer days. For this to be possible, one has to load the 
structure with cold when ambient air is cooler, i.e. at night. The structure elements to load are 
those with a high density, such as concrete, bricks, etc. At night, a draught is created by 
opening windows on the main façades of the building. This technique is defined as overnight 
ventilation.  Before employees are arriving at the office, windows are closed so as to avoid 
draughts. The cold that has been loaded into the structure during the night is returned to the 
users during the working day, in such a way that it compensates for raise of the ambient air 
temperature due to sun, equipment (computers, etc) and human activity. The energy transfer 
between elements with high thermal mass and the room is made through both convection 
and radiation. The technique has its limitations and one should be prepared to have a 
degraded comfort due to temperatures between 26 à 28°C a few days a year.   
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Figure 1 Contribution of thermal mass to summer comfort, through both convection and 
radiation. Regarding convection, warm air (in red) rises and is cooled by contact with the 

soffit which has been loaded with cold during the night. Cooled air sinks again to the bottom 
of the room. The dotted lines illustrate radiation.  

 
This kind of technique for thermal regulation is primarily not compatible with traditional 
suspended ceilings, covering a room from wall to wall. The reason for this is that the ceiling, 
positioned between the soffit and the users, would then be a mask for radiation and would 
stop convection.  
 

 
Figure 2 : Interaction principle between a full covering acoustic ceiling and thermal exchange 

in the room. The ceiling is both an obstacle to thermal exchange via radiation and 
convection. 

3 Acoustic treatment of open plan offices 

Parallel to the development of these cooling techniques, acoustic comfort in offices is a 
growing issue. In France, regulations on working conditions (Code du travail) do not specify 
anything precise nor relevant regarding acoustic treatment of offices. On the other hand, two 
other documents French Standard NF S31-080  [1] and the High Environmental Quality 
(HQE) building performance specification “Offices and schools” (target 9: acoustics) [2] 
provide designers with a relevant acoustical approach and target values. These two 
documents do not display how to attain a certain “in situ” performance. Furthermore, the 
requirements are expressed in two different ways.  
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3.1 French Standard NF S31-080 

French Standard NF S31-080 associates values to the main types of sound in an office and 
the descriptors to evaluate them. For room acoustic treatment in open plan offices, the 
standard asks for a value of the rate of spatial decay per doubling of distance (DL2). For a 
room of 250 m3 or more (i.e. approximately 100 m2 as floor area), the rate of spatial decay 
should be at least 3 dB for the level called “Efficient" and 4 dB for the level “Highly Efficient ". 
Generally, such values are attained in empty or scarcely furnished rooms by means of a high 
performing ceiling on the whole surface of the room. In fact, due to the presence of 
installations, such as luminaires, ventilation in- and outlets and chilling beams, the effective 
surface covered by absorbers is between 80 and 90 %.  

3.2 Environmental performance specification for off ices 

The High Environmental Quality (HQE) specification uses the Equivalent Absorption Area 
(EAA). Defined as the product of the absorption factor �  and of the surface (�  * S), EAA is a 
way to require a certain absorption quantity in the room. In order to fulfil the level called 
Basic, cumulated EAA for the floor and the ceiling surfaces (AAEfloor + ceiling) should be 
superior to 60% the floor area. For the “Efficient” level, AAEfloor + ceiling should be at least 75 % 
times the floor area. This is a lower specification compared to the former version (2006); 
which applied the same requirement to the ceiling only. Though, since the absorption 
performance of flooring materials is very poor, the ceiling performance should reach these 
values on it’s own. For the “Efficient” level, it means : 

·  100% of the ceiling surface covered with a material with an absorption 
coefficient of 0,75. 

·  75% of the ceiling surface covered with a material with an absorption 
coefficient of 1.  

3.3 Less surface for more performance 

As a matter of fact the ceiling is the most exposed and homogeneously in contact with the 
room. The larger the room (shared office, open plan office) the more prominent this rule is. In 
such rooms, wall surface is small compared to floor surface. In the case of buildings using 
thermal mass, such spaces will be defined by hard reflecting surfaces. This is a challenge 
from the point of view of sound propagation. Although some compensations can be found 
with partly absorbing coverings on furniture items (back of filing cabinet, screens) the ceiling 
remains a critical surface for acoustic treatment of open plan offices involving cooling 
techniques by mean of thermal mass. There appears a contradiction: 

·  On the one hand a raise of the necessary absorption quantity 
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·  On the other hand a reduction of the available surfaces for acoustic treatment.  

The consequence of the two is that solutions should be higher performing per surface 
unit. How then can we quantify their acoustic and thermal performance? 

 

 
Figure 3 : High acoustic performance horizontal free hanging units based on glass wool, 

1998, IMP Publ., Malmö, Sweden (Photography: Ecophon) 
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4 Characterisation of performance of free hanging acoustical 
units 

Horizontal free hanging solutions based on glass wool have been developed for more than a 
decade. They are positioned with sufficient spacing so as to not prevent thermal exchange. 
Although the principle is simple, it is necessary to describe their interaction with the room in a 
precise way. Especially to be able to provide input data to thermo-dynamic simulations 
conducted in order to predict the energy consumption of buildings aiming for an 
environmental certification (HQE). For that reason, laboratory studies have been performed 
on horizontal glass wool free hanging units in order to: 

- Quantify the incidence of a discontinuous ceiling on thermal exchanges between the 
soffit and the room to evaluate the proportion of the exchange based on convection and 
radiation respectively.  

- Characterise the acoustic performance of horizontal free hanging units by correlating 
the absorption contribution with a fully covered acoustic ceiling.  

 

Figure 4: Interaction between a discontinuous acoustic ceiling and a room. The horizontal 
free hanging units should be positioned with enough space between each other, so that they 

are neither an obstacle to convection nor to radiation. 

4.1 Incidence on thermal exchanges 

A test has been conducted at SP, Technical Research Institute of Sweden. “Testing of 
acoustic ceiling boards influence on cooling capacity” refers to European Standard EN 
14240:2004 - Ventilation for buildings. Chilled ceilings. Testing and rating [3], as well as 
European Standard EN 14518:2005 - Ventilation for buildings - Chilled beams - Testing and 
rating of passive chilled beams [4]. Measurements have been performed in a “room in the 
room” test set up. Room (2) is inside room (1). Room (2) is fitted with a water chilled ceiling. 
By means of the temperature difference between inlet and outlet water as well as the water 
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flow rate, one can calculate the “full regime” cooling effect of the ceiling surface. This “full 
regime” effect is then more or less degraded by the positioning of horizontal free hanging 
acoustic elements between the chilled ceiling and the temperature measurement devices 
located in the room.  

 
 
Figure 5 : Axonometric view of test set-up at SP, Technical Research Institute of Sweden. In 

blue, the water chilled ceiling. 

Test procedure implies that the temperature of room (2) is maintained constant by 
modulating the temperature in room (1). Since the varying parameter is the outlet 
temperature from the chilled ceiling, it is possible to calculate the effective cooling effect of 
the ceiling in the room for each configuration of free hanging horizontal units in the room. The 
comparison with the full regime situation is expressed in %. For instance, a 20% decrease 
(with free hanging horizontal units) means that the effective cooling effect in the room is 80% 
of the full regime effect (empty room).  
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Figure 6 – Axonometric view of one of the tested configurations, bases on 1,2 m * 1,2 m 
glass wool panels. Suspension height = 0,8 m below chilled ceiling (not represented). 

Two configurations have been tested, consisting of 6 glass wool panels of 1,2 m x 1,2 m. 
Two suspension heights below the chilled ceiling have been used: 0,2 m and 0,8 m. The 
cumulated surface of the panels is 8,5 m2, corresponding to approximately 45% of the floor 
surface. 45 % corresponds to the mid point of the interval of the coverage ratio 
recommended by thermal engineering consultants, i.e. 30% to 60%, depending on the 
project. 

 

4.2 Thermal aspects : results and interpretation 

The test shows a decrease of the thermal exchange effect due to the presence of the free 
hanging horizontal acoustic of 16% when the suspension height is 0,2 m and of 12 % when 
the suspension is 0,8 m. The more the free hanging element is suspended the better the 
energy transfer. Also the distance between panels is important to allow the air to circulate by 
convection. In this case radiation would have been the main exchange mode between the 
chilled ceiling and the room, the effect decrease should have been equal to the coverage 
ratio. For a coverage ratio of 45%, the effect drop of the cooling effect of the chilled ceiling 
should have been close to 45%. On the contrary, the test results tend to indicate that 
convection is a more important energy transfer mode than radiation is for room cooling via 
the ceiling. Also, instability of the temperature at the six measuring points in the room 
strengthens this hypothesis further. Finally, a separate study conducted by the Dutch 
acoustic consultancy firm Peutz [5] concludes in similar terms that “the reduction of the 
radiation part of the thermal capacity is less than the coverage percentage of the concrete 
due to the suspended ceiling”. 

4.3 Characterisation of the acoustic performance  

Characterisation of the acoustic performance of free hanging horizontal acoustic units is 
conducted by measuring equivalent absorption area in a reverberant room. Since such 
solutions are monolithic, they are specified and used in the acoustic treatment as a number 
of units, and not as a number of m2. They are objects, assumed to absorb sound through 
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more than the visible surface. Therefore, the absorption coefficient of the material they are 
made of is not an adequate performance indicator. More than twenty configurations have 
been tested and compiled [6], combining three sizes of free hanging units, several 
suspension heights, panels alone or clustered, if clustered – different distances between 
panels, etc. For each configuration, equivalent absorption area per octave band is presented.  
 

 
Figure 7 – Examples of equivalent absorption area values per octave band, for glass wool 

free hanging horizontal units of 2,4 x 1,2 m. 

The two main parameters acting on the acoustic performance are first, the suspension height 
of the panels and second, the distance between panels. The larger the suspension height, 
the larger is the equivalent absorption area. A panel mounted very close to the soffit will tend 
to work only on the visible side, while a panel located at mid height of the room will virtually 
work equally on both sides. Also, the larger the distance between the panels, the higher is 
the equivalent absorption area. Two panels positioned too close to each other will tend to 
“disturb” each other since acoustic energy will not distribute optimally around the panel.  
According to the same principle as for thermal performance, the more acoustic energy will be 
allowed to develop around the panel, the more the rear side (facing the soffit) will be made 
accessible to sound energy in order to be absorbed, and the higher will the total acoustic 
performance of the panel be.  
In order to simplify the application of these results in projects, the mean value of equivalent 
absorption area at octave bands 500, 1000 and 2000 Hz is calculated. This value is then 
divided by the surface of one side of the panel. This result tends to be close to 1,5. One can 
then say that 1 m2 of free hanging horizontal acoustic unit brings the same quantity of 
absorption to the room as 1,5 m2 of traditional acoustic ceiling made of the same material 
but with a closed plenum. Therefore, by covering the equivalent of 60% (1 divided by 1,5 is 
0,6) of the room surface with free hanging horizontal acoustic units, one creates acoustic 
conditions comparable to that of the same room covered with a continuous “wall to wall” 
ceiling of the same material. Though, it should be mentioned that the corresponding 60% 
should be evenly spread throughout the space to be effective. The gaps between the panels 
should be at least 500mm) and the degradation of low frequency absorption should be 
compensated by mean of extra wall absorption. 
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Figure 8 : Simplified equivalence principle of the contribution of free hanging horizontal 
acoustic units compared to that of a traditional acoustic ceiling made of the same glass wool 

material and covering 100% of the room surface (closed plenum).  

 
Further tests should be made concerning the acoustical performance of free hanging 
horizontal acoustic units with regards to sound propagation, preferably based on ASTM, 
standards on interzone attenuation. Data from in situ measurements of the rate of spatial 
decay and excess of sound pressure level in open plan offices are presently collected. They 
include sites treated by means of free hanging horizontal acoustic units. It seems that there 
is a good correlation between these measurements and the results one should expect from 
the same room fitted with a continuous acoustic ceiling.  Also, if we look at these results with 
regards to the target values proposed by the HQE document discussed above (AAEfloor+ceiling 

superior to 75% of the floor area for the level “Efficient”), it seems possible to combine 
acoustic comfort with cooling though thermal mass.  
 

5 Conclusions 

The influence of free hanging horizontal acoustic units on the energy exchange between the 
soffit and the room is limited. The degradation of the cooling effect compared to the “full 
regime” situation (no suspended acoustic treatment) is between 15 and 20 %. Furthermore, 
the reduction of the radiation part of the thermal capacity is less than the coverage ratio of 
the concrete due to the free hanging horizontal acoustic units. This tends to indicate that the 
convective part of the energy exchange is larger than the radiating part. Acoustic 
performance of such free hanging units is presented through the equivalent absorption area 
in different configurations. A simplified equivalence principle is proposed. It says that free 
hanging horizontal acoustic units covering the equivalent of 60% of a room surface will  
create acoustic conditions comparable to that of the same room covered with a continuous 
“wall to wall” ceiling of the same material. Since the required 60% are within the interval for 
coverage ratio claimed by thermal consultants (30 – 60 %), it seems therefore possible to 
obtain a certain acoustic comfort (corresponding to level Basic of the HQE reference 
document) in offices where thermal comfort is solved – totally or partly- by mobilisation of the 
thermal mass of the structure. For higher performance levels, such as Efficient, 
complementary absorbers should be installed on the walls. Also, further research is needed, 
to explore how low frequency absorption might be addressed for these types of scenarii. 
Finally, beyond these principles, each office project remains unique. Comfort criteria will 
have to be validated by end-users and workspace designers. They will have to be interpreted 
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and translated by acoustic and thermal experts. For that to happen smoothly, it is important 
that the different view points are confronted early in the project, ideally already at the stage of 
the programme of demands from the client.  
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