
 

 

French handling of alternative 
cooling techniques: free cooling 
and ground heat exchanger 
There are a lot of alternative cooling techniques that improve 
substantially the summer comfort without (or in a very limited 
manner) increasing the energy consumption. For example solar and 
thermal control techniques, heat amortization and heat dissipation 
techniques. Most used techniques in France are free cooling in 
office buildings and ground heat exchanger in dwellings.  

This paper focuses on providing general information describing the 
implementation of EN 15241 and EN 15242 into French regulation to 
evaluate passive cooling based on ventilation. It contains an 
explanation of the calculation method with detailed information on 
input and output data. 

1 > Handling of free cooling due to windows opening by 
implementing EN15242 

In the past, buildings were ventilated naturally. With an increased 
awareness of the cost and environmental impacts of energy use, natural 
ventilation is again becoming an increasingly attractive technique for 
reducing energy use and cost and for providing comfortable indoor climate. 
 
During practically all the summer period, the outside air can be a source of 
coolness from evening to morning. So, in the case of a building with an 
important inertia, a night over-ventilation enables the evacuation of heat 
stored up in daytime. Figure 1 presents the effect of inertia for different 
types of buildings in France. 
 
The EN 15242 standard describes the methods to calculate ventilation 
airflows rates for buildings to be used in applications such as energy 
calculations, heating and cooling load calculations, summer comfort and 
indoor air quality evaluations. This standard is implemented into French 
regulation for new buildings called RT2005. 
 
The method is meant to be applied to: 
 
› all types of buildings;  
› not directly applicable to buildings with a height greater than 100 m or 

for rooms where the vertical air temperature difference is greater than 
15K;  

› not applicable to kitchens preparing food that is not for immediate 
consumption;  

› not applicable to industry process ventilation; 
› automatic windows opening are not considered by this standard. 
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Figure 1: Effect of inertia. 
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The input parameters and the calculation method can be adjusted or 
complemented for these different applications. Clause 7 of the standard 
explains what must/can/should be taken into account for each application, 
and which method should be used in each case. 
 
Three methods are proposed in the standard:  

1 - Direct method 

The calculation of mechanical airflows, combustion airflows and window 
opening airflows, are all based on systems characteristics, external 
conditions and design airflows. They do not depend on the internal 
pressure condition: the interaction between the ventilation systems and 
the leakages is neglected.  

2 - Iterative method  

The iterative method is required when the interaction between the 
ventilation systems and the leakages cannot be neglected. It is therefore 
proposed for passive duct ventilation.  

3 - Statistical analysis for energy calculation 

This method can be specified at the national level for energy calculations. 
The requirements for the methods are given in § 7.2.3.3 of the present 
standard. 
 
As described below, the method proposed in the standard, and followed by 
French building regulation to calculate air flow through opening windows 
area and bottom hung windows are obtained through the direct 
calculation method (see: §6.5 of the present standard). It takes into 
account:  
 
› the wind turbulence; 
› the wind speed; 
› stack effect; 
› the inside and outside temperature; 
› user behaviour. 
 
 
For a single side impact, the airflow is calculated by: 
 

5.0**1800 VAq owvairing =  

)(..).( 2
eiwindowstmetwt absHCVCCV θθ −++=  

 
With: 
 

vq (m³/h): air flow; 

owA (m²): window opening area; 

01.0=tC takes into account wind turbulence; 

0035.0=stC  takes into account stack effect; 

001.0=wC  takes into account wind speed; 

windowH (m): is the free area height of the window; 

:)/( smVmet meteorological wind speed at 10 m height; 

iθ  : room air temperature; 

eθ : outdoor air temperature. 
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For a bottom hung window, the ratio of the flow through the opened area 
and the totally opened window is assumed to be depending only on the 
opening angle α and independent of the ratio of the height to the width of 
the window. 
 

wkow ACA ).(α=  
 
Where Aw is the window area totally opened. 
 
For )(αkC , a polynomial approximation is proposed in the standard  
(see Figure 2). 
 
In France, the opening area evolves linearly against operative temperature 
inside the interval minopθ =20°C and maxopθ =24°C, with: 

For 0,min =< wopop Aθθ  

 
For windowwopop AA => ,maxθθ  

 
Cross ventilation is taken into account thought constant values 

for 2).( mett VC  (see Table 1). 
 

)(αkC  depends on building type, maximal opening, noise and time. The 
values used in the French regulation RT 2005 are identical for residential 
and sanitary buildings and are summarized in the table below. 
 
Table 2: )(αkC values for residential and sanitary buildings. 

Noise’s  
category 

From 8 p.m  
to 7 a.m 

From 7 p.m  
to 9 a.m 

From 9 a.m  
to 8 p.m 

BR1 0.7 0.7 0 
BR2-3 0.21 0.49 0 

 
For all other building types, values are presented below. 
 
Table 3: )(αkC values for other building types. 

Noise’s category Inoccupation Occupation 
BR1 0 0.3 

BR2-3 0 0.3 
 
To present the effect of windows opening using this model, we performed 
a calculation for a typical French dwelling in Carpentras (See Figure 3). 
The useful surface of this building is 100 m² and the surface of windows is 
16.74 m². Results obtained are summarized in Table 4. 
 
Table 4: Results of simulations in Carpentras. 

Inertia )(αkC  
Maximum indoor 

temperature 

light 0.7-0.7-0 32.6 
medium 0.7-0.7-0 30.4 
heavy 0.7-0.7-0 28.9 
light 0.21-0.49-0 33.2 

medium 0.21-0.49-0 31.3 
heavy 0.21-0.49-0 29.8 

 

 
Figure 2: A polynomial 

approximation for )(αkC  
 

Table 1: Constant values. 
 

Cross ventilation 0.01 
Ventilation 0.001 

 
 
 

 

 
 

Figure 3: Studied house. 
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As expected, to ensure comfortable conditions, the maximal opening and a 
heavy inertia are the most efficient combination. 

2 > Handling of ground heat exchanger by implementing 
EN15241 

The earth remains much more cooler than the air in summer. This coolness 
can be used by means of earth cooling tubes (see Figure 4). These are 
underground tubes through which ventilation air is circulated. The 
ventilation air is hereby reheated in winter and cooled down in summer. 
 
An earth cooling tube must be correctly designed for better efficiency and 
for easier maintenance in order to avoid any health risk related to the 
quality of air.  
 
Annex A of this standard describes a simplified model to calculate air 
precooling due to supplying air through ducts lying in the ground. The 
model calculates: 
 
› leaving air temperature of the heat exchanger; 
› heat flux between ground and air in duct. 
 
The model takes into consideration the specific duct parameters and the 
inertia of the ground, depending on the depth of the ducts in the ground. 
Also the ground material is taken into account by a correction factor for 
the ground temperature. This model will be implemented into the next 
French regulation scheduled for 2012. 
 
In this model the ground temperature depends on two parameters: 
 
› the annual mean outside temperature; 
› air temperature and the depth of the ducts. 
 
The ground temperature is modelled as a sinus curve based on the annual 
mean outside air temperature. The depth of ducts corrects the sinus curve 
in two ways: 
 
› the amplitude decreases in function of the depth; 
› the ground temperature is retarded in function of the depth. It means 

the inertia of the ground increases in function of the depth. 
 
The ground temperature depends on the annual mean and the amplitude 
of the annual swing of the outside air temperature at the building location, 
and on the depth of the duct in the ground (see Figure 5). To take into 
consideration the inertia of the ground, the outside air temperature is 
corrected by AH, VS and gm. 
 
AH corrects the amplitude, depending on the depth of the ducts lying in 
the ground. 
 

1.1993.0.01381.0.000335.0 23 +−+−= depthdepthdepthAH  
 
VS corrects the ground temperature by a time shift, depending on the 
depth of the ducts lying in the ground. 
 

).0195.0.3385.0.0156.1.298.101786.0.(24 432 depthdepthdepthdepthVS −+−+=
 

 
 

Figure 4: Principle of  
ground heat exchanger 

 
 
 
 

 
Figure 5: Ground temperatures 

for several duct depths  
(X: annual hour,  
Y: Temperatures) 
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Finally, the air ground temperature is calculated as follow: 
 

[ ] ⎥
⎦

⎤
⎢
⎣

⎡
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⎤

⎢⎣
⎡ +−Δ−= 25.24.
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with ATΔ being the amplitude of the annual outside air temperature 
swing. 
 
Some gm values for soil materials are proposed in this standard  
(see Table 5). 
 
The leaving air temperature is calculated with the formula: 
 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
−−=

airair

e
AirInGGAirOut CpM
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eTTTT

.
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).(  

 
With: 
 
Ue : Transfer coefficient of the air duct 
Cpair : specific heat capacity of air 
Mair : Dry air mass flow rate 
 
 
Finally, the air ground temperature and leaving air temperature can be 
calculated. Figure 6 presents an example of potential of this technique in 
the south of France during August. The air outlet from the duct is much 
cooler than external temperature.  
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Table 5: gm values. 
 

G. material gm 
Moist soil 1 
Dray sand 0.9 
Moist sand 0.98 
Moist clay 1.04 
Wet clay 1.05 

 

 
 

Figure 6: Potential of heat 
ground exchanger in Nice 

during August 
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