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1 Introduction 
This report proposes an approach to calculate the ventilation heat transfer when 
calculating the overall energy performance by means of a simple common model.  The 
heat transfer model and its numeric inputs are given in §2. 
 
The results are based on an enquiry among the project participants, whose full answers 
are reproduced in §3 and §4.  A graphical visualisation of the results is given in §3.2. 
 
The national input from each of the countries was contributed by the following authors: 
 
Country Names Affiliation 
BE Antoine Tilmans, Dirk Van Orshoven BBRI 
CZ Jan Pejter ENVIROS, s.r.o. 
DE Heike Erhorn-Kluttig FhG IBP 
DK Kirsten Engelund Thomsen & Jørgen Rose SBi 
FI Jari Shemeikka VTT  
FR Franck Leguillon  & Hicham Lahmidi  CSTB 
IT Michele Zinzi ENEA 
NL Marleen Spiekman TNO 
NO Peter Schild SINTEF 
PL Paweł Filaber NAPE 
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2 Method and values 

2.1 Calculation model 

For the purpose of the simplified comparison of EP requirement levels in different 
countries, the following model is proposed. 
 
The ventilation heat losses for space heating calculations can be expressed as a function 
of the overall ventilation heat transfer coefficient HV :  
 

Qventilation losses = (Ti-Ta)*t*HV  [MJ] 
 
with 
Qventilation losses  = ventilation losses per month, in MJ; 
Ti   = indoor setpoint temperature, in °C; 

(Ti = 19 °C; source: Dutch EP method) 
Ta   = outdoor temperature, in °C; 
t   = length of the month, in Ms. 
 
In this simple model, the overall ventilation heat transfer coefficient is explicitly 
composed of different parts that do not interact: 
 

HV = HV,intentional + HV,in/exf + HV,door/window  [W/K] 
 
with  
HV,intentional the ventilation heat transfer coefficient associated with purpose 

provided ventilation (natural and/or mechanical ventilation), in W/K; 
HV,in/exf the ventilation heat transfer coefficient associated with uncontrolled 

in/exfiltration, in W/K; 
HV,doors/windows the ventilation heat transfer coefficient associated with ventilation due 

to the opening of windows and doors (for purposes other than 
ventilation), in W/K. 

No other terms are considered. 
 
The different values are calculated as follows: 
 

HV,intentional = 0.34 * Qintentional 

 
 with Qintentional = 1.8 Afloor,net 
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 HV,in/exf = 0.34 * Q50/20 
 
 HV,doors/windows = 0 (the effect is considered negligible) 
 
with: 
Qintentional the average air flow rate due to purpose provided ventilation during 

the heating season, in m³/h; 
Afloor,net the net floor area (following the Dutch conventions), in m²; 
Q50 the air leakage rate of the air tightness test at 50 Pa, averaged 

between the pressurisation and depressurisation test, in m³/h. 
 
It is proposed that the airtightness becomes part of the set of technical measures1 that are 
imposed.  This means that the national calculators will be obliged to use in their 
calculation a predefined air tightness. 
Practically speaking the following curves are proposed (which are considered to result 
from testing) 

• pressurisation: presn
prespres PCQ Δ⋅=  

• depressurisation:  depresn
depresdepres PCQ Δ⋅=  

The different coefficients are given as follows: 
npres = 0.63 
ndepres = 0.67 
Cpres = 2.6 * Vint / 50^npres 
Cdepres = 2.4 * Vint / 50^ndepres 
 
This corresponds to an average n50 of 2.5, which was considered a reasonable average 
value is most of the partner countries. 
With these curves, the national calculators can determine the input values that are needed 
for their national calculation method, e.g. at the required national pressure (e.g. 4Pa, or 
10Pa, or 50Pa, etc.) and in the required form (e.g. v50, q10, V4, etc.) 
 
For a given building the numeric values of the coefficients Cpres and Cdepres are calculated 
once and for all.  The airtightness is thus part of the technical measures that are imposed.  
These coefficients thus don't need to be determined by the national calculators. 
 

                                                 
1 In the same way as for other major design variables: e.g. condensing gas boiler; no solar collector; 
ventilation system: natural supply, mechanical exhaust; etc. 
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In summary, the above equation for HV with separate, non-interacting terms constitutes a 
simple model whereby  
• the dedicated ventilation air flow is a simple, fixed relation with the size (as 

quantified by the net floor area) of the dwelling 
• the in/exfiltration flow is linearly proportional to the airtightness 
• no term for door and window opening, which is considered negligible. 
 
 

2.2 Numeric input values 

For the sample dwelling of the study, the numeric values are: 
Afloor,net = 129.39 m² 
Vint = 370.082 m³ 
 
Thus, applying above formulas, and after rounding: 
Qintentional = 232.9 m³/h 
HV,intentional = 79.2 W/K 
 

63.0
pres P2.888Q Δ⋅=  (This equation is given to the national calculators.) 

67.0
depres P2.962Q Δ⋅=  (This equation is given to the national calculators.) 

Q50,pres = 962.2 m³/h 
Q50,depres = 888.2 m³/h 
Q50,ave = 925.2 m³/h 
HV,in/exf = 15.73 W/K 
 
 

3 Background information 
An English translation of the national EPB-methods for determining the ventilation heat 
loss coefficient HV and/or some explanation is given in a separate report [1], which 
provides analytical insight. 
In the present chapter quantitative comparisons of the national methods are made. 
 

3.1 Quantitative example 

The numerical values that were used in step 2 of the pilot study are given in the table 
below, including explanatory footnotes on the subsequent pages.  Further on there is a 
graph. 
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Variable Unit CZ DK FI FL  FR DE IT NL NO PO 
HV W/K  55.24 100.3 144.87 - 78.09 33.84 93.16  100.43
decomposition, 
if possible: 

           

HV,dedic W/K  25.78 81.6 96.56 -   72.98 72.5 100.00
HV,in/exf W/K  22.10 18.7 48.31 -   20.18 ≈ 0 0.43 

HV,doors&windows W/K  7.37  - -   - 0 - 
airtightness 
input 

           

input variable 
[unit] 
value 

(3) 

 n50,N q50,max 
[l/s/m²]
1.5 

n50 
[1/h] 
4 

v50 
[m³/h/m²]
12 

V4 
[m³/h/m²] 
1.3 

n50 
[1/h] 
<=3.0 

 qv;10;char/Afloor

[dm3/s/m2] 
1.0 

n50 
[/h] 
0.5 

n50 
[h-1] 
3.0 

equivalent n50    2.26 4 9.6  <=3 - 1.07 0.5 3 
default value? 

(4) 
- yes  yes yes yes yes (4)  A non-

official 
default 

no (1) yes 

airflow (5) m³/h  213.49 244.8 3552.24 346.81 at 3.0 1/h: 1092.3  465.8 219.9 300,00
in/exfiltration 

airflow (6) 
m³/h 0 49.27 56.16 142.09 143.35/ 

-69.28 
at 0.6 1/h: 218.5  60.55  < 0.1 1,25 
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CZ 
(3) n50,N is the required value of the total air change rate under the pressure difference 50 Pa, in h-1 

(4) according to ventilation type used in the building 
 
DK 
(3) q50max [l/s/m²]  

The recommended values of the total air change rate n50,N  

Ventilation in the building  n50,N [h-1] 

Natural – used in Step 2 calculation 4.5 

Forced  1.5 

Forced with heat recuperation 1.0 

Forced with heat recuperation in buildings with especially low heat use for heating  0.6 

 
DE 
(4) If airtightness requirement (n50) is met: total air change rate = 0.6 1/h under mean conditions in heating period 
(6) infiltration + window opening incl. extract in bathroom 
 
FL (BE) 
(3) the air leakage at 50 Pa per unit envelope area: v50 
(5) equals 12 m³/h/m² * 296.02m² = 3552.24 m³/h 
 
FR 
(5) 1.3*266.78=346.81 m³/h 
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NL 
qv;10;car/m

2 = 1,0. qv;10;car/m2 = characteristic air leakage at 10 Pa per m2 usable floor area. The value 1,0 is always used for ventilation 
systems with natural supply and mechanical exhaust: lower values are not allowed (see previous paragraph). The value is a realistic 
average value, therefore “allowed” by the local authorities. (The problem lies with full mechanical ventilation systems, where lower 
infiltrations values are allowed, which are less evident to be reached in practice). 
 
(4) was the value used in the previous line the default value?  Or was a hypothesis made about better than default air tightness?  
Answer with yes or no.  If it is not the default value, then  
• explain here: there is no official default, but since a lower value is not allowed in this case and the value is seen as average, this 

value is always used and “allowed” by the local authorities (I say “allowed” between “” because officially a local autority can 
object of course, but I don’t think this ever happened). 

• what would have been the default value: na 
(5) what is the total airflow for this building corresponding to the input (3)? 
Explain: NL:  

• The infiltration airflow corresponding to the input (3) is 1.0 x 129,39 = 129.39 dm3/s = 465.8 m3/h (Note: I don’t know if I 
understand what value you ask for here…) 

e.g. FL (BE): = 12 m³/h/m² * 296.02m² = 3552.24 m³/h 
(6) if it is possible to extract this information from the formulas of the EP-method, the (seasonal average) airflow that is used to 
calculate HV,in/exf  

• NL: the total airflow (related to infiltration) is 0.13 x qv10,car/m2 x Ag = 0.13x  1,0 x 129,30 m2 = 16.82 dm3/s = 60.55 m3/h. 
(Note: I don’t know if I understand what value you ask for here…) 

 
NO 

(1) Norway: n50=0.5 was used, which has been demonstrated to be achievable for large buildings with simple geometry. The 
national building code stipulates a default value of n50=2.5 for detached houses (single family), and 1.5 for all other buildings. 
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PO 
(5) what is the total airflow for this building corresponding to the input (3)? 
Explain: ... 
Total airflow for building according to Polish requirements is sum of minimum require airflow (for this building 300 m3/h) and 
additional flow calculated according the formula: 
 
 
 
where: 
V – building volume 
n50 – number of air exchange in the building caused by pressure difference 50Pa 
e, f - building shield coefficient 
Vnaw – airflow (mechanical ventilation supply) m3/h 
Vwyw – airflow (mechanical ventilation exhaust) m3/h 
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3.2 Quantitative impact of air tightness 

In the previous paragraph spot values were given.  In addition, the national calculators 
were asked to vary the airtightness from perfectly airtight (theoretical limiting case) to 
very "airopen" in the same building.  The results are described in a conference paper [2]. 
 
The numeric values corresponding to the graphs are given in the tables in annex 2 (§.4) 
Here, only the summary graph is shown, including the lines corresponding to the model 
described in §.2.  It can be seen that the model is within the range of the different national 
values. 
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4 Annex 1: Quantitative impact of the air tightness on the ventilation 
heat transfer coefficient 

In the tables below, the meaning of the numbers is 
(1) input variable for airtightness, e.g. n50 
(2) the total airflow for this building corresponding to the input (1) 
(3) if it is possible to extract this information from the formulas of the EP-method, the 
(seasonal average) airflow that is used to calculate HV,in/exf 
 
 

4.1 DK 
Variable Unit
q50 (1) l/s/m² 0.00 0.50 1.00 1.50 2.00 2.50 3.00
airflow 
(2)

m³/h 0.00 180.64 197.06 213.49 229.91 246.33 262.75

in/exfiltr
ation 
airflow 
(3)

m³/h 0.00 16.42 32.84 49.27 65.69 82.11 98.53

HV,in/exf W/K 0.00 5.52 11.05 16.57 22.10 27.62 33.15
HV,total W/K 55.24 60.77 66.29 71.82 77.34 82.86 88.39

(1) For Denmark the area in m2 is gross floor area

 

4.2 FI 
Variable Unit                 
n50 (1) 1/h 0 1 2 3 4 5 6 7 
airflow (2) m³/s 0.0680 0.0719 0.0758 0.0797 0.0836 0.0836 0.0836 0.0836

in/exfiltration 
airflow (3) 

m³/s 0.0000 0.0039 0.0078 0.0117 0.0156 0.0156 0.0156 0.0156

HV,leakage W/K 0.0 4.7 9.3 14.0 18.7 18.7 18.7 18.7 
HV,total W/K 81.6 86.3 90.9 95.6 100.3 100.3 100.3 100.3 

Explanation: The default value is n50=4 1/h, this value can be used, if nothing else is 
known. 
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4.3 FL (BE) 

 
Variable Unit         
v50 (1) m³/h/m² 

(1) 
0 3 6 9 12 15 18 21  

airflow (2) m³/h 0 888.06 1776.12 2664.18 3552.24 3552.24 3552.24 3552.24
in/exfiltration 
airflow (3) 

m³/h 
0 35.52 71.04 106.57 142.09 142.09 142.09 142.09 

HV,in/exf W/K 0 12.08 24.16 36.23 48.31 48.31 48.31 48.31 
HV,total W/K 96.56 108.63 120.71 132.79 144.87 144.87 144.87 144.87 
Explanation: the default value is 12 m³/h per m² envelope area.  So, if the measured air 
tightness is higher than this value, it is still allowed to calculate with the default value, 
and the ventilation heat transfer coefficients do not increase anymore. 
 

4.4 FR 

 
Variable Unit         
v4 (1) m³/h/m² 

(1) 
0 0.4 0.6 0.8 1.3 1.7 2 3 

airflow (2) m³/h 0 106.7 160.1 213.4 346.8 453.5 533.6 800.3 
in/exfiltration 
airflow (3) 

m³/h 0 64.85/ 
-7.84 

83.3/ 
-18.69 

101.33/ 
-31.96 

143.35/ 
-69.28 

178.53/ 
-99.14 

204.44/ 
-122.36 

289.17/ 
-200.65 

HV,in/exf W/K         
HV,total W/K         
          
(1) The air flow result (m³/h/m²) of a pressurisation/depressurisation test under 4 Pa is 
used 
 

4.5 DE 

 
Variable Unit     
n50 1/h 

(1) 
0 3 3 10 

airflow (2) m³/h 0 1149.81 1149.81 3832.7 
in/exfiltration 
airflow (3) 

m³/h     

HV,in/exf W/K     
HV,total W/K 78.09 78.09 91.03 91.03 
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Explanation:  
(1): the German standard DIN 4108-6 for the official energy certificate foresees only two 
possible ventilation rates for dwellings that are not completely mechanically ventilated 
(incl. extracts in bathrooms):  
- with successful pressure test (i.e. n50<3/h): 0.6 1/h and  
- without pressure test: 0.7 1/h.  
These values are the total air change rate over the heating period (not n50). 
 

4.6 NL 

 
Variable Unit         
qv;10;car/m2 (1) dm3/sm2 

(1) 
0 0.5 

 
1 1.5 2 2.5 3 3.5 

 
airflow (2) m³/h 0 232.85 465.80 698.71 931.61 1164.51 1397.41 1630.31
in/exfiltration 
airflow (3) 

m³/h 0 30.28 60.55 90.83 121.11 151.39 181.66 211.96 

HV,in/exf W/K 0 10.09 20.18 30.28 40.37 50.46 60.55 70.65 
HV,total W/K 93.16 93.16 93.16 103.23 113.35 123.44 133.53 143.62 
 
Explanation: NL: formula’s are linear, so lines are linear as well. The dip in the curve of 
Hv is caused by the fact that the minimum Hv cannot be lower than a certain value 
(corresponding to a minimum value of qv10,car/m2 of 1,0 dm3/sm2. But note that the 
minimum value is determined on the level of qv;heating and not on the level of Hv or 
qv10,car/m2) 
 

4.7 NO 

 
Variable Unit        
n50 /h 0 0.5 1 2 4 8 16 
airflow (2) m³/h 219.9 220.0 220.2 222.1 235.4 304.0 513.7 
in/exfiltration 
airflow (3) 

m³/h 0.00 0.04 0.28 2.20 15.5 84.0 293.7 

HV,in/exf W/K 0.00 0.01 0.09 0.73 5.12 27.7 96.9 
HV,total W/K 72.6 72.6 72.7 73.3 77.7 100.3 169.5 
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4.8 PO 

 
Variable Unit                 
n50 (1) h-1 0 0,50 1,00  3,00  5,00 10,00 20,00  30,00 

airflow (2) m³/h 300,00 300,01 300,05 301,25 305,49 335,43 459,68 611,93

in/exfiltration 
airflow (3) 

m³/h 0,00 0,01 0,05 1,25 5,49 35,43 159,68 311,93

HV,in/exf W/K 0,00 0,00 0,02 0,42 1,83 11,81 53,23 103,98
HV,total W/K 100,00 100,00 100,02 100,42 101,83 111,81 153,23 203,98

 
 
 

5 Annex 2: original questionnaire 
For archiving purposes, the original questionnaire which was submitted to the project 
partners is copied here. 
 

5.1 Introduction 

A draft version of the methodology was included here.  The definitive version is now 
given in §2.1. 
 
In the next paragraph national information is collected on the treatment of HV in the 
different EP-regulations.  The objective is twofold: 
• to gain an insight in the principles of the national EP-calculation methods, and to 

confront above provisional model with them 
• to get a quantitative feeling for (the variation between) the national ventilation heat 

transfer coefficients, and -if possible- their breakdown in different components.  Also 
the impact in the different methods of good or bad air tightness can be revealed. 

The enquiry will also show the variables that are used to characterise the envelope air 
tightness, and what the national default values and typical mean values are.  It will then 
be possible to evaluate how these diverse input variables can be converted in a common 
way for the unified model. 
 
This information will probably also provide useful insight for WP5. 
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5.2 National input 

In order to gain some qualitative and quantitative insight in the different methodologies, 
each partner is requested to provide the following information. It is expected that a great 
variety of methods and values will result. 
Rather than leading to a substantiated unified approach for the simple methodology, it 
might be that it will instead illustrate in a practical manner, with numeric examples, that it 
is not really possible to make a sensible comparison. Wait and see what comes out. 
 
An example for the Belgian EP-regulation is given below. 
 

5.2.1 Formulas for ventilation losses (for space heating calculations) 

It is expected that the part of the EP-regulation dealing with the ventilation losses and HV 
is only 1-2 pages long.  It is therefore requested to translate these into English. 
If possible, give some brief background information on the choices that have been made.  
In particular, pay attention to the interaction, if any, between the different terms: e.g. if 
the air tightness is not so good, is the dedicated ventilation decreased? (e.g.because the 
users use the dedicated ventilation system less intensively when there is already air 
change through cracks, e.g. by reducing the ventilation openings, or by lowering the fan 
speed) 
Please, make sure that from the translation/supplementary explanation also a clear answer 
to the following questions can be deduced: 
1) What is the physical variable used to characterize the air tightness? i.e. which input 
variable is used in the EP-methodology? e.g. the air flow result of a 
pressurisation/depressurisation test at 50 Pa (Q50 [m³/h]), or at 10 Pa (Q10), or at 4 Pa 
(Q4), ..., or flows per unit area  (qv50 [m³/h/m²]), ..., or an air change rate, e.g. n50 
[ACH], etc. 
2) What are the different methods to determine this input variable for air tightness? e.g.: 
• through measurement 
• a default value: how is it determined? does it depend on the building characteristics 

(e.g. wooden construction, brick construction,…)? ...? 
• still other ways? 
 
Answer: (see Belgian example in the report [1] ) 
English translation of the HV excerpt from your EP-determination method 
.... 
 
Some background explanation 
... 
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5.2.2 Quantitative examples 

Give the numerical values that were used in step 2 of the pilot project 
 
Variable Unit ...(1) e.g. FL (BE)  
HV W/K  144.87  
if possible, decompose:     

HV,dedic W/K  96.56  
HV,in/exf W/K  48.31  

HV,doors&windows W/K  -  
 HV,... (2) W/K  -  

...(2) W/K    
airtightness input     

... (3) ... (3)  v50 [m³/h/m²] 12  
default value? (4) -  yes  

airflow (5) m³/h  3552.24  
in/exfiltration airflow (6) m³/h  142.09   
(1) fill out your country 
(2) if applicable, specify 
(3) mention the input variable that is used, e.g. n50 
e.g. FL (BE): the air leakage at 50 Pa per unit envelope area v50 
(4) was the value used in the previous line the default value?  Or was a hypothesis made 
about better than default air tightness?  Answer with yes or no.  If it is not the default 
value, then  
• explain here: ...  
• what would have been the default value: ... 
(5) what is the total airflow for this building corresponding to the input (3)? 
Explain: ... 
e.g. FL (BE): = 12 m³/h/m² * 296.02m² = 3552.24 m³/h 
(6) if it is possible to extract this information from the formulas of the EP-method, the 
(seasonal average) airflow that is used to calculate HV,in/exf  
 
Variation of the air tightness 
Is it possible to show how some variables, such as the ventilation heat transfer coefficient 
for heating, change when the airtightness varies from perfectly air tight (theoretical 
limiting case) to very "airopen"?   
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Can you make a graph (see attached XL file)? Can you explain the shape of the curve? 
(e.g. points where the slope changes) 
 
Variable Unit         
... (1) ... (1) 0 ... ...      
airflow (2) m³/h         
in/exfiltration 
airflow (3) 

m³/h         

HV,in/exf W/K         
HV,total W/K         
          
(1) input variable for airtightness, e.g. n50 
(2) what is the total airflow for this building corresponding to the input (1)? 
(3) if it is possible to extract this information from the formulas of the EP-method, the 
(seasonal average) airflow that is used to calculate HV,in/exf 
 
Explanation: ... 
 
Flemish (Belgian) example 
 
Variable Unit         
v50 (1) m³/h/m² 

(1) 
0 3 6 9 12 15 18 21  

airflow (2) m³/h 0 888.06 1776.12 2664.18 3552.24 3552.24 3552.24 3552.24
in/exfiltration 
airflow (3) 

m³/h 
0 35.52 71.04 106.57 142.09 142.09 142.09 142.09 

HV,in/exf W/K 0 12.08 24.16 36.23 48.31 48.31 48.31 48.31 
HV,total W/K 96.56 108.63 120.71 132.79 144.87 144.87 144.87 144.87 
          
Explanation: the default value is 12 m³/h per m² envelope area.  So, if the measured air 
tightness is higher than this value, it is still allowed to calculate with the default value, 
and the ventilation heat transfer coefficients do not increase anymore. 
 
This kind of exercise can give some insight of the type illustrated in the Flemish 
comparative study, subreport 1, §3.1, see http://www.asiepi.eu/wp-2-
benchmarking/related-information.html 
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