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Introduction

• Energy performance (EP) of a building
• Total annual energy consumption of the 

building, incl. heating, cooling and ventilation 
• Some countries: calculated prior to the 

construction to check conformity with 
requirements

• European Energy Performance of Buildings 
Directive (EPBD)
• introduced in 2002 and revised in 2018 and 2024
• obliges the EU Member States to describe a national 

building EP calculation methodology
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© European Parliament
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Introduction

• Building airtightness regulation
• More and more countries with mandatory 

envelope airtightness requirements 
• With or without mandatory justification
• Various indicators: vol./surf., 4/20/50 Pa
• Various criteria to determine the threshold values : 

Type of ventilation systems (Germany); type of dwellings 
(France); compactness (Spain); climate zone (USA), etc

• Other countries with recommendations
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Introduction

• Building airtightness regulation
• More and more countries with mandatory 

envelope airtightness requirements 
• With or without mandatory justification
• Various indicators: vol./surf., 4/20/50 Pa
• Various criteria to determine the threshold values : 

Type of ventilation systems (Germany); type of dwellings 
(France); compactness (Spain); climate zone (USA), etc

• Other countries with recommendations

• Other/complementary option encouraging good 
airtightness: include air infiltration in EP calc. 
• energy loss due to infiltration calculated based on the 

envelope air leakage rate
• poor airtightness can jeopardize the possibility to comply 

with the global energy performance requirements
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Introduction

• Envelope air leakage rate calculation (qinf)
• For a precise calculation at a time t, we need:

• the precise pressure distribution across the envelope (Δpi) 
depending in particular on :
• the wind
• the mechanical ventilation
• the temperature difference

• precise leakage distribution and characterization of each leak i :
• flow coefficient Ci 

• flow exponent ni
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Introduction

• Envelope air leakage rate calculation (qinf)
• For a precise calculation at a time t, we need:

• the precise distribution of pressure across the envelope (Δpi) 
depending in particular :
• the wind
• the mechanical ventilation
• the temperature difference

• precise leakage distribution and characterization of each leak i :
• flow coefficient Ci 

• flow exponent ni

• But in practice:
• precise distribution of pressure unknown
• leakage distribution & characterization of each leakage path 

usually unknown airtightness estimated/measured for the 
whole building envelope;

• airtightness usually estimated/measured at 50 Pa VS operational 
dP rather between -10 and +10 Pa;
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Need of simplified models
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Simplified models
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Not included in the EP calculations

• In some countries the envelope airtightness is not an input 
for the EP calculation
• Switzerland
• Sweden 

• requirements on envelope airtightness for new buildings BUT
• Energy Performance Certificates based on measured energy performance 

• New Zealand 
• No specific target for building airtightness
• Three methods to comply with the performance requirements, only one 

include airtightness (as a constant) in a detailed hourly calculation; but not 
the preferred choice (most complex one)
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Leakage – Infiltration Ratio (LIR)

• Linear relationship between infiltration rate (ninf) 
and leakage rate at 50 Pa (n50)
• Used to estimate the building steady-state infiltration heat 

loss, usually applied in semi-steady state calculation methods 
• Quick estimation but with significant limitations
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Leakage – Infiltration Ratio (LIR)

• Linear relationship between infiltration rate (ninf) 
and leakage rate at 50 Pa (n50)
• Used to estimate the building steady-state infiltration heat 

loss, usually applied in semi-steady state calculation methods 
• Quick estimation but with significant limitations
• Belgium

• No requirement on minimum airtightness level, but very 
disadvantageous default value in EPC if no test 

• In Flanders: requirement on the global performance all 
building tested

• N = 25
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Leakage – Infiltration Ratio (LIR)

• Linear relationship between infiltration rate (ninf) 
and leakage rate at 50 Pa (n50)
• Used to estimate the building steady-state infiltration heat 

loss, usually applied in semi-steady state calculation methods 
• Quick estimation but with significant limitations
• Belgium

• No requirement on minimum airtightness level, but very 
disadvantageous default value in EPC if no test 

• In Flanders: requirement on the global performance all 
building tested

• N = 25
• Finland

• N is a floor coefficient: 35 (1 floor); 24 (2 floors); 20 (3-4 
floors); 15 (>5 floors)
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Simple Infiltration Models (SIM)

• Take into account time-dependent parameters
• More complex but more precise than LIR
• UK

• N = 20  but with monthly correction factors to account for wind fluctuations
• Presentation by Xiaofeng
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Simple Infiltration Models (SIM)

• Take into account time-dependent 
parameters
• More complex but more precise than LIR
• UK
• USA

• Regulation depends on the states, most 
states adopted the International Energy 
Conservation Code (IECC) with limit for 
leakage and three compliance methods, 
incl. Energy Rating Index: the hourly air 
exchange rate for the year is calculated 
and includes stack and wind 
coefficient
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Simple Infiltration Models (SIM)

• Take into account time-dependent parameters
• More complex but more precise than LIR
• UK
• USA
• Spain

• Requirements on airtightness since 2019 for residential buildings > 120 m²
• Dynamic hourly model for EPC BUT infiltration calculated with a simplified model, with

parameters:
• 2 values of wind speed of 0 and 4 m/s
• pressure coefficients: +0.25 windward ; -0.50 downwind; -0.60 for roofs
• exposure to wind: by default, 50% windward surface; 50% downwind surface
• flow coefficient (n) : 0.5 for big openings; 0.67 for small openings like cracks.
• ventilation design rate
• etc
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Equilibrium Pressure Model (EPM)

• Pressure calculated by a mass balance equation
• More complex but more precise than LIR and SIM
• Calculation performed at a time step (often hourly)
• Requires an estimation of pressure and leakage distribution
• Presented by Valérie right after

• The Czech Republic
• Presented by Jiri 

• France
• Very similar to CZ
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Comparison SIM - EPM

• Happle et al. : test on 24 Swiss buildings
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The model choice can drastically affect the energy 
demand in the individual building level

the annual heating demand was reduced with the 
EPM for all buildings but one, with an average reduction 
of 11.6% and a maximum reduction of 65%.

[18] G. Happle, J. A. Fonseca, and A. Schlueter, “Effects of air infiltration modeling approaches in urban building energy demand forecasts,” 
Energy Procedia, vol. 122, pp. 283–288, Sep. 2017, doi: 10.1016/j.egypro.2017.07.323. 
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Conclusion
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Summary
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Additional info.
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