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Introduction

Building Airtightness in EP Calculations - Nolwenn Hurel and Valérie Leprince, Cerema

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

7Building Airtightness in EP Calculations - Nolwenn Hurel and Valérie Leprince, Cerema

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;

8

Need of simplified models
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Simplified models

Building Airtightness in EP Calculations - Nolwenn Hurel and Valérie Leprince, Cerema

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)

10Building Airtightness in EP Calculations - Nolwenn Hurel and Valérie Leprince, Cerema



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

12Building Airtightness in EP Calculations - Nolwenn Hurel and Valérie Leprince, Cerema



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

18

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

Building Airtightness in EP Calculations - Nolwenn Hurel and Valérie Leprince, Cerema

Summary
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How is building airtightness factored into 
the energy performance assessment of 

homes in the UK?

Xiaofeng (Ken) Zheng
Buildings, Energy and Environment 

Research Group, Faculty of Engineering, 

University of Nottingham, United Kingdom

AIVC & TightVent webinar Dec 
2024

Outline

Energy impact of building airtightness

UK adaptation

Inclusion of Pulse in SAP 10.2

Space for improvement
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3
Department of Architecture and Built 

Environment The University of Nottingham
09 December 2024

Energy impact of airtightness

Infiltration heat loss

Infiltration rate

0.33NVDT?

Airtightness

4
Department of Architecture and Built Environment 

The University of Nottingham
09 December 2024

Correlation between air leakage and infiltration

Infiltration: air movement through cracks and gaps in the building thermal envelope, driven by the wind and buoyancy effect. 

Airtightness
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5
Department of Architecture and Built Environment 

The University of Nottingham
30/11/2024

Energy impact of airtightness
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Department of Architecture and Built Environment 

The University of Nottingham
09 December 2024

Energy impact of airtightness

Source: Good practice guide to airtightness by Passivhaus Trust
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Department of Architecture and Built Environment 

The University of Nottingham
09 December 2024

Energy impact of airtightness

The growing demand for low-carbon buildings highlights the need for highly airtight homes with mechanical 

ventilation systems in the future. However, concerns have been raised about the dependency of super-airtight 

buildings on the proper functioning of ventilation systems, which could pose risks under certain circumstances.[1]

[1]. D. Etheridge A perspective on fifty years of natural ventilation research

Building and Environment. Volume 91, September 2015, Pages 51-60

Future scenario

Is highly airtight and mechanical ventilated home the future?

Source: Secret Bunker,  New York Time, Web Urbanist 

8
Department of Architecture and Built Environment 

The University of Nottingham
09 December 2024

Energy impact of airtightness in the UK

Given the fact UK building regulations are unlikely to 
impose highly stringent airtightness requirements in 
the foreseeable future. Relatively leaky homes 
remain prevalent, which highlights the importance of 
gaining a deeper understanding of the energy impact 
of building airtightness in the UK context.
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Infiltration models

International context

09 December 2024
Department of Architecture and Built Environment, 

University of Nottingham

Table 1 Summary of infiltration predicting models

10

□ The calculation is based on the energy 
balance, taking into account a range of 
factors that contribute to energy efficiency:

•  materials used for construction of the 
dwelling

•  thermal insulation of the building fabric 

•  air leakage, ventilation characteristics of 
the dwelling,   and ventilation equipment 

•  efficiency and control of the heating 
system(s) 

•  solar gains through openings of the 
dwelling 

•  the fuel used to provide space and water 
heating, ventilation and lighting 

•  energy for space cooling, if applicable

•  renewable energy technologies

Standard Assessment Procedure (SAP)

SAP explained

09 December 2024
Department of Architecture and Built Environment 

The University of Nottingham
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UK adaptation-SAP 10.2

Consideration of airtightness in SAP 10.2 

No measurement

Infiltration rate

1. Additional infiltration due to storeys in the dwellings

2. Structural infiltration

3. Ground floor construction 

4. Draught lobby

5. Percentage of windows and doors draught proofed

09 December 2024
Department of Architecture and Built Environment 

The University of Nottingham

UK adaptation-SAP 10.2: Step 1 Input of airtightness

Consideration of airtightness in SAP 10.2 

With a measurement

Air permeability value at 50 Pa 

by a fan pressurisation test

Air permeability value at 4 Pa

By a low-pressure pulse test

09 December 2024
Department of Architecture and Built Environment 

The University of Nottingham
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Divide-by-20 rule

UK adaptation

09 December 2024
Department of Architecture and Built Environment 

The University of Nottingham

Original Divide-by-20 rule

N50/20

Adapted version in the UK 

Q50/20

Where, N50 is the building air change rate measured at 50 Pa, h-1

             Q50 is the building  air permeability at 50 Pa, m3/h/m2;

UK context @50 Pa

14

UK adaptation-SAP 10.2

09 December 2024
Department of Architecture and Built 

Environment The University of Nottingham

 Source: The Government’s Standard Assessment Procedure for Energy Rating of Dwellings.  Version 10.2 

Step 1: Input of airtightness measurement

13
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UK adaptation-SAP 10.2

Step 1: Input of airtightness (Pulse: 0.263×(AP4)0.924)

▪Based on a sample of 
100 UK homes

▪Validation against the 
n exponent profile of 
293k blower door 
tests

09 December 2024
Department of Architecture and Built Environment 

The University of Nottingham
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UK adaptation-SAP 10.2

09 December 2024
Department of Architecture and Built 

Environment The University of Nottingham

 Source: The Government’s Standard Assessment Procedure for Energy Rating of Dwellings.  Version 10.2 

Step 2: Shelter factor
A side of a building is sheltered if there are adjacent buildings or tree-height 

hedges which effectively obstruct the wind on that side of the building. 

15
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UK adaptation-SAP 10.2

09 December 2024
Department of Architecture and Built 

Environment The University of Nottingham

 Source: The Government’s Standard Assessment Procedure for Energy Rating of Dwellings.  Version 10.2 

Step 3: Wind factor

18

UK adaptation-SAP 10.2

09 December 2024
Department of Architecture and Built 

Environment The University of Nottingham

Step 4: Effective air change rate

Effective air change rate is then determined based on the ventilation type:

▪ Balanced mechanical ventilation with heat recovery

▪ Balanced mechanical ventilation without heat recovery

▪ Whole house extract ventilation or positive input ventilation from outside

▪ Natural ventilation or whole house positive input ventilation from loft

Then the infiltration heat loss is calculated using

0.33NVDT

+Chimneys, flues, fans, PSVs,

17
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UK adaptation-SAP 10.2

09 December 2024
Department of Architecture and Built 

Environment The University of Nottingham

Comparison with LBL

Factors LBL UK-SAP

Airtightness Yes Yes

Wind Yes Yes

Temperature difference Yes No

Shelter factor No Yes

Building height Yes Yes

Terrain class Yes No

Leakage distribution Yes (Assumption) No

20

UK adaptation-SAP 10.2

09 December 2024
Department of Architecture and Built 

Environment The University of Nottingham

Home Energy Model Consultation

19
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▪Divide-by-rule should be based on UK data.

▪Divide-by-rule for LPP, should have its own equivalent value, rather 
than taking up to 50 Pa.

▪Enhanced understanding of the leakage distribution of UK homes. 

▪Perhaps the temperature difference should be considered too.

When the ratio is favoured

Space for improvement

09 December 2024
Department of Architecture and Built Environment 

The University of Nottingham

An academic perspective

▪A better leakage-infiltration correlation should be considered.

22
Department of Architecture and Built 

Environment The University of Nottingham
09 December 2024

UK Field Study Results

The sample of field trial test properties is representative of UK 
housing stock, in terms of dwelling size, form, construction, 
ventilation system type and air leakage levels.

The leakage-infiltration ratio has been assessed and the initial 
results showed that the ratios obtained in the field test should 
be double of what is used in the latest SAP (10.2). i.e.  Divide-
by-40 for the blower door, and divide-by-8.6 for the Pulse 
method. 

In comparison with the simple leakage-infiltration ratio, LBL 
model improves the accuracy of predicting infiltration by at 
least a factor of two. 

UK field study- A PhD research

21
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Thanks
Any questions?
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AIRTIGHTNESS IN EP CALCULATIONS

Presentation of EN 16798-7

V. Leprince December 2024

SCOPE Part of the European Energy 

Performance of Buildings 

Standards - Ventilation (EN 16798 

family) (former EN 15242)

Objective of the standard: 

• To calculate the air exchange rates in a 

building 

• To include them in the energy performance 

calculation.

The scope specifies the limits of the 

standard
2

1

2



CALCULATION OF AIRFLOWS IN EN 16798-7

Two Methods Described:

• Method 1: Uses detailed building data for precise airflow rates (Equilibrium 

Pressure Model, EPM)

• Method 2: Simplified calculations by relying on national averages.

Countries can choose the approach based on local conditions.

3

METHOD 1: MAIN INPUT AND OUTPUT

4

Inputs: detailed 
characteristics of…

Leakages

Air inlets

Windows

Passive ducts

Combustion system

Ventilation system

Output: airflow 
through

Leaks

Air inlets

Windows

Passive ducts

Combustion system

Ventilation system

3
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METHOD 1: THE EQUILIBRIUM PRESSURE 

MODEL

A dynamic method for calculating 

air infiltration in buildings.

• Based on a mass balance equation

to determine pressure distribution.

• Requires inputs on:

• Pressure distribution across the building 

envelope.

• Leakage characteristics and airflow 

paths.

5

∑q

Pint

1 equation with 1 unknown variable… 

But not linear

DETERMININING THE LEAKAGE DISTRIBUTION

6

Default leakage 

distribution

n50 or  Q50 => Clea

General for the tested zone => no information on how 

much leakage there is and the characteristics of each

Default value for nlea : 0,667

5
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DETERMINING FLOWRATE THROUGH LEAKAGE

What is the pressure difference at each leakage?

Different from one leakage to another

7

Wind impact

??  Internal equilibrium pressure => result of the full calculation

WIND IMPACT ON THE PRESSURE AT EACH LEAK

Pressure coefficient depends on:

• Its height on the facade

• The facade exposure to wind

Wind speed

8
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CALCULATION OF THE EQUILIBRIUM PRESSURE

 The impact of leakage

 Depends on every other opening and on the ventilation system

 Varies along the year

 The more wind, the more themperature difference… the more impact

9

WHY EPM IS MORE ACCURATE THAN SIMPLIFIED 

METHODS?

Provides dynamic infiltration rates, often calculated hourly.

Considers real-time factors like:

• Wind speed and direction.

• Indoor and outdoor temperature differences.

• Aligns with methodologies from airflow simulation tools like CONTAM.

Method used at least in France and Czech Republic

10
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KEY BENEFITS AND CHALLENGES OF EPM

Benefits:

• Higher accuracy than simplified infiltration models.

• Matches well with measured data (e.g., tracer gas methods).

Challenges:

• Requires detailed data on building cracks and pressure distribution.

• Requires computational calculation

11

FUTUR CHALLENGE FOR EN 16798-7

Include multizone calculation

• Huge impact on actual airflow rate 

crossing the envelope

Include simplified calculation both for 

heating and cooling seasons

• All existing equations are meant to be 

safe-side for heating period

12
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Thank you!
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Building Airtightness 
in EP Calculation –
Situation in Czech Republic

Jiří Novák

jiri.novak.4@fsv.cvut.cz

info@asociaceblowerdoor.cz

Climatic conditions

Jiří Novák   FSv ČVUT   2024

Importance of building airtightness

• cold / mild climate

• convective air transfer

• excessive heat loss

• risk of interstitial condensation

Impact of air leakage

1
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Requirements

Jiří Novák   FSv ČVUT   2024

Building airtightness

• indicator: n50 [h-1]

• limit values set in a technical standard (ČSN 730540-2)

• applicable for all of buildings, new construction, refurbishment

• proof of compliance not mandatory

Type of ventilation
n50,N [h-1]

level 1 level 2

Natural 4,5 3,0

Mechanical 1,5 1,2

Mechanical with heat recovery 1,0 0,8

Mechanical with heat recovery, 

buildings with very low heat demand
0,6 0,4

Reasons for testing

Jiří Novák   FSv ČVUT   2024

Building airtightness

• avoiding structural damage (timber structure buildings)

• avoiding excessive heat loss (energy efficient buildings – PH)

• complying with a certification scheme (e.g. BREEAM, ADMD)

• obtaining financial support – EP programme NZÚ

Buildings tested

• exact number unknown

• no more than 15 % of 

new residential 

buildings are tested

database 1996 – 2022:

passive houses

low energy buildings

higher heat demand

others

total

896

247

179

12
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Legal framework

Jiří Novák   FSv ČVUT   2024

EP – national calculation method

EPBD
• imposes obligation to reduce the energy 

consumption of buildings

Law No. 

406/2000 Coll.

• implementation of EPBD in CZ

• imposes obligation to fulfil EP requirements

• imposes obligation to issue EPC

Ordinances no. 

264/2020 Coll.

222/2024 Coll

• specify the EP requirements

• specify the methodology for assessing the EPB

• specify the content of an EPC

ČSN EN ISO 

52016-1

• specifies the EP calculation method

(energy needs for heating and cooling)

Legal framework

Jiří Novák   FSv ČVUT   2024

EP – national calculation method

EPBD

Law No. 

406/2000 Coll.

Ordinances no. 

264/2020 Coll.

222/2024 Coll

ČSN EN ISO 

52016-1

6
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EP certificate

Jiří Novák   FSv ČVUT   2024

EP – national calculation method

• until 2024:

− issued as a part of application for 

building permit

− airtightness can be only estimated

• since 2024:

− issued at commissioning

− measured airtightness can be set 

into the EP calculation

Calculation method (energy needs)

Jiří Novák   FSv ČVUT   2024

EP – national calculation method

• ČSN EN ISO 52016-1 + related EPB standards

• hourly method (monthly method still allowed)

• input values:

− default values from Annexes of EN ISO standards

− Ordinances no. 264/2020 Coll., 222/2024 Coll

Ventilation heat loss

• ČSN EN ISO 52016-1:

V a a VH c q=   [W/K]

ventilation→ Ord. no. 264/2020 Coll

infiltration → ČSN EN ISO 16798-7 

8
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General settings

Jiří Novák   FSv ČVUT   2024

Implementation of ČSN EN ISO 16798-7 

• estimation of infiltration flow rates only

• method 1

− determination of air flow rates based on the detailed 

building characteristics

− equilibrium pressure method – mass balance

• calculation time step – 1 hour

• input values:

− no further guidance in legal documents

− no National Annex

− default values according to Annex B

Calculation procedure and input values

Jiří Novák   FSv ČVUT   2024

Implementation of ČSN EN ISO 16798-7 

calculation step input values source software

on-site

wind velocity

meteo. wind velocity u10 climatic data variable

shielding coeffs. Crgh, Ctop Annex B fixed

leakage paths 

characteristics

building airtightness n50, qE,50 estimated variable

leak. coeff. and exp. Clea, nlea Annex B fixed

leakage paths 

distribution

distribution scheme

(calculation procedure)
Annex B fixed

wind pressure 

coefficients
values of Cp Annex B fixed

10
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Estimation of building airtightness

Jiří Novák   FSv ČVUT   2024

Implementation of ČSN EN ISO 16798-7 

• rules are not defined in the national EP calculation method 

(Ordinances no. 264/2020 Coll., 222/2024 Coll)

• no default values in legal or technical documents

• guidelines in technical standards:

− limit values acc. to ČSN 73 0540-2 can be used as an 

assumption for EP calculation

− guidelines for estimation of pre- and post-renovation n50

(TNI 73 0329)

• real airtightness – no reliable statistical data available...

Positive

Jiří Novák   FSv ČVUT   2024

Conclusion

• building airtightness 

• air infiltration

• an advanced calculation method used

(equilibrium pressure method, ČSN EN 16798-7)

• software tools include the determination of air infiltration 

– it cannot be avoided...

Limits and challenges

• reliable input data – still unavailable

• limited competence of EP experts

− correct use of the calculation method...

− reliability of results...

taken into account in EP calculation

13
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Thank you

Jiří Novák

jiri.novak.4@fsv.cvut.cz

info@asociaceblowerdoor.cz
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