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INTRODUCTION ÅThe factors 
working of energy 
efficiency, thermal 
conditions and 
thermal comfort 
are:

Åperformance of 
building envelope

Åperformance of 
ventilation system 
and heating system

Åinternal loads and 
the userôs activities

Ålocation and 
weather conditions.

How the systems are 
integrated to work 
together?

DesignNeed

Program

Site & shop floor
design documents

Construction
planning

Site
process

Fabrications and
deliveries

Take-
over

Operation and
maintenance

Possibilty to improve 

performance and life 
cycle economy

Fixed cost

Cumulative

cost

Customer can discover
output performance



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

3Hamilton_IEA-46 Workshop 23.10.2009

INTRODUCTION

ÅENERGY EFFICIENCY CALCULATIONS (BASED ON EPDB), IN 2007 TO BUILDING 
CODES

ÅUNCONTROLLED AIR INFILTRATION: 

ÅREFERENCE VALUE N50 = 4 1/H (GOING TO DECREASE to 2 1/H (IF NOT 
MEASURED OR DETERMINED). 

ÅAIR INFILTRATION IS CALCULATED BY EQUATION N50/25

ÅIT CAUSED A BOOM OF AIR TIGHTNESS MEASUREMENTS IN FINLAND

ÅAir tightness is measured according to SFS-EN 13829. Leakage air flow rate = C x Pressure
differenceȹn

Certification (air tightness measurements) starts in autumn 2009 ïCertification of Building 
Thermographers begun 2003 No fixed requirements, the goal is N50 1 1/h ïclassification in the 
Building Code:

1- 3 1/h = good, 3 ï5 1/h average, 5 ï10 poor (one family houses)
0,5 - 1 = good, 1,5 ï3 average, 3 ï7 poor (apartment houses)
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AIR LEAK N50 VALUES (1980)

ÅSome few 

apartments of 

multi-storey 

houses were 

tested

ÅTypically n50

varied 

1 1/h ï3 1/h

Type of building Targets n50 (mean value)

One-family house, built before 
1973 

7 7,9 [1/h]

One-family house, built after 1973 9 6,6

Row house , before 1973 1 9,3

Row house, after 1973 15 9,8

Log house 10 9,7
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AIR LEAK N50 VALUES (1981-1988), ONE FAMILY 

HOUSES*

Target Number Mean values of air 

leak numbers n50, 
1/h 

Smallest 
value, 1/h

Highest value, 
1/h

One-family houses 56 5.3 1.6 18

Row houses 102 5.6 1.7 14.9

Log houses 13 10.7 5.3 14

Å*These are mainly reclamation cases
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AIR LEAK N50 VALUES 2005, HOUSING EXHIBITION ï

TECHNICAL QUALITY OF ONE-FAMILY BUILDINGS, ñENERGY 

STARò ïCITY OF OULU

ÅThese are mainly measured before 

completion ïthe final values were better
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Kohde n50 n20 n5 n50 / n20 n50 / n5

A 1,0 0,5 0,1 2,00 10,00

B 1,5 0,6 0,05 2,50 30,00

C 1,6 0,7 0,2 2,29 8,00

D 1,9 1,4 0,5 1,36 3,80

E 1,9 0,9 0,3 2,11 6,33

F 2,4 1,3 0,4 1,85 6,00

G 2,6 1,2 0,1 2,17 26,00

H 3,5 1,8 0,5 1,94 7,00

I 4,0 1,9 0,3 2,11 13,33

J 1,1 0,7 0,2 1,57 5,50

K 1,5 0,9 0,5 1,67 3,00

L 2,6 1,3 0,7 2,00 3,71

M 2,8 1,5 0,4 1,87 7,00

N 3,1 1,6 0,4 1,94 7,75

O 3,2 1,7 0,6 1,88 5,33

P 3,4 2 0,9 1,70 3,78

Q 3,8 1,9 0,5 2,00 7,60

R 4,9 3 1,6 1,63 3,06

S 1,0 0,5 0,1 2,00 10,00

T 1,0 0,5 0,3 2,00 3,33

U 2,3 1 0,7 2,30 3,29

KA 2,93 1,62 0,64 1,81 5,19

Hajonta 1,14 0,67 0,41 0,16 1,91
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RESULTS ïCITY OF OULU (QUALITY CONTROL PROJECT)

ONE - FAMILY HOUSE MANUFACTURERS

MEAN VALUES/COMPANY, MIN, MAX

Å250 houses measured (2008)

ÅMinimum 6 
houses/manufacturer

Å10 companies

ÅBuilding inspection office and 
authorities update the statistics

ÅInformation, instructions and 
data at officeôs website

ÅBuilding companies 
(Apartment houses) started the 
same type of procedure 
(energy management plan)

ÅEnergy effieciency: 4 % 
increase/for every 1 1/h unit



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

8Hamilton_IEA-46 Workshop 23.10.2009

New results, 2009

ÅCONTRACTORS (BIG 
ENTERPRISES AND 
INDUSTRIAL HOUSE 
MANUFACTURERS) 
STARTED TO CONTROL 
AIR TIGHTNESS

ÅENERGY MANAGEMENT 
PLAN = DETAILED 
ISTRUCTIONS FOR 
DESIGNERS AND TO 
BUILDING SITE

ÅEQUAL TO ñMOISTURE 
MANAGEMENT PLANò

Air tightness of apartment buildings

0,0

0,5

1,0

1,5

2,0

2,5

3,0

3,5

4,0

4,5

1 2 3 4 5 6 7 8

Building

A
ir

 l
e
a
k
a
g

e
 r

a
te

 n
5

0
 (

1
/h

)

Whole building
Stairway
Single apartment
Single apartment
Series5



VTT TECHNICAL RESEARCH CENTRE OF FINLAND

9Hamilton_IEA-46 Workshop 23.10.2009

New results, 2009

Air tightness of single-family houses,

1-3 are Passive Houses
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Problems, instructions and guidelines

How to measure big buildings?

How many apartments?

How to evaluate the total air tightness based on the samples?

òQuality assurance instructions for air tightness of industrialized 

house - buildingòDraft 7.9.2009, Final version will be published 

at Building Physics Seminar in October 

IEA Annex-46ïprojectòHolistic Assessment Tool-kit on Energy 

Efficient Retrofit Measures for Government Buildings - Energoò 

ñEnergy and Process Assessment Protocol for Buildings and 

Building Sitesò. A part of it isòInternational Protocol for the 

Measurement of Air-leakage in Large Buildingsò, 

www.annex46.org) 

http://www.annex46.org/
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MEASUREMENTS ïBLOWER DOOR
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Air tightness measurements using the ventilation system

ÅFrequency controlled fans

ÅPossibility to measure the main 

flows in the operating room
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Air tightness measurements using tracer gas ïconcentration 

decay method ïair exchange rate calculated from concentration 

decay curve
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Uncontrolled ventilation 

ÅMeasurements of controlled ventilation 

from air supply units and exhaust vents

ÅTotal air exchange rate by tracer gas

Uncontrolled ventilation=

Total air exchange rate (e.g. by tracer 

gas measurements) ïmeasured 

ventilation from air supply and exhaust 
units


