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1. Introduction

« growing interest for airtightness
 fast spread of regulatory frameworks

« stricter requirements, schemes for testing and quality
control

 creation of airtightness databases
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2. Objectives

* Explore the main airtightness databases
Data available
Input scheme
Purpose
Analysis
Structure
Requirements

+ Compare databases
Differences
«  Gaps
Strengths and weaknesses
*  Problems and opportunities
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3. Why are airtightness databases useful? o

* demonstrate compliance with regulations

* input data for buildings energy and ventilation estimations

* information for modelling and designing

» factors are the most important

* evaluate building design, construction practices and quality

* develop guidelines

» evaluate the effectiveness of individual measures

* visualise time trends

* evaluate the progress of the built stock

» compare the building performance with other countries
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4. Normative airtightness frameworks

« Europe: EPBD (nZEB)
*  Airinfiltration control
*  No specific requirements
»  Different approach in each country

* North America: national energy codes
« Airinfiltration control
» Different energy policies in each state or region
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Country Units On-site Country Units
testing
mandatory values Norway £ bt <15
Austria e (8 Natural vestilation < 3 Kot
Mecharical ventilation < 1.5 mandatory Russia e Wi Natural ventilation < 4
Belgium = [ <06 Not Mechanical ventilation < 2
Brussels mandatary Slavenia s wt Natural ventilation < 3
Mechanical ventilation < 2
Basnia ™ h Katural ventilation < 3 Kot Spain e nt Compacity Vs 2: <6
Mechanical ventilation < 1.5 mandatory Videzd:i<3 mandatory
Croatia i [ Natural veatilation <3 Not Swaden qu mifjvm’) <06
Mechanical ventilation < 1.5 mandatory mandatary
Crech s Wt Natural ventllation <45 Not Switzerland ™ mifiem’  Kew buikdings: Katural Kot
Republic Mechanical ventilatian < 1.5 mandatary ventilation < 2.4 mandatary
Hoal recovery system <1 Mechanical ventilati
Denmark Wi em’) T ] Kot Rencvations:
Aumf Areer >3 < 0.3 mandatory wentilation < 3.6
France g mfihmd) Slﬂg!e-la'ﬂ:!\l <06 Mandstory Mechanical ventilation < 2.4
Muti-family < 1 United L™ m i <10 Mandatory
Gamany £ he Natural  ventiation < 3 Kot _ Kingdom
{esceptions  with  active  mandatory usa [ nt < 3climate zone 3 1o & Mandatory
components < 1.5) <5 climate zone 1and 2 {depending on
Mechanical venilation < 1.5 state  leved
lealand L mifiem?) <3 Kot speed of
mandatary national
Ireland s miffemd) <5 Mandatory energy  code
Latvia [ mifilvm’)  Natural ventilation < 3 Not adoption]
Mechanical ventilation <2 mandatory recommended values
Heat recovery system < 1.5 Poland L™ Wt Katural ventilation < 3 Kot
Lechtenstein  qs mifina®)  Wew  bulldings:  Natural Mot Mechanical ventilation < 1.5 mandatory
veatiiation < 2.4 mandatary _Airtightriess default values that can be impeaved
Mechanical ventilation < 1.6 Belgium Q. mifihm?) 12 Mandatory, to
Renovations: Natural (Handers and Imprave from
ventilation < 3.6 Wallania} default valses
Mechanical ventilation < 2.4 Canada £ n 32 with basic ar Garier  Mandatory, to
Lithuania e nt ClassC:e2 Kot speciications imarove from
Clas B:<1.5 mandatary 25 with extra prescriptive  default values
Class A: < 1.0
Class A+ and A=s: <06 Estoria ™ mf{hm?) Mandatory, o
Luxembourg  nue h* Katural ventllation < 3 Not imarave
Mechanical ventilation < 1.5 mandatary delault values
Heat recovery system < 1 Finland as mifihm) 4 Mandatory, to
Monaca a mified)  Singlefamily < 0.6 Mandatory imarove from
Muti-family < 1 delault values
Montenegre [ Katural ventliation < 3 Kot Mo whale building values suggested or no consideration at all
Mechanical ventilation < 1.5 mandatary Albania Cyprus Malta Serbia
Neotherlands  w. dm'fism’) <1 Kot Andorra Greece Maldava Ukraine
mandatary Belarus Hungary North Macedonia Partugal
Bulgaria Mtaly [except Trento  San Marina Slovakia
and Balzano regions)
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Neo regulations

Airtightness recommended values

| Airtightness default values that can be improved

. Airtightness requirements

Mandatory systematic testing
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5. Whole building airtightness databases
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« Databases structure
Country United Kingdom France Usa canada Czech Republic Germany Belgium (Flemish region) Spain
Initiative Government Government | Ind i Academie
and Indi I
Responsible Competent Tester Persons:  Cerema (privare body) Lawrence Berkeley Nadonal Nawral Resources Canada  ABD.CZ project FLIB (Independent BCCA, BCQS and the Federal  University of
ATTMA and iATS Laboratory - LBNL i iation Blower iation) Company Valladolid
Door CZ)
Size ATTMA - over 500.000 IATS Over 220,000 Over 150,000 Over 846,000 419 Around 1000 Over 22,000 401
- over 55,000
Creation ATTMA - 2002IATS - 2015 2007 Mid 19903 2003 2001 2003 2015 2017
Current state Ongoing Ongolng Ongoing Ongoing On hold On hold Ongeing on hold
Up Continuously Yearly Occasionally Continuously Occasionally Yearly Continuously Occasionally
Platform online (he www. offline oOnline (hitp://resdb.lbl Online (hitps://www.nrcan.  Offline offline online (hitp:/ /dossier. beca be Offline
at ementorg, gov/) ge.cas) )
b lodgement.org,
uk)
Data format Purpsss providad softwars axcal o dara Oracla database with an Formattad axcsl Formattad axcal Bdf tast roport Formattad axcal
p system ‘OMNIS 7.8 interface spreadsheet spreadsheet spreadsheet
(Pastgresil)
Data communication  Online platform uplead for Formarred excel Damasess of energy programs Dara files upload o an No clear infermatien Quesdonnalre Online platform where testers Online server
rest certificare emission spreadsheer sent yearly ger added b-based file upload the rest repart upload
o qualificadon body processor
Quality control Audidng both on and off-  Auditing both on and off- Dependent on the dara source Flle processor performs Neo Valldation of 5 rest Onslee and deskrop Inspection  Full off-sle
slte by sampling sire by sampling walidarion and dara integrity reparts for recerdficarion compliance
rests and random file reviews every 3 years checks
Tester scheme Mandarory training Qualibar cerificarion  Certifled experts for the Independent cemified energy Mo FLIB certificalon. Quality framewerk with Mandarory
program approved by a Energy Star and the advisors Training by certified optional training or mandatory training program
Competent Tester Person Guaranteed Performance isati jcal and practical exam
programs
sampling scheme Yes Yes No No No Yos No Yes (quota
sampling
scheme)
Type of building Residential and non Residential and non Residential Residential. Pre- and post Residential and non- No clear information Residential and non Residential

residential buildings

residential buildings
single-family

single-family (92%)

eae trofit

Low-rise dwellings

residential buildings

single-family

single-family

residential g
single-family dwellings (78%)

Multi-family

i TightVent
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Measurement data acquisition

Compilation of test standards, guidelines, and methodologies on measurement data acquisition by analysed countries with an established database.

U.

PORTO

Country United Kingdom France UsA Canada Czech Republic Germany Belgium Spain
Current test BS EN IS0 9972:2015 NF EN 150 9972:2015 ASTM E779-19 [76] ASTM  CAN/CGSB-149.10 [78]  CSNEN ISO DIN EN IS0 9972:2018  NBN EN IS0 9972:2015 [91]  UNE EN IS0
standard [73] [89] E1827-11 [75] sp: single 9972:2017 [390] 70l 9972:2019
point tp: two points [92]
National T5L1:2016 [93] FD P50-764:2016 [84] 2018 IECC [40] NBC 2015 [44] €SN 73 0540- EnEV 2014 [22] DIN STS-P 71-3:2014 [95] None
guidelines 2:2011 [19] 4108-7:2011 [94]
Test conditions ~ Wind Temperature Wind Temperature E779: Height Temperature Wind Wind Temperature  Wind Temperature Wind Temperature Height Wind
Height Height E1827: Wind Temperature Height Height Temperature
Height
Method/ Method 2 on temporary ~ Method 3 Additional Permanent and temporary Permanent and Method 1 or 2 Method 2Instructions Method 1 or 2Instructions on  Methods A and
Building sealing according to inseructions on sealing actions in national temporary sealing (preferred)No on temporary sealing temporary sealing according B
preparation method 2 are presentin  temporary sealingand  guideline Additional actions in national additional according to method 2 with method 1 or 2 and air
the national guidelines  guidelines on air instructions on the guidelines Additional instructions on are present in the leakage location
leakage location airtightmess measurement instructions on the national del! national i id ion are present in
standard airtightness test the national guidelines
standard
Minimum initial 10 points (30s) 10 points (305) E7749: 5 points (10s) 1 point 10 poines (305) 10 points (30s) 10 points (30s) 10 points (30s)

and final
baseline
(duration)
Minimum test
extent
(duration)

Regression
method

Pressure
direction

Metrics

i TightVent

7 points (-), equal steps
< 10 Pa berween steps
Lowest AP > 10 Pa or
5 Apo 50 Pa = Highest
AP < 90 Pa

Ordinary least squares
Either or both

Gao (m™h 'm %)

10 poines (105), equal
steps <
steps Lowest AP = 10 Pa
o1 5x Apo 50 Pa <
Highest AP < 100 Pa

10 Pa between

Ordinary least squares
Either or both

qesurf (m*h 'm )

ns (h7")

E1827:1 point

E779: Over 5 points (105) 10
Pa< AP < 60 Pa5-10Pa
between steps E1827:
Repeated sp (5x): 50 Pa
Repeated (p (5x each): 12.5
Pa and 50 Pa

Ordinary least squares

E779: Both

E1827: Either or both
E779: EfLA @ 4Pa (em?);
Nag (071)

E1827: gao (m*h 'm %)

8 points (-) 15 Pa < AP
< 50 Pa 5 Pa berween
steps

Weighted least squares
Depress.

EgLA @10Pa(m®); NLA
(em®m %)

At least 5 points (-),
equal steps

<10 Pa between
steps

Lowest AP > 10 Pa
or 5x Apg

50 Pa < Highest AP
< 100 Pa

Ordinary least
squares

Either or both.

N (1)

At least 5 points (-),
equal steps

<10 Pa between steps
Lowest AP > 10 Pa or
5 Apg

50 Pa < Highest AP <
100 Pa

Ordinary least squares
Either or both

Gao (m%h 'm %)

At least 5 points (), equal
steps

<10 Pa between steps
Lowest AP > 10 Paor 5x Apg
50 Pa < Highest AP < 100 Pa

Ordinary least squares
Either or both

nse (0 1)
Gso (Mm%
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10 points (),
equal steps®
11< AP < 65
Pa

Ordinary least
squares
Both

ns (h 1)

qso (m*.
2l

m7)

10




6. Strengths, weaknesses, opportunities and threats

SWOT scheme on regulatory context

f W
: " Use of national or regional metrics that do not use the same
Use of ISO metrics that not only address volume, nsg

g ==--1----1 metric system or units and consider other forms of geometry
but also covelope Icakage interface, qsq ’

relations

Use of 1SO reference pressures for results that do not hinder Use of national reference pressures for results that ultimately

comparison between datasels hinder cross country or cross dataset analysis

S|W
ofT

Use of combined criteria for the establishment of whole e T
building limits

Use of a sole variable on establishing whole building limits

\ r . &
> < > 4
Use of a common approach on the methadology for limits | ___ _J____ ] Several countries have regions with different approaches to

establishment methodology on the establishment of limits
y L J
~ 5

> n
Most southern and eastern European countries overlook the

Inclusian of whole building airtightness requirements on the - L X . .
whole building airtightness topic despite most of them having

energy label certification procedure accross European countries

energy label certification in place

\, 7 L. r
. vy
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6. Strengths, weaknesses, opportunities and threats

SWOT scheme on the structure of databases

. \ ) :\

""""" Lack of airtightness data, mainly in Mediterranean countries

Quick development of databases is observed in countries where
testing performance is mandatory

\ o’ \ r
7 2 f
Large amounts of test results allow for comparisons, observation| When the databases are built as the joint of single studies or
of trends, evaluation of building design, efficiency of  |==--1-==-1 related to specific development or weatherization programs, the
L construction practices L data may be non-representative of the built stock
-

' R ' 4
The adoption of quality control schemes increase the reliahility
of reported results. Recent online platforms offer quick access, |====1----1 _ 2 . .
. hinders further analysis by scientific groups
L control, and continuous updates. y L - )

Data privacy policies do not allow open access to data, which

4 ™) ' ™)
Implementation of energy policies related to airtightness could | ___ )} - __ ] s z i
P : 3 2y ¥ : ; Size is highly dependent on regulations and energy policies
result in the creation of extensive and structured databases
\ > \ o
£ N f '
Current residential databases could get broaden by introducing |- - - }- - - - ] Lack of continuous maintenance and update when no ongoing
other uses and typologies initiative or regulations are into force
’ {
A joint international database would allow for global analysis | | ] Lack of a structured quality control scheme and standard
and trend identification protocols could impact the reliability of the data gathered
. ’ . >
. J
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6. Strengths, weaknesses, opportunities and threats

SWOT scheme on measurement data acquisition

™\ ™\
Use the combined affect of wind, temperature, and height
hen assessing test conditions, such as the most recent version]====1---~
of 150

Use of a unique variable or a non-complete combination of
them when assessing test conditions

.y vy

paints - and quality - ime average of each point

Use of baseline data that is insufficient in quantity — number of
longer time average periods
<

Use of too few pressure stations on measurement, which
significantly enhances precision errors
<
Use of ordinary least square regression method praved inferior
that its weighted version

Use of a weighted least square regression method
an the madel application

.
4
Possibility of use of only one pressure direction for the

Use the average of both pressure directions st [t
acquisition of final test results

~
{v
[ Use of the 150 methodology on baseline data acquisitionor | _ Rt {
[ Use of over five pressure stations bbbty kel -{

Convergence would bring positive results and more I R Significant differences in the American and European
cooperation between parties approaches to the topic
Y 3\
Uniform adoption of IS0 measurement protacol although somel ’ 5
g Broad adoption at European national level of several national
changes should be considered, on data treatment, e.g.,
z i o i el complementary documents with further instructions on
regression method, on detailing, e.g., test preparation, and on A s A 3
G T W peometry quantification, additional test preparation actions,
restrictions of decision, e.g., pressure directions and method o
e i and clarification on the Interpretation of the test method to use
application for the energy certification label
< <
™ N
Convergence on metrics for results presentation and geometry The use of different metrics associated with uncertainties on
quantification procedure would allow cross-study comparisons |*===1" """ geometry quantification makes the results from datasets not
and knowledge discovery comparable
v, Z
Adoption of an international level scheme regarding leakage . Frequent disregard to a systematic detection of
location detection, as France and Belgium already implement leakage location
A S
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Conclusions

« Trends: stricter requirements and mandatory testing

* Main issues to address in the near future:
* lack of uniformization in method between countries
* need for minimum data
* implemented setups

Common framework proposal:
«  User friendly, accessible web-based platform
*  Unambiguous quantitative measurement procedure
*  Dwelling information on visual inspection.
* Qualitative tests to locate leakages
*  Quality Management Schemes, including procedures for tester training, and results control

Residential buildings airtightness frameworks: A review on the main databases and setups in Europe and North America, Irene 14
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the demand of stricter requirements, schemes for testing and quality control, the creation of airtightness dats-

Airtightess
Regulation policy

compared based on their structures and
formation not directly related to testing is

lationships arc di d. W

bases and its analy
North America with
quirements and recommendations at the national level is compiled. Whole building airtightness databases are

is proof of this reality. The present review encompasses schemes developed in Europe end

regard to these aspects for national residential scctors. A normative framework on re-

data acquisition protocols. Gathered complementary in-

and air and re-

lysed factors imp

) and strengths in the different aspects of the existing database setups are

identified. Also, neglected or not cntirely undertaken topics arc pinpointed together with the suggestion of
possible opportuni
concluded that the lack of uniformization in method between countries, the need for a minimum data sctup, the
lack of data analysiz on relating the energy impact with the ad
formance and the implemented setups are ome of the main issues to address in the near future.
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for future works and changes. Amongst other relevant remerks and discussions, it is

in requi of airtightness per-
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