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This paper of the EU SAVE project ASIEPI gives arerwiew of the mechanisms that have
lead to a market transformation on envelope andwdug& airtightness in five countries -
France, Germany, Finland, Belgium, Norway - and lemsze the key elements that could
inspire other member states. It consists in a ciidle of papers written by participants to the
ASIEPI project at the end of 2008. The informatgnen is subject to change, however, it
gives an interesting insight into success stomesdfficulties to overcome.

BACKGROUND

We have analysed the market trends with a simpgraach as that adopted by Rennings
(2005). Three major components of the market tansdtion are identified : a) technology
push ; b) regulatory push ; c) market pull. Thésed components interact with each other as
described in Figure 1.

Technology Push Regulatory Push
Improvement of products quality « Current laws
Energy efficiency Bills

Material efficiency
Products range

\ /

Transformation of the
market with environmental
innovations

Market Pull
Customers demand
Advertising
New openings for products
Market share
Work costs

Figure 1. Different components of a market transfomation for an environmental innovation.



FRANCE

FRANCE

ENVELOPE AIRTIGHTNESS

Chronological observation

We have identified four periods in the market trengtr the last 5 years: there was little
interest for envelope five years ago; in 2005, aled growing interest among a few actors; it
is followed today by growing interest among profesals; we now feel the perspective of a
common interest among professionals.

The first step, between the period of no interest the growing interest among a few actors,
occurred in 2005. It has been achieved thanks Hle @ proposals initiated by regional
authorities and national bodies. It consisted dfscéor proposals for very-low energy
buildings, for pilot projects, as well as for somesearch projects. The research and
demonstration projects funded under the PREBAT namogne (www.prebat.net) have
significantly contributed to this step.

The second step, between the growing interest aradiegy actors and the growing interest
among professionals, takes place around 2007-20@8linked to: the evolution of the EP-
regulation that gives a significant reward to he#@tightness; the dissemination around
research projects; the organization of many semjraand the multiplication of pilot projects.

A third step is expected with the generalizationhef low-energy label BBC-Effinergie. This
perspective is given in the draft of the “Grenella, which should be voted in 2008. This
target is driving more and more professionals ke tato account airtightness and should in
time lead to a common interest for this issue anyofessionals.

Figure 2 relates the different aspects that haven henplemented to the three market
transformation components mentioned above.

Technology Push Regulatory Push

-Pilot and research projects, calls for propgsat— - Tuning of the EP-Regulation : RT 2000, RT
-Developpement of recommandations for 2005, BBC generalization

stakeholders

Transformation of the
French envelope airtightness
market

Market Pull

- Dissemination with seminars and compaig
(700 participants)

Figure 2. Key elements that have driven the envelepairtightness market in France



FRANCE

Regulatory push aspects

The evolution of EP-regulation has contributed tgrawing interest among professionals.
The 2000 version of the EP-regulation (Réglememtaiihermique 2000, RT 2000) gave a
reward for good airtightness for the first time. tire 2005 version, the reward for good
airtightness is even greater due to the increasngirements on the overall performance.
Besides, this latter version allows a builder te asvalue different from the default value in
his energy calculation without a systematic pragation test. For this, the builder has to
prove that he has implemented a quality manageapmmbach approved by the ministry.

We feel that the generalization of the low-ener@CBEffinergie label, which is based on the
EP-regulation, will be a strong driver for chandeg(re 3). Today, this label includes
requirements for envelope airtightness for residébuildings with compulsory testing. It is
expected that as soon as 2012, at least 130 OBOatgear will have to be performed to meet
the targets being defined with the “Grenelle” law.
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Figure 3 : Number of applications for regulatory-based energy performance labels in France. Note the
significant increase in 2008 for the BBC-Effinergielabel that includes a minimum requirement for
envelope airtightness

Technology push aspects

Some key actors, among which CETE de Lyon, havériboied to a growing interest among
a few actors, especially with pilot and researabjgmts supported by regional and national
bodies, namely, the national and regional energneigs (ADEME) and the ministry for

sustainable development (DGALN). Also, the calls fwroposals for very-low energy

buildings launched by a few regions around 2008§.(éAlsace, Bourgogne, Rhéne-Alpes)
have aroused the attention of some actors on gpeaiotightness issues.

This concern has grown with the multiplication asidsemination of pilot projects to the
extent that many professionals feel the need fadagece on how to design and build tight



FRANCE

envelopes. Some projects funded under the PREBAframme are underway to fill this
gap, for instance, with examples of constructiotaitke (Figure 4).
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Figure 4 : Buildings details, airtight materials ard coordination of craftsmen. Source: CETE de Lyon,
PREBAT Project MININFIL, « MINimiser les INFILtrati ons » , Draft version, January 2009, [1]

Market pull aspects

Market pull aspects are in this case very closehnected to technology and regulatory push
aspects. This market pull components consist mastlyeminars that have been organized
around the EP-regulation or around pilot projeatd anitiatives. In 15 months, over 700

persons have participated to 5 events that spaltifi@ddressed airtightness in various
regions. 5000 persons have attended to the 66nahtc@ampaign events on the new energy
performance regulation (RT 2005).

Another important component of the market pullhs tncrease of the number of companies
that offer envelope pressurisation tests. BesidesAactime network (www.aactime.fr) that
gathers over 15 companies, there are many othiatesocompanies and consultants that offer
this service.

Summary and perspectives

It appears that many elements have contributedeartarket transformation that is underway
in France with regard to envelope airtightness s€hmnsist of a mix between push- and pull-
approaches, which are sometimes closely conneetgd the dissemination based on pilot
and research projects, the significant EP-reguiateward for good airtightness). The low-
energy BBC-Effinergie label requirement is alreadsnajor driver and its impact is growing
fast with the perspective of its generalization ab new buildings planned for 2012.
Therefore, practical tools to build airtight enyeés are in great demand. Non-residential
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buildings are also concerned by this market transétion, but to a lesser extent as the BBC-
Effinergie label does not require testing for thbs@dings. Besides, large buildings remain
difficult to test with the equipments and methodsrently available. This is likely to change

as the market evolves.

DUCTWORK AIRTIGHTNESS

Regulatory push

The introduction of duct leakage in the EP-calealaimethod (2000 version) was based on
the results of the SAVE-DUCT project (1997-19998])1 Field measurements performed
within this project on a sample of 42 duct systesnewed that most were commonly three
times leakier than the worse leakage class of tirefean standard EN 12237 (leakage class
A).

Technology push
A few recent pilot and research projects funded eanthe PREBAT programme
(www.prebat.net) have looked specifically at tlsisue.

Market pull
A few seminars have been successfully organizethignissue, the latest in 2002 within the
framework of the SAVE-AIRWAYS project (2000-2002).

Summary and perspectives
Despite some pilot projects and the fact that dadtvairtightness is now explicitly taken into
account in the EP-regulation, little has changedhwiegard to the interest paid by
professionals on this issue.

We think the reasons behind this status quo might b

- the poor reward given to ductwork airtightness datract-only systems which are very
commonly used in France;

- the lack of pilot projects and dissemination bis issue over the past 5 years, as opposed to
envelope airtightness;

- the little use of round steel components preditivith seals which may be encouraged by
the lack of attention given to ductwork and vetila system design (pre-fitted components
should not be customized on site, which meansekia& care must be given for designing the
system).



GERMANY

GERMANY

ENVELOPE AIRTIGHTNESS

Chronological observation

In Germany the era of airtight buildings startedLBv4 with “additional regulations” to the
standard DIN 4108 for the limitation of the jointrmeability of windows. About 15 years
later airtightness measurement started in GermEmg first extensive measurements - 30 low
energy houses - were tested as part of a fedatal stipport program and should reachsn n
less than 3

In the middle of the eighties the production andlirge of adhesive tapes and vapour
membranes to construct an airtight layer starté@armany. In the middle of the nineties new
products and further manufacturers followed. Sgaljlues and adhesive tapes for special
applications came in the market like tapes for jloms at windows, doors, for corner bonding
and for connection to unplastered masonry. Furdiceylate sealing glues for connections to
plastered masonry and humidity-variable vapor memés.

In 1991 a draft standard for the measuring of iginthess (ISO/DIS 9972) was published.
Slowly the insight became accepted that the caledl&nergy performance can only be
achieved with airtight execution of constructionriwo

In 1993 a new conference (BlowerDoor-Symposium)ualdr tightness started and became a
European conference in 2006.

In 1995 the Thermal Insulation Regulation (Warmesztverordnung WSVO) came in force.

It prescribes that buildings have to be airtightheut demanding a limit value or prescribing
a measuring method. At that time manufacturerseotilation systems brought new devices
in the market.

Manufacturers of electric accessory started in 1986 selling of airtight pattress or junction
boxes and later of air tightness sleeves for cabtektubes and airtight recessed luminary
boxes.

The limit values of the DIN V 4108-7 were publishadhe Federal Bulletin in 1998 and thus
became law. In 1999 the German Energy Saving ReguléEnEV) was planned with the
option of calculating with a lower air change ré@es h* instead of 0,7 ) when the building
air tightness is measured. The draft of a new Eeappmeasuring standard on basis of the
international standard 1ISO 9972 was presented. yieaos later the standards DIN 4108-7 and
DIN 13829 were published which regulate the exatronaof and the demands on air
tightness and the FLIiB (Association for Airtightees the Building Industry, Fachverband
Luftdichtheit im Bauwesen) decided to publish aement to the standards to make things
clear with misunderstandings and in cases of doubt.

In 2002 with the new EnEV, which had become law aittl the accompanying standards air
tightness had got a high significance. In 2004Rk presented the draft of the supplement to
the standard DIN 4108-7.

The Reconstruction Loan Corporation (KFW Bankengg)pis giving credits for the
reconstruction of the building stock.
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Figure 5 relates the different aspects that haven bhenplemented to the three market
transformation components mentioned above.

Technology Pusl Regulatory Pust
- Pilot and research projects on low energ - Standard with limit values
houses; passive house standard - German Energy Saving Regulation
- Availability of measuring instruments - Measuring standard
- Availability of building sealings

\ /

Transformation of the
airtightness market

Market Pull
- Campaingns
- Financial stimuli
- Product suppliers

Figure 5. Key elements that have driven the envelepairtightness market in Germany.

Regulatory push aspects: standards, limit values ahregulations
In our opinion it is a fact that the EPBD and theri@an Energy Saving Regulation and its
revised forms are constant drivers for the enecggtality of buildings.

German Energy Saving Regulation

History shows that requirements in regulations Wlace law like the German Energy Saving
Regulation (EnEV) are a driver for energy efficiduildings and thus for better building air
tightness. The EnEV does not regulate by law that énvelope air tightness has to be
measured with new or renovated buildings. Currewttyestimate that in 15% to 20 % of all
new building air tightness is measured. With buidrenovation we estimate that in under
10% the air tightness is measured.

Since 1999 the German Energy Saving Regulation itrdifers the option of calculating
with a lower air change rate (0,6 linstead of 0,7 1) when the building air tightness is
measured.

Measuring standard

Limit values are a necessary precondition for eaéious quality control of air tightness. The
limit values of the DIN V 4108-7, which were firgtblished in 1998 with a maximum for

n50 (<3,5 h' naturally ventilated; 4,5 h' mechanically ventilated).

In 2001 the revised standards DIN 4108-7 and DIB283were published which regulate the
examination of and the demands on envelope aitnags.

Technology push aspects

With the upcoming of low energy houses the buildangtightness became an important role,
because these building only reach their low eneapsumption when they have a defined air
tightness. This trend started in the end of the0$98ith pilot and research projects on low
energy houses, which had to be measured to getciaasupport. Since KfW 40 or KfW 60
houses and passive houses are playing a biggetheole
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Avalilability of measuring instruments

A precondition for air tightness measurements @ariate measuring devices. They exist in
Germany since 1989. In the mean time there arergixiders in the market with different
measuring devices, which are applicable for alldkirof measuring. At the moment dry
wallers mostly buy measuring devices whereas ileedimes manufacturers of prefabricated
houses were the main clients. It also is a big etafr chimneysweepers and a growing
market for energy consultants, who use it in bogdieconstruction. We estimate that about
2000 to 2500 devices of all providers are in theketa

Availability of building sealings

Today we have a fistful of suppliers and about @iierent products in this field in four
product groups. We estimate to have about 50 brahdslhesive tapes and e.g. about 50
different sealing glues in the market. The marlsebmn the move and business volume is
increasing. In the beginning the material was uselg in new buildings, in the meantime
more and more in renovation.

There is progress in different fields of air tighss: in general knowledge, in the measuring
technique, in the knowledge how to construct dittiguilding envelops, about the fault-prone
building details and many other fields.

Nearly everybody who is working in the building s®chas at least heard about air tightness
measurement and many have seen a measuring precédany people have also a basic
knowledge about the fault-prone building detailkelijoints of construction elements,
penetrations for building services and the prob&éralashing of different crafts. What is still
necessary and important is a good planning ofghtriess and a good coordination of crafts.

2004 a discussion was brought up about single andldeakages and their effects e.g. the
moisture risk. In 2005 during the "L@ymposium a focal point was the measuring teckeniqu
concerning the exactness of measuring and new megsapplications like fire-, noise- and
thermal protection, odors, knowledge of the nataralexchange rate, selected conditions of
pollutant testing and the evaluation of causesriould. In the field of measuring technique
there was a transition from analogue to digital sneag instruments in the last years. The
digital instruments have the advantage of a higpelity, 4% fault instead of 7% fault with
analogue device and they are more comfortable afel $ecause of an automatic data
transfer. At the moment the standard DIN 1382%adla fault of 7%, but when the 1ISO 9972
whose draft is in revision, will become an EN stamdonly a fault of 4% will be allowed.

At the 9" BlowerDoor-Symposium in 2004 there was an up-te-desearch report about the
durability of bondings to find out which guarantean or shall be given by the manufacturers
and which durability is to be expected in real#yso the question was discussed in which
cases a mechanical securing of bondings is negesgarroof to gable wall and last but not
least the problem of air leakages and their effe@ts discussed intensively. Two years later
we had a new discussion about the applicabilitpafding materials with the current air
tightness layers because new materials had contbeinmarket. One outcome of these
discussions is that in the mean time most of thaeufsaturers of adhesive tapes and sealing
compounds have published good handling standarcedwoes. At the same time the use of
adhesive tapes and sealing compounds became basaarse there are air tightness sleeves
and other special devices that make working eési¢he handicrafts and enhance the quality
of the air tightness layer. Beside that a manufacthas created a new possibility to stick
together polyethylene foils.

Buildings are more airtight today because the wiagoorect installation of the airtight layer
has been learnt and the bonding materials havenibetter e.g. in earlier times butyl rubber

9
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was used, which does not glue good at low tempegatwhile today acrylates are used Iin
most cases.

Another way to achieve good air tightness is cdnthen in a bidding a limit value foggis
given and it is announced that the limit will bentolled in 95% of all cases the limit value is
met. Interesting is the advantage for buildinghvaitventilation system: in the calculation of
heat demand the heat recovernay be considered when the limit valug 1.5 h' is met.

The Reconstruction Loan Corporation (KreditandiatWiederaufbau KFW ) demands that
air tightness shall be measured with funded bugslin

Slowly the insight has established itself thatte@ghtness is also important in non-residential
buildings.

Market pull aspects

Campaigns

The government is running the German energy agéernya), which is carrying out different
campaigns (Future House, Low Energy Building in Buglding Stock, Energy Performance
Certificate and others) promoting energy efficiargw buildings, energy efficiency in
building renovation and renewable energies.

Financial stimuli

The Reconstruction Loan Corporation (KFW Bankenga)pis giving credits for building
renovation and additional repayment subsidies i rmiilding standard minus a certain
percentage is reached. These conditions may benatated with other subventions given by
federal states, local authorities or funds.

10
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DUCTWORK AIRTIGHTNESS

Chronological observation
Figure 2 relates the different aspects that haven bhenplemented to the three market

transformation components mentioned above.

Technology Pusl Regulatory Push
-Availability of measuring instruments sincd
2007 - EPBD and German EnEV in its revised
- Passive house standard as leading standpard | form
for new buildings - EN 13779 and DIN EN 12237

\ /

Transformation of the
airtightness market

Market Pull
- quick amortisation of extra costs with @j
tight ductwork

Figure 6. Key elements that have driven the ductwderairtightness market in Germany.

Regulatory push

At the moment more than half of the ventilation tduassembled daily in Germany is not
being installed according to the current standaagerning air tightness. This is mainly due
to rectangular ductwork (tightness class A) tendexiger DIN 24194. This ductwork is after
DIN EN 13779 (in force) only applicable for ductorisible in the provided rooms. The EN
13779 in its revised form says: “(tighness) class.Cis in most cases the recommended
minimum class...”.

Technology push

Since 2007 there is a portable system for measueiskpges in ventilation ducts. This will
help to carry out measurements quickly and weliqati At the same time passive houses are
a driver for good construction quality, becausedbeect function is dependant of the quality
of all building components.

Market pull
Air tight ventilation ducts guarantee better hygiemd save energy costs.

Summary and perspectives

The present situation is that against better kndgéehalf of the ventilation ducts assembled
in Germany are not being installed according tocilmeent standards concerning air tightness,
starting with a wrong bidding and ending with daemsgf the ducts on the construction side.
This shows the wide range of problems to solve.r&rbiddings are increasing but
permanent information and good training can in opinion only change the reality on the
construction side. Beside that the situation isilamto that in France: there is poor reward
given to ductwork airtightness as it is given te tventilation issue at all. Only very few
buildings have a ventilation system — and - th&eliise of round steel components pre-fitted
with seals which may be encouraged by the lack tedndon given to ductwork and
ventilation system design. We estimate that théseeVEnEV 2011-12 will help to change
things slowly. While ducts for the best tightnetass are available, information of planers,
handicrafts and owners are now important.

11
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FINLAND

ENVELOPE AIRTIGHTNESS

Chronological observation

Finland has set minimum requirements in the Nati@uwlding Code for thermal insulation
and ventilation of new buildings since 1976. Thguieements have been changed several
times in order to improve energy efficiency in ldinlgs. The latest changes were made in
2007, and these came into force for building pesmatjuested after 1st January 2008.

The latest revisions (2003 and 2007) of the bugdinde during the first decade of the'21
century presented first time some instruments tmerage a good air tightness design. These
were the recommendation of the good practise (n30H) and the reference value for the
heat loss calculation in the building permit pracebBhese last instrumental revisions do not
mean that the air tightness has been forgottenhén history of the Finnish regulatory
framework. There has always been a functional edgui (freely translated): thermal
properties (like insulation and tightness) of theustures have to be such that structures are
able to maintain good thermal indoor conditions agrergy economy in the inside space
according to the spaces’ purpose of use avoidingleasation in or on the structdre

The National Building Code is applied in renovai@f the old building stock in accordance
with the Land Use and Building Act, Section 13he& regulations in the Building Code
concern the construction of new buildings. Unle8sewvise specifically prescribed by the
regulations, they are applicable to renovation altération work only in so far as the type
and extent of the measure and a possible changesenof the building or part thereof
require’. In short, this means that regulations apply veeldom to the existing buildings,
which are often less air tight than new ones.

The air tightness of buildings has improved in gahduring the past 30 years in Finland
because of the transition from the natural vembitato the mechanical ventilation with heat
recovery systems, which need better air tightndsshe building envelope to function
satisfactory. There are some studies where aitniags has been researched during three
decades, for example: (Kauppinen 2001, [8]) and§K2008,[9]).

There are several service providers (private coastd, universities, universities of applied
sciences and VTT) to measure the air tightnessrilaid. The usage of this service is not
very common. This air tightness measurement cankedscombined with the utilization of the
thermographic camera to locate the leak spotsarstiucture.

Last but not least, there is some hope to get aaddimg customer in the building sector in

Finland. This is mainly speeded up by the raismgraness of the high energy prices, also
there is raising need for better indoor climate ditons, which is connected to the air

tightness of the building.

12
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Figure 7 relates the different aspects that haven bhenplemented to the three market
transformation components mentioned above.

Technology Push Regulatory Push
-Research projects, good practise guideling -Guideline (not mandatory) that n50 value
developed together with the structure should be 1 1/h
manufacturers (Tampere University of -The revisions of the requirements to
Technology) encourage airtight design (2003 ->)

N/

Transformation of the
airtightness market

Market Pull

- Growing customer (end-user) demand
on better indoor climate and better
energy efficiency

- Measurement service providers
available

Figure 7. Key elements that have driven the envelepairtightness market in Finland

Regulatory push aspects

Current situation in Finland

Currently there is no minimum requirement for threleakage value of a building presented
in the Finnish building code, only a guideline v&ln50 =1 h' is recommended to be a good
value for the well functioning mechanical ventitati and heat recovery. Some individual
structural components in the building envelope Wkedows and doors are voluntarily tested
by the manufacturers, but testing is not mandaton/the air permeability is not a mandatory
requirement.

On the other hand, there is a default value fordindeakage rate that i¥50=4,0 K" in the
calculation of heat losses in the building permdgess. If a better design value is wanted to
be used, the air leakage rate should be checkibe itas build’-phase by measurements or by
some other acceptable measure.

Future from the air tightness point of view 2010 ->

It is planned that the default reference valuetf® air leakage rate will b2,0 h' in the
calculation of heat losses in the building pernmitgess. Also the implementation will contain
punishing mechanism, if the air tightness of thiédmg design is not confirmed in any way.

In that case, the air leakage rate is 4 ih the heat loss calculation and the difference
compared to the better reference value*shhs to be compensated by better U-values or by
better ventilation heat recovery.

These new building codes are currently (in July&Q0frculating for comments in Finland.
The revision of the codes is planned to be in fandée beginning of the year 2010.

Technology push aspects

The air tightness of Finnish single-family housed apartments have been studied during the
past five years in two large-scale research prejpgtthe Department of Civil Engineering at
Tampere University of Technology and HVAC-laborgtoat Helsinki University of

13
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Technology (Korpi 2008, [9]) to get state of thé @malysis of the current business as usual
construction.

The examples of the results by construction tygepaesented in Figure 1. One finding can
be derived: the current business as usual constnuof the single-family houses does not
meet the recommended air tightness valn®0(= 1 h%) of the national building code.
Different factors (construction method and the lasan material in timber-framed houses,
seam insulation material in log houses, ceilingdtire in heavyweight houses among others)
were noticed to have an effect on the average satdieair change rates. Most important
result, however, was that good air tightness washed with all house types and with all kind
of structures and methods of construction.

A guidebook of airtight constructions and joints fthe building professionals will be
published in the near future (Aho 2008, [2]) le@non the results found in the study (Korpi
2008, [9)).

Figure 1. Measured air tightness values of Finrsgigle-family houses by construction type.
Source : [9]. Abbreviations: AAC = blocks of autaetd aerated concrete, LWAC =
lightweight aggregate concrete.

Market pull aspects

It can be seen that in the future there will beemdnding customer especially in the housing
sector in Finland. This is mainly speeded up byrtising awareness of the climate change
and high-energy prices. Also, there is raising needbetter indoor climate conditions, which
is connected to the air tightness of the building.

Still there are some doubts and opposite opiniamx@rning the air tightness in Finland.

These are mainly caused by the people supportiagnttural ventilation and traditional
construction style. Also there are people, who matrer the bad experiences of the 1970’s

14
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after the oll crisis, when so called “bottle hotisegh inadequate ventilation causing mould
problems were built.

Summary and perspectives

Finland has set minimum requirements in the Nati@walding Code for thermal insulation
and ventilation of new buildings since 1976. Thedachanges were made in 2007, and these
came into force for building permits requestedrattg January 2008. The latest revisions of
the building code during the 2tentury presented some instruments to encouraged air
tightness design. These instruments will be entthnigethe next foreseen revision 2010
containing punishing mechanism for the poor aihtiigss design. It can also be seen that
regulations still do not apply to the existing linlgs in the near future.

There have been studies where air tightness has fesearched during three decades in
Finland. The most recent study will give practigabtructions to designers and other
construction professionals and raise awarenesteofgbod airtight design of the building

envelope.

There are several service providers to measuraithigghtness in Finland and the market is
open for the demanding customer who wants to bgddd and environmentally friendly

buildings with good indoor climate. There is cuthgm strict price competition in the Finnish

construction market, which easily leads to costimg$ and avoiding extra voluntary quality
assurance measures, like air tightness test. Tigistithange after year 2010.

15
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DUCTWORK AIRTIGHTNESS

Chronological observation

The ductwork air tightness requirement has beetmenFinnish regulatory framework since
1980’s. Recent revisions (2003) of the nationalldag code stated that the minimum
tightness class should be class B (classificatioBN 12237). Requirements are in Building
regulations, Part “D2 Indoor climate and ventilatio

The EP-number (energy performance) calculation admgstake into account the ductwork
tightness in Finland.

Most of the Finnish ventilation systems are madefabricated system components, in
which the air tightness is typically easier to Hantthan in on site manufactured ventilation
systems.

The current practise is that all ventilation systeamcept the single-family house systems are
pressure tested and the tightness class is vediieithg the construction process. There are
several service providers available for the duckwesting.

Figure 8 relates the different aspects that haven bhenplemented to the three market
transformation components mentioned above.

Technology Push Regulatory Push
-Prefabricated system components of the - The ventilation system has too be tight. At
ventilation system available least class B according to the national
-Type approval of the ventilation products standard EN 12237
common practise

AN\ \\ // //

Transformation of the
airtightness market

Market Pull

- no specific pull, testing is a common practls
during the building process
- pressure test service providers available

Figure 8. Key elements that have driven the ductwdrairtightness market in Finland.

Regulatory push

The ductwork air tightness has been in the Finmedjulatory framework since 1980’s.
Current regulation for the ductwork tightness mssl B. The regulations apply only to the new
buildings.

Technology push

The regulations support the air tight ductworks. nMfacturers have improved their

components. The type approval and quality conolcbmmercial ducts and components is
common nowadays. Nationally VTT has a Product @Geation for ductwork systems that
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includes type testing and quality control for duated components and testing of a typical
duct configuration according to EN 12237.

Market pull
No specific pull, testing is a common practise le building commissioning and service
providers are available.

Summary and perspectives

The current practise is that all ventilation systeamcept the single-family house systems are
pressure tested and the tightness class is verdigthg the construction process. The
business environment seems to quite stable andjubgty of the ductwork seems to be
adequate at the moment. Dramatic changes canrotdszen in the future.
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BELGIUM

ENVELOPE AIRTIGHTNESS

Chronological observation

As mentioned below (see regulatory push aspectsldibg airtightness in the '90ties was

quite poor. It's only in the recent years that thas become a point of attention. We believe

that the push came chronologically as follow:

- Firstly, an increasing interest for very low emerthouses (e.g. "Passive houses") was
observed in a small group of "first runners”,

- Secondly, the EPB regulations takes the buildimgghtness into account; a number of
contractors investigated this option as a way tweiase the energy performance of their
buildings,

- Thirdly, the market is more and more demandingdw-energy houses.

Technology Push Regulatory Push
- New products - EPB regulation
- Passive houses - Subsidies

N/

Transformation of the
airtightness market

Market Pull
- Global warming
- Energy costs
- Demand for passive houses

Figure 9. Key elements that have driven the envelepairtightness market in Belgium.

Regulatory push aspects

In 1995-1997, a large study was carried out to ymealthe actual insulation level, the
airtightness of the envelope, the installed vetdifaprovisions and heating plants of recently
built residential buildings (both single-family hems and apartments). The study has shown
that the building airtightness of new dwellings wgsite poor and heterogeneous.
Measurements were carried out in 50 dwellings; @hlyresented a rather good airtightness
(nso Brrl), and 10 presented a very poor airtightness1Q h'). The averagesgvalué
was 7.8 Ir.

This study can be considered as a very importau & what became the EPB regulation.
Indeed, the lessons learned in this study (which guite extensive for the size of Belgif)m

! Note that at that time thegvalues were calculated on basis of the externime, so comparable values are
even higher.

2 Belgium is a Federal Stated composed of 3 Regifhe. SENVIVV study was carried out in the Flemish
Region.
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were intensively used to prepare the EPB regulatidio mention only two aspects relevant
here: the building airtightness and the enforcernétite law issues.

As the EPB calculation procedures take the buildargightness into account, the EPB
regulations are clearly a regulatory push. Howeweere is no requirement on the
airtightness, and a default value can be used ltmlese the so-called E-level. This default
value is expressed irs¢/(m3/mz2/h) and not ingg (h™), and it is fixed to 12 m3/m?h for the
space heating calculations. In order to situatetalue, the study mentioned above showed
that 60% of the tested housings was below thatultefalue. So, it is certainly a necessary
push, but not a sufficient push.

Up to now, there are no direct subsidies for gooidding airtightness. But there are quite
important subsidiésfor "Passive Houses". As one of the criteria tdifieate a building as
"Passive" is its airtightness, the subsidies cacdnsidered as a second regulatory push.

Technology push aspects

Products to improve the building airtightness caméhe Belgian markets a few years ago.
The availability of such products is certainly aadition to achieve a market transformation,
but we however do not believe it is a sufficienhdidion.

The fact that "Passive House Platforms" were setnupelgiunt can be considered as a
technology push. Indeed, the demand for "Passiveisek) that are really "passive",
according to the "Passive House" label, could dr@ysatisfactory if some help was provided
to architects to design and construct this kindwfdings.

Market pull aspects
In the last couple of years, the general awareabssit global warming, coupled with the
dramatic raise of the energy costs, has obvioudleg impact on the construction market.

The demand for low or very low energy building isrtainly increasing. The concept of
passive houses has migrated from Germany to Belgitew years ago. As one of the criteria
to certificate a building as "Passive" is its gintiness, this can be seen also as a market pull
for more tight buildings.

Summary and perspectives

The regulatory push and the market pull aspectexpected to be more and more important
in the future, due to both the present environnmeatais and the energy crisis. Further
technology push might be less important, as thelyots are already available, but what
might be missing are a global ‘design and builéight’ approach and trained architects and
building contractors.

% Direct subsidies and tax reductions.
* Due to the Federal structure of Belgium, there@guch platforms.
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DUCTWORK AIRTIGHTNESS

Chronological observation

A limited survey conducted in the SAVE-DUCT projéfi8]) has shown that the Belgian
ductworks in buildings were much leakier than thee&8ish ones, where duct airtightness and
general quality of ventilation systems are majorazons.

There are not yet data available about a potemizaket transformation.

Regulatory push

The EPB regulation does not include requirementslwast airtightness. However, ductwork
airtightness is taken into account, based on auttefalue, in the calculation procedure of the
E-level for dwellings (not in the procedure for ioff buildings and schools, at least not
directly). As for building airtightness, the poséiinfluence can only be assessed if the duct
airtightness is measured after completion of tistallation. The potential impact is different
for each ventilation system type and ranges frorarg small effect below 1 E-level point for
system A up to an E-level reduction of 2 or 3 peifdr systems C and D. Therefore, the
regulatory push is much lower in case of duct gitmess than in case of building
airtightness.

Technology push
Airtight ductworks are already on the market, Inat grobably not sufficiently known or used,

at least in dwellings.

Market pull

Duct airtightness in dwellings is not an issue lat &urrently, the market trend is flexible
ducts. There are few skilled installers (such astihg specialists); most of the time,
ductworks are done by electricians who don’'t hayecml competencies regarding
ventilation. The quality of the installation iserh poor.

The question is still: is a ventilation system healecessary? But this basic problem is
improved by the EPB-regulation that requires a Negidn system.

Summary and perspectives

This aspect is not the first priority for the bulg market and is not expected to increase a lot
in the coming years.
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NORWAY

ENVELOPE AIRTIGHTNESS

Chronological observations

History of airtightness

In the last 100 years, airtightness has been redaas an important characteristic of
Norwegian buildings. The reason is obvious; we hive winter temperatures; important
inhabited parts of our country are windy, and epearged to be relatively costly in the more
densely populated areas.

Figure 10. Thermograph from recent airtightness tsts of new Norwegian log houses built in the old
tradition, some actually showing relatively good reults.

During the 28 century there was an intensive enlargement of defdctric power
production. Norway now has a significantly largétization of hydro than in most EU MS.
This enlargement dramatically changed relative ggnetosts. As a result, the general
consciousness on energy use was reduced. Our ewgatrposition as major oil producing
country has not led to any improved general constiess in striving to reduce energy
inefficiency.

Introduction of modern insulation materials shiffedus to ‘thickness of insulation’ and led
to a general misconception that airtightness wésntacare of by these materials. These
materials are very open to air movement, and tlaézegion of this has led to numerous
experiences of enlightenment in our building indpisBuilders are increasingly rediscovering
the importance of having a continuous layer calleithd barrier’ on the outer face of the
insulation, which in combination with the ‘vaporrbar’ on the inner face, ensures that both
sides of the insulation have a barrier to air datian. This practice is now the norm, and is
strongly encouraged in Norway. Incidentally, theteou'wind barrier’ is open to vapor
diffusion, such that the insulation can dry out.

Regulations

The oil-crisis in the 70’s revived energy use comssness in Norway. Much of this was
inspired by good work done in our ‘big brother’ Silga. In 1985 our building regulations
introduced quantified levels of permitted air legdés for the first time. Different building
categories had different requirements. Very sntaihges were done to these requirements in
the 1987 revision of regulations. In 1997 the ragohs were given a more general
requirement that buildings ‘*have to be airtightidathe quantitative levels were moved to the
guidelines. In the 30 years since then, up to tptteyambitions behind level of requirements
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have not changed (we are still in the transitiongaeof the new and quite different 2007-
regulations).

Measured airtightness

Level of airtightness in the real world of buildgwgh Norway was fairly broadly studied in
198012 These measurements showed that the buildings sligtely leakier than the level
proposed in the coming regulationsso( 4.0 K* for single family houses). In the same
period, several experiment buildings were carefdéigigned, built and measured, and proved
that it was practically possible to build to a munbre ambitious level, see Figure 11.

Figure 11. 14 experiment low energy houses builr@aund 30 years ago in central Norway (Heimdal), wh
very good airtightness, B, ranging from 0.6 to 1.5 K.

No such broad study of airtightness, with goodisiatrepresentation (i.e. random selection
from the existing building stock), has been perfednin Norway since the 1980 study.
However, measurement data has been collected ststeity since then, though, and the
impression is that the level of leakiness has mproved much these last 30 years.

Several large professional builders bought thein @guipment for measuring airtightness
themselves and used this to develop their buildieigils and processes. At the same time a
few firms invested in equipment and tried to suevim the market serving the building
industry with measurements.

Large changes in the market and the industry ieted with this good process. Now most of
the surviving firms “no longer remember where tBayred their fan”.

Decline in measuring

After a few years the most common reason (but het dnly) for measurements being
performed was some sort of complaint. The resulihgation was often that the builder had
to do very costly repairs and a series of follownugasurements showed small progress. This
led to a negative spiral where the builders tree@oid measurements being performed, and
the government in their guides stated that “iielslem that measurements are performed”.

Several cases of measurements ended up in endéesssions due to unclear premises and
strange interpretations of rules when interpretdaja. Some cases also required more
building physics skills than what was availabletose projects. Some cases ended up in
court and there showed the participants lack otleé&nowledge, spoiling the reputation of
the method.
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Participants in measuring airtightness and usiegnile cameras organized themselves in an
interest group, initiated by our Norwegian BuildiRgsearch Institutedrawing on valuable
resources in Sweden. The institute’s possibilityaid in professional development and
physics advice to the group was hindered by lackuodling. A group continued on its own,
together with participants measuring other thirgmtbuilding envelope, in cooperation with
one of the firms selling thermo cameras (from Swegde

Political “view of the time”

A special trend of opposing “new” ways also lecatmovement that opposed airtightness of
buildings “Who would live in a plastic bag?” was (modified) headline in a popular
magazine. The Cabinet Minister for Oil and Energgk@d up this trend and said in a debate
“buildings should not be too airtight, either”. Ate that could be interpreted as of similar
attitude was reflected in a governmental guideline.

Present situation

Technology Push Regulatory Push
Modern ventilation plants - Revision of i limits in regulations
New standards - Class ‘A’ energy label requires
“New” building details measurement of airtightness
“Early windtight phase”

\ /

Transformation of the
airtightness market

Market Pull
Lecturing on demand
“Builders own fan”
“House Bank incitaments

Figure 12. Key elements that recently have drivethe envelope airtightness market in Norway

Regulatory push aspects

Revision of regulations

Prior to the 2007 revision of the Norwegian builgliregulations, a very fruitful discussion
arose in our building industry. The hearing draftthese new regulations was formed in
accordance with impulses from the Energy Perforraaoic Buildings Directive (EPBD).
Based on advice from the Norwegian Building Redearstitute, the Norwegian government
suggested reintroducing quantified levels of peediair leakages in the regulations; making
the demands much stricter for single family houard requiring the same level for all
building categories @3 < 1.5 h'). After an interesting tug-of-war period the intiys
managed to lower the level tgorx 2.5 K* (from former 4.0 H) for single-family houses, but
leaving the level for the rest of buildings mordass unchanged.

Further, for a building to achieve a Class A endapel (i.e. Passivhaus), the airtightness
must be confirmed by measurement. For other classeassumed value of, may be used
without measurement, and of course the buildersrilkeing sued by the owner if

® Was renamed SINTEF Building & Infrastructure irDB0
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measurements show that the building does not rheeassumed airtightness level. The new
Norwegian passive house standard (NS 3700:201@jresqan airtightness ofo 0.6 h',
while ‘low energy’ houses (Class B) shall hakg 1.0 h'.

1800 4
1600
1400 4
1200 4

Figure 13. lllustration used for
showing the relative energy saving
from building more airtight

(green bar) compared with the
energy savings from building . 1000
according to the new standard for 800 |
wall insulation, which is also 600 1
regarded as being dramatic 200 1
(orange bar), for a normal single
family dwelling.

D [kWh pr. ar]

200 —

Redusert energistrgm

n50:4 25 Dvegg: 200mm 300mm

New word needed for politicians to use

The word “airtight” is still linked to unwanted dlitees among Norwegian building customers
(voters). The word is easily misunderstood as “utileged”. Using a different word, like
“low leaking”, would greatly help laymen (politicia and bureaucrats) understand the
message we scientists want to convey.

New word needed for politicians to use

The word “airtight” is still linked to unwanted dlitees among Norwegian building customers
(voters). The word is easily misunderstood as “ntileed”. Using a different word, like
“low leaking”, would greatly help laymen (politicia and bureaucrats) understand the
message we scientists want to convey.

Technology push aspects

Modern ventilation plants

Large buildings can relatively easily be
measured by use of the building’'s own
ventilation system. It is very common
nowadays for large ventilation units to be
equipped with adjustable fan speed, airflow
measurement and other devices that make
leakage measuring simple in late stages of
the building process.

We have had a series of large buildings
(swimming halls etc.) being followed up by
use of the ventilation plant for depressurizing

together with thermography, and also for air q lat | ith
leakage measuring. Figure 14. Modern ventilation plant, wit

adjustable fan speed and flow measuring device.

New standards
Fairly new EN-standards have given all participantgshe market the same possibility to
indicate the relationship between levels of aikégpe and energy use, results as seen in the
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above Figure 13. This has led to an improved commuterstanding of the importance and
consequences of airtightness.

“New” building details

Designing to a certain level of airtightness

requires choice of good building details. We

regard most of the details in the widespread

collection of Norwegian Building Details sheets

as sufficiently sophisticated to meet present

regulations (example detail in Figure 15).

The sensitivity to workmanship, possibility to

modification, combination with other details etc

varies to some degree. Many challenges

connected to airtightness were solved some

years back, but have now been pulled out of the

drawers and been modified for modern

requirements.

Modern “nonwoven” building materials, coming

in large modules, with good resistance to ramyure 15. Example of new building detail
and wind penetration, but at the same time beipging possible as a result of using new
open to water vapor, gives good opportunity Wteria_lls, these being wind tight and at the
solve some of our Nordic climatic challenges. S2™Me time open to vapour transport.

Measuring in “early windtight phase”

Measuring airtightness in a early phase of building
has proved to be a very powerful tool in the sttive
achieve good windtightness. This method has been
spread to the building industry by our institute
recently:

Method Control is done when the outer windtight
layer, windows etc are mounted, but before insoiati
and inner layers are put in place. One needs &ofan
depressurize the building to about 50 Pa. If much a
passes through the fan, or you have trouble aaigevi
50 Pa, you may conclude that you have some
relatively large leakages to repair. The builden ca
fairly easily feel with his hands along joints etced
detect air flowing through even small leakages.
Faults and leakages can be mended very quickly and
cheaply.

Figure 16. Easy repair of discovered leak
in wintight layer

We have spread his method to the builders by esmtithod has been prescribed in a number
of low energy projects, and gathered experiences haen of great value.

Market pull aspects

Lecturing Norwegian housebuilders

Norwegian builders saw the need to adjust to neyulegions. They had read our institute’s
recommendations for dramatically tightening theleakage level for single-family dwellings,
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and a debate had followed. This initiated the Na@iae association of homebuilders
(www.Boligprodusentene.no) to invite themselves Hralleaders of their member firms to a
short lecture about airtightness in our laboratorie this lecture:

the blower door method was demonstrated, used‘smaill” house with controllable
leakages resembling an “ordinary” house

the participants were encouraged to locate withr tieee hands the air leakages of a
sample wall of only windtight layer (external gypstoard) with a window mounted
(small leakages, Passivhaus-level) while it wassurgzed to 50 Pa.

the participants could feel the blast (at 50 Paatie smoke added) of 1/3 of the total
leakages that was going to be the maximum allowed ( 3.0 h'), after new regulations
comes in power (for sample house, equal to thréeshwaith diameter 200mm)

a set of thermograms from common leakages wereesthawd discussed

They caught the message; they were ready for ingpnewts.

Figure 17. Pressurized chamber with a sample walised for demonstrating different levels of airtighhess,
for leaders in Norwegian building industry.

Different versions if this demonstration and leeturave been spread to the Norwegian
scientific community and to government representsti
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Spread of “Builder’'s own fan”

Primarily as a response to the urge to have easlg tior
depressurizing smaller buildings being under cowsn, the
Norwegian association of homebuilders
(www.Boligprodusentene.no) challenged two manufactu of
ventilation equipment to produce a suitable lowtdas that
small building firms can afford and master. Theaasf have
emerged as commercial products. They also havaltigy to
indicate leakage quantities (but not fully in adaorce to the
standard EN 13829).

The spread of these fans and the use adxthet right stagef a
building project, in early wind tight stage, is ¢aio have
improved airtightness dramatically, and is among tisers
regarded as a small revolution.

Figure 18. An early version of one of the “Buildes own fans”

House Bank incitements

The governmental House Bank has played an importdatin the turn of the trend back
towards more measuring taking place. They havengaenomic incitements to low energy
buildings, but a condition for payments have be®at energy relevant properties must be
documented. In most of recent low energy buildiaigeghtness have been measured; in some
in both early windtight stage and finished stage.

‘El Early windtight @ Finished B Repaired ‘

These projects have been of great value
e to several house builder firms, giving
them the opportunity to change to a
better practice. An example is a series
of measurements participated by our
institute over a two year period in five
low-energy buildings. These were
erected by the same firm, on the same
windy building site, and the last
building had the best results, despite
having some special and new building
detail challenges.

]

n

B B B B B

Figure 19: Improved skills resulting in lowered ar
leakages in a series of five low-energy buildingst ame
building site.
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Summary and perspectives

In Norway...

we have recently experienced a pleasant revivebofe of our 30 years old interest and
knowledge around air tightness

improved air tightness is among the energy reduagiagsures with the best cost / benefit
ratios

increase in general number of air leakage measunsngeone of the primary keys to
improved air tightness

including these measurements into the building ggecnot just waiting until it has ended,
has proved to give rich results

those performing and interpreting these measuresma®d support and educating
endless disputes must be dealt with by institutigitls sufficient knowledge and power

it must be a national (and European) responsilihtiinance a team of both scientists and
bureaucrats that are able to serve the buildingstrg’'s need for support in energy related
transitions with a longer time horizon than what Building industry is used to by itself

the building industry is proud of its importantegoh managing large resources, and is
therefore willing to change pace, when it seepriégtical effects

the craftsman enjoys being applauded when “inveSigbod craftsmanship is shown
through good measurement results, and competitietvgeen teams have proven to
become an extra bonus, and an interesting toalh®mae improvements

internal air leakages have implications on eneigg/that are less obvious than those
connected to the building envelope alone, but thesgust as real

internal air leakages have implications on non-gnaspects like fire safety, sound
insulation, spread of contaminations and diseasell ®tc. that is unsettled.
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DUCTWORK AIRTIGHTNESS

The Norwegian building regulations state merelyt tli2ucts and air-handling units shall be
satisfactorily airtight. Norway includes duct airtightness in its natibs@ndard for building
specs, NS 3428, It defines leakage classes which are fully haizemh with European
standard$"®1"111 " and leakage testing is specified a cost itemofational one). As neither
NS 3420, nor the building regulations, give quaire requirements for airtightness; it is up
to the building owner to specify in each case.racpce, the specified minimum requirement
for duct systems is normally Class'8. However, in reality over 90% of installed ductkor
is circular with Class C or better. This is simplcause that is what most ductwork suppliers
deliver in the Scandinavian market; it is cost effee and simple to fit.

There might still be some remaining new projectserghsingle-family dwellings have
ventilation systems placed on a cold ventilateit.agspecially if these have flexi-ducts and a
large number of these are spread out on the atieemight question the energy efficiency of
these systems, in this case caused by air leakdgesdo not know about studies on the
magnitude of this combination.

Leakage tests were very common practice until title 1890s. Norway has exactly the same
approach as the Swedish trade standard ARMATen percent of the duct system area was
tested, just as for AMA. Since then, testing hasob® uncommon because it is now rarely a
contractual obligation, and is now never required $mall buildings. Nevertheless, major
ventilation contractors still recommend their ownpoyees to perform pressure tests on their
own systems as part of QA. They do this to discav&rllation faults at an early stage before
the building is complete, not just before the sysie commissioned and handed over. This is
especially true for critical ductwork (i.e. withdh operating pressures, and main duct risers
before they are built-in), not small ducts neartarminals (operating pressure < 100 Pa). If
such a leakage test is done, then the results @aneded over as part of the handover
documentation. Only few systems are tested this waybe < 10% of large buildings.

Why is testing no longer required? It may simply liecause duct leakage is no longer
regarded as an issue, now that Class C has bedmetfacto standard product. However,
this is a false premise. Measurements have shoatnthilere can be a significant difference
between leakage in a real building and that doctedein laboratory condition&”. Air
leakage can amount to 5~7 % of the total ventiafiow rate in a commercial Norwegian
building **. The reason for this is that in a real installatimany components are connected
without gaskets. Examples are flexible ducts, phencollars, and pressed saddle taps
(Figure 20f*°17! The latter are a popular alternative to tee mi¢Eegure 21, which are more
airtight) because they simplify fitting, but poorokkmanship can leave gaps between the
collar and the duct.
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Figure 20: Collar saddle for in-situ tees [foto: Figure 21: Factory made pressed tee with low flow
L.A.Matsson] resistance, and airtightness Class D (foto ©Lindab)

In the 1980s, a voluntary inspection scheme caldmisk ventilasjonskontrol(Norwegian
Ventilation Control) was started. It was funded duy insurance scheme, whereby HVAC
consultants registered new buildings, and paidrnsarance premium. The concept was to
check at random 10% of new buildings covered bysttteeme, so it was very cost-effective.
The checks were similar to Sweden’s OVIOlfligatorisk Ventilasjonskontroll'?), i.e.
focusing on I1AQ, ventilation flow rates and congolbut not leakage. At its height,
approximately 10% of new buildings were being reggisd, which means that about 1% of alll
new buildings were checked. There was initially ajrenthusiasm for the scheme, but
building owners eventually became weary of the thett their buildings were not being
picked out for checks. Interest in the scheme pdteyut after a few years, so it was
terminated. If all consultants had joined the sobethen 30 controllers would have been
needed to check 10% of all registered new buildingsonally. Norway has now re-
established an inspection scheme for ventilatiash @n-conditioning systems with capacity
over 12 kW, in fulfilment of EPBD. The scheme irbbs all ventilation systems, also those
without cooling. The inspection frequency is 4 year
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