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SUMMARY AND MAIN CONCLUSIONS 

SUMMARY 

The Intelligent Energy Europe project 
ASIEPI 'Assessment and Improvement of 
the EPBD Impact (for new buildings and 
building renovation)' has collected and 
analysed international and national 
information from up to 17 EU Member 
States plus Norway on the topic of thermal 
bridges in buildings. Seven different 
aspects have been addressed, ranging 
from EU Member States’ approaches in 
regulations to quantification of thermal 
bridge effects to the energy balance, used 
software tools and thermal bridge atlases, 
available good practice guidance and 
promotion of good building practice to the 
execution quality and advanced thermal 
bridge driven technical developments.  

For many of these items it can be said that 
various at least partly high quality material 
is available in most of the EU Member 
States (like software tools for calculating 
thermal bridges, thermal bridges atlases 
and promotion of good practice guidance). 
It would be desirable that the material is 
used more often by building practitioners 
and that some countries catch up with the 
others. Software for calculating thermal 
bridges should be validated and the 
validation documentation should be 
published. 

All EU Member States plus Norway con-
sider thermal bridges in the energy perfor-
mance assessment of new buildings, but 
to a lesser extent in the assessment of 
existing buildings that undergo major 
renovation. A detailed assessment of ther-
mal bridges allows for compensation of 
other energy influences due to better 
building junction solutions. The use of 
default values on the other hand makes 
the calculation of the energy performance 
faster.  

Several Member States have included 
specific requirements concerning the 
quality of building junctions in their regula-
tions. These can be maximum linear 

thermal transmittances or minimum dimen-
sionless temperature factors.  

Some countries have a meticulous check 
of details during or after the design phase 
of a building. Few countries have a 
detailed quality assurance of the execution 
quality on the construction site. ASIEPI 
has collected ways to assess the 
execution quality, but also possible sticks 
and carrots to improve the realisation of 
building junctions. 

The search for thermal bridge driven 
industry developments was not an easy 
task. However, the report contains some 
products that can reduce thermal bridges 
in buildings significantly. It has to be 
mentioned that most of the identified 
products are produced and used in central 
Europe. A regulation that allows the 
detailed assessment of building junctions 
and that is up-to-date with innovations, 
supports these kinds of solutions (see also 
another ASIEPI topic ‘The EPBD as 
support for market uptake for innovative 
systems’). 

MOST IMPORTANT CONCLUSIONS 
SORTED BY TARGET GROUP 

Based on the contributions of experts from 
17 different EU Member States and 
Norway ASIEPI has derived the following 
main recommendations to different target 
groups: 

 Policy makers: 

• Include the assessment of thermal 
bridges in the energy performance 
calculations for new buildings, but 
also with at least a simplified 
approach for existing buildings in 
case of major renovation. 

• Set minimum requirements or at 
least recommendations for inner 
surface temperatures. 
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• Include a quality assurance pro-
cedure for the design and the 
realisation of building junctions in 
your national building regulations. 

• Offer to use values lower than the 
default value for thermal bridges 
according to the result of detailed 
calculations. Due to that improved 
junctions can be used as a method 
to improve the energy performance 
of buildings, similar to better insula-
tion, more efficient systems, etc. 

• Explicitly require that thermal 
bridge software used in the context 
of the EPBD-regulation must 
satisfy the validation cases of EN 
ISO 10211. 

 (National) standardisation bodies: 

• Include simplified and detailed 
assessment methods for thermal 
bridges in the national energy 
performance assessment stand-
ards. 

• Develop a procedure for setting 
minimum requirements on the 
energy quality of building junctions 
that covers the energy impact and - 
even more important - includes the 
guarantee that no moisture or 
mould problems occur. 

• The impact of thermal bridges in 
winter (heating energy demand and 
heating load) and, depending on 
the boundary conditions partly on 
the summer performance of 
buildings (cooling load) cannot be 
neglected and should be included 
in the national calculation methods 
either using default values and/or 
detailed calculations. 

• Provide best practice guidelines as 
part of standards or accompanying 
information. 

 

 CEN/ISO: 

• Publish in the short term a 
corrigendum for the errors in 
case 3 of annex A (and elsewhere 
in the text) of EN ISO 10211:2007   

In the meantime CEN has decided 
to correct the errors! 

• In a future revision of EN ISO 
10211, a more comprehensive set 
of validation test cases seems 
warranted (more complex bound-
ary conditions, non-rectangular ge-
ometries and air layers). 

• Further improvement, streamlining 
and clarification of the EN ISO 
transmission standards appears 
desirable: this can probably best be 
achieved by merging all present 
standards from the transmission 
suite into one single, fully coherent 
standard, with unified definitions, 
terminology and symbols. 

 Building practitioners: 

• Include the detailed assessment of 
the building junctions in the 
calculation of the energy per-
formance of buildings. 

• Have a thorough look at building 
junctions during the design of the 
building, but also during the 
realisation on the construction site.  

• For high-performance buildings the 
impact of thermal bridges can 
become significant.  

• Especially for renovation projects 
building junction solutions have to 
be checked in order to prevent 
moisture/mould problems. 

• Keep in mind: Reducing the  
thermal bridge effect of building 
junctions can also be an oppor-
tunity to improve the airtightness of 
the building. 



 

  

  
  
  
  

 
5 

 

 

 Associations of architects/building 
practitioners and universities:  

• Start/improve courses, student cur-
ricula and workshops on thermal 
bridge avoidance in design and 
practice. 

 Building owners: 

• Ask your designer and building 
inspector to have a thorough look 
at the quality of building junctions.  

 Software companies: 

• Validate systematically and 
continuously all thermal bridge 
software according to the latest 
versions of European and 
international standards and other 
benchmarking methods, and 
publish any proof of validation on 
the Internet. 

• Continue to further improve the 
capabilities and user friendliness of 
thermal bridge software. 

 Building Industry: 

• Enhance the development of 
products to reduce thermal bridges 
(also in connection with the future 
goal of nearly zero energy 
buildings). 

• Increase the promotion for such 
products and ideas. 

 

 

 

IMPACT OF THE ASIEPI WORK ON 
THERMAL BRIDGES 

Besides the general dissemination and 
awareness raising we can say that thermal 
bridges are now regarded in all EU 
Member States’ national regulations for 
new buildings. It may be bold to say this 
was achieved by ASIEPI, but due to the 
information exchange among national 
experts within the project, also via 
Concerted Action and BUILD UP, the 
project has at least contributed to this 
accomplishment. 

Several software tools for thermal bridge 
assessments are now validated according 
to the relevant EN ISO standard. ASIEPI 
has investigated which tools have been 
validated and has asked the developers to 
publish the validation on their website. 
Belgium-Flanders has even included a 
requirement for validation of these tools if 
they are used as part of the energy 
performance assessment in their 
regulation. 

We do believe that the presentation of 
interesting national approaches will help 
other EU Member States to improve their 
EPBD implementation. 

FUTURE DIRECTIONS 

One national study showed that the 
reduction of thermal bridges can have the 
same impact on the final energy use of a 
single-family house as the gains by a solar 
thermal collector for domestic hot water.  

With the future of “nearly zero energy 
buildings” for both new and existing 
buildings high-quality building component 
junctions and the reduction of other types 
of thermal bridges will become even more 
important. 
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1. INTRODUCTION 

1.1 THE IEE ASIEPI PROJECT 

• The Energy Performance of Buildings 
Directive (EPBD) requires Member 
States to define building energy 
performance requirements... but did 
the Member States take this oppor-
tunity to strengthen their existing 
legislation? 

• Member States are free to define their 
calculation methods and their 
requirements... Is it therefore possible 
to compare requirements across 
Europe? If so, are the requirements in 
one country more severe than those of 
neighbouring countries? 

• The EPBD gives a list of aspects to be 
considered in the calculation 
procedures... Practically, how to 
effectively handle thermal bridges, 
stimulate good summer comfort 
conditions and good building and duct 
airtightness? 

• The EPBD should not be a barrier tor 
innovation. Are there any legal and 
technical frameworks to assess the 
energy performance of new innovative 
systems not covered by the standard 
procedures? 

• Regulations are only useful if they are 
respected. How do the Member States 
organise control and compliance? 

The ASIEPI project (01/10/2007 - 
31/03/2010) analysed those aspects in 
participating countries, and developed 
suggestions for improvements. 

ASIEPI stands for 'Assessment and 
Improvement of the EPBD Impact (for new 
buildings and building renovation)'. The 
project addresses 6 technical issues: 

1 Intercomparison of requirement levels 
in Member States 

2 Impact, compliance and control of 
legislation 

3 An effective handling of thermal 
bridges in the EPBD context 

4 Stimulation of good building and 
ductwork airtightness through EPBD 

5 The EPBD as a support for market 
uptake of innovative systems 

6 Stimulation of better summer comfort 
by EPBD implementation 

In addition to the traditional reports, 
publications, contributions to workshops 
and conferences, ASIEPI has also 
disseminated its results through web 
events and presentations-on-demand. 
Web events are on-line workshops that are 
broadcasted on internet, with the 
possibility to ask the speakers questions. 
Presentations-on-demand are presen-
tations, including voice, that can be 
downloaded to be watched at any 
moment. Both web events and presen-
tations-on-demand have been announced 
and are downloadable at the project 
website www.asiepi.eu. 

This report summarises the work and 
results within the ASIEPI work package 
“An effective handling of thermal bridges in 
the EPBD context”. 

1.2 THERMAL BRIDGES IN BUILDINGS 

Thermal bridges can occur at various 
locations of the building envelope and can 
result in increased heat flow, which causes 
additional transmission losses, lower inner 
surface temperatures and possibly 
moisture and mould problems. The 
additional transmission losses lead to a 
higher heating energy need and use and 
are becoming especially important in the 
case of so-called low energy or high 
performance buildings. Here, the energy 
loss due to thermal bridges can be even 
higher than, for example, the energy 
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benefit provided by thermal solar collectors 
for domestic hot water. The public aware-
ness of this fact is however very low. 

 
Fig. 1:  Example of a thermal bridge effect at 

a concrete ceiling embedded in the 
external wall. Calculation of the linear 
thermal transmittance and the dimen-
sionless temperature factor. The 
colours illustrate the temperature 
distribution within the construction. 

1.2.1 Types of thermal bridges 

Four different types of thermal bridges can 
be distinguished: 

1 Repeating thermal bridges within a 
construction element (structure or 
frame constructions). They are 
included in the overall U-value calcula-
tion of the element. 

2 Thermal bridges at corners and 
junctions incl. windows and doors, 
wall/roof, wall/wall corners. The linear 
thermal transmittance (psi-value) is 
multiplied by the length of the thermal 
bridge.  

3 Isolated thermal bridges, like balconies 
penetrating insulation layers. The 
punctual heat loss is multiplied by the 
number of thermal bridges. Many 
national energy performance calcu-
lation procedures do not request to 
include the isolated thermal bridges 
into the energy performance calcu-
lation. 

4 Air movements within the structure, or 
between the structure and the outside, 
or between the structure and the inside 
(but without direct air transfer all the 
way from the inside to the outside). 
Obviously, these (semi) internal air 
flows affect the transmission heat 
losses. They can be considered as a 
form of thermal bridging in a broader 
sense. 

1.2.2 Standards for thermal bridges 

The international standard EN ISO 10211 
is dealing with thermal bridges, but there 
are national standards available in nearly 
every European Member State that cover 
calculation, requirements and good 
practice solutions. 

1.2.3 Aspects of thermal bridges 
analysed within IEE ASIEPI 

Within the ASIEPI work on thermal bridges 
the following aspects have been 
addressed: 

 EU Member States approaches in 
regulations 

 Quantification of thermal bridge effects 
on the energy balance 

 Software tools and thermal bridge 
atlases 

 Good practice guidance 

 Promotion of good building practice 

 Execution quality 

 Advanced thermal bridge driven 
technical developments 

1.2.4 Approach of work 

The approach used in the IEE ASIEPI 
work was to start with a basic 
questionnaire answered by experts from 
up to 17 Member States and Norway 
followed by a collection of more detailed 
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information such as existing national 
experiences and studies per task. 1 

1.2.5 List of available information 

This report summarises the results of the 
different tasks. Further information is 
available at: 

 7 information papers available on the 
EU portal on energy efficiency in 
buildings “BUILD UP” at 
www.buildup.eu  

 BUILD UP database of publications, 
tools, events 

 Thermal Bridge Forum as community 
on BUILD UP 

 2 Internet information sessions 
available on the project website 
www.asiepi.eu 

 A Power Point presentation on 
demand available on the project 
website www.asiepi.eu 

 

                                                 

 

1 The basic information collection was done at 
the end of 2007. However, the EPBD-
regulations in the different countries evolve 
continuously. The information presented in this 
report represents only a snapshot at the time 
that it was collected. Given the rapidly evolving 
regulations, it may therefore have become to a 
greater or lesser extent outdated. Please 
always refer to the original national regulatory 
texts for the latest, up-to-date information in 
any given country. 
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2. EU MEMBER STATES APPROACHES IN REGULATIONS 

2.1 INTRODUCTION  

2.1.1 The Energy Performance of 
 Buildings Directive 

The objective of the Energy Performance 
of Buildings Directive (EPBD)  [1] is to 
promote the improvement of the energy 
performance of buildings, taking into 
account outdoor climatic and local 
conditions, as well as indoor climate 
requirements and cost-effectiveness. 

The EPBD articles impose: 

 the general framework for a methodol-
ogy of calculation of the integrated 
energy performance of buildings; 

 the application of minimum require-
ments on the energy performance of 
new buildings; 

 the application of minimum require-
ments on the energy performance of 
large existing buildings that are subject 
to major renovation; 

 energy certification of buildings; and 

 regular inspections of boilers and of 
air-conditioning systems in buildings; in 
addition, an assessment of any heating 
installations whith boilers older than 15 
years. 

Though thermal bridges are not explicitly 
mentioned in the EPBD they are part of 
the thermal characteristics of the building 
shell which is one of the aspects that have 
to be included in the methodology of 
calculation of energy performances of 
buildings. 

The first task within the ASIEPI work on 
thermal bridges was therefore to analyse if 
and how the EU Member States’ building 
energy performance regulations deal with 
thermal bridges and to gather and 
document the approaches and existing 
minimum requirements. 

2.2 APPROACH 

The starting point for analysing the 
countries’ calculation procedures and 
requirements was a questionnaire. The 
overview of the answers by experts from 
13 different Member States is split by 
geographical and climatic region. 

Questions were asked concerning the 
following topics: 

 National regulations considering the 
influence of thermal bridges in new 
buildings 

 National regulations considering the 
influence of thermal bridges on the 
renovation of buildings 

 Explicit calculation or simplified 
approach for new buildings 

 Explicit calculation or simplified 
approach for renovation of buildings 

 Maximum values for thermal bridges 
given in national regulations 

 Realisation of details checked by auth-
orities during design 

 Realisation of details checked by auth-
orities during realisation 

2.3 RESULTS 

2.3.1  National chapters 

At the time the questionnaire was 
circulated and evaluated (end of 2007) the 
experts from the countries reported the 
following: 

Northern Europe:  

 Denmark: National regulations con-
sider the influence of thermal bridges 
in new buildings and in the renovation 
of buildings, in both cases using a 
simplified approach. Simple thermal 
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bridges are typically assessed by hand 
calculation, complex thermal bridges 
are assessed by means of a detailed 
numerical analysis. As regards the 
complex thermal bridges however, all 
typical solutions are covered by 
tabulated values available in 
standards, atlases or in brochures 
provided by building materials pro-
ducers.  

Regulations set specific requirements 
for thermal bridges. For extensions 
there are specific requirements for the 
U-values and in addition some 
maximum values for Ψk (value of the 
linear thermal bridge) which go from 
0.03 W/mK for window fittings to 
0.15 W/mK for foundations. For new 
buildings the maximum energy 
performance requirement has to be 
fulfilled and in addition some maximum 
values for thermal bridges are 
imposed: Ψk may be at maximum, 
ranging from 0.06 W/mK for window 
fittings up to 0.40 W/mK for 
foundations.  

The realisation of details is supervised 
by public authorities during the project 
and checked by an energy consultant 
(based on the certification scheme). 

 Norway: Regulations distinguish bet-
ween thermal bridges of little signifi-
cance, occurring in building sections 
due to the way of construction (e.g. 
insulation between wooden studs, 
rafter joist) and which should be taken 
into account in the U-value, and 
thermal bridges of higher significance 
(e.g. edges of concrete floor going 
partly through an insulated wall), which 
should be evaluated separately. Both 
issues are taken into account by 
explicit calculation which is obligatory 
for both new and renovated buildings.  

In Norway there are two possible ways 
of satisfying the energy performance 
requirements on buildings, namely the 
framework requirements (which set a 
maximum energy performance level for 

entire buildings, according to building 
type) or the energy measure 
requirements (which set requirement 
levels for building envelope sections, 
e.g. U-values of walls and roofs, and 
installations (e.g. heat recovery 
system). In the energy measure 
requirement model, the normalised 
thermal bridge value NKV=(ΣΨ*l)/ABRA 
should not exceed 0.03 W/m²K in small 
buildings and 0.06 W/m²K in larger 
buildings, where Ψ is the linear thermal 
transmittance, l is the length of the 
thermal bridge and ABRA is the 
available heated area (area within the 
exterior walls).  

In the framework requirements model 
there is no specific requirement related 
to thermal bridges; instead maximum 
thermal performance levels are 
specified for the whole building. 
However, maximum U-value levels are 
specified for the various part of the 
building envelope. Requirements 
regarding risks of surface conden-
sation and mould growth on the inner 
surfaces will also limit the size of the 
thermal bridges.  

The execution of building details is not 
checked by authorities. 

 Finland: National regulations consider 
the influence of thermal bridges only 
for new buildings. The approach is a 
simplified one. 

Simplified method 1: for a layer in a 
structure composed of different 
materials with different thermal 
conductivities parallel to the thermal 
flow: if the λ-ratio (the highest divided 
by the lowest thermal conductivity of 
two adjacent layers respectively) is 
smaller than 5, then the area weighted 
λ-value can be used as thermal 
conductivity of that layer. Insulation 
between wood studs is a typical 
example. This kind of layer is treated 
as an “averaged mixture” of two 
materials in U-value calculations 
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Simplified method 2: if the previously 
defined λ-ratio is higher than 5 the 
detail should be handled as a thermal 
bridge. The effect of the presence of a 
poorly insulating material on the 
energy performance of the whole 
structure has to be modelled with an 
appropriate (e.g. 3D-calculation) 
method or with measurements in order 
to obtain the linear or point thermal 
transmittance of the thermal bridge. 
These thermal transmittances summed 
up over all thermal bridges are added 
to the U-value: 

The Finnish building code does not 
impose maximum values for thermal 
bridging, but the structures have to be 
designed in such a way that the overall 
heat transfer coefficient of the building 
design is lower than the reference 
design heat transfer coefficient calc-
ulated with the tabulated U-values from 
the building code and with the design 
ventilation rate. Structural details also 
have to be designed in order to avoid 
condensation within any part or on any 
surface of the structure. 

The general realisation of details is not 
supervised by authorities, but an 
inspector may give guidelines for good 
practice. 

Central Europe: 

Belgium: 2 The 3 regions are each 
responsible for the implementation of 
the EPBD on their own territory. Since 
2006, the regions have been, each at 
its own pace, introducing gradually 
their own EPBD-regulations. Until the 
spring of 2010, thermal bridges were 

                                                 

 

2  This description summarizes the new 
situation in the beginning of 2010. It replaces 
the provisional description given in the 
information paper P064 (April 2008), which is 
not fully correct anymore. 

not yet taken into consideration in the 
calculation procedures of the energy 
performance in any of the regions. But 
at the time of writing of this report 
(March 2010) a proposal of a 
consistent method for taking them into 
account has just been finalised. All 3 
regions have said that they would 
apply this method, but none of them 
has already communicated a formal 
decision on when the method will 
come into force. 

An overview of the method is given in 
 [2]. The method only concerns the so-
called 'nodes', i.e. the junctions 
between flanking elements and the 
punctual, non-repetitive penetrations. 
All other penetrations of the insulation 
layer must be taken into account in the 
U-value of the element.  

In the method, it is possible to choose 
from 1 of 3 options: 

• Option A corresponds to a classical 
approach: all nodes must be taken 
into account in the determination of 
the heat transfer coefficient by 
using their length or number and 
their linear or punctual thermal 
transmittance. The latter are 
obtained either by numerical 
calculation or by means of default 
values. 

• Option B is a simplified approach 
involving limit values or simple 
rules that aim at ensuring the 
continuity of the insulation barrier. 
A small, fixed increase of the 
average thermal transmittance is 
then applied. Nodes that do not 
satisfy one of the continuity criteria 
must be taken into account extra, 
in a similar manner to option A.  

• Option C applies a large fixed 
penalty on the average thermal 
transmittance if one doesn't pay 
any attention to the nodes. 
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Limit values for the linear thermal 
transmittance are only used in option B 
but not as absolute maximum values 
that must be satisfied in any case. An 
energy performance certificate is 
required for all new buildings for which 
the energy performance has to be 
calculated. The drafting and delivery of 
this energy performance certificate is 
part of the procedure related to the 
‘EPB-declaration’ of the executed 
works after construction. Any aspect of 
the as-built declaration (thus including 
the nodes, once the new method will 
have come into application) can be 
subject to control (and sanctioning with 
administrative fines) by the public 
authorities. 

 The Netherlands: National regulations 
only consider the influence of thermal 
bridges in new buildings. This is done 
via the EP standardisation and an 
additional standard concerning thermal 
insulation of buildings  [3], which 
contains an explicit calculation method 
as well as a simplified approach. This 
simplified method uses an addition to 
the U-value (with ΔU = 0.10 W/m²K). 
The detailed method is devised 
according to CEN standards on 
thermal bridges: the value of a linear 
thermal bridge (ψ-value) is calculated 
and added to energy losses by 
transmission. The authorities do not 
set maximum values concerning 
thermal bridges.  

Officially the realisation of details is 
controlled by the authorities, but the 
realisation of the details is usually not 
checked. 

 Germany: With regard to structural 
thermal bridges, the national standards 
impose that the impact of thermal 
bridging must be kept as low as 
possible. The remaining influence is 
taken into account in one of the 
following ways: 

• Overall increase in the heat 
transfer of the building surface 

areas by ΔUWB = 
0.05…0.15 W/m²K, according to 
DIN 4108  [4] and DIN V 18599  [5], 
with: 

- ΔUWB = 0.10 W/m²K as stand-
ard value for new constructions 

- ΔUWB = 0.05 W/m²K if realised 
at least as good as example 
details in DIN V 4108, supple-
mentary sheet 2 

- ΔUWB = 0.15 W/m²K for existing 
buildings with internal insula-
tion (DIN V 18599-2,  [5]). 

• Accurate analysis of thermal 
bridges in accordance with agreed 
European calculation standards 
(DIN EN ISO 10211-1/2,  [6],  [7]) or 
example details with given ψ- or 
χ-values. 

The standards consider the influence 
of thermal bridges in new buildings and 
in the renovation of buildings, applying 
in both cases explicit calculation 
methods and simplified approaches. 
The dimensionless temperature factor 
fRsi should be higher than 0.7. 

The realisation of details is usually not 
checked by the authorities. 

 France: Legal standards consider the 
influence of thermal bridges in new 
buildings. Explicit calculation methods 
or a thermal bridges atlas (Th-U) can 
be used to determine the linear 
thermal transmittances. The method 
used is based on the standards NF EN 
ISO 10211, NF EN ISO 13370, NF EN 
ISO 6946. French standards regarding 
renovated buildings are under elabo-
ration, and will be available in 2008 
(the influence of thermal bridge will be 
considered). 

With present requirements, the linear 
thermal transmittance may not exceed 
0.65 W/mK for dwellings, 1 W/mK for 
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apartment buildings and 1.2 W/mK for 
other buildings. 

The realisation of details is not 
checked by the authorities. 

 Poland: Standards consider the influ-
ence of thermal bridges in new 
buildings and renovated buildings, both 
with simplified approach or explicit 
calculation. 

Simplified method: A correction factor 
is added to the U-value: 

• exterior wall with openings for win-
dows and doors: ΔU=0,05 W/m²K, 

• exterior walls with openings for 
windows and doors with balcony 
cantilever passing through the wall 
ΔU=0,15 W/m²K 

Detailed method: Calculations have to 
be made according to PN-EN ISO 
14683.  

There are only limits for maximum 
U-values (that take into account 
thermal bridges). 

The design is checked by another 
designer; both are responsible for the 
correctness of the design. The building 
is checked administratively by the 
authorities before issuing building use 
permit. Checking is based on formal 
documentations, so no real test is per-
formed. 

 Czech Republic: Regulations consider 
the influence of thermal bridges in new 
buildings and in the renovation of 
buildings, applying in both cases 
explicit calculation methods and 
simplified approaches. The methods 
are described in standards CSN EN 
ISO 10211-1 Thermal bridges building 
constructions - Basic calculation 
methods CSN EN ISO 10211-1, CSN 
EN ISO 10211-2, CSN EN ISO 14683, 
CSN EN ISO 13370. 

The different values required and 
recommended for linear and point 
thermal bridges are: 

• Linear: Ψk,N=0,10 ...0,60 W/mK 
(required); Ψk,N=0,03 ...0,20 W/mK 
(recommended). 

• Punctual: Ψk,N= 0,90 W/K (req.); 
Ψk,N = 0,30 W/K (rec.). 

In special cases the building is 
checked by the authorities by means of 
infrared thermography. 

Southern Europe 

 Greece: At the end of 2007 Greece 
was still in the process of setting up 
the EPBD regulation. The currently 
existing national regulation does not 
fulfil the EBPD requirements and does 
not yet consider the influence of 
thermal bridges in buildings. 

 Spain: Country standards consider the 
influence of thermal bridges in new 
buildings and in buildings which are 
being renovated, applying in both 
cases explicit calculation methods and 
simplified approaches. The simplified 
method consists of an addition to the 
U-value in order to take thermal 
bridging into account and of a proof 
that there is no condensation risk. The 
simplified method is based on the 
selection of the thermal bridge type 
from an atlas. The general method 
consists in the assessment of the 
linear thermal transmittance (ψ-value) 
and indoor surface temperature, using 
software like KOBRA. 

The standards do not set a maximum 
value for thermal bridges, but there is a 
minimum value of the indoor surface 
temperature in order to avoid conden-
sation risks. When the designed detail 
is not included in the atlas, the 
calculation of its linear thermal 
transmittance and indoor surface 
temperature must be included in the 
project. 



 

  

  
  
  
  

 
15 
 

 

 Portugal: National authorities consider 
the influence of thermal bridges for 
new buildings and for the renovation of 
buildings. In both cases a simplified 
approach is used. All thermal bridges 
are to be calculated individually, but 
losses are treated in a simplified 
manner by using tabulated values, no 
calculations are needed. 

A maximum value for thermal bridges 
is not given for linear thermal bridges, 
but only for areas (e.g. a structural 
beam inserted within a wall): the U-
value taking into account thermal 
bridging may not be higher than twice 
the U-value of the adjacent wall. 

The control is carried out during design 
and realisation. During the design 
stage, the design must be submitted to 
the local authority with the request for 
a building permit. 1:50 scale drawings 
of typical situations of thermal bridges 
(e.g. junction of two vertical walls, 
verandas, contact with soil, structural 
beams within walls, etc.) should be 
included. The qualified expert checks 
whether they meet the requirements of 
the regulations and are correctly 
accounted for in the thermal calcula-
tions. During realisation, the builder is 
supposed to prove how the details of 
the thermal bridges were constructed 
(e.g. with pictures). In case of doubt, 
any other means can be used (e.g. 
thermography, at builders expense) to 
make sure that the thermal character-
istics of the detail "as built" are in 
accordance with design specifications. 

 Italy: The regulation considers the 
influence of thermal bridges only for 
new buildings, applying both a detailed 
calculation method and a simplified 
approach. 

• Detailed method: according to UNI 
EN ISO 10211 - 1/2. 

• Simplified approach: U-value incre-
ment according to walls typology 

and based on the standard UNI EN 
14683  [8]. 

The Italian regulation (DM 192/2005, 
DM 311/2006,  [9],  [10]) does not 
impose a maximum value for thermal 
bridges. It considers a thermal bridge 
acceptable when its U-value - 
calculated considering it as a fictitious 
wall – does not exceed by more than 
15% the transmittance of the closest 
wall: in this case the thermal bridge 
can be ignored; otherwise the 
weighted average transmittance of the 
wall and thermal bridge (considered as 
a fictitious wall) has to be considered 
and compared with maximum accept-
able values for wall transmittance. 

During the project, designers have to 
present a design report to the local 
authorities including an annex about 
the envelope characteristics in order to 
get a permit to build or refurbish. In 
principle controls on the building site 
are foreseen, but in practice each local 
administration has its own procedure. 

2.3.2 Overview of answers 

The following table shows that all 
countries in Northern and Central Europe 
are dealing with the problem as far as new 
constructions are concerned. This is not 
the case for renovation projects. Specific 
attention has been given to collecting 
information on simplified approaches: a 
simplified approach is most used in 
Northern and Southern Europe. Only 
Finland applies special assessment 
methods (dependent on the λ-ratio). 

There are many methods to deal with the 
maximum value for thermal bridges in 
regulations: in Germany the dimensionless 
temperature factor fRsi is used, in Denmark 
and the Czech Republic a ψmax value is set 
depending on the type of junction, in 
France the ψmax depends on the type of 
building. 

In addition, compliance and control issues 
were analyzed: the realisation of details is 
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sometimes checked during the design 
phase, especially in Southern Europe. 

 

 

Fig. 2: Overview of the country approaches in regulations concerning thermal bridges. 
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2.3.4 Mirrored results at the EPBD 
Concerted Action meeting in Berlin  

In spring 2009 ASIEPI was invited to a 
technical session to present the results of 
the work on thermal bridges at the EPBD 
Concerted Action meeting in Berlin. 
Concerted Action is a platform for 
information exchange between the 27 EU 
Member States on the national 
implementation of the Energy Performance 
of Buildings Directive.  

Though the detailed results of the 
interactive workshop session are not 
public, the results can be summarised as 
follows: 

The participating countries have been 
slightly different compared to the countries 
represented in ASIEPI. Still there seem to 
be questions with the same tendency in 
the given answers, and questions with 
slightly different or updated answers: 

 All countries now stated that they do 
include thermal bridges in the energy 
performance calculation for new 
buildings (change compared to the 
ASIEPI analysis) 

 Some countries do not include thermal 
bridges in the energy performance 
calculations for the renovation of 
buildings (same tendency compared to 
the ASIEPI analysis) 

 Compliance and control: about half of 
the countries have a control of the 
building details during or after the 
design phase, few countries have a 
control during the realisation phase 
(same tendency compared to the 
ASIEPI analysis) 

Why has there been a change regarding 
the inclusion of thermal bridges in the EP 
calculation for new buildings? It seems 
that some countries like Greece and Spain 
are now on the way to include the thermal 
bridge influence in their calculations. Also, 
some countries covered in the workshop 
have not been part of the ASIEPI analysis. 

It was also discussed whether the checks 
in the countries are performed as a 
standard routine or if this is just a general 
possibility that is hardly ever realised. This 
seems to be quite different in the 
countries. Yet in most of the countries that 
confirmed to have execution checks, this 
procedure is not exercised on a regular 
basis. On the contrary, it seems to be 
exercised only rarely. 

2.4 DISCUSSION ON SEASONAL 
DEFAULT VALUES FOR THERMAL 
BRIDGES 

For a number of input variables the energy 
performance calculation method provides 
default values.  For these variables, it is 
then no longer an obligation to provide real 
project values: one may opt for the default 
values instead, without the need to justify 
the values or take (juridical) responsibility 
for it. 

However, as a general rule, these default 
values are rather conservative values.  
Opting for default values instead of 
detailed, real project values thus generally 
results in a less favourable energy per-
formance result.  

The Belgian climate is very mild in 
summer. (The monthly average tempera-
ture of the warmest month is less than 
18°C). A high heat loss coefficient 
(through transmission, dedicated ventila-
tion and/or in/exfiltration) therefore redu-
ces the monthly cooling load because the 
(internal and solar) gains can more easily 
flow to the external environment, and thus 
no longer need to be removed by the 
(active) cooling system. Of course, in 
winter a high heat loss coefficient in-
creases the heating load. In the Belgian 
climate, the impact of the heat loss 
coefficient is thus opposite in winter and 
summer. 

In line with the general principle that 
default values are conservative values, a 
differentiation between the default values 
for variables that affect both the heating 
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and the cooling load is therefore 
warranted. 

For heating calculations, a conservative 
value thus means that the heat loss 
coefficient and the solar shading are rather 
overestimated.  For cooling calculations, 
they should rather be underestimated 
compared to the real situation.  The same 
holds true for the assessment of the risk of 
overheating. 

In practice, this has led to the following 
numerical default values in the Belgian 
calculation procedures: 

 heating 
calculations 

cooling and 
overheating 
calculations 

thermal 
bridges 10 K-points no thermal 

bridges 

air tightness  12 m³/h/m² perfectly 
airtight 

solar shading 
reduction 
factor FS 

0.6 0.8 

This general principle is, however, not 
systematically extended to lower level 
default values, such as the default thermal 
conductivity of materials (only high values, 
consistent with winter situation) or the 
default thermal efficiency of mechanical 
ventilation heat recovery.  As a matter of 
principle, there is no objection to applying 
the same philosophy systematically to all 
default values. Only, this would render 
practical implementation more onerous. 

By differentiating between the heating and 
cooling default values, there always 
remains a maximum stimulus to do the 
effort of introducing the real project values 
in the energy performance calculations: 
both the heating and cooling load will 
diminish when the (always conservative) 
default value is replaced by a real value, 
e.g. a measured air tightness. If there is 
only one, identical default value for both 
summer and winter, the stimulus will be 

reduced because both effects will 
counteract to a lesser or greater extent. 

A final practical note: as explained, in the 
Belgian climate the impact of the heat loss 
coefficient is opposite for heating and 
cooling (or overheating).  As a matter of 
principle, this would lead to an optimal 
value of e.g. thermal insulation or air 
tightness where the advantage in winter of 
further improvement is exactly offset by 
the disadvantage in summer.  The solution 
to this deadlock (where it would not be 
possible anymore to further improve the 
energy performance with respect to these 
variables) is of course to apply solutions 
that allow for a variable heat loss 
coefficient during the heating season and 
(selectively) the cooling season. This can-
not easily be achieved with the trans-
mission or in/exfiltration losses of the 
building, but can readily be realized 
through the application of intensive ventila-
tion, manually or automatically controlled 
as a function of the needs. 

The considerations above apply only with 
mild summer conditions or during summer 
periods with colder outside temperature 
than inside temperatures. Also an opera-
tion strategy including night ventilation or 
use of thermal mass would limit the 
described impact of thermal bridges. 

2.5 CONCLUSIONS 

While the assessment of thermal bridges 
is part of most national calculations of the 
energy performance of new buildings, 
many countries do not cover this issue for 
major renovations in new buildings. Some 
countries do not set minimum require-
ments for the energy quality of building 
junctions. The quality control of the design, 
but also the execution of building junctions 
is realised in different ways. In some 
Member States there are no controls at all. 
Therefore the following recommendations 
can be made to: 
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 Policy makers: 

• Include the assessment of thermal 
bridges in the energy performance 
calculations for new buildings, but 
also for existing buildings in case 
of major renovation. 

• Set minimum requirements for the 
energy quality of building junctions. 

• Include a quality assurance pro-
cedure for the design and the 
realisation of building junctions in 
your national building regulations. 

 (National) standardisation bodies: 

• Include simplified and detailed 
assessment methods for thermal 
bridges in the national energy 
performance assessment stan-
dards. 

• Develop a procedure for setting 
minimum requirements on the 
energy quality of building junctions 
that covers the energy impact and - 
even more important - also include 
the guarantee that no moisture or 
mould problems will occur. 

 Building practitioners:  

• Include the assessment of the 
building junctions in the calculation 
of the energy performance of buil-
dings. 

• Have a detailed look at building 
junctions during the design of the 
building, but also during the 
realisation on the construction site. 
Particularly in high-performance 
buildings the impact of thermal 
bridges may become significant. 
Not only, but especially in renova-
tion projects building junction 
solutions have to be checked in 
order to prevent moisture/mould 
problems. 

 

 Building owners:  

• Ask your designer and building 
inspector to have a thorough look 
at the quality of building junctions. 
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3. QUANTIFICATION OF THERMAL BRIDGE EFFECTS ON THE ENERGY 
BALANCE 

3.1 INTRODUCTION 

Thermal bridges in building structures and 
component junctions have an impact on 
the surface temperature of the relevant 
building components. Due to the lower 
thermal resistance, the internal surface 
temperature on components with thermal 
bridges is reduced in winter. In many 
cases this can cause moisture problems 
and mould. Additionally, thermal bridges 
have an impact on the energy perform-
ance of buildings as they increase the heat 
transfer through the building envelope, i.e. 
they cause additional transmission losses 
in summer and winter. 

3.2 APPROACH 

The ASIEPI project tried to answer the 
following questions: 

 How big are the transmission losses 
due to thermal bridge effects in 
absolute and relative values?  

 What is the influence on the total final 
or primary energy consumption of a 
building? 

 Should an energy performance 
assessment method for buildings 
include an option for a detailed 
calculation of the impact of thermal 
bridges? 

Thus ASIEPI has collected studies dealing 
with the influence of thermal bridges on 
the energy performance of buildings which 
have been performed in different 
European Member States. They are 
summarised here and a conclusion 
concerning the importance of a detailed 
assessment method within the energy 
performance calculation of buildings is 
drawn. 

 

 

3.3 RESULTS 

3.2.1 Summary of national studies 

Germany: Demonstration project 3-Litre-
houses Celle – Thermal bridge 
influence on the energy per-
formance of the Ziegel-Aktiv-
Haus  [11] 

In this demonstration project concepts for 
high performance houses have been 
developed and some of the concepts have 
been built. The aim was to achieve a 
primary energy demand of less than 
34 kWh/m²a which can be recalculated to 
less than 3 litres of oil per m² and year for 
space heating, ventilation and auxiliary 
energy. The concepts included different 
technologies and strategies, one of them 
being the reduction of energy losses due 
to thermal bridges. To this end, advanced 
building junctions were developed. Also a 
study was conducted to compare the 
default values for thermal bridges used in 
the German energy performance code with 
the explicitly calculated values. The 
German standard DIN V 4108-6 specifies 
default values for standard junctions 
(ΔU=0.10 W/m²K) and for state of the art 
junctions  (ΔU=0.05 W/m²K) according to a 
leaflet with example junction details. 

The double house consists of an 
advanced brick construction with low 
thermal conductivity of the bricks, highly 
insulated roof and basement slabs and 
triple glazed low-E coated windows. The 
heating system of each unit is a gas 
condensing boiler. In one unit the boiler is 
combined with solar collectors feeding into 
the heat storage and ventilation by window 
opening. The other one includes a 
mechanical ventilation system with heat 
recovery. 

16 linear junctions were analysed and 
improved, starting from the external wall 
corners, window and door frame connec-
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tions, roof-wall junctions, dormer construc-
tions, to connections between wall and 
slab. The results of the study are 
presented in the following table: 

Savings of Ziegel-Aktiv-
Haus compared to Standard State of 

the art 

ΔU [W/m²K] - 0.081 -0.031 
Energy need for heating 
[kWh/m²a] -11.4 -4.4 

Primary energy for 
heating [kWh/m²a] -9.9 / -12.6* -3.8 / 4.8*

* two different heating systems in the double 
house units. 

Compared to the standard values for 
junctions the net energy demand for 
heating can be reduced by 11.4 kWh/m²a 
if all junctions are well designed and 
explicitly calculated. Compared to state-of-
the-art junctions, 4.4 kWh/m²a can be 
saved. For the building systems used in 
the two units of the double house, the 
primary energy for heating can be reduced 
by 9.9 kWh/m²a, or by 12.6 kWh/m²a, 
respectively when referring to standard 
constructions - and still by about 4 to 
5 kWh/m²a, when referring to state-of-the-
art constructions. As 34 kWh/m²a primary 
energy for heating and ventilation is the 
limit for such a high performance building, 
a reduction of 5 kWh/m²a (=15 %) is an 
important part of the energy concept. The 
necessary reduction of the wall U-value 
compared to the state of the art to 
compensate for not improved junctions 
would be 0.1 W/m²K (with a 90 m² wall). 
Thermal bridges (and airtightness) have 
the same influence as solar thermal hot 
water generation if compared with 
standard junctions (>10 kWh/m²a primary 
energy reduction). 

France:  Thermal bridge influence on 
the primary energy 

The French project partners have con-
ducted a study for a new single family 
house with concrete construction and a 
gas condensing boiler as heat generator. 
The house has a suspended ground floor 
and attic. The climate zone H1A (Paris) 

was chosen for the study. Nine different 
thermal bridges were analysed in detail 
including the connections of basement 
slab to walls, of ceilings to walls, doors, 
etc. Then followed an analysis of correc-
tive techniques such as thermal bridge 
rupture as an isolated measure or in 
combination with other measures such as 
the insulation of ceiling and floor.  

In the following table the results are 
presented for the mean U-value of the 
building (Ubât in W/m²K), the difference to 
the original mean U-value of the buildings 
and the primary energy demand for 
heating. The standard realisation resulted 
in a mean U-value of 0.56 W/m²K, an 
energy use for heating of 75.92 kWh/m²a 
and a primary energy for heating of 
117.76 kWh/m²a. 

Corrective 
technique 

Ubât 
[W/m²K ] 

Δ Ubât 
[W/m²K] 

Saved 
primary 

energy for 
heating 

[kWhPE/m²a]
Thermal bridge 
rupture 0.50 -0.06 -8.45 

Thermal bridge 
rupture + 
insulated drop 
ceiling 

0.48 -0.08 -11.34 

Thermal bridge 
rupture + 
floating screed 

0.45 -0.11 -15.37 

Thermal bridge 
rupture + 
insulated drop 
ceiling + 
floating screed 

0.43 -0.13 -18.14 

External 
insulation 0.45 -0.11 -15.37 

The French study showed that the 
improvement of building junctions can 
result in a primary energy saving of more 
than 18 kWh/m²a, which is more than 
15 % of the primary energy for heating. 
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Denmark: Low energy class 1 type 
houses according to the 
Danish building regulations  [12] 

The low energy class 1 type house is a 
new highly insulated building with light-
weight wooden external walls with a brick 
facing, a wooden roof construction, a 
concrete slab floor and junctions optimised 
to reduce thermal bridge effects. The three 
thermal bridges analysed are those that 
have to meet specific demands (standard 
requirements) in the Danish building code. 
The Danish building code contains stricter 
requirements for thermal bridges at 
extensions to an existing house than for 
new buildings. The following table shows 
the thermal bridge loss coefficients for the 
optimised building and the requirements 
laid down in the building code: 

Thermal bridge loss coefficient 
[W/mK] 

Type of 
detail 

Require-
ment for 

new 
buildings 

Require-
ment for 

additions to 
a house 

Calculated 
for the low 

energy class 
1 type house

Slab with 
floor 
heating – 
external 
wall 

0.20 0.12 0.063 

Slab with 
floor 
heating – 
doors/high 
windows 

0.20 0.12 0.093 

Window 
reveal 
including 
window 
wall 
junction 

0.06 0.03 0.059 

The primary energy saved due to im-
proved junctions (compared to the require-
ments for new buildings) is 5.2 kWh/m²a; 
compared to an addition to an existing 
house 1.6 kWh/m²a. If the same effect was 
to be achieved by achieved by a better 
insulation of the 154 m² wall (instead of 
using improved junctions), the reduction of 
the U-value would have to be 0.03 W/m²K 

for the new building. With an original wall 
U-value of 0.105 W/m²K this is not easy to 
achieve. 

The Netherlands: Effects of using default 
values for thermal bridges in 
the EP calculation versus using 
detailed calculations 

A consulting office was contracted by an 
insulation manufacturer in 2005 to perform 
a study to compare the effect of using the 
Dutch default values for thermal bridges in 
the energy performance calculation with 
the results of detailed calculations. The 
exemplary buildings used for this study 
were 5 reference new residential buildings 
built in brick construction: an end house, a 
terrace house, a semi-detached house, a 
gallery flat and a detached house. For all 
of the houses, the lengths and the thermal 
bridge loss coefficients of all junctions 
have been calculated. The outcome of the 
study was the difference in the energy 
performance between the calculation 
based on the default value for thermal 
bridges (U-value + 0.1 W/m²K) and the 
detailed calculations which resulted in a 
lower energy performance value EP: 

Reference house 
Δ EP/EP value of 0.8 

[%] 
End house 7.5 
Terraced house 3.75 
Semi-detached house 7.5 
Gallery flat 3.75 
Detached house 11.25 

The study showed that a detailed 
calculation of the thermal bridge effect can 
result in an up to 11 % lower EP value. 

Czech Republic: Influence of thermal 
bridge details on the energy 
performance of houses with 
different energy qualities  [13] 

This study analysed the growing impact of 
thermal bridges in connection with the 
improved energy quality of houses. The 
example building used for this study was a 



 

  

  
  
  
  

 
23 
 

 

residential building with brick construction 
and wooden frame windows. The following 
graphic presents the impact of the thermal 
bridges on the energy need balance of 4 
similar houses. In typical houses of the 
1970s (bar on the left) the relative impact 

of thermal bridges is 7 %. As the quality is 
improving, the impact can rise to as much 
as 28 % (bar on the right hand for the 
currently recommended technical 
standard). 

 
Fig. 3:  Impact of the thermal bridges on the energy need balance of 4 similar houses according to a 

Czech study. 

Poland:  Quantitative study of thermal 
bridges in residential buildings 

A typical design of a two-storey single-
family house with an aerated concrete 
construction and a wooden roof was 
analysed by the Polish partners in ASIEPI. 
Thirteen different thermal bridges were 
calculated in detail. The main result was 
the difference between the default value 
for the impact of thermal bridges on the 
energy performance and the detailed 
calculation expressed by an addition to the 
thermal transmittance losses (Δ U * 
building surface area). The Δ U-value 
according to the detailed calculation was 
0.036 W/m²K, whereas the standard Δ U-
value for thermal bridges is 0.1 W/m²K and 
the value for state-of-the-art junctions 
0.05 W/m²K. When calculating with the 
detailed results, the thermal bridges are 
responsible for 5.9 % of the thermal loss 
through the building envelope (trans-
mission and ventilation). 

Belgium:  Study of the energy aspects of 
new dwellings in Flanders: 
insulation, ventilation, heating 
 [14] 

200 residential buildings that were 
constructed between 1990 and 1996 have 
been analysed in a simplified manner 
concerning various thermal bridges. In 
Flanders, the thermal quality of the 
building envelope is expressed through a 
so-called K value: a dimensionless area-
weighted average thermal transmittance 
value. The current requirement for the 
building envelope is K45. According to the 
study the average impact of the thermal 
bridges is approximately 5 K-points. With 
45 K-points as the maximum, the thermal 
bridges have an impact of about 10 % on 
this value. The study only analysed the 
impact on the thermal transmittance. The 
Belgian partners in ASIEPI estimated the 
average energy impact of the thermal 
bridges (compared to zero net thermal 
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bridges) based on the energy performance 
calculation method as: 

• ~ 8 kWh/m²a energy needs for space 
heating 

• ~ 11 kWh/m²a energy use 

• ~ 10 kWh/m²a primary energy 

The reduced primary energy compared to 
the energy use is due to increased 
consumption for (fictitious) cooling. 
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Fig. 4:  Diagram showing the impact of 

thermal bridges on the K-value of 200 
different houses in Flanders. 

In another Belgian study  [15], cavity wall 
dwellings with 20 cm wall insulation have 
been analysed. Three scenarios (little 
attention to thermal bridges, standard 
attention and thermal bridge avoidance) 
have been compared regarding the 
increase of the U-value based on the 
thermal bridge effects of 23 different 
junctions. 

 
Fig. 5:  U-value increase due to the impact of 

thermal bridges in different types of 
cavity wall dwellings in the 2nd 
Belgian study. 

The main results were: 

• When insufficient attention is being 
paid to avoiding thermal bridges, the 
increase of the average thermal 
transmittance can be as high as 0.06 - 
0.15 W/m²K. 

• When due attention is being paid to 
thermal bridge avoidance, the increase 
of the average thermal transmittance 
can be as low as 0.01 – 0.04 W/m²K. 

Greece:  The impact of thermal bridges 
on the energy demand of 
buildings with double brick wall 
constructions  [16] 

A study on representative configurations of 
thermal insulation at external walls was 
made in order to investigate the impact of 
the thermal bridges on the energy 
consumption in both summer and winter 
conditions. A three-storey apartment 
building equipped with heating and cooling 
systems was calculated with a dynamic 
simulation program under the climate of 
Thessaloniki. While the study assesses 4 
different insulation scenarios from typical 
application to external insulation, it also 
calculates the (total) impact of thermal 
bridges on the heating and cooling 
demand. For this information paper the 
results of the thermal insulation scenario 
according to the minimum requirements for 
the coldest zone in Greece (5 cm 
insulation thickness) are summarised in 
the following table. 

Characteristic 
value Unit 

Excluding 
thermal 
bridges 

Including 
thermal 
bridges

Specific annual 
energy use for 
heating 

kWh/m²a 71 92 

Maximum 
heating load kW 24.8 30.4 

Specific annual 
energy use for 
cooling 

kWh/m²a 30 31 

Maximum 
cooling load kW 15.4 17 
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The impact of thermal bridges on the 
annual energy need for heating is 30 % or 
21 kWh/m²a. The specific energy need for 
cooling difference is much lower with 
1 kWh/m²a or 3 %. On the other hand, the 
calculations show that the summer 
influence of thermal bridges shouldn’t be 
neglected either, as the difference of the 
maximum cooling load is more than 10 %. 
It can be assumed that if the climate 
region had been warmer, the impact on 
the cooling load and the cooling energy 
need would have been higher. 

3.2.2 Summary 

It is advised that the presented results of 
national studies regarding the impact of 
thermal bridges on the energy demand of 
buildings should be read with care. Most of 
the studies compare existing default 
values for thermal bridge impacts in 
national standards with detailed thermal 
bridge calculations of improved junctions 
such as the German, the French, the 
Danish, the Dutch and the Polish study. 
Other analyses including the Czech, 
Belgian and Greek studies introduced here 
present as results the (total) impact of the 
thermal bridges on the energy per-
formance without comparing it to default 
values. Also the number of junctions 
analysed, the building geometry, the 
climate, etc. vary between these studies. 
Still, the results can be summarised as 
follows: 

• The total impact of thermal bridges on 
the heating energy need is in general 
considerable and can be as high as 
30 %. 

• The impact on the cooling energy need 
is significantly lower. There is, how-
ever, a significant influence regarding 
the maximum cooling load. 

• Countries with national default values 
for thermal bridges have mostly set 
those values in order to be on the “safe 
side”, meaning that these are likely to 
produce slightly higher impacts 

compared to detailed junction analyses 
using 3D-simulation programs. 

• If national default values are compared 
with improved junctions with regard to 
the energy quality, the heating energy 
impact can be as high as 11 kWh/m²a 
heating energy need or 13 kWh/m²a 
primary energy. Another study showed 
an influence of 18 kWh/m²a primary 
energy. 

• The relative impact of improved 
junctions compared to national default 
values on the primary energy for 
heating can amount to 15 %. 

3.2.3 Mirrored results at the EPBD 
Concerted Action meeting in Berlin and 
at the BUILD UP community “Thermal 
Bridges Forum” 

The ASIEPI project took part in a session 
on thermal bridges at the EPBD Concerted 
Action meeting in spring 2009. For further 
information on EPBD Concerted Action 
see 2.3.4. After the presentation of the 
collected study results there was a 
discussion concerning the summer impact 
as presented in the Greek study in which 
thermal bridges were found to have no 
significant influence on the cooling energy 
performance. Some of the Southern 
European experts at Concerted Action 
were surprised that there seems to be any 
impact on the cooling load. Two Southern 
European countries that conducted studies 
on the impact of the opaque building 
components on cooling issues and have 
found out that only the roof had some 
impact. However, these studies did not 
analyse the thermal bridges in detail.  

ASIEPI has tried to follow up this issue by 
searching for additional studies and by 
starting a blog on the “Thermal Bridges 
Forum”, a public community on the EU 
portal on energy solutions for buildings 
“BUILD UP” 
(http://www.buildup.eu/communities/therm
albridges). No additional studies could be 
found, but we received one answer to the 
blog. A second French study led to the 
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result that the existence of thermal bridges 
(or the increase of U-values or thermal 
transmittance) can even decrease the 
cooling energy so that the thermal 
insulation level of buildings in Southern 
Europe should be optimised taking heating 
and cooling into account. 

Since both cooling needs and cooling 
loads are strongly related to the “control” 
strategy of ventilation and cooling (such as 
night ventilation, use of thermal mass) it 
can be assumed that these boundary 
conditions do influence the limited number 
of studies and experiences available 
regarding the impact of thermal bridges on 
the cooling energy issues. Probably, there 
is no simple conclusion concerning the 
increase/decrease of cooling energy and 
cooling load based on the impact of 
thermal bridges. This analysis has to be 
made for the specific building including 
building construction, the specific cooling, 
shading and ventilation strategy, and the 
specific climate. 

3.4 CONCLUSIONS 

Based on the compilation of international 
studies, the following conclusions can be 
drawn:  

 Policy makers: 

• The impact of thermal bridges in 
winter (heating energy demand and 
heating load) and partly on the 
summer performance of buildings 
(cooling load) cannot be neglected 
and should be included in the 
national calculation methods by 
using default values and/or detailed 
calculations. 

• In order to encourage for improve-
ments of junctions it should be 
possible to use values lower than 
the default value for thermal 
bridges, according to the result of 
detailed calculations. Due to this 
option, advanced junctions could 
be used as a method to improve 
the energy performance of buil-

dings similar to better insulation, 
more efficient systems, etc. 

 (National) standardisation bodies:  

• The impact of thermal bridges in 
winter (heating energy demand and 
heating load) and partly on the 
summer performance of buildings 
(cooling load) cannot be neglected 
and should be included in the 
national calculation methods by 
using default values and/or detailed 
calculations. 

 Building practitioners: 

• Better junctions do not only reduce 
thermal bridge losses but also 
improve the airtightness of the 
building. 
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4. SOFTWARE TOOLS AND THERMAL BRIDGE ATLASES 

4.1 INTRODUCTION 

Detailed evaluation of the linear or point 
thermal transmittance can be realised 
either by numerical calculation software or 
by thermal bridge atlases. The ASIEPI 
project has collected and categorised 
software and atlases used in the EU 
Member States. A major action has been 
to motivate the software producers to 
validate their tools with the relevant 
method as presented in ISO standard EN 
ISO 10211  [17]. 

4.2 THERMAL BRIDGE ATLASES 

While the evaluation of linear thermal 
transmittance can be done using a 
software program, it may be easier and 
faster to use an atlas of thermal bridge 
details when dealing with standard details. 
The main advantage of using such atlases 
is that no calculations are needed, so the 
information can be obtained rapidly and 
with less preliminary knowledge. 

The main disadvantages are that the 
number of details required to cover the 
manifold situations encountered in reality 
is quite large, and the flexibility is usually 
lower. Moreover, when using an atlas, one 
must make sure that the conventions used 
for obtaining the values of the atlas are in 
accordance with the conventions set by 
the national EPB-regulations. 

Atlases that aren't general enough may 
therefore not be applicable in all countries. 
This is less of a problem with software 
though, as it is more flexible. 

There are different kinds of thermal bridge 
atlases:  

• Stand-alone documents, originally de-
veloped independently of the energy 
performance of buildings regulation. 

• Supplements or parts of national EPB 
standards, partly as good practice 
examples (see chapter 5). 

• EN ISO 14683  [18]: an international 
standard presenting values of linear 
thermal transmittances. The number of 
details included is small and the details 
are rather simplistic with linear thermal 
transmittances on the safe side. 

A special case of an atlas is the flexible 
electronic atlas "KOBRA", initially develop-
ed as a DOS programme in the framework 
of the European project "Eurokobra" and 
more recently made compatible with the 
Windows operating system. In this atlas, 
the dimensions, the thermal conductivities 
and the boundary conditions of predefined 
topologies can be changed and the value 
of the linear thermal transmittance is 
accurately recalculated for the precise 
case. It is thus in effect a combination of 
an atlas and a numerical calculation 
programme, but it requires no specific 
modelling knowledge of the user. 

Though thermal bridge atlases are used in 
most EU Member States, they are not 
widely used in Greece, Italy, the 
Netherlands and Finland. In some 
countries such as Germany there is a 
tendency that the atlases are gradually 
going to be replaced by software tools, 
whereas building practitioners in other 
countries like Norway are beginning to use 
them more often. 

ASIEPI has gathered the following thermal 
bridge atlases and has categorised them 
by language, number of details, type of 
buildings, flexibility, being an integral part 
of energy performance of buildings 
regulation or not and by Member States 
using them. Flexibility of an atlas means 
that a number of variations of a parameter 
(dimensions, thermal conductivities, etc.) 
can be taken into account for each detail. 
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Title Language
Number 

of 
details 

Types of 
buildings 

Flexi
bility 

Integral 
part of EP 
regulation 

In use in 
Member 

State 

EN ISO 14683: Thermal bridges 
in building construction – Linear 
thermal transmittance – 
Simplified method and default 
values,  [18] 

English 76 residential no no Europe 

KOBRA v3.0w,  [19] French, 
Dutch > 3000 all types yes no Belgium 

Construction details – Thermal 
Bridges,  [20] Czech 56 all types yes no Czech 

Republic

U-values 2003,  [21] Danish > 2000 all types no no Denmark

Danish Standard 418. 
Calculation of heat loss from 
buildings,  [22] 

Danish > 275 all types no yes Denmark

2005 thermal regulation, TH-U 
5/5 thermal bridges for new 
buildings,  [23] 

French > 10000 new buildings yes yes France 

TH-U 5/5. Thermal bridges for 
existing buildings,  [24]       

Thermal bridge atlas for 
wooden constructions,  [25] German > 3000 

wooden 
constructions     
(wall, ceiling, 

roof) 

yes no Germany

Thermal bridge atlas for 
masonry constructions,  [26] German > 8000 

masonry 
constructions 
with/ without 

insulation        
(incl. ceiling, roof)

yes no Germany

Building Research Design 
Sheet 471.017, Thermal 
bridges – Tables with ψ-values, 
 [27] 

Norwe-
gian 23 all types yes no Norway 

Electronic atlas of thermal 
bridges (“Kuldebroatlas”],  [28] 

Norwe-
gian > 23 all types yes no Norway 

Thermal bridges – Calculation, 
ψ-values and influence on 
energy consumption. Project 
report 25-2008,  [29] 

Norwe-
gian 31 all types yes no Norway 

Thermal Bridges Catalogue 
Traditional Buildings,  [30] Polish > 100  no no Poland 

Thermal bridges. Basics, simple 
formula, heat loss, 
condensation, 100 calculated 
building details,  [31] 

German 100 all types no no Austria 

Thermal bridges in Constructive 
Elements Catalogue for Building 
Technical Code,  [32] 

Spanish > 300 all types yes yes Spain 
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Title Language
Number 

of 
details 

Types of 
buildings 

Flexi
bility 

Integral 
part of EP 
regulation 

In use in 
Member 

State 

Building regulation STR 
2.05.01:2005 “Thermal 
technique of the building 
envelope”, Annex 7,  [33] 

Lithua-
nian 200 all types yes yes Lithuania

Thermal bridges catalogue,  [34] German 200 all types yes no Switzer-
land 

Code for thermal energy 
performance calculation of 
building elements C107/3-2005, 
 [35] 

Roma-
nian > 1500 all types no yes Romania

Limiting Thermal Bridging and 
Air Infiltration. Acceptable 
Construction Details,  [36] 

English 150 all types yes yes Ireland 

Accredited construction details, 
 [37] English 150 dwellings no yes United 

Kingdom

Accredited construction details 
(Scotland),  [38] English 130 dwellings no yes United 

Kingdom

Enhanced Construction Details, 
 [39] English 47 dwellings no no United 

Kingdom

Thermal bridge catalogue,  [40] German 323 all types yes no Germany

BuildDesk 1,  [41] Polish > 100 all types no no Poland 

CERTO 1,  [42] Polish > 100 traditional and 
concrete panels no no Poland 

Thermal bridge catalogue for 
renovation and retrofit 
measures to prevent mould, 
 [43] 

German 92 all types, 
renovation yes no Germany

1 Certification software that also contains a thermal bridges atlas. 

4.3 SOFTWARE TOOLS 

4.3.1 EN ISO 10211: Modelling rules and 
validation test cases 

Most of the energy performance of 
buildings regulations of the Member States 
refer to the standard EN ISO 10211 on the 
detailed numerical calculation of the linear 
thermal transmittance of thermal bridges. 
This standard also includes modelling 
rules and validation test cases.  

The first set of important rules are those 
concerning the dimension of the numerical 
model. As the goal is to model a part of the 
whole building including the thermal 

bridge, cut-off planes must be defined in a 
way ensuring that the impact of the 
thermal bridge will be the same as if the 
entire building were to be directly calcu-
lated. EN ISO 10211 defines minimum 
distances between the cut-off planes and 
the investigated thermal bridge. An aspect 
relating to the geometry of the model con-
cerns the simplifications that are allowed. 
These simplifications mainly concern thin 
layers, the use of quasihomogeneous 
layers that incorporate minor thermal 
bridges, and changes related to the 
external or internal surface positions or 
interfaces. 
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Another set of rules concerns the 
conditions that should be applied at the 
boundaries of the model and the thermal 
conductivities or thermal resistances that 
should be used. The boundary conditions 
comprise the temperatures and the 
surface resistances, or the heat fluxes. 
Generally, temperatures can be chosen 
freely (but should be realistic in relation to 
radiative heat transfer), whereas surface 
resistances depend on the direction of the 
heat flux and on the purpose of the 
thermal bridge calculation.  

Annex A of EN ISO 10211:2007 defines 
four different test cases for the validation 
of software. Two of them are two-
dimensional (2D) models; the other two 
are three-dimensional (3D) models. To be 
classified as a 2D steady-state high 
precision method, the software should be 
able to calculate test cases 1 and 2 (2D 
test cases) and to fulfil the requirements 
associated with these. 

If the software is to be classified as a 3D 
steady-state high precision method, it 
should be able to calculate all four test 
cases (2D and 3D test cases) and to fulfil 
the requirements associated with these. 

Unfortunately, a couple of small but 
annoying errors with respect to the sign 
conventions1 had slipped into case 3 of 
Annex A of EN ISO 10211:2007. ASIEPI 
has pointed out these errors  [44] and 
CEN/ISO has decided to correct them. 

In the framework of energy performance of 
buildings regulations, it seems highly 
desirable that all Member States explicitly 
require that software used for thermal 
bridge calculations fulfil at least these test 
cases. From the survey, it appears that 
this is actually already the case in the 
Czech Republic and in Spain, and it is 
planned for in Belgium. 

While the validation according to EN ISO 
10211 gives a first indication of the quality 
of the calculation software, it appears that 
these test cases are not sufficient to 
ensure that the software will correctly 

calculate all situations encountered. 
Indeed, the four test cases are all based 
on rectangular geometries, so that errors 
or imprecisions related to non-rectangular 
situations are not addressed. Nor do the 
test cases cover any kind of air layers, 
losses through the ground or more 
complex boundary conditions. 

Often, software capable of doing thermal 
bridge calculations can also calculate heat 
transfer through window frames. For this 
type of calculation, a set of ten test cases 
is given in Annex D of the European/ 
International standard EN ISO 10077-
2:2003  [45]. The successful validation of 
software according to this standard widens 
the scope of applicability of the software 
and increases the degree of confidence 
about the general quality of the software. 

4.3.2 Different types of software 

Over the past 2-3 decades, dedicated 
software for the numerical calculation of 
thermal bridges has been developed, in 
pace with the advance of computer 
technology. From experimental research 
tools for specialists on basic computing 
machines in the early days, these tools 
have become ever more powerful and 
user-friendly, lowering the threshold for 
more generalised use. Their present 
features are already impressive, and there 
is no reason to assume this evolution will 
cease. 

The table below gives an overview of the 
collected thermal bridge software that is 
currently available. All programs are 
available in an English language version, 
except as noted otherwise. The software 
has been analysed according to the 
following characteristics:  

• Capabilities:  

o Heat transfer only 

o Heat, air and moisture transfer 

o General, multi-physics 
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• 2D or 3D 

• Steady state or transient 

• Free form or rectangular 

• Automatic calculation of the linear 
thermal transmittance (ψ-value) 

• Free or commercial 

• Documented validation available on 
the tool developer’s website according 
to different test cases. 

 

Type 

Name 
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2D / 
3D 

Steady 
state or 
transient

Free form 
or 

rectangular

Automatic 
ψ-value 
calcu-
lation 

License Validation 

AnTherm, 
[46] X 1   3D steady 

state rectangular yes commercial EN ISO 10211:2007, 
EN ISO 1077-2:2003 

Argos 2,  [47] X   2D steady 
state free form yes commercial - 

Bisco / 
Bistra,  [48], 
 [49]  

X   2D 
steady 
state / 

transient
free form yes commercial EN ISO 10211:2007, 

EN ISO 1077-2:2003 

Champs-
bes,  [50]  X  2D transient rectangular  free EN ISO 10211:2007 

David32, 
 [51] X   3D steady 

state rectangular  free EN ISO 10211:2007 

Delphin,  [52]  X  2D transient rectangular  commercial 

EN ISO 10211:2007, 
HAMSTAD 

benchmarks 1 to 5, 
EN 15206:2007 

Flixo,  [53] X   2D steady 
state free form yes commercial EN ISO 10211:2007, 

EN ISO 1077-2:2003 

FramePlus, 
 [54] X       commercial - 

HAMLab, 
 [55]  X  3D transient free form  free 3 

Heat2,  [56] X   2D transient rectangular yes commercial EN ISO 10211:2007, 
EN ISO 1077-2:2003 

Heat3,  [57] X   3D transient rectangular yes commercial EN ISO 10211:2007 

KOBRA 
v3.0w 4,  [58] X   3D steady 

state rectangular yes free 5 EN ISO 10211:2007 

KOBRU86 / 
Sectra,  [59], 
 [60] 

X   2D 
steady 
state / 

transient
rectangular yes commercial EN ISO 10211:2007 

H
ea

t t
ra

ns
fe

r s
of

tw
ar

e 

RadTherm, 
 [61] X   3D transient free form  commercial - 
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Type 

Name 
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2D / 
3D 

Steady 
state or 
transient

Free form 
or 

rectangular

Automatic 
ψ-value 
calcu-
lation 

License Validation 

Solido,  [62] X   3D steady 
state free form  commercial EN ISO 10211:2007 

TAS 
ambiens, 
 [63] 

X   2D transient free form  commercial - 

Therm,  [64] X   2D steady 
state free form  free - 

Trisco / 
Voltra,  [65], 
 [66] 

X   3D 
steady 
state / 

transient
rectangular yes commercial EN ISO 10211:2007 

Unorm,  [67] X   3D steady 
state rectangular yes free 

EN ISO 10211:2007, 
EN ISO 10077-

2:2003 

H
ea

t t
ra

ns
fe

r s
of

tw
ar

e 

WUFI 2D 
3.2,  [68]  X  2D transient free form  commercial EN ISO 10211:2007 

Ansys 
multiphysics, 
 [69] 

  X 3D transient free form  commercial - 

Ansys CFX, 
 [70]   X 3D transient free form  commercial - 

Fluent,  [71]   X 3D transient free form  commercial - 

Phoenics, 
 [72]   X 3D transient free form  commercial - 

Comsol 
multiphysics, 
 [73] 

  X 3D transient free form  commercial EN ISO 10211:2007 

G
en

er
al

 p
ur

po
se

 s
of

tw
ar

e 

SAMCEF 
thermal,  [74]   X 3D transient free form  commercial - 

1 Vapour diffusion can also be calculated 
2 Only available in German 
3 Not directly validated, but uses Comsol multiphysics as calculation core 
4 Only available in Dutch and French 
5 At present only for construction projects on Belgian territory 

4.3.3 Validation according to EN ISO 
 10211 

Within the ASIEPI project phase 18 of the 
above listed software developers who did 
not present documented up-to-date valida-

tion cases on their software websites have 
been contacted. We asked them to provide 
the users of their in total 26 software tools 
with validation test cases according to EN 
ISO 10211:2007 Annex A. More precisely 
we asked them to make the test cases 
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available as program-input files and - if 
possible – to also publish a written report 
that discusses the calculation results. By 
downloading the test files, the user of a 
given program can readily verify by 
himself/herself whether that program 
satisfies the criteria defined in the 
standards. 

As a reaction to the motivation by ASIEPI, 
4 software producers updated the avail-
able information for in total 9 software 
tools. 5 additional producers presented the 
validation for 5 tools for the first time on 
the internet. 

4.4 CONCLUSIONS 

As it is apparent from the survey summar-
ised in this report, there are many tools for 
the evaluation of thermal bridges.  

Thermal bridge assessment software: the 
main problem encountered at the start of 
the enquiry was the lack of systematic and 
up-to-date proof of validation. At the time 
of publication of this report, some software 
still did not have documented validation. 
There lingers a certain degree of doubt 
over the calculation results of such non-
validated software. Their use in the frame-
work of energy performance of buildings 
regulations of Member States should 
therefore better be avoided. 

Thermal bridge atlases: it appears that a 
whole collection of such documents is 
available. Most of them are written in the 
language of their country of origin and 
have not been translated. Of course, this 
may be one of the main reasons that make 
the use of such documents in other 
countries rather difficult. 

All in all, the following practical recommen-
dations can be given to the main actors 
involved: 

 

 

 

 Policy makers:  

• Explicitly require that software used 
in the context of the energy perfor-
mance of buildings regulation at 
least satisfies the validation cases 
specified in the most recent version 
of EN ISO 10211. At present, this 
is 2007 edition. 

 CEN/ISO:  

• It seems highly desirable to publish 
in the short term a corrigendum for 
the errors in cases 3 and 4 of 
annex A (and elsewhere in the text) 
of EN ISO 10211:2007. 

 (Note: CEN/ISO has decided to 
 correct the errors). 

• In order to avoid repetition of such 
type of errors in future standards/ 
revisions, structural improvements 
and systematic quality checks in 
the process of establishing 
standards might be advisable. This 
may require additional funding. 

• In a future revision of the EN ISO 
10211, a more comprehensive set 
of validation test cases seems war-
ranted, e.g. also encompassing 
more complex boundary condi-
tions, non-rectangular geometries 
and air layers. 

• Further improvement, streamlining 
and clarification of the EN ISO 
transmission standards appear 
desirable: this can probably best be 
achieved by merging all present 
standards from the transmission 
suite into (different parts of) one 
single, fully coherent standard, with 
unified definitions, terminology and 
symbols. 
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 Software developers:  

• Validate systematically and con-
tinuously all thermal bridge 
software according to the latest 
versions of European and 
International standards and other 
benchmarking methods, and 
publish any proof of validation 
(including calculation files) on the 
Internet. 

• Continue the further improvement 
of the capabilities and user 
friendliness of thermal bridge 
software. 

 Building practitioners:  

• Check whether the software used 
by you was validated with the most 
recent version of EN ISO 10211. 

It was also suggested to recommend the 
translation of the available thermal bridge 
atlases into English in order to allow for a 
wider use. This may in particular be 
relevant for the new generation of atlases 
including solutions to avoid/minimise 
thermal bridges. In this way, the Member 
States could draw mutual profit from one 
another’s efforts and from common 
European developments. However, the 
available thermal bridge atlases mostly 
show design solutions that are used in a 
specific Member State, which might be an 
argument against this suggestion. The 
construction of buildings is still influenced 
by the cultural and historical boundary 
conditions. This might result in a limited 
applicability of a translated thermal bridge 
atlas. 
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5. GOOD PRACTICE GUIDANCE 

5.1 INTRODUCTION 

Most areas of Europe need good thermal 
insulation in order to conserve energy and 
to improve indoor climate. Minimizing 
thermal bridges is an important part of 
achieving this aim. However, even in well-
insulated buildings, thermal bridges are 
often neglected. Good practice guidance 
documents published by either building 
authorities, standardisation bodies, energy 
agencies or organisations planning to 
publish or update their own construction 
details can help to improve the situation. 

The work on this topic resulted in two 
information papers, one dealing with 
suggestions for what should be covered in 
good practice guidance, how it can be 
structured and presented  [75] and the 
other one showing a selection of good 
examples from different countries  [76]. The 
papers have been published together with 
an electronic archive containing over 60 
reference documents with clickable hyper-
links for opening the individual documents 
and are available on the BUILD UP portal. 

5.2 WHAT SHOULD A BEST PRACTICE 
GUIDANCE CONTAIN 

Widespread dissemination, and close 
integration with building regulations and 
standardisation, are crucial for the 
successful adoption of higher building 
standards. Guidelines on thermal bridges 
should therefore be: 

 Available in both paper & electronic 
media (free or low cost on Internet), 
both as a complete handbook and as 
separate construction details.  

 Referenced from the national building 
regulations and the national energy 
performance calculation standard. 

 

 

Good practice guidance should contain: 

 A well illustrated introduction to what 
thermal bridges are, their effects, and 
the main principles of avoiding them. 

 Well-illustrated examples of serious 
thermal bridges, and their solutions. 

 Routes to compliance 

Routes to compliance should also be 
supported by: 

 Established, clearly-defined simple 
quantitative levels of good practice 
(e.g. minimum thickness of thermal 
breaks). 

 Collections of detailed drawings show-
ing good solutions, together with their 
thermal bridge values. 

 Calculation methods for alternative 
details. 

A good practice guidance document 
should therefore cover various topics such 
as: 

1. Concise introduction to thermal bridges 
and their avoidance:  

• What functions must façade details 
fulfil? 

• What is a thermal bridge? 

• Types of thermal bridges 

• Principles for avoiding thermal 
bridges (this can include airtight-
ness principles) 



  

  
  
  

 
36 
 

  
 

 

Fig. 6:  Simple illustration of balcony thermal 
 bridge. 

2. Illustrated effects of thermal bridges: In 
order to encourage better insulation 
practice, the negative effects of ther-
mal bridges should be well explained, 
such as: 

• Increased heat transfer through 
thermal bridges. This should be 
quantified in terms of energy and 
money. 

• Low surface temperatures that may 
lead to local condensation,  
eventually to blackening on inside 
surfaces and reduced thermal 
comfort. 

• Low temperatures inside the con-
struction which may cause material 
stress due to temperature variation 
and possibly to interstitial conden-
sation with resulting moisture 
damage. 

3. Well-illustrated examples of serious 
thermal bridges. As a rule, the follow-
ing building elements are critical: 
balconies,  brick wall lintels, wall/slab-
on-ground junctions, window/wall junc-
tions, steel pillars, studs and sills 
integrated in the building elements. 

4. Clearly defined levels of good practice. 
This can include: 

• To introduce a recommended mini-
mum thermal break dimension 
(mm) at critical details. 

• To define minimum insulation thick-
ness (mm) to avoid condensation. 

• To define acceptable values of 
linear thermal bridges for various 
critical details, together with 
associated construction details. 

• Other qualitative measures for 
good practice such as a com-
pliance checklist. 

5. Calculation methods: It should be 
explained how thermal bridges are to 
be calculated with reference to the 
national standards for area/heat trans-
fer calculation and energy performance 
calculation. 

6. Construction details consisting of: 

• Collections of good practice 
details: It is extremely useful to 
establish a collection of construc-
tion drawings that show how 
thermal bridges can be avoided. 
These should be presented as rich 
details, not only showing thermal 
bridge measures, but also protec-
tion against driving rain and air-
tightness features. 

 

Fig. 7:  Detail of wall/floor junction, a typical 
point for thermal bridging. 

• Calculated thermal bridge values: 
An atlas of thermal bridge values of 
the most common constructions 
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should be established, giving 
values for the ‘good practice’ con-
struction details described above, 
possibly supplemented with more 
details. The calculations should 
consider: 

- Which thermal bridges can be 
neglected? 

- Which thermal bridges can be 
calculated with the simpler 
method described in EN ISO 
6946? 

- The calculation of geometrical 
thermal bridges must be done 
according to national area 
definitions (use of external or 
internal measures). 

5.3 EXISTING BEST PRACTICE GUID-
ANCE IN THE MEMBER STATES 

The analysis of the basic questionnaire in 
ASIEPI showed that one third of EU 
Member States have no real ‘good-
practice’ guidance on thermal bridges in 
the framework of their building energy 
regulations. The quality of guidance in the 
remaining countries is very varied. In the 
following selected examples of good 
practice guidance from around Europe are 
presented that shall inspire countries and 
organisations to publish their own 
construction details and guidance on 
thermal bridges and airtightness. 

United Kingdom: UK has possibly the most 
complete solution for dealing with thermal 
bridges in the framework of its building 
regulations. The main publication is called 
the Accredited Construction Details 
(ACDs) for Part L of the Building Regula-
tions for England & Wales  [77]. The ACD 
guide is freely available and is intended to 
assist the construction industry to comply 
with the energy performance standards in 
the regulations. Usefully, it focuses on 
both insulation continuity and airtightness. 
The details are for dwellings, but can be 
used for other buildings with similar 
construction. Using these details ensures 

a total thermal bridge coefficient of 
0.08 W/m²K for the building envelope as a 
whole, whilst using non-accredited details 
is penalized with 0.15 W/m²K. Similarly, 
use of the ACDs should result in an 
airtightness of no less than 10 (m³/h)/m² at 
50 Pa. The guide has two sections: 

• A 16 page guide discussing general 
theory of insulation continuity and air-
tightness. The use of Accredited 
Details, with their associated Compli-
ance Checklists as a route to com-
pliance, is explained. It also gives a 
brief summary of the consequences of 
poor thermal bridges and air leakage, 
included energy costs, illustrated with 
photos of common problems. Further, 
it gives advice on how to improve the 
thermal performance of critical details. 

• A collection of 146 details, each of one 
A4 page. The details clearly show 
thermal insulation and the air barrier in 
red and blue respectively. Each sheet 
also has check-boxes for on-site 
quality control of detail execution. 
Completed forms are meant to be 
forwarded to the state Building Control 
Body (BCB) during construction. The 
details are grouped into 5 separate 
PDF documents according to construc-
tion type. Within each group, the 
details are sorted according to junction 
type, i.e. where the detail occurs in the 
building envelope. Each detail has a 
version number, and a practical ID 
code.  

Although Scotland is part of the UK, it has 
its own regulations, which are similar to 
England’s. Scotland’s ACDs have a far 
simpler guide, though the details are 
similar, yet more clearly drawn and 
annotated  [78]. These have roughly the 
same heat loss as the England & Wales 
details. 

If optional higher standards of insulation 
are sought, one can use the freely 
available ‘Enhanced Construction Details’ 
(ECD)  [79], which have half of the thermal 
bridge heat loss of ACDs, i.e. 0.04 W/m²K. 
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These have been published by the UK’s 
Energy Savings Trust. Similarly to the 
ACD, the details are accompanied by a 
11-page introductory guide. Unlike ACDs, 

the thermal bridge coefficient (ψ) is 
declared on each detail sheet. The ID 
code system is different to that of ACD. 

 

 

Fig. 8:  Example detail from UK’s Accredited Construction Detail. 

Ireland: Ireland’s ‘Acceptable Construction 
Details’ (ACDs)  [80] are intended to help 
achieve the performance standards in its 
2008 Technical Guidance Documents 
(TGD) Part L. It is largely based on UK’s 
ACD, and is freely available. The 46-page 
introductory guide seems to be further-
developed from UK’s guide, and includes a 
useful calculation example using the Irish 
DEAP spreadsheet method for summating 
the thermal bridges for any specific 
building. Another interesting feature is a 
feedback form for new & amended details. 
Ireland’s ACD numbers 136 details, with a 
different categorization than UK ACDs, 
using number IDs. 

Norway: SINTEF Building and Infrastruc-
ture, has over 60 years built up a series of 

good-practice guides  [81]. The series 
presently numbers 760 guides, each of 
6~8 pages, provides concrete solutions 
and advice on a wide range of specialist 
building issues, richly illustrated and with 
clear text. It is updated monthly and 
available online on CD-ROM and printed. 
All drawings can be downloaded 
electronically in high detail. The guidelines 
in are regarded as the national reference 
for good building practice. Almost all 
companies in the Norwegian building 
industry subscribe. Presently, 4 of the 
guides are in English and Polish. Five of 
the booklets deal with thermal bridges 
specifically. These explain consequences, 
calculation of energy use, improvement, 
and a small atlas of details with thermal 
bridge values. Many of the remaining 
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guides in the series contain details, with 
how to avoid thermal bridges as just one 
aspect. There is also a handy pocket book 
of details of wooden constructions, for use 
on building sites. 

In 2007, a freely available national report 
was published to support the treatment of 
thermal bridges in the building regulations 
and energy performance calculation 
method  [82]. 

Germany: Numerous reports covering the 
topic of thermal bridges have been pub-
lished in Germany. Those publications that 
are freely available mostly cover thermal 
bridges as part of a general documenta-
tion of an energy efficient concept More 
detailed publications on thermal bridges 
have been published by the Passivhaus 
Institut, in particular one on passive house 

windows  [83], one on thermal-bridge free 
constructions  [84], one on energy-efficient 
modernisation of multifamily housing  [85], 
and one focusing on two critical thermal 
bridges: basements and balconies  [86]. 

Belgium: ‘Good practice’ guidance is still 
under development in Belgium. However, 
one project has already published some 
very appealing house details  [87]. It is a 
free website with interactive step-by-step 
3D illustrations showing how to construct 
passive house details, and downloadable 
2D details with a step-by-step description 
of construction. These details have a 
unique pedagogic quality.  

One project, called 'Koudebrug-IDEE', has 
established a free online catalogue  [88] 
with some 150 details for junctions com-
monly found in Belgium. 

 
Fig. 9:  A good practice house detail from the Belgian website www.bouwdetails.be. 

Austria: IBO ‘Passivhaus-Bauteilkatalog’ is 
a 347-page bilingual German/English 
‘bible’ of passive house details  [89]. There 
are 310 illustrations. Each detail has a 
description together with suitability criteria, 
performance parameters (incl. thermal 
bridge ψ-values), life cycle assessment 
and cost assessment. 

The Netherlands: SBR-Refentiedetails  [90] 
is a professional subscription service 
providing a large collection of constantly 

updated details together with thermal 
bridge ψ-values and other data. They are 
available for different construction types, 
both residential and commercial buildings, 
and renovation, new, or passive house. 
The details are available in paper, online 
and electronic files for import to CAD. The 
draw-back of this service is that it is not 
explicitly connected to the building 
regulations. There is, however, software 
available to enable summation of the 
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thermal bridges for all the details in a 
specific building. 

Romania: Romania has guides with 
common construction details, with 
provisions and examples of correct and 
incorrect insulation. The guides/standards 
are not free, but are available electroni-
cally via www.matrixrom.ro  [91]. 

5.4 CONCLUSIONS 

Best practice guidelines are a very useful 
means to stimulate better building details 
concerning thermal bridges and airtight-
ness. There are various good approaches 
available in different EU Member States 
which are presented in this chapter, but 
there are also many Member States that 
have limited or no good practice guidance 
for building details. 

A guideline for developing a good practice 
guidance concerning structure and content 
is presented in the first part of this chapter. 

ASIEPI recommends to: 

 Policy makers + national standardisa-
tion bodies:  

• Increase the number of offered 
good building practices especially 
in countries where few or no such 
documents exist. 

 Building practitioners: 

• Use good building practice docu-
ments as a basis for good quality 
building junctions in design and 
realisation. 

Those can be developed as official 
documents in connection with the building 
regulation (as for example in UK and 
Ireland) but also by building practitioners 
or the building industry. In some countries 
good practice guidance or tailored thermal 
bridge atlases have been developed for 
specific building industry companies, e.g. 
for pre-fabricated houses. This should be 

transferred to other companies and other 
countries: 

 Building industry:  

• Further develop building details 
and document good building 
practice in guidelines. 
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6. PROMOTION OF GOOD BUILDING PRACTICE 

6.1 INTRODUCTION 

On the basis of the answers given to the 
questionnaire circulated in the starting 
phase of the project, ASIEPI collected pro-
motion means for good building practice 
used in the countries. The experts from 17 
Member States and Norway came up with 
10 different possibilities for promotion. It 
also became clear that in a few countries 
good building practice seems not to be 
promoted at all. 

6.2 TYPES OF PROMOTION 

In the 17 EU Member States and Norway 
good building practice or more detailed 
solutions to reduce thermal bridges in 
buildings are promoted by the following 
means: 

 Special courses for practitioners 

 Parts of courses on good application of 
current building regulation 

 Parts of courses on high performance 
buildings 

 Parts of student curricula 

 Public relation activities of industry 
companies and associations 

 Workshops/Internet information ses-
sions organised by projects 

 Handbooks with example details (see 
also chapter 5) 

 Publications in journals 

 Road shows/exhibitions 

 Presentations/papers at conferences 

 

 

 

6.3 POSITIVE EXAMPLES 

6.3.1  Special courses on thermal brid-
ge avoidance for practitioners 

These courses are either offered by 
thermal bridge assessment software pro-
ducers, by organisations working on high 
performance building concepts or by 
associations of building practitioners e.g. 
architects, etc. 

Therefore the courses can have a slightly 
different focus (correct use of the software 
vs. improved building junctions). Examples 
for these courses are given in  [92] and 
 [93]. 

6.3.2 Parts of courses on good appli-
cation of current building regula-
tion 

In the course of the EPBD implementation 
many countries have intensified the 
training of assessors. Courses that are 
offered by different kinds of institutions in 
order to train the issuers of energy 
performance certificates often include a 
training for identifying thermal bridges and 
possibilities for improving the quality of 
building junctions, as presented in  [94] and 
 [95]. 

6.3.3 Parts of courses on high 
performance buildings 

Thermal bridge avoidance in order to 
decrease the (heating) energy demand of 
buildings is becoming more important the 
better the energy quality of a building is. 
Thus the training for designing such 
buildings often contains lectures on good 
building component junctions, see also 
 [96],  [97].  

6.3.4 Parts of student curricula 

During the education of architectural or 
civil engineering students, lectures on the 
building envelope and on building physics 
also include the topic of thermal bridges. 
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Two examples for those lectures are given 
in  [98] and  [99]. 

 

 

 

6.3.5 Public relation activities of in-
dustry companies and associa-
tions 

Industry companies, but also industry 
associations can promote good quality 
building junctions in public relation activi-
ties similar to those presented in figures 
10 and 11. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10:  Information on thermal bridging at a website addressing architects, civil engineers and 
building services contractors throughout the world  [100].  
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Fig. 11:  The Belgian association of the heat-
ing, ventilation and connected indus-
tries summarising an information day 
on thermal bridges in their newsletter 
 [101]. 

6.3.6 Workshops / Internet information 
sessions organised by projects 

Similar to the dissemination effort of IEE 
ASIEPI, also other projects or even other 
organisations can hold workshops (as with 
EPBD Concerted Action, see figure 12) 
and internet information sessions  [102], 
[103] on the topic thermal bridges. 

 
Fig. 12:  Photo from the interactive workshop 

with the EPBD Concerted Action 
project on “an effective handling of 
thermal bridges in the EPBD context”.  

 
Fig. 12:  Screenshot of the ASIEPI website 

presenting the Internet information 
sessions in connection with the 
thermal bridge topic 
(http://www.asiepi.eu/wp-4-thermal-
bridges/web-events.html). 

6.3.7 Handbooks with example details 

Handbooks with example details, so called 
“Good practice guidance” are another 
means to promote good building practice. 
A recommendation for the structure and 
the content of such handbooks and good 
available examples available in EU Mem-
ber States can be found in chapter 5. 

6.3.8 Publications in journals 

Technical journals can also be used for 
increasing the awareness and attention for 
thermal bridges. These journals, partly 
also available as online versions, are read 
by many building practitioners throughout 
Europe. Examples for articles in journals 
are presented in  [104],  [105] and  [106]. 
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6.3.9 Road shows/exhibitions 

Travelling exhibitions, which are also 
called road shows, are an interesting way 
to promote good building practice. The 
idea is that posters, practical material such 
as mock-ups and leaflets are developed by 
technical experts together with educators. 
The road shows should be self-explaining 
and targeted towards the audience as the 
exhibition material will mostly not be 
accompanied by experts giving further 
explanations. Finland and Germany 
indicated that this approach is used in their 
country. Photos of such exhibitions are 
presented in figures 13 and 14. 

 

Fig. 13:  Photo collage of poster information at 
a travelling exhibition on good quality 
retrofitting sponsored by the Landes-
gewerbeamt of the German Federal 
State of Baden-Württemberg  [107]. 

 

Figure 14:  Photo collage of building com-
ponent junctions real size mock-ups 
at a travelling exhibition on good 
quality retrofitting sponsored by the 
Landesgewerbeamt of the German 
Federal State of Baden-Württem-
berg  [107]. 

6.3.10 Presentations/papers at confer-
ences 

The last promotion possibility proposed by 
the ASIEPI team is presentations and/or 
papers at conferences or conventions. 
Different target groups can be addressed, 
building practitioners, developers of 
calculation methods, building owners, 
students and even the general public. 
ASIEPI for example has written a paper 
and made a presentation on the topic of 
thermal bridges at the AIVC conference 
2009 in Berlin  [108]. 

6.4 CONCLUSIONS 

Though there are various promotion 
means for bringing thermal bridges in 
building envelopes to the awareness of 
standardisation bodies, policy makers, 
building practitioners, etc., they are not 
widely used in the EU Member States, 
according to the questionnaire in ASIEPI.  
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It is most important that the building 
practitioners and the future architects and 
civil engineers, namely the students, will 
receive good lectures on the impact of 
thermal bridges and learn how to success-
fully reduce or even avoid them. Therefore 
we recommend to 

 Universities/other educational 
institutions:  

• to include good quality information 
on thermal bridges in the lectures 
for architectural and civil engineer-
ing students. 

• to inform building practitioners on 
the impact of thermal bridges and 
show with practical examples how 
to reduce/avoid them. 

 Building practitioners:  

• to stay informed on up-to-date 
solutions for avoiding thermal 
bridges on construction sites. 
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7. EXCECUTION QUALITY 

7.1 INTRODUCTION 

Execution quality can have a significant 
effect on the energy consumption of build-
ings. The occurrence of thermal bridges 
due to faulty execution can dramatically 
increase heat losses and, in the worst 
case, even result in moisture problems 
seriously affecting the indoor climate. At 
present, there is little or no information 
available on this topic. Therefore a study 
was initiated to quantify the effect of ther-
mal bridges due to faulty execution. The 
study encompasses two different ana-
lyses:  

1. A survey conducted among the partici-
pating Member States concerning 
previous, individual national studies on 
the influence of execution quality and  

2. A questionnaire containing questions 
pertaining to methods for assessing 
and stimulating execution quality, i.e. 
an attempt to quantify which factors 
actually are affecting the execution 
quality. 

7.2 EXISTING STUDIES CONCERNING 
EXECUTION QUALITY RELATED 
TO THERMAL BRIDGES 

In the participating Member States, only a 
few studies exist that examined the 
execution quality with regard to thermal 
bridges. 

In Germany, a study investigated the 
Burgholzhof housing estate in Stuttgart 
where approximately 800 low energy 
accommodation units were built  [109]. The 
building process of 39 multi-family houses 
was monitored and the purpose of the 
study was to supervise 3 parts of the 
building process, namely the  

 energy performance certification,  

 the check of building junctions in both 
the design and realisation phases and  

 the check of building materials used on 
the construction site.  

The study showed that there were on 
average 2.8 critical design details per 
building that needed to be corrected. On-
site visits resulted in more than 100 
protocols concerning both material choices 
and execution of building details. All in all 
execution quality was good; however, the 
recommendation was to have building 
inspections during execution in future 
buildings to avoid defects and increased 
energy losses. 

Romania reports three studies that were 
performed on a national level; two studies 
deal with experiences from existing 
buildings (retrofitting) and one deals with 
experiences from new buildings. The first 
study  [110] contains general solutions for 
increasing the energy performance of 
existing buildings by renovating especially 
construction junctions (thermal bridges). 
The study focuses on 37 details that are 
critical parts of the construction. The 
second study  [111] shows typical building 
details for 23 cases that are relevant for 
new buildings. This study presents both 
good and bad solutions in order to 
emphasise the importance of correct 
execution. The third study  [112] from 
Romania is a normative reference 
concerning methods for assessing the 
execution quality in existing buildings. 
Among others, infrared thermography is 
suggested as a method to assess 
execution quality. 

7.3 A PROPOSAL FOR INCLUDING 
EXECUTION SAFETY FACTORS IN 
THE BUILDING REGULATION 

The England and Wales 2010 proposals  
 [113] include inclusion of so-called safety 
factors for claimed thermal bridge heat 
losses that are not accredited and well-
tried details. These safety factors are intro-
duced because they might cause problems 
with regard to execution quality (i.e. since 
builders have not used them before they 
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are more likely to make mistakes), and 
furthermore hence their values (linear 
thermal transmittances or point thermal 
transmittances) are uncertain. Evidence 
for theoretical values will be required - in 
principle - so that uncertainty should not 
be any greater than for accredited details. 
Execution quality is certainly a concern for 
unfamiliar/untested details. 

7.4 WAYS TO ASSESS AND STIMU-
LATE IMPROVED EXECUTION 
QUALITY 

A questionnaire was distributed among the 
participating Member States in the ASIEPI 
project, in order to establish the state of 
assessing and improving the execution 
quality. The results are summarised in the 
following. 

7.4.1  Infrared thermography 

Infrared thermography is the most power-
ful technique for determining position and 
to some extent magnitude of thermal 
bridges in existing buildings. The tech-
nology has developed a lot over the last 
decades, and today everyone can operate 
FLIR (Forward Looking InfraRed) 
cameras.  Prices have also plummeted, 
and today cameras can be purchased at 
prices below €3,000, making it a cheap 
and easily accessible technology. 

15,0°C

24,0°C

16

18

20

22

24

 
Figure 15:  Determining positions of thermal 

bridges in building constructions by 
infrared thermography. 

Infrared thermography is not a legal re-
quirement in any of the participating 
Member States. Infrared thermography is 

in general not used extensively anywhere 
and is primarily used in connection with 
low energy buildings, research or 
education projects or under circumstances 
where there are judicial disputes 
concerning building execution quality. 
Either infrared thermography is used by 
itself to locate thermal bridges –or it is 
used in connection with blower door tests 
to establish the location of air leakages. 

Is infrared thermography used on new 
buildings in your country? 

9

5
Yes
No

 
Figure 16:  Analysis of the questionnaire on 

execution quality (1). 

In Denmark, infrared thermography is used 
on some new buildings. There is a legal 
requirement in the Danish Building 
Regulations stipulating that at least 5 % of 
new buildings should be tested for 
airtightness by blower door, and that this 
test should always be accompanied by 
infrared thermography in order to pinpoint 
the location of any leakages. It is the 
responsibility of the local authorities to 
ensure that this part of the Building 
Regulations is fulfilled. 

Finland lists infrared thermography as part 
of the normal quality control for new 
buildings; however, there is still no legal 
requirement to perform the analysis and it 
is up to the future building owner to 
request a test. 

7.4.2  Building inspections 

Doing building inspections with a focus on 
energy during and after the construction 
process of new buildings is a method for 
ensuring that the building is realised as 
originally planned. In opposition to infrared 
thermography, building inspections can be 
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carried out during the building process, 
making it possible to pinpoint and correct 
any faulty execution before the building is 
finished. 

In the Member States, there is a general 
tendency towards the use of inspections 
during and after the building process – 
especially for larger buildings. In most 
countries, there are legal requirements for 
inspections; however, these inspections 
seldom/never focus on energy consump-
tion and thermal bridges, but rather on 
health, safety, structural elements and 
load-bearing capabilities. In some Member 
States, the inspections also serve the 
purpose of ensuring that the realised 
building follows the design specifications 
used for obtaining the building permit. 

In Italy there is a legal requirement for 
inspections during the building process 
and it is the responsibility of the local 
authorities that they are performed. In 
practice, however, inspections are rarely 
carried out due to limited resources 
(financial and human) of the local 
authorities/provinces. 

Romania has mandatory inspections 
during the most important phases of the 
building process, but they do not include 
focus on energy use or thermal bridges. At 
the end of the building process, the local 
authorities and the Government Building 
Inspectorate will perform inspections to 
ensure that the realised building is as 
originally planned. 

Norway has recently drafted new rules, 
proposing compulsory independent third 
party inspections after the building 
process. The rules are expected to be 
introduced in 2010. 

Denmark uses a third party energy 
certification scheme for all new buildings. 
The certification covers all energy-related 
installations/parts of the building that can 
be inspected visually (pipe insulation, 
boiler characteristics, fan power usage 
etc.). 

Are inspections carried out during 
and/or after the building process of new 

buildings in your country? 

12

2

Yes
No

 
Figure 17:  Analysis of the questionnaire on 

execution quality (2). 

7.4.3  Alternative methods for asses-
sing and stimulating execution 
quality 

The participating MS were asked to list 
any alternative methods used in their 
individual countries for assessing and 
stimulating execution quality. 

Finland mentions that a few specialised 
consultants have equipment for performing 
gas-concentration measurements of gas-
filled windows. 

In Germany, visual checks (inspections) 
are performed with a specific focus on 
checking for thermal bridges if requested 
by the building owner. Comparing details 
on the construction site with design 
drawings makes this task easier. 

For some building projects, Norway uses 
especially trained people to investigate the 
building design before the building process 
is initiated. This investigation focuses on 
weeding out details that may cause 
problems. Any problematic details found 
through the investigation can then be 
redesigned. The investigation will typically 
also result in a series of suggestions con-
cerning specific inspections or measure-
ments that should be carried out during 
the building process. 
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7.4.4  Incentives or penalties to stimu-
late/ensure good execution 
quality 

A method for stimulating/ensuring good 
execution quality is to have incentives 
and/or penalties. The participating Member 
States were asked in the questionnaire to 
list any incentives/penalties used in their 
respective countries. 

All countries penalise bad execution 
quality and most impose penalties that 
have direct (fines) or indirect (halting the 
building process or prohibiting building 
use) economic consequences for the 
building contractor. In the most serious 
cases, the responsible executive manager 
and/or technical supervisor may lose their 
certificates/licenses. 

Only a few countries have incentives for 
stimulating good execution quality. Typical 
incentives come in the form of govern-
mental funding or reduced taxes for 
building low-energy buildings or passive 
houses. Typically, the incentives are con-
nected with time-limited programmes. 

7.5 CONCLUSIONS 

In the Member States represented in 
ASIEPI only a few studies have been 
carried out concerning the relationship 
between execution quality and thermal 
bridge effects. These studies indicate that 
there is a need for increased focus on 
execution quality. 

The Member States use more or less 
similar methods for assessing and stimula-
ting improved execution quality. Infrared 
thermography is used to some extent, but 
is not yet a legal requirement anywhere. 
Inspections during and after the building 
process are used quite extensively in all 
Member States, especially for large buil-
dings. Most countries have legal require-
ments regulating inspections; however, 
these do not focus on energy consumption 
or thermal bridges. There are only very 
few alternatives to inspections and infrared 
thermography and they include gas con-

centration measurements on windows and 
pre-building process inspections of draw-
ings by specialists. Finally, the question-
naire shows that most Member States use 
sanctions rather than incentives to ensure 
good execution quality. 

ASIEPI has drawn up a proposal for 
stimulating and assessing good execution 
quality that includes “sticks” and “carrots” 
and is targeted mostly to: 

 Policy makers:  Sticks: 

• Stipulate inspections by energy 
specialists before, during and after 
the building process (photos, 
measurements) 

• Increase the number of mandatory 
blower door (infrared thermo-
graphy) tests (e.g. to 15% of all 
new buildings), and utilise the 
infrared results 

• Introduce the possibility of with-
drawing the designer’s/contractor’s 
license  

• Publish bad examples done by 
building contractors 

Having inspections before, during and 
after the building process would be the 
best solution; however, for economical 
reasons this will not be viable for all new 
buildings. The extent of the inspections 
should be adjusted for each building 
project, yet energy specialists should 
always be involved. 

By increasing the number of mandatory 
blower door tests, building contractors will 
be forced to focus on execution quality. 
The airtightness test should be combined 
with infrared thermography for detecting 
thermal bridges. 

Introducing the possibility of withdrawing 
the license of a designer/contractor for 
repeatedly providing poor execution quality 
could significantly centre their focus on 
this issue. However, the question arises 
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whether this could function in practice 
(maybe in some Member States). Instead, 
the public availability of information con-
cerning a contractor's level of execution 
quality – both good and bad – could have 
a more positive effect on execution quality. 

 Policy makers:  Carrots: 

• Funding programmes 

• Reduction of green taxes and 
interest rates for low energy 
buildings/passive houses 

• Good examples done by building 
contractors should be published 

Funding programmes are powerful incen-
tives for increasing focus on execution 
quality, and previous experience has 
clearly shown that economic incentives are 
working well. The reduction of green taxes 
and/or interest rates for low energy/ 
passive houses will further reduce the 
operational cost of the houses. This in turn 
will increase the demand for this type of 
houses and thereby decrease their price, 
meaning that construction companies can 

cover the extra expenses associated with 
low energy buildings. 

 (National) standardisation bodies: 

• Introduction of U-Values that take 
into account the installation of 
windows. This would motivate the 
window manufacturers to have 
stronger guidelines for installation, 
and thereby more training for 
installers. 

 Universities/other educational 
institutions: 

• Courses for designers and con-
struction company staff or crafts-
men on how to design and realise 
building junctions with focus on air 
tightness and thermal bridges. 

• Good practice guidelines. In 
general passing on expert know-
ledge concerning the under-
standing of the key elements of low 
energy building and good work-
manship. 
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8. ADVANCED THERMAL BRIDGE DRIVEN TECHNICAL DEVELOPMENTS 

8.1 INTRODUCTION 

In order to inform about actual technical 
developments to reduce the thermal bridge 
impact in buildings, the Intelligent Energy 
Europe project ASIEPI has worked closely 
together with the building industry via the 
associated industry partners. Good 
examples for industry developments have 
been gathered and are presented in this 
report chapter. Though the chapter does 
not provide a full market survey it gives an 
idea of the variety of the different currently 
available developments. 

8.2 EXAMPLES FOR ADVANCED 
THERMAL BRIDGE DRIVEN 
TECHNICAL DEVELOPMENTS 

Only few industry companies are focusing 
their products on thermal bridge avoid-
ance. Other industry companies do not 
focus on thermal bridge issues but 
manufacture products like general insula-
tion and then improve the thermal quality 
of these products by further developing 
solutions that are reducing the thermal 
bridge impact. 

8.2.1  Thermal breaks for external 
building components 

Structural elements that go undisturbed 
from the inside of a building through the 
insulation layers to the outside result in 
major thermal bridges. An example for this 
situation is a balcony slab, which is directly 
connected to the room ceiling. In the 
following, products of two different industry 
companies are presented that allow for 
reduced thermal bridge impact at external 
building components. Alternative solutions 
include balcony designs that have separa-
te pillars and are only connected to the 
external wall by point anchors. 

SchöckIsokorb®: Thermally efficient load-
bearing connections 

The SchöckIsokorb® product provides a 
so-called thermal break between external 

components such as balconies and the 
building. It is available as reinforced 
concrete-to-concrete application, as rein-
forced concrete-to-steel application and as 
steel-to-steel application. There are also 
solutions for wood-concrete connections. 

The Isokorb system consists of insulation, 
stainless steel and a pressure module 
made of micro fibre high performance fine 
concrete and can form a thermal break 
whilst transferring load and maintaining full 
structural integrity. For example, the linear 
thermal transmittance can be reduced 
from about 0.94 W/mK to 0.20 W/mK for a 
balcony slab extending through the wall 
from the inside ceiling to the exterior. 
Further information on the system (in 
various languages) can be found at [114] 
and  [115]. 

 

 

 

 

 

Figure 18:  Section drawing showing how an 
Isokorb is forming a thermal break 
between the building and the 
balcony. Copyright Schöck Bauteile 
GmbH. 

 

 

 

 

 

 

Figure 19:  Photo of a SchöckIsokorb®. Copy-
right Schöck Bauteile GmbH. 
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Halfen HIT balcony connections 

Also Halfen produces a load bearing 
thermal insulation unit for the thermal 
separation of concrete components from 
the main building structures. Due to a 
separation of exterior concrete com-
ponents from main structures with Halfen-
Iso-Elements  [116] heat losses and CO2-
emissions can be reduced, and condensa-
tion and mould growth can be avoided. 
One special feature of the Halfen-Iso-
Element is a combination of metre-units 
and 200 mm modules to form any length. 
Through a combination of these units and 
modules cuttings at the construction site 
can be avoided and a high economy grade 
can be achieved 

 

Figure 20: Thermal break element for a bal-
cony at a wall corner. Copyright 
Halfen GmbH. 

8.2.2 Thermal break elements for 
basement junctions 

Walls above cellar ceilings often cause 
thermal bridges as presented in the 
graphic on the left. Heat is lost via the 
connection of the external wall to the cellar 
ceiling and from there to the unheated 
cellar and the ground. Therefore the cellar 
walls and ceiling either have to be 
insulated on both sides (at least in the 
areas of the external and internal walls), or 
a thermal break needs to be included at 
the level of the ceiling insulation. ASIEPI 
has found two industry companies that 
produce these kinds of thermal breaks: 

 

 

SchöckNovomur 

A second product reducing thermal 
bridges from the Schöck Bauteile GmbH is 
a hydrophobic thermal break element 
called Novomur  [114],  [115]. It is used as 
first masonry row at ground floor level in 
order to reduce the thermal losses from 
the exterior wall via the cellar ceiling to the 
cellar and ground (see figures 21 and 22).  

 

 

 

 

 

 

 

 

Figure 21:  Schematic drawing of the function 
of a thermal break element as first 
row of stones at the ground floor. 
Copyright Schöck Bauteile GmbH. 

 

 

 

 

 

 
Figure 22:  Scheme showing a Novomur 

element used as thermal break on 
top of the cellar ceiling. Copyright 
Schöck Bauteile GmbH. 

The element is produced in two different 
stone strength classes: 20 N/mm² (Novo-
mur for multi-family houses) or 6 N/mm² 
(Novomur light for detached or terraced 
houses). It consists of light-weight 
concrete and polystyrene foam. 
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Puren Insulation Bridge 

Similar to the previous product the Puren 
insulation bridge is used below the first 
row of stones in order to avoid thermal 
bridging into or from wall connections. It is 
a rigid-foam based purenit construction 
material with a high thermal insulation 
value capable of bearing a maximum 
continuous load of up to 1.8 MPa. Further 
information in five different languages is 
available at  [117]. 

 

Figure 23: Puren insulation bridge under the 
first row of masonry to reduce the 
thermal bridge impact. Copyright 
Puren GmbH. 

8.2.3 Products for mounting insula-
tion material to the wall with 
reduced thermal bridge impact 

Usually, insulation material is mounted to 
external walls by means of anchors or 
rails. The anchors connect the outside 
surface of the insulation directly with the 
warm wall behind the insulation. They are 
made of metall and cause point thermal 
bridges, which have to be included in the 
U-value calculation of the insulation 
system. More anchors are necessary if not 
only the insulation material, but also a 
curtain wall has to be mounted.  

For external composite thermal insulation 
systems the insulation can be glued to the 
wall, thus avoiding thermal bridges created 
by anchors, but this is realised very rarely 
and can only be done up to a certain wall 

height. One industry company has now 
developed a system for an insulated 
curtain wall that results in less thermal 
bridge impact. 

Rockwool Flex Systemwall 

Flex Systemwall is an external wall 
insulation system that significantly reduces 
thermal bridges compared to regular 
mounting on rails. The system can be 
used for heavy and light-weight walls for 
both new construction and renovation.  

 

 

 

 

 

 

 

Figure 24:  Scheme showing the fixture of the 
cladding system into the battens. 
Copyright Rockwool 

The backing wall construction receives an 
effective insulation coat. Subsequently, the 
optional cladding is fastened. Flex 
Systembatts are used as external wall 
insulation. Their flex zones ensure the 
tightness of the junctions and the result is 
an external wall insulation without thermal 
bridges. The weight of the facade cladding 
and underlay boards is carried by the roof 
structure. Underlay boards are attached to 
the back wall, whereby the insulation is 
maintained. More information can be found 
at  [118] and  [119].  

8.2.4 Thermal bridge solutions for 
window/wall junctions 

In most cases, the problematic junction 
between window frames and the 
surrounding wall is mostly solved by 
providing an overlap of the insulation 
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material on part of the frame. Dealing with 
thick insulation layers this method can 
change a buildings’s appearance and lead 
to the so-called arrow-slit architecture, with 
the windows being hidden behind 200 mm 
of insulation or more. A German company 
offers a solution to this problem. 

KnaufGips KG Lichtkeile (light wedges) 

As a result of increasing insulation 
thicknesses, KnaufGips KG (Marmorit) has 
developed special solutions for the 
wall/window junction to avoid the so-called 
arrow-slit architecture and to increase the 
amount of daylight coming in through the 
windows. “Light wedges”, that are opening 
up towards the external surface of the 
insulation system, allow for a higher yield 
of daylight. At the same time, they meet 
the thermal bridge challenge at the 
wall/window junction. They are available 
as diagonal or rounded elements. Further 
information is available at  [120]. 

 
Figure 25:  Photo of a Lichtkeil (light wedge) 

within an externally insulated wall. 
Copyright KnaufGips KG. 

8.2.4 Warm-edge spacers for double-
glazed and triple-glazed win-
dows 

The evolution of high performance win-
dows has resulted in low-e-coated double 
and even triple glazing filled with rare 
gases such as argon, xenon or krypton or 
even vacuum glazings. Nowadays, the 
glazing usually has a lower U-value than 

the window frame, even if the latter is 
made of wood. For a long time, there used 
to be a weak spot in the glazing: the edge 
bond. Still, most spacers that separate the 
two glass panels from one another are 
made of aluminium which acts like a 
thermal bridge at the glazing/frame 
junction. Compared to aluminium spacers, 
stainless steel spacers only slightly reduce 
the thermal bridge impact. New develop-
ments for spacers have combined stain-
less steel and insulating plastic. Two 
examples of these products are given 
below. 

Thermix® warm-edge spacers for insula-
ting glass 

The Thermix® warm-edge spacers 
produced by the company Ensinger can be 
used in combination with all regular types 
of glazing and frame products. The com-
bination of stainless steel and highly in-
sulating plastic ensures that the respective 
material properties are optimally used. 
Besides achieving considerable heat 
savings, the risk of condensation and 
mould formation is minimized. For in-
stance, the ψ-value of the glass edge in a 
wooden frame can be reduced from 
0.08 W/mK (aluminium spacer according 
EN ISO 10077-1) to 0.041 W/mK by using 
the Thermix spacer. Further information 
can be found at  [121]. 

 

Figure 26:  Schematic drawing of warm-edge 
spacers between a double and a 
triple glazing. Copyright Thermix®. 
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Swisspacer - Warm-Edge Spacer Systems 

Swisspacer is a thermally improved, or 
warm-edge, spacer bar for insulating 
glazing. It is manufactured from special 
fibreglass, composite material. Swisspacer 
is available in two versions: 

• Swisspacer - the composite material is 
covered by an ultra thin foil of 
aluminium 

• Swisspacer V - with an extremely thin 
stainless steel foil for maximum 
possible insulation. 

The heat transmission coefficient of the 
window is at least 0.1 W/m²K lower than 
that of a window with conventional 
aluminium spacer bars. Reductions of the 
window U-value of up to 0.4 W/m²K can be 
attained depending on the frame/glazing 
configuration and the window size. For 
further information have a look at  [122]. 

 

Figure 27: Photo of the Swisspacer product. 
 Copyright SGG Swisspacer®. 

8.3 CONCLUSIONS 

ASIEPI has collected examples for thermal 
bridge driven industrial developments in 
the building sector. Though there are 
many examples for high quality building 
junctions published in different good 
practice guidances that are based on good 
(architectural/engineering) design, it has to 
be concluded that not that many products 
exist that were especially developed to 
reduce thermal bridges in buildings. 

ASIEPI therefore recommends to: 

 building industry: 

• to increase their developments 
regarding thermal bridge driven 
details. Improved solutions should 
be developed for fixing external 
loads like balconies, for mounting 
insulation and/or cladding and for 
solving re-occuring problematic 
component junctions. A simple 
application of the products should 
also be in the focus of the develop-
ments. 

 building practitioners:  

• to keep up with high quality 
industrial solutions concerning 
thermal bridges and other building 
problems, e.g. airtightness. 

 the standardisation bodies: 

• to create a clear regulatory 
framework that gives a fair 
assessment of improved product 
solutions, compared to poor 
solutions with a strong thermal 
bridge effect. 

A possibility to stay informed, but also to 
inform others on new technical develop-
ments regarding the avoidance of thermal 
bridges is the new community “Thermal 
Bridges Forum” on the EU portal for 
energy efficiency in buildings BUILD UP 
 [123]. 

 

 

 



  

  
  
  

 
56 
 

  
 

9. REFERENCES 

[1] EPBD (2002). Directive 2002/91/ 
EC of the European Parliament 
and of the Council of 16 December 
2002 on the energy performance of 
buildings, Official Journal of the 
European Communities, 
04.01.2003. 

[2] Tilmans, A.; Van Orshoven, D.: 
Draft method for the consideration 
of thermal bridges in the EPB-
regulation in Belgium: summary 
description, ASIEPI, March 2010.  
www.asiepi.eu/wp-4-thermal-
bridges/related-information.html  

[3] NEN 1068:2001 Thermische 
isolatie van gebouwen – reken-
methoden (‘Thermal insulation of 
buildings – calculation methods’) 

[4] DIN 4108-2 DIN 4108-2:2003-07 
Wärmeschutz und Energieein-
sparung in Gebäuden, Teil 2: 
Mindestanforderungen an den 
Wärmeschutz. 

[5] DIN V 18599-2: Energetische Be-
wertung von Gebäuden – Berech-
nung des Nutz-, End- und 
Primärenergiebedarfs für Heizung, 
Kühlung, Lüftung, Trinkwarmwas-
ser und Beleuchtung – Teil 2: Nutz-
energiebedarf für Heizen und 
Kühlen von Gebäudezonen. 

[6] EN ISO 10211-1:1995 Thermal 
bridges in building construction - 
Heat flows and surface 
temperatures - Part 1: General 
calculation methods. 

[7] EN ISO 10211-2:2002 Thermal 
bridges in building construction - 
Calculation of heat flows and 
surface temperatures - Part 2: 
Linear thermal bridges. 

[8] EN ISO 14683:1999 Thermal 
bridges in building construction - 
Linear thermal transmittance - 
Simplified methods and default 
values 

[9] Decreto Legislativo 19 Agosto 
2005, n. 192 - Attuazione della 
direttiva 2002/91/CE relativa al 
rendimento energetico nell’edilizia. 

[10] Decreto Legislativo 29 Dicembre 
2006, n. 311 - Disposizioni 
correttive ed integrative al decreto 
legislativo 19 agosto 2005, n. 192, 
recante attuazione della direttiva 
2002/91/CE, relativa al rendimento 
energetico nell'edilizia. 

[11] Erhorn, H.; Gierga, M.; Erhorn-
Kluttig, H.: „Demonstrationsvor-
haben 3-Liter-Häuser in Celle“. 
Proceedings Ziegel-Forum Profes-
soren Tagung, Lindau, Germany, 
14th July 2002. 

[12] Rose, J.; Kragh, J.; Svendsen, S.: 
„Low energy class 1 typehouses 
according to the Danish building 
regulations“. Proceedings of the 
8th Symposium of Building Physics 
in the Nordic Countries, June 16.-
18., Copenhagen, Denmark. 

[13] Šubrt, R.: “České Budějovice: 
Detalil nadpraži okna”. (2007) 

[14] BBRI: “Insulation, ventilation and 
heating in new dwellings”. Results 
of a survey. BBRI-report #4, 1999 
(available in Dutch and French). 

[15] Janssens, A. et al.: “Development 
of limits for the linear thermal 
transmittance of thermal bridges in 
buildings”. Thermal performance of 
the exterior envelopes of whole 
buildings X. International confe-



 

  

  
  
  
  

 
57 
 

 

rence, Clearwater, Florida. 
ASHRAE (2007). 

[16] Theodosiou, T.G.; Papadopoulous, 
A.M.: “The impact of thermal 
bridges on the energy demand of 
buildings with double brick wall 
constructions.” Energy and 
Buildings 40 (2008), p. 2083-2089. 

[17] EN ISO 10211: Thermal bridges in 
building construction – Heat flows 
and surface temperatures – 
detailed calculations (ISO 10211: 
2007), CEN (2007). 

[18] EN ISO 14683: Thermal bridges in 
building construction – Linear 
thermal transmittance – Simplified 
methods and default values (ISO 
14683:2007). CEN (2007). 

[19] Physibel n.v., KOBRA v3.0w, 2008. 
www.physibel.be.  

[20] Roman Šubrt and Michal Volf, 
Stavební detaily - Tepelné mosty. 
Grada Publishing (2003). 
www.grada.cz.  

[21] Varmeisolerings - foreningen, 
U-værdi 2003 (2003).  

[22] Dansk Standard, Dansk Standard 
418. Beregning af bygningers 
varmetab (2002). 

[23] Réglementation thermique 2005, 
Th-U 5/5 Ponts Thermiques. CSTB 
(2006). 

[24] Th-U existant 5/5 ponts ther-
miques, CSTB (2008). 

[25] Hauser, G.; Stiegel, H.:  Wärme-
brückenatlas für den Holzbau. 
Bauverlag GmbH (1992). 
www.zub-kassel.de/downloads.  

[26] Hauser, G.; Stiegel, H.: Wärme-
brückenatlas für den Mauerwerks-
bau. Bauverlag GmbH (1990/ 

1996). www.zub-
kassel.de/downloads.  

[27] Gustavsen, A.: Byggdetaljer 
471.017 "Kuldebroer. Tabeller med 
kuldebroverdier". SINTEF Building 
& Infrastructure (2008). 
http://bks.byggforsk.no/DocumentV
iew.aspx?sectionId=2&docNumber
=4710.  

[28] Kuldebroatlas. SINTEF Building & 
Infrastructure (2009). 
http://bks.byggforsk.no/Tools.aspx?
sectionId=2&toolType=25.  

[29] Gustavsen, A.; Thue, J.V.;  et al.: 
Kuldebroverdier - Beregning, 
kuldebroverdier pg innvirkning på 
energibruk - Prosjektrapport 25-
2008. SINTEF Building & 
Infrastructure (2008). 

[30] Pogorzelski, J.; Awksientjuk, J.A.: 
Katalog mostow cieplnych. 
Budownictwo tradycyjne, Wydaw-
nictwa ITB (2003). www.itb.pl.  

[31] Heindl, W.; Krec, K. et al.: 
Wärmebrücken. Grundlagen, Ein-
fache Formeln, Wärmeverluste, 
Kondensation, 100 durchgerechne-
te Baudetails, Springer (1987). 

[32] Álvarez ; S. ; Salmerón, J.M . : 
Catálogo de Elementos Constructi-
vos de CTE. Puentes térmicos, 
IETCC (2008). 
www.codigotecnico.org/fileadmin/Fi
cheros_CTE/Documentos/CTEFeb
08/CAT-EC-v05.0_MAYO08.pdf.  

[33] Statybos techninis reglamentas 
Pastatų atitvarų šiluminė technika, 
7 priedas, Ministry of Environment, 
(2005).  

[34] Infomind SàRL, Catalogue des 
ponts thermique, Office fédéral de 
l'énergie (2003). 
www.vd.ch/fileadmin/user_upload/t
hemes/environnement/energie/fichi



  

  
  
  

 
58 
 

  
 

ers_pdf/calcul_pont_thermiques.pd
f.  

[35] I.P.C.T, Normativ privind calculul 
performantelor termoenergetice ale 
elementelor de constructie ale 
cladirilor C107/3 – 2005. M.T.C.T- 
2055/29.11.05 (1997/2005). 

[36] Department of the Environment, 
Heritage and Local Government: 
Limiting Thermal Bridging and Air 
Infiltration Acceptable Construction 
Details (2008). 
www.environ.ie/en/TGD/.  

[37] Department for communities and 
local government: Accredited 
construction details. Crown (2007). 
http://www.planningportal.gov.uk/e
ngland/professionals/en/11153142
55826.html.  

[38] The Scottish Building Standards 
Agency: Accredited construction 
details (Scotland). 
http://www.sbsa.gov.uk/tech_hand
books/accred_detail.htm.  

[39] Energy Saving Trust, Enhanced 
Construction Details (2008). 
http://www.energysavingtrust.org.u
k/business/Business/Building-
Professionals/Helpful-
Tools/Enhanced-Construction-
Details.  

[40] ZUB Kassel, Wärmebrücken-
katalog (2005).                          
www.zub-kassel.de. 

[41] Pawlak, P.: BuildDesk, BuildDesk 
Polska. http://bdec.builddesk.pl.  

[42] Żurawski, J.: CERTO, Dolnośląska 
Agencja Energii i Środowiska, 
(2008). www.cieplej.pl.  

[43] Stiegel, H.; Hauser, G.: Wärme-
brückenkatalog für Modernisier-
ungs- und Sanierungsmaßnahmen 
zur Vermeidung von Schimmel-

pilzen, Fraunhofer IRB Verlag 
(2004). 

[44] Tilmans, A.; van Orshoven, D.: 
Software and atlases for evaluating 
thermal bridges. EU IEE ASIEPI 
information paper 152 (2009). 
http://www.buildup.eu/publications/
5657.  

[45] EN ISO 10077-2: Thermal 
performance of windows, doors 
and shutters – Calculation of 
thermal transmittance – Part 2: 
Numerical method for frames. (ISO 
10077-2:2003). CEN (2003). 

[46] AnTherm, 
http://www.kornicki.de/antherm/ind
ex.htm.  

[47] Argos,  http://www.zub-
kassel.de/software/argos.  

[48] Bisco, www.physibel.be.  

[49] Bistra, www.physibel.be.  

[50] Champs-bes, 
http://beesl.syr.edu//champs.htm.  

[51] David32, 
http://www.gadbyggnadsfysik.se.  

[52] Delphin, http://bauklimatik-
dresden.de/delphin/index.php  

[53] Flixo, 
http://www.infomind.ch/bph/en/serv
ices/. 

[54] FramePlus, 
http://www.enermodal.com/.  

[55] HAMLab, 
http://sts.bwk.tue.nl/hamlab/.  

[56] Heat2, 
http://www.buildingphysics.com/ind
ex-filer/heat2.htm.  

[57] Heat3, 
http://www.buildingphysics.com/ind
ex-filer/Page691.htm.  



 

  

  
  
  
  

 
59 
 

 

[58] KOBRA v3.0w, 
www.cstc.be/go/kobra (French) or 
www.wtcb.be/go/kobra (Dutch).   

[59] KOBRU86, www.physibel.be.  

[60] Sectra, www.physibel.be.  

[61] RadTherm, 
http://www.thermoanalytics.com/pr
oducts/radtherm/.  

[62] Solido, www.physibel.be.  

[63] TAS ambiens, http://www.edsl.net/.  

[64] Therm, 
http://windows.lbl.gov/software/ther
m/therm.html.  

[65] Trisco, www.physibel.be.  

[66] Voltra, www.physibel.be.  

[67] UNorm, 
http://www.gadbyggnadsfysik.se. 

[68] WUFI 2D 3.2, 
http://www.hoki.ibp.fraunhofer.de/w
ufi/wufi_frame_e.html. 

[69] Ansys multiphysics, 
http://www.ansys.com/products/mul
tiphysics.asp.  

[70] Ansys CFX, 
http://www.ansys.com/products/cfx.
asp.  

[71] Fluent, 
http://www.fluent.com/software/flue
nt/index.htm.  

[72] Phoenics, http://www.cham.co.uk/. 

[73] Comsol multiphysics, 
http://www.comsol.com/.  

[74] SAMCEF thermal, 
http://www.samcef.com/en/pss.php
?ID=7&W=products  

[75] Schild, P.; Blom, P.: Good practice 
guidance on thermal bridges & 

construction details. Part I: 
Principles. EU IEE ASIEPI infor-
mation paper (2010). Available at 
www.buildup.eu.  

[76] Schild, P.: Good practice guidance 
on thermal bridges & construction 
details. Part II: Good examples. EU 
IEE ASIEPI information paper 
(2010). Available at  
www.buildup.eu. 

[77] Communities and Local Govern-
ment in partnership with energy 
saving trust: Accredited Construc-
tion Details (ACDs) for Part L of the 
Building Regulations for England & 
Wales. (2007).  
http://www.planningportal.gov.uk/u
ploads/br/accredconbk.pdf.  

[78] Energy Saving Trust: Enhanced 
Construction Details. (2008) 
http://www.energysavingtrust.org.u
k/business/Business/Building-
Professionals/Helpful-
Tools/Enhanced-Construction-
Details.  

[79] The Scottish Building Standards 
Agency: Accredited Construction 
Details (Scotland). (2009). 
http://www.scotland.gov.uk/Resour
ce/Doc/217736/0088295.pdf.  

[80] Government of Ireland: Limiting 
Thermal Bridging and Air Infiltra-
tion. Acceptable Construction De-
tails. (2008). 
http://www.environ.ie/en/Publicatio
ns/DevelopmentandHousing/Buildi
ngStandards/FileDownLoad,18749,
en.pdf.  

[81] SINTEF Byggforsk: SINTEF 
Building Research Guides. (2010). 
http://bks.byggforsk.no/Updates.as
px?sectionId=2.  

[82] Gustavsen, A.; Thue, J.V. et al.: 
Kuldebroer – Beregning, kuldebro-
verdier og innvirkning på energi-
bruk". Report B21394, Oslo: 



  

  
  
  

 
60 
 

  
 

SINTEF Buildings & Infrastructure  
(2008). ISBN 978-82-536-1037–5. 

[83] Feist, W. et al.: Protokollband 14: 
Passivhaus-Fenster. Arbeitskreis 
kostengünstige Passivhäuser – 
Phase II. Passivhaus Institut 
(1998). 
http://www.passiv.de/04_pub/Litera
tur/ProtokB/ProtokB.htm.  

[84] Feist, W. et al.: Protokollband 16: 
Wärmebrückenfreies Konstruieren. 
Arbeitskreis kostengünstige Pas-
sivhäuser – Phase II. Passivhaus 
Institut (1999). 
http://www.passiv.de/04_pub/Litera
tur/ProtokB/ProtokB.htm. 

[85] Feist, W. et al.: Protokollband 24: 
Passivhaustechnologien bei der 
Altbausanierung. Arbeitskreis kos-
tengünstige Passivhäuser – Phase 
II. Passivhaus Institut (2003). 
http://www.passiv.de/04_pub/Litera
tur/ProtokB/ProtokB.htm. 

[86] Feist, W. et al.: Protokollband 35: 
Wärmebrücken und Tragwerks-
planung - die Grenzen des wärme-
brückenfreien Konstruierens. Ar-
beitskreis kostengünstige Passiv-
häuser – Phase II. Passivhaus 
Institut (2007). 
http://www.passiv.de/04_pub/Litera
tur/ProtokB/ProtokB.htm.  

[87] Passiefhuis Platform: Bouwdetails. 
www.bouwdetails.be.  

[88] BBRI: "Koudebrug-IDEE" thermal 
bridge atlas. 
www.wtcb.be/go/koudebruggen  
(Flemish) or www.cstc.be/go/ponts-
thermiques (French). 

[89] Pokorny, W. et al.: Details for 
Passive Houses. A Catalogue of 
Ecologically Rated Constructions. 
IBO - Österreichisches Institut für 
Baubiologie und -ökologie (Ed.). 
SpringerWienNewYork (2008). 
ISBN: 978-3-211-29763-6 

[90] SBR: SBR-Referentiedetails. (2006). 
http://www.sbr.nl/referentiedetails.   

[91] Romanian guides with common 
construction details eith examples 
of correct and incorrect insulation. 
For existing buildings: SC08-2002, 
NP060-2002. For new buildings: 
GP058-2000. 
http://www.matrixrom.ro/english/soft
ware/programs/construct_eng.php. 

[92] “Informationsseminar zur Berech-
nung von Wärmebrücken und 
Dampfdiffusion mit AnTherm“. 
(http://www.kornicki.com/antherm/S
eminars/Seminar20100125Info_Be
rlin.htm).  

[93] Formation PME: Les ponts 
thérmiques I, les ponts thérmiques 
II. 
(http://www.efpme.be/fc/architecte.
pdf).  

[94] BER Ireland. Building Energy 
Consultants: EPBD BER Assessor 
Training Course. 
(http://www.dit.ie/media/pds/docum
ents/EPBD%20PROMO%201.pdf).  

[95] Energieinstitut Vorarlberg: Hoch-
schulkurs energieeffizient Bauen – 
Energieausweis nach EPBD (1+2). 
(http://www.baubook.at/m/Daten/Bil
der/Infos/EAW07Ausschreibung.pd
f).  

[96] Passivhaus Dienstleistung GmbH: 
Zertifizierter PassivhausPlaner. 
(http://www.passivhaus-
info.de/download/seminarprogram
m-aktuell.pdf). 

[97] WIFI Kärnten: klima:aktiv bauen - 
Niedrigenergie- und Passivhaus – 
Informationsabend. 
(http://www.wifikaernten.at/eShop/b
bDetails.aspx?bbnr=533119&zg=Fi
). 

[98] Universität Stuttgart, Lehrstuhl 
Bauphysik: Wärmeschutz und 



 

  

  
  
  
  

 
61 
 

 

Energieeinsparung. 
(http://www.lbp.uni-
stuttgart.de/lehre/inhalt.html#waer
me).  

[99] Universität Stuttgart, Lehrstuhl 
Bauphysik: Master Online Bau-
physik. (http://www.mob.uni-
stuttgart.de/masteronline/). 

[100] Building Talk - The latest news, 
product and technical information 
for building and construction 
professionals. 
(http://www.buildingtalk.com/news/
scc/scc117.html). 

[101] ATIC Association Royale Tech-
nique de l’Industrie du Chauffage, 
de la Ventilation et des Branches 
connexes: Newsletter Août 2008, 
N° 17.  
http://www.atic.be/F/documents/AT
ICNEWS17_fr_LR.pdf 

[102] IEE ASIEPI web event 4: An 
effective handling of thermal 
bridges in the EPBD context. (4 
March 2009). Recordings available 
at http://www.asiepi.eu/wp-4-
thermal-bridges/web-events/web-
event-4.html.  

[103] IEE ASIEPI web event 4: Good 
Building Practice to avoid Thermal 
Bridges. (19 January 2010). 
Recordings available at 
http://www.asiepi.eu/wp-4-thermal-
bridges/web-events.html. 

[104] Theodosiou, T.G.; Papadopoulos, 
A.M.: The impact of thermal 
bridges on the energy demand of 
buildings with double brick wall 
constructions. Energy and Build-
ings. Volume 40, Issue 11 (2008), 
pages 2083-2089. 
(www.sciencedirect.com/). 

[105] Kossecka, E.; Kosny, J.: Equivalent 
Wall as Dynamic Model of a 
Complex Thermal Structure. Jour-
nal of Building Physics (1997), 

volume 20 pages 249 ff. 
(http://jen.sagepub.com).  

[106] Schwab, H.; Stark, C.: Thermal 
bridges in vacuum-insulated build-
ing façades. Journal of Thermal 
Envelope & Building Science. 
ISSN 1097-1963 (2005), vol. 28, 
pp. 345-355. 
(http://jen.sagepub.com/cgi/content
/abstract/28/4/345).  

[107] Landesgewerbeamt Baden-
Württemberg: Impulsprogramm 
Altbau – Energiesparen im Altbau. 
Brochure (2002). (www.impuls-
programm.altbau.de). 

[108] Erhorn-Kluttig, H.; Erhorn, H. et al.: 
An effective handling of thermal 
bridges in the EPBD context. AIVC 
conference, Berlin (2009). 
http://www.buildup.eu/publications/
7728.  

[109] “Erhorn, H.; Kluttig, H.: „Baumaß-
nahme Burgholzhof Stuttgart mit 
ca. 800 Wohneinheiten in Niedrig-
energiebauweise – Ergebnisse des 
wissenschaftlichen Begleitprojekts.“ 
(Building project Burgholzhof in 
Stuttgart with about 800 accom-
modation units in low energy 
design – results of the scientific 
evaluation project). IBP report WB 
115/2002. Fraunhofer Institute for 
Building Physics, Stuttgart, 
Germany (2002). 

[110] Solutii cadru pentru reabilitarea 
termo-higro-energetica a anvelopei 
cladirilor de locuit existente” SC 
007 – 2002 (General solutions for 
existing residential building’s 
thermo – hygro- energy renovation, 
SC 007 – 2002) – BC, vol 18-2003, 
pag. 4 – 150. 

[111] “Ghid privind optimizarea nivelului 
de protectie termica la cladirile de 
locuit noi” GP 058 – 2000 ( Guide 
concerning new residential 
building’s thermal insulation, GP 



  

  
  
  

 
62 
 

  
 

058 – 2000), IPCT S.A – 2000, 
pag. 1 – 111. 

[112] “Normativ privind stabilirea 
performantelor termo-higro-energe-
tice ale anvelopei cladirilor de 
locuit existente in vederea 
reabilitarii” NP 060 – 2002 (Norms 
to settle down thermo-energy 
performance of existing residential 
buildings, NP 060 – 2002) – BC, 
vol 18 – 2003, pag. 151 – 280. 

[113] Communities and Local Govern-
ment: Proposals for amending Part 
F of the Building egulations – 
Consultation. Volume 2: Proposed 
technical guidance for Part L. 
http://www.communities.gov.uk/doc
uments/planningandbuilding/pdf/pa
rtlf2010consultationvol2.pdf.  

[114] Schöck: Innovative Baulösungen. 
Website including the products 
Isokorb and Novomur in various 
languages: http://www.schoeck.de.  

[115] Schroth, U.: Exemplary industry 
developments in the field of 
thermal bridge effect reduction: 
Isokorb and Novomur. ASIEPI web 
event 8: Good Building Practice to 
avoid Thermal Bridges. 
http://www.asiepi.eu/wp-4-thermal-
bridges/web-events.html.  

[116] Halfen GmbH: Halfen HIT Balcony 
Connections. 
http://www.halfen.com/?id=9907&id
_lc=25  

[117] Puren GmbH: Website including 
the product Puren Insulation 
Bridge in five different languages: 
http://www.puren.com. 

[118] Rockwool: Firesafe insulation. 
English website with information 
on products:  

http://www.rockwool.com.                        
The Flex Systemwall can currently 
be found at the Danish website 
only: 
http://www.rockwool.dk/systemer/fl
ex+systemv%C3%A6g/fordele+ved
+systemet. 

[119] Baungaard Andersen, L.:  Exem-
plary industry developments in the 
field of thermal bridge effect 
reduction: Flex Systemwall. ASIEPI 
web event 8: Good Building 
Practice to avoid Thermal Bridges. 
http://www.asiepi.eu/wp-4-thermal-
bridges/web-events.html. 

[120] KnaufGips KG: Broschüre Warm-
Wand-Systeme (PuFa22). 
http://www.knauf.de/content/de/tool
s_downloads/downloads/broschuer
en/broschueren_puf/br_warmwand
_systeme/warmwand_systeme_1.p
hp. 

[121] ENSINGER GmbH: Thermix® - 
Warm-edge spacers for insulating 
glass. http://www.thermix.de/t-
en/index.php.  

[122] SGG SWISSPACER® - What is a 
warm edge: 
http://www.swisspacer.com/en/prod
ucts/what-is-a-warm-edge.html  

[123] BUILD UP: Energy solutions for 
better buildings. Community “Ther-
mal Bridges Forum”. 
http://www.buildup.eu/communities/
thermalbridges.  

 

 

 



 

  

  
  
  
  

 
63 
 

 

10. ACKNOWLEDGEMENTS TO CONTRIBUTORS 

This report was produced as part of the 
ASIEPI project, coordinated by INIVE, and 
funded by the IEE SAVE Program 
(managed by EACI), industrial sponsors 
and national funding agencies. 

National contributions to the project were 
made by the following partners and 
subcontractors: 

EUROPE 

 
International Network for Information on 
Ventilation (INIVE) 

www.inive.org 

 

 
Federation of European Heating, 
Ventilation and Air-conditioning 
Associations (REHVA) 

www.rehva.eu 

Olli Seppänen 

Thierry van Steenberghe 

 

BELGIUM 

 
Belgian Building Research Institute (BBRI) 

www.bbri.be 

Antoine Tilmans 

Dirk Van Orshoven 

Nicolas Heijmans 

Peter D’Herdt 

Peter Wouters 

Administrative support: 

Erika Malu 

Stéphane Degauquier 

 

CZECH REPUBLIC 

 
ENVIROS, s.r.o. (ENVIROS) 

www.enviros.cz 

Jan Pejter 

 

DENMARK 

 
Danish Building Research Institute (SBi) 

www.SBi.dk 

Kirsten Engelund Thomsen 

Jørgen Rose 

Søren Aggerholm 

 

FINLAND 

 
VTT Technical Research Centre of Finland 
(VTT) 

http://www.vtt.fi/ 

Jari Shemeikka 

Jyri Nieminen 

Mikko Nyman 



  

  
  
  

 
64 
 

  
 

FRANCE 

 
Technical Studies Centre of the Ministry of 
Equipement of Lyon (CETE de Lyon) 

www.cete-lyon.developpement-
durable.gouv.fr 

Rémi Carrié 

Gaëlle Guyot 

Whilémine Lecointre 

 

FRANCE 

 
Scientific and Technical Center for 
Building (CSTB) 

www.cstb.fr 

Hicham Lahmidi 

Jean-Robert Millet 

Benoit Vinot 

Franck Leguillon 

 

GERMANY 

 
Energy and Environmental Center Deister 
(EUZ)  

www.e-u-z.de 

Bernd Rosenthal 

Wilfried Walther 

 

 

  
Fraunhofer Institute for Building Physics 
(Fraunhofer-IBP) 

www.ibp.fraunhofer.de 

Hans Erhorn 

Heike Erhorn-Kluttig 

 

GREECE 

 
National & Kapodistrian University of 
Athens (NKUA) – Group of Building 
Environmental Studies (grbes) 

http://grbes.phys.uoa.gr/ 

Kyriaki Papadopoulou 

Marianna Papaglastra 

Marina Laskari 

Mattheos Santamouris 

 

HUNGARY 

 
Budapest University of Technology and 
Economics (BME) 

www.egt.bme.hu 

Andras Zold 

 

 

 

 

 

 



 

  

  
  
  
  

 
65 
 

 

IRELAND 

 
University College Dublin  Energy 
Research Group   

(UCD ERG) 

www.erg.ucd.ie 

Vivienne Brophy 

Patxi Hernandez 

 

ITALY 

 
Italian National Agency for New 
Technologies, Energy and Sustainable 
Economic Development (ENEA) 

www.enea.it 

Marco Citterio 

Michele Zinzi 

 

LITHUANIA 

 
Institute of Architecture and Construction 
of Kaunas University of Technology  

(KTU ASI) 

www.asi.lt, www.ktu.lt 

Raimondas Bliudzius 

 

 

 

The NETHERLANDS 

 
Netherlands Organization for Applied 
Scientific Research (TNO) 

www.tno.nl 

Marleen Spiekman 

Dick van Dijk 

 

NORWAY 

 
SINTEF Building & Infrastructure 

www.sintef.no 

Arild Gustavsen 

Peter Blom 

Peter G. Schild 

Tormod Aurlien 

 

POLAND 

 

National Energy Conservation Agency 
(NAPE) 

www.nape.pl 

Aleksander Panek 

Andrzej Wiszniewski 

Andrzej Rajkiewicz 

Joanna Rucinska 

Malgorzata Popiolek 

Szymon Firląg 

 

 



  

  
  
  

 
66 
 

  
 

ROMANIA 

 
Technical University of Civil Engineering of 
Bucharest (UTCB) 

www.utcb.ro 

Octavia Cocora 

 

SPAIN 

 
Asociación de Investigación y 
Cooperación Industrial de Andalucía 
(AICIA) 

www.aicia.es 

Servando Álvarez 

José L. Molina 

 

UNITED KINGDOM 

 
Building Research Establishment Limited 
(BRE) 

www.bre.co.uk 

Roger Hitchin 
 

 

 

 

 

 

 

 

 



 

  

  
  
  
  

 
67 
 

 

11. ACKNOWLEDGEMENTS TO SPONSORS AND FUNDING PARTNERS 

In addition to the funding by the IEE SAVE 
program, the project as a whole was 
sponsored by the following organisations.  
In addition, the national contributions were 
cofunded as listed. 

OVERALL PROJECT SPONSORS 

 
www.euroace.org 

 

 
www.eurima.org 

 

 
www.es-so.com 

 

 
www.foamglas.com 
 

 

 

 

 

 

 

 

NATIONAL CONTRIBUTIONS 

BELGIUM 

BBRI's contribution was cofunded by: 

 
The Federal Public Service Economy, 
SME's, independent Professions and 
Energy 

 

 
The Flemish Region 

 

 
The Walloon Region 

 

 
The Brussels-Capital Region 
 

 

 

 

 

 

 

 



  

  
  
  

 
68 
 

  
 

FINLAND 

VTT's contribution was cofunded by: 

 
Paroc Oy Ab 

 

 
Saint-Gobain Rakennustuotteet Oy 

 

 
Rakennustuoteteollisuus RTT ry 
 

FRANCE 

CETE de Lyon's contribution was 
cofunded by: 

 
The French Minister of Ecology, Energy, 
Sustainable Development and Sea 
 

GERMANY 

Fraunhofer-IBP’s contribution was co-
funded by: 

 
Fraunhofer Institute for Building Physics 
 

 

LITHUANIA 

KTU ASI's contribution was cofunded by: 

 
Ministry of Environment of the Republic of 
Lithuania 

 

 
Certification Centre of Building  Products 
 

The NETHERLANDS 
TNO's contribution was cofunded by: 

 
Ministry of Housing,  
Spatial Planning and the Environment 

 

 
J.E. Stork Air 

 

 
GasTerra 

 

 
TNO 
 



 

  

  
  
  
  

 
69 
 

 

NORWAY 

SINTEF’s contribution was cofunded by: 

 

 
 

POLAND 

NAPE's contribution was co-funded and 
supported by: 

 
National Energy Conservation Agency 
(NAPE) 

www.nape.pl   

 

 
Association of Energy Auditors  

www.zae.org.pl  

 

 
Journal Energy & Building  

www. energiaibudynek.pl 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


