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General introduction  
 

The aim of the CENSE project is to support the EU Member States and other target groups in gaining 
awareness and achieving effective use of the European (CEN) standards that are related to the EPBD. 

These standards were successively published in the years 2007-2008 and are currently either already being 
implemented or will soon be implemented in many EU Member States.  

The European Commission, DG TREN and DG Enterprise, gave Mandate 343 to CEN. It ordered CEN to 
develop a methodology for calculating the integrated energy performance of buildings in accordance with the 
terms set forth in Directive 2002/91/EC (Energy Performance of Buildings Directive-EPBD).  

Access to this methodology in the form of European Standards makes it possible to coordinate the various 
measures for improving the energy efficiency in buildings that are used in the Member States. It will increase 
the accessibility, transparency and objectivity of energy performance assessment in the Member States (as 
mentioned in recital (10) of the EPBD). 

The role of the EPBD-CEN standards is to provide a common European concept and common methods for 
preparing energy performance certification and energy inspections of buildings. However, the implementation 
of these CEN standards in the EU Member States is far from trivial: the standards cover a wide variety of 
levels and a wide range of interlaced topics from different areas of expertise. They comprise different levels 
of complexity and allow differentiation and national choices at various levels for different applications.  

One of the main activities in the CENSE project is “to communicate the role, status and content of these 
standards as widely as possible and to provide guidance on their implementation”. To fulfil this task many so 
called Information Papers have been published with background and practical information related to the CEN 
standards developed in the framework of the EPBD. The Information Papers of each work field in the energy 
building sector are compiled in a Booklet as present. This Booklet is part of a series consisting of the 
following volumes: 

Booklet 1: Overall Energy Performance of Buildings 

Booklet 2: Building Energy Performance 

Booklet 3: Heating Systems and Domestic Hot Water 

Booklet 4: Ventilation and Cooling Systems 

Booklet 5: Inspection of Systems for Heating, Air Conditioning and Ventilation 

 

In each booklet the Information Papers are clustered to the specific appliances, systems, calculation 
methods,  etc. Additional to each Information Paper a PowerPoint presentation is at disposal for 
dissemination and training purposes. All these documents and more information, like a database with 
frequently asked questions, are separately available on the CENSE website:  http://www.iee-cense.eu/ 

A second major activity in the CENSE project is "to collect comments and good practice examples from EU 
Member States aiming to remove obstacles and to collect and secure results from relevant SAVE and FP6 
projects". This feed back aimed to produce recommendations to CEN for a "second generation" of CEN 
standards on the energy performance of buildings. Several reports from questionnaires and workshops, draft 
recommendations, etc. were gradually made available on the CENSE website for comment:  http://www.iee-
cense.eu/.  

 

All final products from the project will be available at the website before the end of May 2010.  

http://www.iee-cense.eu/
http://www.iee-cense.eu/
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The consortium of the project consists of thirteen partners (from nine different countries) who are all experts 
and active in CEN-EPBD. They combine this expertise with knowledge and experience of implementation at 
the national level. 
 

TNO (coordinator) The Netherlands www.tno.nl

Berrie van Kampen*, Dick van 
Dijk*, Hans van Wolferen, Theo 
Thijssen, Marleen Spiekman 

CSTB France www.cstb.fr

Johann Zirngibl, Hicham Lahmidi, 
Claude François, Jean-Robert 
Millet 

ISSO The Netherlands www.isso.nl Jaap Hogeling, Kees Arkesteijn 

Fraunhofer - IBP Germany www.ibp.fraunhofer.de
Hans Erhorn, Anna Staudt, Jan 
de Boer 

DTU Denmark www.ie.dtu.dk
Bjarne Olesen, Peter Strøm-
Tejsen 

Camco United Kingdom www.camcoglobal.com Robert Cohen 

FAMBSI Finland www.fambsi.fi Jorma Railio 

EDC Italy www.edilclima.it  Laurent Socal 

HTA Luzern Switzerland www.hslu.ch Gerhard Zweifel 

BRE United Kingdom www.bre.co.uk Roger Hitchin, Brian Anderson 

Viessmann Germany www.viessmann.de Jürgen Schilling 

Roulet Switzerland www.epfl.ch Claude-Alain Roulet 

JRC (IES) Eur.Commission ies.jrc.ec.europa.eu Hans Bloem 
*: Project coordination 
 
Collaboration has been established with the following European umbrella (mainly branch) organizations, 
such as CEN BT/TC 371, EuroAce, EURIMA, EHI, REHVA, EUROVENT, ESTIF, Euro Heat & Power and 
ECOS (see website for details). 
 

http://www.tno.nl/
http://www.cstb.fr/
http://www.isso.nl/
http://www.ibp.fraunhofer.de/
http://www.ie.dtu.dk/
http://www.fambsi.fi/
http://www.edilclima.it/
http://www.hslu.ch/
http://www.bre.co.uk/
http://www.viessmann.de/
http://www.epfl.ch/
http://ies.jrc.ec.europa.eu/
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 Cluster Lighting 
 
 
 
Introduction  
 
Lighting is an important aspect for the overall energy rating, directly and indirectly influencing the energy use 
and the energy performance of a building, especially as the used energy carrier electricity has by far the 
highest primary energy factor of all carriers used for conditioning of building spaces . Artificial indoor-lighting 
not only consumes energy but also interacts with thermal conditioning for heating and cooling due to heat 
emission of the luminaries. The energy amount consumed covers a wide range, up to 30% of a building’s 
primary energy use, depending on the lighting requirements to fulfill the specific building use and on the 
installed systems. Consequently, lighting holds considerable energy saving potentials, which are crucial to 
identify and to take advantage of. Accordingly the EPBD requests to account for the lighting energy demand 
in the overall building energy balance. 
 
For the estimation of energy requirements and energy use of lighting in buildings as well as to fulfill the 
requirements of the EPBD, the European CEN standard EN 15193 was developed. It provides procedures to 
determine lighting energy consumption, either by calculation or by measurement, and to evaluate the results. 
It can also be understood as a design tool for the optimization of artificial lighting solutions, taking into 
account the influence of daylight and lighting controls. Beneficial side effects of existence and application of 
this standard may be the promotion for effective use of daylight and for energy-efficient lighting systems. 
Information paper P91 introduces the standard EN 15193 and further explains these issues.  
 
 

Information papers  
 
IP 91: A vehicle for energy-efficient lighting 

EN 15193: Energy performance of buildings - Energy lighting requirements 
 
 
Presentations  
 
Besides Information Papers, corresponding presentations have been prepared to support communication 
about EN EPBD standards as well as lectures. Presentations often include notes to explain the slides and to 
support lecture preparation. 
Presentations can also be downloaded freely from http://www.iee-cense.eu/  

http://www.iee-cense.eu/
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2 > Principle of the method 

 
 
Figure 2: Flow chart 
illustrating alternative routes 
to determine energy use. 
 
 
 
 
 

 

Figure 3: The concept of 
determining the electric 
lighting energy consumption by
effective operating time teff. 
 
 
 

 
Figure 4: Three step approach 
for determining the daylight 
supply. 
 

Physically, the general calculation approach is based on the integration of 
the power consumption p(t) of the artificial lighting system over time to 
obtain the electric lighting energy consumed. For practical applications 
this relation is simplified by scaling the installed electrical power pj with 
an effective operating time teff as depicted in Figure 3. The effective 
operating time teff accounts for effects that reduce the lighting energy 
consumption by using available daylight or occupancy detection systems. 
The end result of the calculation procedure is the lighting energy demand 
of a given building zone or of the whole building, expressed per square 
meter of floor area, either on a monthly (which is necessary for linking 
into the overall EPBD and CEN energy balancing scheme) or an annual 
basis. The annual value is also referred to as LENI (lighting energy 
numerical indicator). 

3 > Artificial Lighting 

The standard primarily addresses the assessement of installed electrical 
power in existing buildings. Detailed measurement procedures are 
provided.  

For new buildings, the standard in its current version does not yet provide 
an explicit approach that can be used for calculating the installed 
electrical load. This implies a need for appropriate artificial lighting design 
in the design phase in order to obtain the installed electrical power, which 
is required for the overall energy calculation. Simplified estimation 
methods would be helpful in a future revision of the standard. 

4 > Daylight 

The impact of daylight on lighting energy demand can be determined on a 
monthly or an annual basis. The CEN standard also explicitly allows a more 
detailed analysis, i.e. on an hourly level. The methodology requires three 
steps, depicted in Figure 4: 

› For the building area that benefits from daylight, daylight penetration 
is described as a function of the key construction parameters, as is 
partially shown in Figure 5: outside obstructions, façade parameters - 
for vertical facades as well as rooflights – and the room parameters. 
The daylight factor is used as a classification criterion. 

› The façade system is judged by its light transmittance corrected by 
applying factors allowing for the fenestration, dirt on the glazing and 
oblique light incidence. In contrast with other methods, sun-shading 
systems are not covered explicitly. 

› Finally, the daylight factor and the façade properties are correlated 
with the share of the required illuminance in the workplace, the so-
called relative luminous exposure. This correlation is a measure of the 
energy saving potential that can be attributed to daylight. It is 
illustrated in Figure 6 for the daylight situation at Watford, UK. Data 
for other sites are also provided. In the CEN approach, the correlation 
is performed for diffuse illumination only. It is assumed that the direct 
illumination is filtered by an almost “ideal” sun shading system. This 
process is used to derive a daylight supply factor which, when 
considered along with the type of lighting control system can be used 
to calculate the actual energy saving. 

 
The impact of the building’s site is accounted for by latitude dependent 
correction factors. 

EPBD Buildings Platform > P091_EN_CENSE_EN_15193 2   



 
Figure 5: Construction 
parameters accounted for by 
the daylight factor. 
 
 

 
 
Figure 6: Illustration of the 
correlation of the daylight 
penetration with climate and 
maintenance illuminance 
level. For a medium daylight 
penetration into space a 
daylight supply (energy saving 
potential of 0,65 (i.e. 65%) can 
be obtained. This implies, that 
for an ideal dimmed artificial 
lighting system only 35 % of 
the required luminous 
exposure have to be provided 
by the artificial lighting 
system. 
 
 

 
 
Figure 7: EN 15193 has been 
integrated into leading 
professional lighting design 
software like DIALUX 
(www.dial.de). Illustration 
shows the area profiting from 
daylight, yellow coloured. The 
rest of the room is not 
benefiting. 

5 > Lighting Controls 

The method allows a distinction to be made between occupancy detection 
and daylight dependent lighting control. Different automatic occupancy 
detection systems are taken into account. Control systems that respond to 
daylight are considered and their impact on energy consumption may be 
calculated. 

6 > Benchmarking 

For use as a benchmark, the standard calculates the annual lighting energy 
requirement per square meter for a set of building types. These values are 
intended to be used as a first estimate of the lighting energy consumption 
– before a more refined design has been specified in detail. In addition to 
the building type, the benchmarking system distinguishes between 
different lighting quality levels, which are directly linked to the assumed 
value of the power of the installation. 

In comparison with measured energy use and also with values obtained by 
using alternative methods, the benchmark values appear to be uniformly 
high, so in a revision of the standard the magnitude of these values should 
be checked. 

7 > Software: Bringing the standard into daily design practice 

In calculating overall building energy, daily design practice must be 
supported by appropriate software tools. For calculating the lighting 
energy demand , some tools do already exist (e.g. DIALUX (www.dial.de), 
exemplified in Figure 7, and Relux (www.relux.ch), both available as 
freeware). Nevertheless, for the moment, no software is yet available for 
calculating the overall building energy demand according to the set of CEN 
standards implementing the EPBD.  

8 > Conclusion and Outlook 

EN 15193 provides a useful umbrella framework, with a calculation method 
that is both simple and general. More detailed methods can be applied 
either as recommended in the appendix of EN 15193 or as stipulated at a 
national level. 

Except for the determination of the installed power in new buildings, the 
standard allows stand-alone calculation, and thus the energy analysis and 
optimization of lighting installations. It integrates artificial lighting, 
daylighting and lighting controls. 

Further improvement of the standard and enhancement of its usability 
would be obtained in future versions by including a simple method for 
determining the installed power, by a re-consideration of the unexpectedly 
high benchmark values it currently tabulates and by the inclusion of 
methods for rating sun shading and glare protection systems and optimising 
them for energy conservation purposes. 

EPBD Buildings Platform > P091_EN_CENSE_EN_15193 3   
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Cluster Energy use for heating and cooling 
 
 
 
Introduction  
 
The holistic assessment of a building’s energy performance includes energy use for heating, cooling, 
ventilation, (de)humidification, hot water generation and lighting as well as interactions between these 
aspects and their systems. Nevertheless, the energy use for heating and cooling usually forms the main part. 
The European CEN (and also ISO) standard EN ISO 13790 provides a procedure offering several calculation 
methods at different levels of detail. Varying aspects are the length of time steps the computation is based 
on and the way interactions between the systems are considered. The choice of method depends on 
national regulations as well as on the calculation’s purpose, the building type or use and on its systems’ 
complexity. All methods finally provide required Input data for the overall energy rating described in EN 
15603. Information papers P92 and P95 introduce the calculation procedure of EN ISO 13790, regarding the 
energy use for space heating and cooling and the different approaches. 
 
Another important aspect in the context of buildings’ energy performance is the use of passive heating and 
cooling, which was well understood and used in former times and currently gains again in interest, mainly 
due to increasing discussions about global warming and because of the new European Directive on 
minimum targets of renewable energy used in buildings. These issues and their effect on the energy use of 
buildings, also covered in EN ISO 13790, are described in information paper P93. 
 
 

Information papers  
 
IP 92: Information paper for the EN ISO standard on energy use for heating and 

cooling 
EN ISO 13790 (Energy performance of Buildings – Energy use for space heating and cooling) 

 
IP 93: The effects of passive heating and cooling on the energy performance of 

buildings – CEN calculation procedures 
 
IP 95: The different CEN approaches for calculating the energy use for heating and 

cooling 
(Dynamic and quasi-steady-state method, holistic and simple approach) 

 
 
Presentations  
 
Besides Information Papers, corresponding presentations have been prepared to support communication 
about EN EPBD standards as well as lectures. Presentations often include notes to explain the slides and to 
support lecture preparation. 
Presentations can also be downloaded freely from http://www.iee-cense.eu/  
 

http://www.iee-cense.eu/
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More information can be found at 
the CENSE project website:  
www.iee-cense.eu
 
 
 
Similar Information Papers on 
CENSE and/or other European 
projects can be found at the 
Buildings Platform website:  
www.buildingsplatform.eu
 

 

 

 

 

 

 

EN ISO 13790 and EPBD: 

Citation from the EPBD, recital 
(11): "The Commission intends 
further to develop standards 
such as EN 832 and prEN 13790, 
also including consideration of 
air-conditioning systems and 
lighting." 

What does the EPBD mean by 
prEN 832 and prEN 13790?  
Read chapter 2 (History) 

 

This paper
EN ISO 137
It contains
cooperatio
and the ca
links to th
Common q
The standa

1 > Sco

This Intern
assessmen
residentia
It presents
heating an
of the reco
heating an
This stand
the input n
different e
hot water)
EN 15603 i
express th
the energy
Internatio
existing b

2 > Histor

In the earl
was develo
use for he
monthly o
factor' app

Its success
residentia
prEN 1379
 

http://www.buildingsplatform.eu/


As part of the Mandate 343 of the EC to CEN to support the EPBD, a new 
version of the standard was published in March 2008. The main new 
features in this version are listed in the left column: 

 

 

 

 

 

 

 
 

Example of CEN-ISO 
cooperation: 

For instance, ISO/TC 163, 
Thermal performance and 
energy use in the built 
environment, cooperates 
closely with CEN/TC 89, 
Thermal performance of 
buildings and building 
components. Many calculation 
and test methods have been 
subject to parallel approval in 
CEN and ISO. For instance on 
hygrothermal and thermal 
properties of building 
materials and products, on 
calculation/presentation of 
climatic data, on thermal 
bridge calculation methods and
on building energy 
calculations, including 
EN ISO 13790. 

 

 
 

3 >  European (CEN) standards and global (ISO) standards 

How can an ISO standard support the European Directive? 

This is a very relevant question. See chapter 10 for a detailed answer. To 
make it easier to understand the difference between ISO and CEN 
standards, some basic information is provided in the following sections. 

CEN versus ISO 

CEN is the European Association of national standardisation institutes, the 
so called National Standards Bodies (NSB’s). These NSB’s are responsible 
for contacts with the relevant market parties and with experts preparing 
the CEN standards, in the same way as they are when preparing national 
standards. 

ISO is the International Organization for Standardization, the counterpart 
of CEN at the global level. 

Cooperation 

There is an agreement between CEN and ISO stipulating that they should 
not work on the same Work Items. New work can only be started in CEN if 
it is not already on the ISO program and vice versa. CEN-TC’s (Technical 
Committees) are encouraged to seek contact with related ISO-TC’s, to 
agree on possible parallel voting. This means that the EN may become an 
ISO-EN if accepted by ISO. Existing EN’s will preferably be maintained by 
related ISO-TC’s. In cases where related ISO-TC’s are not interested or are 
not assigning it enough priority, the CEN-TC will continue the normal 5 
years maintenance schedule or accelerate it if necessary. It is obviously 
preferable that the same system of standards should be adopted in Europe 
and the rest of the world.  

4 > Scope and position in the set of EPBD standards 

Scope 

The core of the procedure is the calculation of the energy needs for space 
heating and cooling. However, this calculation requires a number of 
preceding steps. These are also covered in the standard, using input from 
other relevant CEN standards.  

The calculation of the energy needs is in general performed at the level of 
a zone in a building (e.g. in case different parts of the building are 
serviced by different types of systems). Therefore the calculated energy 
needs for heating and cooling of a zone are first combined with the non-
recoverable thermal losses from the heating and cooling systems of that 
zone. Finally, the energy uses for all zones are summed to provide the 
energy use for the whole building. 

This method includes the calculation of: 

a) the heat transfer by transmission and ventilation of the building zone 
when heated or cooled; 

b) the contribution of internal and solar heat gains to the building heat 
balance; 

c) the annual energy needs for heating and cooling, to maintain the 
specified set-point temperatures in the building – latent heat not included; 

d) the annual energy use for heating and cooling of the building, using 

EPBD Buildings Platform > P092_EN_CENSE_EN_ISO_13790 2   



input from the relevant system standards  
 

Main new features in 
EN ISO 13790: 

The main new features in the 
new version of EN ISO 13790 
(2008): 

› Calculation of energy use 
for space cooling; 

› Also a simple hourly 
method for heating and 
cooling has been added. 

› To create a level playing 
field irrespective of the 
chosen calculation 
approach, common rules 
for the boundary 
conditions and physical 
input data have been 
added, which also apply to 
the use of dynamic 
simulation methods. 

› Special attention has been 
given to their suitability 
for use within the context 
of national or regional 
building regulations. 

 
 
 
 
 
 

Building H+C needs
EN ISO 13790

H+C+V+W+L
Primary energy

EN 15603

H+C System
performance

EN 15316, EN 15243, .

Building, components, 
climate details
Various EN’s

interactions

Energy performance
EN 15217

Fig. 1. The location of 
EN ISO 13790 in the set of 
EPBD standards
 

The building can have several zones with different set-point temperatures, 
and can have intermittent heating and cooling. 

Different options for the calculation of energy needs 

EN ISO 13790 covers, in a modular way, three different options with 
respect to the type of method: 

› a fully described monthly quasi-steady-state calculation method (plus, as a 
special option, a seasonal method); 

› a fully described simple hourly dynamic calculation method; 

› calculation procedures for detailed (e.g. hourly) dynamic simulation methods. 

See chapters 6, 7 and 8 for more explanation. It is up to national bodies 
whether to choose a specific option for mandatory use, e.g. depending on 
the region in the country, the type of building and its use, and on the 
purpose of the assessment. 

Applications 

Special attention has been given to the suitability of this International 
Standard for use within the context of national or regional building 
regulations. This includes the calculation of an energy performance rating 
of a building, on the basis of standardized conditions, for an energy 
performance certificate. The result can have legal implications, in 
particular when it is used to judge compliance with minimum energy 
performance levels, which can, for instance, be required to obtain a 
building permit. For such applications, it is important that the calculation 
procedures be unambiguous, repeatable and verifiable.  

A special situation is the calculation of the energy performance in the case 
of old existing buildings. For such buildings, gathering the full required 
input on the composition of the building and systems may be very labour-
intensive. To accommodate the application for these situations, this 
International Standard offers different choices. Depending on the 
application, a choice can be made at the national level to provide the right 
balance between accuracy and data collection costs for the given 
situation.  

Limits of applicability  

The standard itself does not contain a detailed simulation method, nor 
validation criteria for the use of detailed simulation methods; see 
chapter 8 for the rationale.  
The calculation procedures in this standard are restricted to sensible 
heating and cooling. The energy use for humidification is calculated in the 
relevant standard on the energy performance of ventilation systems 
(EN 15241); similarly, the energy use for dehumidification is calculated in 
the relevant standard on the energy performance of space cooling systems 
(EN 15243). 

Relationships with other parts/standards of the EPBD package 

See figure 1 (left). 

This standard provides, in interaction with the relevant system standards, 
the input needed for the "top level" standard EN 15603 which collects the 
different energy uses (heating, cooling, lighting, ventilation and domestic 
hot water) and which converts it to primary energy. In turn, the output of 
EN 15603 is used as input for EN 15217, which covers the way to express 
the energy performance of buildings (EP number and classes) and the 
energy performance certificate (templates and content). 
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internal temperature in the adjacent space; 

› internal heat gains (including negative gains from heat sinks), for instance 
from persons, appliances, lighting and heat dissipated in, or absorbed by, 
heating, cooling, hot water or ventilation systems; 

› solar heat gains (which can be direct, e.g. through windows, or indirect, e.g. 
via absorption in opaque building elements); 

› storage of heat in, or release of stored heat from, the mass of the building; 

› energy need for heating: if the zone is heated, a heating system supplies heat 
in order to raise the internal temperature to the required minimum level (the 
set-point for heating); 

› energy need for cooling: if the zone is cooled, a cooling system extracts heat 
in order to lower the internal temperature to the required maximum level (the 
set-point for cooling). 

NOTE The heat transfer to the external environment is negative when the 
external temperature is higher than the internal temperature. 

The building energy balance may also include energy recovered in the 
building from various sources, such as recovered ventilation heat losses 
and recoverable losses from heating and cooling systems.  

 
 
Why should we use a 
simplified (e.g. monthly) 
method? 

While we could use a detailed 
simulation method with (if 
needed) simplified input? 

An answer to this and other 
frequently asked questions 
can be found in chapter 10.   

An overview of advantages and 
disadvantages of different types
of methods, depending on the 
application, is given in the 
Buildings Platform Information 
Paper P026. 

In the heat balance over a longer period (e.g. a month), the net amount of 
heat stored in, or released from, the building mass, resulting from dynamic 
behaviour, becomes negligible. 

Main input and output 

The main inputs needed for this International Standard are the following: 

› transmission and ventilation properties; 

› heat gains from internal heat sources, and solar properties; 

› climate data; 

› description of building and building components, systems and use; 

› comfort requirements (set-point temperatures and ventilation rates); 

› data related to the heating, cooling, hot water, ventilation and lighting 
systems: 

› partition of the building into different zones for the calculation (different 
systems may require different zones); 

› energy losses dissipated and recoverable or recovered in the building (internal 
heat gains, recovery of ventilation heat loss); 

› airflow rate and temperature of ventilation supply air (if centrally pre-heated 
or pre-cooled) and associated energy use for air circulation and pre-heating or 
pre-cooling; 

› controls. 

The main outputs of this International Standard are the following: 

› annual energy needs for space heating and cooling; 

› annual energy use for space heating and cooling; 

› length of heating and cooling season (for system running hours) affecting the 
energy use and auxiliary energy of season-length-dependent technical building 
systems for heating, cooling and ventilation. 

Additional outputs are the following: 

› monthly values of energy needs and energy use (informative); 

› monthly values of the main elements in the energy balance, e.g. transmission, 
ventilation, internal heat gains, solar heat; 
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› contribution of passive solar gains; 

› system losses (from heating, cooling, hot water, ventilation and lighting 
systems), recovered in the building. 

Monthly method: 
The monthly calculation 
method is one of the options in 
the new EN ISO 13790. Figure 5 
shows the well-known "gain 
utilization factor" (ηH,g) as a 
function of the heat balance 
ratio (γH) and building inertia.  

Key: 1  5 = low  high inertia 
Fig. 5. Gain utilization factor 
curves for heating 
 
A similar approach, with a "loss 
utilization factor", has been 
introduced for space cooling. 
 
 

6 > Monthly method. 

In the monthly and seasonal methods, the dynamic effects are taken into 
account by introducing correlation factors. 

For heating, a utilization factor for the internal and solar heat gains takes 
account of the fact that only part of the internal and solar heat gains is 
utilized to decrease the energy need for heating, the remaining, non-
utilized part leads to an undesired increase of the internal temperature 
above the set-point. 

For cooling, the recommended approach is to use the "mirror image" of the 
approach for heating, the method with a utilization factor for losses: a 
utilization factor for the transmission and ventilation heat transfer takes 
account of the fact that only part of the transmission and ventilation heat 
transfer is utilized to decrease the cooling needs, because the “non-
utilized” transmission and ventilation heat transfers occur during periods 
or intervals (e.g. nights) when they have no effect on the cooling needs 
occurring during other periods or moments (e.g. days). 

The monthly calculation gives correct results on an annual basis, but the 
results for individual months close to the beginning and the end of the 
heating and cooling season can have large relative errors. 

7 > Simple hourly method. 

The alternative simple method for hourly calculations has been added to 
facilitate the introduction of hourly user schedules (such as temperature 
set-points, ventilation modes, the operation schedule for any movable 
solar shading and/or hourly control options based on outdoor or indoor 
climatic conditions) and/or (optionally) hourly system data.  

The model used is based on a simplified (three node) equivalent 
resistance-capacitance (R-C) model. It uses an hourly time step and all 
building and system input data can be modified each hour using schedule 
tables (in general, on a weekly basis). 

The simple hourly calculation 
method is a new option in the 
new EN ISO 13790. Figure 6 
shows the model:  

Fig. 6. Illustration of the 
simple hourly model (five 
resistances, one capacitance)  

The model is a simplification of a dynamic simulation, with the following 
intention: 

› the same level of transparency, reproducibility and robustness as the monthly 
method: 

› a clearly specified, limited set of equations, enabling traceability of the 
calculation process; 

› a reduction of the input data as much as possible; 

› unambiguous calculation procedures; 

› the main advantage over the monthly method is that the hourly time intervals 
enable direct input of hourly patterns. 

This method produces hourly results, but the results for individual hours 
are not validated and individual hourly values can have large relative 
errors. 

8 > Detailed simulation method. 

A dynamic method models thermal transmission, heat flow by ventilation, 
thermal storage and internal and solar heat gains in the building zone, 
typically on an hourly basis. There are numerous methods for this, ranging 
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in complexity from simple to very detailed. Other standards describe 
detailed simulation methods or performance criteria for such methods. 
However, there are no CEN or ISO standards with validation criteria 
covering a whole building and system calculation and suitable for obtaining 
the reproducibility that is necessary for the use within the context of 
building regulations, except for the calculation of the energy needs for 
heating and cooling in a single zone (EN 15265). 

Detailed simulation methods 
versus simplified methods: 
 
The standard provides a "level 
playing field' for the fully 
described simplified methods 
(seasonal, monthly, simple 
hourly) and dynamic simulation 
methods. This concerns for 
instance: 

› partitioning into zones; 
› transmission heat transfer 

characteristics; 
› ventilation heat transfer 

characteristics; 
› internal heat gains; 
› solar heat gains; 
› dynamic parameters; 
› internal conditions. 
 
Relevant aspects include: 

› (dynamic) heat transfer to 
the ground, including 
thermal bridges; 

› non-adiabatic internal walls 
and floors; 

› linear thermal bridges; 
› air flows between building 

zones; 
› solar shading by, and 

reflection from, overhangs, 
fins and external obstacles; 

› angle-dependent solar 
properties of windows; 

› hourly calculation of air 
infiltration. 

 

This standard provides procedures for the use of more detailed simulation 
methods that provide compatibility and consistency with the fully 
described monthly, seasonal and simple hourly methods. This concerns for 
instance standardized boundary conditions and standardized input and 
output data (see left column). 

In particular when the calculation results are to be used in the context of 
checking for compliance with building regulations, it is important that 
calculation tools are checked in full detail on compliance with the general 
procedures, boundary conditions and input data. Relevant aspects are 
listed in the left column. 

9 > Which method to choose? 

At the national level, it may be decided which of these three types of 
method are mandatory or are allowed to be used, depending on the 
application (purpose of the calculation) and building type. 

This choice typically depends on the use of the building (residential, 
office, etc.), the complexity of the building and/or systems, the 
application (energy performance requirement, energy performance 
certificate or recommended energy performance measures, other). See 
Buildings Platform Information Paper P026 about the need to maintain a 
balance between accuracy, transparency, robustness and reproducibility. 

10 > FAQ 

This is an ISO standard. How can this standard make reference to the 
set of European standards to support the EPBD?  

The question is very relevant: as illustrated in this paper a CEN standard to 
support the EPBD is one of a series of standards that are mutually related 
and serve particular European (EPBD) needs; in particular: which are 
meant to be applied in the context of national building regulations. For use 
outside Europe, the references to other CEN standards would not be 
appropriate. In EN ISO 13790 this has been solved by concentrating all 
references to other standards in one normative annex (Annex A) which 
provides for the "CEN area": references to CEN (EN or EN ISO) standards 
and for "elsewhere": references to ISO standards or, in absence of ISO 
standards, to national standards.  

Why should we use a simplified method, while we could use a detailed 
simulation method with (if needed) simplified input? 

In particular in the context of building regulations it is essential that a 
prescribed method is verifiable and legally secure and that there is 
consensus on the procedures. Therefore, transparency, robustness and 
reproducibility are important quality aspects which may hinder the choice 
of a detailed simulation tool. An overview of advantages and disadvantages 
of different types of methods, depending on the application, is given in the 
Buildings Platform Information Paper P026.  

Why are different methods offered? 

Each method has its own applications: the seasonal method is the simplest, 
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but it is applicable only in climates where seasons are clearly defined, the 
monthly method is easy to use in buildings without or with small 
intermittence effects, while the simple hourly method is of more general 
use, but requires hourly meteorological and use data and, despite the fact 
that it produces hourly results, it is based on a simplified model with only 
the monthly results validated. Concerning the pro's and con's of a detailed 
simulation method: see chapter 8 and the previous question.  The choice is 
strongly related to the (national) application and may depend on the type 
and complexity of the building. 

Are national annexes always required? 
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Choices have to be made at the national level. In several countries this is 
or will be done, at least for the time being, in a practical way, by copying 
the relevant parts of EN ISO 13790 as national standard, adding further 
specifications. 

See also the Information Paper on the practical use of CEN standards (P90). 

Are the methods validated? 

The monthly method and the simple hourly method have indeed been 
validated by comparison to detailed calculations and to the actual energy 
use of several buildings (monthly values). The monthly method for heating 
has been in use since 1990. See annex H of the standard. 

What is the difference between the monthly method and a degree day 
method? 

This is explained in detail in annex I.5 of the standard. The main 
difference is that the degree day method contains an implicit assumption 
about the effect of internal and solar gains on the heat balance 
(independent of the specific building), while this effect is explicitly taken 
into account in the monthly method (as a function of the building 
parameters). 

Can the method be used for existing buildings? 

Yes, see e.g. the remarks made in chapter 4. 

How can I find more information on the origin and rationale of the 
monthly method? 

See annex I of the standard for more background information 

How can I find more technical information 

See annex H and Annex I of the standard and the bibliography at the 
conclusion of the standard. 

11 > References 
1. EN ISO 13790, Energy performance of buildings – Calculation of energy use 

for space heating and cooling, ISO, March 2008 
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(for buildings which are mainly occupied in the daytime). Today, political 
efforts to reduce fossil energy consumption unfortunately focus only on 
increasing active renewable energy sources, ignoring the passive 
contribution which should be taken into account explicitly. It would be 
easy to devise ways of quantifying and rewarding solar gains that were 
above average, for instance by defining a reference value that was based 
on the passive solar gains achieved by “normal” window design, 
construction and orientation. 

 
 

 
Figure 2:    Schematic illustration
of direct solar heat gain in an 
atrium with a glazed roof, 
depicted by the red waved 
arrows illustrating heat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3:    Schematic illustration
of a thermo-active ceiling. Cold 
water can be pumped through 
the red coloured pipe. 
 
 

2 > Passive Heating 

Passive heating techniques are usually based on solar energy, a thermal 
source available on most sites. Even though solar heating is sometimes 
equated with passive heating, the most commonly used ways of achieving 
solar heating must be regarded as active, since solar panels are usually 
involved, and mechanical systems are used to store, collect, and distribute 
solar energy in the building in the form of hot water. 

In passive solar heating, the direct heat gain of solar radiation on external 
wall and roof elements (the collection areas) is the source of energy, 
especially when they are glazed. (see figure 2) These heat gains depend on 
the solar radiation available at the location of the building, on its 
orientation and on the characteristics of the collection areas (their solar 
transmittance/absorption and thermal heat transfer) as well as on the use 
of shading devices. Most of these factors can be influenced to increase or 
control the solar heat gains of a building. 

Maximising solar heat gain and minimising heat losses are the two most 
essential features of passive heating. Applying thermal insulation of high 
quality, installing multiple-glazed windows, avoiding thermal bridges and 
providing air tightness are the main factors reducing heat transmission and 
air infiltration, the main avenues for heat transport. These processes are 
important for passive heating in winter, and in summer, they contribute to 
passive cooling. In particular, highly insulated roofs and walls are 
beneficial at any time of the year, while high performance windows and air 
tightness are less beneficial in summer in Southern Europe.  

3 > Passive Cooling 

Thermal protection and airtightness of the building are essential aspects of 
passive cooling, as mentioned above. Passive cooling also implements 
technologies or design features which use the principles of physics to cool 
buildings without fossil energy consumption. As a result no or only very few 
energy-using mechanical components, such as pumps and fans, are 
required. Slowing the heat transfer into the building and removing 
unwanted heat from it, are important principles of passive cooling, which 
can for instance be realised by increasing the building mass. 

The possibilities of removing unwanted heat from a building depend mainly 
on the climate. In climates with cool (dry) nights, ventilating at night-time 
is easy and effective, whereas it is counterproductive in hot humid 
climates. There, a thermoactive ceiling could be installed instead (see 
figure 3), which would however need a pump. As no energy for cooling is 
required, such systems are usually classed as passive cooling. 

Also the intelligent use of daylighting directly reduces the energy required 
for cooling, as electrical lighting will otherwise contribute a large part of 
the internal thermal heat gain. 
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4 > Structural Measures 

In general, the implementation of structural measures to reduce power 
consumption by passive means needs to be evaluated carefully, as usually 
both heating and cooling are influenced, but not necessarily in the same 
way. The mechanisms that are relevant to energy conservation by passive 
means are thermal transmission, ventilation, infiltration and solar 
radiation. Reducing a building’s heat transfer is usually beneficial in both 
cases, while solar shading, a typical element of passive cooling, may not 
be. Shading, which is absolutely essential in summer, may reduce passive 
solar heating in winter, thus the installation of dynamic shading devices 
(using a minimum of auxiliary energy) may be necessary to optimize the 
building’s energy performance both in winter and in summer.  

 

 
Figure 4:    South elevation of a 
perfectly orientated building. 
The main glazed façade area 
faces south and is provided with 
an overhang that provides 
shading in summer. Solar panels 
are also shown, although they 
are strictly speaking not entirely 
passive, as they require an 
electrical pump.  
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Figure 5:    An example of a 
thermal bridge, illustrating the 
heat distribution and its 
potential transfer by different 
colours (red: warm, blue: cold), 
which should be avoided 
 
 

The following means are available for maximising passive heating in winter 
and passive cooling in summer. Regarding orientation, the building is 
assumed to be located in the Northern hemisphere. A rationale for the 
application of each approach appears in parentheses, in some cases 
illustrating how the different ways of passive heating and cooling are taken 
into account in the calculation procedures stipulated in the CEN-standard, 
which are described in paragraph 5.  
 
› Orientating the building’s main glazed façade area southward (to reduce solar 

radiation in summer, when the vertical angle of the sun is very high at midday, 
and to benefit maximally from solar radiation in winter, when the vertical 
angle of the sun is low), see figure 4 

› Aiming for compactness (to reduce the transmission area of conditioned zones) 

› Avoiding thermal bridges (to reduce transmission heat transfer), see figures 5-
7 

› Improving the building’s air tightness (to reduce uncontrolled infiltration) 

› Applying thermal insulation of high quality and multiple-glazed windows (to 
reduce heat transmission), see figures 6-7 

› Increasing the building’s thermal mass (to store and then shift solar gains from 
day- to night-time) 

› Arranging the distribution of the rooms depending on the building’s orientation 
(e.g. to locate rarely used rooms in the north) 

› Avoiding overlaps of high solar heat gains with high internal thermal heat gains 

› Effective planning and installing of ventilation devices  

 

5 > Consideration of passive heating and cooling in the 
calculations of the CEN standard  

The CEN-standard EN ISO 13790 covers the calculation of energy use for 
space heating and cooling, as introduced in Information Paper P92. It 
offers definitions and calculation procedures, together with example 
applications and standard data. Passive heating and cooling affect these 
calculations of the energy balance of a heated zone in different steps and 
ways, depending on the kind of aspect, as mentioned above in 
parentheses. Both systems influence the heat transfer calculation 
procedures, which are described in clauses 8, 9 and 10 of the standard: “8: 
Heat transfer by transmission”, “9: Heat transfer by ventilation” and “10: 
Internal heat gains”. Dynamic effects, covered in clause “12: Dynamic 
Parameters” are also influenced by passive solar gains, especially via the 
thermal mass of the building. These four aspects are explained below in 
paragraph 5.1. Clause “11: Solar heat gains”, which is described in 5.2, 
presents a calculation procedure, explicitly covering the main 
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characteristic of passive heating. All of the quantities described in the 
following paragraphs influence the energy balance of the building, which 
determines its energy performance. 

For special elements, such as (unconditioned) sunspaces, opaque elements 
with transparent insulation, ventilated solar walls and ventilated envelope 
elements, Annex E of CEN-standard EN ISO 13790 covers the calculation of 
heat transfer and solar heat gains. The first two of these special cases can 
be considered as passive heating systems. They are therefore described in 
paragraphs 5.3 and 5.4. 

 
 

 
 
Figure 6:    A thermographic 
picture of a badly insulated 
façade with thermal bridges. 
 
 
 
 
 
 
 
 
 

 
 
Figure 7:    A thermographic 
picture of the façade from figure
6 after the building’s retrofit 
(the upper left window is tilted).
 
 

5.1 Calculation of heat transfer and dynamic effects 

 
› Heat transfer by transmission 

Transmission heat transfer is driven by the difference between 
internal and external temperature. It is expressed as the overall 
transmission heat transfer coefficient, which depends on the area 
of the building’s envelope, its specific thermal transmittance (U-
value) and on thermal bridges. Thus, minimizing the heat transfer 
area, by improving the compactness of the heated volume, 
reducing the U-value, typically by applying better or thicker 
insulation on walls and roofs, and avoiding thermal bridges, which 
generally requires accurate planning and careful building, all 
reduce the heat transferred by transmission and consequently 
support passive heating and cooling.  

› Heat transfer by ventilation 
Ventilation heat transfer is driven by the difference between the 
internal temperature and that of the supply air, which in the case 
of natural ventilation is the ambient air temperature. It is 
expressed by the overall ventilation heat transfer coefficient, in 
which the airflow rate is the only manipulable factor. Intentionally 
influencing the airflow leads to a typical method of passive 
cooling: night-time ventilation. This can easily be covered, when 
applying a dynamic calculation method or small time steps, such as 
hours. Monthly and seasonal calculation methods tend to overlook 
the effect of night-time ventilation. In these cases an additional 
factor must be included, which depends on the time fraction of 
night-time ventilation per day and is explicitly covered in clause 
9.4.3 of the standard. 

› Internal heat gains 
Internal heat gains generally result from persons or active systems, 
for instance from appliances, lighting devices, hot water systems 
or heating, cooling ("negative heat gains") and ventilation systems. 
As these heat gains may either remain in the building (as in passive 
heating) or be rapidly rejected (as in passive cooling), they 
influence the required capacity of effective passive heating or 
cooling. 

› Thermal mass – Dynamic effects 
In the standard, a dynamic method is used to model the thermal 
resistances, thermal capacitances and heat gains from solar and 
internal heat sources. Several methods are available, varying in 
complexity from simple to very detailed. Being directly coupled, the 
building’s thermal mass is especially relevant in the standard’s simple 
hourly method. In the monthly and seasonal methods, the dynamic 
effects are taken into account by introducing the gain utilization factor  
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for heating and the loss utilization factor for cooling. The effect of 
inertia in the case of intermittent heating or switch-off is taken into 
account separately, by the building time constant. Due to its 
robustness and transparency the monthly method is the option chosen 
in many EU Member States, at least for residential and simple 
commercial buildings. 

 
 

 
Figure 8:    Schematic illustration
of direct solar heat gain in an 
attached but unconditioned 
sunspace, a conservatory, 
depicted by the red waved 
arrows illustrating heat. 
 

5.2 Calculation of solar heat gains in the standard 

Clause 11 of EN ISO 13790 covers passive solar heat gains, which can be 
direct (e.g. through windows) or indirect (e.g. via absorption in opaque 
building elements). Controlling and effectively using these gains is the 
main objective of passive heating. In general, the overall solar heat gain is 
determined by the heat flow rate from solar heat sources over time. 
Generally, two main types of heat flow exist: those by solar gains through 
building elements (glazed-ones as well as opaque-ones) and those due to 
thermal radiation to the (cold clear) sky. The latter needs to be subtracted 
from the former to arrive at the overall value.  

The heat flow by solar gains through building elements is determined by 
multiplication of a shading reduction factor for external obstacles (e.g. 
due to other buildings, topography or overhangs), the solar irradiance 
(depending on the location of the building’s site and on the orientation and 
the tilt angle of the building element) and the effective collecting area. 
The determination of this area depends on the type of facade element, 
glazed or opaque: 

 
 
 

 
Figure 9:    Sketch of an attached 
sunspace, illustrating direct (Qsd) 
and indirect solar heat gains (Qsi) 
and input parameters required 
for the calculation 
(A: area, g: solar energy 
transmittance, H: transmission 
heat transfer coefficient, α: 
solar absorption factor;  
with subscripts: e: sunspace 
external envelope, w/p: 
transparent/opaque parts of the 
partition wall) 
Also showing electrical 
equivalent network  
(int: internal, s: sunspace, e: 
external;  His/Hse: resistance 
internal-sunspace/sunspace-
external)   
 
 

› Effective collecting area of glazed elements 

 The effective solar collecting area of glazed envelope elements, such as 
windows, is the product of: 

- the total solar energy transmittance (g-value; equivalent to the time-
averaged fraction of energy passing through) of the element’s 
transparent part (product property)[-]  

- a shading reduction factor for movable shading provisions (function of 
g-values with and without solar shading and the time the shading is in 
use; determination depending on method used (seasonal/monthly/ 
hourly)) [-] 

- a factor expressing the frame area fraction [-] 

- the projected area of the glazed element (e.g. the window area) [m²] 

  

› Effective collecting area of opaque building elements 

 The effective solar collecting area of an opaque part of the building envelope 
is the product of its: 

- absorption coefficient for solar radiation [-] 

- external surface heat resistance (standard value: ISO 6946) [(m²K)/W] 

- thermal transmittance (U-value) [W/(m²K)] 

- projected area [m²] 

In most conventional buildings, the influence of opaque elements on the 
overall solar heat gains is insignificant, except for large (flat roof), dark 
and/or poorly insulated surfaces. 

 
Similarly, the extra heat flow due to thermal radiation to the sky for a 
specific building envelope element is determined by multiplication of its 
external surface heat resistance, its thermal transmittance (U-value), its 
projected area, the external radiative heat transfer coefficient and the 
average difference between the external air temperature and the 
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apparent sky temperature. Again, the contribution to the overall value is 
normally small, unless the surface facing the sky is very large. 

5.3 Unconditioned sunspaces (conservatories/ greenhouses)   

 
Figure 10:    Transparent thermal
insulation is not only a good 
thermal protection, it also 
allows heat flow of solar energy 
through the wall (solar heat 
gains). 
 
 
 
 
 
 
 
 
 
 

 
Figure 11:    The sketch 
illustrates the functionality of 
opaque thermal insulation. 
Comparison of figures 10 and 11 
shows the difference in heat 
transfer of opaque and 
transparent insulation. 
 
 

The calculation procedures provided are to be applied for unconditioned, 
particularly unheated, sunspaces that are adjacent to a conditioned space 
but separated from it by a partition wall, as are most conservatories and 
greenhouses. 

In the case of old existing buildings, where gathering the full required 
input dataset would be highly labour-intensive, a simplified method or 
default values defined at national level may be used instead. 

When considering the heat transfer by transmission and ventilation, an 
unconditioned sunspace is handled like any unconditioned space, using an 
adjustment factor, as covered by clauses 8 and 9 of the standard. 

The solar heat gains entering the conditioned space from the sunspace are 
the sum of direct solar heat gains, via the sunspace through the partition 
wall and indirect heat gains through the partition wall from the sunspace 
heated by the sun (see figure 9). The latter is given by a lower value for 
the above mentioned adjustment factor for transmission and ventilation, 
resulting in reduced transmission and ventilation losses from the 
conditioned space. The calculation method quantifies the positive effect 
during the heating season. However, the same procedure must also be 
used to calculate the negative impact of the solar gains for the cooling 
(summer) mode, taking into account any extra (seasonal) solar protection 
and ventilation provisions, if present. Note also that in the calculation 
method it must to be taken into account that the direct solar gains via the 
sunspace into the conditioned space are reduced due to the shading 
caused by the sunspace envelope (reflection, absorption, frame fraction). 
Depending on the design, the net effect of the sunspace may thus be found 
to be less than expected. 

Input parameters 
The following input parameters are required (see figure 9): 

For the sunspace envelope as well as for transparent and opaque parts 
of the partition wall: 

- area [m²] 
- effective total solar energy transmittance [-] 
- frame area fraction (for transparent elements only) [-] 

For each surface in the sunspace, absorbing solar radiation: 
- area of the surface [m²] 
- solar absorption factor [-] 

In addition: 
- shading correction factor accounting for external obstacles [-] 
- heat transfer coefficients for transmission from internal 

spaces through the sunspace to the external environment 
[W/K] 

 
Conservative approximation and simplified method 
Instead of applying the detailed method, a conservative approximation can 
be used, if this is approved at the national level. The sunspace is then 
treated in the same way as for any kind of unconditioned adjacent space, 
meaning the additional indirect gains via the sunspace are ignored while 
the direct solar transmittance through the partition wall, which will be 
reduced by the sunspace envelope, is taken into account. 

The use of another simplified procedure is also possible, again if approved 
at the national level. The adjustment factor used for unconditioned spaces 
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is corrected, to reflect the beneficial or negative effect of the additional 
solar gains in the sunspace during the heating and cooling periods. This is a 
refinement of the conservative approximation introduced above. 

Further development of this procedure 
Within the European project “BESTFACADE” (www.bestfacade.com), an 
appropriate calculation procedure for double skin facades was developed, 
based on the approach explained above. For this purpose, the methodology 
was modified and extended. Additional objectives of the project were to 
present an information database, a design guide and default values for 
typical applications, in order to promote the concept of double skin 
facades. 

The German standard “DIN V 18599” [3] already contains a calculation 
procedure for double skin facades that is based on this method, which 
could serve as model for future CEN procedures concerning double skin 
facades.  

5.4 Opaque elements with transparent insulation 

For the purpose of collecting solar energy, transparent insulation material 
has been designed. Annex E of the standard EN ISO 13790 provides a 
calculation method covering its positive effect during the heating season 
as well as the unwanted solar gains during the cooling season, taking into 
account whatever seasonal solar protection and ventilation provisions are 
present. 

Input parameters 
The following input parameters are required for the calculation: 

- the total area of the element [m²] 
- the area of the element covered with transparent insulation 

[m²] 
- the thermal resistances of the opaque element behind the 

transparent insulation and of the transparent insulation itself 
[(m²K)/W] 

- the total solar energy transmittances of the transparent 
insulation for both cases: normal and diffuse-hemispherical 
incidence [-] 

- the thermal resistance of the air layer (enclosed) between an 
opaque element and the transparent insulation [(m²K)/W] 

- internal and external thermal surface resistances [(m²K)/W] 
- the shading correction factor [-] 

 
Output parameters 
The following properties can be derived, serving as further input for 
calculation of the energy need for heating and cooling: 

- the thermal transmittance of the element (internal-external) 
[W/(m²K)] 

- the external thermal transmittance of the element (from the 
surface in contact with the transparent insulation product to 
the external environment) [W/(m²K)] 

- the effective total solar energy transmittance of the 
transparent insulation product [-] 

- the reduction factor due to non-transparent frame area of the 
transparent insulation (frame area fraction) [-] 

- the effective collecting area [m²] 
 

For the calculation of heat transfer by transmission, the transparent 
characteristic of the insulation is not relevant, and it must be treated in 
the same way as any other kind of opaque construction element. 



 

6 > FAQ 

Why use passive heating or cooling? 

The main advantage of passive systems is that they do not use energy even 
though they facilitate thermal comfort and good indoor air quality. 
Nowadays, as public awareness of the importance of ecological 
considerations, sustainability and pollution control increases and as the 
costs of all forms of energy rapidly rise, passive systems become more and 
more attractive. 

Can passive systems be implemented in existing buildings? 

The use of passive heating and cooling depends mainly on features that are 
generally decided before a building is built. These are for instance the 
location of the building, its orientation, the choice of materials and the 
quality of planning and building. This means it is difficult to implement 
passive systems in existing buildings. Nevertheless, there are components, 
which can be added later, for example (automatic) shading devices or a 
sunspace. 
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Are passive systems explicitly covered by CEN-standards? 

Apart from solar heat gains, the main factor of passive heating, which is 
covered in a specific chapter of the standard EN ISO 13790, passive 
systems are not explicitly covered by CEN-standards. But as these systems 
essentially influence several aspects of heat flow, they are also indirectly 
covered by different parts of this standard and by those standards dealing 
with thermal and solar properties of building components. 

Are there ways to account for the contributions of passive heating and 
cooling as part of the renewable contributions for buildings’ energy 
use? 

Being highly relevant, the contributions of passive heating and cooling 
systems should definitely be taken into account explicitly or rather be seen 
as part of the renewable contributions, where already minimum 
requirements are demanded in several countries. This could for instance 
be implemented by the definition of standard solar heat gains used in 
reference building calculations, making it possible to reward above-
average gains. 
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› Combination of zone-results with corresponding system losses 

› Consideration of interactions between zones and/or systems 

In both the first and the last step, two different methods are suggested by 
the CEN standards. There are thus four different approaches for the 
complete calculation procedure, as each method of one step can be 
combined with each of the two methods at the other step. 

 

 
Figure 2:   System Boundary. 
Examples of energy flows 
across the system boundary 
 

The remaining steps must be followed in each case. Depending on the 
situation, the building must either be partitioned into multiple zones or 
may be treated as a single zone. A zone is defined as an area with 
identical (or similar) use and thermal characteristics and served by the 
same systems. A clear definition of the so-called “system boundary”, 
which is related to the object of the assessment (e.g. apartment, building, 
etc.), is required to make a standard assessment possible, for the purpose 
of comparison. Energy flows can pass through the system boundary (see 
Figure 2). Specific zoning and boundary rules may be provided at national 
level.  

2 > Different types of calculation methods depending on the 
time step used 

Two basic types of method are given, depending on the time step used in 
the calculation. Even though the intermediate results of both methods vary 
critically, the final result is usually quite similar. 

› Quasi-steady-state methods 
Calculation of the heat balance over a sufficiently long time (typically 
one month or a whole season), which makes it possible to consider 
dynamic effects by an empirically determined gain and/or loss 
utilization factor. 

› Dynamic methods  
Calculation of the heat balance with short time steps (typically one 
hour), taking into account the heat stored in and released from the 
mass of the building.  

In this regard, the international standard EN ISO 13790 mentions three 
different types of method:  

› a fully prescribed monthly quasi-steady-state calculation method (plus 
a seasonal method as a special option) 

› a fully prescribed simple hourly dynamic calculation method 

› calculation procedures for detailed (e.g. hourly) dynamic simulation 
methods 

The first two are explicitly covered in the standard, both representing 
simplified approaches. For detailed descriptions and performance 
requirements of dynamic simulation methods, other standards (e.g. EN 
15265 [5]) are referenced. It must be decided at national level which of 
these types of method are optional or mandatory. The choice typically 
depends on the application (the purpose of the calculation), the building 
type or use and on the complexity of the building and its systems. 

Additional aspects influencing the choice of method and the quality of the 
calculation procedure are for example transparency, robustness and 
reproducibility. Also simplicity and time- and cost-effectiveness are 
crucial, resulting in questions like “simple method or simple input?” and 
“accuracy or cost-effectiveness?”. These issues are described and 
discussed in Information Paper P26 of the EPBD Buildings Platform, which 
recommends that compromises should be made to identify the optimum 
approach, which will be somewhere in between these conflicting goals.  
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This avoids uncertainties and the increasing risk of making mistakes, the 
higher the level of quality and the more detailed the input parameters are. 

 

 

Figure 3:   
Many different systems, which 
interact very considerably with
each other, influence the 
energy requirement.  
 
 
 
 
 
 
 

 

Figure 4:   The CEN-
alternatives: holistic or 
simplified approach. 
 

The recovered gains or losses 
(green arrow) are either 
adjusted in the system part of 
the calculation by a global 
value (right side, simple 
approach) or incorporated in 
the internal gains in the 
building part (left side, 
holistic approach), which 
requires a number of 
iterations. 
 

3 > Different ways of dealing with interactions between a 
building and its systems 

As the calculation should be as realistic as possible, the fact that the 
different energy-consuming services (heating, cooling, lighting, hot water, 
etc.) influence each other should not be neglected. These interactions are 
taken into account by the calculation of heat gains and recoverable system 
losses. (see Figure 3) 

The resulting impact of these interactions on the energy performance of 
the building is not necessarily positive. Dissipated heat from the lighting 
system, for instance, leads to increased energy needs for cooling in 
summer. Which interactions to consider and how they should be considered 
must be defined at national level. Two approaches, both taking the 
recoverable thermal losses of the systems into account, are prescribed in 
EN ISO 13790 and EN 15603 (see Figure 4): 

› Holistic approach 
The sum total of the energy flows to and from all heat sinks and 
sources in the building and to and from the technical building systems, 
which are recoverable for space heating and/or cooling are considered 
in the calculation of the thermal energy needs. As there is inevitably 
an interaction between thermal system losses and energy input, 
iterations may be required. 

The calculation procedure requires the following successive steps: 

1. Calculation of the energy needs for heating and cooling without 
taking into account the recoverable thermal losses of the systems 
as internal heat gains. 

2. The sub-system calculation according to EN 15241 [6], EN 15243 [7] 
and EN 15316 series [8] and the determination of recoverable 
thermal system losses. 

3. Calculation of the energy needs for heating and cooling with 
addition of the recoverable thermal system losses to the other 
heat sources (e.g. solar and internal heat gains), resulting in a new 
calculation of the energy needs for heating and cooling 

4. Repetition of the calculation from step 1 until changes of the 
energy needs between two iterations are less than a defined limit 
(e.g. 1 %) or up to a certain number of iterations, as specified at 
the national level 

5. Calculation of the difference between the energy needs at the 
start of the iteration and at its end, which gives the recovered 
thermal loss from each system. 

 
› Simplified approach 

The recovered system heat losses, obtained by multiplying the 
recoverable thermal system losses by a fixed conventional recovery 
factor, are directly subtracted from the thermal loss of each technical 
building system considered. Thus, iterations are avoided. 

The calculation procedure requires the following steps: 

1. Calculation of the energy needs for heating and cooling without 
taking the recoverable thermal losses of any system into account in 
detail, but regarding them as fixed parts of the internal heat gain. 

2. The sub-system calculation according to EN 15241, EN 15243 and 
EN 15316 series and the determination of recoverable thermal 
system losses: Calculation of the recovered thermal system losses 
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by multiplying the recoverable thermal losses by a conventional 
recovery factor and subtraction of these recovered thermal losses 
from the total thermal loss of each system. 

In general, the simplified approach works well for middle-rate buildings 
without cooling and with simple system configurations, which meet the 
common standard, as average values form the basis of the simplification. 
But for high performance buildings or very old ones that are built with low 
energetic quality, the global consideration of heat gains and losses may 
lead to incorrect results. The reasons for this are, for example, the 
overrating of solar gains that may interfere with internal gains and thus be 
considered twice or the global adjustment of losses, which are for instance 
highly inaccurate, when internal piping is not insulated. Also, the general 
predetermination of the duration of a fixed heating-period (e.g. 185 days 
in Germany) implies a source of error in buildings with extremely high or 
low thermal insulation values. Regarding these extreme cases, the holistic 
approach manages to adapt by calculating iteratively, as the duration of 
the heating and cooling periods respond flexibly to losses and to realistic 
solar and internal heat gains, including the recoverable thermal losses 
from each building system. The same calculation method is thus 
appropriate for calculating the energy performance of a building with high 
energy needs (Class F) and of a high performance building (Class A++). 

The quality of a building’s performance is thus a crucial aspect when 
choosing a suitable method. In addition, the choice depends, among other 
considerations, on the technical building system. In general, the more 
complex the system and the better the building performance (e.g. passive 
houses), the more appropriate it is to apply the holistic approach. 
Nevertheless, both methods do take recovered thermal system losses into 
account in the final energy rating.  

4 > Example-Application of different methods in German 
standards 

In Germany, different standards must currently be applied for residential 
and non-residential buildings. DIN V 4108 [9] and DIN V 4701 [10] cover the 
calculation procedure for residential buildings, using the simple approach, 
whereas DIN V 18599 [11] applies the holistic approach for non-residential 
buildings. Both procedures are based on quasi-steady-state methods, 
generally using months as time-steps. For the simple approach, the use of 
yearly time-steps is also allowed under some circumstances. 

In the calculation procedure for residential buildings, the computation of 
the energy need (DIN V 4108-6) is strictly separated from the calculation 
covering the buildings’ systems (DIN V 4701-10). Thus, interactions are 
hardly considered. In addition, lighting, which generally influences the 
heating needs, is only covered indirectly, as a fixed part of the internal 
gains. As most recently built residential buildings are of middle-rate 
quality, this calculation procedure, applying the simple approach, usually 
results in realistic values.  

DIN V 18599 offers a holistic interdisciplinary calculation procedure, taking 
interactions explicitly into account. It is based on the division of complex 
buildings into several zones, whereas simple buildings can be modelled as 
one zone. Zones are areas of similar use and conditioning in terms of 
heating, ventilation and cooling. The energy need of each zone is first 
determined. Several iteration-steps follow to calculate the actual required 
energy, taking all interactions between the different zones and the 
different services into account. Thus, the calculation is based on a model 
closely representing reality. The current German regulations only stipulate 
the application of DIN V 18599 for non-residential buildings. However, as 
part of the next revision, which is momentarily undergoing the political 
approval process in the federal parliament and will be adopted in 2009, 



the standard may also be applied for residential buildings. After a 
transition period, during which both methods (simple and holistic) can be 
used for residential buildings, the intention is to harmonise the calculation 
procedure and energy performance requirements for all types of buildings.  

 
 
 
 

 
 

Figure 5:   
Example-building for German 
standards 
 
 
 
 
 
 

Example of a Calculation 

As mentioned before, the simplified approach leads to correct results for 
middle-rate buildings because of the use of mean values. Thus the final 
energy rating calculated by either method for these buildings is very 
similar, whereas intermediate results may vary noticeably due to the 
simplifications. This effect is illustrated by the following example of a 
calculation of the energy rating of a single family house, applying both 
German standards and thus both calculation methods, simplified and 
holistic. The building considered, published in the standard DIN V 4108-6 
and shown in Figure 5, represents a typical dwelling with heat insulation 
according to the standard of 1995 that is naturally ventilated. A 
condensing boiler is located inside the thermal envelope, as well as the 
distribution pipelines for space heating and domestic hot water, which 
both have circulation pumps.  
Performing the two different types of calculation yields the following 
results [12]:  

 Simple Approach Holistic Approach Ratio 
Energy need for heating 15.673 kWh/a 10.591 kWh/a 68% 

Energy use for heating 21.399 kWh/a 23.997 kWh/a 112% 

Auxiliary energy 668 kWh/a 596 kWh/a 89% 

Primary energy 25.543 kWh/a 25.571 kWh/a 100% 

 
The table clarifies the consistency of the calculated final primary energy 
(last row), whereas the intermediate results clearly differ. Concerning the 
energy use for heating (second row in the table), it is worth noting that 
the two values are based on different references: the value used in the 
simple approach is based on the net calorific value, whereas that of the 
holistic approach is based on the gross calorific value. 

5 > FAQ 

There are two methods, both taking the recoverable thermal losses of 
the building systems into account. Which approach (holistic or 
simplified) should be used, and when? 

National documents define under which conditions the two methods are to 
be applied. The choice of method depends on several aspects. First the 
purpose of the assessment should be considered, as it influences the level 
of detail required. The type and complexity of the building and its 
technical system are also relevant parameters. In general, the holistic 
approach is applied for complex systems and when a high level of detail is 
required. 

What are the advantages and disadvantages of the holistic and the 
simplified approach, which both take account of the interactions 
between the building and its systems? 

The primary advantage of the more detailed and thus more advanced 
method (holistic approach) is the higher quality and reliability of the 
results, due to the very realistic model on which the calculation is based. 
The intermediate results are quite exact and very appropriate for further 
more detailed analysis. Its main disadvantages are the need for suitable 
computer software for the complex calculation and the longer time 
required to perform the calculation. 

The advantages mentioned above represent the disadvantages of the 
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simplified approach, which uses a very approximate model. Nevertheless, 
the results can definitely be used to assess and compare the energy 
performance of simple buildings with conventional performance. The 
advantages of the simplified approach are the shorter time required to 
perform the calculation, and the fact that it can be done by hand. 

What is the difference between EN ISO 13790 and EN 15603? 

EN ISO 13790 describes calculation methods for the energy need for 
heating and cooling for each building zone, whereas EN 15603 deals with 
the overall energy use and the energy performance of buildings, collating 
the results from other standards, including those from EN ISO 13790. 
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Cluster Calculation of heat transmission 
 
 
 
Introduction  
 
The energy performance of a building is closely related to its thermal performance, which depends on the 
characteristics of the building elements and on the quality of construction work. The better the thermal 
performance, the smaller the heat transfer between the (heated/cooled) inside and the outside of the 
building. In general two ways of heat transfer exist, by transmission and by ventilation, both driven by the 
difference between internal and external temperature (in case of natural ventilation).  
 
A series of nine European standards (EN), mostly also international (ISO), covers the calculation of heat 
transmission. They are closely related to each other, e.g. covering different levels (component  element  
envelope), specific types of building elements (e.g. ground floor, windows) or by offering alternative methods. 
For the determination of the specific thermal transmittance (U-value) of building elements, for instance, both, 
simplified and detailed methods are provided. Thermal bridges are also covered in this series of standards. 
Information paper P94 introduces all of the series’ standards on thermal transmission, also showing relations 
between them and pointing out recent changes.   
 
 

Information papers  
 
IP 94: Information paper for the series of EN ISO standards on thermal transmission 

properties of building components and building envelope 
EN ISO 6946, 10077, 10211, 10456, 13370, 13786, 13789, 14683; EN 13947 

 
 

Presentations  
 
Besides Information Papers, corresponding presentations have been prepared to support communication 
about EN EPBD standards as well as lectures. Presentations often include notes to explain the slides and to 
support lecture preparation. 
Presentations can also be downloaded freely from http://www.iee-cense.eu/  

 

http://www.iee-cense.eu/
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The standards for U-values fall into two groups: 
a) simplified methods (EN ISO 6946, EN ISO 13370, EN ISO 10077-1, EN 
13947), which can be used for components within the scope of those 
standards; and 
b) detailed methods (EN ISO 10211, EN ISO 10077-2), which can be used as 
an alternative, or for cases for which there is not an applicable simplified 
method. 

 
 

building system

Energy needs 
for heating

Solar gains
Internal gains incl. system 
losses

Transmission 
heat transfer

Ventilation heat
transfer

overheating

Recoverable heat

recoveryVentilation heat

Fig. 2. The important place of 
transmission in the energy 
balance of the building 
 
 

The U-value of components, including windows and doors, can 
alternatively be established by measurement according to test methods 
cited in an applicable product standard. 
Thermal bridges (at junctions between elements, etc) are covered in 
EN ISO 10211 and EN ISO 14683. 
The standards in this group also include those for obtaining thermal values 
of building materials (EN ISO 10456). 
 

EN ISO 13789
Transmission + ventilation
heat transfer coefficients

-Direct to/from exterior
-To/from unconditioned space
-To/from adjacent buildings

Plane elements

EN ISO 13370
Transmission heat transfer 
through ground floor

Junctions between elements Point thermal bridges

*): The symbols used here are in accordance to the common symbols in CEN-EPBD standards

U or R, A

Resistance or transmittance, 
plus area

Htr , Hve *)

EN ISO 13790, Energy use for heating and cooling

Cm

EN ISO 13786
Heat capacity

Linear thermal transmittance, 
plus length

Point thermal
transmittance

Ψ (“psi”), L χ (“chi”)

 
 
Fig. 3. Scheme 1: From the thermal transmission properties of building 
components or building elements to input at building level, when one of 
the simplified (monthly or hourly) calculation methods is chosen in 
EN ISO 13790.  
In the case of detailed dynamic simulations, the component (or 
subcomponent) properties are used directly as inputs. 
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EN ISO 6946
Thermal resistance and 

transmittance (excl, windows, 
ground,..)

U or R, A

Resistance or transmittance, 
plus area

Linear thermal transmittance, 
plus length

Point thermal
transmittance

Ψ (“psi”), L χ (“chi”)

EN ISO 10077-1
Thermal transmittance of 

windows and doors

EN ISO 10077-2
Numerical method for frames

EN 13947
Th. transm. of curtain walls

EN ISO 10211
Thermal bridges, detailed

calculations

EN ISO 14683
Thermal bridges, Simplified

Part of Htr directly, for
more than one element 
combined

EN ISO 10456
Thermal conductivity

 
 
Fig. 4. Scheme 2: From material and subcomponent properties to 
properties of building components or building elements.
 

 

 

 
 

Example of CEN-ISO 
cooperation: 

For instance, ISO/TC 163, 
Thermal performance and 
energy use in the built 
environment, cooperates 
closely with CEN/TC 89, 
Thermal performance of 
buildings and building 
components. Many calculation 
and test methods have been 
subject to parallel approval in 
CEN and ISO. These include 
standards on hygrothermal and 
thermal properties of building 
materials and products, on 
calculation/presentation of 
climatic data, on thermal 
bridge calculation methods and
on building energy 
calculations, including 
EN ISO 13790. 

 

These international standards are applicable to buildings at the design 
stage and to existing buildings. 

2 > History of the standards 

The first series of standards on thermal and hygrothermal properties of 
building components and elements were prepared by ISO Technical 
Committee TC 163 in the 1980’s, as a result of growing global concern on 
future fuel shortages and inadequate health and comfort levels in 
buildings. During the following decades these first standards were revised 
and new standards were added, to cope with new developments and 
additional needs. From the 1990’s on, many of these standards were 
developed in close collaboration with CEN (see further on). 

As part of the Mandate 343 of the EC to CEN to support the EPBD (2003), 
the series of standards were scrutinized to see which changes would be 
needed for the purpose of supporting the EPBD. This resulted in new 
versions of a number of standards, most of them published in 2007. The 
main new features in these versions are listed in the successive paragraphs 
below. 

3 >  European (CEN) standards and global (ISO) standards 

How can an ISO standard support the European Directive? 

If an ISO standard is also an EN ISO standard, then it is a European standard 
just like any other EN (European) standard. To make it easier to 
understand the difference between ISO and CEN standards, some basic 
information is provided in the following sections. 

CEN versus ISO 

CEN is the European Association of national standardization institutes, the 
so called National Standards Bodies (NSB’s). These NSB’s are responsible 
for contacts with the relevant market parties and with experts preparing 
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the CEN standards, in the same way as they are when preparing national 
standards. 

ISO is the International Organization for Standardization, the counterpart 
of CEN at the global level. 

Cooperation 

There is an agreement between CEN and ISO stipulating that they should 
not work on the same Work Items. New work can only be started in CEN if 
it is not already on the ISO programme and vice versa. CEN-TC’s (Technical 
Committees) are encouraged to seek contact with related ISO-TC’s, to 
agree on possible parallel voting. This means that the EN may become an 
ISO if accepted by ISO. Existing EN ISO’s will preferably be maintained by 
related ISO-TC’s. In cases where related ISO-TC’s are not interested or are 
not assigning it enough priority, the CEN-TC will continue the normal 5 
years maintenance schedule or accelerate it if necessary. It is obviously 
preferable that the same system of standards should be adopted in Europe 
and the rest of the world.  

4 > Scope and position in the set of EPBD standards 

Scope 

The main aims of this series of standards are: 

a) to clarify the international market through the harmonized definition of 
intrinsic characteristics of buildings; 

b) to help in judging compliance with regulations; 

c) to provide input data for calculation of annual energy use for heating or 
cooling buildings. 

The result of the calculations can be used as input for calculation of 
annual energy use and heating or cooling load of buildings, for expressing 
the thermal transmission and/or ventilation characteristics of a building or 
for judging compliance with specifications expressed in terms of 
transmission and/or ventilation heat transfer coefficients. 

These International Standards provide the means (in part) to assess the 
contribution that building products and services make to energy 
conservation and to the overall energy performance of buildings. 

Applications  

1

1
2

3

3

1

1
2

3

3

 
1 internal dimension 
2. overall internal dimension 
3. external dimension. 
 
Fig. 5. Dimension system. 
 

Special attention has been given to the suitability of these International 
Standards for use within the context of national or regional building 
regulations. This includes the calculation of an energy performance rating 
of a building, on the basis of standardized conditions, for an energy 
performance certificate. The result can have legal implications, in 
particular when it is used to judge compliance with minimum energy 
performance levels, which can, for instance, be required to obtain a 
building permit. For such applications, it is important that the calculation 
procedures be unambiguous, repeatable and verifiable.  

Limits of applicability  

There are no specific limitations.  

It is important to note that these standards allow different geometric 
measurement conventions, to be decided at national level; see figure 5 
(left): 

› Internal dimension. 

› Overall internal dimension. 
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› External dimension. 

See EN ISO 13789. The choice between these conventions determines the 
dimensions (area A) of the plane elements and –consequently- the value of 
the linear transmittance (Ψ-value) of junctions between elements. The Ψ-
values will be smaller if external dimensions are used, because the heat 
flow through the plane element will be larger. The overall heat flow by 
thermal transmission is, of course, independent of these conventions. This 
shows that despite different conventions, the results can still be the same.  

Note: a different matter is the definition of the conditioned floor area 
where it is used to normalize the energy performance rating; e.g. from EP 
in kWh to Ep in kWh/m2. In this case the result does depend on the 
convention used. 

Relationships with other parts/standards of the EPBD package 

See figure 1 (first page, left). 

› This suite of standards provides the input on thermal transmission 
properties for the calculation of the energy needs for heating and 
cooling according to EN ISO 13790. 

› In addition, some of these standards provide the thermal transmission 
values for energy performance requirements on building component or 
building element level which may exist in a specific country or region. 

5 > Principle of the methods 

Main structure of the calculation procedure 

The main structure of the calculation procedure is summarized in the two 
schemes shown in figure 3 and figure 4, with the following international 
standards involved:  

EN ISO 13789 Thermal performance of buildings ― Transmission and 
ventilation heat transfer coefficients ― Calculation method 
(ISO 13789:2007) 

EN ISO 13786 Thermal performance of building components ― Dynamic 
thermal characteristics ― Calculation methods (ISO 13786:2007) 

EN ISO 6946 Building components and building elements ― Thermal 
resistance and thermal transmittance ― Calculation method 
(ISO 6946:2007) 

EN ISO 13370 Thermal performance of buildings ― Heat transfer via the 
ground ― Calculation methods (ISO 13370:2007) 

EN 13947 Thermal performance of curtain walling ― Calculation of thermal 
transmittance 

EN ISO 10077-1 Thermal performance of windows, doors and shutters ― 
Calculation of thermal transmittance ― Part 1: General (ISO 10077-1:2006) 

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) 

EN ISO 10211 Thermal bridges in building construction ― Heat flows and 
surface temperatures ― Detailed calculations (ISO 10211:2007) 

EN ISO 14683 Thermal bridges in building construction ― Linear thermal 
transmittance ― Simplified methods and default values (ISO 14683:2007) 

EN ISO 10456 Building materials and products ― Hygrothermal properties ― 
Tabulated design values and procedures for determining declared and 
design thermal values (ISO 10456:2007) 
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There are two possibilities (with various combinations): 

› Calculation (*) of the separate properties of plane building components 
or building elements, junctions between elements and point thermal 
bridges; these can then be summed to give the overall heat 
transmission properties of a complete building element or building 
envelope. The properties of the junctions and point thermal bridges 
are normally determined by numerical (2D or 3D) calculation. 

› Direct numerical calculation (*) of the properties of complete building 
elements or building envelope. 
 

(*): Measurements are also an option. References to test methods are 
provided in these International Standards.  

Main inputs and outputs 

The main inputs needed for these International Standards are the 
following: 

› properties of materials. 
 
The main outputs of these International Standards are the following: 

› thermal transmission properties of building components (such as a wall 
construction, window) and building elements (such as a facade, a 
roof); 

› heat transfer coefficient for the whole building (or part of a building). 
 

The latter output is an input in EN ISO 13790, the calculation of the energy 
needs for heating and for cooling when one of the simplified (monthly or 
hourly) calculation methods is chosen in EN ISO 13790. In the case of 
detailed dynamic simulations, the component (or subcomponent) 
properties are used directly as inputs for the building simulation.  

In (other) specific cases individual component properties are needed, for 
instance: 

› in case of minimum component requirements (U-value or R-value of 
the construction); 

› in case of multi-zone calculations with assumed thermal interaction 
between the zones (  thermal transmission properties of the 
separating construction); 

› in case of a separation with another space when the temperature 
difference across the separation, relative to the temperature between 
indoor and outdoor environment cannot be known without more 
knowledge than only the overall thermal transmission properties. 
Example: sunspace. 

6 > Short description of each standard 

EN ISO 13789 Thermal performance of buildings ― Transmission and 
ventilation heat transfer coefficients ― Calculation method 
(ISO 13789:2007) 

CONTENT: Specifies method and provides conventions for the calculation 
of the steady-state transmission and ventilation heat transfer coefficients 
of whole buildings and parts of buildings. 

Applicable both to heat loss (internal temperature higher than external 
temperature) and to heat ‘gain’ (internal temperature lower than external 
temperature). 

This second edition cancels and replaces the first edition (ISO 13789:1999) 
which has been technically revised. 
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The principal changes are: 

› the ventilation coefficient has been added to the transmission 
coefficient; the relevant procedures and (informative) data have been 
taken over from the previous version of ISO 13790 (2004). The 
calculation procedure is a simple equation, with the output being the 
ventilation heat transfer coefficient and the input the airflow rate. In 
Europe the air flow rate is to be determined according to EN 15242; 

› “loss” is replaced by “transfer” to allow for cases of cooling; see the 
more detailed explanation in the relevant Q&A in the list with FAQ 
further on in this paper. 

This standard draws together the heat transfer values calculated for 
individual elements using the other standards (6946, 13370, 10211, 14683, 
10077).  

 

EN ISO 13786 Thermal performance of building components ― Dynamic 
thermal characteristics ― Calculation methods (ISO 13786:2007) 

CONTENT: Specifies the characteristics related to dynamic thermal 
behaviour of building components and gives methods for their calculation. 

 

EN ISO 6946 Building components and building elements ― Thermal 
resistance and thermal transmittance ― Calculation method 
(ISO 6946:2007) 

CONTENT: Method of calculation of the thermal resistance and thermal 
transmittance of building components and building elements, excluding 
doors, windows and other glazed units, components which involve heat 
transfer to the ground, and components through which air is designed to 
permeate. 

This second edition cancels and replaces the first edition (ISO 6946:1996) 
and later amendment, which has been technically revised. The revision 
was mainly to make corrections and provide better consistency with other 
standards. 

 

EN ISO 13370 Thermal performance of buildings ― Heat transfer via the 
ground ― Calculation methods (ISO 13370:2007) 

CONTENT: Gives methods of calculation of heat transfer coefficients and 
heat flow rates, for building elements in thermal contact with the ground, 
including slab-on-ground floors, suspended floors and basements. It applies 
to building elements, or parts of them, below a horizontal plane in the 
bounding walls of the building. Includes calculation of the steady-state 
part of the heat transfer (the annual average rate of heat flow), and the 
part due to annual periodic variations in temperature (the seasonal 
variations of the heat flow rate about the annual average). 

This second edition cancels and replaces the first edition (ISO 13370:1998), 
which has been technically revised.   

The main changes are:  

› Monthly thermal transmission properties enabling the calculation of 
the thermal transmission for heating season, but also for cooling. 

› Addition of new procedures to use the calculated properties as basis 
for modelling the dynamic heat flow through the ground floor and 
ground in hourly simulation programs. 
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› Separation of plane elements and ground floor junctions, enabling the 
separation of ground floor product properties (U-value) and the 
properties (Ψ-values) of the connections between ground floor and 
wall.  

 
More details are given in chapter 7. 

 

EN 13947 Thermal performance of curtain walling ― Calculation of 
thermal transmittance 

CONTENT: Methods for calculating the thermal transmittance of curtain 
walls consisting of glazed and/or opaque panels fitted in, or connected to, 
frames. Detailed and simplified methods. Includes different types of 
glazing, frames of any material, different types of opaque panels clad with 
metal, glass, ceramics or any other material, thermal bridge effects at the 
rebate or joint between the glazed area, the frame area and the panel 
area. 

This is the first edition of the standard. Note that this is an EN standard 
(adoption as international standard is currently under discussion). 

 

EN ISO 10077-1 Thermal performance of windows, doors and shutters ― 
Calculation of thermal transmittance ― Part 1: General (ISO 10077-
1:2006) 

CONTENT: Specifies methods for the calculation of the thermal 
transmittance of windows and pedestrian doors consisting of glazed and/or 
opaque panels fitted in a frame, with and without shutters. Allows for 
different types of glazing, opaque panels, various types of frames, and 
where appropriate the additional thermal resistance for closed shutters. 

This second edition cancels and replaces the first edition (ISO 10077-
1:2000). The revision was mainly to make corrections and provide better 
consistency with other standards. 

 

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) 

CONTENT: Specifies a method and gives the material data required for the 
calculation of the thermal transmittance of vertical frame profiles, and 
the linear thermal transmittance. Can also be used to evaluate the thermal 
resistance of shutter profiles and the thermal characteristics of roller 
shutter boxes. 

This is the first edition (currently under review). 

 

EN ISO 10211 Thermal bridges in building construction ― Heat flows and 
surface temperatures ― Detailed calculations (ISO 10211:2007) 

CONTENT: Sets out the specifications for a 3-D and 2-D geometrical model 
of a thermal bridge for the numerical calculation of heat flows and surface 
temperatures. Specifications include the geometrical boundaries and 
subdivisions of the model, the thermal boundary conditions and the 
thermal values and relationships to be used. 

This second edition cancels and replaces the editions previously published 
in two parts (ISO 10211-1:1996 and ISO 10211-2:2001).  
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The revision was mainly to make corrections and provide better 
consistency with other standards. 

 

EN ISO 14683 Thermal bridges in building construction ― Linear thermal 
transmittance ― Simplified methods and default values (ISO 
14683:2007) 

CONTENT: Deals with simplified methods for determining heat flows 
through linear thermal bridges which occur at junctions of building 
elements. Specifies requirements relating to thermal bridge catalogues 
and manual calculation methods. Provides default values of linear thermal 
transmittance. 

This second edition cancels and replaces the first edition (ISO 14683:1999). 

The revision reviewed and amended the default values of linear thermal 
transmittance. 

 

EN ISO 10456 Building materials and products ― Hygrothermal 
properties ― Tabulated design values and procedures for determining 
declared and design thermal values (ISO 10456:2007) 

CONTENT: This standard specifies methods for the determination of 
declared and design thermal values for thermally homogeneous building 
materials and products, together with procedures to convert values 
obtained under one set of conditions to those valid for another set of 
conditions. These procedures are valid for design ambient temperatures 
between -30 °C and +60 °C.  

It gives conversion coefficients for temperature and for moisture. These 
coefficients are valid for mean temperatures between 0 °C and 30 °C. 

It also gives design data in tabular form for use in heat and moisture 
transfer calculations, for thermally homogeneous materials and products 
commonly used in building construction. 

This second edition cancels and replaces the first edition (ISO 10456:2000). 

The revision incorporated tabulated values of thermal and moisture 
properties previously given in EN 12524. The data were reviewed and 
updated where appropriate. 

7 > Spotlight on EN ISO 13370:2007, heat transfer via the ground 

Special attention is paid to EN ISO 13370, heat transfer via the ground, 
because the new version of this standard has some important new 
features: 

› Monthly thermal transmission properties enabling the calculation of 
the thermal transmission for heating season, but also for cooling. 

› Addition of new procedures to use the calculated properties as basis 
for modelling the dynamic heat flow through the ground floor and 
ground in hourly simulation programs. 

› Separation of plane elements and ground floor junctions, enabling the 
separation of ground floor product properties (U-value) and the 
properties (Ψ-values) of connections between ground floor and 
wall(s). 
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More detailed explanation 

Monthly properties, for heating and for cooling 

For steady state heat transmission between indoor and outdoor 
environments, the heat flow is proportional with the indoor-outdoor 
temperature difference. Consequently, for conventional building elements 
we may assume constant thermal properties, such as a U-value. 

For the heat transmission through the ground floor the situation is more 
complicated: the monthly heat flow through the ground is strongly 
affected by the large inertia of the ground and consequently not a linear 
function of the monthly mean indoor-outdoor temperature difference. The 
edge of the floor, close to the wall separating the building from the 
external environment is affected the least by this inertia, the parts more 
distant from the wall are affected the most.  

The integrated effect for the whole floor is determined by two non-linear 
equations: 

› Equation to determine the annual average heat flow per m2 of floor 
area through floor and ground. Output: steady state U-value of floor 
including the effect of the ground ‘package’, being a function of e.g. 
U-value and size of the floor itself and the thermal characteristics of 
the ground). 

› Equation to determine the periodic heat flow. Output: monthly values 
of the overall heat transfer coefficient through the ground floor, Hg,m 
(W/K).  

Example: 

Monthly varying heat flow properties of floor 
plus ground

EN ISO 13370                              

0
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H
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2K
] 5x8

10x8
15x8

25x25
100x100

 
Fig. 6. Example of monthly varying heat flow properties of floor plus 
ground, per m² floor area for different floor sizes (m x m) 
 

Modelling the dynamic heat flow through the ground floor and ground 
in hourly simulation programs 

Problem 

The algorithms to calculate the heat transmission through the floor and 
ground in dynamic simulation tools are very different, ranging from a 
strong simplification (such as a fixed temperature under the floor) to a 
detailed two or three dimensional dynamic calculation. Normally it will be 
difficult to compare and/or merit such tools against simplified (quasi-
steady state) procedures. This is in particular a problem if such a tool is 
used in the context of energy performance regulations: it is not always 
clear if the same boundary conditions are used; it is not always evident 
that thermal bridges (e.g. wall-floor connection) are included in a similar 
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way as is prescribed in standards like the ones we present in this paper.  

Solution 

Annex D (normative) of EN ISO 13370:2007 contains a simple procedure for 
dynamic simulation programs that links the input for the dynamic model to 
the properties gathered for the simplified (e.g. monthly) calculations.   

 

Virtual temperature θv

Indoor temperature θint

1. Model of floor layers

2. 0,5 m Ground

3. Virtual layer

1

2

3

Virtual temperature θv

Indoor temperature θint

1. Model of floor layers

2. 0,5 m Ground

3. Virtual layer

1

2

3

 
Fig. 6. Illustration of the 
dynamic model for dynamic 
simulation programs in 
EN ISO 13370:2007 (normative 
annex D) matching the quasi-
steady state methods. 
 

The floor construction together with the ground is modelled as a single 
component, consisting of each layer in the floor construction plus 0,5 m 
depth of ground plus a virtual layer. The thermal resistance of the virtual 
layer is included so that the steady state thermal properties are respected. 
The boundary condition at the bottom of the virtual layer is a virtual 
temperature, based on the steady state and periodic heat transfer 
properties (including edge effects) as derived for the quasi-steady state 
methods. In this way the annual average and periodic heat flows are fully 
consistent with the quasi-steady state methods. 

 

Separation of plane and beam ground floor elements 

In EN ISO 13370:2007 the approach becomes similar to the approach in the 
other standards of this suite of international standards. For manufacturers 
of ground floor elements and for designers it is important to be able to 
have a specification of the floor product properties which is independent 
of the floor size and independent of the details of the floor-wall junction.  
The floor size comes in as a logarithmic equation, because the effect of 
the inertia of the ground is a function of the distance from the floor edge. 

8 > FAQ 

The standards on thermal properties of building components are ISO 
standards. How can these standards make reference to the set of 
European standards to support the EPBD?  

If an ISO standard is also an EN ISO standard, then it is a European standard 
just like any other EN (European) standard. As illustrated in this paper a 
CEN standard to support the EPBD is one of a series of standards that are 
mutually related and serve particular European (EPBD) needs; in 
particular: which are meant to be applied in the context of national 
building regulations. If, for this purpose, such an EN ISO standard needs to 
make a reference to another EN standard, then one may find in the 
standard a distinction between references to EN standards for use within 
the CEN area and references to ISO or national standards for use outside 
Europe (see e.g. EN ISO 13790, Info Paper P92). For the suite of 
international standards on thermal transmission properties, the main 
inputs and outputs are linked to other EN ISO standards, as figure 3 and 
figure 4 show, which means that these links are valid both within CEN and 
within ISO.  

Can the method be used for existing buildings? 

Yes, but some of the required input data may not be available at 
reasonable costs. For those cases, default values may be provided at 
national level, e.g. as function of type and age of construction. 

Why has the term “heat transfer” been introduced instead of “heat 
loss”? 

Heat is lost from a building or building part by transmission or ventilation, 
as a result of a positive temperature difference between the indoor and 
outdoor (or other) environments. However, if the indoor temperature of 
the considered building or building part is lower than the temperature of 
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the other environment (outdoor environment or another building part), the 
heat loss becomes negative. Therefore the more neutral term “heat 
transfer” was introduced from the 2007 versions of the EPBD related 
standards on. The downside of this is that now it must be explicitly stated 
which direction has the positive sign. By definition, if the heat flows from 
the considered building or building part to the other environment, it has a 
positive sign. NOTE: a negative heat loss should not be confused with 
“heat gain”. The term heat gain (see e.g. EN ISO 13790, energy use for 
heating and cooling) is used for solar and internal gains which are not a 
function of the indoor-outdoor temperature difference: if the indoor 
temperature rises, e.g. due to excess gains, the heat transfer by 
transmission and ventilation will automatically rise proportionally, but the 
solar and internal heat gains remain the same (compare the electric 
equivalent: a current through a resistor versus a current source).  

 
 
 
CENSE partners: 
TNO (NL; coordinator), CSTB (FR), 
ISSO (NL), Fraunhofer-IBP (DE), 
DTU (DK), ESD (GB), FAMBSI (FI), 
EDC (IT) 
Associated partners: 
HTA Luzern (CH), BRE (GB), 
Viessmann (DE), Roulet (CH), JRC 
IES (EC) 
Link: www.iee-cense.eu
 
 
 
Original text language: English 
 
 
 
 
 

cense

Why are the symbols in these EN ISO standards not always the same as 
in the CEN standards to support the EPBD? 

For instance: the subscripts for transmission and ventilation are T and V in 
ISO and tr and ve in CEN.  

There may be two reasons: 1) because the EN ISO standard was already 
published before the common symbols were agreed upon in CEN (which 
was in 2007); 2) because the ISO standard is closely linked to other ISO 
standards which use different symbols.  
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