
Summary

This paper presents some results from the Work 
Package 5 in the HealthVent project supported by 
the European Commission. One of the objectives of 
the project has been to review and critically evaluate 
the requirements on thermal and acoustic comfort re-
quirements in national building codes and European 
standards. The data in national legislation and codes 
were collected in spring 2011 from 16 European 
countries with questionnaires, which were sent to 
project partners and trusted experts on ventilation.

The requirements on indoor temperature, air velocity, 
humidity, and noise levels were all found very incon-
sistent. Indoor air temperature in summer range from 
25 to 28°C and 15 to 21°C in winter. Maximum air 
velocities vary from 0.15 to 0.30 m/s and in many reg-
ulations the limits do not depend on the air tempera-
ture. Limit values for air humidity are almost consist-
ently 30% r.h.in winter and 70% r.h.in summer. Noise 
requirements follow the pattern of other observed re-
quirements and vary in a wide range. Moreover, they 
are further complicated because they are given in three 
different units, which cannot be compared.

A common European regulation based on existing 
European Standards would help to establish uniform 
requirements for thermal en acoustic environment in 
Europe, which would also benefit industry by i.a. reduc-
ing the construction cost of HVAC systems.

Introduction
This article is the second and last from the series of articles 
about indoor environmental requirements in European 
Standards and national regulations. While the first article 
published in January 2012 issue of the REHVA Journal 

focuses on requirements for ventilation rates and indoor 
pollutant levels, this issue focuses on requirements for 
temperature, draft, humidity, and noise.

Like the previous article from the January 2012 issue of the 
REHVA Journal, this one also presents some of the results 
from the work performed in the HealthVent project [1], 
supported by the European Commission. The objective of 
the HealthVent project is to develop health-based ventila-
tion guidelines for the EU. Members of the project group 
are experts from different disciplines from 9 European 
countries. One of the objectives of the project was to review 
and critically evaluate the existing requirements on venti-
lation and IAQ defined in building codes and European 
standards. The project’s focus was set on ventilation rates, 
pollutants, noise, temperature and relative air movement 
in dwellings, offices, schools and kindergartens.

Results
Information on national regulations and practice in 
European countries were collected with a special ques-
tionnaire that was sent to project partners and trusted 
experts on ventilation in several European countries. 
The questionnaire comprised of 10 questions and sub-
questions. Respondents were asked to provide values 
of ventilation rates, indoor temperature and relative air 
velocity limits, noise levels, etc., which can be found in 
the national regulations. In case if no such values exist-
ed in the regulations, they were asked to provide values 
which are most widely used in practice (from standards, 
guidelines, etc.). In the responses they had to mark if 
the provided value is mandatory or voluntary to use. 
Questionnaires were returned by respondents from 16 
countries (Table 1) in spring 2011.

In order to distinguish whether the data presented in 
the following diagrams is mandatory or not to use, the 
following applies: values in charts and tables, which are 
given in normal letters, are published in regulations and 
are therefore mandatory to be used. Values which are 
underlined and given in italic letters are only suggestions 
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Figure 1. Comparison of requirements for indoor temperature (left) and relative air velocity (right). Markers in yellow 
colour designate the recommended values from EN 15251:2007 (category II).
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in regulations, or published in guidelines and standards, 
which are voluntary to use.

Thermal and comfort requirements
The results for indoor temperature limits and relative air 
velocity limits in summer and winter show that values are 
very inconsistent among European countries (Figure 1).

Temperature limits for summer vary from 28 to 25°C and 
in winter from 15 to 21°C. It is important to note that 
an optimum indoor air temperature is important factor 
for learning performance of children [1] and perform-
ance of employees in offices [2]. Summer limit of 28°C 
seems to be too high from that point of view since con-
siderably reduces performance. It is interesting to see that 
Finland, which is a country with coldest climate among 
included countries, has the highest limit of the winter 
minimum temperature. On the other hand, Finland has 
also the lowest summer design temperature, thus mak-
ing it the country with the set temperature limits which 
are the closest match of the optimum values. One can 
notice that the minimum air temperature limit is pre-
scribed more countries than maximum air temperature 
limit. The recommended values in EN15251:2007 are 
20°C and 26°C for winter and summer, respectively. A 

comparison with the values from the national regulations 
shows that seven countries have at least one temperature 
limit set under out of the recommended range by the EN 
standard. Winter minimum temperatures are more prob-
lematic since there are 6 out of 16 countries that have 
minimum temperature requirement below 20°C.

Maximum air velocities were also found to be inconsist-
ent among countries. They vary from 0.15 to 0.30 m/s. 
Majority of regulations only prescribe maximum air ve-
locity but not also the temperature of air at that velocity, 
which has a big influence on the perceived comfort of 
the person that is exposed to the draft. Limits of air ve-
locities are not prescribed as often as temperature limits 
since requirements exist in only 6 out of 16 countries.

Limits values of air humidity follow the pattern of tem-
peratures and air velocities and but are slightly more 
consistent (Table 2). They are expressed as relative hu-
midity (%) or absolute humidity (g/kg). Lower limits 
are constantly at 30% while higher limits are 70% in 
all cases except one, where it is 75%. Humidity level is 
given in terms of absolute humidity to limit the highest 
amount of water in the air and is in both cases the same, 
i.e. 12 g of water per one kg of air.

Noise requirements
Limit noise levels as defined in European regulations 
and standards are very inconsistent, which coincides 
with findings on temperature, air velocity and humidity 
limits. Inconsistency is present also in the use of units 
since countries use maximum level (LAFmax), equivalent 
level (Leq), and noise rating curves (NR). Due to the dif-

Table 1. Country abbreviations used in charts.

BG Bulgaria GR Greece PL Poland
CZ Czech 

Republic
HU Hungary PT Portugal
IT Italy RO Romania

DE Germany LT Lithuania SI Slovenia
FI Finland NL Netherlands UK United 

KingdomFR France NO Norway
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ferent definitions used in the definitions of the three 
units, they are not directly comparable.

Minimum given equivalent level for bedrooms in dwell-
ings is 28 dB(A) eq and minimum given instantane-
ous level is 25 dB(A). Maximum levels are 35 dB(A) 
eq and 40 dB(A). Lower limit values for classrooms 
and playrooms are in comparable range and also higher 
than in bedrooms. Range for equivalent levels (min – 
max) is 28 to 40 dB(A) eq, and for instantaneous levels 
30 to 45 dB(A). Values in offices are (min – max) for 
equivalent levels 33 to 45 dB(A) eq and for instantane-
ous levels 35 to 50 dB(A). Differences min – max are 
big in both cases, equivalent and instantaneous. It seems 
that in average, equivalent levels are usually 5 dB lower 
than instantaneous levels.

40

33
35

26

30

35

26 26

30

26
28

35 35 35

25 25

20

25

30

35

40

45

50

CZ FI DE GR HU IT LT NL NO PL RO SI UK EN

N
oi
se

le
ve
l[
dB

(A
)]

Limit noise level in sleeping room

LAFmax Leq NR

40

45

33

40 40 40

30

35

40 40 40

28

25

35

20

25

30

35

40

45

50

BG CZ FI DE GR HU IT LT NL NO PL RO EU

N
oi
se

le
ve
l[
dB

(A
)]

Limit noise level in playrooms

LAFmax Leq NR

40

45

38
40

35

40

30

35 35 35

40

35
33

25

35 35

20

25

30

35

40

45

50

BG CZ FI DE GR HU IT LT NL NO PL RO SI UK EU

N
oi
se

le
ve
l[
dB

(A
)]

Limit noise level in classroom

LAFmax Leq NR

45

50

38
40

35

50

30

35 35 35 35
33

35

45

35

45

20

25

30

35

40

45

50

BG CZ FI DE GR HU IT LT NL NO PL RO SI UK EU

N
oi
se

le
ve
l[
dB

(A
)]

Limit noise level in office

LAFmax Leq NRFigure 2. Comparison of requirements for limit noise levels. Markers in red colour designate the recommended 
values from EN 15251:2007.
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Table 2. Limit values of air humidity.

Country Limit value for humidity of indoor air

Czech Republic 30 -70% RH
Finland no humidification above 45% RH
Germany max 12 g/kg
Greece winter max: 40% RH 

summer max: 45% RH
Hungary 30 - 70%
Italy 45-55%
Lithuania max. 75% RH
Norway only recommendations to prevent 

dampness and mold growth
Romania for 20 - 27°C 

RH = 30 - 70% 
upper max 12 g/kg

Slovakia 30 - 70% RH
Slovenia 30 - 70% RH
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In comparison to the values, which are recommended by 
the EN 15251, many of directly comparable limit val-
ues (given as instantaneous sound power levels) are too 
high. In the sleeping room, where EN value is 26 dB(A) 
the highest limit is 40 dB(A). Recommended level in 
classroom of 35 dB(A) is exceeded only by one country, 
while the recommended limit in classrooms in exceeded 
six time and for maximum 10 dB(A). The recommend-
ed limit for offices of 35 dB(A) is exceeded five times. 
The comparison of values in regulations and European 
Standard clearly shows that in general the noise limits 
are set to high. In the case of too high ventilation noise 
building occupants, especially in family houses or apart-
ments, tend to reduce the fan speed or even turn off the 
ventilation, which results in poor indoor air quality.

Conclusion
The data was collected from 16 countries from all parts 
of Europe, thus giving a good coverage of regions with 
different building practice and climate. Questionnaires 
were returned by respondents in spring 2011, i.e. about 
two years ago. Since regulations are periodically a subject 
of modifications some of the presented data may now al-
ready be obsolete. Although the respondents are experts 
on ventilation, a certain measure of uncertainty exists re-
garding the accuracy of the collected data. Due to limit-
ed resources, all data could not be verified. Due to these 
limitations the nature of data presented in this article is 
informative and should not be used in practice.

Despite some limitations in the reliability of collected 
data it is clear that the values found in regulations are 
inconsistent and missing in regulations of some coun-

tries. We can conclude that common European regula-
tory values are needed for thermal and acoustic environ-
ment. European Standards, if properly applied, should 
already ensure no problems with thermal and acoustic 
environment (good practice). They already cover a sig-
nificant part of the elements which should be respected 
during design of ventilation systems. National regula-
tions, on the other hand, do not regulate all the elements 
of thermal and acoustic environment. Moreover, the val-
ues are inconsistent and vary in a wide range. A com-
mon European regulation based on existing European 
Standards would help to establish uniform requirements 
for thermal en acoustic environment in Europe, which 
would also benefit industry by i.a. reducing the con-
struction cost of HVAC systems.
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REHVA GUIDEBOOK NO. 16 “HVAC 
in Sustainable Office Buildings – A 
bridge between owners and engi-
neers” talks about the interaction 
of sustainability and Heating, ven-
tilation and air–conditioning. HVAC 
technologies used in sustainable 
buildings are described. This book 
also provides a list of questions 
to be asked in various phrases of 
building’s life time. Different case 
studies of sustainable office build-
ings are presented.

Written by teams of European HVAC experts
REHVA GUIDEBOOKSREHVA GUIDEBOOKS   

REHVAREHVA  Guidebooks are written by teams of European expertsGuidebooks are written by teams of European experts   

www.rehva.eu ● info@rehva.eu ● REHVA Office: 40 rue Washington, 1050 Brussels—Belgium ● Tel + 32 2 514 11 71 ● Fax +32 2 512 9062   
REHVA Guidebooks are available at www.rehva.eu or through REHVA National Members 

Improving the ventilation effectiveness allows the indoor air quali-
ty to be significantly enhanced without the need for higher air 
changes in the building, thereby avoiding the higher costs and 
energy consumption associated with increasing the ventilation 
rates. This Guidebook provides easy-to-understand descriptions 
of the indices used to mesure the performance of a ventilation 
system and which indices to use in different cases. 

NO: 2NO: 2  

Chilled beam systems are primarily used for cooling and ventila-
tion in spaces, which appreciate good indoor environmental quali-
ty and individual space control. Active chilled beams are con-
nected to the ventilation ductwork, high temperature cold water, 
and when desired, low temperature hot water system. Primary air 
supply induces room air to be recirculated through the heat ex-
changer of the chilled beam. In order to cool or heat the room 
either cold or warm water is cycled through the heat exchanger. 

NO: 5NO: 5  

Indoor Climate and Productivity in Offices Guidebook shows how 
to quantify the effects of indoor environment on office work and 
also how to include these effects in the calculation of building 
costs. Such calculations have not been performed previously, 
because very little data has been available. The quantitative 
relationships presented in this Guidebook can be used to calcu-
late the costs and benefits of running and operating the building. 

NO: 6NO: 6  

This Guidebook describes the systems that use water as heat-
carrier and when the heat exchange within the conditioned space 
is more than 50% radiant. Embedded systems insulated from the 
main building structure (floor, wall and ceiling) are used in all 
types of buildings and work with heat carriers at low temperatures 
for heating and relatively high temperature for cooling. 

NO: 7NO: 7  

Cleanliness of ventilation systems Guidebook aims to show that 
indoor environmental conditions substantially influence health and 
productivity. This Guidebook presents criteria and methods on 
how to design, install and maintain clean air handling systems for 
better indoor air quality. 

NO: 8NO: 8  

Hygiene requirement is intended to provide a holistic formulation of 
hygiene-related constructional, technical and organisational requi-
rements to be observed in the planning, manufacture, execution, 
operation and maintenance of ventilating and air-conditioning 
systems. These requirements for ventilating and air-conditioning 
systems primarily serve to protect human health. 

NO: 9NO: 9  

CFD-calculations have been rapidly developed to a powerful tool 
for the analysis of air pollution distribution in various spaces. 
However, the user of CFD-calculation should be aware of the 
basic principles of calculations and specifically the boundary 
conditions. Computational Fluid Dynamics (CFD) – in Ventilation 
Design models is written by a working group of highly qualified 
international experts representing research, consulting and de-
sign.  

NO: 10NO: 10  

Air filtration Guidebook will help the designer and user to unders-
tand the background and criteria for air filtration, how to select air 
filters and avoid problems associated with hygienic and other 
conditions at operation of air filters. The selection of air filters is 
based on external conditions such as levels of existing pollutants, 
indoor air quality and energy efficiency requirements. 

NO: 11NO: 11  

Solar Shading Guidebook gives a solid background on the phy-
sics of solar radiation and its behaviour in window with solar 
shading systems. Major focus of the Guidebook is on the effect of 
solar shading in the use of energy for cooling, heating and ligh-
ting. The book gives also practical guidance for selection, installa-
tion and operation of solar shading as well as future trends in 
integration of HVAC-systems with solar control. 

NO: 12NO: 12  

School buildings represent a significant part of the building stock 
and also a noteworthy part of the total energy use. Indoor and 
Energy Efficiency in Schools Guidebook describes the optimal 
design and operation of schools with respect to low energy cost 
and performance of the students. It focuses particularly on ener-
gy efficient systems for a healthy indoor environment. 

NO: 13NO: 13  

This new REHVA Guidebook gives building professionals a 
useful support in the practical measurements and monitoring of 
the indoor climate in buildings. Wireless technologies for mea-
surement and monitoring has allowed enlarging significantly 
number of possible applications, especially in existing buildings. 
The Guidebook illustrates with several cases the instrumentation 
for the monitoring and assessment of indoor climate. 

NO: 14NO: 14  

This guidebook is focused on modern methods for design, control 
and operation of energy efficient heating systems in large spaces 
and industrial halls. The book deals with thermal comfort, light and 
dark gas radiant heaters, panel radiant heating, floor heating and 
industrial air heating systems. Various heating systems are illus-
trated with case studies. Design principles, methods and modeling 
tools are presented for various systems. 

NO: 15NO: 15  

This guidebook talks about the interaction of sustainability and 
Heating, ventilation and air–conditioning. HVAC technologies used 
in sustainable buildings are described. This book also provides a 
list of questions to be asked in various phrases of building’s life 
time. Different case studies of sustainable office buildings are 
presented.  NEW 

NO: 16NO: 16  

 
 
 
 


REHVA

REHVA GUIDEBOOK NO. 17 “Design 
of energy efficient ventilation and air-
conditioning systems” covers numer-
ous system components of ventila-
tion and air-conditioning systems 
and shows how they can be im-
proved by applying the latest tech-
nology products. Special attention 
is paid to details, which are often 
overlooked in the daily design prac-
tice, resulting in poor performance of 
high quality products once they are 
installed in the building system.

REHVA GUIDEBOOKSREHVA GUIDEBOOKS   

REHVAREHVA  Guidebooks are written by teams of European expertsGuidebooks are written by teams of European experts   

www.rehva.eu ● info@rehva.eu ● REHVA Office: 40 rue Washington, 1050 Brussels—Belgium ● Tel + 32 2 514 11 71 ● Fax +32 2 512 9062   
REHVA Guidebooks are available at www.rehva.eu or through REHVA National Members 

Improving the ventilation effectiveness allows the indoor air quali-
ty to be significantly enhanced without the need for higher air 
changes in the building, thereby avoiding the higher costs and 
energy consumption associated with increasing the ventilation 
rates. This Guidebook provides easy-to-understand descriptions 
of the indices used to mesure the performance of a ventilation 
system and which indices to use in different cases. 

NO: 2NO: 2  

Chilled beam systems are primarily used for cooling and ventila-
tion in spaces, which appreciate good indoor environmental quali-
ty and individual space control. Active chilled beams are con-
nected to the ventilation ductwork, high temperature cold water, 
and when desired, low temperature hot water system. Primary air 
supply induces room air to be recirculated through the heat ex-
changer of the chilled beam. In order to cool or heat the room 
either cold or warm water is cycled through the heat exchanger. 

NO: 5NO: 5  

Indoor Climate and Productivity in Offices Guidebook shows how 
to quantify the effects of indoor environment on office work and 
also how to include these effects in the calculation of building 
costs. Such calculations have not been performed previously, 
because very little data has been available. The quantitative 
relationships presented in this Guidebook can be used to calcu-
late the costs and benefits of running and operating the building. 

NO: 6NO: 6  

This Guidebook describes the systems that use water as heat-
carrier and when the heat exchange within the conditioned space 
is more than 50% radiant. Embedded systems insulated from the 
main building structure (floor, wall and ceiling) are used in all 
types of buildings and work with heat carriers at low temperatures 
for heating and relatively high temperature for cooling. 

NO: 7NO: 7  

Cleanliness of ventilation systems Guidebook aims to show that 
indoor environmental conditions substantially influence health and 
productivity. This Guidebook presents criteria and methods on 
how to design, install and maintain clean air handling systems for 
better indoor air quality. 

NO: 8NO: 8  

Hygiene requirement is intended to provide a holistic formulation of 
hygiene-related constructional, technical and organisational requi-
rements to be observed in the planning, manufacture, execution, 
operation and maintenance of ventilating and air-conditioning 
systems. These requirements for ventilating and air-conditioning 
systems primarily serve to protect human health. 

NO: 9NO: 9  

CFD-calculations have been rapidly developed to a powerful tool 
for the analysis of air pollution distribution in various spaces. 
However, the user of CFD-calculation should be aware of the 
basic principles of calculations and specifically the boundary 
conditions. Computational Fluid Dynamics (CFD) – in Ventilation 
Design models is written by a working group of highly qualified 
international experts representing research, consulting and de-
sign.  

NO: 10NO: 10  

Air filtration Guidebook will help the designer and user to unders-
tand the background and criteria for air filtration, how to select air 
filters and avoid problems associated with hygienic and other 
conditions at operation of air filters. The selection of air filters is 
based on external conditions such as levels of existing pollutants, 
indoor air quality and energy efficiency requirements. 

NO: 11NO: 11  

Solar Shading Guidebook gives a solid background on the phy-
sics of solar radiation and its behaviour in window with solar 
shading systems. Major focus of the Guidebook is on the effect of 
solar shading in the use of energy for cooling, heating and ligh-
ting. The book gives also practical guidance for selection, installa-
tion and operation of solar shading as well as future trends in 
integration of HVAC-systems with solar control. 

NO: 12NO: 12  

School buildings represent a significant part of the building stock 
and also a noteworthy part of the total energy use. Indoor and 
Energy Efficiency in Schools Guidebook describes the optimal 
design and operation of schools with respect to low energy cost 
and performance of the students. It focuses particularly on ener-
gy efficient systems for a healthy indoor environment. 

NO: 13NO: 13  

This new REHVA Guidebook gives building professionals a 
useful support in the practical measurements and monitoring of 
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