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A B S T R A C T   

The airborne transmission of SARS-CoV-2, the virus that causes Covid-19 disease, has been recognized as an 
essential route of contagion, so adequate ventilation is vital indoors. For this reason, the research goal focuses on 
carrying out the study and evolutionary and comparison analysis of the regulation of ventilation rates in 
dwellings in Europe (2010–2022) and on determining whether modifications are necessary for the said regu
lation based on the recommendations of competent international organizations. To do this, the methodology 
followed initially starts from the study carried out in 2010 by Christine Dimitroulopoulou, in which the existing 
regulation in various European countries regarding ventilation in dwellings was studied. Once this study has 
been analysed, it continues to update and compare the regulation of the different European countries cited in the 
said work, detecting during the process if a modification is necessary based on the recommendations indicated by 
international organizations such as the WHO or ECDC. The results and conclusions indicate that few countries 
have significantly changed their ventilation rates. Although the existing ones may be admissible, requiring 
controlled ventilation in the different regulations would be convenient.   

1. Introduction 

Historically, ventilation of inhabited spaces has been an aspect of 
interest on numerous occasions, as is the case in Ancient Greece, Rome 
(Hippocrates, 460-377 B.C.) or Egypt [1–5]. 

Despite that, in the Middle Ages, there was a setback that had a 
notable impact on the health of the population. 

Later, attempts were sometimes made to remedy this situation with 
more height from floor to ceiling or with windows that are taller than 
they are wide, among other solutions [2]. 

However, it is not until well into the Modern Ege that a clear sci
entific concern for ventilation in dwellings appears. This is because even 
around 1700, the actual function of respiration was still unclear, 
although it was already known that expired air was not suitable for 
breathing. 

Thus, the studies by Lavoisier (1781) concerning the importance of 
oxygen in respiration should be highlighted. 

Boyle (1627–1691) and Hooke (1635–1703) 100 years earlier than 
Lavoisier (1667) already indicated how essential it was to supply clean 
air to the lungs. 

Thanks to these studies from the 19th and especially the 20th century 
onwards, the need to renew indoor air and the importance of CO2 level 
as an indicator of the adequate quality of air to breathe became apparent 
[1–5], highlighting, among others, Max J. Pettenkofer (1818–1901), 
that although he still defended some erroneous concepts, he established 
CO2 levels above 1000 ppm as unacceptable indoors with several people 
in them. 

Thus, in 1836 Thomas Tredgold calculated that a person needed at 
least 2 l/s of fresh air to breathe and light candles, and later the ASHRAE 
(American Society of Heating, Refrigerating and Air-Conditioning En
gineers), founded in 1894, based on the study carried out by John 
Billings (1836–1913) he recommended in 1895 as a minimum ventila
tion rate of 15 l/s per person [2]. 

Since then, ventilation has been a focus of interest from a medical 
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point of view (avoid diseases and their spread) and from a technical 
point of view (avoid discomfort, odours and gases that can disturb the 
comfort and well-being of the inhabitants of the buildings). 

From a medical point of view, after the appearance of SARS-CoV-2, 
ventilation in the building field has been recognized as one of the re
sources to use to combat this problem [6], especially in residential 
buildings, since it is in dwellings where one of the highest levels of 
transmission and contagion occurs [7]. 

From this technical point of view, it should also be noted that 
ventilation rates have been affected in recent years by the trend towards 
more and more airtight houses to reduce heat losses. 

However, concern for indoor air quality (IAQ) remains centered [8] 
maintaining thermal comfort [9] and at the same time trying to reduce 
energy consumption (nearly zero consumption building) [10]. 

Ventilation is identified with adequate air renewal in a room to 
maintain its quality [11] while comfort and desirable energy efficiency 
[12], making it possible to do it using any of the following systems 
commonly used in buildings [13]: i) Natural ventilation [14], which is a 
simple passive solution, low cost and with various techniques to apply 
[15]; ii) Mechanical or forced ventilation [11], usually a fan (or 
extractor) [14] with which, although the cost is higher, better air rates 
are achieved compared to natural ventilation [14]; iii) Hybrid ventila
tion: air renewal occurs as in natural ventilation and, when unfav
ourable, as in mechanical extraction ventilation [11,14]. 

In addition, for any study of ventilation, three basic elements must be 
known: i) Ventilation rate (m3/hr, l/s or ACH), that is, the volume of 
outside air that is supplied to the space or ACH (air changes per hour); ii) 
Air flow direction, that is, the path of airflow in buildings and spaces, 
which must be from clean areas to dirty areas; iii) Air distribution or 
airflow pattern. Outdoor air must be delivered to each part of the space 
and airborne contaminants generated in each part of the space must be 
removed effectively and efficiently. 

It is evident that the “Air flow direction”, as well as the “Air distri
bution or airflow pattern”, are parameters that can favour or hinder 
achieving adequate ventilation. 

However, ACH (Air Renewals per Hour) air renewal and its trans
lation into ventilation rates usually attract interest for regulatory pur
poses and for this reason this study will focus on it. This is because the 
ventilation rate is defined as the exchange of a volume of air per unit of 
time and, in the case of ACH, each air renewal per hour means that in 1 h 
a volume of outside air is introduced equal to the volume of interior 
space that is being ventilated, which does not mean that with a single 
ACH the interior air has been completely eliminated by exterior air since 
due to mixing and other factors it is not possible in most cases. 

Nevertheless, the other factors or parameters (“Airflow direction” 
and “Airflow distribution or airflow pattern”) must be such as to guar
antee the ventilation rate (with adequate ACH) that indicates the 
regulation. 

For it, although it is not the object of this study for the stated reasons, 
it should be noted that the design, dimensions, equipment and charac
teristics of the building, the dwelling and each of its partitions [16], as 
well as its envelope, are closely related to the possibility of achieving an 
adequate rate of ventilation, also taking into account the activities, 
people present and the required environmental conditions (temperature, 
humidity, etc.). 

On the other hand, in terms of the need to regulate ventilation in 
dwellings with respect to other interior spaces, it should be noted that it 
is of great importance since it is the place where most people spend the 
longest time throughout their lives [17] and therefore fluid dynamics 
that lead to insufficient air quality should not be admissible [18]. 

Thus, there are previous studies of indoor ventilation [19–22], some 
even making comparisons between the minimum regulated ventilation 
and the real one [23]. 

Recently, the regulations on ventilation and its adaptation to the 
demands of Covid have been studied in some specific countries [24,25]. 
It is true that at the beginning of the pandemic, the WHO itself was slow 

to recognize airborne transmission, via aerosols [26]. 
However, after advances in research and the appearance of evidence 

on airborne transmission [27], this route was recognized, and its higher 
incidence indoors, as is the case in dwellings, and how it can be reduced 
with adequate ventilation. 

Nonetheless, although there are numerous studies on the relation
ship between ventilation in residential buildings and dwellings and the 
risk of transmission of SARS-Cov-2 and viruses with similar behavior 
[28,29], no studies have been detected regarding the regulation of 
ventilation in dwellings in Europe from the point of view of its evolution 
and updating from 2010 to 2022 and its relationship with the 
SARS-CoV-2 pandemic, or viruses that cause illnesses ranging from 
common cold to pneumonia, Middle East Respiratory Syndrome 
(MERS), and Severe Acute Respiratory Syndrome (SARS). 

In addition, except for specific cases of specific countries [24,25], no 
studies have been detected in this area on the level of need for a 
modification of said regulation based on the recommendations made by 
competent international organizations, especially to avoid the high 
mortality rates that led to the application of legislation never used to 
date [30]. 

That is why it is necessary to advance the study of legal regulation so 
that it considers effective measures that in the future help alleviate the 
effects of the pandemic suffered in the future. 

For this reason, the fundamental goal of this research is the study 
of the different variations of the ventilation rate in dwellings in 
Europe, and more specifically, its evolution and update from 2010 
to early 2022, making a comparison between European countries, 
to detect if a modification is necessary based on the recommenda
tions indicated by the World Health Organization (WHO) and the Eu
ropean Center for Disease Prevention and Control (ECDE). 

2. Methodology 

The methodology (see Fig. 1) has focused on the search for infor
mation on housing recommendations and regulations in Europe in the 
last decade, from which conclusions have been deduced on which to rely 
as a reliable guide around the issue of ventilation, thus helping to obtain 
a more appropriate legal framework. 

Once the search has been carried out, the work focuses on carrying 
out a comparison study between the current regulations and the rec
ommendations related to the circumstances originating from the year 
2019 with the appearance of Sars-CoV-2, to, through this comparison, 
get results and develop discussions with conclusions in this regard. 

In relation to the countries analysed and the reason why not all 
countries in the European Union are addressed in this document, it 
should be noted that it is a representative sample of European countries 
with different climatology, but whose regulation is more related to 
ventilation directives, as already indicated in the study carried out by 
Christine Dimitroulopoulou [22] and which has served as a starting 
point for this research. 

Regarding the documentary sources (normative) that were con
sulted, it starts from “EUR-Lex” in which there are texts published in the 
Official Journal of the European Union, Jurisprudence of the Court of 
Justice of the European Communities and documents of the Commis
sion, etc. From each country in particular, official gazettes, bulletins, 
etc., as well as informative documents were consulted to detect the 
corresponding legal texts. Subsequently, the appropriate data were 
studied and extracted according to the purpose of the investigation. It 
should be noted that some of them were difficult to locate and payment 
was required to obtain them. 

Finally, the criteria used to compare the regulations of the different 
countries were based on objective technical issues (fundamentally 
related to the quantification of ventilation rates), but also subjective 
ones related to other factors evaluated by recognized institutions (in
ternational and national entities and organizations). 

Regarding how documentary sources were processed and how data 
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were collected from them, the technique used was to categorize, 
investigate and interpret documents, including their isolated and 
comparative analysis [31]. Because the study looked at the ventilation 
rate, this process focused on extracting data related to it. 

Furthermore, since it is about comparing the data on this ventilation 
rate, the metrics and their units of measurement expressed in the 
different documents were standardized through the corresponding 
equivalences. 

3. Results 

3.1. WHO and ECDC recommendations on ventilation rates to avoid risks 
related to the transmission of the virus that causes Covid-19 

Since it is a disease that spreads in the air with some ease, the WHO 
has recommended a series of measures [32], which focus on avoiding 
the permanence of people in places with poor or no ventilation, indi
cating the need to strengthen ventilation and renewal of outside air, 
maintaining of the flow. 

In addition, at the European level, the European Center for Disease 
Prevention and Control (ECDC), in its document on heating, ventilation 
and air conditioning (HVAC) in the context of Covid-19 [27], offers a 
guideline on indoor ventilation. 

This document encourages an increase in adequate maintenance of 
the facilities and the deviation of airflow to avoid the dispersion of 
pathogens. 

It is also a supporter of controlling the entry-exit of air with adequate 
heat exchangers and properly maintained, without recirculation that 
could cause transmission risk. 

On the other hand, it urges the implementation of technical stan
dards that recommend minimum criteria related to the logistical design 
of closed spaces, including the physical location of mechanical ventila
tion systems. 

This document even indicates the need to act based on scientific 
evidence and technical knowledge. 

Finally, it leans more towards the use of mechanical or forced 
ventilation and towards avoiding sustained airflow for stationary 
people. 

3.1.1. Recommendations of the WHO 
The World Health Organization provided a complete set of recom

mendations in the “Roadmap to improve and ensure good indoor 
ventilation in the context of Covid-19” [34]. 

This document focuses on the need for a well-designed, maintained 
and operated system, specifically regarding residential settings and the 
rapid identification of Covid-19 cases, their isolation and management 
to reduce the risk of transmission in dwellings whenever a person is 
under care or home quarantine. 

Also, the document focuses primarily on the isolation area and more 
specifically on the space or room identified for home care or self- 
quarantine, following the assumption that these zones can be 

considered separate spaces. 
Fundamentally, what is offered are strategies and how to plan them. 

Almost all of these strategies are not meant to be considered for the 
entire residential area, but only for the isolation space. 

However, all these strategies and their corresponding planning ulti
mately aim that, whether in the case of natural ventilation or cross 
ventilation, the minimum ventilation rate is 10 l/s/person (EN 16798-1) 
within the isolation area [34]. 

3.1.2. Recommendations of ECDC 
Regarding the recommendations issued by the ECDC for ventilation 

expressed in the document “Heating, Ventilation and Air-Conditioning 
Systems” [33], the recommendations are compiling to respond to a 
guide on heating, ventilation and air conditioning (HVAC) systems in 
closed spaces in the context of Covid-19. 

These guidelines are designed to carry out controls in closed spaces, 
the most important being to avoid the recirculation of untreated air 
whenever possible, considering the energy efficiency of HVAC systems 
and, if feasible, the use of natural cross ventilation. It also indicates that 
the minimum number of air changes per hour (ACH) must be guaran
teed, which according to the ASHRAE (American Society of Heating, 
Refrigeration and Air Conditioning Engineers), is between 7 and 10 l/s 
per person [35]. 

On the other hand, from the said documentation [33], it is worth 
highlighting the Annex A1 of the ECDC national guidelines for heating, 
ventilation and air conditioning (HVAC) systems in EU countries and the 
UK in the context of Covid-19, supplemented by guidance from other 

Fig. 1. Methodological flowchart.  

Table 1 
Belgian and Norwegian recommendations for ventilation (European Center for 
Disease Prevention and Control) [33].  

Belgian 

Configuration Air changes per 
hour (ACH)* 

Hour of pollution 
reduction by 90% 

Closed windows without mechanical 
ventilation 

0.1–0.5 5–25 h 

Slanted window (one side) 1–2 1 h 15 min - 2 h 
Room without windows with vent. 
mechanics 

4 37 min. 

Room without windows with increased 
vent. Mechanics 

8 20 min. 

Windows wide open ±10 15 min. 
Windows wide open, on opposite walls ±40 5 min. 
* It takes at least 2.5 ACH to change at least 90% of the air in a room in Norway 

Norwegian  

• The number of air changes must be kept 
at 7 l/s per person in the room, and CO2 

must not exceed 1000 ppm. The limit 
recommendation on CO2 must be 
balanced with humidity (minimum of 
20% humidity in winter and 30% 
humidity in summer).    
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countries and international professional associations. 
Regarding ventilation rates, except in Norway, in the annexe, there is 

no mention of specific rates in l/s and recommendations can only be 
observed in Belgium regarding air changes per hour (ACH) depending 
on the windows (Table 1). 

In relation to these guidelines, the following general nuances should 
be highlighted: i) Some of the WHO and ECDC ventilation guidelines are 
sometimes not applicable in practice to conditions in certain locations, 
as is the case in Nordic countries, especially regarding the recommended 
degree of ventilation, indoor temperature and humidity; ii) From this 
document it can be deduced, specifically in Norway [33], and generally 
for all countries, that at least air changes must be maintained at 7 l/s per 
person in the room [35]. 

3.2. Evolution of ventilation regulation in dwellings in Europe in the last 
decade 

In Europe, the regulation of ventilation in dwellings has been 
developed in each country following its criteria and, in some cases, 
certain guidelines of the European Union. 

Table 2 shows the 2010 regulations [22] and those in force in 2022, 
relative to the member states that have been the subject of the study. 

The regulations initially compiled have been taken from the study 
published in 2011 by Chrysanthi Dimitroulopoulou [22], being updated 
by the authors of this research for 2022. 

In this work, it is worth noting the difficulty that this task has 
entailed because some of these standards are available at prices that 
could make their acquisition difficult for some citizens. This is not rec
ommended, at least, when it comes to mandatory standards. 

Regarding the countries chosen, there are 14, and it is understood 
that they are suitable for this study because they have developed their 
normative guide with different reference values regarding the matter to 
be dealt with. 

Since this research focuses on ventilation rates, Figs. 2 and 3 show 
the summary of the rates contemplated in the regulations of the coun
tries studied in 2010 and 2022, respectively. Fig. 4 shows the increases 
in ventilation rates contemplated in the regulations of the countries 
analysed between 2010 and 2022. 

Although this research focuses on ventilation rates, the aforemen
tioned regulation of each country also usually includes a series of par
ticularities regarding said ventilation and its rates. Tables 3 and 4 reflect 
these with respect to the rates included in Figs. 2 and 3 for 2010 and 
2022, respectively. 

4. Analysis and discussion 

Considering the proposed objective, the evolutionary analysis of 
ventilation rates by country is carried out below. For ease of under
standing, Table 5 presents the results of the analysis in a condensed 
form. 

After analyzing the data obtained (Table 5) within the scope of the 
objective set in this work, the following considerations are made: 

In Belgium, the rates have been maintained because the Belgian 
regulation “NBN D 50-0001 1991 Dispositifs deventilation dans le 
bâtiments d’habitation” is still in 2022, according to the Office of 
Standardization (NBN), which is responsible for developing standards in 
Belgium. Regulations present a low rate of ventilation in some rooms 
compared to others, such as the living room, which may be risk areas. 

Even so, another Belgian entity, the Federal Public Service for 
Health, Food Chain Safety and the Environment, has drawn up and 
published a series of recommendations called “Practical recommenda
tions for monitoring ventilation and air quality in Covid-19” [57] that 
the rates mentioned in the mentioned regulation do not vary, but indi
cate prevention practices to reduce risk. 

These recommendations aimed at combating the Covid-19 pandemic 
contain a practical guide for implementing and monitoring ventilation 

and indoor air quality, trying to prevent the spread of the coronavirus 
and minimize its presence within spaces. 

Therefore, the same ventilation rates have been maintained in this 
country, but with the recommendation to follow the instructions given 
by the federal public service until the pandemic is considered over in 
Belgium. 

Regarding the Czech Republic, certain stability of the ventilation 
rates is observed between 2010 and 2022. However, it has not been 
possible to collect much data. 

In Denmark, as can be seen in Table 5 compared to the year 2010, in 
the year 2022, the ventilation rates have changed in terms of obtaining 
them according to the type of ventilation and according to the room in 
question, being somewhat lower for rooms in residential buildings and 
changed in very large rooms, storage rooms and the like. 

The regulations present a low ventilation rate in some rooms, which 
may be risk areas. However, authorities have considered and, in some 
cases, recommended or imposed the recommendations of WHO and 
ECDC [58]. 

As far as Finland is concerned, the ventilation rates have hardly 

Table 2 
Regulations [22] relative to ventilation in dwellings under study.  

Countries Regulation 2010 Regulation 2021-22 

Belgium NBN D 50-0001 1991 [36,60] The same regulations as they 
are still in force today 
(according to the Belgian 
standardization office) 

Czech 
Republic 
[37] 

CSN 73 4301 [38] ČSN 73 4301: 2004 + Z1: 2005 
+ Z2: 2009 + Z3: 2012 + Z4: 
2019 - Residential buildings 

CSN 73 0540 ČSN 73 0540-2: 2001 + Z1: 
2012 

Denmark [39] DS 418:2002 DS 418:2011+ up to 1:2020 
Calculation of heat loss from 
buildings [40] 

Finland NBC-D2 [41] The same regulations with 
updates 

France Order March 24, 1982 [42] Order March 24, 1982 is 
currently in force but with 
updates (last updated August 
27, 2021) 

Germany [43] DIN 1946 PART 6 [60] DIN 1946–6:2019-12 
DIN 18017 DIN 18017:2020-05 [45]. Once 

this study was completed, the 
imminent publication of an 
update to DIN 18017 was 
detected in Germany, so it has 
not been possible to include it 
and it should be the subject of 
future studies. 

VDI 2088 [44] The same regulations 
(withdrawal in 1995) 

Greece General Building Regulation 
Ley 1577/1985 [46] 
reformed byLey 2831/2000 
[47] 

The same regulations with 
updates [48]. 

Italy Decreto Sanità del 5 luglio 
1975 [49] Legislative Decree 
192/2005, UNI EN 15251 
[60] 

The same regulations with 
updates [49] 
Other standards of interest 
norma UNI 10339; UNI EN 
15251; ASHRAE 62; among 
other [50] 

Netherlands 
[51] 

Construction Decree.1992 Construction Decree. 2012 

Norway [52] Norwegian Building Code 
1987 

Norwegian Building Code 2021 

Portugal NP 1037–1:2002 [53] NP 1037–1:2015 [54] 
Spain CTE DB-HS [11] and RITE 

[55] 
CTE DB-HS [11] and RITE [55] 

Sweden Swedish Building Standard 
BBR1994 

Swedish Building Standard 
BBR2014 (BFS2014:13 – 
BBR21) [60] 

UK Construction regulation, Part. 
F [56] 

The same regulations with 
updates  
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changed since 2010, where they are currently still governed by the same 
regulations. 

The regulations present a low ventilation rate in some rooms 
compared to others, which may be risk areas. 

Even so, this country follows the recommendations of Finland 
Institute of Health and Welfare, with a flow rate of 10 l/s/person, 
avoiding return air and airborne transmission of the coronavirus from 
one space to another where it should move, always from clean facilities 
to dirty ones. 

Regarding France, the regulations on dwelling ventilation in 2022 
are similar to those of 2010 but, as can be seen in Table 5, with certain 
differentiating nuances. Thus, since 2010 a rate has been contemplated 
for the entire building based on the number of habitable rooms (R) up to 
a maximum of 7 rooms. 

In 2022 the ventilation rate values do not vary from 5 rooms or more. 
However, although some issues related to the number of environments 
or the minimum flow extracted are introduced, no significant variations 
are observed. 

It can be seen that between 2010 and 2022, a regularity between 
rates has been maintained despite restrictions due to Covid-19.The 

regulations present a ventilation rate in some rooms that can be 
improved. However, much effort was made to follow the recommen
dations of the WHO and ECDC. 

As for Germany, where ventilation rates in 2010 are set based on the 
occupants, compared to the year 2022, the rates are similar. 

The regulations present a low ventilation rate in some rooms 
compared to others, such as the living room, which may be risk areas, 
but it must be taken into account that once this study was completed, the 
imminent publication of an update to DIN 18017 was detected in Ger
many, so it has not been possible to include it and it should be the subject 
of future studies. 

However, to combat the new virus, external volume flows have been 
modified, the calculation algorithm and hygiene requirements of home 
ventilation systems have been adapted, as well as the operation of 
chimneys (vertical ducts) with natural ventilation systems (cross venti
lation, well ventilation), or mechanical ventilation systems and their 
combinations in terms of compliance with the necessary indoor air 
quality, in each case with the guarantee protection against moisture. 

As far as Greece is concerned, there have been no major changes. 
Thus, the Greek Legislative Framework Document of Reference specifies 
rates m3/h/person for complete housing and for rooms, which being 
somewhat lower in some rooms, which should make one wonder if this is 
convenient. However, due to the pandemic, the authorities have pro
moted monitoring of the protocols and recommendations made by the 
WHO and the ECDC regarding the interior ventilation of dwellings. 

Concerning Italy, ventilation rates in 2010 and in 2022, are similar 
and present a low rate of ventilation in some rooms compared to others, 
which may be risk areas. But more restrictions are introduced due to the 
global pandemic. The recommendations given by the competent au
thorities (WHO and ECDC) are followed, which indicate rates of 11 m3/s 
per person according to the UNI 10339 standard (Ente Nazionale Ital
iano de Unificazione, 1995): “Hydraulic systems for healthcare pur
poses: generalization, classification requirements and standards” that 
establish the reference for the design of ventilation installations. 

On the other hand, some indications of other standards from other 
neighboring countries are taken as a reference in terms of other pa
rameters related to ventilation control, such as CO2 levels [59]. 

Regarding the Netherlands, ventilation rates in 2010 and 2022, are 
similar and present a low ventilation rate in some rooms compared to 
others, which may be risk areas. However, as in most countries, the 
authorities follow the recommendations of the WHO and ECDC without 
changing the standard that specifies these rates. 

In terms of Norway, between 2010 and 2022, there is a significant 

Fig. 2. Ventilation rates are contemplated in the normative regulation of the 
countries analysed in 2010. 

Fig. 3. Ventilation rates contemplated in the normative regulation of the 
countries analysed in 2022. Once this study was completed, the imminent 
publication of an update to the DIN 18017 standard was detected in Germany, 
so it has not been possible to include it in these graphs. 

Fig. 4. Increases in ventilation rates contemplated in the regulations of the 
countries analysed between 2010 and 2022. Once this study was completed, the 
imminent publication of an update to the DIN 18017 standard was detected in 
Germany, so it has not been possible to include it in these graphs. 
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increase in ventilation rates, especially in the living room and bath
rooms, although previously they were very low compared to other 
countries. In this country there has been a significant change, because 
there is a ventilation rate of 7 l/s per person in the room and a CO2 
(minimum of 20%–30% depending on the time of year) that must not 
exceed 1000 ppm. There are the same rates for the kitchen and bath
room with WC and only the WC, but the ECDC recommendations are 
considered. The use of filters and HVAC ventilation systems is 
important. 

In the case of Portugal, it is a country where both the rates for 2010 
and 2021-22 are practically the same. The regulations present a venti
lation rate that is understood to be balanced. Additionally, when the 
coronavirus entered the scene, this country continued with the measures 
recommended by the competent authorities to mitigate Covid-19. 

Concerning Spain, the ventilation rates are in the specific regula
tions based on the Basic Documents (DB) of the Technical Building Code 
(CTE) of 2006, specifically in the Basic Document HS Health, and within 
this, the DB –HS 3 Indoor air quality. Which, the rates of interest for the 
year 2010 are from 2006. CTE admits a ventilation rate based on a 

Table 2.1 of the DB HS3 aforementioned. 
For 2022, higher rates are observed in the living room and bedroom. 

It is necessary to consider the update made by the CTE in the same 
document (DB-HS3) in 2017. 

In Sweden, the regulations of 2010 and 2022 in their reference to the 
rates have not varied significantly in general terms. 

Therefore, the regulations present a low ventilation rate in some 
rooms compared to others, which may be areas of risk. However, the 
recommendations of the WHO and the Federation of European Heating, 
Ventilation and Air Conditioning Associations (REHVA) have been fol
lowed de facto. 

Finally, the United Kingdom’s ventilation rates in 2010 in general 
present ventilation rates without major differences between the 
different rooms of the dwellings, except in one of them where it is 
higher. 

The ventilation rates in the year 2022 are practically the same, and 
the same regulations are used without prejudice to comply with rec
ommendations given by the WHO (world health organization) and by 
the REHVA (Federation of European associations of heating, ventilation 
and air conditioning). 

Table 6 summarizes the analysis performed on the differences (for 
the specific criteria) between both dates (2010–2022) and between 
countries, and whether or not there have been changes in the regulation 
of the ventilation rate, and also whether, regardless of this, the countries 
have assumed the application of the Covid recommendations of the 
WHO and the ECDC. 

5. Conclusions 

In construction, the transmission of SARS-CoV-2 through aerosols 
and its relationship to ventilation, especially in closed places, has been 
one of the most worrying problems in this field. 

Thus, the inclusion in the normative regulation of measures to 

Table 3 
The peculiarities of each country related to ventilation and its rates according to 
the existing regulation in 2010.  

Countries  

Belgium Rooms measured in l/s per m2. 
Czech 

Republic 
The living room and bedroom have been calculated by averaging 
between 0.3 and 0.6 air changes per hour (h-1), resulting in 0.45 
h–1 = 0.125 l/s. For the other rooms (kitchen, bathroom with WC 
and only WC), m3/h have been converted into l/s. 

Denmark Assumptions for the rates of the living room and bedroom. The 
rates for the rest of the spaces are based on the DS 418:2002 
standard. 

Finland The rate for living rooms is reflected in l/s per m2. As for the 
bedroom, it is reflected in l/s per person, choosing the higher rate 
of the two given. 

France Choice of an average of 3 R (3 habitable rooms) for each rate based 
on space. 

Germany The rate of 1.25 h-1 air changes per hour (average between 1.5 
and 1.0 h-1) is equal to 0.35 l/s 4.17 l/s is chosen in the bedroom 
according to the DIN EN 15251 standard. In the kitchen, a rate of 
16.67 l/s is chosen, equivalent to 60 m3/h, considering the kitchen 
with windows with a general air flow. However, once this study 
was completed, the imminent publication of an update to DIN 
18017 was detected in Germany, so it has not been possible to 
include it and it should be the subject of future studies. 

Greece Rates are conversions from m3/h per person to l/s. 
Italy Rates are conversions from m3/h per person to l/s in the living 

room. For the bedroom, a hypothesis is made taking data from the 
living room. As for the kitchen and the bathroom + WC, they are 
conversions from h-1 to l/s. 

Netherlands Rates are conversions from m3/h per m2 to l/s in the living room. 
Bedroom, kitchen, bathroom + WC and only we are conversions 
from m3/h to l/s. 

Norway Rate of 0.5 h–1 = 0.14 l/s, chosen for the living room and bedroom 
as is, according to Annex 1, not less than 0.5 h-1. Same bedroom 
rate as living room. 

Portugal Data extracted from the NP 1037-1 2001 standard, choosing a 
volume between 15 and 22 m3 for the kitchen, a hypothesis of 13 
l/s for the bathroom (min is 12.5 l/s) and for only the WC 8.33 l/s 
is chosen, being the minimum according to regulations. 

Spain The rates are based on the Basic Document HS 3 health regulations 
in Table 2.1. For the living room, a rate for occupancy has been 
chosen, the same as for the bedrooms where the rate is set 
according to the type of dwelling (3 or more bedrooms). As for the 
kitchen, the rate is set based on what is indicated by other 
parameters, and for the bathroom with a WC and only the WC, the 
same rate is taken depending on the type of home (3 or more 
bedrooms). 

Sweden The rates set for the living room and the bedroom are based on the 
rates for the entire building and are in l/s per m2. 

UK The living room and bedroom rates are set at rates for the entire 
building. For the kitchen, an extraction rate is chosen for the 
bathroom with WC and only the WC.  

Table 4 
The peculiarities of each country related to ventilation and its rates according to 
the regulations in force in 2022 compared to 2010.  

Countries  

Belgium Same rate as 2010 due to the current validity of the standard. 
Rooms measured in l/s per m2. 

Czech 
Republic 

We do not have specific data, but rates similar to the year 2010. 

Denmark Rates of 0.3 l/s per m2 for all rooms according to standard DS 
411:2011 + 1:2020. 

Finland Same rate as 2010 with a recommended flow rate of 10 l/s/person. 
France Same rate as 2010 due to the current validity of the standard. 
Germany Same rate as 2010. However, once this study was completed, the 

imminent publication of an update to DIN 18017 was detected in 
Germany, so it has not been possible to include it and it should be 
the subject of future studies. 

Greece Same rate as 2010 due to no major changes. 
Italy Same rate as 2010 but with more restrictions. 
Netherlands Same rate as 2010 but following recommendations of competent 

bodies in the matter. 
Norway Rates depend on the standard (Norwegian Code of 2021). 
Portugal Same rate as 2010 but following recommendations of competent 

bodies in the matter. 
Spain The rates are based on the modification of the Basic Document HS 

3 health regulations in Table 2.1. For the living room, a rate in l/s 
has been chosen, the same as for the bedrooms, where the rate is 
set according to the type of dwelling (3 or more bedrooms). As for 
the kitchen, the rate is set according to the 2010 standard, and for 
the bathroom with a WC and only the WC, the same rate is charged 
depending on the type of dwelling (3 or more bedrooms) and a 
minimum per local. 

Sweden Rates set by the BBR2014 standard, where for the living room and 
for the bedroom, it is in l/s per m2. Rest of spaces with rates 
according to regulations of the year 2010. 

UK Same rate as 2010, focusing on the use of mechanical ventilation 
systems in dwellings.  

R. González-Sancha et al.                                                                                                                                                                                                                     



Building and Environment 226 (2022) 109696

7

Table 5 
The main results of the analysis in a condensed form.  

BELGIUM 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4). 

CZECH REPUBLIC 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4). 

DENMARK 

2010 Ventilation rates 2.4 cm2/m2 for natural ventilation and 1.2 cm2/m2 for mechanical ventilation, 
2022  0.3 l/s m2 for all rooms in residential buildings and 0.18 l/s m2 for very large rooms, storage rooms and the like. 

FINLAND 

The ventilation rates between 2010–2022 are similar (See Figs. 2–4).  

FRANCE 

Number of habitable 
rooms (R) 

m3/h 
The whole building K. with intermittent ventilation 

2010–2022 * 
Shared BR. or showers or not and with 
WC 2010–2022 

Another 
BR. 
2010–2022 

Number of BR. 
2010–2022 
Unique Multiple 

1 (2010–2022) 105 75(min 35) 15 15 15 15 
2 (2010–2022) 120 90(min 60) 15 15 15 15 
3 (2010–2022) 150 105(min 75) 30 15 15 15 
4 (2010–2022) 165 120 (min 90) 30 15 30 15 
5 (2010)/5 and more 

(2022) 
210 135(min 105) 30 15 30 15 

6 (2010) 210 - - - - - 
7 (2010) 210 - - - - - 

Number of environments (2010–22)-Total mínimum flow (m3/h) 
Number 1 2 3 4 5 6 7 
Total 10 10 15 20 25 30 35  

GERMANY 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4). However, once this study was completed, the imminent publication of an update to DIN 18017 was detected in 
Germany, so it has not been possible to include it and it should be the subject of future studies. 

The whole building LR BR and guest BER. Intensive ventilation With T B K    
People Surface Ventilation (m3/h)          

Natural Mechanics       
Up to 2 <50 m2 60 60 1.0–1.5 h− 1 <15 m3/h ** 200 m3/h for K. 40 m3/h 20 m3/h 40 m3/h 
Up to 4 – 90 120       
Up to 6 >80 m2 120 180       
*With continuous ventilation the flow rate is 20–45 m3/h. In the kitchen and the integrated kitchen, normal ventilation of 40 m3/h (>12 h occupation per day) with 60 m3/h for total 

and general airflow is obtained. 
** and normal ventilation of 40 m3/h. 
*** without Windows.  

GREECE 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4). 
For the entire dwelling (flat, house, united, separated, etc.) BER K BR 
8,5 m3/h/person 12–17 m3/h/person 15 m3/h/person 12–17 m3/h/person 50–85 m3/h/person 50–85 m3/h/person  

ITALY 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4). 
Natural ventilation for the whole building LR BER K BR with WC 
15 m3/h/person 15 m3/h/person 12–17 m3/h/person 1 h-1 2 h-1  

NETHERLANDS 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4). 
LR BER K BR with WC 
300 m3/h 0.9 dm3/s per m2 (3.24 m3/h per m2) 21 dm3/s (75.6 m3/h) 14 dm3/s (50.4 m3/h) WC exclusively 7 dm3/s (25.2 m3/h)  

NORWAY 

In this country from 2010 to 2022 there has been a significant change in the rate of ventilation of the LR and the BR. 
2010 2022 
Ventilation rates (m3/h) Ventilation rates (l/second per person) 
LR BR with T Room BR and K 
36 þ 72 Minimun of 10 and máximum of 30<!–Para Run-on–> 7 7  

PORTUGAL 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4).  
Volume      

Room type ≤8 m3 >8 m3 >11 m3 >15 m3 >22 m3   

≤11 m3 ≤15 m3 ≤22 m3 ≤30 m3  

K. and other appliances for gas installation (a1) 17 l/s (60 m3/h) 25 l/s (90 m3/h) 33 l/s (120 m3/h)   
Sanitary facility With a BR or shower 13 l/s (45 m3/h) 17 l/s (60 m3/h) 25 l/s (90 m3/h) (a2)  

Without BR or shower 8 l/s (30 m3/h) 13 l/s (45 m3/h) 17 l/s (60 m3/h) (a2) (a2) 

(continued on next page) 
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promote the highest possible ventilation should be encouraged, and 
above all, the indications at least of the WHO (World Health Organi
zation), the ECDC (European Center for Disease Prevention and Con
trol), the REHVA (Federation of Associations Heating, Ventilation and 
Air Conditioning) and non-European organizations such as ASHRAE 
(American Society of Heating, Refrigeration and Air Conditioning 
Engineers). 

Regarding the ventilation rates in 2010 and their comparison with 
2022, it is understood that they suffered little variation in most of the 
countries analysed, except Norway, which has raised the rates in certain 
interior areas (bedroom, living room) reaching rises of almost 7 l/s, that 
is, by multiplying by 50 the rate with respect to 2010, although it must 
be said that they were very low then compared to other countries. 

Spain also changed its rates, increasing to almost double (from 3 to 7 
l/s) in the living room and decreasing to just under half (from 5 to 3 l/s) 
in the bathroom, but before the pandemic. 

Denmark has decreased in some point cases for technical reasons of 
other kinds (from 20 in 2010 to 0.3 l/s in 2022 in the kitchen and from 
15 to 0.3 in the bathroom with WC). 

Also in France, it decreased, for example, in the kitchen (from 20 to 
21 in 2010 to 12.5 l/s in 2022), while the rest of the countries have 
maintained similar rates or have partially and slightly modified them 
generally before the pandemic for other reasons. 

On the other hand, the referenced bibliography indicates that the 
living room is one of the areas with the highest risk of contagion be
tween co-habitants. 

So, although there exists the need for an envelope as hermetic as 
possible that I isolated from the outside (energy efficiency), is conve
nient for the countries with low rates (equal to or less than 1 l/s) in this 

room (Belgium, Czech Republic, Denmark, Finland, Netherlands, Ger
many, Portugal, Sweden) that reformulate their regulations to increase 
this rate. On the other hand, as already mentioned, once this study was 
completed, the imminent publication of an update to DIN 18017 was 
detected in Germany, so it has not been possible to include it and it 
should be the subject of future studies. 

This should also be done in bedrooms for countries such as Belgium, 
the Czech Republic, Denmark, Finland, the Netherlands, Portugal, and 
Sweden. Although it occurs occasionally (Denmark or Italy), it also 
happens in bathrooms and kitchens. However, in these cases, the risk is 
especially focused when they are shared and ventilation is reduced. 

On the other hand, it is important to note that most countries fol
lowed the recommendations suggested by the WHO and the ECDC. 

As to whether there are differences between the rates according to 
geographic location, it can be stated that there are differences, especially 
between the countries of southern and northern Europe. 

Regarding the improvement proposals to help alleviate the effects of 
the pandemic, the best formula for closed spaces is to maintain pro
ductive air exchange, limit the maximum number of people, and ensure 
efficient systems in air ventilation and energy. 

Returning to the question of the required ventilation values after the 
appearance of the pandemic and if it is necessary to change the legal 
regulation in general, it is understood that the values contained in most 
of the regulations could continue to be used. 

However, mandatory ventilation systems with control options 
(manual or automatic) should be included or at least pre-installation 
conditions. 

Finally, this research has certain limitations, among which are the 
nuances, criteria and changing measures of the norm that make 

Table 5 (continued ) 

PORTUGAL 

Laundry spaces 8 l/s (30 m3/h) 13 l/s (45 m3/h) 17 l/s (60 m3/h) (a2) (a2) 
(a1) Volumes for which the installation of type A gas appliances is not allowed. This installation is allowed for B11BS equipment, as the site is only intended to host this year (see also PN 

1037-3-1). 
(a2) Unusual volumes in compartments of this type in relation to those recommended or sizing case in case you have the requirements mentioned above.  

SPAIN 

2010 2022 
Minimum ventilation flow (l/s)  

Per occupant Per m2 useful Other parameters 0 or 1 BER 2 BER 3 or more BER 
BR 5 - - 8 8 8 
Rest of BER    - 4 4 
LR and DR 3 - - 6 8 10 
Mini. flow (total/per local)    12/6 24/7 33/8 
T and BR - - 50 per room - - - 
K - 2 - - - - 
Storage rooms and common areas - 0.7 - - - - 

50 per room 
Car parks and garages - - 120 per parking - - - 
Waste warehouses - 10 - - - -  

SWEDEN 

2010 2022 
Ventilation rates Ventilation rates (l/s per m2)    

BR with WC (l/s)<!–Para 
Run-on–>

The whole building (l/s per 
m2)<!–Para Run-on–>

K (l/s per person)<!– 
Para Run-on–>

Small kitchen (l/s)<!– 
Para Run-on–>

With window No 
window 

The whole 
building 

Unoccupied 
dwelling 

Occupied 
dwelling 

0.35 4 (mini.10) 15 10–30 (high 
velocity) 

15 0.35 0.10 0.35  

UNITED KINGDOM’S 

The ventilation rates between 2010 and 2022 are similar (See Figs. 2–4). 
For the 

entire 
building 

LR and the VER K BR with a WC and only the WC 

20 l/s Rapid ventilation (with opening 
windows) 1/20 of the ventilation area 
of the floor with 8000 m2 

Quick ventilation through a window that opens with ventilation of 
4000 mm2 and extraction of 30 l/s next to the worktop or 60 l/s 
elsewhere o PSV (pressure support ventilation). 

With bottom opening of the window and an 
extract of 4000 mm2 with a rate of 15 l/s o PSV 
(pressure support ventilation). 

ABBREVIATIONS: (LR) Living room; (BER) Bedroom; (T) toilet; (BR)Bathroom (B) Bath; (K) Kitchen (DR) Dining Rooms. 
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comparison difficult, the differentiation between what the regulations 
indicate and what is used to do in each country, or the impossibility of 
including, in this research, all the regulations of the different autono
mous regions that extend the national regulations. 
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