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Abstract 
This project is based on measurements of the parameter relative humidity, RH (%), in two 
buildings: one with natural ventilation and one with mechanical ventilation. Both buildings are 
located in central Sweden, which constitutes a representative climate zone with respect to Swe-
dish conditions. An important factor for the indoor environment, which affects human health and 
well-being, is the level of the relative humidity, RH (%). Research studies show that the healthiest 
level should be in the range of 40% - 60%. Surveys have revealed that about 70% of the employees 
at Swedish offices, schools and kindergartens experience that the air is too dry during the winter 
season. Previous studies show that the level of relative humidity in the indoor environment 
influences the prevalence of respiratory infections and allergies. The purpose of this study is to 
investigate how the relative humidity differ between the two buildings, and if this may be a cause 
of the health problems that users are affected by. During many years, users have complained about 
the environment in the building with mechanical ventilation and that they suffer from health 
problems. The method used in the study is air measurements of the two parameters, relative 
humidity and air temperature in the two buildings using data loggers. The indoor environment is 
affected by the outdoor climate and therefore instruments are placed outdoors to record seasonal 
variations. The measurements were carried out during the period October 2014 to September 2015 
to include all of Sweden’s four seasons with completely different climatic conditions. The results of 
this study show that the relative humidity in the mechanically ventilated building is consistently 
significantly lower than in the building with natural ventilation whatever the time of year and 
temperature indoors. This study shows that mechanical ventilation in buildings affects the indoor 
environment negatively with respect to human health during most time of the year and this fact 
must be taken into consideration for the existing as well as the planning of new ventilation systems. 
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1. Introduction 
This project is based on measurements of the parameter relative humidity, RH (%), in an office building. During 
many years, users have complained about the conditions in the indoor environment in the building and that they 
suffer from health problems. These health problems are considered to be related to deficiencies in the building’s 
technological status. The relationship between the parties involved is in many situations difficult with differing 
views on how to handle the situation and the measures to be taken. Extensive investigations have been con-
ducted and as well public health facilities, at both regional and local levels, as experts with extensive experience 
in this type of problem have been engaged. Despite this, no unified plan has been developed for a chance to re-
solve the problems. In autumn 2013, the property owner launched an action program within the framework of 
the Swedish authorities’ directives about how this type of project should be handled. With regard to this, it has 
still been difficult to continue to pursue the matter. Among the users, there are those who regularly stay in the 
concerned premises and experience severe health problems. In addition to these effects, there is concern in the 
workplace. The property owner’s proposed measures to correct the deficiencies have not been taken into account 
by those who represent the users.  

An important factor for the quality of the indoor environment, which affects human health and well-being, is 
the level of relative humidity, RH (%). Studies have shown that about 70% of the employees at Swedish offices, 
schools and kindergartens feel that the indoor air is too dry during the winter season [1]. Studies show that the 
level of relative humidity in the indoor environment influences the prevalence of respiratory infections and al-
lergies. These studies show that the key factors for a healthy indoor air environment are: 
1) to limit the number of the airborne particles since they are carriers of both bacteria, viruses, and allergen;  
2) the relative humidity is at a level above 40% and below 70%, which has the effect that the survival of viruses 

and bacteria is minimized [2].  
A survey focused on those directly involved in the office building, reveals that 72% of the employees expe-

rience that the indoor air is too dry during the winter months. The corresponding figure for the summer months 
is 40% [3].  

2. Humidity and Health Impacts 
The requirement for a “suitable thermal climate” is a commonly formulated functional requirement and what 
temperature that can be accepted must be assessed for each situation. A normal level of indoor air temperature in 
Sweden should be at least 20˚C so that the total comfort indoor climate should be considered acceptable. Dis-
orders and discomforts of cooling cannot be assessed solely by measurements of air temperature, since the per-
ceived temperature will depend on several factors. Those climatic factors are in addition to air temperature, ra-
diant temperature, air velocity and humidity. High indoor temperatures correlate with both the outdoor climate 
and the construction of the building, but also the heat that the activity itself generates. In offices, lighting and 
computer equipment are normally the operational heat sources that create the largest increment of heat. The high 
moisture content of the air in the summer makes it even more difficult to get rid of excess body heat. Buildings 
with a light body, low room height, small rooms and poorly insulated roof structures and with large windows 
without shading and air vents places in the sun, causes the temperature to rise quickly indoors. Unpleasant solar 
radiation through windows can be limited with various types of solar shading [4]. 

The humidity is a measure of the amount or proportion of water vapor that the air contains. It can be specified 
as either:  
• absolute humidity, where the actual amount of water vapor is indicated, or as  
• relative humidity, where the proportion of water vapor are relative to the maximum possible amount of water 

vapor at a certain temperature, known as the saturation vapor content, see Figure 1. 
In this project we study the relative humidity, RH (%). In epidemiological studies, the researchers have ex-

amined the relationship between the number of respiratory infections and the relative humidity in offices, homes 
and schools. The incidence of respiratory infections were found to be lower among people who work or live in 
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environments with a relative humidity level between 40% and 70%, in comparison with those who live in envi-
ronments with a relative humidity level below or above this level. An overview of the relative humidity shows 
that the negative health effects can be minimized by maintaining a relative humidity of 40% and below 60%. 
The effect of relative humidity, with respect to biological and chemical factors, is graphically summarized in 
Figure 2. The shape and height of the bars in Figure 2 indicate an increase or a decrease in power and provides 
no quantitative data. Most of the illustrated negative health effects increase in severity over 60% and/or below 
40% relative humidity. The exceptions are the chemical interactions that consistently increase over 30%, and the 
conditions that produce ozone, which is constantly increasing in severity with a drop in relative humidity. A re-
duction in morbidity and possibly mortality from influenza is an important factor for increasing the relative hu-
midity from low to middle [2]. Within the framework of this project, a literature review was conducted. The re-
sults of this review demonstrate the substantial health problems in both too high and too low relative humidity  

 

 
Figure 1. The graph shows the relationship between the saturation vapor content (g/m3) and temperature (˚C). It should be 
pointed out that the air generally contains a certain limited amount of water and at lower temperature the water content is 
further gradually reduced, see the graph in the diagram. 

 

 
Figure 2. The effect of relative humidity, on biological and chemical factors, is graphically summarized above. The opti-
mum zone is in the range between 40% - 60% relative humidity to minimize the negative health effects of common air pol-
lutants [2].  
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indoors [5]-[38]. 
The relative humidity may vary very much over the day and the indoor air is perceived to be dry when it is 

below 30%. Dry air tends to be more common in colder climates because the air cannot hold the moisture and it 
folds out (condenses) [39]. Regarding the relative humidity in indoor environments, the range for normal indoor 
temperatures of 19˚C - 27˚C, there are both direct and indirect effects that affect health and comfort. There may 
be physical discomfort at both low and high relative humidity [40]. Extremely low levels, below 20%, may 
cause eye irritation [41] [42], while moderate or high levels of humidity have been shown to reduce the degree 
of difficulty for people with asthma [43]. Several reports indicate that:  
• patients are bothered by dryness of the nose and throat where low relative humidity prevails and that 
• the relative humidity indoors should be maintained above 30% - 40% to prevent drying of the mucous mem-

branes and to maintain adequate nasal mucus transport and ciliary activity [44]-[50].  
The relative humidity also has an important direct negative effect on health when high humidity is combined 

with high temperatures. This combination reduces the rate of evaporative cooling of the body and can cause sig-
nificant discomfort or lead to heat exhaustion, fatigue and possibly death. Diseases are transmitted either by air-
borne pathogens, direct contact with pathogens that live on hard surfaces such as furniture and fittings or by 
touching an infected person. Low relative humidity has been shown to enhance the survival of rhinoviruses and 
influenza viruses [51] and human rotavirus (a cause of gastroenteritis) on hard surfaces [52]. Experimental stu-
dies on the survival of pathogens in the air with different relative humidity rate and epidemiological studies of 
respiratory infections, suggest that the relative humidity indoors affect the incidence of infectious diseases 
transmitted by airborne pathogens. Rapid evaporation in dry air can cause the diameter of some aerosols to re-
duce below the size limit for a particle to remain in suspension*, while at higher relative humidity, the same 
aerosol reach the floor before sufficient evaporation occurs [53] [54]. An increase in the amount of suspended 
aerosols, as a result of relatively low humidity is more likely to have an effect on health than the reduction of 
these during periods of very high relative humidity. Experimental studies have shown that the relative humidity 
is an important factor for the survival of airborne pathogens and affects the survival by altering the integrity of 
the cell wall or the viral cover [55]. 

*Suspension slurry of solid particles in a liquid.=  

3. Measurements 
All measurements of humidity assume that there is an upper limit to the humidity, which depends on tempera-
ture and pressure. If you then either add more water vapor (moisture) or lower the gas temperature, the amount 
of water vapor eventually exceed this maximum and the excess precipitates as water droplets = condensation, 
see Figure 1. The instruments used in this study are the Testo 175, data logger, which has two channels for each 
relative humidity and air temperature with internal and external sensor connection. The stored measured values 
are evaluated by software and both programming and reading of the instrument is made to the computer via a 
USB connection. This study includes measurements of relative humidity, RH (%) and air temperature, ˚C for 
two types of buildings, one with mechanical ventilation and one with a natural ventilation design. In the mechani-
cally ventilated building people have for many years complained about the indoor environment. The measurements 
were carried out at seven locations in the mechanically ventilated building, where two representative measuring 
sites are presented in this report. In the building with natural ventilation, measurements were taken at three sites, 
including one representative test site in this report. Both buildings are located in central Sweden as a representa-
tive climate zone for Swedish conditions. The purpose of the study is to examine, compare and evaluate if any 
difference can be identified regarding the relative humidity in these two buildings as a result of various ventila-
tion solutions. The measurement period covers the period from October 8th, 2014 to September 24th, 2015, 
which includes all the seasonal variations that occur in Sweden. The measurement instruments have conti-
nuously collected data with a frequency of every two hours. The total number of measured values for the period 
is 4200 pieces per measurement site and parameter. The climate outdoors is the basis of the status of the indoor 
environment and therefore measurements are also carried out in the outside air that surrounds each affected 
building.  

From previous measurements in school buildings, the results show that the relative humidity is affected by the 
building’s ventilation system. From a health aspect the mechanically ventilated buildings are significantly un-
healthier for the users than buildings with natural ventilation systems, see Figure 3. In the building with natural  
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Figure 3. The graph shows the relative humidity, RH (%) in 12 buildings, 6 with mechanically ventilated systems and 6 with 
natural draft. The buildings, one of each category, are distributed at locations in Sweden that includes the different climate 
zones with the following test sites: 1) South Gotaland; 2) East Svealand; 3) West Svealand; 4) South Norrland; 5) North East 
Norrland; 6) North West Norrland. The measurement period runs from 10-24 January 2014, a winter period and the diagram 
shows the average values as well as the highest and lowest measured values for each building. The results clearly show that 
the relative humidity, RH (%) in mechanically ventilated systems in all cases is lower than in the corresponding case for nat-
ural ventilation systems [56]. 

 
ventilation the humidity level rises during the day when there’re activities in the building. Compared with a sim-
ilar situation in mechanically ventilated buildings, it happens that the level even further decline during the day-
time, see Figure 4 and Figure 5 [56]. Calculations of average values of relative humidity regarding public 
health are in this context misleading.  
• In buildings with natural ventilation systems the humidity level is higher when people are staying there;  
• In mechanically ventilated buildings the humidity level is lower when there are people in the building.  

Here we have identified a problem. The relative humidity during the day should be higher in mechanically 
ventilated buildings due to human presence, than during the night when there is no one in the building. Howev-
er, as shown in Figure 4 and Figure 5, the humidity level drops in buildings with mechanical ventilation when 
the activities start. The only explanation for this is that the ventilation flow was increased from substantially re-
duced flow rates up to 100% efficiency.  

4. Results 
Generally, there was a fairly mild winter season 2014/2015 with a continuous period of freezing temperatures 
from the end of November/December to mid-March. For a few days at the end of December 2014, there was a 
strong cold spell. The measurements show that the temperature outdoors permanently increases from February 
until the summer period June to August, when the temperature level is more stable around 20˚C. The relative 
humidity outdoors is stably higher than 80% during the winter period, until the end of February and then more 
frequently fluctuate between 20% and 100%. At the end of the measurement period, in September 2015, the lev-
el is more regularly over 60%. The results from the measurements outdoors, see Figure 6. The graphs in Fig-
ures 7-18 report humidity levels indoors and regarding the indoor temperature there are small variations over 
shorter periods. This is likely caused by various temporary changes in the indoor environment and climate 
change, outdoor, temperature variations, influence of the sun etc. Regarding the air temperature in the buildings, 
it is at the levels expected prevailing in this type of environment. The measurement results indoors show that  
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Figure 4. Measurement results of humidity, RH (%), for the measurement period January 10 to 24 2014 in the buildings in 
Figure 3, at measuring location 4, southern Norrland, in one of the buildings with mechanical ventilation and in one of the 
buildings with natural ventilation. The graphs show that humidity varies during the day when there’s activity going on in the 
buildings. When the classroom is staffed the relative humidity, RH (%), raises with the natural ventilation system, while this 
effect is not achieved in the classroom with the mechanical system where the air instead further dries out. The only explana-
tion for this is that the ventilation flow was increased from 0 or from reduced flow to 100% efficiency [56].  

 

 
Figure 5. Measurement results of humidity, RH (%), in the same buildings as in Figure 3, one morning during the period 
January 10 to 24, 2014. The graphs show that the humidity is different during daytime, the same way as in Figure 4. In nat-
ural ventilation buildings the level raised, unlike the situation in the mechanically ventilated buildings where the level fell 
further. There is activity in both buildings during the day, which should add humidity to the air, but instead as shown by the 
black dots in the diagrams, the level decreases in these buildings. The only explanation for this is that the ventilation flow 
was increased from 0 or from reduced flows to 100% efficiency [56]. 
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Figure 6. The relative humidity, RH (%) and the outdoor temperature for the period 8 October 2014-24 September 2015, at a 
site in central Sweden.  

 

 
Figure 7. The relative humidity, RH (%), and temperature in the building with mechanical ventilation for the period 8 Octo-
ber 2014-24 September 2015. The building is located in central Sweden.  



T. Alsmo, C. Alsmo 
 

 
862 

 
Figure 8. The relative humidity, RH (%) and temperature in the building with mechanical ventilation for the period from 
October 8 to December 31 in 2014. The building is located in central Sweden.  

 

 
Figure 9. The relative humidity, RH (&) and the temperature in the building with mechanical ventilation for the period Jan-
uary 1 to May 31, 2015. The building is located in central Sweden.  
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Figure 10. The relative humidity, RH (%) and temperature in the building with mechanical ventilation for the period June 1 
to September 4, 2015. The building is located in central Sweden.  

 

 
Figure 11. The relative humidity, RH (%) and temperature in the building with mechanical ventilation for the period from 8 
October 2014-24 September 2015. The building is located in central Sweden. 



T. Alsmo, C. Alsmo 
 

 
864 

 
Figure 12. The relative humidity, RH (%) and temperature in the building with mechanical ventilation for the period from 
October 8 to December 31, 2014. The building is located in central Sweden.  

 

 
Figure 13. The relative humidity, RH (%) and temperature in the building with mechanical ventilation for the period January 
1 to May 31, 2015. The building is located in central Sweden.  
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Figure 14. The relative humidity, RH (%) and temperature in the building with mechanical ventilation for the period 1 June- 
September 22 2015. The building is located in central Sweden.  

 

 
Figure 15. The relative humidity, RH (%) and temperature in the building with natural ventilation for the period from 8 Oc-
tober 2014-24 September 2015. The building is located in central Sweden.  
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Figure 16. The relative humidity, RH (%) and temperature in the building with natural ventilation for the period from Octo-
ber 8 to December 31, 2014. The building is located in central Sweden.  

 

 
Figure 17. The relative humidity, RH (%) and temperature in the building with natural ventilation for the period January 1 to 
May 31, 2015. The building is located in central Sweden.  
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Figure 18. The relative humidity, RH (%) and temperature in the building with natural ventilation for the period January 1 to 
May 31, 2015. The building is located in central Sweden.  

 
Table 1. The table below shows the average, maximum and minimum values of the relative humidity measured for the entire 
measurement period (A) and for three different periods (B - D). 

BUILDING MECHANICAL VENTILATION NATURAL VENTILATION 

Period Average Maximum Minimum Average Maximum Minimum 

A: 8 Oct 2014 - 24 Sep 2015 29.25 65.50 7.30 40.30 72.80 24.30 

B: 8 Oct - 31 Dec 2014 28.58 54.40 7.30 39.74 57.10 24.70 

C: 1 Jan - 31 May 2015 20.78 40.70 9.50 33.32 56.50 24.30 

D: 1 June - 24 Sep 2015 42.31 65.50 18.90 51.05 72.80 33.40 

 
Table 2. The table below is a summary regarding the difference in the relative humidity level, RH (%) in time between the 
two ventilation systems, with RH lower than 40%. 

BUILDING MECHANICAL VENTILATION NATURAL VENTILATION DIFFERENCE IN TIME 

RH below 40% 7.0 months 5.0 months 2.0 months (17% of time) 

RH below 30% 7.0 months 1.5 months 5.5 months (46% of time) 
RH below 20% 5.0 months 0.0 months 5.0 months (42% of time) 

 
there is generally lower relative humidity, RH (%), in the mechanically ventilated building than in the building 
with natural ventilation. Table 1 and Table 2 show the average, maximum and minimum values of the relative 
humidity measured for the entire measurement period (A) and for three different periods (B - D). With regard to 
the previously described in Chapter 2, the relative humidity levels are low in the mechanically ventilated build-
ing and the figures in the table indicate a distinct difference from the building with a natural ventilation system.  
• Average value: In the building with the mechanically ventilated system the average level of the relative hu-

midity, RH, is for the entire performance period = 29.25%, that is, lower than 30%, see line A. If we study 
the periods B and C, the relative humidity is 28.58% and 20.78% in two of the three periods, that is, lower 
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than 30%. Only during the period D, June 1th to September 24th, the average exceeds 40% (42.31%). For 
the naturally ventilated building the average level of relative humidity doesn’t drop below 30% in any of the 
measuring periods. For the entire measurement period, the level’s for period A 40.30%, B 39.74%, C 
33.32% and for period D 52.05%.  

• Minimum level: The lowest measured level of the relative humidity is below 10% in the mechanically venti-
lated building during two periods (B and C). Even during the summer and autumn, a period of limited heat-
ing in buildings and moisture-rich air outdoors, the RH level is below 20% (18.90%). For the building with 
natural ventilation the level is at no point below 20%, and is not less than 24.30% during the three periods A 
- C and 33% for the period D.  

As illustrated by the graphs in Figures 7-22 the measurement results show that there is generally low relative 
humidity indoors.  
1) Relative humidity below 40% is an indication that health problems can affect people, see Chapter 2. This 

level is crossed regularly in the beginning of October in the building with the mechanically ventilated system 
and is constantly below this level until the middle of June. That is, this negative situation for the indoor en-
vironment continues for seven months. There after the level is kept more frequently above 40%, see Figure 
7 and Figure 11. For the building with the natural ventilation system the RH level below 40% is passed in 
mid-November and being re-stabilized above 40% in May. That is, this situation is going on for five months, 
see Figure 15.  

2) In the mechanically ventilated system the RH level is more regularly below 30% in mid-November. Com-
pared with the natural ventilation system, where this occurs only at the end of December. In order to 
re-obtain a more stable level, that is a RH level of 30%, this does not occur until the middle of June for the 
mechanically ventilated building. The corresponding ratio for the natural ventilation system takes place in 
mid-February. The level of relative humidity, RH < 30%, continues for seven months in the building with 
the mechanically ventilated system compared with 1.5 months in the natural ventilated building. This is a 
powerful indicator and the period of time that separates the two buildings is about as much as 5.5 months or 
46% of the season. 

 

 
Figure 19. Comparison of the relative humidity, RH (%) in two buildings, one with mechanical ventilation and the other 
with natural draft for the period from 8 October 2014-24 September 2015. The buildings are located in central Sweden.  
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Figure 20. Comparison of the relative humidity, RH (%) in two buildings, one with mechanical ventilation and the other 
with a natural draft for the period from 8 October-31 December 2014. The buildings are located in central Sweden.  

 

 
Figure 21. Comparison of the relative humidity, RH (%) in two buildings, one with mechanical ventilation and the other 
with natural draft for the period 1 January-31 May 2015. The buildings are located in central Sweden.  
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Figure 22. Comparison of the relative humidity, RH (%) in two buildings, one with mechanical ventilation and the other 
with natural draft for the period 1 June-24 September 2015. The buildings are located in central Sweden. 

 
3) Lower relative humidity than 20% occurs at the end of November in the building with the mechanical venti-

lated system, while in the building with natural ventilation system the relative humidity at no time falls be-
low this level. The mechanical system obtains once a more stable RH level of 20% at the end of April/May. 
Here’s a significant difference identified between the two different ventilation solutions. During five months, 
that is 42% of the season, the RH level is more regularly above 20% with a lowest level of 10% with the 
mechanical ventilation system. Regarding the natural ventilated building the RH level is never below 20%, 
but is the lowest 24.30%.  

One example is the Swedish requirement that the carbon dioxide level indoors only during short periods is al-
lowed to exceed 1000 ppm, which creates big problems. Local authorities require that the carbon dioxide level 
of 1000 ppm may not be exceeded and treats it as a legal requirement, even though it represents only an indica-
tor of ventilation. Ventilation systems are in fact designed to not exceed this level. When more people than be-
fore will be housed in the premises, thus increased air flows are required which then causes the air to further dry 
out that and even lower RH levels are created. When problems arise for users concerning the indoor environ-
ment, it is common that the authorities immediately draws attention to the ventilation system and require in-
creased airflows. If the building has a natural ventilation system, it is highly likely that the authority submits to 
the property owner to install a mechanical ventilation system with flows based on the parameter of carbon dio-
xide with a maximum permitted level of 1000 ppm. [57]. Survey Studies show that 72% of the employees feel 
that the air is too dry during the winter months, while the corresponding figure for the summer period is 40% 
[3]. This study shows that the perceived situation can be supported by physical measurements of the current en-
vironment. The results indicate that mechanical ventilation in buildings affects the indoor environment nega-
tively with respect to human health during most time of the year. 

5. Conclusion 
The conclusions of the study show that mechanical ventilation, with respect to human health, has a negative im-
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pact on the indoor environment during much of the year. The results are illustrative and given what is described 
in Chapter 2 and in Figure 2, it is an important issue to clarify how human health is affected by staying for 
longer periods and during much of the day in environments with these various conditions. The situation is even 
more pronounced during the winter months and it is documented that the incidence of respiratory infections in-
creases in the winter when people are exposed to long periods of low RH level indoors [2] [16] [19] [58]-[63]. 
However, given the link between RH level and health disorders, the conclusion is that the low RH levels pre-
vailing in today’s buildings must be taken into consideration and given the right conditions. The situation re-
garding the level of relative humidity must be highlighted and addressed in an entirely different way than what 
is happening today. Escalating complaints about health problems due to staying in a particular indoor environ-
ment and the problem known as the “Sick-Building” problem are constantly discussed in today’s modern society 
(see what is described on the website of the Work Environment Authority theme page, sick buildings) [64]. De-
spite these statements, and that the problem situation only seems to increase, the authorities and others don’t 
consider the parameter relative humidity from a health perspective. The mechanically ventilated system creates, 
from a health perspective, a very low relative humidity, and this fact must be taken into consideration for the 
existing systems as well as the planning of new ventilation systems. It is necessary in view of the Swedish cli-
mate conditions that henceforth, consider the relative humidity in calculations and installation of ventilation 
systems. An important national issue to come to terms with the dry indoor air is the authority requirement for 
ventilation flows. This requirement is based on maintaining a carbon dioxide level that only rarely exceeds 1000 
ppm [57] which governs the ventilation design. This situation dilutes the negative effect on the relative humidity 
and further dries out the indoor air. This requirement must be questioned as it has been shown that it is based on 
inadequately substantiated materials from the authorities [65] [66] and where the corresponding level in the EU 
is 5000 ppm [67]. For direct health effects the level of carbon dioxide has to be significantly higher, for example 
first at a 30-minute exposure at 50,000 ppm produces signs of intoxication [68]. 
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