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Introduction

Dry air in buildings is prevalent in the Scandinavian
countries, including Sweden, throughout the winter
(heating season). In contrast to other types of build-
ings such as museums, residential buildings do not
require indoor humidity assessment and control [1].
Nonetheless, relative humidity analysis is performed
in northern climates primarily aiming at preventing
moisture damage (e.g., in the crawl spaces and attics).
Moisture damage is the primary source of building
structural deterioration, but also cause “poor”
indoor environmental quality, such as perception of
“dampness”, especially in high-occupancy spaces [2].
The level of humidity inside a dwelling can be con-
sequently considered as a critical quality component
that affects satisfaction, health, stress level, learning
and sleep quality [3].

In general, there is no commonly acknowledged limit for a
low relative humidity value in conjunction with a tolerable
exposure time [3-4]. Guidelines recommend a minimum
relative humidity of about 30-40% as a comfort-related
limit value (mainly for the thermal environment), whereas
other research recommends a minimum relative humidity
of about 20-30%, if health is taken into account [1-3].
Several respiratory problems, including asthma and aller-
gies, dryness of the airways, dry hands and eye irritations
have been linked to a low relative humidity level [3, 5].

Present paper describes the study aiming to: a) correlate
relative humidity levels with the characteristics of residen-
tial buildings and occupancy; and b) associate low relative
humidity levels with health symptoms and complaints.
Both aims are achieved by analyzing a comprehensive and
broad dataset from a national survey performed in Sweden.
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Materials and methods

Present analyses are based on the results obtained
during BETSI project. This project was commissioned
in 2006 by the Swedish National Board of Housing,
Building, and Planning. The project’s objective was to
collect data on the indoor environmental conditions,
energy use, and technical quality of the Swedish resi-
dential building stock, as well as on the users’ comfort,
satisfaction and health status. References [4, 6, 7]
provide more information about the survey and the
properties of the buildings and systems.

Between October 2007 and April 2008 (heating
season), 678 residential buildings, 520 single-family
dwellings, and 158 multi-family buildings were moni-
tored for this study (measurements in living rooms).
For the investigated dwellings, a list of 22 parameters,
13 categorical and 9 numerical, have been used to
investigate possible correlations and associations with
different relative humidity levels.

The dwellings were classified according to type of
housing (detached single-family houses or apartments
in multi-family houses), year of construction (<1960,
1961-1975, 1976-1985, 1986-1995, and 1996-2005),
location (city center, suburb, residential neighborhood,
and sparsely populated area), climate zone, ventilation
system (return only, supply and return, supply and
return with heat recovery, exhaust air heat pump, and
natural ventilation), and heating system (wood stove,
directly produced electricity, own combustion boiler,
electric boiler, electric resistances, electric radiator,
district heating, stove, local produced district heating,
fireplace, pellet stove, heat pump, and other systems).

Indoor air temperature, ventilation air change rate,
volume of the dwelling, indoor moisture supply, total
U-value, number of occupants, and other numerical
parameters were included (Figure 1-3). A list of 20
symptoms and complaints were listed as health-related

criteria (Table 1; [4]).

Table 1. Examined Ghealth symproms and complaints (last 3 months) and frequency of yes-responses for the “best” and

“worst” assessment categories of relative humidity.

EVE] Symptoms
1 Asthma*
2 Cough
3 Difficulty to concentrate
4 Dry air
5 Dry or flushed facial skin
6 Dry, itching, red skin on hands
7 Dust and dirt
8 Eye sensitivity**
9 Headache
10 Heavy head
1 Hoarse, dry throat
12 Irritated, stuffy or runny nose
13 Itching, burning, irritation of the eyes
14 Scaling, itching scalp or ears
15 Nausea, dizziness
16 Respiratory infection
17 Static electricity

18 Stuffy air
19 Stuffy smell*++
20 Fatigue

+12 months, ** In general, * Statistically significant
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Cat. |-l (yes %) Cat. llI-IV (yes %)

9.0 9.6
33.9 27.8
22.6 20.3
23.1 24.0

18.4 13.1
19.5% 13.5
34.8 33.1
25.8 24.7
51.2 46.9
46.4 41.6
25.6 23.8
41.9 374
23.1 28.1
19.8% 13.2
16.3 16.1
51.9% 44.0

4.9 9.1*

25.6* 16.4
24.3% 12.8
71.1 70.6
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Figure 1. Boxplot of average indoor air
temperature (°C) for the four relative humidity
assessment categories.
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Figure 2. Boxplot of total heated building volume (m?)
for the four relative humidity assessment categories.
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To classify dwellings according to their monitored
relative humidity levels, the research team used a clas-
sification system based on suggestions in the European
Standard EN 16798:2019 [1, 8], which been adapted
to fit the study’s focus on low relative humidity levels
(Table 2). The categories’ lower limits are based on
EN 16798:2019. This upper value is normal for
indoor relative humidity (heating season), for these
climatic conditions (no issues to human health or the
construction elements [1]). The deviation percentage is
set at 3% for each group [1]. Category IV is the lowest
relative humidity category (followed by Cat. III), with
the majority of monitored occurrences appearing at a

relative humidity of less than 20% (Table 2).

Results and discussion

Our analyses show that about 37% of dwellings fall
into Categories III and IV. For apartments, the biggest
proportion belongs to Category I1I (36%), whereas for
single-family houses, the highest proportion belongs
to Category I (38%). Indoor low relative humidity
appears to be more prevalent in dwellings with a higher
temperature, a smaller volume, a higher ventilation rate
and frequent airing practices, a lower inhabitant and pet
count, and were primarily developed after 1985 in city
suburbs and the northern part of the country (Figures
1-3). In Swedish buildings, ventilation without energy
recovery appears to be a crucial role in controlling
and optimizing indoor humidity levels. Over 70% of
investigated cases had an average ventilation air change
rate of less than 0.5 h™! during the examined period.
Reduced ventilation rates maintain acceptable relative
humidity levels throughout the heating season but may
create unsanitary and polluting conditions.

District heating is the primary method of heating
apartments in Sweden. In terms of relative humidity,
analyses show that district heating systems perform
better in single-family houses than in apartments.

Table 2. Relative humidity category boundaries (%).

Category Lower and upper levels of

relative humidity (%)

| 30-60

Figure 3. Boxplot of building level ventilation air
change rate (h™) for the four relative humidity
assessment categories.
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Heat pumps, district heating, and directly produced
electricity are the systems with the highest percentages
in single-family homes. In terms of relative humidity
levels, heat pumps appear to be a reliable solution in
houses. Additionally, directly generated electricity
systems provide a sustainable and very effective
method of controlling relative humidity levels. The
systems with the least optimal performance are those
that utilize simply return air. According to the data,
installing automated fans in bathrooms enhances the
likelihood of the dwelling having an adequate moisture
level. Indoor activities such as cooking and drying
clothing significantly improve the indoor environ-
ment’s relative humidity. Furthermore, for various
residential building types, moisture supply values are
suggested for optimum levels to minimize dry air [4].
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Conclusions

Low indoor relative humidity has been shown to be
an issue in Swedish dwellings and mostly apartments,
during the heating season. Present analysis adds to the
scientific literature by demonstrating a possible asso-
ciation between low relative humidity and particular
health symptoms and complaints. m
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