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Abstract

In 1972, the oil producing countries implemented an oil embargo on a num-
ber of states, including Sweden. During this period, oil was an important raw
material for Sweden. The oil accounted for nearly 40% of Sweden’s total
energy supply and was an extremely important source of heating for the Swe-
dish building stock. Subsequently, restrictions from Swedish authorities have
been introduced into how energy can be used. The purpose of these restric-
tions is to reduce energy consumption and a part of this is that new require-
ments have been introduced on how buildings should be designed. The
changes have had negative consequences as people, who live in these types of
buildings, claim that they suffer from health problems, which are referred to
as “building related illness”. The purpose of this project is to examine how the
structural changes regarding air exchange and windows carried out after the
oil embargo in 1972, have affected the climate and environment in Swedish
buildings. The aim is to investigate whether there are links between these
changes and assertions about building-related illness. From an energy point
of view, windows are a delicate building component and the project includes
studying the effect of using an external roller shutter. Furthermore, the
project aims to investigate how the environment and climate in Swedish
buildings are experienced at the user level and how authorities assess the
scope and effect of the measures they have implemented. The results show
that unhealthily low levels of the relative humidity generally prevail in the
Swedish housing stock and that the changes in the construction carried out
after the oil embargo in 1972, regarding air exchange systems and window
designs, reinforce the problem. With regard to various design alternatives, it
is necessary in Sweden to consider the prevailing climate and environmental
conditions and that the energy efficiency of the buildings is good.
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1. Introduction

In 1972, the oil producing countries implemented an oil embargo on a number
of states, including Sweden. During this period, oil was an important raw ma-
terial for Sweden. The oil accounted for nearly 40% of Sweden’s total energy
supply and was an extremely important source of heating for the Swedish build-
ing stock. Subsequently, restrictions from Swedish authorities have been intro-
duced into how energy can be used. The purpose of these restrictions is to re-
duce energy consumption and a part of this is that new requirements have been
introduced on how buildings should be designed [1]. These requirements have
meant that the construction industry has undergone an extensive process of
change, which means that buildings have a higher degree of insulation and are
significantly denser than before. Examples of designs that are installed are tech-
nical systems to try to ensure good air-exchange efficiency between the air out-
side and the air inside and that the previous two-glass window designs have been
replaced with three-glass structures. The changes have had negative conse-
quences as people, who live in these types of buildings, claim that they suffer
from health problems, which are referred to as “building related illness”. These
health problems are considered to be derived from the fact that there are defi-
ciencies in the technical constructions of buildings. The symptoms that affected
people refer to are nonspecific and usually present in the population such as dry
skin, dry mucous membranes, redness, mental fatigue, headache, respiratory in-
fections, cough, hoarseness, itching, nausea and dizziness [2]. Despite several
decades of extensive research and efforts, it has not been possible to confirm that
this link exists between the health problems mentioned on the one hand and the
deficiencies in the technical status of the buildings on the other. The authorities
have set limit values for indoor environments regarding climate and emissions,
with the aim of preventing illness [3]. However, in the field of building-related
illness, the authorities consider those limit levels being too high in this context.
Instead a working model, supported by industry players, has been developed.
The model is based on a theory and measurement methods on building-related
illness, but there is no confirmed scientific hypothesis to support this model [4].
Examples of basic defects in the model used are the following:

- There is no delimitation from emissions and disturbances that arise from the

activities carried out in the building.
- There is no required demarcation from unhealthy emissions transmitted
from other environments outside the building concerned.

The model is more a form of template which in different contexts may be
needed to accompany a society. However, in this context, the model has funda-
mental flaws, which means that investigations that are conducted become in-
complete and when analyzing the problems a complete picture of the problem is
not obtained [5]-[15]. In order to deal with this type of problem, it is important
that there are measurable parameters available that are relevant to the context.

One parameter that can be determined to be important in how the environment
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and climate are experienced indoors, is the temperature. The temperature, in

turn, affects the relative humidity (RH) which, for human well-being, has an op-

timal zone in the range 40% - 60%, see Figure 1 [16]. Examples of issues that
should be explored in more detail are what levels normally prevail in residential
environments regarding temperature and the relative humidity, how these vary,
both in a building as a whole and in an individual room. In addition, it should be
more thoroughly clarified how these parameters vary over time, not least given
the seasonal variations that occur in Sweden.

The purpose of this project is as follows:

- By means of physical measurements, examine how the structural changes re-
garding air exchange and windows carried out after the oil embargo in 1972
have affected the climate and environment in Swedish buildings. The aim is
to investigate whether there are links between these changes and assertions
about building-related illness. From an energy point of view, windows are a
delicate building component and the project includes studying the effect of
using an external roller shutter.

- Furthermore, the project aims to investigate how the environment and cli-
mate in Swedish buildings are experienced at the user level and how authori-

ties assess the scope and effect of the measures they have implemented.

2. Measurement Method

The activities in the buildings included in this project are schools, offices and
housing, that is, the categories of buildings that are often affected by the
so-called building-related illness. The climate parameters in the indoor envi-
ronment that are measured are air temperature and the relative humidity, which
are compared with the outdoor air which gives level to the indoor environment.
The measurements are carried out in buildings with different designs regarding
air exchange and windows. The measuring instrument used in this project is
Testo 175-H1, a data logger that measures the temperature in degrees Celsius,
(°C), in the range from minus 20°C up to plus 70°C, and measures the relative
humidity, RH (%), in the interval 0% - 100%. Storage capacity comprises up to
one million measurement values and each instrument is set to a storage fre-
quency, with registration every four hours. For this project, the following struc-
tural engineering constructions are tested

1) Two different systems for air circulation between outdoor and indoor air
are compared. One design with a natural draft system, which was standard be-
fore 1972, as well as a design with mechanical systems introduced after 1972.

2) Two different window designs are compared, one with two glass (two-glass
systems) standard before 1972 and one with three glass (three-glass systems) in-
troduced after 1972.

3) An exterior roller shutter is applied to a window frame with a two-glass
system, see Figure 2, [17] which is compared to an equivalent window frame in

the same room without this shutter.
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Relative humidity, RH (%) on various substances and constituents in the air
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Figure 1. The effect of relative humidity, on biological and chemical factors, is graphically
summarized above. The optimum zone is in the range between 40% - 60% relative
humidity to minimize the negative health effects of common air pollutants [16].
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Figure 2. Principle sketch of Swedish window construction [17] as substrate calculation
heat transmission coefficient (U) and transmission loss (E).

The purpose of the physical measurement effort is to investigate whether dif-
ferences in the indoor environment can be identified between the different tech-
nical constructions. The measurements comprise three steps:

1) The measurements in twelve buildings are carried out in six geographically
different locations, two buildings in each location Alvesta, Stockholm, Filipstad,

So6derhamn, Robertsfors and Arvidsjaur, with a distribution so that Sweden’s
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three climate zones are covered [18]. In Alvesta it is an apartment and an office,
in Stockholm it is an apartment and a school, in Filipstad it is two schools, in
Séderhamn it is two schools, in Robertsfors it is two schools and in Arvidsjaur it
is an office and a school.

2) The two buildings at each location consist of a building with natural draft
and a building with a mechanical system. The aim of these measurements is to
compare whether differences can be identified between the two air exchange
systems. The measurements were carried out during the period January to
March 2016.

3) In a room in a dwelling with two different window designs, measurements
are made in a window frame with two-glass system and in a window frame with
three-glass system. The measuring instruments are placed in the respective win-
dow frames as well as an instrument inside the room as a reference for compar-
ing the climate conditions inside the room in relation to the two window frames.
The measurements were carried out during a longer period, from July 2016 to
May 2019. The purpose is to study how the climate varies, both in different
places in the room and partly between the two window systems as well as during
the different seasons. The basis for the climatic conditions indoors is the climate
that exists outside the building and therefore instruments are also placed in the
outdoor environment outside the building.

4) Measurements are carried out in a room with two windows, both windows
with the same design “two-glass system”, where one window surface including
the window frame is provided with an external roller shutter. The aim of this
study is to investigate whether positive climate effects can be achieved with the
help of blinds. The measurement period covers from July 2018 to May 2019. The
window frame with the shutter has the shutter coverage throughout the mea-
surement period.

The study of the shutters design is supplemented with calculation of heat re-
sistance and energy performance and how these parameters vary for the two
window designs, two- and three-glass systems, respectively. This is done using
calculation formulas and in this project the following two parameters are stu-
died:

1) The heat transfer coefficient, is denoted by U and indicates how well a
building or building component insulates. The unit for the heat transfer coeffi-
cient is W/m?, °C. The lower the value the better the insulation.

2) Transmission losses, denoted by E, are the heat/energy that “leaks” from a
building or part of a building. The transmission loss unit is Wh. The lower the
value the better the performance.

The formulas below are used: [19]

Rigyer = 01

Rium = 0.17 + Riyer1 + Riayerz + ... + Ry
U= 1/Rym

P=UA (t;—DUT)

E=UAG
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EXPLANATION/INTERPRETATION

R: Thermal resistance

&: The thickness of the layer [m]

A: The thermal conductivity of the material [W/m, "C], a table value
U: Heat transfer coefficient [W/m?, °C]

P The transmission loss, the effect [W]

A: The surface through which the heat is conducted [m?]

t: Designable outdoor temperature ["C], a table value

DUT: Designable temperature inside [*C], a table value

E: The transmission loss, energy [Wh]

G: Number of degree hours at the location, a table value ["C, h]

A basic sketch of the designs, with and without roller shutters, on which the
calculation is based, is presented in Figure 2. For the calculation of the E para-
meter, a living space of 100 m? is studied and geographically three different loca-
tions in Sweden are studied; Kiruna, Stockholm and Malmd, which geographi-
cally encompass all of Sweden’s three climate zones [18]. In the project, a survey
is conducted, comprising 1200 respondents with the aim of examining how the
environment and climate are perceived in the Swedish building stock. A litera-
ture study examines how the Swedish authorities themselves assess the extent of
building-related illness and how they assess the effects of the changes they have
implemented to address the problem. The tools used for conducting the litera-
ture study are the databases at the Royal Institute of Technology in Stockholm,
searching through the Google search engine, reviewing the relevant authorities’
websites via the internet and, if necessary, direct contact with the authorities for

clarification on various issues.

3. Results

The basis of the climate in a building, in terms of temperature and relative hu-
midity, is the level that prevails outside the building. The outdoor levels in
Stockholm for the period from July 2016 to May 2019 are shown in the graphs,
Figure 3 and Figure 4. Stockholm is located in Sweden’s climate zone 2 [18] and
the results show that the temperature drops during the winter, in order to be
higher during the summer and the opposite is true for the relative humidity. The
measurement results in the building at the same location and during the same
measurement period show that even indoors the climate varies at different places
in the room, see Figure 5 temperature and Figure 6 the relative humidity. The
variations are not in the order of magnitude outdoors and generally for each pa-
rameter, the temperature inside the room is at the levels prescribed by the au-
thorities, from 20°C and up to 24°C [20]. Occasionally, the levels in the window
frames are in some contexts more extreme due to shorter temporary climate
changes such as directly affecting solar radiation and window weathering in
winter time (see Figure 5). With regard to the relative humidity there are no
limit values, but as shown in Figure 1, the level should be between 40% and 60%.
However, the level falls below this level, during most time of the period, shown
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in Figure 6. Levels above 40% occur during the summer periods, in order to fall

sharply again in the autumn with the lowest levels during the winter season.

Temperature, °C
40

30

20

-20

1
Year: 2016 2017 2018 2019

Season: Autumn Vinter Spring Summer Autumn Vinter Spring Summer Autumn Vinter Spring

Figure 3. The outdoor climate, temperature in fC, outside the building where the physical
measurements were carried out in this project, see Figure 5 and Figure 6. The
measurement period is from July 2016 to May 2019. Please note that the climate variation
outside is strong. The gray graph shows the range of the measuring instrument and a
marking with a black line is made to clarify the direction of the climate variation.

The relative humidity, RH (%)

(%) RH = Optimal zon

20

0

Year: 2016 2017 2018 2019
Season: Autumn Vinter Spring Summer Autumn Vinter Spring Summer Autumn Vinter Spring

Figure 4. The outdoor climate, the relative humidity (RH), in %, outside the building
where the physical measurements were carried out in this project, see Figure 5 and
Figure 6. The measurement period is from July 2016 to May 2019. Please note that the
climate variation outside is strong. The gray graph shows the range of the measuring
instrument and a marking with a black line is made to clarify the direction of the climate
variation.
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Figure 5. The diagram shows the average of air temperature, in MC, for each week. The
diagram compares in one room, the temperature in two window frames, a frame with
two-glass window and a frame with three-glass window and inside the room. The
measurement period is from July 2016 to May 2019.

The relative humidity, RH (%)
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Figure 6. The graph shows the average of the relative humidity, RH in %, for each week.
The diagram compares in one room, the RH level in two window frames, a frame with
two-glass windows and a frame with three-glass windows and inside the room. The
measurement period is from July 2016 to May 2019.

Regarding the measurement results indoors, it can be noted that the mean
level of relative humidity over the entire measurement period is below 40% in
the room and in both window frames above 40%. If a more detailed study is
conducted over this entire measurement period, more detailed differences will

be revealed. The variation indoors is caused by the fluctuations in the relative
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humidity that occurs outdoors and it is difficult to fully compensate for these
fluctuations through technical designs. The results in the window frames show
that it is colder next to the windows during the winter season than in the other
parts of the room, and this especially during the short and intense cold season
that prevailed during the winter season 2016-2017. The temperature inside the
room is even, varying between 21°C and 25°C. In the window frames it varies
more strongly, between 19°C and 26°C in the three-glass system and in the
two-glass system between 14°C and 28°C. The relative humidity varies between
25% and 50% inside the room, in the window frames with the triple-glass system
between 18% and 52% and between 25% and 55% in the window frame with the
two-glass system. Identifiable differences can be found in the space between the
three measurement sites. When compared, the two window frames reach the
lowest level in the window frame with triple-glass system. If we make a compar-
ison with regard to the outside temperature graph in Figure 3, it can be seen that
its curve contour corresponds well with the curve contours for the relative hu-
midity inside, see the graphs in Figure 6. This is explained by the lower the
temperature, the less moisture the air contains [21]. This means that during the
winter months, when lower temperatures prevail, the air contains less moisture.
As the outdoor air, when taken into the building, is heated to the temperature
prevailing in the building, the moisture content of the indoor air is further re-
duced [22].

The measurement performance, which compares the various air exchange
systems, natural draft systems and mechanical systems, shows that the average
relative humidity is significantly below 40% see Figure 7 and Table 1. The mea-
surement period January-March is a delicate part of the year. The outside tem-
perature is regularly below 0°C, with the result that the level of relative humidity
is generally low indoors, see Figure 6. The problems with the relative humidity
are most extensive in the buildings with mechanically controlled air exchange
where levels below 10% are measured. This can be compared with the lowest le-
vels in the buildings with natural draft where the level is 18%, see Table 1. In
summary, the relative humidity indoors is low during a predominant part of the
year in the Swedish building stock and is thus a source of the complaints that are
being addressed regarding building-related illness see Figure 1, Figure 6 and
Figure 7 and Table 1. The relationship is confirmed by the survey study con-
ducted where:

- 70% of respondents report problems with dry air

- 78% of respondents report problems with both unev.en and uncomfortable
air temperature.

- 38% of respondents experience health problems in some buildings.

- 46% of respondents report concerns about being affected by health problems
by staying in a particular building.

The survey results are presented in Figure 8. For many decades, the Swedish
authorities have been trying to address the problems of building-related illness.

The first major government inquiry was presented in 1989 [23]. Right from the
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Table 1. The relative humidity, RH (%).

A BUILDING WITH NATURAL DRAFT ~ MECHANICAL VENTILATION

The average value

1) SODRA GOTALAND 32 23

2) OSTRA SVEALAND 35 25

3) VASTRA SVEALAND 31 22

4) SODRA NORRLAND 29 22

5) NORDOSTRA NORRLAND 28 21

6) NORDVASTRA NORRLAND 26 19
The lowest value

1) SODRA GOTALAND 21 11

2) OSTRA SVEALAND 25 15

3) VASTRA SVEALAND 19 9

4) SODRA NORRLAND 20 9

5) NORDOSTRA NORRLAND 18 12

6) NORDVASTRA NORRLAND 16 8
The highest value

1) SODRA GOTALAND 45 35

2) OSTRA SVEALAND 44 39

3) VASTRA SVEALAND 44 32

4) SODRA NORRLAND 41 31

5) NORDOSTRA NORRLAND 39 34

6) NORDVASTRA NORRLAND 42 31

The relative humidity, RH (%)

100

80
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I RH = Optimal zon

20
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Svealand

E=s=]
58
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South
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Nothwest
Norrland

B Mechanically ventilated system

l Natural ventilation

Figure 7. The diagram shows the average of the relative humidity, RH, in %, in twelve
buildings, 2 at each location. One building with air exchange through natural draft and
the other building with air exchange that is mechanically controlled.
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Answer survey questions (%) Question
100 1. Do you experience the air too dry in
this building?
90
2. Do you experience uneven and
80 unpleasant temperatures in this
building?
70 <
3. Do you experience health problems
60 + while staying in this building?
%
50 4 4. Are you worried about health problems
in the future due to staying in this
40 1 building?
30 4
20 4
10 A mYse wNo mNot answered
0 4
1 2 3 4

Figure 8. Results from a survey of 1200 respondents and how they experience the climate
and building-related illness in Swedish buildings.

beginning there was a one-sided focus on the construction of buildings, a form
of management that lacks evidence, but is still used. The authorities made it
more or less official at a conference held in 1992 [24]. A ritual management me-
thod has been created, and now new directives from the authorities, with the aim

of addressing the prevailing health problems, regularly reduce energy consump-
tion and create conditions for better management of resources in accordance
with Swedish environmental policy. The Swedish Parliament has defined Swe-
dish environmental policy in so-called generational goals with the following
wording: “The overall goal of environmental policy is to hand over to the next
generation a society where the major environmental problems are solved, with-
out causing increased environmental and health problems outside Sweden’s
borders” [25] [26]. In 1994, the Prime Minister of Sweden at that time clarified
the importance of acting in environmental work and pointed out that the major
environmental problems must be addressed by 2020 [27]. In 2018, the responsi-
ble authority announced, in its annual assessment, that the environmental goal
regarding building-related illness will not be achieved within this time period
[28]. Reported figures from the authority revealed that between 2009 and 2017,
the problems related to building-related illness increased, from covering 1.2 mil-
lion people [29] to exceeding 1.4 million people [2]. In fact, there has been an
increase in numbers. n a direct follow-up of a preschool that was demolished
and a new building constructed in accordance with the ritual working model [4],
the staff announces that the problems remain and this despite a resource con-
sumption of more than SEK 45.5 million. The responsible authorities have
nothing further to disclose in the case, but inform those affected that what has
been done is done [30] [31].

In the comparison between the window frame with and without the roller
shutter, the measurement results show that a more even temperature is achieved
in the window frame which is equipped with an external roller shutter, see Fig-

ure 9. Regarding the relative humidity, differences can be identified, but no con-
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clusion can be drawn from these measurement data, see Figure 10. With regard

to heat resistance (U) and transmission loss (E) the calculations show significant

advantages found by using roller shutters, see Figure 11 and Figure 12 and Ta-

ble 2 and Table 3. It is noteworthy that it is more advantageous to supplement

two-glass systems with roller shutters than to install the triple glass system alone.

The measurement results in this study show that there are connections between

the new constructions installed in buildings and the building-related illness.

With regard to the designs studied in this project, the following should be clari-
fied:

The air exchange systems installed after 1972 have had a negative impact on
the indoor environment, see Figure 7 and Table 1.

With regard to the window designs, it is evident that climatic differences are
identified, between the two and three glass systems, see Figure 5 and Figure
6 and between the window surfaces with and without roller shutters regard-
ing the temperature, see Figure 9. The scope of problems related to build-
ing-related illness is increasing. Reported figures from authorities range from
the level of 1.2 million people to 1.4 million between 2009 and 2017 [2] [29].
The results, from the survey study included in this project, confirm this de-
velopment, see Figure 8.

From the energy point of view, the calculations show that an external roller
shutter covering the window surface produces significant effects on the heat
transfer coefficient (U), see Figure 11 and Table 2 and the transmission loss
(E), see Figure 12 and Table 3.

Table 2. The transmission loss, E, (kWh) for different window designs, formula £= U x

Ax (DUT - ).
U A DUT - ti E
WINDOW DESIGN Table value
Kiruna
Two-glass 2.90 100 190,000 55,100
Two-glass + roller shutter 1.89 100 190,000 28,310
Three-glass 1.49 100 190,000 35,910
Three-glass + roller shutter 1.18 100 190,000 22,420
Stockholm
Two-glass 2.90 100 117,000 33,930
Two-glass + roller shutter 1.89 100 117,000 17,433
Three-glass 1.49 100 117,000 22,113
Three-glass + roller shutter 1.18 100 117,000 13,806
Malmo
Two-glass 2.90 100 105,000 30,450
Two-glass + roller shutter 1.89 100 105,000 15,645
Three-glass 1.49 100 105,000 19,845
Three-glass + roller shutter 1.18 100 105,000 12,390
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Table 3. The relative humidity and air temperature, the average value per month in a
room in a dwelling and outside during the period August 2018 to February 2019. The
room is equipped with two equivalent window designs, where one window surface is
provided with exterior roller shutters and the other without roller shutters. Constructions
see Figure 2.

The relative humidity, average monthly

Year 2018 2019

Month July Aug Sep Oct Nov Dec Jan Feb March Apr May
Without r.s* 55.00 51.67 52.44 42.18 36.10 33.78 26.74 30.33 29.79 28.03 31.79
With r.s.* 54.50 51.10 50.40 45.34 37.61 32.34 28.19 29.68 29.05 2638 32.13

Outdoors 59.88 72.16 82.19 88.32 96.75 98.90 97.36 92.85 86.64 84.66 73.74

The temperature, average monthly

Year 2018 2019

July Aug Sept Oct Nov Dec Jan Feb March Apr May
Without r.s.*  26.90 24.28 20.51 20.20 20.45 17.72 1828 19.01 19.55 21.36 20.72
With r.s.* 25.80 24.15 20.86 20.93 21.14 19.88 18.89 19.98 20.76 2272 22.13

Outdoors 25.01 19.03 13.23 7.76 3.70 0.03 -2.97 0.73 1.95 6.69 7.16

* r.s. = Roller shutters.

Temperature ("C), average monthly

27
4
s LN\

24 \

23 \

22 \ /\

Ty, \ g / P — Without shutter

2 \‘—\_’/\\ / / . — With shutter
; NN
m g

July ] Aug.l Sept. l Okt. INOV. I Dec.

Jan. liFebr.IMarsl Apr. lMaj i

Year 2018 Year 2019

Figure 9. The average value of the temperature for each month from August 2018 to May
2019. Measurement sites in a Swedish residential building and in the air outside this
building. The measurement sites in the building comprise a room, with a measurement
space in a window frame with two-glass system, which is externally provided with a roller
shutter and a measuring place in a window frame with two-glass system without the
external roller shutter. Window constructions see Figure 2.
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Figure 10. The average value of the relative humidity for the respective month from
August 2018 to May 2019. Measurement sites in a Swedish residential building and in the
air outside this building. The measurement sites in the building comprise a room, with a
measurement space in a window frame with two-glass system, which is externally
provided with roller shutters and a measuring place in a window frame with two-glass
system without the external roller shutter. Window constructions see Figure 2.
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Figure 11. The diagram shows the calculation of the heat transfer coefficient, U, [W/m?,
MC] with the construction in Figure 2 as the basis.

It can be noted that the directives issued by the authorities, regarding the ri-
tual model used in structural engineering environmental problems, are not
based on substantiated evidence. Instead, their decisions have been based on
statements from people who the authorities consider to be particularly compe-
tent. This means that the authorities have allowed non-evidence-based material

to control the area with the problem of building-related illness [31].
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Figure 12. The diagram shows the calculation of the transmission loss - energy, E, [Wh]
with the construction described in Figure 2 as a basis. The calculation is done at three
locations; Kiruna, Stockholm and Malmo.

4. Conclusion

It can be noted that many people who reside in Swedish buildings experience
problems with the environment and the climate that prevails there. The results
of the measurements carried out in this project show that there are extensive
problems and the authorities’ own follow-up efforts indicate major problems
and that the problems even increase [2] [29], despite the fact that extensive re-
sources are both allocated and implemented to remedy the problems. The ques-
tion should instead be if there are shortcomings in the model used. An identifia-
ble parameter that is not properly considered and managed is the relative hu-
midity of the indoor environment, which is a factor affecting human health, see
Figure 1. This study has, through physical measurements, identified that this is a
source of building-related illness. The results show that unhealthily low levels
generally prevail in the Swedish housing stock and that the changes in the con-
struction carried out after the oil embargo in 1972, regarding air exchange sys-
tems and window designs, reinforce the problem see Figure 6, Figure 7 and Ta-
ble 1. With regard to various design alternatives, it is necessary in Sweden to
consider the prevailing climate and environmental conditions and that the
energy efficiency of the buildings is good. This project has shown that there are
alternatives to the designs currently proposed. As far as window surfaces are
concerned, these are, from an energy point of view, a sensitive part of the build-
ing and there is much to be gained from strengthening this part of the building.
In the housing stock, there is also a temporary need for the residents to provide
the window surfaces with protection for transparency, create a darkening and
sound insulation. Are these needs compatible with the needs of climate and
energy efficiency? This project has shown that there are alternatives to today’s
system. A system that is used in many countries, but which in Sweden in a
housing context is a fairly unknown concept, is the external roller shutters that

have been studied in this project. This roller shutter strengthens from an energy
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and heat resistance perspective, the design and gives positive effects in terms of
climate and energy consumption see Figure 11, Figure 12 and Table 2 and Ta-
ble 3. Further positive effects are that the mechanical air exchange can be re-
duced and that the need for energy and resource-intensive technical systems
need not be as extensive. An example is if roller shutters are combined with
two-glass systems, this gives better air exchange than the three-glass system. At
the same time, better energy performance and heat resistance are achieved than
using what is currently recommended, three-glass systems, see Figure 11 and
Figure 12 and Table 2.
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