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Abstract
In a world facing climate change it is important to reduce the use of energy to minimize its
environmental impacts. Since the building sector takes up a great share of the energy use it
is important to make energy reducing measurements there. One key player in energy use
reducements is smart sensors. Smart sensors can also be used to create a better indoor
environmental quality which is important to take into consideration. In this project, the level of
discomfort in a given house with given data has been examined. The given data showed that
there are many parameters in the house that reach the thresholds for discomfort.
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1. Introduction
In the U.S, buildings consume 41% of the total energy. To be able to increase this amount
one important part is to optimize the control of building environmental variables. These
variables can be measured with smart sensors and can be temperature, humidity, CO2-level
etc. Since the energy consumption in a building is directly connected to the occupants
behavior, it is also important to take them into consideration while trying to reduce the energy
use to minimize the building sector's environmental impact. The smart sensors can be used
to create a better indoor environment quality and to better control the energy usage.
Furthermore, the indoor environmental quality influences the occupants health as well as the
building. Therefore, the aim in this project is to, by using data from smart sensors, analyze
the level of discomfort in a given smart home. (Dong, B., et al., 2019)

2. Data collection
The data was collected from Grafana (Ferrari, J., 2022). We used a Python code to extract it
and each data was then available in a csv file. Since the sensors were not the same for each
data, we had different time steps. This is why we standardized the data by taking the mean
value of each sensor for a time step of 30 minutes. Then we merged all the data into one
unique excel file, which allows us to analyze them. See figure 1 for an example of the data
set with the meshed data and the same time step.

Figure 1: Showing an extraction of the data set structure.

As can be seen in figure 1, data is missing for some time steps. The missing data was
assumed to not affect the trend. There were however not considered to be any outliers that
needed to be managed. That is to say, no data points that were considered to have been
collected incorrectly and would have had higher and lower values than normal and would
have distorted the results if they were not to be deleted.

The data was collected for one week during the summer, 19/7-21 - 25/7-21, and one week
during the winter, 24/12-21 - 30/12-21. The data for the following parameters were collected
for both the summer and the winter week: the CO2 level in the bedroom number 1, the CO2
level in the living room, the temperature in the living room, the temperature in the bedroom
number 1, the humidity in the living room, the humidity in the bedroom number 1 and the
noise in the house (living room).



3. Results from the sensor data
In this section the results of the collected data will be presented, which then can be used to
evaluate the level of comfort in the house during summer and winter.

3.1 CO2-levels
The CO2 level in the bedroom varies between 500 ppm to around 3400 ppm during the
summer and between 500 ppm to around 3000 ppm during the winter week, see figure 2.

Figure 2: Showing the CO2 level in the bedroom during the summer and the winter week.

The CO2 level in the living room during the summer week is however lower than in the
bedroom and varies between around 400 ppm to 1600 ppm. The CO2 level in the living
room during the winter week shows similar values as during the summer week and varies
between around 400 ppm to 1600 ppm, see figure 3.



Figure 3: Showing the CO2 level in the living room during the summer and the winter week.

3.2 Temperatures
When it comes to temperatures, the temperature in the living room during the summer week
varies between 23℃ - 27℃ and between 20,3℃ - 22,5℃ for the winter week, see figure 4.

Figure 4: Showing the temperature in the living room.

The bedroom has similar temperatures during the summer week, around 24℃ - 26,5℃. The
temperature in the bedroom during the winter week varies around 19℃ - 24 ℃, see figure 5.

Figure 5: Showing the temperature level in the bedroom during the summer and winter week.

3.3 Humidity
The humidity in the living room varies between 55-65 % during the summer week and
between 42-58 % during the winter week, see figure 6.



Figure 6: Showing the humidity level in the living room during the summer and winter week.

The humidity in the bedroom varies between 60-75 % during the summer week and between
35-65 % during the winter week, see figure 7.

Figure 7: Showing the humidity level in the bedroom during the summer and winter week.

There is a lack of data for the humidity in bedroom number 1. However, it is not necessary to
fill in data because the trend is not affected by these data lacking.

3.4 Noise
The level of noise in the house does not differ much between the summer and the winter. It
varies between 38 - 62 dB for the summer week and between 38 - 68 dB for the winter
week, see figure 8.



Figure 8: Showing the noise level in the house during the summer week.

4. Comparison with the ideal values for comfort
High levels of CO2 concentrations, above 3000 ppm, indicates improper ventilation and poor
air quality in bedrooms (P. Batoga, M. Badurab, 2013). Since there are collected values
during the summer week that measure up to 3400 ppm in the bedroom, the bedroom has
poor air quality which can disturb the sleep. However, the highest measured value in the
bedroom during the winter week is 3000 ppm and the air quality can be assumed to be
sufficient. The air quality is shown to be good in the living room during both the summer and
the winter week (highest value measured 1600 ppm).

The indoor temperature should be at least 18℃ to avoid health risks (Public Health England,
2014) . Since the lowest measured temperature was 19℃ it is not too cold in the house even
during the winter week. However the indoor temperature should not exceed 26℃ during the
summer and there are both measurements over 26 ℃ in the bedroom and the living room
(fastighetsagarna.se, 2022).

When it comes to the humidity, the recommended humidity indoors is 30-70%. Air indoors
with a high humidity, humidity over 70%, can create problems (Folkhälsomyndigheten,
2005). Since the humidity varies between 60-75 % in the bedroom during the summer there
could be problems.

According to WHO, the guideline values for annoyance when it comes to noise indoors are
set to 50 or 55dB (WHO, n.d). Since there have been noise levels measured that are higher
than 55dB there is a risk that the people living in the house are annoyed by the noise. This
level of noise can be explained by the presence of children in the house, who may play
together in the livingroom and by extension who create noise in this place of the house.
Since the noise levels are the same in winter and in summer, there is no correlation between
the noise in the living room and the season.



5. Conclusions
According to the literature and the data we extracted, we can say that there is a problem with
discomfort in the house. The CO2 level in the bedroom number 1, the indoor temperature
during the summer, the humidity in summer, and the noise level are too high. This can affect
the occupants' health.
However, some of these parameters can be improved by the occupants, for instance the
CO2 level in the bedroom thanks to a regular aeration of the room.
Moreover, if the bedroom is not used (children studying in another city, guest room …) that
can explain the values of humidity and CO2 level and may not impact so much the comfort
of the permanent occupants of the house.
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