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Abstract 

Indoor environment has huge influence on person’s health and overall comfort. It is of great importance that we 

realize how essential indoor air quality is, considering we spend on average as much as 90% of our time indoors. 

There are many factors that affect indoor air quality: specifically, inside air temperature, relative humidity, and 

odors to name the most important factors. One of the key factors indicating indoor air quality is carbon dioxide 

(CO2) level.  

The CO2 levels, measured in prefab apartment buildings, indicates substantial indoor air quality issues. Therefore, 

a proper education of the occupants is of utmost importance. Also, great care should be directed towards technical 

and technological solutions that would ensure meeting the normative indoor environment criteria, especially 

indoor air CO2 levels. Thanks to the implementation of new emerging autonomous technologies, such as Internet 

of Things (IoT), monitoring in real-time is enhanced. An area where IoT plays a major role is in the monitoring of 

indoor environment. IoT technology (e.g. smart meters and sensors) provide awareness of information about the 

quality of indoor environment. There is a huge potential for influencing behaviour of the users. Through the web 

application, it is possible to educate people and ensure fresh air supply.  
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1 Introduction 

According to [1], about 35% of all buildings are 50+ years old. Therefore, there is an 
enormous challenge mitigating energy consumption in existing buildings.  In most cases, the 
proposed solutions come down to improving thermal properties of the outer shell (envelope) 
of the building and to replacing the heat/cool source. The benefit of this solution is reducing 
energy cost and the amount of primary energy. On the other hand, there is the issue of indoor 
air quality. This topic is often neglected.  
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Thus, indoor air quality of currently existing apartment buildings is the main topic of this 
paper, mainly focused on CO2 levels monitoring throughout the day in selected flat units. The 
indoor environment has huge influence on person’s health and overall comfort. It is of great 
importance that we realize how essential indoor air quality is, considering we spend on 
average as much as 90% of our time indoors. There are many factors that affect indoor air 
quality: specifically, inside air temperature, relative humidity and odors to name the most 
important factors [2], [3].  
However, indoor monitoring is not a solution. It is only information about the situation in 
monitored flats. Therefore, some measure should be available which can help improve the 
indoor environment in the existing apartment buildings. It is obvious that modern HVAC 
systems with mechanical ventilation and recuperation units would be the best solution. 
Unfortunately, there are economic situations and technical situations when modern HVAC 
system is poorly feasible. In this article, a different solution is presented. There are modern 
communication technologies which can influence the behavior of the users and take 
advantage of the existing possibilities of the building, such as natural ventilation (opening 
windows). This solution uses sensors for indoor monitoring, which are equipped with 
interoperability with the users of the flats via information communication methods, such as 
web applications, smartphone applications and smart sensors with parameter indicators.     

2 Indoor Environment and Its Requirements  

If we were to take a closer look at various harmful substances that are commonly found in 
most dwelling, work, and leisure indoor spaces that do in fact affect the indoor environment 
[4] and considering the means of monitoring their levels [5], CO2 level monitoring would be 
the most obvious choice. It can be measured with ease and it is also representative enough 
when it comes to indoor air quality. 
Carbon dioxide (CO2) is a naturally occurring, odorless, and colorless gas. CO2 is also formed 
as a byproduct of burning hydrocarbon fuels, as well as a product of respiration. 
Concentration levels of CO2 are typically measured in parts per million (ppm). For occupied 
indoor spaces, 1000 ppm is considered the upper boundary, also known as Pettenkofer 
criterion. Concentrations above this imaginary boundary can cause sleepiness and impression 
of stale air, build-up above 2000 ppm can impair the ability to fully concentrate on any given 
task and can also cause minor headaches. Above 5000 ppm, rapid heartbeat occurs and around 
45 000 ppm and above leads to unconsciousness and eventually death. Czech legislative 
requirements considering CO2 levels are listed, among others, in the regulation number 
268/2009, specifically § 11 paragraph 5 stating that CO2 is to be considered a benchmark of 
indoor air quality and should not be allowed to build up above 1500 ppm level [6]. There are 
various measuring methods and devices used when assessing occupied indoor environment 
quality (mainly CO2 levels) [7], [8]. 

3 Problem with High Level of Carbon Dioxide 

The measurements were carried out in Nový Lískovec, a city district of Brno.  The location is 
exposed to frequent and quite intense winds. The building of interest is a solitary object, not 
protected from weather conditions by surrounding buildings or landscape. Design outside 
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winter temperature for this location is set at -12 °C. Current development in the area consists 
mostly of typified prefabricated apartment buildings (type T06B and 70R/K) constructed 
during the 60s through 80s of the last century. Since the beginning of this century, most of 
these buildings have gradually undergone refurbishment. Several buildings and apartments 
within them that have already undergone refurbishment at some point were chosen for indoor 
environment quality monitoring. All of the selected buildings underwent thermal 
characteristics improvement of the outer shell (envelope) coupled with windows and doors 
replacement. Energy performance class index for all the buildings is classified as category C. 
All the buildings are naturally ventilated via openable windows. 
Nový Lískovec city district is included as a pilot project location in smart regions project [9], 
covered by TAČR – Technology agency Czech Republic. Thus, long-term measurements and 
new technologies are conducted in this particular location and smart city concepts are 
implemented here. 

3.1 CO2 Monitoring 

The main goal of the monitoring process was to demonstrate that CO2 levels in dwelling 
spaces generally exceed the tolerable boundaries. Indoor air temperature and relative humidity 
were also monitored alongside the CO2 levels. The monitoring was carried out from January 
through April 2015. The timestep of each measurement was set at 15 min. The measuring 
devices were situated according to recommendations [10] in such a way that the 
measurements would not be affected by its surrounding environment. 
For this particular measurement, an apartment was selected, typical apartment arrangements 
in this location. Apartment layout is 4+1 and is occupied by 6 persons, 2 of which are adults 
and the rest are children.  
 
3.2 Result of Monitoring  

The monitoring results are indicating issues with CO2 levels exceeding the normative levels 
allowed for dwelling spaces. The following chart (Fig. 1) showcases how the CO2 levels 
changed throughout a typical day, in living room of the apartment. 
 

 
Figure 1: CO2 levels in apartment nr.1 throughout typical week 
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The data show substantial exceeding of the normative CO2 levels (1500 ppm according to 
regulation 268/2009). In some cases, the CO2 levels reach as high as 3500 ppm. Generally, 
the CO2 levels meet the norm only at times of low to no occupancy, due to external air 
infiltration. 
It is imperative to realize that the problems occur in certain time intervals when the 
rooms/apartments are occupied by their inhabitants. Therefore, the CO2 levels are of interest 
to us, mainly during these time intervals of full or near full occupancy. Human breath air 
(average adult man) contain 35 000 to 50 000 ppm of CO2 (roughly 100 times more than in 
outside air). Without sufficient fresh air supply needed to lower the CO2 levels, an 
accumulation of the CO2 occurs. The following chart (Fig. 2) showcases a typical week day 
and weekend day in the selected apartment. 
 

 
Figure 2: CO2 levels in typical weekend day and week day in the selected apartment 

 
In this case, the monitored room is living room in apartment. It is a common room that serves 
as a place in the apartment where people (inhabitants and visitors) gather at certain times of 
day. The occupancy characteristic has direct impact on the CO2 levels. The aforementioned 
chart (Fig. 4) corresponds to the theory as the highest CO2 levels are reached in late afternoon 
and evening hours when people return home from work, school etc. 
The following table (Table 2) portrays the relation between CO2 levels and fresh outside air 
supply required to lower the CO2 levels to a certain value. The CO2 level values in this table 
are approximations based on a simplified concept that consists of an adult person producing 
CO2 at a constant rate. Furthermore, we consider a constant indoors air change rate (constant 
outside fresh air supply), constant outside air CO2 level of 380 ppm, and also ideal air mixing. 
Obviously, the real conditions will differ from these assumptions and will be far less 
predictable. 
 

Table 1: Outside air supply volume needed to achieve specific CO2 level 
Koncentrace 

CO2 v interiéru 

Přívod čerstvého 

vzduchu (m3/h na 

osobu) 

Rozdíl CO2 

(venkovní/vnitřní) 

Odpovídá výměně vzduchu 

místnosti 5x5x2,8 m 

800 ppm 34 500 ppm 0,5 /hod 

1000 ppm 25 650 ppm 0,4 /hod 

1400 ppm 17 1050 ppm 0,2 /hod 

2400 ppm 8 2050 ppm 0,1 /hod 
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There are many variables changing in time under real conditions, such as occupancy, exhale 
breath air CO2 levels, outside weather conditions, outside fresh air supply rate etc. that have 
more or less direct impact on the resulting CO2 levels, air mixing, and many other factors. 
Due to this ever changing nature, the possibly most effective solution would be to measure the 
CO2 levels in the monitored room and adjust the room ventilation accordingly, regardless of 
the utilized ventilation method (mechanical or natural). Natural ventilation should be carried 
out utilizing full open-able area of the window for a short period of time (5-10 mins).  The 
question is how to make people ventilate. In many flats, there are no indicators of CO2 
concentration. People are often uninformed about the problem with indoor air quality. The 
first level of the measure is informing and educating users. The second level is a sensor with 
real data. And the third level is HVAC system which solves the problem automatically. The 
last level is very often unavailable for a reasonable price and technical problems with the 
implementation.  
In many cases, the smart sensor solution with user interaction is sufficient, see Figure 3. There 
should be an automatic system which evaluates the level of CO2 concentration. It can be 
external application in a smartphone, an application on the website or a smart meter with 
evaluation process and concentration indicator which communicates with users.  
 

 
Figure 3: Smart solution 

4 Communication Technologies and Awareness  

In the following section of this article is presented a new approach how to collect data from 
devices such as sensors and metres and how to visualize this data. The new approach is the 
Internet of Things.  
The Internet of Things paradigm promises to increase the visibility and awareness of data 
from monitoring thanks to smart sensors and smart meters. Consequently, real-time data from 
sensors can be collected easily and then analyzed to improve data-aware decision-making. 
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4.1 IoT 

The Internet of Things (IoT) was first used in 1999 by Kevin Ashton [11]. Immediately a 
technological revolution was expected. This fact is supported by billions of connected 
devices; in 2008 the number of the devices reached the number of people on the Earth. It is 
expected to have the same or even larger impact than the Internet itself. It is estimated that in 
2020, 26 billion objects will be connected to the internet. 
The Internet of Things paradigm is defined as connecting things together via the Internet. 
Things mean everything that surrounds us and can communicate or not. It is the interplay of 
smart things and of smart communication networks. The flow of information and events 
generated by things can be used to facilitate their tracking, management, control and 
coordination. 

4.1.1 Testing IoT Devices with New Connectivity  

Energy efficiency of battery-running is the main requirements for using IoT devices [12]. 
Lifetime of various devices such as sensors is essential. There are emerging new 
communication networks. They include mainly small devices such as sensors and mobiles for 
long time duration. The success of these networks relies on the availability, low costs, low 
energy demand, long range, and ease of use. Many communication technologies are present in 
the literature [13][14].  
One of the new communication networks with long range is Sigfox network. It is radio 
technology that is based on Ultra Narrow Band (UNB) for communication purpose [15]. The 
network uses license-free spectrum band, in Europe 868 MHz and in the USA 902 MHz 
(based on regional regulations) [15]. Signal transmission is at a distance of up to 120 km in 
open terrain. The used energy in this network is extremely small in comparison with cellular 
networks, e.g. 50 microwatts as compared to 5000 microwatts in cellular networks [15]. On 
the one hand, there are low energy demands but, on the other hand, there is a data limit to 
only 100 bps. It can be a disadvantage but, for many IoT devices (such as CO2 sensors), it is 
suitable. IoT devices connected through the SigFox network only use the network when they 
actually require to transmit data; in this procedure, much of the power consumption is reduced 
[15]. The SigFox network is starting in the Czech Republic. Commercial operation was 
launched this year.  

5 Case Study  

The same flat in the apartment building as previously was selected. The previous results show 
problems with an increasing carbon dioxide level. In this case study, a measure how to 
improve indoor air quality is presented. It is a new approach when the measure is 
implemented by the users.  
The flat was equipped with IoT smart sensors, see Figure 4. These sensors provide real time 
data visibility via a web application. This application was developed for this case study. For 
this sensor was used real-time monitoring and through a digital signal sending data to Sigfox 
storage cloud. The processed data are sent via SigFox network protocol from the CO2 sensor. 
The sensor is equipped with a ready to use radio transmitter that can be used to send 
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information from smart devices into the Sigfox storage cloud which serves as a database. For 
visualization, a web application was developed which is available on the internet. 
 

 
Figure 4: Smart sensor 

 
As a vizualization for data was developed a web application (Figure 5). This application 
allows the display of the measured data from the sensors. Further, it has an evaluation process 
which evaluates the critical value, e.g. when the CO2 concentration increases above 1500 
ppm, the application reports an overflow by mark diode red. Thanks to this application, the 
users may react to the current values and improve the indoor climate quality. There are 
additional possibilites such as educating users, current infromation in indoor climate 
problematics and other measures. This additional information educates users and ensures 
interaction of the user and the indoor climate quality. Of course, there is a need to engage 
with the users because the measures are implemented through the user. It can be an easy and 
cheaper solution than the new complex HVAC system.  
 

 

Figure 5: Visualization web application  

6 Conclusion  

In this paper, the measurement of indoor air quality in an apartment flat was presented. The 
measured concentration of CO2 in the selected apartment was often exceeded and pointed to 
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the problem of the quality of the indoor environment in this type of flats. The normative CO2 
levels (1500 ppm according to the Czech regulation 268/2009) are being severely and 
frequently exceeded in the indoor air of refurbished buildings not equipped with mechanical 
ventilation systems. High levels of CO2 are directly related to the presence of people in the 
monitored indoor space. There is obvious close synergy between the apartment inhabitants 
and the indoor air quality. Therefore, educating and providing information to the occupants is 
of utmost importance. 
In this article, a new approach was presented how to educate and inform users by IoT 
technologies, such as smart sensors. IoT technology provides the users with data and raises 
their awareness of the issue. There is huge potential for influencing the behaviour of the users. 
Through the web application, it is possible to educate people and ensure fresh air supply.  
In the case study, in the selected apartment, there were situated IoT smart sensors with 
conectivity through an IoT Communication network, which was recently implemented in the 
Czech Republic. The measured data are being sent to the storage cloud and visualized by a 
web application which was developed as part of a research project (nr. FAST-J-14-2527). The 
users of this apartment are informed about their indoor air quality and they may take 
measures, such as open the window.  
Further work will focus on continuing to monitor CO2 concentrations and how it is influenced 
by users, who will be provided with information about indoor air quality. 
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