
Indoor Air Quality  

in Schools, Slovakia 

CATEGORY: 

Daikin air purification system helps 
school kids and staff breathe more easily

Indoor Air Quality in 20 schools all over Slovakia was monitored 

and analyzed over the course of 3 months (June, August - 

September 2021). This included testing and comparing the 

classroom air quality with & without an air purifier and also with & 

without a ventilation unit installed. The case study results revealed 

that IAQ in the classrooms without ventilation is bad and that the 

measured values often exceeded the allowed and recommended 

thresholds and therefore is a health risk for students and staff. 

Location

Country:  Slovakia 
City:  various locations all over Slovakia 

PUBLIC BUILDINGS

Installed systems:
 › Indoor air quality sensor 
 › AAF AstroPure 2000
 › Air Purifier MC55W 
 › VAM-J - heat reclaim ventilation unit



2

Case Study - Slovakia
The Covid-19 pandemic has brought the quality 
of the indoor environment to the center of our 
attention. Both experts and general public are 
realizing how big of a role it plays in our lives and 
how much the environment where we spend most 
of our time can affect human health. 

Concern about the quality of air in homes, offices, 
and commercial buildings is now evident among 
us. In the private sector, the pressure to improve 
the indoor environment has grown and its higher 
importance, which is now also supported by building 
certification programs (e.g. WELL, BREEAM or LEED, 
etc.), is contributing in no small part to certified 
buildings being more marketable. Here, the market 
tends to steer things in the right direction. However, 
reconstructing public buildings remains a 
challenge, as new construction is very sporadic. 

School and pre-school facilities are considered the 
most neglected even though school children are a 
particularly vulnerable population group. There are 
more than 50.000 schools in Central & Eastern Europe 
with over 600.000 classrooms and more than fifteen 
million students learning in them. They breathe 
in about 105.000 cubic meters of air per minute, 
or approximately 472.500 cubic meters in one 
lesson. Can we really afford to ignore air quality 
in schools? 

Children spend more time at school than anywhere 
else except home. The negative effects of some 
airborne pollutants on human health are scientifically 
proven. These pollutants are also widely found in 
school environments. Either they come from the 
ambient air or are generated indoors by materials, 

products, and human activities. Besides other 
effects, the presence of pollutants in schools 
can affect children’s growth, their learning 
performance, and their cultural and social 
development. 

If there are any buildings where indoor air quality 
should be a top priority, they are schools and 
nurseries. But unfortunately, the air quality in 
these buildings is almost never measured or even 
completely ignored. 

School buildings should also be considered in 
the context of urban infrastructure influenced by 
local conditions, including geographic location, 
climate, energy use, available materials, economic 
development, and urban strategies. A number of 
reports have pointed out how detrimental a school 
building’s poor location can be to its indoor air 
quality.

The proximity to railway or road traffic has a 
significant impact on air quality, yet most schools 
have no forced ventilation. In addition to polluted 
air, natural ventilation also transfers noise from the 
surrounding environment into classrooms, thereby 
degrading the quality of the teaching process and 
student concentration whenever windows are open.

Indoor Air Quality  
Monitoring in Schools

Indoor air quality’s impact can be divided 
into two basic categories:
 › Impact on student concentration and performance
 › Impact on health 

IAQ impact on  
cognitive abilities

School building 
impact on health
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PHASE 1: June 1 2021 – June 30 2021

PHASE 2: 2nd half of June 2021

PHASE 3: August / September 2021

Study Design

The first measurement phase started in June 2021. 
IAQ parameters measured included:

 › Temperature
 › Humidity
 › C0

2
 concentration

 › Volatile organic compounds (VOC)
 › PM1
 › PM2.5 and 
 › PM10 

During the second part of measuring, which took 
place mid of June 2021, we installed air purifiers 
in classrooms (marked in the measurement charts 
as “event”) and then compared PM and VOC values 
measured before and after installation of the air 
purifiers. 

In order to address the problem and provide 
specific solutions, the classroom with the worst 
measured values has been equipped with a heat 
recovery ventilation unit in August 2021. With the 
ventilation system implemented, the measured CO2 
concentration levels of the specific classroom 
were improved drastically within the months 
of August & September compared with the CO

2
 

concentration in June & July.

Indoor Air quality was monitored in 20 schools (including nurseries, primary schools, secondary schools, and 
kindergartens) in Slovakia from June to September 2021.

1. Bratislava
2. Galanta
3. Prievidza
4. Kežmarok 
5. Komárno
6. Košice 

7. Poprad
8. Nitra 
9. Nová Bana
10. Nový Tekov
11. Nová Dedinka
12. Sabinov

13. Šala
14. Rimavská Sobota
15. Trebišov 
16. Tvrdošovce
17. Žilina

1

2

11

10

12

13

8

3

4
7

9

6
15

14

17

16
5

N.B. Air purifiers have no effect on temperature and 
CO

2
 concentration. 
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Indoor air quality sensor with NDIR CO2 sensor

Equipment in scope
The IAQ monitoring study was conducted using the following Daikin Indoor Air 
Quality and Air Purification solutions:

The following Indoor Air Quality parameters are monitored: 
 › CO

2

 › Particulate matter: PM1/2.5/10
 › Total Volatile Organic Compounds TVOC
 › Temperature
 › Humidity
 › Atmospheric Pressure
 › Noise
 › Exposure to light

AAF AstroPure 2000
 ʯ   Self-contained stand-alone recirculation unit (1628 mm height)
 ʯ  Standard high efficiency HEPA H14 filters
 ʯ  Plug & Play system
 ʯ  Air flow rate 2000 m3/h
 ʯ  For commercial areas up to 200 m2

VAM-J 
 › Heat Reclaim Ventilation Equipment with enthalpy heat exchanger
 › Wide range of units: air flow rate from 350 up to 2,000 m³/h
 › Energy saving ventilation using indoor heating, cooling and moisture recovery
 › Free cooling possible when outdoor temperature is below indoor 
temperature (eg. during night time)

 › Optional medium and fine dust filters ePM10 70% (M6), ePM1 55% (F7), 
ePM1 70% (F8)

 › Prevent energy losses from over-ventilation while improving indoor air 
quality with optional CO

2
 sensor

Daikin streamer technology air purifier (MC55W) & 
Humidifying streamer technology air purifier (MCK55W)
 ʯ   Pure air thanks to active plasma ion flow out and flash streamer technology
 ʯ Removal of 99.98% of coronavirus
 ʯ   High performance HEPA filter to catch fine particles of dust
 ʯ  Humidification and purification in one (MCK55W only)
 ʯ  Air flow rate 330 m3/h
 ʯ  For areas up to 82 m2
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Air temperature is one the basic parameters used to assess indoor microclimate temperature and humidity 
levels. When considering the set values, current legislation factors in so-called ”operative temperature”, 
which is influenced by a number of factors. For the sake of simplicity, our measurements are based only 
on spatial temperature (because a high spatial temperature itself indicates environmental problems, it is 
sufficient for demonstrating the current situation in classrooms). 

Something else interesting was also established - heat accumulates virtually everywhere. The presence of 
students and heat gains from outside constantly increases the indoor temperature during lessons. 
Classrooms never cool down naturally because the windows are closed after school is over. Of course, the 
simplest solution would be to install air-conditioning equipment to keep the desired temperature stable and 
comfortable while students are taught. However, installing recuperation units to ventilate the rooms at 
night, with cooler outdoor air decreasing the temperature inside, would be a better solution. 

Humidity, the other element in the microclimate profile, was not a problematic variable thanks to the warm 
season. Taking into account the very poor CO

2
 values measured inside during the summer, which will become 

even worse when winter comes, insufficient ventilation will also aggravate the problem caused by 
humidity.

IAQ Monitoring Results & Key Findings

1. Temperature
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Although the measurements made at the 20 sites monitored show no particularly elevated PM concentrations, 
it should be emphasized that they were made during the summer when relevant values are mostly below 
the critical level. When looking at the PM values, it is important to consider how they significantly 
contribute toward the potential increase in the risk that the upper respiratory tract can transmit 
various viral diseases as particulates act as virus carriers. Therefore, air purifiers were installed in classrooms 
(labeled “event” in the graphs) while we were measuring and observing the effect of them on indoor air 
quality. Even though the Particulate Matter concentrations measured did not exceed the recommended 
WHO threshold limit  (see the 3 graphs below for PM1.0, PM 2.5 & PM 10), the measurements have clearly 
demonstrated the positive impact on the 24 hour average PM levels after installation of the air purifiers. The 
PM levels dropped by at least 30% compared to the levels observed without air purifiers installed. 

This indicates that the risk of contact and infection with any airborne pollutants can be reduced by almost one 
third using air purifiers in classrooms.

There were other interesting observations associated with the use of air purifiers. The use of air purifiers 
allowed achieving lower PM levels in a classroom without ventilation - nevertheless the CO

2
 level kept 

increasing. This effect can be particularly beneficial during winter months when natural ventilation is minimal 
and the probability of viral disease transmission is higher. Eliminating PM with air purifiers reduces the 
likelihood of infection for people present in the room. Moreover, when combined with a specific type 
of radiation that deactivates viruses, the probability of infection through the upper respiratory tract 
will be minimized.

2. Particulate Matter concentration

threshold: 15 (µg/m³)

24hr
mean

0

5

10

15

01.06 30.0615.0608.0604.06 06.06 11.06 13.06 22.0618.06 20.06 26.0624.06 28.06
date

hr
 m

ax
 P

M
 1

.0
 (µ

g/
m

³)

PM 1.0

Daikin air purifier 
was installed 

threshold: 15 (µg/m³)

24hr
mean

0

5

10

15

01.06 30.0615.0608.0604.06 06.06 11.06 13.06 22.0618.06 20.06 26.0624.06 28.06
date

hr
 m

ax
 P

M
 2

.5
 (µ

g/
m

³)

PM 2.5

Daikin air purifier 
was installed 

threshold: 50 (µg/m³)

24hr
mean0

10

20

30

40

50

01.06 30.0615.0608.0604.06 06.06 11.06 13.06 22.0618.06 20.06 26.0624.06 28.06
date

hr
 m

ax
 P

M
 1

0 
(µ

g/
m

³)

PM 10

Daikin air purifier 
was installed 



7

Measurements in the Slovakian schools were taken between 1 June and 30 June 2021. 

19 out of 20 schools had CO2 concentration levels of more than 1500 ppm which causes various 
symptoms such as decreased concentration, attentiveness, fatigue, drowsiness, or headaches.

The measurements show that practically no school has maintained the recommended CO2 level. The 
warm season of the year is considered the most optimal for natural ventilation (i.e. opening windows and/or 
doors), when it is theoretically possible to have natural ventilation while students are taught in the classrooms. 
In practice, however, the geographical locations of most schools do not allow this because of roads and 
railways in close proximity, and noise and dust limit the possibility of natural ventilation. Thus, if acceptable 
values cannot be achieved even during the optimal season, it is highly probable that indoor air quality will 
be even worse in winter months. 

For this reason, the need to provide mechanical ventilation appears to be very essential.

In order to address the problem and provide a concrete solution, the classroom with the worst measured 
values has been equipped with a heat recovery ventilation unit in September 2021. With the ventilation 
system installed, the measured CO2 concentration levels of the specific classroom were improved 
drastically within the months of August & September compared with the CO

2
 concentration in June & July.

3. CO2 concentration

CO2 
concentration(PPM) Up to 1000 1000 - 1500 1500-2000 2000-3000 3000 to 5000

Details

Recommended 
CO2 level in indoor 

environment for 
good indoor air 

quality

Max. CO2 limit 
recommended in 

indoor environment

Symptoms:  Fatigue 
& decreased 

concentration

Symptoms: 
Drowsiness, 

headache, increase 
in blood pressure

Highest exposure 
limit! It is not 

recommended to stay 
indoors for a longer 

time under these
conditions

No. of schools 0 1 8 7 4

The CO
2
 concentration inside the classrooms was too high – above the allowed level to stay inside during 

these conditions.

With Ventilation: After installation of Heat recovery ventilation VAM units 
On September 13th afternoon after the installation of a Daikin Ventilation unit, it can be observed the CO

2
 

concentration has been controlled and regulated to stay within the permissible range for the rest of the week. 
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Executive summary
The detailed monitoring and analysis of the Indoor Air Quality parameters from 20 schools from all over 
Slovakia which included testing and comparing the classroom air quality with & without air purifier and also 
with & without ventilation unit, showed that IAQ in the classrooms without ventilation is bad and the 
measured values were often exceeding the allowed and recommended WHO thresholds. Air Quality 
indoors is therefore a health risk for students and staff. 

In order to ensure better or even maintain good indoor air quality it is very much advised to consider forced 
(mechanical) ventilation.

Phase 1: Monitoring period – high CO2 & Temperatures (JUNE 2021)

Indoor air quality monitoring of 20 schools in Slovakia began beginning of June 2021 for an average period 
of 14 days until the school term was finished. None of the schools monitored were equipped with air 
conditioning or ventilation equipment. Given the fact that no HVAC equipment were serving the classrooms, 
unsurprisingly, the monitoring results showed that 19 out of 20 classrooms had high CO2 concentration 
levels in comparison to the recommended WHO threshold of 1000 ppm. 

Knowing that the measurements were done during the summer period when the windows are regularly 
opened, it can be assumed that the CO

2
 concentration will be higher during the winter period when the 

windows can not be opened so easily (or not for longer periods) due to low outside temperatures. 

Another critical measurement observed was related to the temperatures. Most of the classrooms hit a 
temperature above 30°C during the teaching periods!

Both high CO
2
 levels and high temperatures have effects on students, either in terms of negative health 

impact or learning experience.
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Phase 2: Reducing risk of Covid-19 transmission within the classrooms (JUNE 2021)

Phase 3: How to reduce both CO2 concentration & temperature?  
(AUGUST/SEPTEMBER 2021)

Another critical parameter is the particulate matter concentration levels within classrooms. Particulate matters 
are known as potential virus carriers. These are very small particles which are invisible to the eye and the 
viruses use these to travel around within a room. According to WHO, PM 2.5 levels should be below 15 µG/m3. 

The monitoring results show that some of the schools had PM levels well above 15 µG/m3 during certain times 
of the day. 

The best way to reduce the PM concentrations within a room is to either ventilate or install an air purification 
device. 

In order to mitigate the risks of Covid transmissions, during mid of June,  Daikin installed its air purifiers and 
continued to monitor the schools for an additional of 2 more weeks until the school period was over. 

The results showed that the PM levels were reduced by up to 40%, making the classrooms a safer place 
for the children. 

After identifying the critical parameters to improve - which are the CO
2
 and temperature levels within 

the classrooms - it was clear that a mechanical ventilation solution would solve both high CO2 and 
temperature issues.

In September 2021 (when the school holiday period was over), Daikin installed its mechanical ventilation 
equipment (VAM-J) in one of the classrooms and restarted the IAQ monitoring process to see if there were any 
improvements in terms of both temperature & CO

2 
levels. 

As expected, the CO2 levels were brought down massively (from 5000 ppm down to below 1000 ppm). 

Thanks to the mechanical ventilation, which is also operating during the night time, the heat accumulation 
within the classroom is avoided as well so that the temperature levels within the classroom can be brought 
down to moderate levels even without air conditioning equipment installed.

PM 2.5: reduced from an average 6,6  
μg /m3  to 4,6  μg /m3  which is 30,3 % 
reduced risk

CO2: reduced from max 5000 ppm to 
<1700 ppm (or average <600 PPM)



DAIKIN AIRCONDITIONING CENTRAL EUROPE HandelsgmbH 

Lemböckgasse 59/1/1, 1230 Vienna, Austria · Tel.: + 43 (0) 1 253 21 11 · e-mail: office@daikin-ce.com · www.daikin-ce.com

Daikin’s VAM-J heat reclaim ventilation unit 

introduces fresh air into the classroom

* WHO 2018: Air Pollution and Child Health. Prescribing clean air. Summary; https://
www.who.int/publications/i/item/WHO-CED-PHE-18-01

The advanced IAQ sensor provides continuous monitoring  

with real-time data 

Daikin air purifier removes harmful particles,

allergens and viruses

Daikin ventilation and air purification 
systems helped to create a healthier 
and more comfortable learning 
environment in schools.

Project  
requirements 

Air conditioning

IAQ Sensor

Air purification

Ventilation 

Indoor Air Quality 

Monitoring

CATEGORY: PUBLIC BUILDINGS  

Year of installation
2021

Children are at greater risk than adults 

from the many adverse health effects of 

air pollution, owing to a combination 

of behavioural, environmental and 

physiological factors.

World Health Organization (WHO)*

Results

Key Facts
 › 20 schools were monitored in Slovakia (including 
nurseries, primary schools, secondary schools, and 
kindergartens) 

 › Monitoring time span: 3 months (June, August, 
September 2021)

 › Equipment installed: 
• Daikin IAQ sensors 
• Air purifiers (AAF AstroPure 2000 &  

Daikin Air Purifier MC55W) 
• VAM-J heat reclaim ventilation unit

 › CO2 levels were above the recommended threshold 
of 1.000 ppm in 19 out of 20 schools, more than half 
(11) of the schools monitored showing values of 2.000 
ppm of CO

2
!

 › Particulate Matter levels were considerably 
reduced thanks to the Daikin and AAF Air purifiers 
installed 

 › The installation of a mechanical ventilation system 
(VAM-J) allowed to control the optimum fresh air flow 
into the classrooms and reduce the room temperature 
to a moderate level, by preventing heat accumulation 
during the night


