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The paper documents the determination of the required volumetric air flow of the ventilation unit
for the purpose of ventilating the selected lecture room. The contribution briefly characterizes the
legislative requirements valid in Slovakia and Poland. Particular attention was paid to the regulations of
the Ministry of Health, Ministry of the Environment, Ministry of Transport and Construction of the
Slovak Republic and regulations of the Ministry of Education and Sport, Ministry of Infrastructure and
European standards. In the paper is documented the experimental measurement performed in the lec-
ture room is also documented. The resulting values of the volumetric air flow required for the
ventilation of the lecture room, calculated according to legislative requirements, are compared with the
value calculated on the basis of the measured course of the carbon dioxide concentration.
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Introduction

Children and school youth spend more hours a day in classrooms and, depending on the number of
people, are exposed to the effects of worsening indoor air quality. Various studies (Rajagopalan et al.,
2022; Burridge et al., 2023; Duarte et al., 2017) that monitor the conditions of the indoor environment
point to the need to increase the ventilation rate in classrooms. Current standards and guidelines of ventila-
tion in school classrooms mainly focus on perceived air quality, while the available ventilation in many
schools already fail to meet those criteria, leading to poor indoor air quality (Ding et al., 2022). New ways
of ventilation are needed in school classrooms, where the design should be shifted from comfort-based to
health-based.

Legislative requirements for classrooms ventilation in Slovakia

The legal regulations valid in Slovakia that determine the design intensity of ventilation are:

— Decree of the Ministry of Health of the Slovak Republic No. 210/2016 Coll. which with later mod-
ifications the decree of the Ministry of Health of the Slovak Republic No. 259/2008 Coll. on details on
requirements for the internal environment of buildings and on minimum requirements for apartments of a
lower standard and for accommodation facilities from 30 May 2016 (Decree 210, 2016);

— Decree No. 532/2002 Coll. Decree of the Ministry of the Environment of the Slovak Republic es-
tablishing details of general technical requirements for construction and general technical requirements for
buildings used by persons with limited mobility and orientation (Degree 532, 2002);

— Decree No. 35/2020 of the Ministry of Transport and Construction of the Slovak Republic dated
February 11, 2020, which with later modifications the Decree of the Ministry of Transport, Construction
and Regional Development of the Slovak Republic No. 364/2012 Coll., implementing Act No. 555/2005
Coll. on the energy efficiency of buildings and on the amendment of certain laws as amended by Decree
No. 324/2016 Coll. (Decree 35, 2020);
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— Decree No. 527/2007 Coll. Ministry of Health of the Slovak Republic dated August 16, 2007 on
details of requirements for facilities for children and youth (Decree 527, 2007);

— Standard STN EN 16798-1 Energy efficiency of buildings. Ventilation of buildings. Part 1: Input
data on the indoor environment of buildings for the design and assessment of the energy performance of
buildings — air quality, thermal state of the environment, lighting and acoustics (Standard STN EN 16798-1,
2019).

Legislative requirements for classrooms ventilation in Poland

Pursuant to the Act on the Education System of September 7, 1991 and the Regulation of the Minis-
ter of Education and Sport of December 31, 2002 on safety and hygiene in public and private schools and
institutions (Posniak, 2010; Regulation 31, 2003), as well as the framework directive 89/391/EEC of
12 June 1989 on the introduction of measures to encourage improvements in the safety and health of work-
ers at work (Directive 89, 1989), principals of schools and other didactic and educational institutions are
obliged to ensure safe and hygienic conditions for staying at school and safe and hygienic conditions for
participation in classes organized by the school outside the facilities belonging to these units. This provi-
sion is supported by framework statutes of schools or institutions and other general provisions on health
and safety at work (Labor Code, 2023; Regulation 75, 2022).

The quality of air in school rooms is largely determined by its parameters: temperature and relative
humidity, school air speed and direction, and carbon dioxide concentration. Ensuring proper air parame-
ters, 1. e. temperature, humidity, speed and carbon dioxide concentration, as well as appropriate concentra-
tion levels of chemical and dust substances as well as microbiological air pollution is one of the elements
of health and safety management in school and educational institutions.

Materials and Methods

Determination of indoor air parameters used in Slovakia and Poland

Guidelines for designers, owners and users of buildings regarding ventilation and air-conditioning
installations that will enable the achievement of internal environment conditions that meet the health and
thermal comfort criteria throughout the year, and are characterized by acceptable investment and operating
costs, are presented in the PN-EN 13779:2008 which has been replaced by PN-EN 16798-3:2017-09 (En-
ergy performance of buildings — Ventilation for buildings — Part 3: For non-residential buildings — Per-
formance requirements for ventilation and room-conditioning systems (Modules M5-1, M5-4)). The stan-
dard covers the following issues: aspects important from the point of view of obtaining and maintaining
good energy performance of the installation without negative impact on the quality of the indoor environ-
ment; the parameters of the internal environment used and the definition of assumptions for design quanti-
ties and plant properties.

The PN-EN 16798-3:2017-09 (2017) standard, which relates to the design and properties of non-
residential buildings, is related to the following standards: PN-EN 16798-5-1:2017-07 — Energy perform-
ance of buildings — Ventilation for buildings — Part 5-1: Calculation methods for energy requirements of
ventilation and air conditioning systems (Modules M5-6, M5-8, M6-5, M6-8, M7-5, M7-8) — Method 1:
Distribution and generation, PN-EN 16798-5-2:2017-09 — Energy performance of buildings — Ventilation
for buildings — Part 5-2: Calculation methods for energy requirements of ventilation systems (Modules
MS5-6, M5-8, M6-5, M6-8, M7-5, M7-8) — Method 2: Distribution and generation — in terms of calculating
energy for ventilation; PN-EN 16798-7:2017-07 — Energy performance of buildings — Ventilation for
buildings — Part 7: Calculation methods for the determination of air flow rates in buildings including infil-
tration (Modules M5- 5)) — in the scope of calculating air streams and PN-EN 16798-1:2019-06 — Energy
performance of buildings — Ventilation for buildings — Part 1: Indoor environmental input parameters for
design and assessment of energy performance of buildings addressing indoor air quality, thermal environ-
ment, lighting and acoustics — Module M1-6) — in terms of criteria for the internal environment.
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The effectiveness of ventilation and air-conditioning systems in school buildings is assessed as part
of inspections at the final stage of the investment process, during the acceptance of ventilation and air-
conditioning systems, and during the use of the buildings. The scope of tests and checks of ventilation and
air-conditioning installations is not included in any legal regulation in Poland. This issue is presented in
documents that are not binding. These are: PN-EN 12599:2013-04 Ventilation of buildings — Test proce-
dures and measurement methods for acceptance of completed ventilation and air-conditioning systems and
PN-78/B-03421 (1978) Ventilation and air conditioning — Calculated parameters for indoor air in the habi-
tats destinated for permanent presence of people.

These documents may be binding in relation to a given investment process when they are referred to
in the contract for the installation or in its technical design. Maintaining and controlling the effectiveness
of the installation’s operation is a continuous process, which consists in ensuring that the level of the in-
stallation's operation, obtained as a result of acceptance activities and updating the operating documenta-
tion, is maintained.

According to the decree 210/2016, all indoor spaces with long-term and short-term stay of people
must be ventilated. Building ventilation should be ensured by natural ventilation or forced ventilation.
Ventilation is determined according to the number of people, the activity performed, the heat load and the
degree of air pollution in order to meet the requirements for the amount of air for breathing, for the cleanli-
ness of the indoor air, and to prevent people from being bothered by odorous substances. Air exchange by
natural ventilation is used in spaces without sources of harmful substances and heat, in which one to two
times the intensity of the exchange of untreated air is sufficient and in which the required air exchange can
be ensured by location and building solution. The method of ventilation, the position and the size of the
openings for air intake and exhaust are determined by calculation. In other cases, air exchange must be
ensured by forced, mechanical ventilation (Decree 210/2016).

When exchanging air, the principle of air pressure drop from rooms with a cleaner environment to
rooms with a less clean environment must be followed. From this point of view, ventilation is solved as:

a) negative pressure, if the air in the ventilated room containing harmful substances is not supposed
to penetrate into neighboring spaces;

b) pressurized, if it is necessary to prevent the penetration of harmful substances from neighboring
spaces into the ventilated room,;

¢) equal pressure, if there is to be no exchange of air between the ventilated room and other spaces.

The quality of the supplied air and exhaust air is considered satisfactory if its composition does not
endanger the health and at the same time does not worsen the living conditions of people in the premises of
the building or in the vicinity of the building. The flow of ventilation air in the ventilated space must guar-
antee good ventilation of people’s residences, reducing the concentration of harmful substances to values
lower than the limit values of factors harmful to health. In spaces without the possibility of natural ventila-
tion, in the event of a malfunction, at least a reduced air exchange is provided for the time necessary to
eliminate the malfunction. This requirement must already be ensured in the project documentation. In in-
door spaces with a long-term stay of people, forced ventilation must be solved in such a way that the air
flow does not disturb the permissible conditions of the thermal and humid microclimate.

In the technical conditions to be met by buildings and their location in Poland, the PN-78/B-03421
standard was invoked. For people in the lecture room in a sitting position, the total energy loss is assumed
to be 120W, for people standing 140W, and for people in motion 240W.

In lecture room where the main source of pollution is people, the intensity of ventilation (in particu-
lar per person and in particular per m®) can be derived using outputs from carbon dioxide (CO,) concentra-
tion measurements. Measurements must be carried out in the areas most used for people’s stay.

The required volumetric air flow during ventilation can be determined on the basis of the balance
equation (Persily, 1997; Persily, 2006) for the concentration of CO, taking into account the concentration
of CO; in the outside air. The recommended increase in the concentration of CO, with respect to the con-
centration of CO, in the outside air for lecture rooms is a maximum of 1,000 ppm in the room. The stated
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CO, value can be used when designing demand-controlled ventilation. Indoor air quality can be ensured by
controlled mechanical ventilation, which is regulated on the basis of the current CO, concentration — the
so-called demand-controlled ventilation.

Table 1
Activity in lecture room
Total ditur
Activity class ° a2 CHCIEY cxpenditite Activity. Examples of activities
qn [W/m?] M [met]
Slovak decree 66-80 1 13-1.38 Sitting activity w1.th mlnlmal physical activity (activ-
210/2016 ity in classrooms)
Poland PN-EN . e .
13779:2008 70 1.2 Working in a sitting position (office, school)

Note: The given examples of activity are for orientation only. To reliably classify the work, an objective meas-
urement of the energy expenditure or a detailed analysis of the performed activity is carried out [1].

At higher temperatures, the total heat produced does not change, but the sensible heat values decrease
(for 26 C by about — 20 %) 1 met = 58 W/m’.

The method of calculating the volume flow of air is achieved by the method of indoor air quality,
where we first calculate the volume flow of air needed for lecture room ventilation:

Qv = qm / (Cipa — Csup), (1)
where: qy is volumetric air flow required for room ventilation (m’/s), g, — mass flow of CO, in the lecture
room from the pollutant source (mg/s), Cipa — concentration of CO, in the air in the lecture room (mg/m”)
and Cgyp — concentration of CO, in the supplied air (mg/m’).

Results and discussions

In order to determine the indoor air parameters, an experimental measurement was carried out in a
selected lecture room with a seating capacity of 222 people. The ventilation of the room is currently en-
sured by means of an air-handling device that supplies fresh air through pipes located along the side walls
under the ceiling. Air drainage is ensured by slits located between individual seating levels. There is a sky-
light above the room that illuminates the lecture room.

The dimensions of the lecture room are: width 11.55 m, length 17.75 m and height from 3.2 m to
4.7 m. The internal volume of the room is approx. 820 m’. The floor area of the lecture room is 205 m”.

Fig. 1. The lecture room — a look at the teacher’s desk
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Fig. 2. The lecture room — a look at the audience

Before starting the measurement of indoor air parameters, the lecture room was ventilated by me-
chanical ventilation and the lecture room was closed. At the beginning of the lesson, the door through
which students entered the room was opened. During the first lecture, the air conditioning equipment was
out of order. There were a total of 75 people in the room. All windows and doors were closed.

Table 2
The measured indoor air parameters
Indoor air temperature (°C) Relatlvzeo/h )um idity CO, concentration (ppm)
()
Class Time At the begin- | Attheend | At the begin- At thebe- | Attheend
. . Attheendof | . .
ning of the | of the les- ning of the ginning of | of the les-
the lesson
lesson son lesson the lesson son
1 7:15-9:45 22.6 27.2 39.8 36.1 510 1.367
2 10:00-11:15 253 23.8 30.3 304 894 635

At the time of the experimental measurement, the outside temperature was measured at 9 °C and the
relative humidity was about 70 %. The internal air temperature in the lecture room at the beginning of the
students’ stay was 22.6 °C. During the stay of the students, it increased to 27.2 °C. The initial value
of the CO, concentration was 510 ppm. During the lecture, the CO, concentration increased to a value of
1.367 ppm.

Before the start of the next lecture, the air conditioning system was started. Mechanical ventilation
ensured a significant decreased in CO, concentration to a value of 635 ppm. The temperature steadied and
stabilized at around 23.8 °C. During the operation of the air conditioning equipment, the temperature was
within the range required by Decree No. 210 (2016). The relative humidity was at the lower end of the
range of 30-70 %. The concentration of CO, (635 ppm) was within the required range of 400-900 ppm. It
can be concluded that the air conditioning system ensured sufficient ventilation of the lecture room when
the room was occupied by 75 people.

The average value of the volumetric air flow provided by the air handling equipment was calculated
according to the equation that characterizes the tracer gas decay test (Persily, 1997, Persily, 2006). The
calculation procedure is also published in Kapalo et al. (2018), Bullova et al. (2021), Kapalo et al. (2023)
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articles. The resulting value of the volume flow of ventilation air calculated during the operation of the air
conditioning equipment is 1.967 m’/h. After recalculation, it is 26.22 m’/(h.pers). Determination of the
dose of fresh air based on the development of the CO, concentration can also be calculated using the meth-
odology published by Persily et al. (2022).

The maximum values of volumetric air flow was calculated according to decrees No.: 210/2016,
35/2020, 527/2007 and norm STN EN 16798-1. The results were compared with the calculated volumetric
air flow according to the measured CO, concentration.

35
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10

Volumetric air flow
[m3/(h.pers.)]

w

Degree
210/2016
Degree
35/2020
Degree
527/2007
STN EN
16798-1
Calculated
value

Fig. 3. The comparison the volumetric air flow for the selected lecture room

The comparison volumetric air flow for lector room with 75 students is documented in Fig. 3.
Volumetric air flow calculations are calculated with an assumed CO, concentration of the outside air of
400 ppm.

Conclusion

The regulations in Slovakia and Poland are very similar. However, there are differences in some de-
tails, which are presented in Table 1. Similar, but slightly different values of temperature and air velocity
are used in Slovakia and Poland.

When designing the ventilation equipment, it is necessary to calculate the necessary volumetric air
flow. According to decree No. 210/2016, from 11 to 30 m’/(h. pers) of fresh ventilation air is needed for
the selected lecture room. Decree No. 532/2002 does not specify the values necessary for room ventilation.
Decree No. 35/2020 gives us the resulting value of 7.65 m’/(h. pers), which is an obviously unsatisfactory
value. So, according to the given decree 35/2020, it is not possible to design an air handling device — de-
cree serves only for the purposes of energy certification of buildings. According to decree No. 527/2007,
from 20 to 30 m*/(h. os) of fresh ventilation air is needed for the selected lecture room. According to the
methodology stated in the standard STN EN 16798-1, 27.53 m*/(h. pers) are needed for the selected lecture
room. The presented results of volumetric air flow are valid only for the mentioned lecture room at the
given considered time. The significant impact of ventilation on indoor air quality was also confirmed in the
study by Kapalo et al. (2020), which has an impact on the human organism Kapalo et al. (2023).
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AHAJII3 BEHTUJISILII B BUBPAHIN JEKILIMHINA KIMHATI: TPUKJIAJL
© Kanano I1., bapaenoscxi JI., Adamcki M., 2023
JliTh Ta mIKiJIbHA MOJIOB POBOATH OlJIbINIE TOMUH HA JICHb Y KiTacax i, 3aJISKHO BiJl KITTBKOCTI JIFOJICH,

MiAJAaf0ThCS BIUIMBY TOTIPIIEHHS SKOCTI MOBITPS B NMPUMILIEHHAX. Pi3HOMAaHITHI JOCIHI/PKEHHS, SIKI CIOCTe-
piraroTh 32 yMOBaMH BHYTPIIIIHBOTO CEPEOBUINA, BKa3ylOTh Ha HEOOXIHICTh 301IbIIEHHS PIBHS BEHTWIIALIT B
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knacax. UMHHI cTaHIapTH Ta peKOMEHMAIli 010 BEHTWIANLII B MIKIJIbHUX Kiacax 37e01IbIIOro 30CeperKy-
I0ThCSI Ha CIIPUIHSATIH SKOCTI TOBITPS, TOAI SIK JOCTYITHA BEHTHWIALIS B 0araThoX MIKOJIAX BXKE HE BiIIOBiIaE
UM KPUTEPisM, 110 IPU3BOAMTH JIO ITOTaHOI SKOCTI MOBITPs B MPHUMIIEHHI. Y MIKUIBHUX KJlacax MOTpiOHi
HOBI CITIOCOOW BEHTWIIALT, JIe JM3aiH Ma€e OyTU IepeHeceHu 3 KoM(GOPTY Ha 3I0POB’SL.

JIoKyMeHTanbHO BHU3HAYEHO HEOOXiAHY 00’€MHY BUTpATy IOBITPSI BEHTHIALIHHOI YCTaHOBKH IS
MPOBITpIOBaHHs oOpaHoi ayauropii. KopoTko oxapakTepr3oBaHO 3aKOHOJAaBYi BUMOTH, 1O AifoTh y Cio-
BayuuHi Ta [lonpmii. OcoOnmuBy yBary Oyllo NpHUAIEHO ITIOCTaHOBaM MiHICTEpCTBa OXOpPOHH 310pOB’S,
MiHicTepcTBa HaBKOJUIIHBOTO cepefoBuina, MiHicTepcTBa TpaHCHopTy Ta OyaiBHunTBa CroBanbkoi Pec-
myOJTiKK Ta mocTaHoBaM MiHiCTepCTBa OCBITH Ta cHopTy, MiHicTepcTBa 1H(QPACTPYKTYpH Ta €BPONEWCHKUM
CTaHAapTaM. 3aI0KyMEHTOBAHO TaKOX EKCIIEpHUMEHTaJIbHE BHMIpPIOBaHHs, BUKOHaHE B ayauTopii. OTpuMani
3HAa4YCHHSA 00’€MHOi BUTpATH IOBITPs, HEOOXIAHOI JJIS BEHTHWIALII aymaWTOpii, po3paxoBaHi BiAMOBITHO IO
BHUMOI' 3aKOHO/IAaBCTBA, MOPIBHIOIOTHCS 31 3HAYEHHSM, PO3PaXOBaHUM Ha OCHOBI BUMIPSHOTO XOAY KOH-
LIEHTpallii ByIJIEKUCIOro rasy.

KuarouoBi coBa: ayaurTopisi, noBiTpsi B NpuMillleHHi, TeMIepaTypa, BilTHOCHAa BOJOriCTb, KOH-
IeHTpalisg BYIVIEKHCJIO0r0 rasy, 00’eMHa BUTpaTa NOBiTps.



