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Influence on indoor comfort due to the application of Covid-19
natural ventilation protocols for schools at subtropical climate
during winter season
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Abstract. Thermal comfort and energy performance of our buildings has been seriously improved during the
last decades with the introduction of better envelope airtightness and mechanical ventilation systems. The
arrival of Covid-19 has forced us to accept new natural ventilation protocols to improve the air quality inside
buildings over other characteristics of the buildings. As a consequence, it brings some negative effects, like a
reduction in the control of indoor dry bulb temperature (T), and an increase in energy demand for heating and
air conditioning. To evaluate these influences during a winter season, a standard classroom from a school
located at subtropical climate has been selected to be monitored with air quality and comfort devices. The
experiment considers two different scenarios in 2018, and 2021. At them, data have been compared with
several comfort ranges from international standards and the recommendations from the Spanish Government,
obtaining opposite results. The results from 2018 showed that the comfort T ranges were adequate, but CO2
concentrations rise over 2000 ppm which was unhealthy. On the contrary, in 2021 when the Covid-19 natural
ventilation protocol is activated, the CO2 concentration becomes less than 700 ppm. Finally, the suggested
natural ventilation protocol was proved as an efficient measure to improve air quality, but it reduces the
performance of the building in terms of comfort and energy demand. Therefore, several alternative ventilation
methods should be considered to keep both energy air quality building’s performance.

to approximate the idea of infection risk looking at the
1 Introduction concentration of CO2 in the air. Additionally, it has been
proved as an easy and cheap method to measure the indoor
air quality [12]. Because of the proved relationship
between Covid-19 and the CO2, decision makers has set
regulations to increase natural ventilation as the best
option to reduce Covid-19 indoor airborne transmission
[13]. In particular, the Spanish government set some
ventilation protocols that should be considered in all
buildings, but specifically in those for education [14].
These protocols stablish the need to maintain natural
ventilation during all the time children are inside the
classroom. They set 12.5 I/sec per person as the minimum
exterior air renovation [15], but recognize that some
problems may arise with extreme T in winter and summer.
The effectiveness of this ventilation protocol can be
evaluated using CO, measuring devices.

Unfortunately, the generalized use of exterior air for
natural ventilation can lead to comfort problems, such as
noise, pollution, exposure to wind gust, inadequate
relative humidity, but most important uncomfortable T
[16]. Additionally, this ventilation protocol is producing
extra energy demand for the heating, ventilation, and air
i ’ s e conditioning (HVAC) systems. Obviously, these effects
19 is mainly spread by airborne transmission [10], [11]. vary depending on the climate of the site, and it may be

Unfortunately, there are no efficient methodologies to less important in warm subtropical climates than others
measure the concentration of Covid-19 in the air now. [17]

However, some alternative methodologies can be applied

Children spend inside schools an important part of their
lives, and many often, the comfort conditions of these
buildings seem to be inconvenient. Many assessment
methods have been recently released to provide
comprehensive evaluations about comfort and social
sustainability inside buildings [1]. Even in many modern
countries, most of the schools are old, poorly insulated,
and with phase out facilities [2]-[4]. Therefore,
parameters such as energy performance, air quality, T and
relative humidity stay far from those suggested in best
practices guides in most of the cases. Several studies have
reviewed the indoor conditions of schools and
kindergarten with unsatisfactory conclusions [2], [6].

In some cases, indoor air quality may be improved
with natural ventilation, but some problems may arise in
those schools located in polluted environments. There,
ventilation has to be carefully considered in combination
with filtering and mechanical systems [7]-[9].

Since the recent spread of the disease Covid-19, the
improvement of air quality has appeared with more
relevance than before. It is now a matter of fact that Covid-
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This paper aims to compare the performance of the air
quality and comfort parameters between 2 different
scenarios: the first one with free natural ventilation with
openings controlled by teachers according to their comfort
experience, whilst the second provides natural ventilation
during all time the time scholars are inside the room.
Finally, some improvements to the current ventilation
protocol can be suggested to increased comfort, that
would probably reduce HVAC primary energy demand.

2 Material and Method

2.1 Case study

The classroom monitored is in a public school in the city
center of Sevilla (Spain) at 37.39 north latitude, and 5.98
east longitude. Figure 1, shows the aerial view with the
north-south orientation, with the classroom position
marked in red. The original building was built in 1946,
and since then it was enlarged and modified several times
according to the evolution of the educational trends. The
envelope of the building is poorly insulated. The HVAC
system is based: a central controlled system with high
temperature hot water radiators for winter conditions, and
a decentralized air condition with air-to-air split units for
summer conditions. There is no mechanical ventilation
system for air renovation.

Figure 1. Aerial view, Google [18]
Figure 2. shows the studied classroom within the
building from the north east view

JFigure 3 describes the geometry and the specific
position of openings, HVAC systems, and monitoring
devices. The size of the room is 8.0x6.2x3.7 m3. Windows
are located at south and north facades, providing full cross
ventilation. The facade includes a set of white louvres to
reduce solar radiation in the cooling season. The radiators
(in red color) are located at the north facade, under the
windows. The AC system (in blue color) is in the south
east corner, see Figure 3.
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Figure 3. Classroom layout with key elements in colour.

2.2 Materials and Method

According to Figure 3 the air quality monitoring systems
(in black color) were located at the east facade at 0.9 m
above de floor. Figure 4 shows the position of the devices.
All children in the classroom look at the opposite direction
to reduce the unwanted effect of close breathing. The
position of the devices is also intentionally separated from
windows to reduce the local effect of the openings.

Figure 4. Classroom view.

Figure 5 shows the devices located at the back of the
classroom. Described as “1”, the device installed in 2017,
set by the University of Burgos [4]. It measures and record
T in °C, RH in % and CO; in ppm every 10 minutes.
However, at the end of 2020, another device described as
“2” in Figure 5, the EGVOC-165 Air quality Monitor with
a NDIR CO; sensor was installed to provide remote access.
It measured several parameters, including T, RH and CO;
concentration, every 1.5 sec. The “2” device was
connected to a mobile WIFI system: 4G LTE M7200 from
tp-link, described as “3” in Figure 5.
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Figure 5. Monitoring devices “1, 2, 3”

Climate data have been obtained from a close weather
station registered in Weather Underground [19]and
collected manually on the 26" of January 2021.

With all data collected from both scenarios: 2018, and
2021, results graphs have been obtained and compared
with those comfort ranges suggested by the literature
review. Air quality and CO; concentration in ppm, have
been compared with 800 ppm as the highest
recommendable value to reduce Covid-19 airborne
infection as the Spanish government has set [14].
Temperature comfort ranges have been defined according
to methodology defined in ASHRAE 55 2017 (see
equations (1), (2) and (3)) for all buildings and based in
the concepts of adaptivity and 80% of acceptability [20].
The mean outdoor temperature used for calculations has
been set by the average between 2018 and 2021.

Tc = (17.6 + 0.31T0), 1)
Considering the 80% of acceptability
Tcl = (Tc—2.5) )

and Tc2 = (Tc + 2.5) 3)

3 Results

At any regular day of both scenarios, the heating system
worked from 08:00 to 14:00, whilst the children stayed at
school from 09:10 to 13:45, but with a short recess from
11:30 to 12:00, see Figure 6.

On the contrary, natural ventilation was different in
2021 from 2018. According to Covid-19 ventilation
protocol, the natural ventilation is working from 09:10,
when the children get in the classroom, until 14:00, when
they leave (see Figure 6). There is no strict evidence about
the ventilation proceeding in 2018, but according to
teacher’s survey, most of the time the openings were close
at that time and they freely operate depending on their
comfort perception.
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Figure 6. Operation schedule in a 2021 typical winter day.

3.1 Air quality

Air quality data is shown in Figures 6 and 7 The data have
been obtained from one typical winter day in January.
Figure 6 contains 2018 data, whilst Figure 3. contains
2021 data. Graphs in Figure 7 and 3.3 contain CO;
concentration in ppm compared with those security limits
set by other authors: 800 ppm for Covid-19 security
protocols, and 1000 ppm according to ASHRAE 62.1
recommendations [21].
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Figure 7. COz ppm in a typical winter day, 26th January2018.

According to Figure 7, data from 2018 were as follows:
at 09:00 the CO; was 460 ppm, but as soon as the children
arrived to the room it started to rise rapidly until 2061 ppm
at 09:50. Since 10:00, the CO, was reduced until 1125
ppm at 11:10. When the children came back from the
break time at 12:00, the CO; concentration was 1649 ppm,
and it kept rising until 2002 ppm at 12:40. Since then, the
CO; started to decrease to 1133 ppm at 13:10. Finally, the
CO; increased again until 1681 ppm at 14:00. According
to these data, the CO, levels stayed over security levels for
all the considered time, except from at 09:10 when
children arrived at the classroom.
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Figure 8. CO2 ppm in a typical winter day, 26th January 2021

Figure 8 shows data from 2021 as follows: at 09:00 the
CO; was 400 ppm or less and it remained under 500 ppm
until 13:20, and always under 600 ppm. Therefore, the
concentration of CO, remained always under security
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limits when the openings in the classroom were fully open
during all the morning.

3.2 Temperature & comfort

T and adaptive T comfort ranges are shown in Figures 9
and 10 for the selected typical winter days in January 2018
and 2021. The T comfort ranges have been set into
18.4°C and 23.1 °C for both scenarios.

—T 2018
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Figure 9. T°C in a typical winter day, 26th January 2018,
compared with adaptative ASHRAE comfort range

As seen in Figure 9, in 2018, at 09:00 T was 18°C, but
it decreased fast until 16°C at 09:20 when doors got open.
Since then, the T increased steadily until 20°C at 11:50 and
it remain with small variations until the end of the studied
period at 14:00. Therefore, the T stayed between comfort
conditions from 10:00, whilst the exterior T (T ext) was
always under comfort, from 8 °C, to 14°C.
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Figure 10. T°C in a typical winter day, 26th January 2021,
compared with adaptative ASHRAE comfort range

In 2021, see in Figure 10, at 09:00 the T was 15°C, but
it rose fast until 22°C at 09:30. From 09:30 to 13:50 it was
maintained within the comfort ranges, between 19 and 22
°C. On the contrary T ext was steadily raising from 15 °C
at 09:00 to 17.00 °C at 14:00, which was close to the lower
comfort range.

In Table 1 a summary of T from both scenarios can be
seen with hourly and average data. Additionally, the
variation from T and T ext is presented for both scenarios.
In 2018, the variation between T and T ext was 8.32 °C,
whilst in 2021, it was 4.12 °C.

Finally, when CO,, and T, are considered together, the
2018 scenario was out of comfort for all the period from
09:00 to 14:00, whilst the 2021 scenario was under
comfort from 09:10 to 13:50.

Tablel. T deviation between scenarios 2018 and 2021.

109.00]10.00[11.00]12.00]13.00]14.00] Aver.
2018

T 18.24 | 18.24 | 19.56 | 19.81 | 19.78 | 20.37 | 19.37
Text. | 820 | 9.00 [ 10.60 | 12.60|12.50 | 13.20 | 11.02
T-Text|10.04| 9.26 | 896 | 7.21 | 7.28 | 7.17 | 8.32
2019
T 15.00( 15.00 | 19.00 | 21.00 | 21.00 | 22.00 | 24.00

T ext. [14.60| 14.60 | 16.00 | 16.40 | 16.50 | 16.70 | 17.10
T-Text| 0.40 | 0.40 | 3.00 | 4.60 | 4.50 | 5.30 | 6.90

4 Discussion

Materials and Methods proposed in Section 2 have been
adequate for the purpose of this research. However, the
EGVOC-165 Air quality Monitor should be replaced for
another system to allow more precision in T data
necessary for comfort calculations.

The results shown in Section 3, describe the
improvement on air quality from scenario 2018 to 2021,
but with some considerations. According to Figure 7 and
Figure 8, the concentration of CO, has been drastically
reduced from a range between 1200 ppm to 2000 ppm, to
less than 600 ppm. This is less than the 800 ppm CO,
concentration suggested by the authorities [14]. Therefore,
the result of the suggested ventilation protocol has
demonstrated its adequacy to reduce the Covid-19
airborne infection risk. On the contrary, the excess of
uncontrolled natural ventilation is producing fast
variations in T, and it may have also provided an increase
in heating energy demand. According to Figure 9 and
Figure 10 both scenarios provide indoor T between
comfort ranges during most of the time, except at 09:10,
when children get into the classroom and the space needs
some time to achieve a steady state situation.

If T data are compared only from 10:00, some details
must be described: In 2018, the T in Figure 9 shows slight
variations between 18.24 °C to 20.37 °C, whilst in 2021
the T in Figure 10 shows higher variation in both
directions between 19.00 to 24.00. Unfortunately, T data
cannot be solely discussed because T ext is quite different
in the scenarios. As described in Table 3.1, the average T
is quite similar in both cases with only 0.96 °C difference,
but T ext is 5.22°C higher in 2021. Additionally, the
variation between T and T ext is 4.20°C lower in 2021.
Therefore, to provide a more precise comparison between
ventilation scenarios, it would be necessary to repeat the
experiment in a winter day with similar conditions to those
in 2018. There would probably be more difficulties to
maintain T between the ASHRAE T comfort ranges [20].

Heating energy demand has not been considered in this
research to be focused on comfort, but according to the
comments from the management staff of the school, the
heating system is obviously working more time at a higher
rate in 2021 than it did in 2018. Therefore, the energy
demand should be higher even with less indoor T.

To increase the performance of the building, some
improvements could be done to the ventilation protocol.
Openings can be reduced until the CO; concentration rise
to 800 ppm. Mechanical ventilation with heat recovery
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and high efficiency filters can replace natural ventilation
[5]. Air exhaust should be considered upwards over the
ceiling to avoid indoor contamination [10]. Additionally,
results can be affected by the influence of windows, the
close presence of children and their movement, the
existence of mask protection protocols and the effect of air
gusts into the classroom, among others. Because of that,
Additional monitoring devices could be installed in
different positions and heights to have a complete
description about the air displacement [22].

5 Conclusion

This research has demonstrated the adequacy of natural
ventilation as an effective method to reduce CO,
concentration, which is associate in the Covid-19 airborne
infection risk.

However, this seems to provide a negative effect on
thermal comfort and heating energy demand. Therefore,
alternative ventilation methods should be considered to
maintain the air quality and ventilation effectiveness, but
also comfort and energy performance of the buildings.
These alternative methods could be based on two different
strategies:

- Animprovement version of the natural ventilation
protocol which can provide real time evaluation
of both, weather conditions and indoor air quality,
to adjust the natural ventilation protocol.

- An additional introduction of mechanical
ventilation systems with high efficiency filters to
maintain the proper air quality levels and heat
recovery units to keep T within comfort ranges,
but with less heating and cooling energy demand.
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