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ABSTRACT. The advent of COVID-19 highlighted the importance of ventilation in reducing the risk of 

viral infection, especially in crowded places. On the other hand, paying attention to thermal comfort is 

inevitable. Infection risk and thermal comfort are studied in a classroom occupied by 30 students and one 

teacher. The analysis is carried out for a typical polish school with natural ventilation on three cold autumn 

and winter days. Energy Plus has been used to calculate CO2 concentration and indoor temperature. Three 

different cases in terms of the opening window schedule by using smart windows were proposed. Results 

show that changes in the plan of opening windows significantly affect the determined functions in cold 

weather. On November 26 and September 18, both infection risk and thermal discomfort were decreased. 

But on February 16, the heating system did not have enough capacity to control thermal comfort due to 

extreme cold. 
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Introduction 

People nowadays spend most of their time in buildings. Accordingly, maintaining a good quality of indoor 

air is very important. With the advent of the Covid-19 phenomenon, instructions on indoor air quality have 

been changed [1]. Facemasks can be used to protect healthy people from preventing COVID-19 

transmission [2]. However, wearing masks for many hours can frequently cause potential headaches or 

breathing difficulties [3]. Therefore, buildings need more ventilation and fresh air to reduce virus 

transmission risk. Ventilation plays a critical role in removing exhaled virus-laden air by lowering overall 

indoor viral concentration and the infected dose inhaled by occupants. However, airborne pathogen 

concentration can quickly rise if the airflow passage is blocked (e.g., by closing windows and doors), leading 

to an increased risk of airborne transmission [4]. Thus, low indoor ventilation rates increase the infection 

transmission risk [5] by sharing air with a large number of susceptible persons, which contributes to the 

spread of infectious diseases. However, increasing ventilation may disrupt thermal comfort conditions, 

especially in cold weather. Consequently, the two issues of thermal comfort and coronavirus infection are 

opposite [6]. Each of the problems has particular importance. Determining a strategy can create the ideal 

conditions for simultaneously controlling thermal comfort and transmitting viruses . Regarding good indoor 

air changes, the school environment is of great concern. Students spend a significant part of their school 

time inside classrooms characterized by an occupancy density higher than most other buildings and often 

by inadequate ventilation rate. [7]. This happens especially in naturally ventilated classrooms where air 

changes are variable and difficult to control. Often indoor comfort or safety requirements and human 

behavior may dictate openings remain closed, particularly when the outdoor climate is too hot or cold. 

Among the various contagion mechanisms, this study is dedicated to the possibility of reducing airborne 

contagious by smart windows and incrementing ventilation rates. The aim is to remove the obstacle of an 

unacceptable growth of CO2 gas emissions. As the second function, the study deals with controlling thermal 

comfort.  
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Material and Methods 

A numerical study was carried out in two separate sections. First, the energy simulation of a classroom was 

performed in Energy Plus. The wells-Riley method was applied to calculate the probability of infection 

transmission in the classroom. 

Model description 

To simulate a typical classroom in Poland, a building model with dimensions of 9m×6m×3.32m in length, 

width, and height was designed in SketchUp [8] 3D modeling software. The classroom possesses three 

double-layer clear glazing windows with 16 mm airspace and 2.5×2.15 dimensions. Two of them are 

assumed to be closed throughout the winter, but one of them can be opened mechanically. The opening area 

is 0.5 m2. Air infiltration through one external wall was defined by setting 60 cm2  to reflect ''effective air 

leakage area'' for existing school buildings. EnergyPlus [9] building energy simulation program is used to 

model the thermo-physical properties of the building envelope and its zone thermostat. Weather data was 

considered for the three cold days of Katowice in Poland with different temperature ranges (Fig.1). The 

heating system capacity was set to 1500 W. No cooling system was considered. The indoor temperature of 

the zone thermostat was set to 22 °C based on recommended value for the heating season[10]. Also, thirty 

students and one teacher were assumed in the classroom. They have 15 minutes of break time after every 

45 minutes of class when they leave the classroom. Given information including activity, clothing insulation 

level, and indoor air velocity set as standard criteria for classrooms are in table 1. 

 

Figure1- Outdoor temperature in 3 days of Katowice-Poland  

Standard criteria considered for parameters to calculate thermal comfort[10] - Table 1 

Parameters Unit Value 

Indoor air velocity m/s 0.21 

Clothing insulation level CLO 1 

Activity level W/Person 70 

Infection risk 

This study has pursued the Wells-Riley equation [11]. The basic reproductive number (R0) is the number of 

secondary infections that arise when an infectious person is introduced into a population where everyone is 

susceptible. The larger value, the more likely is the infection to reproduce rapidly in the form of an epidemic. 

The reproductive number for infectious disease in a building environment (R0) can be derived from Eq 1: 

                                                           𝑅0 = (𝑛 − 1) [1 − 𝑒𝑥𝑝 (−
𝐼𝑡𝑞𝑓

𝑛
)]                                             (1) 



 

 

PROCEEDINGS 2ND INTERNATIONAL CONFERENCE ON GREEN ENERGY AND ENVIRONMENTAL TECHNOLOGY, 27-29 JULY 2022, ROME, ITALY 

𝐼 is the number of infected persons; 𝑡 is the time of exposure in hours; 𝑞 is the quanta generated per hour; 

𝑓 is the equivalent of the fraction of indoor air that is exhaled breath, and 𝑛 is the number of people exposed 

to the infectious source. Parameter 𝑓 is calculated with Eq 2: 

                                                               𝑓 =
𝐶−𝐶0

𝐶𝑎
                                                                       (2) 

Here, 𝐶 is the carbon dioxide (CO2) concentration in indoor air; 𝐶𝑜 is the CO2 concentration in outdoor air; 

and 𝐶𝑎 is the CO2 concentration in exhaled breath—all in parts per million. Based on common assumptions, 

𝐶𝑜 has usually considered 400 ppm and 𝐶𝑎 is around 37500 ppm. Based on previous studies, to have a 

proper air quality, indoor CO2 concentration should not be higher than 1500 [12]. 

Plan of analyzes 

Three cases have been considered to control the air temperature of the classroom occupied from 8 AM to 2 

PM. In the first case, it is assumed that windows are closed during the whole time. Case 2 was assumed 

opening window exactly during break times. Since we have six break times, the total opening duration will 

be 90 minutes. In this case, CO2 concentration and indoor temperature will decrease during break times. It 

will help reduce infection risk but could cause some discomfort. To use the capabilities of mechanical smart 

windows, case 3 was proposed. The smart window opens every 5 minutes, and every opening will last one 

minute. In this case, the window is open for a total time of 60 min. Conditions were evaluated for three days 

with different outdoor temperatures. The cases studied are summarized in Table 2.1: 

Table 2 –  Summary of window opening schedules for the analysed cases 

 Opening schedule Every opening duration (Minute) Total opening duration (Minute) 

Case 1 Window closed 0 0 

Case 2 Break times 15 90 

Case 3 Every 5 minute 1 60 

Results and Discussion 

Indoor temperature and CO2 concentration data during the occupancy hours of the classrooms obtained from 

EnergyPlus were reported for cases 1, 2, and 3 every minute. Consequently, the probability of infection was 

calculated by using eq. (1) and (2). Evaluation of the current comfort level due to window opening was done 

by investigating the maximum acceptable CO2 limit and minimum permissible indoor temperature limit in 

the classroom. 

Case 1 

Since the window is not open during the day, CO2 concentration is completely ascending and exceeds the 

dangerous level in all three days (5106-6303 ppm peak). As shown in figure 2 , CO2 concentration decreases 

slightly during break times, but rises again after students return to the classroom. On the other hand, the 

temperature range remains acceptable (22-26 °C) on 16 February and 26 November. However, in 18 

September, the temperature rises above ideal thermal comfort condition (27 °C). The fluctuation in the 

temperature is due to the heating production of metabolic rate by students according to their activities. Due 

to a lack of human activity during break times, the temperature decreases slightly and then rises again with 

students coming back to the classroom. 
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Fig.2. CO2 concentration (Left) and indoor temperature (Right) range in three cold days- case 1 

Case 2 

In the second case, due to the window opening during the break times, more fluctuations occur in both the 

temperature and the CO2 (Fig.3). In all three days, CO2 concentration goes up (1499- 1607 ppm) at the first 

class and decreases (496-685 ppm) in the first break time, and it repeats approximately similarly until 2 PM. 

Significantly decrease of CO2 concentration in all days is acceptable in terms of the probability of infection. 

However, decreasing the temperatures, make 140 minutes discomfort in 16 February. In addition, RO in 

every three days were still more than 1 (Table 3). 

 

Fig.3. CO2 concentration (Left) and indoor temperature (Right) range in three cold days- case 2 

Case 3 

In the previous case, CO2 concentration exceeded 1500 ppm during the last minutes of the student’s presence 

in the class.  More frequent opening window every 5 minutes, as in case 3 solves this problem. As shown in 

Figure 4, The range of temperature fluctuations and CO2 concentration, in this case, is less than in case 2. 

According to table 3, discomfort and high infection risk duration reach the ideal circumstance on 29 
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November and 16 February. Also, RO is lower than 1 for all three days. However, the heating system of the 

classroom would not able to provide enough heating on 16 February. Therefore, 264 minutes of the presence 

of students in the class are colder than ideal thermal comfort conditions. 

 

Fig.4. CO2 concentration (Left) and indoor temperature (Right) range in three cold days- case 3 

 

Table 3- Summary of thermal discomfort and high infection risk times 

 Date Discomfort 

duration (Minute) 

High CO2 concentration 

duration (Minute) 

Reproductive 

number 

Case 1 26 November 6 229 6.16 

16 February 0 222 5.91 

18 September 229 230 6.44 

Case 2 26 November 19 83 1.89 

16 February 83 39 1.64 

18 September 140 46 1.51 

Case 3 26 November 0 0 0.95 

16 February 264 0 0.89 

18 September 13 0 0.75 

Conclusions 

Results showed that ‘closed window’ provide thermal comfort on 16 February and 26 November. However, 

air quality was undesirable on all three days. The opening window during the break times wasn’t sufficient 

for good air quality. But it significantly reduced the infection transmission risk. Finally, case 3 provided 

good thermal comfort and air quality on 26 November and 18 September. However, due to the severe cold, 

on February 16 the only controllable function was infection transmission risk. It is suggested that a bi-

objective optimization be performed between thermal comfort and the probability of infection transmission 

to find the best schedule for the window opening. 
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