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9 Abstract

10 Indoor environmental quality (IEQ) in school buildings is crucial for the health and
11 well-being of students, educators, and staff. Poor air quality and inadequate thermal
12 conditions compromise students' comfort and can lead to potential long-term health
13 issues. Since children's comfort differs from adults', it is important to consider surveys
14 on IEQ in school buildings. For this reason, this paper focuses on air quality and

15 thermal comfort in kindergartens in Italy. An IEQ monitoring campaigngva
16 conducted within a kindergarten, with data used for thermal comfort and IAQ @
17 including CO; levels generated by occupants and thermal discomfortin

18 simulations of carbon dioxide levels showed that the amount of CO»
19 the classrooms exceeds the threshold recommended by ASHRAE
20 the winter seasons, CO» levels are significantly higher than t
21 summer due to the limited ventilation practiced during the colder
22 thermal comfort analyses indicate that the summer season, can be

23 overheating: 42% of the occupied hours during the mont exceeded the

24 temperature threshold, causing thermal discomfort for the occ The winter

25 thermal comfort analyses demonstrated that heatj tems are essential to maintain

26 temperatures within comfort thresholds.

27

28 Keywords: School buildings, indoor eny ental qualiggyventilation strategies, carbon dioxide levels, sustainable
29 design

30

31 1. Introduction

35  measures, the nect
36  underscored ;

giflg due to outdated building designs, poor insulation, and inefficient HVAC systems [4]. These
s are even more pronounced in Mediterranean climates, where school buildings are typically ventilated
ithout cooling systems [5]. During the summer months, indoor climate control depends only on
ural ventilation; however, when outdoor temperatures are excessively high, this approach can cause thermal
mfort within classrooms. Although natural ventilation in the warm months effectively maintains CO»
46 vels below threshold limits, it frequently results in thermal discomfort. Conversely, natural ventilation is
47  minimized during winter to retain the heat generated by heating systems [5]. Consequently, while thermal
48  comfort is preserved, CO; levels tend to be significantly higher than in summer [5]. These issues are particularly
49  relevant in Italy, where many school buildings are outdated, overcrowded, and inadequately ventilated, further
50  complicating efforts to create environments conducive to learning and occupants' comfort [6]. In a specific way,
51  kindergartens are emblematic buildings for managing IEQ because they host preschool-aged children who are
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52 particularly sensitive to environmental factors [3]. Children have a different thermoregulation capacity than
53 adults: their body surface area is larger in proportion to their weight, causing them to lose heat more quickly
54  and making them more susceptible to temperature fluctuations. Their respiratory systems are still developing,
55  so prolonged exposure to poor air quality can negatively affect their growth and development [7]. Moreover,
56  the nature of preschool activities, such as group play, increases their exposure to pathogens, including viruses
57  [8]. Therefore, kindergartens represent a significant challenge in terms of ensuring high IEQ. Acknowledgi
58  the issues underscored by the pandemic, it becomes imperative to introduce new design strategies for buildings
59  that ensure healthful, safe environments, offering both optimal air quality and proper thermal comfor
60  develop effective new design guidelines, the first action should be a detailed examination of the c
61  conditions of school facilities to identify critical areas for enhancement. In this context, the resez .
62  in this article focuses on evaluating the indoor environmental quality of a naturally — ventilated fiindergar®
63  Bari, Southern Italy. By aligning with the current state of the art, this research aims to assessgui

64  thermal comfort in a preschool building, analyse the effectiveness of natural ventilation st i
65  recommendations for improving IEQ in similar settings. The paper is divided into s

66  section explains the methodology applied in the study, along with a descriptio the sch
67  monitoring sample; the following section presents the analysis results; the last sedfio
68  and their implications.

S the outcomes

69 2. Methods and materials

gathered through a real-time
ollowing this, the collected
ased model of the kindergarten,
4 standard. Finally, simulations of
onitored classrooms, and the thermal

70  The methodology of this study is structured into four key phases
71  monitoring campaign conducted in two classrooms of the sele
72 data were analysed. The third phase involved developing an ¢
73  which was subsequently calibrated in accordance with the AS
74  accumulated CO; levels were performed during the oc
75  comfort was evaluated using the Daily Discomfort Hours etric.

76  The following sections provide a more detailed explanation of ea&i phase of the methodology.

77 2.1 The monitoring campaign

78  The school building selected for the i en is the John Fitzgerald Kennedy kindergarten (Viale
79  Kennedy 46, Bari BA - 40°45'36", acility operates from 8:00 am to 1:30 pm and is open from
80  September to June.

81 The school, constructed in 1
82  used as a technical room. face-to-volume ratio (S/V) of 0.33. The building envelope consists of brick
83  with an air gap but lack
84  (ARES)[9]. The in
85  with a ceramic ti

re both finished with plaster, while the floors are made of concrete slabs
to the ARES portal, the envelope includes metal frames for windows and

86 S cd as requiring replacement. The monitoring campaign involved measuring
87 mperatures and relative humidity (RH) using three EL USB DATA LOGGERS
88 yoas sensors A, B, and C). Data collection occurred over 15 days during the spring-

89  summer SO two occupied classrooms: classroom A was monitored from June 13, 2023, to June 27, 2023,
90 from May 23, 2023, to June 6, 2023. The classrooms have metal fixtures (doors and glass
91 glazing and roller shutters and the ARES portal has indicated that a complete replacement
Classroom A has a 40 m? surface area, 118 m? of volume, hosts 20 chlldren and is oriented to the

the IEQ analyses presented in this paper refer to Classroom A, as it is representative of the building.
itionally, among the two monitored classrooms, Classroom A has the most challenging orientation for
eating, being south-east facing, and is the one most exposed to solar radiation during occupancy hours.
97 he sensors were installed at key locations within the classrooms (Fig.1), each placed at a consistent height of
98 2 meters above the floor. Sensors A and C were placed respectively outside and inside the windows most
99  frequently opened by educators during occupancy hours for ventilation. Sensor B was located on the opposite
100 side to sensors A and C. The sensors were programmed to record IAQ parameters at 2-minute intervals, and
101  during the analysis phase, the data was averaged into 20-minute segments.
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Figure 1 — Positioning of the sensors in the monitored classrooms.

102

103 The comparison of temperature readings from sensors B and C allowed the dete
104 fluctuations that the classrooms experienced during the monitoring period. Sens sol\¥ data were
105  analysed to assess the ventilation strategies employed in the classrooms during s Occupied days
106  were consolidated into a single standard occupancy model, referred to as O4F5u, whi sents the actual
107  classroom usage conditions for that season. Likewise, temperature reading days were merged
108  into a standard model known as N-OC Day, representing an unoccupied ¢

temperature

109 2.1 The school building energy model and indoor temper

110 The school's geometric model was created using Autodesk R&ki nce the 3D model was created in
111 Revit, it was transformed into an analytical and energy model, ed to the energy simulation software
112 Design Builder. The energy model in Design Builde upplemented with Ventilation, Occupation, and
113 Lighting Schedules, with the heating and coohng system t . Cooling systems were excluded from the
114  analysis as they were not present in the bui Heating systems were also omitted to better assess the
115  building's passive thermal behaviour witho e aid_of mechanical systems. To proceed with the calibration of
116  the energy model, a current climatic ﬁle d using the actual weather data measured from the
117  monitoring stations, specifically fro sservatorio) [10], to be used as boundary conditions

118  for the simulations [11]. The calibraffon pro nducted manually, following the guidelines of ASHRAE
119  14:2014, ensuring the NMSE and myices were within the acceptable ranges for hourly calibration,
120  with the NMBE within £10%g4fid the CVRM

121  After constructing the e r analyses were carried out on the calibrated energy model.
122 Ventilation Schedules wer shed d applied to the energy model according to the ventilation hypotheses
123 Hp.1, Hp.2, and Hp. e graph 2.4. Simulations were performed for each ventilation hypothesis
124 to assess the indog d of classroom A under the different ventilation strategies. The Hp. and

125  Hp.2 ventilation gre performed during classroom A's monitoring period (from 13/06/2023 to

126  27/06/2023); Simulation was carried out over a sample period of winter conditions (from 23/02/2023

127 ol i

128 i pdinesis, averaged hourly across all days, and then compared with the external dry bulb

129 o ta using the same energy model.

130 al Comfort analysis

omfort Hours (DDH) [12] were adopted to assess thermal comfort during summer and winter. The
imulations were conducted from 13/06/23 to 27/06/23 for the summer period and from 23/02/23 to 9/03/23 for

13 inter period, adopting the International Weather for Energy Calculations 2 (IWEC2) weather file for Bari

134 boundary condition [13]. The DDH index was used to quantify the number of hours in a day when the Indoor

135  Operative Temperature (Ton) surpassed a defined thermal comfort limit (T.): with this logic, it quantified the

136  intensity and duration of thermal discomfort. DDH was calculated according to the below equation (1):
137
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24 |
DDH =) (Tyin = T W

138 =1 |
139
140  where, Toi [°C], was obtained from energy simulations, while T, [°C], the daily temperature limit, was
141  calculated according to the EN 16798-1 standard for comfort Class I. During summer, discomfort hours occ
142 when T, exceeds the upper threshold limits; during winter, discomfort hours occur when To i is below th
143 lower limit [14].

144 2.4 Estimation of the carbon dioxide levels
145  Assessing indoor air quality requires careful consideration of the carbon dioxide levels within t

146  Carbon dioxide acts as a proxy for air quality, and in the absence of precise monitoring te@ls, i
147  estimated using the following equation (2) [15]:

148
6x10° Gx106 | ZACHXt
C(t) = Cext + ﬁ - (Cext - CO — ﬁ) € 3600 (2
149 3600 3600
150

res CO; concentration for
(which varies by age, sex, and
tes the air changes per hour,
the confined environment at a

151  where, Cex ([ppm]) is the external carbon dioxide level, Co ([pp
152 classrooms in this study, G ([m?®/s]) represents the estimated CO»
153 physical activity) [16], V ([m?]) is the volume of the classroom,
154  and t ([s]) denotes time. C(t) indicates the level of carbon
155  specific time t. These parameters were applied in simulating
156  ppm [17], Co = 1000 ppm [16], V = 118 m?, G = 0.Q229 1/s. Ghis vaiie was derived by averaging the CO,

157  production of a male child aged 3 to 6 years, which is O /sawith that of a female child of the same age,
158  which is 0.0028 I/s [16].
159
Hp.1 2 Hp.3
20 120 1
.§ 15 15 &
§‘ 10 05 10 — 05 §
S -' 5
S s J 5 ‘ >
4] 0 0 0
8:30 13:30 8:30 13:30
Time [h]
ur Ventilation strategies implemented in this case study, Hp.I, Hp.2 and Hp.3.
160
161  Different vo@fiation hypotheses, Hp.1, Hp.2, and Hp.3, were considered for estimating CO; levels (Fig.2). Hp.1
162 Hp.2 yetilation strategies mirror typical summer ventilation practices, where the environment is
163 inuogly ventilated during classroom occupancy. Under Hp. I, windows are opened once the children have

while in Hp.2, they enter classrooms that have already been ventilated. Hp.3 represents a winter-specific
strategy characterized by short, intermittent air exchanges throughout the classroom occupancy
riod. In this scenario, windows are partially opened for 10-minute intervals (from 09:16 am to 09:26 am, from
am to 10:26 am, from 11:16 am to 11.26 am, from 1:16 pm to 1:30 pm) [18]. CO- level simulations were
168 peated using a hypothetical classroom volume, Vol.2, which is larger than the actual volume of classroom A,
169  to assess the impact of room size on CO; levels. Vol.2 is set at 170 m?, representing a 44% increase in the
170 volume of Classroom A.

171 3. Results
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172 The results of this study are outlined in this section, and they refer to the monitoring and analyses related to
173 Classroom A, as it was previously indicated to be representative of the case study. The first part provides a
174  summary of the kindergarten monitoring campaign results. The second part shows the findings from the
175  calibration of the energy model. The third section presents the results from the thermal comfort analyses, while
176  the final part focuses on the outcomes of the indoor air quality evaluation, with the results of the carbon dioxide
177 levels simulations.

178 3.1 Results from the monitoring campaign: AT, relative humidity, and users' behaviour

179  Aspreviously noted in the Methodology section, the data gathered from the monitoring campaign
180  to assess the current condition of the kindergarten. This paragraph presents the results related to
181  deltas measured in Classroom A by the data loggers and the humidity levels the room was sub
182  the monitoring period. The data loggers' temperature data analysis is also discussed, provi i
183  wusers' behaviour regarding ventilation, specifically when and how ventilation
184  classroom's occupancy hours.
185  Fig.3a) shows the temperature differences, or deltas, recorded by sensors C a i tw0 monitored
186  classrooms during the experimental period. It is assumed that the negative ed by air leaks
187  through the fixtures, especially noted during the night. The presence g
188  complete replacement as noted by the authority on the ARES portal, €
189  results of the relative humidity data are shown in Fig.3b). The graphg
190  a peak RH of 74% and a minimum value of 44.5%. The avera
191  slightly above the health and safety regulations' recomm
192  environments. The recommended range for RH is 40-60%, a
193 [19].

194

idity was approximately 61%,
aintaining healthy school
green area in the graph (Fig.3b)

a) T, and T, classroom AT b) Relative Humidity levels

s I “"W |
) _Fnh{ UL
| [ 1]

AT [K]
RH [%]
2

Q 13/06/2023 - 27/06/2023
Figure 3 —a) ences recorded between sensors A and C, indicative of the temperature deltas to
which C as subjected during the monitoring period, and b) Relative Humidity (RH) levels measured
inside Classroom A.

196  Based on the\gperature analysis from sensors A and C, standard ventilation models were developed for both
ay y octpancy (OC Day) and the day without occupancy (N-OC Day). These models allowed us to

arid that during the monitoring period, the users maintained constant ventilation during the classroom's
hours. The temperature variations for both daily models are depicted in Fig.4. In the early part of the
ccupied day, the indoor temperature trend in the classroom is lower than that of the outdoor temperature.
ing occupancy hours, this pattern reverses: as the windows are opened, the classroom temperature increases
duc’to the external thermal load heating the space. The N-OC Day ventilation model shows a similar trend
etween external and indoor temperatures, but indoor temperatures do not increase as they do in the occupied
204  scenario because the classroom remains unoccupied, and ventilation is not carried out.
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Figure 4 — a) Trends of indoor temperature (Sensor C) and outdoor temperatures (Sensor A) of ro
days with occupancy (OC Day) and b) days without occupancy (N-O .
3.2 Calibration of the school building's energy model and indoor te tren
The calibration results of the energy model, as shown in Figure 5, com mperature data with
measured ones on days when the building is occupied (Fig.5a) and - . The indices defined

by the ASHRAE Guideline 14:2014 [11] comply with the standar
for both occupied and unoccupied days (Tab. 1).

Table 1 - Calibration index results defined by the ASHRAE 14:2014Guide 1 energy models that use hourly data.

Standard Day Model NMBE CV (RMS um percentage error Maximum AT
OC Day - 0.23% % 2.18% 0.5°C
N-OC Day 0.46% 0.53% 2.33% 0.55°C
a) Calibration of the energy nfidel: b) Calibration of the energy model: N-OC Day
— 28 | —— monitored
g —— simulated
2] 26
§ 24 b,/:’;}é\q
£ 22
g
L]
= 20
2R 2R R II I IRK
SN ¥¢6 % g 49 3xE &R Y
Time [h]
Fig omparison between the monitored and simulated temperatures using the energy model for both

occupied and unoccupied days.

ulations of indoor temperature trends in classroom A resulted in different curves for each summer
hypothesis, as described earlier in section 2.4. The results for the summer ventilation strategies Hp. ]
d Hp.2 are depicted in Fig.6 a. The comparison of the two curves (Fig.6 a) reveals that both ventilation
theses produce similar trends. The temperature increases steadily in the morning, then levels off during the

ay and remains stable thereafter. At 7:00 am, both curves start with temperatures near 20°C. In the Hp.I curve,
he temperature steadily rises until it peaks shortly after the classroom becomes occupied since the windows are
closed when students arrive under this ventilation scenario. When the windows are opened, the temperature
decreases. The curve under Hp.2 remains stable throughout the day. The curves differ at the start of the school
day: the Hp.I hypothesis shows an increase in the initial phase, whereas the Hp.2 hypothesis maintains a more
consistent trend throughout the day.
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Figure 6 — a) Simulation of the occupied days using the Hp./ and Hp.2 ventilation strategies an
the occupied days using the Hp.3 ventilation strategy.
227

228  The temperature curve in Figure 6b) corresponds to the trend produced by the
229  Hp.3. During the morning hours, the temperature steadily increases. Thg
230  midday, reaching slightly above 20°C. Following the peak, the temperas
231  the day.

232 3.3 Thermal comfort evaluation: Daily Discomfort Hou

233 The thermal comfort analyses of the classroom reveal significa!
234 the T, fluctuates, often exceeding the limits of the thermal co
235  the children may have experienced suboptimal col itioly, indicating a potential need for improved
236  insulation or better heating management. Out of 360 simulate , 45% fall within the thermal comfort zone,
237  while the remaining 55% represent hours of di ort. However, when narrowing the analysis to the 90 hours
238  of actual classroom occupancy, it is observglt that 65% of these hours provide comfortable conditions, while
239 35% fall into the discomfort zone.

240

&}

i

g )

é Discomfort
5 zone

ioure ,T o,in trend during the sample winter period. The grey area represents the thermal discomfort zone for cold
months (EN-16798).

41
the summer period (Fig.8), the situation appears even more critical, with the T, frequently surpassing the

24 th&®mal comfort zone indicated in red. Discomfort conditions characterized 96% of the total hours. When
244 nsidering only the hours of actual classroom occupancy, all of them fall within the discomfort zone.
7

10.30682/tema100018



TEMA: Technologies, Engineering, Materials and Architecture Rivistatema.it
Pesaro court registration number 3/2015 ISSN 2421-4574 (ONLINE)

Summer DDH analysis

Discomfort

zone
Figure 8 — T, in trend during the Classroom A monitoring campaign period. The red area represe Q
discomfort zone for warm months (EN-16798).
\)

Temperature [°C]

20122 - -]
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245 3.4 Indoor Air Quality evaluation: results from the CO: levels simulgg

246  The carbon dioxide simulations in classroom A resulted in varying scé(g dar the summer ventilation
247  scenarios, Hp.l and Hp.2, the carbon dioxide levels generated by nts stay constant since they are
248  continuously produced and ventilated out. The distinction bet entilation strategies becomes
249  particularly clear during the initial occupancy hours: in the Hp: n arrive gradually in a room
250  with closed windows, which are only opened later, maintain ation after that. As a result, the
251  CO; concentration curve under the Hp. [ scenario shows a spi
252 strategy, the initial CO, spike does not occur beca
253 ventilated, allowing the CO- produced to be directly exp
254  dioxide concentrations exceed the set threshold of 1000 ppm (F1g?
255

en arfive in a room that has already been
out accumulation. In each case, the carbon

CO, levels - Hp.1 CO, levels - Hp.2
3500 350
3000
E 2500 2500 Real Volume
& 2000 2000
1500 1500
@) / Vol.2
O 1000 1000 _,’/—_ °
500 500 —_—
8:30 13:30 830 13:30
Time [h]
Figur ide levels simulations with summer ventilation strategies, Hp. and Hp.2. The red curves
rep ulatio®s conducted with the actual volume of Classroom A, while the blue curves represent the

simulations performed with the increased volume, Vol.2.

th&p.3 ventilation strategy, the carbon dioxide level simulation produced an irregular CO- trend.
lly, the simulated CO, levels are considerably higher than those observed under typical spring and
vironmental conditions (Fig.10).

e simulations of CO; levels conducted with the increased volume of Classroom A, Vol.2, demonstrate how
r pollutants accumulate more slowly. As a result, the curves representing these levels in the graphs are
wer than those obtained with the original volume. However, despite the slower accumulation, CO;
263 concentrations still exceed the established limit of 1000 ppm.
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CO, levels - Comparison between Hp.1, Hp.2 and Hp.3
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Figure 10 — Comparison between the carbon dioxide levels simulated with all the ventilation hyft

264 4. Discussion

265  This paper provides a comprehensive overview of the indoor environmental qu
266  Kennedy kindergarten in Bari. The monitoring campaign in the kindergarte

267  the simulation of thermal comfort and indoor air quality, provided interg

268  this school building. Analysis of the collected data (Fig. 3a) indicatgs

269  hinder the maintenance of a stable indoor temperature. It was h

270  negative temperature variations result from air infiltration throu

271  of outdated windows, as noted in the ARES portal, supports

272 The collected data on relative humidity reveal that, throughofy m

273 short of the standards set by both Italian and international

274  environments (Fig. 3b) [19]. Maintaining proper ¢
275  particularly in buildings occupied by fragile users, as is this ¢
276  The analysis of the trends in internal and exte emperatures suggests that the occupants maintain constant
277  ventilation during the warm season (Fig.4a common strategy in buildings without cooling systems
278  and under favourable wind conditions (in te reghion and speed), it can have positive effects on thermal
279  comfort within the classroom [5].
280  temperatures reveals a more comp
281  classroom tends to increase not on
282  environment. As a result, by
283  outside, reducing the effect
284  temperature, this practlce

g periods of occupancy, the indoor temperature of the
activities inside but also because outdoor heat infiltrates the
s, the classroom quickly reaches thermal equilibrium with the
entilation as a cooling strategy. Instead of lowering the internal
e entry of external heat, thereby compromising the potential benefits

285  of natural ventilatio pai i omfortable indoor climate. However, among the ventilation strategies
286  analysed, some sfg arly effective in ensuring a more uniform level of comfort within the
287  classroom. Simufs s temperature trends under different ventilation strategies have yielded valuable
288  insights intQg nermal comfort. The Hp.2 summer ventilation strategy is particularly effective in

289  maintainig 5 door temperatures throughout the day (Fig. 6 a), indicating that a well-managed
290  ventilatiC prevent potential classroom overheating during summer and enhance internal thermal
291  comfort. In"5 scenario, the windows are opened before the occupants arrive, allowing for a pre-cooling effect
292 t contributci@go the overall stability of indoor temperatures. The Hp.I ventilation strategy results in more
293 e 1ca}emp rature fluctuations early in the school day; without ventilation upon the arrival of users,
29 ures increase due to passive overheating caused by the influx of occupants and rising external

es. Except for this early difference, the two curves reflect similar thermal behaviour in space, as both
ume a constant ventilation regime.

29 urve for the winter temperature trend under Hp.3 shows a distinct pattern compared to the summer models
298 ig.6 b). The simulated rise in temperature during classroom occupancy hours is attributed to passive heating
299  from solar gain and occupants' activity, leading to heat buildup in the absence of natural ventilation. This pattern
300 is adjusted by brief ventilation periods that result in minor heat loss; nevertheless, in the Hp.3 regime, these
301  intervals are insufficient to properly dilute indoor pollutants or remove the carbon dioxide generated by
302 occupants, as illustrated in the CO, simulation analysis. This finding highlights the need for scheduled natural
303  ventilation that balances air quality and heat retention, particularly during the colder months, to provide
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304  comfortable indoor conditions [20].

305  The analysis of thermal comfort during the summer period reveals that relying solely on natural ventilation is
306  insufficient to prevent thermal discomfort (Fig.7). Although classrooms with natural ventilation have lower CO»
307  levels than those with mechanical ventilation, they tend to experience higher temperatures [21]. The south-east
308  exposure exacerbates this issue, leading to all occupied hours falling within the thermal discomfort zone. This
309  critical situation necessitates targeted interventions to improve summer conditions, such as implementi
310  cooling strategies and solar shading [23]. While the south-east exposure is less problematic in winter an
311  generally allows for greater thermal comfort compared to summer (Fig.8), maintaining optimal conditi
312 the children still requires a reliable heating system.The CO; level simulations highlight the necessity of ef
313 ventilation strategies to maintain CO, concentrations below the threshold. Between the two summg#s
314  strategies, Hp.l and Hp.2, the latter was more effective in lowering carbon dioxide levels, o
315  ventilation of the space before occupants enter (Fig.9). By avoiding CO; concentration sp1k
316  ensures a well-ventilated and clean environment. On the other hand, the Hp.3 winter v
317  typically used during the colder months when the heating system is operational. Duri
318  is minimized to avoid heat loss and energy waste from open windows, leading to a
319  quality [5]. The simulations using the third ventilation strategy demonstrate how
320  surpass the acceptable threshold (Fig.10). Therefore, it is essential to implemes ural ventilation
321  strategy to limit indoor pollutants produced by occupants [20]. In crowde -19 Report No.
322 33 from the Italian National Institute of Health advises that ventilation € sfaaaactivated before occupants

cumulation can

323 enter. This approach can be integrated into naturally ventilated build; ‘f"Ing occupants to arrive in a pre-
324  ventilated space, thereby improving pollutant removal, as show: smulations [24]. The volume of
325  the enclosed space is another critical factor in indoor air qualit . irénments with smaller volumes
326  are observed to reach saturation faster compared to larger on i carbon dioxide simulations with

327  the increased classroom volume (Vol.2) show that even Wlth CO; levels still exceed 1000 ppm,
328  this approach can nonetheless contribute to improvin

329 5. Conclusion

buildings that negatively affect occupant comfort,
eplacement to improve indoor environmental quality.
ation strategies are crucial to enhancing both thermal
strated the importance of comprehensive monitoring and data
programs and ventilation systems that optimize building

330  This study identified critical issues in It
331  emphasizing the need for energy retrofitting
332 The research highlighted that seaso
333  comfort and air quality. Finally, th
334  analysis in developing effici
335

336

337
338

339

340
341
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