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Abstract

Indoor air quality in educational buildings significantly impacts learning efficiency and
occupant health. This study analyzes PM2.5 and CO, concentrations in higher education class-
rooms in Chonburi Province using theoretical mathematical modeling approaches. The case study
classroom has a maximum capacity of 46 occupants, floor area of 64 m?, volume of 185.6 m®, and is
air—conditioned with exhaust fans but lacks airfiltration or purification systems. The study simulates
current conditions and scenarios with air purifiers using steady—state mass balance equations.
Results indicate that an air exchange rate of 9.39 h™lis sufficient to maintain CO, levels below
1,000 ppm at full occupancy. Indoor CO, concentration was calculated at 829 ppm (assuming outdoor
CO, of 430 ppm)..For PM2.5.without air purification, when outdoor PM2.5 equals 60 ;,Lg/m3, cal-
culations show indoor PM2.5 concentration of 47.49 ug/mS. Air purifier sizing assessment to
maintain indoor PM2.5 at 15 [1g/m® (excellent air quality standard) with outdoor concentrations
of 30-70 pg/m® requires CADR of 1,027—4,745 m°h. To control indoor PM2.5 below 25 pig/m®
(good air quality standard), CADR of 1,800 m°h is required. Comparison between calculated and
measured with adjusted results shows PM2.5 I/O ratios of 0.79 (calculated) and 0.75-0.79 (mea-
sured and adjusted) for rooms without air purifiers when PM2.5 is equal or higher than 4 pg/m®,
demonstrating model accuracy. However, for PM2.5 is smaller than 4 ig/m?, the accuracy of
prediction is reduced. For CO,, prediction accuracy depends on appropriate assumptions of
outdoor CO, concentrations, ventilation rates, and indoor CO, generation rates. Study limitations
include theoretical approach, constant parameter assumptions, and steady—state conditions only.
This study provides guidance for CO, prediction, appropriate air purifier sizing estimation, and indoor
PM2.5 level prediction in classrooms, which is beneficial for selecting air purification systems

for educational institutions.
Keywords: Particulate matter 2.5, Carbon dioxide, Classroom, Theoretical analysis, Indoor air quality

2



