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Abstract — Controlling the air quality of the indoor 

environment is extremely important to improve the health and 

the productivity of the occupants. The air quality is maintained 

by providing ventilation air following the ASHRAE standards. 

The ventilation air (outdoor fresh air), usually processes in the 

Air Handling Unit (AHU) of the Central AC system, and 

delivers to the occupant zones. However, supplying outdoor air 

with increased levels of CO2 will adversely affect for the health 

and the productivity of the occupants. In this study, it was found 

that the CO2 levels in the indoor environments increase with the 

increased atmospheric CO2 levels and the recirculation air 

percentage. When the CO2 level of the outdoor air is higher, IAQ 

can only be controlled by supplying more fresh air to the indoor 

environment. However, it increases the load on the Cooling Coil 

and eventually, electricity consumption of the chiller increases. 

Moreover, the higher excess air flowrates of the MVAC systems 

require larger fans and increased equipment costs. Therefore, it 

has been suggested that a CO2 Capturing Device which is 

suitable for MVAC systems can handle these extreme scenarios 

and reduce the operating and maintenance cost of the MVAC 

systems. 
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I. INTRODUCTION 

Human beings spend more than 80-90% of their time in 
enclosed indoor environment. Therefore, it is utmost 
important to control the Indoor Air Quality (IAQ), as most of 
the indoor environments are completely or partially isolated 
from the outdoor environment and are subjected to restricted 
air circulation and ventilation [1]. IAQ may be worse than the 
outdoor air quality due to the indoor air pollutants and 
contaminants i.e. PM2.5, PM10, VOCs, CO, CO2 and 
biological pollutants (pollen, mite and microorganisms), that 
can be originated within the building or be drawn from the 
outdoors. Table 1 shows the indoor air pollutants and health 
concerns with respect to their range. The symptoms 
commonly attributed to IAQ problems are, headache, fatigue, 
shortness of breath, sinus congestion, cough, sneezing, eye-
nose-throat-skin irritation, dizziness and nausea [2]. IAQ of 
indoor environments can be somewhat controlled by methods 
i.e. air purifiers (i.e. HEPA-high efficiency particulate 
arrestance filters, MERV-minimum efficiency reporting value 
filters, UVGI-ultraviolet germicidal irradiation filters and, 
activated carbon filters) and planting plants. Moreover, an 
essential element for maintaining adequate IAQ is, taking 
outside air to dilute indoor air pollutants and exhaust these 

contaminants along with moisture and odors the indoor 
environment. 

TABLE 1: IAQ HEALTH PARAMETERS 

PM2.5 

(μg/m3) 

PM10 

(μg/m3) 

VOC 

(μg/m3) 

CO2  

(ppm) 
Level of 

health 

concern 

0.0-12.0 0-54 100 0-700 Good 

12.1-35.4 55-154 200 701-1000 Moderate 

35.5-55.4 
155-254 300 1001-1500 Unhealthy for 

sensitive 
groups 

55.5-150.4 255-354 400 1501-2500 Unhealthy 

150.5-250.4 
355-424 600 2501-5000 Very 

unhealthy 

≥250.4 ≥425 700 ≥5000 Hazardous 

 
A study conducted in India between April 2018 and March 
2019 claimed that the IAQ of majority of the houses in New 
Delhi is highly polluted and infested with large 
concentrations of pollutants i.e. PM2.5, TVOC and CO2 than 
the recommended safe levels and, have become unsafe 
despite keeping doors shut [4].  
 
Average adult exhale 35,000-50,000 ppm CO2, which is 100 
times greater than the outdoor levels [5]. The global average 
outdoor CO2 concentration was used to be 300 ppm well 
before 1950. With the global industrialization, the current 
average outdoor CO2 concentrations is 407 ppm [6]. When it 
comes to urban areas, CO2 concentration in outdoor air could 
be high as 550-600 ppm or 900 ppm [7]. Without adequate 
ventilation to dilute and remove the CO2 being continuously 
generated by the occupants, CO2 can accumulate in the indoor 
environment [5]. Generally, accepted upper limit for indoor 
CO2 level is 1,000 ppm [6]. Studies showed that the CO2 
levels of the indoor environment in highly polluted cities in 
India are of 2,500-2,800 ppm and found that the productivity 
of the occupants have gone down drastically [8]. An IAQ 
study conducted in New Delhi, India reported that the level 
of CO2 inside many homes are as high as 3,900 ppm against 
the recommended safe limit of 800-1,000 ppm. The study 
further revealed that the CO2 concentration of a typical air-
conditioned closed-door bedroom used by two people peaked 
to about 3,000 ppm after eight hours. [4]. Moreover, it 
reported that the CO2 levels of fully-closed indoor 
environments could go up to 3,000 ppm, however, the level 
can be reduced 1,600 ppm by leaving the windows open [4].  



The residential and office buildings should be weatherized 
(so called as closing the envelope) to reduce cold air ingress 
during the winter time. This will provide energy savings as 
the heat losses due to infiltration is minimized. However, if 
the indoor environments are not properly ventilated, these 
closed spaces will trap CO2 and may create negative impacts 
on occupant health and safety [9]. Table 2 shows the CO2 
levels and the potential health problems due to increased CO2 
levels present in the indoor air. 

TABLE 2: CO2 LEVELS AND POTENTIAL HEALTH PROBLEMS [10] 

CO2 Level Potential Health Problems 

250-400 ppm Concentration of normal outdoor ambient air 

400-1,000 ppm 
Concentrations typical of occupied indoor 
spaces with good air exchange 

1,000-2,000 ppm Complaints of drowsiness and poor air. 

2,000-5,000 ppm 
Headaches, sleepiness and stagnant, stale, 
stuffy air. Poor concentration, loss of attention, 
increased heart rate and slight nausea. 

5,000-40,000 ppm 

Workplace exposure limit (as 8-hour TWA) in 

most jurisdictions. This indicates unusual air 

conditions where high levels of other gases also 

could be present. Toxicity or oxygen 

deprivation could occur. 

> 40,000 ppm 
Exposure may lead to serious oxygen 
deprivation resulting in permanent brain 
damage, coma, even death. 

 
General rule of thumb is that the difference between the 
indoor CO2 level and the outdoor CO2 level is 600 ppm max. 
Recommended upper limit for indoor CO2 level for an office 
building can be regulated by providing ventilation at a rate of 
15 cfm/person (cfm – cubic feet per minute). If the outdoor 
CO2 level is higher than the reference outdoor CO2 level (400 
ppm), the ventilation rates should be increased by 1 
cfm/person for every 50 ppm increment of outdoor CO2 level. 
[6]. Outside airflow rates for an office space for 400 ppm 
outdoor CO2 level as given in Table 3 [11]. Accordingly, it is 
noticeable that the outside air flowrates should be increased 
when the CO2 level of the outdoor air increases. 

TABLE 3: INDOOR CO2 LEVELS AND RECOMMENDED VENILATION RATES 

ASSUMING OUTDOOR CO2 LEVEL IS 400 PPM [11] 

Outside Air 

(cfm/person) 

Indoor CO2 level Status 

5 cfm/person 2,400 ppm Under ventilation 

10 cfm/person 1,400 ppm Under ventilation 

15 cfm/person 1,000 ppm Ideal 

20 cfm/person 800 ppm Ideal 

30 cfm/person 650 ppm Over ventilation 

 
However, outside air is being polluted due to the harmful 
emissions caused by the combustion processes from transport 
sector, industrial sector, biogenic emissions, bushfires and 
windblown dust [12]. Therefore, the air quality of the indoor 
environments which are not air conditioned and completely 
exposed to the outdoor environment may be very poor. It was 
revealed that, 91% of the world population lives in the places 
where the WHO (World Health Organization) air quality 
guidelines are not met and, 91% of premature deaths in the 
urban areas of the low- and middle-income countries 
especially in South-East Asia and Western Pacific regions are 
occurred due to the poor outdoor air quality [13 and 14]. 
Therefore, the outdoor air in the polluted environment should 

be first purified and then supply to the indoor environment. 
However, this can only be done if the indoor environment is 
served by a central air conditioning system supported by an 
Air Handling Unit (AHU). When it comes to highly 
populated urban areas, CO2 concentration in outdoor air 
could be high as 550-600 ppm or even 900 ppm [7]. In this 
context, more outdoor air will have to be delivered to the 
indoor environment to comply the ventilation requirement 
which may lead to increase the energy consumption by the air 
conditioning system.  
 
This paper discusses the effect of outdoor CO2 levels for IAQ 
of an occupant zone, ventilation flow rate and cooling load at 
the cooling coil of the AHU of a central air conditioning 
system. It further presents the energy consumption patterns 
and the ventilation flowrates of a central air conditioning 
system after implementing a carbon-capturing filter in the 
AHU. 

II. METHODOLOGY 

A. Case Study 1: without CO2 Capturing Device 

Required outdoor air percentage for an AHU can be calculated 
by measuring the CO2 concentration of outdoor air, supply air 
and return air as shown in Equation 1 [5]. The Total Outdoor 
Air Flow Rate can be calculated as shown in Equation 2 [5] 
and, Concentration of CO2 in the breathing zone (return air 
stream) can be calculated from Equation 3. 
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���	 − �	�
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(3) 

 

Where; percentage of outdoor air is the percentage of fresh 
air (OA%) in the supply air, COA is the CO2 concentration 
(ppm) in the outside air, CRA is the CO2 concentration (ppm) 
in the return air, CSA is the CO2 concentration (ppm) in the 
supply air, VOA is the outside air flowrate, VSA is the supply 
air flowrate, N is the contaminant generation rate, R is the 
recirculation proportion and Ef is the efficiency of the CO2 
filter.  
 
The analytical work of this research was performed for a 
Lecture Hall, which can be accommodated for 225 students, 
located in the university premises (University of Moratuwa, 
Katubedda, Sri Lanka). The cooling load of the conditioned 
space was first computed using the CLTD/CLF method 
(Cooling Load Temperature Difference/Cooling Load 
Factor) without fresh air. Then, the additional load due to 
fresh air was calculated assuming that the fresh air is 
processed in an Air Handling Unit (AHU) of a central air 
conditioning system as shown in Figure 1(a). During the 
analysis, variation of the average indoor CO2 level, cooling 
coil capacity, power consumption of the chiller, recirculated 
airflow rate were obtained for various outdoor average CO2 
levels and for different recirculated air fractions. 
 



 

  

Figure 1: (a) Central air conditioning system without and, (b) with, CO2 Capturing device 

B. Case Study 2: with CO2 Capturing Device 

A carbon capturing device can be used to meet the indoor CO2 
standards set by ASHRAE (American Society of Heating 
Refrigeration and Air Conditioning Engineers) irrespective 
of the outdoor CO2 levels. Three possible locations to locate 
CO2 capturing devices have been identified as shown in 
Figure 1(b) and are, in the fresh air line before the mixing 
chamber (A), recirculated air-line before the mixing chamber 
(C) and just before the cooling-coil (B) of the AHU. 
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Equation 4 shows the CO2 concentration of the return air 
stream when the CO2 capturing device is installed in the 
recirculated air-line (location C in Figure 1(b)) and, Equation 
5 shows the CO2 concentration of the return air stream when 
the CO2 capturing device installed just before the cooling-coil 

(location B in the Figure 1 (b)). Results of the above analysis 
is presented in the Results section. 

III. RESULTS 

A. Case Study 1: without CO2 capturing device 

As shown in Figure 2, average indoor CO2 level increases 
with increased outdoor CO2 level with the absence of a CO2 
capturing device for different recirculated air flow rates 
(percentages) of 0.9, 0.8, 0.7, 0.6 and 0.5. As shown in Figure 
3, the fresh air flowrate decreases when increasing the 
recirculated air flowrate as a result of; 
 

� ����� ��  !�""�#$ 

�% �&$% �%' (����#$ (���

= �� '"% �� + � '(� (&���') ��   

 
Therefore, the indoor CO2 levels increase much higher than 
the maximum allowable indoor CO2 levels for higher 
recirculated air fractions, even for lower outdoor CO2 levels 
are maintained as shown in Figure 2. However, if the outdoor 
CO2 level is above 500 ppm, results show that the indoor CO2 
level will always be above the maximum allowable CO2 
levels, even for higher fresh air flow rates (i.e. 50%) are 
maintained. 

 

  

Figure 2: Variation of average Indoor CO2 Level vs Outdoor CO2 

Concentration for different air recirculation fractions 

Figure 3: Fresh air volume per head variation with Recirculation 
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Figure 4: Load on the cooling coil for different air recirculation fractions Figure 5: Load on the Chiller Load for different air circulation fractions 

Figures 4 and 5 show that the lower fresh air supply or higher 
recirculation fractions lead to decrease the load on the cooling 
coil and the load on the chiller. Therefore, supplying lower 
fresh air flow rates to the AHU will reduce the power 
consumption by the air conditioning system. 

B. Case Study 2: with CO2 Capturing Device 

Figure 6 shows the variation of indoor CO2 levels for 
different outdoor CO2 levels with the implementation of a 

CO2 capturing device in the supply airline just before the 
cooling coil (location B in the Figure 1(b)). As depicted in the 
figure, indoor CO2 levels can be significantly controlled by 
implementing a CO2 device in the recirculated air stream. 
Efficiency of the CO2 filter may reduce if the filter is not 
properly maintained or not regenerated once it is saturated. 
Hence, as illustrated in Figure 7 indoor CO2 levels will be 
increased for inefficient CO2 filters mounted in the 
recirculated air stream.  
 

  
Figure 6: Variation of average Indoor CO2 Level vs Outdoor CO2 

Concentration with CO2 capturing device for different air recirculation 

fraction (efficiency of the CO2 Capturing device is 0.8) 

Figure 7: Variation of average Indoor CO2 Level vs Outdoor CO2 

Concentration with CO2 capturing device, for different efficiencies of 

the CO2 capturing device (Recirculation fraction – 0 .8) 

IV. DISCUSSION AND CONCLUSIONS 

Controlling the CO2 level in an indoor environment is 
extremely important to ensure the well-being and the 
productivity of the occupants in the indoor environment. Poor 
ventilation flow rates would not be able to meet the IAQ 
standards and hence, the recommended upper limits of CO2 
levels in a given indoor environment may not be able to 
maintain as shown in the results. Split air conditioners are not 
designed to provide the fresh air for a conditioned space and 

instead, they only recirculate the same air within the 
conditioned space. In general, only the central air 
conditioning systems with AHUs can provide the fresh air to 
the conditioned space to control the required IAQ and hence, 
can control the CO2 levels in the indoors. Depending on the 
number of occupants, required ventilation flow rates can be 
estimated and convert them in to a percentage of supply air 
as recommended by ASHRAE. These ventilation air flow 
rates are given for a fixed outdoor CO2 concentration (400 
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ppm) and, generally, the ventilation flow rates are not 
adjusted depending on the outdoor CO2 levels.  

The analysis shows that, if the outdoor CO2 levels are higher 
than that of 400 ppm (in highly urbanized areas or 
industrialized areas), the recommended upper limit of CO2 
levels cannot be achieved even increasing the ventilation air 
flow rates to the AHU as given in ASHRAE standards. 
Increased fresh air flow rates will increase the cooling load 
capacity of the cooling coil, even without meeting the 
recommended maximum indoor CO2 levels as shown in the 
results. Eventually, this will increase the power consumption 
by the chiller for no use as shown in the above results.  

During this study, capturing CO2 from the air streams at three 
different locations of the AHU have been proposed and are; 
from the fresh air line, recirculated airline and supply airline. 
However, the analysis was performed assuming the CO2 

capturing devices was installed at the supply airline. Results 
showed that the accepted upper limits of CO2 levels in 
indoors can be conveniently achieved by implementing a CO2 

capturing device (i.e. made of NaOH(aq), dissolution in H2O, 
and made of activated carbon) in the supply airline, without 
increasing the fresh air flow rates. Hence, cooling capacity of 
the cooling coil and the power consumption by the chiller can 
be significantly reduced, while meeting the acceptable CO2 
levels in the indoor environment. Therefore, implementing a 
CO2 device in the central air conditioning system is highly 
recommended if the outdoor CO2 levels are above 450-500 
ppm to ensure a healthy and energy efficient indoor 
environment. 
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