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Abstract !
This study observed the influence of different ventilation, indoor and outdoor
activities (i.e., cooking, praying, sweeping, gathering, and exhaust from

motorcycle) betweena bungalow house (i.e., stack and cross ventilation Article History
applications) and a terrace house (i.e., one-sided ventilation application). Received: 03 July 2021
We appraised the indoor air quality (IAQ) and thermal comfort. WWe monitored Accepted: 17 September

the indoor air contaminants (i.e., TVOC, CO, CH,0, PM,, O,, and CO,) and 2021
specific physical parameters (i.e., T, RH, and AS) for four days in the morning

(i.e., 6.00 a.m. — 9.00 a.m.), morning-evening (i.e., 11.00 a.m. — 2.00 p.m.), Iléeywords _

. . . \ ir Movement;
and even_lng-mgh_t.(Le., 5.00 p.m. — 800 .p.m.) sessions. The resu!ts found Cooking Activity;
that cooking activities are the major activities that contributed to the increase Cross Ventilation;
of the TVOC, CO, PM, , O,, and CO, concentrations in the bungalow and lag, Single-Sided
terrace houses. However, IAQ exceeded the Industry Code of Practice on Ventilation;

Stack Ventilation;

IAQ (ICOP) limitin the terrace house. The bungalow house applies stack and Thermal Comfort.

cross ventilation, double area, and a long pathway of indoor air contaminants
movements. Besides that, the results indicated that cooking activities worsen
the ventilation system because CO, exceeded the ICOP limit on Day 2 at
74.1 % (evening-night session) and Day 3 at 13.2 % (morning session), 11%
(morning-evening session), and 50.1 % (evening-night session). Moreover,
the combination of mechanical (i.e., opened all fans) and natural ventilation
(i.e., opened all doors, windows, and fans) is the best application in the house
without a cooking ventilator with lower indoor air movement. Furthermore,
the temperatures exceeding the ICOP limit of 23-26°C for both bungalow
and terrace houses could be lower indoor air movement, which is less than
the ICOP limit of 0.15-0.5 m/s and high outdoor air temperature. Therefore,
it is prudent to have an efficient ventilation system for acceptable indoor air
quality and thermal comfort in the family house.
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Introduction

Indoor air quality needs always be within the
acceptable limit because, with the current situation
of the pandemic, people spend most of their
time indoors to avoid the spread of diseases
(CoV-19). Poorindoor air pollution quality could lead
to morbidity and mortality in developing countries. It
could contribute to the vital risk factor for respiratory
health, especially among mothers and children'
due to dust and dirt.2 The sources of pollutants that
contributed to poor indoor air quality: include the
type of cooking and heating, occupants’ activities,
smoking, tobacco smoke, building material, fabrics,
biological sources, the combustion of substances
for heating or fuel, emission from building materials,
and can also be a by-product of the activities within
the buildings.* * Besides that, cooking activities
could promote indoor air contaminants, reduce
indoor air quality, and affect the occupants’ health.>
6 It producesa complex mixture of air contaminants
(inorganic gases) containing carbon monoxide (CO),
nitrogen dioxide (NO,), particulate matter (PM),
sulfur dioxide (SO,), volatile organic compounds
(i.e., benzene, toluene, and xylene), hydrocarbons
and free radicals.”®

In addition, carbon dioxide is one of the indicators
used to determine the ventilation performance
indicator and the acceptability of the indoor
air quality."® It corresponds to the number of
people within an indoor environment." Human
metabolism could influence the high CO, level of
0.3 L/min of exhale rate for the light work.'> '® The
symptoms of nausea, dizziness, vomiting, and
loss of consciousness caused the high CO and
CO,." Indrie et al.? reported that low temperature
and high air humidity could stimulate the growth of
microorganisms and mould. Therefore, sufficient
air ventilation is prudent for indoor buildings. The
ventilation system is functional to introduce the
circulating of fresh air throughout the building by
eliminating the indoor air contaminants to achieve
good indoor air quality, to lower the health risk
problems among the occupants and to lower the
indoor temperature.’ Besides that, natural ventilation
could improve IAQ, thermal comfort, reduce energy
consumption, and provide comfort for building
occupants.’ The lack of ventilation rate could
worsen the indoor air quality. Therefore, a system
needs to be designed to supply fresh air based on the
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occupants’ needs." Hesaraki et al.’® had suggested
having flexibility in ventilation levels based on the
number of people and ventilation demand. The
study found a ventilation rate of 0.3 ach is sufficient
for two adults and one infant in a house compared
tothe recommended ventilation rate of 0.5 ach for
acceptable indoor air quality. Energy consumption
could be saved at 43 %. Furthermore, the energy
consumption would decrease by decreasing the
outdoor air ventilation rates. Meanwhile, increasing
the outdoor air ventilation rate to lower the indoor air
contaminants is not significant when the outdoor air
contaminants are high and could pose an increased
risk of carcinogenicity to the occupants.®

There are three natural forces of ventilation (i.e.,
buoyancy force (stack ventilation), wind force
(cross ventilation), and their combination) that
could transmit airborne contaminants vertically and
horizontally.?® Cross ventilation is the movement of
air flows introduced by the wind-induced pressure
difference between two sides of a building envelope.'®
Meanwhile, stack ventilation is the movement of
airflow introduced by the buoyancy-induced pressure
between the difference in the height of lower and
upper openings and when indoor air is warmer than
outdoor air.?! The variations of air density occur when
the outdoor air is cooler than the indoor air. The
hot indoor air will rise and leave through the upper
opening, and consequently, the cooler from outdoor
air replaces it via, the lower entrance. Besides that,
single-sided ventilation occurs from the effects
of both wind and buoyancy-induced pressures
at the opening for cooling purposes.? However,
airborne contaminants could be mainly dominated
by the direction of the wind and the location of the
sources.?>2* For example, Lai et al.?® found that the
transmission of PM, . from neighbouring apartments
on the lower floors is significantly through the natural
ventilation of the stack effect.

Methodology

Sampling Location

This research was conducted in bungalow and
terrace houses within the Pulau Pinang and
Melaka areas, respectively. The bungalow house
is located in Seberang Perai Utara with a latitude of
5°33'32.9"N and longitude 100°30'13.8"E whereas
the terrace house is located in Ayer Keroh with a
latitude of 2°14'45.8"N and longitude 102°19'00.4"E.
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Selection of Monitoring Instruments

An Indoor Air Quality probe (IQ-610) was used to
measuretotal volatile organic compound (TVOC),
carbon dioxide (CO,), carbon monoxide (CO),
ozone(O,), temperature (T), relative humidity (RH),
whereas formaldehyde (CH,O) was monitored by
using a Formaldehyde Multi-Mode Monitor (FM-
801). Airspeed (AS) was measured by using an
airspeed probe (AS-201). The instruments used
were from the Graywolf Model. Besides that, the
Airborne Particle Counter (Handheld 3016 IAQ)
Light House Model was used to measure particulate
matter (PM,,).

Sampling Method

The measurements for both houses (i.e., bungalow
and terrace houses) were conducted at three (3)
sessions; (1) morning session (6.00a.m. — 9.00
a.m.), (2) morning-evening session (11.00 a.m. —
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2.00 p.m.), and (3) evening-night session (5.00 p.m.
— 8.00 p.m.). The monitoring had been conducted
for three (3) hours each session for four days in
the bungalow house (1 day) and terrace house
(3 days). The sessions were selected based on
the changing phase of time of the day,which is
focusing on the existence of the sun as a source of
heat (sunrise), whereas after sunset, then no more
source of heat or heat comes from the outside.
The bungalow house has the application of cross
and stack ventilation (i.e., it has lower and upper
openings at both sides). In contrast, the terrace
house has single-sided ventilation (it only has the
lower entrance). The movements of the airflow were
shown in Section 2.5 (Home Layout). The home
profiling of the bungalow and terrace houses (i.e.,
Facade 1, Fagade 2, Facade 3, and Fagade 4) drawn
by using the Microsoft Word Software.

Table 1: Sampling schedule and exampled of home
activities in the bungalow and terrace houses

Session Activities Parameters Monitored
Session 1: Morning a) Praying CoO, C0o,, 0,, TVOC,
(6.00 a.m. —9.00 a.m.) b) Cooking CH,0,PM,,, T, RH, & AS

Session 2: Morning-evening
(11.00 a.m. - 2.00 p.m.)
Session 3: Evening-night
(5.00 p.m. -8.00 p.m.)

c¢) Gathering

e) Sweeping

(watching television)
d) Going to work by motorcycle

The instruments were placed at the living room
centreand followed the ICOP on indoor air quality
guidelines.' The one minute average data recorded
three (3) hours for each session (i.e., N= 3 x 60
minutes; N=180). However, when the instruments
delay to fully stabilised (i.e., N< 180), the data
recorded was late. The monitoring schedule of
the bungalow and terrace houses is as shown in
Table 1. All of the home activities were recorded
based on the time. Upon completing the monitoring,
the Origin Pro Software plot all the graphs.

Monitoring IAQ for Different Ventilation
Approaches at the Terrace House

The IAQ monitoring (i.e., CO, CO,, O,, TVOC, &
PM,,) continues at the terrace house for different
ventilation approaches to measure indoor air
quality and study the effects of cooking on different
ventilation approaches. The experiments have

three conditions; 1) without any ventilation (i.e.,
windows, door, fan and ventilator are closed); 2) the
combination of mechanical and natural ventilation
(i.e., windows, door, fan and ventilator opened);3)
mechanical ventilation only (i.e., the fan on; extractor
on), natural ventilation only (i.e.,the door opened;
the windows opened). The cooking activities (i.e.,
frying egg) were carried out for 10 minutes each,
and when the IAQ parameters were back to baseline
level, the next session starts. The amount and type of
food and oil used for frying the egg are the same for
each session. Table 2 shows cooking activities with
the different ventilation approaches for each session.

Home Layout

The home layout of bungalow and terrace houses
were divided into 4 (four) facades which are Fagade
1, Facade 2, Fagade 3, and Fagade 4. The plan
layouts of bungalows and terrace houses are shown
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in Figure 1.The bungalow house has a dimension  upper openings (i.e., windows at Facade 2 and
of an area of 46.525 m? and a volume of 151.202  Facade 4), allowing the stack and cross ventilation
m,® which is about the double space of the terrace  to occur. Meanwhile, the terrace house has only a
house, with an area of 18.997 m? and a volume of  bigger window at the Facade 3, allowing one-sided
58.055 m.2 The bungalow house has the lower and  ventilation.

Table 2: The cooking activities with the different ventilation approaches

Time Types of Ventilation Approaches Parameters Monitored
Session 1
09:30 — 14:30 - Without any ventilation CoO, CO,, O,,
- All closed (i.e., windows, door, fan and ventilator) TVOC, CH,0,
09:40 — 09:50 - Cooking (i.e., frying egg) PM,,
Session 2
14:30 — 15:30 - Combination of mechanical and natural ventilation
- All opened (i.e., windows, door, fan and ventilator)
14:40 — 14:50 - Cooking (i.e., frying egg)
Session 3
15:30 - 18.30 - Mechanical ventilation (Opened fan only)
15:40 — 15:50 - Cooking (i.e., frying egg)
Session 4
09:30 — 10:00 - Mechanical ventilation (Opened ventilator only)
09:40 — 09:50 - Cooking (i.e., frying egg)
Session 5
10:00 — 12:00 - Natural ventilation (Opened door only)
10:10 — 10:20 - Cooking (i.e., frying egg)
Session 6
12:00 — 14:00 - Natural ventilation (Opened window only)
12:10 — 12:20 - Cooking (i.e., frying egg)

Terrace house
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Eps =
Area: (2)+ (b) + (¢) Avea:
=(4.682x3.716)+(4.682x 4.001)+ (2.797x =(5.637x3.370)
3.716) =18.997 m?
=17.398+18.733+10.394
=46.525m?

Volume: (a) + (b) + (¢) Volume:
=(17.398x 3.308)+ (18.733 x 3.308) + (10.394x | =(18.997x 3.056)
3.048) =58.055m*
=151.202 m°

Fig.1: The plan layout of bungalow and terrace houses with the area and volume



The home profiling and the illustrations movements
of the outdoor air penetrate indoor and going back
through outdoor for the bungalow and terrace houses
are shown in Figure 2. The bungalow house has a
stack and cross ventilation, whereas the terrace
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house has single-sided ventilation. Meanwhile, 28.72 % of WWR at the Fagade 3.

Home profiling of the bungalow house
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Fig.2: The home profiling and the illustrations movements of the outdoor air penetrate
indoor and going back throughout outdoor in the bungalow (i.e., cross and stack ventilation)

and terrace houses (i.e., one-sided ventilation)

Table 3: The area, glass area, and window to wall ratio (WWR) for
each facade for the bungalow and terrace houses
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Table 3 shows the area, glass area, and window to
wall ratio (WWR) for each fagade for both houses.
The bungalow house has a glass area at the
Facades 2 and 4, totalling 22.45 % and 14.66 % of
WWR, respectively. The terrace house only has the

Facade Facade 1 Facade 2 Facade 3 Facade 4
Home profiling of the bungalow house (Availability of stack and cross ventilation)
Area =7.717 x 3.303 =(4.721 x 3.308) + =% x(3.048 + = (4.682 x 3.308)
= 25.489 m? (2.758 x 2.826) 2.826) x (3.716) + +(2.758 x 3.048)
=23.411 m2 (3.308 x 4.001) =23.894 m?2

=24.149 m,
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Glass =0m? =(1.752x 1.000) x 3 =0m? =(1.752 x 1.000) x 2
area = 5.256 =3.504
WWR =0% =(5.256/23.411) x 100 =0% = (3.504/23.894) x 100
= =0.2245 =0 = 14.66%
=0.22 =0.15

Home profiling of the terrace house (Availability of one-sided ventilation)

Area = 3.370 x 3.056 =5.637 x 3.056 =3.370 x 3.056 =5.637 x 3.056
=10.299 m? =17.227 m? =10.299 m, =17.227 m?
Glass =0m? =0m? =1.317 x 2.246 m? =0m?
area =2.958 m?
WWR =0% =0% =(2.958/10.299) x 100 =0%
= = =0.2872 =0
=0.29

Table 4: Descriptive analysis of the specific physical parameters, chemical air contaminants,
and ventilation performance indicator of the bungalow house inthe morning session, morning-
evening session, and the evening-night session on Day 1

Morning Session

N total Mean + SD Minimum Maximum ICOP Limit

Specific Physical Parameters

Temperature (°C) 164 26.71 % 0.30 26.20 27.30 23-26
Relative Humidity (%) 164 66.41 + 1.06 64.80 68.90 40 - 70
Air Speed (m/s) 164 0.02 + 0.02 0.00 0.14 0.15-0.5

Chemical Air Contaminants

TVOC (ppb) 164 431.04 £ 34.50 396.00 712.00 3000
Ozone (ppm) 164 0.00 + 0.00 0.00 0.00 0.05
Carbon Monoxide (ppm) 164 0.57 £0.15 0.40 210 10

PM 10 (ug/md) 163 32.80+12.44 20.44 52.68 150
Formaldehyde (ppb) 170 1.04 £ 0.19 1.00 2.00 100

Ventilation Performance Indicator

Carbon Dioxide (ppm) 164 476.38 + 15.85 444.00 526.00 1000

Morning-Evening Session

N total Mean Minimum Maximum

Specific Physical Parameters
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Temperature (°C) 180 31.22+0.89 29.70 32.70 23 -26
Relative Humidity (%) 180 54.68 +2.23 50.80 58.90 40-70
Air Speed (m/s) 180 0.06 £ 0.04 0.01 0.16 0.15-0.5
Chemical Air Contaminants

TVOC (ppb) 180 439.70 £ 13.19 417.00 471.00 3000
Ozone (ppm) 180 0.01 £0.01 0.00 0.02 0.05
Carbon Monoxide (ppm) 180 0.51+0.05 0.40 0.70 10
PM 10.0 (ug/m?®) 180 27.25 +6.09 21.63 40.70 150
Formaldehyde (ppb) 180 1.07 £ 0.26 1.00 2.00 100

Ventilation Performance Indicator
Carbon Dioxide (ppm) 180 479.06 + 22.18 448.00 541.00 1000

Evening-Night Session
N total Mean Minimum Maximum
Specific Physical Parameters
Temperature (°C) 180 31.55+0.47 30.70 32.30 23 -26
Relative Humidity (%) 180 58.23 +1.52 55.20 60.30 40-70
Air Speed (m/s) 180 0.02 £0.02 0.00 0.08 0.15-0.5
Chemical Air Contaminants

TVOC (ppb) 180 507.25 £ 17.55 464.00 554.00 3000
Ozone (ppm) 180 0.02 £0.00 0.01 0.03 0.05
Carbon Monoxide (ppm) 180 0.68 + 0.21 0.40 1.50 10
PM 10.0 (ug/m?®) 180 83.20 +41.66 36.50 152.84 150
Formaldehyde (ppb) 180 1.00 £ 0.00 1.00 1.00 100

Ventilation Performance Indicator
Carbon Dioxide (ppm) 180 510.63 £ 10.08 497.00 538.00 1000

Results and Discussion

Indoor air contaminant

Table 4 shows that the obtained results of indoor air
quality for specific physical parameters (T, RH, & AS),
chemical air contaminants (TVOC, O,, CO, PM, , and
CH,0), and ventilation performance indicator (CO,)
of the bungalow house for the morning session,
morning-evening session, and evening-night session
on Day 1. For specific physical parameters, the
mean temperature for all the sessions exceeded the
recommended acceptable limit of ICOP (23-26°C),
whereas relative humidity waswithin the allowable

limit of ICOP (40-70 %). Meanwhile, the means of
airspeed were below than acceptable limit of the
ICOP (0.15-0.5 m/s). Besides that, the mean for
chemical air contaminants (TVOC, O,, CO, PM,,,
and CH,O) and ventilation performance indicator
(CO,) were with in the acceptable limit of ICOP.

Meanwhile, Figure 3 shows the fluctuations of
indoor air contaminants of the bungalow house in
the morning session, morning-evening session, and
evening-night session on Day 1. In the morning
session, the TVOC concentration increased to
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about 712 ppb because of the heating food, the CO
and TVOC concentrations also increased because
of the exhaust from the motorcycle, and the PM,;
concentration also was slightly increased because
of the sweeping activity indoors. In the morning-
evening session, the CO, concentration increased
some what at 1300 hours because the occupants
(5-6 people) were gathered in the living room to
watch the television. Meanwhile, in the evening-
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night session, there was indoor cooking activity at
about 17:30 hours. From the observation, the PM, ,
TVOC and CO concentrations increased after the
cooking activities. This finding supports Rumchev
et al." who stated that cooking activities might
influence the worst indoor air contaminants. The
increased and persisted indoor air contaminants
(i.e., HONO) might be because of the slow
desorption from indoor surface reservoirs.?
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Fig. 3: The fluctuations of indoor air contaminants of the bungalow house (i.e., allowing stack
and cross ventilation) in the morning session, morning-evening session, and evening-night
session on Day 1

Tables 5, 6, and 7 show the descriptive analysis
of the specific physical parameters, chemical
air contaminants, and ventilation performance

indicator of the terrace house inthe morning session,
morning-evening session, and evening-night session
onDay 1 Day 2, and Day 3, respectively. The mean



RASLI et al., Curr. World Environ., Vol. 16(3) 774-793 (2021) 782

temperature of the specific physical parameters
for all the sessions on Day 1, Day 2, and Day 3
were exceeded the recommended acceptable
limit of ICOP (23-26 °C), whereas relative humidity
waswithin the acceptable limit of ICOP (40-70 %).
The means airspeeds were below than acceptable
limit of the ICOP (0.15-0.5 m/s). Besides that,
the mean for chemical air contaminants (TVOC,

CO, PM,;, and CH,0) and ventilation performance
indicator (CO,) on Day 1, Day 2, and Day 3 were
within the acceptable limit of ICOP except for O,
concentrations at Day 2 in the evening-night session
(0.08 ppm) and Day 3 in the morning-evening
(0.069 ppm) and evening night sessions (0.07 ppm),
respectively.

Table 5: Descriptive analysis of the specific physical parameters, chemical air contaminants, and
ventilation performance indicator of the terrace house inthe morning session, morning-evening
session, and evening-night session on Day 1

Morning Session

N total Mean + SD Minimum  Maximum  ICOP Limit
Specific Physical Parameters
Temperature (°C) 145 28.03 £ 0.36 27.20 28.80 23-26
Relative Humidity (%) 145 68.15 +0.45 64.90 69.10 40-70
Air Speed (m/s) 145 0.11 £0.03 0.04 0.18 0.15-0.5
Chemical Air Contaminants
TVOC (ppb) 145 465.39 + 28.74 430 546.00 3000
Ozone (ppm) 145 0.01 +£0.00 0.00 0.02 0.05
Carbon Monoxide (ppm) 145 0.66 +0.16 0.40 1.50 10
PM 10.0 (ug/m3) 145 48.06 £ 6.51 32.17 56.69 150
Formaldehyde (ppb) 145 1.00 £ 0.00 1.00 1.00 100
Ventilation Performance Indicator
Carbon Dioxide (ppm) 145 529.46 + 69.98 452 755.00 1000
Morning-Evening Session
N total Mean Minimum  Maximum
Specific Physical Parameters
Temperature (°C) 180 29.87 +0.48 28.60 30.50 23-26
Relative Humidity (%) 180 62.36 + 1.66 59.90 66.10 40-70
Air Speed (m/s) 180 0.11 £0.03 0.04 0.22 0.15-0.5
Chemical Air Contaminants
TVOC (ppb) 180 423.07 £ 9.50 399.00 440.00 3000
Ozone (ppm) 180 0.03 £ 0.01 0.02 0.05 0.05
Carbon Monoxide (ppm) 180 0.36 + 0.05 0.30 0.50 10
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PM 10.0 (ug/m3) 180 43.49 + 3.66 38.56 48.30 150
Formaldehyde (ppb) 180 1.07 £ 0.26 1.00 2.00 100
Ventilation Performance Indicator
Carbon Dioxide (ppm) 180 468.87 + 11.03 447.00 514.00 1000
Evening-Night Session
N total Mean Minimum Maximum
Specific Physical Parameters
Temperature (°C) 180 30.71 % 0.15 30.30 30.90 23 -26
Relative Humidity (%) 180 62.27 £ 2.71 57.70 66.80 40-70
Air Speed (m/s) 180 0.11 £0.03 0.04 0.22 0.15-0.5
Chemical Air Contaminants
TVOC (ppb) 180 429.08 +13.69 417.00 467.00 3000
Ozone (ppm) 180 0.03 £0.01 0.02 0.04 0.05
Carbon Monoxide (ppm) 180 0.52 +0.10 0.40 0.70 10
PM 10.0 (ug/m3) 180 42.44 +9.89 29.51 70.74 150
Formaldehyde (ppb) 180 1.00 £ 0.00 1.00 1.00 100
Ventilation Performance Indicator
Carbon Dioxide (ppm) 180 499.38 +48.09 455.00 664.00 1000

Table 6: Descriptive analysis of the specific physical parameters, chemical air contaminants, and
ventilation performance indicator of the terrace house for the morning session, morning-evening

session, and evening-night session on Day 2

Morning Session

Temperature (°C)
Relative Humidity (%)
Air Speed (m/s)

TVOC (ppb)

Ozone (ppm)

Carbon Monoxide (ppm)
PM 10.0 (ug/m3)
Formaldehyde (ppb)

N total Mean + SD Minimum Maximum ICOP Limit
Specific Physical Parameters
177 28.70 £ 0.46 27.70 29.40 23 -26
177 66.60 £ 1.42 64.70 69.80 40-70
177 0.11 £0.03 0.04 0.22 0.15-0.5
Chemical Air Contaminants
177 467.48 +48.17 397.00 740.00 3000
177 0.02 £0.01 0.01 0.04 0.05
177 0.94 +1.82 0.40 16.30 10
177 33.69 £9.68 20.88 46.30 150
177 6.61 £ 1.41 1.00 7.00 100
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Ventilation Performance Indicator

Carbon Dioxide (ppm) 177 559.58 £105.81 451.00 938.00 1000
Evening-Night Session
N total Mean Minimum Maximum

Specific Physical Parameters
Temperature (°C) 180 30.70 £ 0.64 29.40 32.00 23 -26
Relative Humidity (%) 180 61.87 +1.66 57.30 64.20 40-70
Air Speed (m/s) 180 0.11 £0.03 0.04 0.22 0.15-0.5

Chemical Air Contaminants
TVOC (ppb) 180 423.33 + 81.08 376.00 747.00 3000
Ozone (ppm) 180 0.03 £0.01 0.02 0.07 0.05
Carbon Monoxide (ppm) 180 0.75+0.79 0.40 3.90 10
PM 10.0 (ug/m3) 180 43.21 £10.49 33.37 76.92 150
Formaldehyde (ppb) 180 1.07 £ 0.26 1.00 2.00 100
Ventilation Performance Indicator
Carbon Dioxide (ppm) 180 511.83 + 48.66 447.00 697.00 1000
Evening-Night Session
N total Mean Minimum Maximum

Specific Physical Parameters
Temperature (°C) 180 31.31£0.37 30.90 32.50 23 -26
Relative Humidity (%) 180 65.01 + 3.56 56.60 71.70 40-70
Air Speed (m/s) 180 0.11 £0.03 0.04 0.22 0.15-0.5

Chemical Air Contaminants
TVOC (ppb) 180 967.61 £ 1058.88 404.00 4339.00 3000
Ozone (ppm) 180 0.08 +0.06 0.04 0.33 0.05
Carbon Monoxide (ppm) 180 1.91 £2.49 0.50 11.60 10
PM 10.0 (ug/m3) 180 89.67 £85.07 42.94 341.30 150
Formaldehyde (ppb) 180 1.59 + 1.46 1.00 7.00 100
Ventilation Performance Indicator

Carbon Dioxide (ppm) 180 608.05 £267.57 461.00 1741.00 1000
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Table 7: Descriptive analysis of the specific physical parameters, chemical air contaminants, and
ventilation performance indicator of the terrace house for the morning session, morning-evening
session, and evening-night session on Day 3

Morning Session

N total Mean + SD Minimum Maximum ICOP Limit
Specific Physical Parameters
Temperature (°C) 180 29.37 £ 0.21 28.60 29.80 23 -26
Relative Humidity (%) 180 67.37 £2.53 64.60 71.90 40-70
Air Speed (m/s) 180 0.11 £0.03 0.04 0.22 0.15-0.5
Chemical Air Contaminants
TVOC (ppb) 180 1077.63 £ 1062.20 436.00 5101.00 3000
Ozone (ppm) 180 0.04 +0.04 0.01 0.12 0.05
Carbon Monoxide (ppm) 180 2.48 +2.63 0.50 8.10 10
PM 10.0 (ug/m3) 180 9.59 +6.65 4.72 23.37 150
Formaldehyde (ppb) 180 1.09 +0.41 1.00 3.00 100
Ventilation Performance Indicator
Carbon Dioxide (ppm) 180 807.27 £134.93 554.00 1132.00 1000
Morning-Evening Session
N total Mean Minimum Maximum
Specific Physical Parameters
Temperature (°C) 180 31.42+0.76 30.10 32.70 23 -26
Relative Humidity (%) 180 65.04 £ 2.19 60.40 69.10 40-70
Air Speed (m/s) 180 0.11 £0.03 0.04 0.22 0.15-0.5
Chemical Air Contaminants
TVOC (ppb) 180 1121.79 £ 1069.17  415.00 5938.00 3000
Ozone (ppm) 180 0.069 + 0.04 0.02 0.17 0.05
Carbon Monoxide (ppm) 180 2.689 +2.13 0.50 8.00 10
PM 10.0 (ug/m3) 180 20.06 £ 19.44 8.53 78.13 150
Formaldehyde (ppb) 180 1.07 £ 0.26 1.00 2.00 100
Ventilation Performance Indicator
Carbon Dioxide (ppm) 180 729.339 + 135.21 535.00 1110.00 1000
Evening-Night Session
N total Mean Minimum Maximum
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Temperature (°C)
Relative Humidity (%)
Air Speed (m/s)

TVOC (ppb)

Ozone (ppm)

Carbon Monoxide (ppm)
PM 10.0 (ug/m3)
Formaldehyde (ppb)

Carbon Dioxide (ppm)

Specific Physical Parameters
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180 31.85+0.24 31.40 32.50 23 -26

180 61.06 £1.02 58.50 63.60 40-70

180 0.11 £0.03 0.04 0.22 0.15-0.5

Chemical Air Contaminants

180 1651.33 £2996.72  401.00 14539.00 3000

180 0.07 £0.04 0.03 0.19 0.05

180 2.66 +4.03 0.30 17.00 10

180 90.75 £13.12 65.63 106.48 150

180 1.00 £ 0.00 1.00 1.00 100
Ventilation Performance Indicator

180 729.18 £299.61 479.00 1501.00 1000

Morning Session
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Figures 4, 5, and 6 show the fluctuations of indoor
air contaminants of the terrace house in the morning,
morning-evening, and evening-night sessions on
Day 1, Day 2, and Day 3, respectively. From the
observation, cooking was the significant activity in
the terrace house that contributed to high TVOC,
CO,, CO, O,, and PM,, concentrations on Day 1,
Day 2, and Day 3.

In the morning session on Day 1, the CO,
concentrations were high at 0630 hours because
during that time, and the occupants were preparing
for Morning Prayer. In the morning-evening session,
the sweeping activity did not contribute to the
increases in indoor air contaminants. Meanwhile,
in the evening-night session, the cooking activity
increased CO,, PM, ;, TVOC, and CO concentrations.
However, the maximum concentrations of indoor
air contaminants on Day 1 did not exceed the
recommended ICOP limit.

The maximum concentration of CO (16.30 ppm) and
O, (0.07 ppm) on Day 2 were exceeded the ICOP
limit at 10 ppm and 0.05 ppm in the morning and
morning-evening sessions, respectively, due to the
cooking activities. Meanwhile, in the evening-night
session, the TVOC (4339.00 ppb), O, (0.33 ppm),
CO (11.6 ppm), PM10 (341.30 ug/m?), and CO,
(1741.00 ppm) concentrations were also exceeded
the acceptable limit of 3000 ppb, 0.05 ppm, 10 ppm,
150 pg/m?, and 1000 ppm respectively because of
the cooking activities.

Besides that, on Day 3, the TVOC, O,, and CO,
concentrations were exceeded the recommended
acceptable limit of ICOP in the morning and
morning-evening sessions. TVOC concentrations
were exceeded the recommended ICOP limit at
5101.00 ppm, O, at 0.12 ppm, CO, at 1132.00
ppm in the morning session, whereas TVOC at
5938.00 ppm, O, at 0.17 ppm, and CO, at 1110.00
ppm in the morning-evening session. Meanwhile,
in the evening-night session, the TVOC (14539.00
ppb), O, (0.19 ppm), CO (17.00 ppm), and CO,
(1501.00 ppm) concentrations also were exceeded
the acceptable recommended ICOP limit. The
exceeded maximum concentration of the indoor
air contaminants in the morning, morning-evening,
and evening-night sessions were due to the cooking
activities inside the terrace house (i.e., single sided
ventilation).
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From the result obtained, indoor activities (i.e.,
praying, cooking, gathering to watch television,
and sweeping) and outdoor activity (i.e., exhaust
from the motorcycle) could increase the indoor air
contaminants in the bungalow and terrace houses.
However, cooking activities were the primary and
significant activities that contributed to the highest
of indoor air contaminants, and they exceeded
the recommended ICOP limit compared to others
activities. The cooking activities increased TVOC,
CO, O,, PM,;, and CO, concentrations inside the
house.The high IAQ concentration is influenced by
the cooking's types (i.e., frying, boiling & baking),
insufficient ventilation system, the fuel’s types, the
devices’ cook, and cooking material.® 2" In this study,
the particulate matter in the evening-night session on
Day 2 had exceeded the ICOP limit and increased
about 3.8 times during the cooking activities. This
result was similar to See and Balasubramanian,®
which had found that the stir-frying activity increased
the particulate matter concentration about 3.7
times. The particulate matter and volatile organic
compounds (VOCs) from the cooking emissions may
contribute to the harmful health effects.?®

Besides that, it shows that the insufficient ventilation
system in the terrace house (i.e., single-sided
ventilation) because the CO, exceeded the ICOP
limit on Day 2 at 74.1 % (evening-night session)
and Day 3 at 13.2 % (morning session), 11%
(morning-evening session), and 50.1 % (evening-
night session). CO, concentrations that represented
the ventilation performance indicator showed that
the cooking activities worsen the ventilation indoor.
Hesaraki et al."® also found that the lack of ventilation
rate in the indoor buildings might cause high 1AQ.

Moreover, although the air movements were lower
than the recommended acceptable limit of ICOP
(0.15-0.5 m/s) for both bungalow and terrace houses,
the cooking activities contributed the higher indoor
air contaminants (i.e., TVOC, CO, O,, and PM,;
concentrations) in the terrace house compared to
the bungalow house. The indoor air contaminants
in the terrace house were exceeded the acceptable
limit of ICOP, whereas the bungalow house did not.
This could be due to: 1) the bungalow house has the
application of the stack and cross ventilation which
might promote outdoor air to replace with the indoor
air quickly compared to the application of the single
sided ventilation in the terrace house; 2) the double



RASLI et al., Curr. World Environ., Vol. 16(3) 774-793 (2021)

area (46.525 m?) of the bungalow house compared
to the terrace house (18.997 m?), and 3) the long
pathway of indoor air contaminants from the cooking
area to the living room in the bungalow house
compared to the terrace house (refer Figure 2).

Figure 7 shows the fluctuation of indoor air
contaminants influenced by the cooking activities
with different ventilation approaches in the terrace
house (i.e., single sided ventilation). The results
prove that the cooking activities increased the
TVOC, CO,, O,, CO and PM10 concentrations. The
results showed that the indoor air contaminants take
the longest (5 hours) to disperse to the basic level
with the ventilation approach without ventilation
(i.e., windows, door, fan, and ventilator are closed).
Meanwhile, the mechanical ventilation (i.e., opened
fan only) take 3 hours longer to disperse, followed by
2 hours of the natural ventilation only (i.e., opened
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door only; opened windows only), and followed by
1 hour of the combination of mechanical and natural
ventilation (i.e., windows, door, fan, and ventilator
on). Despite that, using a ventilator that can directly
suck off the indoor air contaminants from the cooking
activities was the best way because it only takes
30 minutes to disperse. However, not all houses
provide a ventilator.

Therefore, the combination of mechanical and
natural ventilation was the best way to remove the
indoor air contaminants (i.e., TVOC, CO,, O,, CO
and PM, ) quickly with the condition of the lack of
air movement inside the dwelling area. Besides
that, a study by Gonzalez?® had also reported that
natural ventilation is the most efficient system to
control particles and CO, concentrations produced
by cooking activities compared to non-ventilation.
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Fig. 7: The fluctuation of indoor
activities with different
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Thermal Comfort

Figure 8 shows the 10-minutes average of two indoor
and two outdoor temperatures (i.e., indoor Qiblat,
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opposite Qiblat) of the bungalow and terrace houses

outdoor Qiblat, indoor opposite Qiblat, and outdoor

in the morning session, morning-evening session,
and evening-night session.
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Fig. 8: The 10-minutes average of indoor and outdoor temperatures (i.e. indoor Qiblat, outdoor
Qiblat, indoor opposite Qiblat, and outdoor opposite Qiblat) of the bungalow and terrace houses
in the morning session, morning-evening session, and evening-night session.

The indoor temperatures (i.e., indoor Qiblat and
opposite indoor Qiblat) at both bungalow and terrace
houses were high than the outdoor temperatures
(i.e. outdoor Qiblat and opposite outdoor Qiblat) in
the morning session. Meanwhile, in the morning-

evening session, the outdoor temperatures were
higher than indoor temperatures. In the evening-
night session, there were intersections between
indoor temperatures and outdoor temperatures.
From the observation, the outdoor temperatures
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were lowering; meanwhile, the indoor temperatures
were beginning to increase in the bungalow house at
18:30 hours. The same pattern goes for the terrace
house. The indoor temperatures start to increase,
and the outdoor temperature starts to decrease at
19:00 hours. This could be the released of heat from
the wall building due to the collected heat from the
solar energy system. There were two types of solar
energy systems.?' The collected solar heat from the
sun energy outside was transported into inside by
mechanical devices is categorised as the active
solar energy system.Meanwhile, collected solar
heat based on the design, orientation, and building
components (i.e., windows, walls, and floor) of the
house could be considered the passive solar energy
system.The wall surface temperature as high as the
wall had absorbed more solar radiation from the solar
energy system. The convection of the flux caused
it due to increased air temperature in the sunspace
and increased heat flux through the wall.*?

The indoor mean temperature of the bungalow and
terrace house in the morning session was 26.71°C
and 27.03-29.37°C, respectively, in the morning-
evening session were 31.22°C and 29.87-31.42°C,
respectively, and in the evening-night session were
31.55°C and 30.71-31.85°C, respectively. The mean
indoor temperatures of the bungalow and terrace
houses were almost the same. However, the mean
indoor temperature in the bungalow house was
expected to lower because of the availability of the
stack and cross ventilation compared to the terrace
house (i.e., single sided ventilation). The high indoor
temperature for both bungalow and terrace houses
that exceeded the recommended ICOP limit could
be due to: (1) high outdoor air temperature; and (2)
lower indoor air movement inside the dwelling area.

Conclusion

This paper presents the impact of different types
of ventilation between stack and cross ventilations
(i.e., bungalow house) and one-sided ventilation

(i.e., terrace house) on indoor activities in the
high and humid country of Malaysia. The aim is
to access the IAQ and indoor thermal comfort by
the real-time monitoring technique. The obtained
results found that the TVOC, CO, PM,;, O,, and
CO, concentrations were highly increased during
the indoor cooking activities for both different
ventilations. The indoor air contaminants did not
exceed the ICOP limit in the bungalow house (i.e.,
stack and cross ventilation). This might be due to
the bungalow house's application of stack and cross
ventilation (i.e., the air changing between upper and
lower openings), double area, and long pathway of
indoor air contaminants movements.Besides that,
it is proved the lack of ventilation system (i.e., CO,
exceeded the ICOP limit) caused the temperatures
were exceeded the ICOP limit of 23-26°C for both
bungalow and terrace houses could be due to the
lower indoor air movement, which less than the
ICOP limit of 0.15-0.5 m/s and high outdoor air
temperature.The combination of mechanical and
natural ventilation (i.e., opened all doors, windows,
fan) is the best way to apply in the house without a
cooking ventilator, with lower indoor air movement
to improve ventilation to achieve an acceptable IAQ
and thermal comfort in the family house and can be
studied for future research.
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