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Abstract: The usage of the air-conditioning system to provide comfortable indoor conditions is found necessary
especially for hot-and warm countries. However, the excessive use of the air-conditioning system or without
properly controlled will significantly affect the energy consumption of the building and also the environment
badly. This study investigates the strategy to reduce energy for cooling in an office room by utilizing the high
setting temperature of the air conditioning system with the addition of fan ventilation by field measurement. About
9 study cases have been investigated which includes the air-conditioning setting of 27°C to 28°C, with and without
fan-assisted ventilation. The measured physical thermal comfort parameters are air temperature, relative humidity,
wind speed, and black globe temperature. The operative temperature and Predicted Mean Vote value (PMV) have
been calculated for each study case for analysis. The results revealed that the comfortable condition with neutral
sensation can be achieved by air-conditioning setting of 28°C with an air speed of 1 m/s-1.2m/s. Moreover, the
results showed that the room with 27°C-28°C setting temperature was in a comfortable condition before afternoon
hours, while fan-assisted ventilation is required to enhance the comfortable hours through the rest working hour.
By this practice, it is expected the energy consumption and cooling load of the building can be reduced.
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1. Introduction

Countries worldwide are now continuing to undergo rapid urbanization as the growing population is increasing. The
global energy consumption was increased almost double the average rate of growth from 2010 to 2018 [1]. For
instance, in Malaysia, the total energy demand in all sectors has risen about two times for the past two decades from
29699 ktoe in 2000 to 57218 ktoe in 2016 [2], while the total population also steadily increase from 23.1 million in
2000 to 32.4 million in 2019 [3]. One of the contributing factors is the increasing need for heating and cooling for
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buildings. It was reported that the worldwide interest in air-conditioner (AC) doubles every year especially in hot
climates with low- and medium-income nations [4].

The interest towards the usage of air-conditioners is more significant especially in hot climates [4]. In the case of
Malaysia, the climatic condition is hot and humid climate throughout the year with an annual mean temperature of
26°C with an average daily minimum to a maximum of 23°C and 36°C, respectively [5]. In this hot or warm weather, it
is understood that one of the methods to achieve the desired indoor thermal condition is by using an air-conditioner
system. However, while the system can provide an instant and uniform indoor comfort temperature for occupants in a
building, it will also affect the total energy consumption of the building if not wisely used [6]. One of the building
sectors that consume high energy for cooling is the office building. It was reported that the energy consumptions in
office buildings are 10 to 20 times than of residential buildings at the rate of 70-300 kWh/m? annually [7]. For instance,
the Malaysian office buildings that are equipped with air-conditioners consumed about 57% of their total energy for
cooling [8]. Moreover, it was a rare case for the building occupants to obey the standard requirement setting for
ventilation by air-conditioner which is between 24°C - 26°C and resulted in overcooling [9]. Therefore, the required
low energy practices should be implemented to reduce energy consumption, especially in office buildings.

There are several strategies to reduce cooling load for low energy consumption by the air-conditioner system
which included the application of fan-assist ventilation [10], maintaining an indoor setting point of 26°C with 50-60%
RH level [6], and providing a well-insulated room [11]. Another interesting method is by increasing the air-conditioner
setting temperature of more than 26°C. A study from [12] highlighted that for every 1°C increase in setpoint
temperature, roughly about 6% of energy saving. High setting air-conditioner temperature has been implemented in
Japan with the name of ‘COOL BIZ’ concept during summer where it supports relaxed dress codes and raising the
cooling set point to 28°C in public buildings [13]. By increasing the air-conditioner setting point temperature, the air
conditioning system can reduce the energy consumption from 6% to 17.2% for each degree increase in thermostat set-
point, and air velocity may “offset” a part of the estimated cooling requirement [6]. For the case in Malaysia especially,
a 2°C raise in the thermostat set point can roughly save about RM 730 million per annum [6]. This shows the potential
of high setting temperatures to reduce energy consumption in building especially in office buildings.

This paper presents the thermal comfort assessment of an individual office room under a high setting of air-
conditioning temperature with fan-assisted ventilation.

2. Methods
2.1 Field Measurement: Case Study Building

Field measurement has been conducted in a case study building which is an individual office room in the Faculty
of Civil Engineering and Built Environment of Universiti Tun Hussein Onn Malaysia. The office building was
equipped with an air-conditioning system with manual adjustment control, operable windows, and an internal curtain.
The size of the office room is about 3.3 m in length, 4.6 m in width, and 2.8 m in height. The area of the window is
about 1.2 m% The office walls are made of brick with plaster and the ceiling is from ceiling board. During the
measurement, the light was turned off and the curtain was closed.

2.2 Data Collection

The measured parameters are the air temperature, relative humidity, black globe temperature (25 mm), and wind
speed. As illustrated in Fig. 1, all measuring equipment was positioned at the center of the room at the height of 1.1 m
above the floor level as suggested in AHSRAE 55 [14] for sedentary position. Nine study cases have been developed
which consisted of the control condition (no ventilation) and ventilation with high air conditioner setting temperature
(27-28°C) with and without fan-assisted ventilation (basic and basic + fan) as shown in table 1. In the case of fan-
assisted ventilation, the fan was located at the edge of the room which is about 2 meters from the measurement point
with the size of 12 inches in diameter. The fan-assisted ventilation was measured at speeds of 1, 2, and 3. The recorded
average wind speed for speeds 1, 2, and 3 are 1 m/s, 1.2 m/s, and 1.3 m/s, respectively. Furthermore, all parameters
were recorded in one minute of interval time from 8:00 to 18:00 for two days in each case.

2.3 Method of Analysis

The measured data were analyzed to assess the thermal comfort condition by using the predicted mean vote method
(PMV). Predicted Mean Vote was defined as the index to predict the mean thermal sensation vote for the combination
of the thermal environmental variables, activity levels, and clothing values that involves a big group of occupants [15].
In this study, the PMV value was calculated by using CBE Thermal Comfort Tool [16] which can be accessed through
http://comfort.cbe.berkeley.edu/. The values for clothing level and metabolic rate for a typical office building in hot and
humid climates were estimated at 0.65 clo and 1.08 met respectively [14]. To be noted that, the recommended PMV
value for the comfortable indoor condition should be ranged between -0.5 to +0.5 which indicates neutral sensation
[14]. Moreover, the analysis will be based on the operative temperature index where it can be calculated by the
following equation [17]:
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where, v = Air velocity, ¢, - Air temperature, and ¢, =Mean radiant temperature. While #,- was calculated using the
following equation [17]:
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where, f, = globe temperature, D = diameter of globe, and & - emissivity of black globe.
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Fig. 1 - Field measurement setup
Table 1 - Study cases
Category Air conditioner Case study
(A/C) setting e Number
Control i ) 1
(no A/C) and fan

Basic 27 °C - 2
(only with A/C) 28 °C - 3
27 °C 1 4
27 °C 2 5
Basic + fan 27 °C 3 6
28 °C 1 7
28 °C 2 8
28 °C 3 9

3. Results and Discussion

In this section, the results are presented based on the average operative temperature (°C) and predicted mean value
(PMV) of two days measurement period from 8:00 to 18:00.

3.1 Operative Temperature and PMV Value of Control Case (No Ventilation) and Air-
Conditioning Without Fan-Assisted Ventilation
Fig. 2 shows the average operative temperature of case 1 (control case), case 2 (setting temperature of 27°C), and
case 3 (setting temperature of 28°C). As shown, case 1 which is the non-ventilated condition (control case) recorded

the operative temperature range of 27°C to 30.5°C. Specifically, the operative temperature rises above 28°C after
12:00. which indicated the effect of infiltrated solar radiation through windows and radiant temperature from the wall.
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Meanwhile, case 2 shows the operative temperature range of 26 to 27.5°C. The result shows a period of over-cooling
by the air-conditioning system from 12:00 to 14:00 which is lowered than the setpoint temperature (27°C).

Operative Temperature vs Time
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Fig. 2 - Average operative temperature for cases 1, 2, and 3

Predicted Mean Vote vs Time

3 e
2 e
1 e o o o e e e e e e e mmmm e mmmmmm e ————— -
\
> \/—
=0 T T T 1
o
10 12 14 16 18
B R R e
B R e
B
Time
Casel Case 2 Case 3

Fig. 3 - Average operative temperature for cases 1, 2, and 3

A similar trend of the over-cooling period was recorded in case 3 which the operative temperature maintains at
1.5°C lower than the setting temperature (28 °C) between 10:00 to 15:30. On the other hand, in case 3, the minimum
and maximum recorded operative temperatures are 25.5°C and 27.5 °C, respectively. Based on this result, it shows that
the operative temperature for case 1 was much higher than the other two cases across time due to non-ventilated
conditions. In average, the operative temperature in case 1 was about 2°C higher than that of case 2 and case 3. This
situation is clearly indicating that an office room without the usage of an air conditioning system will resulting in a
non-comfort condition.

Fig. 3 shows the graph of PMV for the above-mentioned three cases. For case study 1, the recorded PMV values
were in the range of 1.0 to 1.9 which exceeded the recommended comfort value (0.5) [14]. Meanwhile, for case 2, the
highest PMV was 0.78 and the lowest was 0.16. The graph shows that the room reached neutral sensation (comfort, 0-
0.5) only for 4 hours which from 12:00 to 16:00. The rest of the working hours recorded neutral to slightly warm
sensation (0.5-1.0). As for case 3, the recorded PMV were ranged from 0.2 to 0.8. In this case, the comfort condition
was achieved for 5 hours (10:00 to 15:00). These results indicate that without fan-assisted ventilation after the
noontime such as in cases 2 and 3, the indoor condition tends to be slightly warm and the possibility to become
uncomfortable (PMV>0.5).

3.2 Operative Temperature and PMV of Room with 27°C Setting Point with Fan-Assisted
Ventilation

Fig. 4 shows the graph of operative temperature against time for cases 4, 5, and 6. For case study 4, the highest
recorded operative temperature was 28.5 °C which is during the early hours. Then the temperature uniformly reduced to
25.0 °C-25.5 °C for 5 hours from 11:30 to 16:30. A similar pattern was observed for the operative temperature of case
5. For case study 6, the lower operative temperature was achieved earlier at 10:00 (25.3 °C). Then the temperature
maintains almost the same value for about 6.5 hours until 16:30. To be noted that the temperature begins to increase at
the later working hour (from 16:30) due to the main ventilation unit for the building (air-conditioning) was shut down.
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Overall, even with different fan-assisted ventilation speeds, the operative temperature of all cases showed almost
identical values from 11:30 to 16:00 with a difference of +0.5°C.

Fig. 5 shows the results of PMV against time for case studies 4,5 and 6. For case study 4, the range of PMV values
recorded was -0.74 to 0.32. In these cases, most of the time, the room condition was beyond the neutral sensation value
which either in a slightly cool condition (8:00 to 14:00) or slightly warm (14:00-16:00). The neutral sensation condition
was only reached within the last two hours of measurement time (PMV -0.5 to 0). Meanwhile, for case 5, the PMV
value was ranged from -0.72 to 0.47. It was found that neutral sensation conditioned was achieved from 8:00 to 10:00.
However, the rest of the PMV value shows the room was in a slightly cool sensation (PMV -0.5 to -1.0). A similar
trend was observed for case 6, where the range of PMV values was 0.19 to -0.78. This indicates that with the set-point
temperature of 27°C and wind speed of 1.2 m/s to 1.3 m/s, a relatively comfortable condition is possible to be achieved.
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Fig. 4 - Average operative temperature for cases 4, 5, and 6
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Fig. S - Average operative temperature for cases 4, 5, and 6

3.3 Operative Temperature and PMV of Room With 28°C Setting Point with Fan-Assisted

Ventilation

Fig. 6 shows the results of operative temperature against time that represents case studies 7, 8, and 9. As shown,
the range of operative temperature for cases 7, 8 and 9 are 26.1°C to 28.5°C, 26°C to 28.6°C and 26.1°C to 28°C,
respectively. For cases 7 and 9, the operative temperature of the room was reduced to the steady-state condition of
26.3°C at 9:30 in the morning. Meanwhile, for case 8, the steady-state condition was only achieved from 11:30 at a
similar temperature value. However, for most of the time, the room operative temperature was below the setpoint
temperature (28°C). This indicates the air-conditioning system will overcool the building spaces way below the set
temperature to ensure the cool condition will be achieved (similar with previous cases). However, a small difference in
air temperature can be seen, for instance, at 28°C setting point where the average air temperature was about 0.5°C to
1.0°C higher than that of 27°C setting temperature. Also, it was found that no significant impact of ventilation speed on
the operative temperature value between these cases where the difference is about £0.5°C.

Fig. 7 shows the results of PMV against time for cases 7,8 and 9. As shown, for case 7, the range of PMV is -0.43
to 0.32. Meanwhile, the range of PMV for cases 8 and 9 were 0.5 to 0.35 and 0.05 to -0.52, respectively. Overall, these
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PMYV values indicate that, for most of the time, the room was in the state of neutral sensation condition which is within
the recommended value of -0.5 to 0.5 (comfort). Case 9 tends to be in slightly cool condition (0.52) due to high wind
speed conditions. Also, it can be seen that the comfort temperature can be achieved at a high setting temperature (28°C)
with a minimum wind speed of 1.0 m/s.
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Fig. 6 - Average operative temperature for cases 7, 8, and 9

Predicted Mean Vote vs Time

3 e
2 -
1 -
>
E 0 _\ —
10 —TF 15— 18
B R S e
B e
B I e

Case 7

Case 8 Case9

Fig. 7 - Average operative temperature for cases 7, 8, and 9

3.4 Comfortable Hours

Table 2 shows the summary of comfortable hours (neutral sensation) for all cases. As shown, a non-comfort
condition was observed for case 1 due to the non-ventilated condition. The case with air-conditioning (A/C) but without
fan-assisted (Case 2 and 3) can provide at least 4-5 comfortable hours, but the rest of the time tends to be slightly
warm.

Table 2 - Comfortable hours

Study Condition Comfortable Remarks
Case No Hours
(neutral)/8hours

1 Control: no ventilation none

2 A/C: 27°C 4 hours

3 A/C: 28°C 5 hours

4 A/C: 27°C+ fan speed 1 2 hours Tends to be slightly cool most of the time
5 A/C: 27°C+ fan speed 2 2 hours Tends to be slightly cool most of the time
6 A/C: 27°C+ fan speed 3 2 hours Tends to be slightly cool most of the time
7 A/C: 28°C+ fan speed 1 8 hours

8 A/C: 28°C+ fan speed 2 8 hours

9 A/C: 28°C+ fan speed 3 7.8 hours Tends to be slightly cool most of the time
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Meanwhile, for cases 4,5, and 6, the comfortable hour is achieved for only 2 hours while the rest of the time tends
to be slightly cool. On the other hand, the cases with 28°C setting points and fan-assisted ventilation showed
comfortable conditions for most of the time. By comparing all the results, case 7 shows the ideal practice to be applied
which consists of high setting temperature with minimum fan speed to reduce electricity for cooling in the office. On
the other hand, the second ideal condition is to apply the setting as in case 2 or 3 but with fan assisted during non-
comfortable hours. With this practice, the warm condition can be prevented.

4. Conclusion

This study aimed to determine the possibility of achieving comfort conditions in a small office room by using the
high setting temperature of the air conditioning system with the addition of fan ventilation in the hot and humid
climate. Therefore, field measurements were conducted in the office room with air temperature settings exceeding 26°C
which is 27°C to 28°C, and with and without fan-assisted ventilation. As for the result, it was found that the most
comfortable condition with neutral sensation can be achieved by air-conditioning setting of 28°C with an airspeed of 1
m/s-1.2 m/s (speed 1 and speed 2). On the other hand, the room can be maintained at a temperature of 27°C or 28°C
without a fan during earlier working hours but requires fan-assisted ventilation from the afternoon to achieve
comfortable working conditions. By this practice, it is expected the energy consumption and cooling load of the
building can be reduced. To be noted that this experiment was conducted without occupants in the room and
psychological thermal comfort assessment. Moreover, the air-conditioning system in the office room tends to provide
an air temperature that is lower than the selected setting possibly due to the system design factor or affected by the
thermostat readings. It is recommended to include the feedback of occupants or psychological assessment and to be
tested in precise high-temperature conditions (27°C or 28°C) in future research.
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