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Abstract. Building sectors are responsible for 33% of global energy consumption and a one-third of
CO:2 emission as buildings are expected to experience high performance to meet the standard of
occupant comforts such as lighting, cooling, and heating. Internet of Things (IoT) as one of the leading
developments in digital technologies led to the establishment of devices for improving the living style
of the occupants. To date, studies on integrating the mechanisms of 10T to identify room thermal
comfort are very scarce. Therefore, the aim of this study was to discuss the room thermal comfort with
respect to room temperature and relative humidity. Three activities (read, write, and sit) were adopted.
The value of air speed, metabolic rate, and clothing insulation was assumed constant. The analysis
was conducted according to Fanger method and ASHRAE standard 55. Center for the Built
Environment (CBE) Thermal Comfort Tool was used to calculate the Predicted Mean Vote (PMV)
values. Results from data collection indicated the average room temperature was at ideal condition at
21.2°C with relative humidity 44.9%. Further calculation showed the average PMV values of each
activity were -2.3 (read), -2.0 (write), and -1.4 (sit). Compared to the room climate data set, sitting
performed the closest thermal comfort scale to the neutral. It means light activities with lower
metabolic rate should be conducted in the room with higher room temperature and relative humidity.
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1. Introduction

Building sectors, either residential or commercial are responsible for global energy
consumption and one-third of global CO2 emission (Albatayneh et al. 2018). Recently, people
tended to spend their activities indoors rather than outdoors. Data shows 30% - 40% of total
primary energy consumption in the world comes from demands to improve comfort for
people living inside the buildings (Sun, Wilson, and Wu 2018). The performance of indoor
thermal comfort becomes the important factor to create occupant satisfaction.

According to (Yang and Moon 2018) thermal comfort is the human satisfaction scale to their
environment based on the thermal sensation. Thermal comfort can be introduced as mind
condition related to psychological factors (Albatayneh et al. 2018), that expresses the
satisfaction to the thermal condition (Fanger 1984) since in the satisfied environment,
physical and mental productivity of human will increase (Geng et al. 2017). Thermal comfort
is strongly related to the thermal balance between the human body with its environment
(Turhan and Gokcen Akkurt 2019). The thermal comfort sensations among building
occupants could be different from each other since it was affected by personal experience,
psychological, social, and organizational (Djongyang, Tchinda, and Njomo 2010). Air
temperature, air speed, metabolic rate, clothing levels, mean radiant temperature, and
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humidity are the important parameters to calculate the comfort (D’Ambrosio Alfano et al.
2014).

Several thermal comfort models have been developed to identify human thermal comfort.
Fanger proposed Predicted Mean Vote (PMV) and Predicted Percentage Dissatisfied (PPD)
to measure indoor thermal comfort (Fanger 1970). Many standards, such as ISO 7730
(Standardization 1994) and ASHRAE standard 55 (ASHRAE 2010) used PMV and PPD as
the basis. There are seven-points thermal sensation scale assessed by PMV i.e. cold (-3),
cool (-2), slightly cool (-1), neutral (0), slightly warm (+1), warm (+2), and hot (+3).

In other hand, advance technologies introduce Internet of Things (loT) as one of promising
methods to improve the work process, energy efficiency, capacities, and capabilities of
building data monitoring. Previous study conducted by Andreas et al. (Plageras et al. 2018)
utilized 10T system to enhance the efficiency of data collection process and analysis for
smart buildings. Another study conducted using Internet of Things (loT) for big data analytics
and improved the energy management for buildings (Daissaoui et al. 2020). Using three
sensors, data of indoor temperature and relative humidity in a seminar room was obtained
through loT gateway system that connected with C4EBOX (lrulegi et al. 2017). Another study
conducted by (Brik et al. 2021) generated real data set using I0T to ensure the data
collection process.

Despite the potential of 10T to enhance the building data monitoring, to date, studies on
integrating |oT to identify room thermal comfort are very scarce. Most of the previous studies
used manual data collection methods. The calculation of thermal comfort values also
conducted manually using equation according to Fanger theory (Fanger 1984). To overcome
this, the author proposed the identification of indoor thermal comfort in the classroom based
on loT climate room open data set. The calculation of thermal comfort sensation used Center
for the Built Environment (CBE) Thermal Comfort tool (Tartarini et al. 2020). The discussion
was particularly focusing on the critical issue about dealing with thermal sensation scales for
the students.

2. Research Methodology

This study proposes the indoor thermal comfort assessment under a real room climate
condition. The room climate data sets (relative humidity and room temperature) were
obtained from open source (Frederik et al. 2017). To achieve monitoring room thermal
condition efficiently, Internet of Things (loT) was used in the data collection. The loT
framework consist of Moteiy Tmote Sky sensors and integrated with contiki operating system
ver. 10 to collect the data in one second interval (Moteiv 2006)(Dunkels, Gronvall, and Voigt
n.d.).

As mentioned in the introduction section, several thermal comfort standards have been
developed to identify human thermal comfort. In this study, thermal comfort index evaluation
was conducted using Fanger method (Fanger 1970). A free online tool named Center for the
Built Environment (CBE) Thermal Comfort was employed to calculate PMV (Predicted Mean
Vote) and PPD (Predicted Percentage Dissatisfaction) (Tartarini et al. 2020), as illustrated in
Figure 2.1 Other than simplifying the PMV calculation, the web also visualized the thermal
comfort indicates and had a significant impact to the building sector community. As
suggested by The 13th edition of the Mechanical and Electrical Equipment for Buildings,
CBE Thermal Comfort Tool can be used for thermal comfort calculation and visualizations
(Grondzik and Kwok 2019). Data from Google Analytics also confirmed that CBE Thermal
Comfort Tool had been used widely to demonstrate the project compliance of thermal
comfort (Building Construction Authority 2015).
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Figure 2.1. Official CBE Thermal Comfort Tool homepage (Tartarini et al. 2020)

There are five input parameters to calculate PMV and PPD values in CBE Thermal Comfort
Tool as follow operative temperature, air speed, relative humidity, metabolic rate, and
clothing level. The indoor air speed was 0.25 m/s which refers to the comfortable air speed
for human (G. Lippsmeier 1994). To comply with thermal comfort parameters, various
activities referred to as the student activities in the class, such as read, read, and sit were
adopted. The metabolic rate for each activity was 1.0 (read), 1.0 (write), and 1.0 (sit)
(Tartarini et al. 2020). The value of clothing insulation (clo) was 0.5 which is typical summer
indoor clothing. Figure 2.2 illustrates the 10T framework and the method of thermal comfort
calculation using CBE Thermal Comfort Tool.
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Figure 2.2. loT framework and thermal comfort calculation using CBE Thermal Comfort Tool

3. Results and Discussions
3.1. Trend of Room Temperature and Relative Humidity

Figure 3.1 shows the trend of room temperature and relative humidity during the data
collection. Statistical calculations show the maximum, minimum, average room temperature
was 21.6°C, 21.0°C, and 21.2°C, respectively. In other hand, the maximum, minimum, and
average relative humidity was 47.1%, 43.0%, and 44.9%, respectively. The relative humidity
tended to decrease over room temperature. It might affect the thermal sensation scale,
especially for higher activity levels (Djamila, Chu, and Kumaresan 2014).

According to ASHRAE standard 55 (ASHRAE 2010), the ideal room temperature is 20.5°C —
22.8°C. Analysis using vertical temperature gradient, the room temperature in this study was
at ideal condition. Interestingly, ASHRAE standard 55 (ASHRAE 2010) only set the
maximum relative humidity at 60%, which is no minimum relative humidity level was
recommended. As the consequent, humidity is negligible and people more focus on the room
temperature.
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Figure 3.1. trend room temperature and relative humidity

3.2. Evaluation of Thermal Comfort Prediction

According to the data calculation, average indoor thermal comfort when the students read,
write, and sit were -2.3, -2.0, and -1.4, respectively. It means, two activities had cool
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sensation as the thermal comfort scale. As mentioned in Section 2 (Research
Methodology), the value of air speed, metabolic rate, and clothing insulation was constant.
While the average room temperature and relative humidity for each activity was 21.0°C and
44.9% (read), 21.2°C and 44.8% (write), and 21.5°C and 45.1% (sit). It can be concluded
that room temperature and relative humidity were the most contributed factors that affected
indoor thermal comfort.

Considering the thermal comfort prediction, write and sit had same indoor thermal comfort
prediction, illustrated in Figure 3.2 However, sitting showed 70% of the thermal sensation
scale was slightly cool and writing indicated 58% of the thermal sensation scale was cool.
While reading showed cool sensation dominated the thermal sensation scale. Compared to
the room climate data set, sitting performed the closest thermal comfort scale to the neutral.
However, it can be concluded light activities with lower metabolic rate should be conducted in
the room with higher room temperature and relative humidity. To obtain the neutral thermal
comfort scale, the room temperature and relative humidity need to be increased at range
23.8°C — 24.9°C and 58% - 60%. It means a Heating, Ventilation, and Air-Conditioning
(HVAC) system is needed in this process. Future study needs to be considered to calculate
the amount of energy consumption to increase or decrease the room temperature and
relative humidity.
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Figure 3.2. Room thermal comfort evaluation (a) read; (b) write; and (c) sit

4. Conclusion

Nowadays, buildings are the major source of total energy consumption in the world since the
demand for people to live inside buildings increases. This study identified the room thermal
comfort with respect to the room temperature and relative humidity. Room climate data were
obtained from open source. The loT system was used to observe and collect data. The
analysis was conducted according to Fanger method and ASHRAE standard 55.

Data showed the room temperature in this study was at ideal condition according to
ASHRAE standard 55. However, the relative humidity tended to decrease over room
temperature and might affect room thermal comfort. Considering the thermal comfort
prediction, sitting showed the closest thermal scale to the neutral. It indicated lower
metabolic rate should be conducted in the rooms with higher room temperature and relative
humidity. In the future study, calculation on the number of energy consumption to increase or
decrease the room climate profile is needed.
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