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ABSTRACT   

Humans mostly spend much time indoors, which is residential houses, so it is necessary to pay attention 

to thermal comfort because thermal comfort is closely related to health. Simple residential houses have 

the potential to cause thermal discomfort because simple houses are synonymous with dense 

settlements where building density is affected by the distance between buildings, building height, and 

building dimensions which will affect wind speed, temperature, and humidity. Thermal comfort is not 

only influenced by environmental aspects but also by one's condition. Although thermal comfort 

generally does not cause serious illness, it can significantly impact a person's quality of life and 

performance level. This study aims to analyze the thermal comfort in modest housing and the effect of 

thermal comfort on the health of the occupants. This research uses mixed methods, qualitative and 

quantitative, with data collection through direct field observation, simulation using Sefaira software 

and distribution questionnaires. The sample is a simple housing that is densely populated, namely Citra 

Graha Housing. Citra Graha Residential Housing residents feel thermal discomfort and depend on 

artificial ventilation in their homes. The results of this study indicate that the thermal comfort 

conditions of Citra Graha Housing do not meet ASHRAE 55 standards with relatively warm room 

conditions and tend to be hot throughout the day. Citra Graha housing already uses a type of opening 

that follows the Minister of Health Decree No.1077/MENKES/PER/V/2011 standard. Regarding the 

effect of thermal comfort on health, the variable thermal comfort partially does not affect health. 

Meanwhile, it simultaneously influences thermal comfort with a percentage of 54.7%.     

 

KEYWORDS: Citra Graha Housing, Health, Sefaira Software, Thermal Comfort. 

 

1. INTRODUCTION 

Thermal comfort is one of the hot topics discussed because of  the decreasing environmental quality, 

which includes the issue of climate change, significantly impacts human life. Climate change impacts 
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various sectors, especially those related to thermal comfort and health, as well as economic sectors 

where the need for energy is increasing [1]. Thermal comfort is one of the sectors affected by climate 

change, which causes many people to pay more attention to the thermal comfort of a building. 

Thermal comfort ensures satisfaction with environmental temperature and related health [2]. 

Environmental aspects and personal aspects of the users influence thermal comfort. Environmental 

aspects include air temperature, wind velocity, humidity, and wind exchange rate (ventilation). 

Thermal comfort depends on individual aspects of its users, such as the type of activity carried out, 

clothing worn, age, health status, gender, and how the individual adapts to the local environment and 

climate. In addition, other factors can affect thermal comfort, such as population density in residential 

areas, culture in residential areas, building typology, and sun orientation, which also affect thermal 

comfort [3].  

Thermal comfort is essential to note because there are many reasons related to the importance of 

thermal comfort to study. One of them is the relationship between thermal comfort and health. 

Thermal discomfort is not just a response to dissatisfaction with the ambient temperature but can 

potentially trigger health problems [4]. 

Indoor thermal comfort needs considering that most people spend much of their time in their homes. 

Especially since the Covid-19 pandemic hit the world, people must spend longer in their homes, such 

as working from home and carrying out learning and processes from home [5]. Although thermal 

comfort in residential homes generally does not cause serious illness, it can significantly impact a 

person's quality of life and performance. 

In examining the effect of thermal comfort on the health of residents, this research took a sample of 

simple residential housing, namely Citra Graha Housing, Percut Sei Tuan District, and Deli Serdang 

Regency. Citra Graha Housing is a settlement whose buildings are arranged in a row which causes 

the houses in the housing to depend on the existing road. Those factors can affect the level of thermal 

comfort in the housing. The thermal discomfort felt by the occupants is the forerunner that affects 

the health of the occupants of Citra Graha Housing. Buildings arranged in Citra Graha Housing can 

cause thermal discomfort due to building density, which is affected by the distance between 

buildings, building height, and building dimensions. These conditions affect wind speed, 

temperature, and humidity [6]. 

Citra Graha housing has a population of 137 families. Based on interviews with the residents of Citra 

Graha Housing, the researchers obtained information that the residents of Citra Graha Housing felt 

thermal discomfort in their residential area which caused the residents to quickly feel dizzy when 

they were in the room for a long time if not assisted with artificial ventilation. In addition, throughout 

2021, 20 residents of Citra Graha Housing were identified as exposed to the Covid-19 virus; this 
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caused residents to find it challenging to carry out independent quarantine due to the thermal 

discomfort they felt in their residential environment. 

The Citra Graha housing complex residents also stated that they sweat easily if not assisted with 

artificial ventilation. So that residents of Citra Graha Housing tend to use artificial ventilation such 

as air conditioners or fans because of the lack of inadequate ventilation in the housing. In addition, 

residents of these housing often use clothing made from cotton as a type of clothing used daily. 

Another phenomenon in these housing areas is that residents tend to sit and chat on the terraces of 

their homes because when they are on the terrace, they are easier to get wind.  

In general, this study aims to analyze the thermal comfort conditions in modest housing. Specifically, 

this study aims to analyze the effect of thermal comfort on health, especially on Citra Graha’s 

Occupants’ health. 

2. Object, Research Area and Research Method 

2.1 Object and Research Area  

Citra Graha Housing is a simple residential housing complex on Jalan Masjid Raya Al-Firdaus, 

Tembung, Percut Sei Tuan District, Deli Serdang Regency, North Sumatra. The boundaries of the 

area are as follows. 

1. To the north, it is bordered by residential areas on Jalan Masjid. 

2. To the south, it is bordered by residential areas. 

3. Residential areas border the west side. 

4. To the east, it is bordered by Jalan Masjid Raya Al-Firdaus. 

 

Access to Citra Graha Housing can be via Jalan Besar Tembung, then enter Jalan Masjid Raya Al-

Firdaus or from Jalan Medan-Batang Kuis, then enter Jalan Masjid Raya Al-Firdaus. 

This housing consists of 143 residential units with 61 housing units facing north, 47 housing units 

facing south, 18 housing units facing east, and 17 housing units facing west. This housing is divided 

into nine blocks with two groups of building areas, namely 45 m2 and 72 m2. However, after being 

occupied by the owner in the research area, it was found that the building area changed into three 

groups of building areas, namely 45-54 m2, 72 m2 and >72 m2. Where blocks B and C generally still 

maintain the existing shape of the house with an area of 45 m2. Meanwhile, blocks I and J have done 

many renovations with a building area of >72 m2 (Figure 1). 
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Figure 1: Citra Graha Housing Siteplan 

Source: author, 2023 

 

Four housing units will be sampled in this study to answer research problems related to the thermal 

comfort conditions of Citra Graha Housing. Where the sample is distinguished by the type and 

orientation of the house, the sample houses are sample 1 houses and sample 2 houses. The Sample 1 

house is a type 45 house with a north and south orientation. Likewise, Sample 1 has Sample 2 house, 

a type 72 house with north and south orientation. The sample houses still maintain the existing 

condition with a maximum renovation percentage of 25%. As is the case with all the houses in Citra 

Graha Housing, the construction of the houses in samples 1 and 2, both north and south orientation, 

uses brick material with a painted finish. The house floor uses ceramic material, the ceiling uses 

gypsum material, the roof covering is made of zinc, and the house sills are made of wood. 

 

Sample 1-north house is located in Block C-13, and sample 1-south house is located in Block C-4. The 

room configuration for sample 1 house consists of a terrace, living room, two bedrooms, kitchen and 

bathroom. 
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Figure 2: Sample 1 House (North & South) Plan 

Source: author, 2023 

 

 
Figure 3: Openings Detail and Elevation of Sample 1 House (North & Elevation) 

Source: author, 2023 
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Ventilation is one of the most important aspects of a residence as a medium for natural lighting and air 

quality because it can affect occupants’ health [7]. In sample 1 houses, the openings consisted of two 

categories, namely openings that needed to be opened and closed in the form of doors, windows, and 

openings, namely ventilation. The position of the openings in sample 1-north and south houses are in 

the exact location. The openings in sample 1 house use the same wood material as all the houses in 

Citra Graha Housing. The windows used in sample 1 houses consist of 3 types, namely windows J1, 

J2, and J3, using top-hung casement windows. The J4 window uses a side-hung casement window 

type, while the J5 one uses a fixed one. Windows J1 to J4 is a window that needs to be opened and 

closed to maximize lighting and ventilation performance. Meanwhile, the J5 window is a type of fixed 

window that uses glass, and there is a gap between the two windows, so there is no need to open and 

close it. Windows J1 and J2 are equipped with always open ventilation, making it easier for the wind 

to enter the house. 

 

This study used two samples of houses with different areas to compare the thermal comfort conditions 

between two categories of areas and two categories of different orientations. The sample 2 house with 

a north orientation is located in Block E, number 8, while the sample 2 house with a south orientation 

is located in Block D, number 23. The two houses still maintain the existing condition with the addition 

of a canopy and fence. The room configuration for sample 2 houses consists of a terrace, living room, 

family room, three bedrooms, two bathrooms, dining room and kitchen. Same with sample 1 house, 

the developer still provides 1 meter of space on one side of the house, which is the location of the 

opening in the house. This allows for openings located on the side of the house. For details of the 

location of the openings can be seen in the image below (Figure 4). 
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Figure 4: (a) Sample 2 North & South Plan, (b) Openings Detail and Elevation of Sample 2 

House (North & South) 

Source: author, 2023 

 

Unlike the sample 1 house, sample 2 house only consists of openings in the form of windows and 

ventilation that need to be opened and closed, and there are no openings that are always open. The 

windows used in this house are casement top hung, side hung and fixed. All openings in the sample 2 

house are the type that needs to be opened and closed. So that requires effort from house’s occupants 

to obtain natural lighting and ventilation. Because the location of the ventilation is difficult to reach, 

the house’s occupants seldom open the ventilation. Residents of sample 2 houses tend only to open 

windows in the morning when using artificial ventilation. Like in the sample 1 house, the door does 

not function as an opening because it tends to be closed all day long and only opens and closes when 

going out or entering a room. 

 

2.2 Research Method 

This study uses a mix-method research method, which combines qualitative and quantitative research 

methods [8]-[11]. The sampling method used was purposive sampling [12]. The data collection method 



International Journal of Education and Social Science Research 

ISSN 2581-5148 

 Vol. 6, Issue.6, Nov-Dec 2023, p no. 244-269 

 
 

https://ijessr.com Page 251 
 

was direct observation of the field and distribution of questionnaires. Observations were made to obtain 

data on the openings’ size, temperature measurements, humidity and wind speed. Then the results of 

the observations of the sample houses were redrawn. Data from the measurement of openings will be 

analyzed by referring to the Regulation of the Minister of Health No. 1077/MENKES/PER/V/2011 

[13]. Thermal comfort simulation was analysed using Sefaira software with the parameter analysis 

method ASHRAE 55 using PMV. The simulated data for thermal comfort conditions will be compared 

with the PMV and PPD index results from temperature, humidity and wind speed measurements.  

 

Regarding the problem of the effect of thermal comfort on health, a questionnaire was distributed to 

obtain data related to occupants' perceptions and preferences regarding thermal variables. Data from 

the distribution of questionnaires were analyzed using the frequency method, which was processed in 

Microsoft Excel and will then be analyzed for its effect using multiple linear regression methods via 

SPSS. 

 

3. DISCUSSION 

3.1 Analysis of Field Observation Results 

3.1.1 Measurement Results of Temperature, Humidity, and Wind Speed 

Temperature, humidity and wind speed measurements were carried out using a thermometer, 

hygrometer and anemometer. Measurements were taken on May 20, 2023, at 09.00, 12.00 and 15.00. 

The measurement results data can be seen in the following table (Table 1). 

 

Table 1: Measurements data for Sample 1 and 2 Houses on May 20,2023. 

 

Sample Variable 

Air Temperature 

(°C) 

Humidity (%) Wind Velocity 

(m/s) 

Sample 1 North 09.00 27,3 70 0 

12.00 30 61 0,2 

15.00 33,2 61 0,5 

Sample 1 South 09.00 27 70 0 

12.00 29,6 60 0,5 

15.00 33 61 0,7 

Sample 2 North 09.00 27,1 66 0 

12.00 31 61 0,5 
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15.00 34,5 60 1 

Sample 2 South 09.00 27 66 0 

12.00 31 61 0,7 

15.00 34,7 60 0,7 

 

The table above shows the measurements taken on May 20, 2023, in the living room/family room in 

samples 1 and 2 houses with the time range shown in the table above. The measurement results show 

differences in the measurements in samples 1 and 2 houses in the north and south orientation. 

Nonetheless, the differences were not too significant. Several things, including the house’s orientation, 

the openings’ dimensions and the types of openings and vegetation, can cause differences in 

measurement results. Based on the data shown in the table, there is an increase in air temperature in 

the afternoon. At the time of measurement, the weather was sunny and cloudy, and the wind was 

coming into the house. 

 

3.1.2 Analysis of Openings in Sample Houses 

Based on the data obtained during field observations, it was found that the use of casement windows, 

both top-hung and side-hung types, was very well implemented because they had a ventilation 

performance of 75% and 90%, respectively [14]. This allows the chance of wind entry into the room 

to be higher. However, a fixed window is used in the bathroom in these two samples. Even though 

using fixed glass, air can still enter and exit through the small gap between the two glasses. 

 

Based on the Decree of the Minister of Health No.1077/MENKES/PER/V/2011 and the Ministry of 

PUPR (2019) [15], it is stated that a room should have an opening area of 5-10% of the floor area so 

that air circulation and lighting can be appropriately distributed. The data on the room area and opening 

area in samples 1 and 2 houses are as follows (Table 2). 
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Table 2: Data on Space Area and Opening Area of Sample 1 and 2 Houses 

 

Sample House 1 

No Room Name Space Area Window 

Width 

Ventilation 

Area 

Total 

Aperture Area 

1. Family Room 6,6 m2 1,3 m2 0,225 m2 1,525 m2 

2. Master Bed 

Room 

10,35 m2 1,2 m2 0,135 m2 1,335 m2 

3. Dinding Room 6,9 m2 1,2 m2 0,135 m2 1,335 m2 

4. Bedroom 4.9 m2 0,6 m2 - 0,6 m2 

5. Bathroom 2,55 m2 0,24 m2 - 0,24 m2 

6. Kitchen 3,3 m2 0,72 m2 - 0,72 m2 

Sample 2 House 

No Room Name Space Area Window 

Width 

Ventilation 

Area 

Total 

Aperture 

Area 

1. Family Room 7,5 m2 1,3 m2 1,04 m2 2,34 m2 

2. Master Bed 

Room 

8,1 m2 1,2 m2 0,4 m2 1,6 m2 

3. Bedroom 1 12 m2 1,2 m2 0,4 m2 1,6 m2 

4. Bedroom 2 7,5 m2 1,2 m2 0,4 m2 1,6 m2 

5. Bathroom 3 m2 0,24 m2 - 0,24 m2 

6. Kitchen 9 m2 0,72 m2 - 0,72 m2 

 

Based on the calculations in the table above (Table 2), it can be concluded that in samples 1 and 2 

houses, almost all met the standards set by the Minister of Health and the Ministry of PUPR. The 

bathroom in the sample 1 house was the only opening needed to meet the standard. Meanwhile, in the 

sample house, two openings that needed to meet the standards were located in the kitchen and 
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bathroom. For this reason, it can be concluded that 75% of the rooms in samples 1 and 2 houses have 

met the opening area standards. 

 

3.2 Analysis of Simulation Results 

The simulation is carried out using the Sefaira computer engine, which is an analysis plug-in available 

in Sketch-Up and Revit. Simulations were carried out on 4 sample houses with different sizes and 

orientations to analyze the thermal comfort conditions of the houses. Parameters for thermal comfort 

analysis at Sefaira consist of dry bulb temperature, operative temperature, and ASHRAE 55 using 

PMV. However, in this study, the analysis of thermal comfort conditions that will be used is 

ASHARAE 55 using PMV so that the results can be compared with the results of field measurements 

analyzed with PMV index values. 

 

3.2.1 Simulation Results of Sample House 1 

Sample house 1-south is a sample house located in Block C-4 in Citra Graha Housing, oriented south 

with a 45m2 house type. Thermal comfort analysis was carried out using the ASHRAE 55 method 

using PMV. The results of the analysis of the thermal comfort condition of the sample 1-south house 

are as follows. 

 

 
 

Figure 5: Results of Analysis of Thermal Comfort Conditions for Sample 1-South Houses 

Using Sefaira 

Source: author, 2023 
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The figure above (Figure 5) shows the results of the analysis of thermal comfort conditions in the 

southern sample-1 house based on the ASHRAE 55 analysis method using PMV values. In this study, 

PMV analysis was performed using a thermal sensation scale ranging from -1 to 1 using more than 

98% of the hour. The thermic sensation scale range between -1 to 1 was chosen because this range can 

still be categorized as comfortable. After all, -1 is a slightly cold condition, 0 is a neutral or comfortable 

condition, and 1 is a slightly warm condition. At the same time, 98% of use hours is the standard 

Sefaira recommends. If the room simulation results show -1 – 1, the room can be declared thermally 

comfortable. The simulation results show that only the east side area meets the ASHRAE 55 Standard 

and is declared comfortable according to the results of the PMV analysis. In contrast, the areas on the 

south, north and west sides were declared as not meeting the standards and uncomfortable, whereas 

the north area was the most uncomfortable zone with a percentage of not meeting the standards of 

65.4%. 

 

Based on the simulation results, it can be seen that the percentage of thermal comfort in sample 1-

south houses averages 35% in three zones, namely the north, south and west zones. All three zones 

were declared too hot for 64% of the hours. Only zone 4 or those on the east side are declared thermally 

comfortable with a comfort percentage of 100%. Thus, it can be concluded that the 1-south sample 

house does not meet the thermal comfort criteria with a failure percentage of >50%. 

 

Next is to analyze the 1-north sample house. The thermal comfort analysis process in the 1-north 

sample house is the same as the 1-south sample house simulation process. The results of the analysis 

are as follows. 
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Figure 6: Results of Analysis of Thermal Comfort Conditions for Sample 1-North Houses 

Using Sefaira 

Source: author, 2023 

 

The results of the thermal comfort for Sample 1-North House (Figure 6) that analysis using the 

ASHRAE 55 standard with a thermal index value range of -1 – 1 indicate that almost all rooms in 

sample 1-north houses do not meet the thermal comfort conditions referring to the thermal sensation 

scale. The figure shows that the room in the 1-north sample house tends to overheat 65% of the hour 

daily. This causes the percentage of thermal comfort in the house to average only 35% hours per day. 

Even though zones are declared comfortable, more space in the house is declared thermally 

uncomfortable. 

 

3.2.2 Simulation Results of Sample House 2 

In this study, an analysis was carried out on 2 sample houses with differences in area size and building 

orientation. In sample 2-south, the procedure and simulation process were carried out the same way as 

in sample 1. The analysis results of thermal comfort conditions are as follows (Figure 7). 

 

 
 

Figure 7: Results of Analysis of Thermal Comfort Conditions for Sample 2-South Houses 

Using Sefaira 

Source: author, 2023 

 

The simulation results show that several points of space are considered comfortable based on the 

ASHRAE 55 standard: the family room, the bedroom on the back, and the terrace. However, based on 
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the simulation results, only the family room was comfortable. For the rest, all the rooms in the 2-south 

sample house were declared unsatisfactory and uncomfortable based on ASHRAE 55, with a failure 

rate of 68.6%. 

 

The picture above shows that the west side is the most comfortable based on the simulation results 

using Sefaira, with a comfortable percentage of 100% hours/day. In addition, the simulation results are 

dominated by the red zone, which means the room is too hot and uncomfortable, with an average 

percentage of the room’s tendency to overheat by 55% hours per day. This causes the percentage of 

comfort in all spaces in the house to be 63%. This is what causes the results of calculations related to 

energy consumption for cooling in this house to have an enormous value. 

 

After analyzing the 2-south sample house, the 2-north sample house will be analyzed. This is done to 

compare the results of thermal comfort conditions at different areas and orientations. The simulation 

process in the 2-north sample house is no different from that in the previous sample house. The results 

of the thermal comfort analysis in the 2-north sample house are as follows (Figure 8). 

 

 
 

Figure 8: Results of Analysis of Thermal Comfort Conditions for Sample 2-North Houses 

Using Sefaira 

 

Source: author, 2023 

 

Based on the thermal comfort simulation results in the 2-north sample house, it looks the same as those 

in the 2-south sample house. Even though they look the same, the percentage of failure to meet thermal 

comfort in the sample 2-north house is smaller than in the sample-south house, where the failure 
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percentage value in the 2-north sample house is 62.1% which is 6.5% smaller than the 2-south sample 

house. 

 

In contrast to the 2-south sample house, the east side is the most comfortable area with a percentage 

of 100% hours/day based on the simulation results. Even though it has similar results to the 2-south 

sample house, the average percentage tendency of the room to overheat in the 2-north sample house is 

smaller than the 2-south sample house, which is 42.7% hours/day. The simulation results show that 

the room in the 2-north sample house feels too hot for almost half a day; this causes the use of artificial 

ventilation to be extensive, which causes energy consumption for ventilation in this house of 1416 

kWh 

 

3.3. Analysis of Questionnaire Results 

Questionnaires were distributed from 13-26 May 2023. Of the 30 respondents, 57% were women, and 

43% were men (Figure 10), with the predominance of respondents aged 40-50 (Figure 9). Most 

respondents live in blocks C and E, the study’s sample houses (Figure 11). The average respondent 

has lived in the residence between 5-10 years (Figure 12). Furthermore, the number of occupants in an 

average residential house is 4-5 people, with a percentage of 57% (Figure 13). 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 1: Respondents’ Age 

Figure 2: Gender of Respondents 

Figure 3: Respondents’ House Block 
Figure 4: Respondents’ Length of Stay at Their House 
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Furthermore, the statements in the questionnaire consist of factors that affect thermal comfort, namely 

temperature, wind speed, humidity, activity (met) and type of clothing (clo). These factors are 

independent variables that will affect the dependent factor, namely the health of the occupants. The 

answers to the statements in the questionnaire use a Likert scale of 1-5 where each category has its 

scale, namely, 1 (Strongly Disagree); 2 (Disagree); 3 (Slightly Agree); 4 (Agreed); and 5 (Strongly 

Agree). Statements related to occupants' perceptions of the thermal comfort of their environment 

consist of 8 statements, where statements number 3 & 4 relate to temperature variables, statements 

numbers 5 & 6 relate to wind speed variables, numbers 7 & 8 relate to humidity, number 9 relates to 

activity (met) and number 10 related to the type of clothing (clo). The assessment results of occupant 

perceptions of thermal comfort are as follows (Table 3). 

 

Table 3: Results of Respondents’ Questionnaire Answers 

 

No Question SD D SA A SA 

1 P3 (Air 

Temperature) 0 13 6 11 0 

2 P4 (Air 

Temperature) 0 0 2 8 20 

3 P5 (Wind 

Velocity) 0 4 10 16 0 

4 P6 (Wind 

Velocity) 0 3 3 11 13 

5 P7 (Humidity) 1 13 7 7 2 

Figure 5: Number of Occupants in Respondents’ House 

Source: author, 2023 
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No Question SD D SA A SA 

6 P8 (Humidity) 0 6 5 11 8 

7 P9 (Metabolic 

Rate) 2 22 0 5 1 

8 P10 (Clothing 

Level) 0 0 4 6 20 

 

3.4 Analysis of Thermal Comfort Conditions 

After analyzing each data collection method, the next step is to analyze the thermal comfort conditions 

at Citra Graha Housing by combining the data obtained from the results of field observation analysis 

with the results of questionnaire analysis to answer research problems related to thermal comfort 

conditions at Citra Graha Housing. The analytical method used is PMV which refers to the ASHRAE-

55 standard. Measurements were made using the CBE Thermal Comfort Tool. The calculation includes 

the operative temperature, wind speed, humidity, metabolic rate, and clo. 

 

3.4.1 The Results of the Thermal Comfort Condition of the Sample House 1 

To obtain PMV index values and PPD values, some data is needed, namely effective temperature, wind 

speed, humidity, metabolic rate, and the type of clothing used. These data were obtained from the 

results of field observations and distributing questionnaires discussed in the previous sub-chapter. In 

the PMV and PPD index simulation using CBE Thermal Comfort, the metabolic rate data or activity 

carried out by occupants is resting, sitting/relaxing, which has a value of 1 metre. This value of 1 metre 

is used for 09.00 and 15.00. Meanwhile, at 12.00, the type of activity carried out is cooking with a met 

value of 1.8. In this simulation, the types of clothing used are everyday clothes, namely short-sleeved 

shirts, knee-length shorts/skirts, underwear and sandals, which have a value of 0.54 clo. 

 

Table 4: Results of PMV and PPD Index Values of Thermal Comfort on Sample 1 Houses 

 

Variable 

Sample 1-North Sample 1-South 

09.00 12.00 15.00 09.00 12.00 15.00 

Air Temperature (°C) 27,3 30 33,2 27 29,6 33 

Humidity (%) 70 61 61 70 60 61 

Air Velocity (m/s) 0 0,2 0,5 0 0,5 0,7 

Operative Temperature (°C) 28,7 30,1 31,7 28,4 29,7 31,4 
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Variable 

Sample 1-North Sample 1-South 

09.00 12.00 15.00 09.00 12.00 15.00 

Metabolic Rate (met) 1 1,8 1 1 1,8 1 

Clothing Level (clo) 0,54 0,54 0,54 0,54 0,54 0,54 

PMV 1,33 1,18 1,41 1,21 0,81 1,11 

PPD 42% 34% 46% 36% 19% 31% 

 

 
 

 

Slightly Warm 

09.00 

Slightly Warm 

12.00 

Slightly Warm 

15.00 

Figure 6: Results of PMV and PPD Values of Sample 1-North Using CBD Thermal Tool 

Source: author, 2023 
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Based on the table (Table 4) and graph above (Figure 14-15), it can be seen that none of the conditions 

in sample 1 house followed the ASHRAE 55 standard, and all results for PMV values were positive. 

The results of this calculation are almost the same as the simulation results using Sefaira. Both PMV 

values using the CBE Thermal Tool and simulations using Sefaira show positive PMV values or room 

conditions tend to be hot. 

 

In this study, apart from using quantitative methods, experimental methods were also used with 

computer engine simulations. Based on the simulation results of thermal comfort in sample houses 1-

north and south of Citra Graha Housing, it shows that these houses do not pass the criteria for thermal 

comfort. So that either by direct measurement or computer simulation, the thermal comfort conditions 

in sample 1 houses (north and south) were concluded to be thermally uncomfortable and did not meet 

the ASHRAE 55 standard, with the house conditions being somewhat hot and tending to heat. 

Moreover, the results of distributing the questionnaires show that residents want a change in 

temperature in their residential area to obtain thermal comfort in their environment. 

 

3.4.2 The Results of The Thermal Comfort Condition of the Sample 2 House 

This research used two housing units with different areas as samples. This aims to identify whether 

the difference in the area contributes to thermal comfort in the building. The data collection method 

and data variables used to obtain PMV and PPD values in sample 2 houses were the same as in sample 

1 houses. The PMV and PPD values for sample 2 houses are as follows (Table 5). 
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15.00 

Figure 7: Results of PMV and PPD Values of Sample 1-South Using CBD Thermal Tool 

Source: author, 2023 
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Table 5: Results of PMV and PPD Index Values of Thermal Comfort on Sample 2 Houses 

 

Variable 
Sample 1-North Sample 1-South 

09.00 12.00 15.00 09.00 12.00 15.00 

Air Temperature (°C) 27,1 31 34,5 27 31 34,7 

Humidity (%) 66 61 60 66 61 60 

Air Velocity (m/s) 0 0,5 1 0 0,7 0,7 

Operative Temperature (°C) 29 31 32,7 29 31 32,8 

Metabolic Rate (met) 1 1,8 1 1 1,8 1 

Clothing Level (clo) 0,54 0,54 0,54 0,54 0,54 0,54 

PMV 1,40 1,12 1,42 1,40 1,00 1,63 

PPD 46% 31% 47% 46% 26% 58% 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Results of PMV and PPD Values of Sample 2-North Using CBD Thermal Tool 
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Figure 17: Results of PMV and PPD Values of Sample 2-South Using CBD Thermal Tool 

 

The table and graph above show the PMV and PPD index values results for sample 2 houses, both 

north and south orientation. Based on the graph above (Figure 16-17), it can be seen that the results of 

PMV and PPD values in sample 2 houses are higher than in sample 1 houses. This can happen because 

of the elongated shape of sample 2 houses, with the number and area of openings almost the same as 

sample 1 houses. So with the temperature conditions, humidity, wind speed, type of activity and 

clothing used is more accessible to fulfil thermal comfort in sample 1 than in sample 2. This shows the 

influence of building area on thermal comfort in buildings. 

 

Based on the simulation results using the Sefaira software, it is stated that the sample 2 house does not 

meet the thermal comfort standard. Based on the results of direct measurements and simulations using 

software, sample 2 houses (north and south orientation) are less comfortable thermally, with the house 

feeling relatively warm and tending to heat. Also, the effect of the size of the building area and 

openings on the results of thermal comfort in the house. 

 

3.5 Analysis of the Effect of Thermal Comfort on the Health of Citra Graha’s Occupants  

After processing the questionnaire results using the frequency method in Microsoft Excel, the next 

step is to analyze the effect of thermal comfort on health using multiple linear regression in SPSS. 

Testing is done by testing the value of the t-test and F-test with a confidence level of 95%, a = 0.05. 
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2.2.1 Results of Test t 

The test was carried out to obtain the results of the t-test, which aims to determine whether the 

independent variable on the dependent variable gives a partial effect. The results of the t-test are as 

follows (Table 6). 

 

Table 6: Results of t-Test by SPSS 

 

Coefficientsa 

Model 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -3.886 10.864  -.358 .724 

Air Temperature 

(X1) 
-.285 1.160 -.045 -.245 .809 

Air Temperature 

(X1.2) 
.194 1.640 .021 .118 .907 

Air Velocity (X2) 1.630 1.480 .205 1.101 .283 

Air Velocity (X2.2) -4.849 1.169 -.821 -4.146 .000 

Humidity (X3) -.078 1.015 -.014 -.077 .939 

Humidity (X3.2) 3.916 1.284 .741 3.050 .006 

Metabolic Rate (X4) -.605 1.189 -.102 -.509 .616 

Clothing Level (X5) 2.230 1.239 .283 1.800 .086 

a. Dependent Variable: Health (Y) 

 

In this study, the t-table value was 2.080. For this reason, the t-test result value must be greater than 

the t-table value to declare the variable valid. Based on the table above, according to the respondents, 

almost all of the independent variables do not affect the occupants of Citra Graha Housing. Only the 

humidity variable influences the health of the occupants. 

 

3.5.2 Results of Test F 

The F-test was carried out to determine whether the independent variable on the dependent variable 

gives a simultaneous effect. The results of the F test are shown in the following table (Table 7). 
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Table 7: Results of F-Test by SPSS 

 

ANOVAa 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 524.213 8 65.527 3.167 .016b 

Residual 434.493 21 20.690   

Total 958.706 29    

a. Dependent Variable: Health (Y) 

b. Predictors: (Constant), Clothing Level (X5), Air Temperature (X1), Air Temperature 

(X1.2), Humidity (X3), Air Velocity (X2.2), Air Velocity (X2), Metabolic Rate (X4), 

Humidity (X3.2) 

 

The F table value in this study is 2.40, so that the variable can be declared valid, the F test result value 

must be greater than the F table. Based on the output shown in the table above, it can be seen that the 

significance value for the influence of variables X1, X1.2, X2, X2.2, X3, X3.3, X4 and X5 on Y is 

0.16 > 0.05 and the value of F count 3.167 > F table 2.40. So, the thermal comfort factors together 

significantly influence the health of the occupants. This proves the theory by Fanger and ASHRAE 

that thermal comfort is affected by temperature, humidity, wind speed, activity and type of clothing 

[16]-[17]. These factors together have a significant impact on influencing one's assessment of the 

thermal conditions of the environment. The results of the F-test scores conducted on Citra Graha 

Housing residents show that residents agree that thermal comfort factors can affect their health 

simultaneously. 

 

3.5.3 Determination Coefficient Results 

The coefficient of determination was analyzed to determine how much the independent variables 

simultaneously contributed to the dependent variable. The value of the termination coefficient ranges 

from 0-1. If the results are close to 1, the independent variable provides almost all the information or 

influence needed to predict the dependent variable. However, if the value is close to 0, it indicates that 

the ability of the independent variable to explain the dependent variable is minimal [18]. The results 

of the coefficient values are terminated in the study of the Effect of Thermal Comfort on the Health of 

Residents of Citra Graha Housing as follows. 
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Table 8: Determination Coefficient Results by SPSS 

 

Model Summary 

Model R R Square 

Adjusted R 

Square 

Std. Error of 

the Estimate 

1 .739a .547 .374 4.549 

a. Predictors: (Constant), Clothing Level (X5), Air 

Temperature (X1), Air Temperature (X1.2), Humidity 

(X3), Air Velocity (X2.2), Air Velocity (X2), Metabolic 

Rate (X4), Humidity (X3.2) 

 

The table above (Table 8) shows the results of the analysis of the coefficient of termination, where the 

value of R Square is 0.547. This shows that the influence of thermal comfort factors simultaneously 

on health has a percentage of 54.7%. Moreover, the thermal comfort factors simultaneously 

significantly influence health (the dependent variable). At the same time, the remaining 45.3% is 

influenced by other variables not tested in this study. These results are to the theory put forward by 

Ormandy and Ezratty that thermal comfort not only ensures the level of satisfaction with 

environmental temperature, but thermal comfort cannot be separated from health [19]. 

 

CONCLUSION 

Based on the results of the study, it can be concluded that the thermal comfort conditions of sample 1 

and 2 houses, both north and south orientation, were declared to be less comfortable thermally and did 

not meet the ASHRAE 55 standard by calculating the PMV and PPD index values and the simulation 

results using the Sefaira software with room conditions feeling slightly hot and tends to be hot 

throughout the day. The orientation and building area influence thermal comfort with the same thermal 

conditions and variables; south-oriented sample houses have a higher percentage of comfort than 

north-oriented houses. Also, the sample 1 house is more comfortable than the sample 2. The types of 

openings used in Citra Graha Housing are casement top hung, casement side hung and fixed, and 75% 

of the openings in the housing have met the standards set by the Decree of the Minister of Health 

No.1077/ MENKES/PER/V/2011. Regarding the effect of thermal comfort on health, the variable 

thermal comfort partially does not affect health. However, simultaneously the variable thermal comfort 

influences health with a percentage of 54.7%. 

 

 

 

 

 



International Journal of Education and Social Science Research 

ISSN 2581-5148 

 Vol. 6, Issue.6, Nov-Dec 2023, p no. 244-269 

 
 

https://ijessr.com Page 268 
 

REFERENCES 

[1] Octarino, C. N. (2022, July). Evaluation of Building Envelope Performance on the Kanisius 

Kalasan Junior High School Building Yogyakarta. In International Webinar on Digital 

Architecture 2021 (IWEDA 2021) (pp. 187-191). Atlantis Press 

[2] Ormandy, D., & Ezratty, V. (2012). Health and thermal comfort: From WHO guidance to housing 

strategies. Energy Policy, 49, 116-121. 

[3] Alwetaishi, M. S. (2016). Impact of building function on thermal comfort: A review paper. Am. J. 

Eng. Applied Sci, 9, 928-945. 

[4] Cheshmehzangi, A. (2021). Housing and health evaluation related to general comfort and indoor 

thermal comfort satisfaction during the COVID-19 lockdown. Journal of Human Behavior in the 

Social Environment, 31(1-4), 184-209. 

[5] Hansen, A., Williamson, T., Pisaniello, D., Bennetts, H., van Hoof, J., Arakawa Martins, L., ... & 

Soebarto, V. (2022). The Thermal Environment of Housing and Its Implications for the Health of 

Older People in South Australia: A Mixed-Methods Study. Atmosphere, 13(1), 96. 

[6] Roshan, G., Moghbel, M., & Attia, S. (2020). Evaluating the wind cooling potential on outdoor 

thermal comfort in selected Iranian climate types. Journal of Thermal Biology, 92, 102660. 

[7] Fachrudin, H. T., Fachrudin, K. A., & Pane, I. F. (2022). Workplace Design Concept Based on 

Indoor Enviromental Quality Analysis to Prevent Coronavirus Transmission. 

[8] Attaufiq, M. M., & Pratiwi, N. (2022, July). Optimizing Energy Use in Traditional House Bantayo 

Poboide Using Sefaira Simulation. In International Webinar on Digital Architecture 2021 

(IWEDA 2021) (pp. 321-326). Atlantis Press. 

[9] Erlangga, J., & Nugroho, A. M. (2018). Rekayasa Bukaan dan Pembayang sebagai Strategi 

Penghematan Energi pada Gedung Layanan Bersama Universitas Brawijaya. Jurnal Mahasiswa 

Jurusan Arsitektur, 6(3). 

[10] Adunola, A. O., & Ajibola, K. (2016). Factors significant to thermal comfort within residential 

neighbourhoods of Ibadan metropolis and preferences in adult residents’ use of spaces. Sage 

Open, 6(1), 2158244015624949. 

[11] Wibowo, H. (2015). Evaluasi Kenyamanan Thermal Mesjid Ar-Rauddah Kota Medan (Doctoral 

dissertation, Universitas Sumatera Utara). 

[12] Delyuzir, R. D. (2020). Analisa rumah sederhana sehat terhadap kenyamanan ruang (studi kasus: 

rumah tipe 18/24, 22/60, 36/72 di DKI Jakarta). Arsitekta: Jurnal Arsitektur dan Kota 

Berkelanjutan, 2(02), 15-27. 

[13] Menteri Kesehatan Republik Indonesia, “Pedoman Penyehatan Udara dalam Ruang Rumah,” 

2011 

[14] A’yun, Q., Widiastuti, M. A., & Hapsari, O. E. (2020). Classroom Ventilation Design Strategy to 

Achieve Thermal Comfort. 

[15] Pusat Peneliitan dan Pengembangan Perumahan dan Permukiman Kementrian PUPR. (2019). 

Pedoman Perancangan Pasif untuk Rumah Tapak Sederhana. 



International Journal of Education and Social Science Research 

ISSN 2581-5148 

 Vol. 6, Issue.6, Nov-Dec 2023, p no. 244-269 

 
 

https://ijessr.com Page 269 
 

[16] Fanger, P. O. (1970). Thermal comfort. Analysis and applications in environmental 

engineering. Thermal comfort. Analysis and applications in environmental engineering. 

[17] ASHRAE, “2017 Fundamentals,” in ASHRAE Handbook. Atlanta, 2017. 

[18] Ghozali, I. (2009). Aplikasi Multivariate dengan Program SPSS edisi III. Semarang: Badan 

Penerbit UNDIP. 

[19] Ormandy, D., & Ezratty, V. (2016). Thermal discomfort and health: protecting the susceptible 

from excess cold and excess heat in housing. Advances in Building Energy Research, 10(1), 84-

98 

 

Author Profile 

 

 
 

Rafika Hilmi Nasution is a postgraduate student studying the City Development Management major 

in the Magister of Architecture Engineering at Universitas Sumatera Utara for the 2022/2023 academic 

year. She was part of the class of 2019 for a Bachelor’s Degree in Architecture at Universitas Sumatera 

Utara. She graduated from the Architecture Profession Program at the same university a year later. She 

worked as a junior architecture from 2019 to 2021. And she then pursued her career as an academic, 

working in the laboratory of Architecture at Universitas Medan Area since 2021. 

 

 


