
International Journal of Latest Engineering Research and Applications (IJLERA) ISSN: 2455-7137 

 

Volume – 07, Issue – 12, December 2022, PP – 62-70 

www.ijlera.com                                 2022 IJLERA – All Right Reserved                                 62 | Page 

 

Evaluation of Building Thermal Performance and Its Effect on 

Workspace thermal Comfort: A Case Study of Office Building 
 

Muhammad Syarif Hidayat
1
, Ade Roni

2
 

1
Department of Architecture, Faculty of Engineering, Universitas Mercu Buana, Jakarta, Indonesia 

2
Department of Architecture, Faculty of Engineering, Universitas Mercu Buana, Jakarta, Indonesia 

 

Abstract: Thermal stress in the workspace needs to be taken into account, Human activities are mostly spent 

indoors, therefore humans need a thermal inside the building to perform activities and activities well, quiet and 

comfortable. Building envelope that has a basic function as a separator between the interior environment and the 

exterior environment. So physically, the building envelope is typical. Radiation of sunlight into the building 

directly through the glass on the window will light up the temperature inside the building up. This study is 

intended to improve the thermal performance of the building envelope and its effect on thermal comfort. The 

method used is quantitative by observation and measurement of air temperature, humidity, temperature, and 

wind speed of building of Plaza 3 Pondok Indah-Blok C3. The results of the comparison of research results in 

accordance with ASHRAE-55 standard showed with the highest 1 PMV 2.12 (warm) in the experiment 3. 

Beginning with the 2 PMV highest 2.10 (warm) in experiment 3. And the 3rd floor with the highest PMV 2, 41 

(warm) in experiment 3. 
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I. INTRODUCTION 
Global warming and limited energy sources are problems that have been faced so far. The building 

facade (walls, windows, and roof) and orientation can affect the amount of incoming radiation. Indonesia is a 

tropical climate which has abundant light availability, as well as in the city of Jakarta. According to Loekita 

(2006), heat entering the building comes from internal load sources and external sources (walls and windows). 

Convenience or a comfortable condition will affect human behavior, which means it will have a psychological 

influence. In other words, a comfortable building is a building that is able to accommodate the psychological 

needs of its inhabitants (Susanto & Baharudin, 2013). 

Opinion of Kim and Dear (2012), occupants of naturally ventilated buildings are more tolerant of 

conditions and their environment. This is acceptable because of the possibility of easy control of the 

environment with the ability to open and close windows according to the wishes of the occupants. Most human 

activities are spent indoors, therefore humans need indoor comfort to carry out activities properly, quietly and 

comfortably. 

According to Ardyanto (2015), large room wall openings greatly affect the high incoming room 

temperature due to solar heat radiation, the thickness of the walls in buildings does not have much effect on 

room temperature, a square room shape is more optimal for cooling room temperature compared to a rectangular 

room shape. even though the ceiling height is the same. 

Through this research the authors aim to evaluate the thermal performance of the building envelope in 

obtaining comfort that can be felt by room users. By collecting outdoor and indoor data. 

The editorial above is in line with what was said by (Lee & Chang, 2012), in the priest's office space has 

an important meaning for residents in the process of work activities, is more productive in doing work and is 

more focused so that workers feel comfortable in carrying out activities in the office. According to Alahudin 

(2012), the conditions outside the building are determined by the local climate (microclimate) and the 

surrounding environment (macroclimate), besides that the extensive pavement around it will reflect heat into the 

building so that it will affect thermal conditions. 

Other buildings affect the conditions inside this building due to obstructed airflow and heat reflection 

generated from the roof coverings of surrounding buildings. Humidity of a room should not be less than 30% or 

between 40% - 60% in summer. The comfortable temperature for the tropics is between 20 - 32ºC with humidity 

of 70 - 80ºC (Anton, 2009). 

 

II. METHODOLOGY 
The research uses quantitative methods by making direct observations by looking at the environment 

around the building and measuring the temperature of building elements such as windows, walls, ceilings, floors 
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and measuring the average wind speed and humidity in the room. The object of research was conducted at Plaza 

3 Pondok Indah, a building which is one of the commercial buildings built around 1998 by the Pondok Indah 

Group developer. This building is strategically located where public facilities are very close to this location. On 

the Southeast side there is a medium-rise office building, on the Northwest side there is Pondok Indah housing, 

on the Northeast side there is Pondok Indah housing, while on the Southwest side there is an arterial road with a 

toll road. This building is located on Jalan TB Simatupang, RT.6/RW.17, Pd. Pinang, Kby. Lama, City of South 

Jakarta, Special Capital Region of Jakarta 12310. 

 

 
Figure 1. Location of Plaza 3 Pondok Indah 

Source: Google Maps 

 

 
Figure 2. Front Circulation of Research Objects 

 

 
Figure 3. Front view of the Research Object building 
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Figure 4. Rear View of the Research Object Building 

 

The research uses quantitative methods by making direct observations by looking at the environment 

around the building and measuring the temperature of building elements such as windows, walls, ceilings, floors 

and measuring the average wind speed and humidity in the room. The object of research was conducted at Plaza 

3 Pondok Indah, a building which is one of the commercial buildings built around 1998 by the Pondok Indah 

Group developer. This building 

In analyzing the data, the researcher uses descriptive research, where the data that has been obtained 

from the field continues to be processed and then formulates the results. The steps taken in field measurements: 

1. Measuring factors that affect thermal comfort such as: air temperature, radiation temperature, average 

wind speed, and humidity 

2. After measuring the results are entered into the measurement table. 

3. The results of all measurements are taken on average to compare the results according to the standard or 

not. 

4. The results of all average measurements are then calculated using the CBE Thermal Comfort electronic 

calculator then make a table of the calculation results and compare these tables for each floor. 

5. Make conclusions and suggestions on the results that have been obtained in the measurements. 

 

This measurement was carried out for 3 days, starting from 08:00 WIB to 13:40 WIB. According to 

Suharjanto, D. (2017) in measurements that are carried out systematically there need to be stages carried out, the 

following are the stages in measurement: 

1. Prepare the tools to be used. 

2. Prepare tables for recording measurement results. 

3. Mark the point where the data will be collected. 

4. Determine the time, day, month and length of measurement. 

5. The measurement results are recorded in the prepared table. 

 

With a predetermined point with a time of 1 hour for each measurement, in 3 days of measurement using 

different experiments to find out the ratio of the air temperature in the room. 

 

III. RESULTS AND DISCUSSION 
Air Temperature 

Air temperature measurements were carried out using 3 experiments to then compare each experiment. 

Here's the experiment: 

 

 
Figure 5. Graph of Floor Air Temperature Comparison 1 
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From the picture above, we get the air temperature measurement data on the 1st floor where the highest 

temperature of the three experiments turns out to be experiment 3 with the highest temperature of 28˚C, the 

cause of the temperature increase is due to solar radiation on the building envelope at 10:00, 12:00-13:00 thus 

causing the air temperature to rise. Then the lowest temperature of this comparison, namely experiment 1 with a 

temperature of 25.5˚C at 11:00, was not too high so that it resulted in a neutral surface temperature. Of the three 

experiments, the temperature change occurred at 09:00. 

 

 
Figure 6. Graph of Air Temperature Comparison of Floor 2 

 

From the picture above, we get the air temperature measurement data on the 2nd floor where the highest 

temperature of the three experiments turned out to be experiment 3 with the highest temperature of 29˚C, the 

cause of the temperature increase was due to solar radiation on the building envelope at 12:00 high, causing the 

air temperature to rise Then the lowest temperature of this comparison, namely experiment 1 with a temperature 

of 25.7˚C at 12:00 is not too high so that it results in a neutral surface temperature. Of the three experiments, the 

temperature change occurred at 09:00. 

 

 
Figure 7. Graph of Comparison of Floor Air Temperature 3 

 

From the picture above, we get the air temperature measurement data on the 3rd floor where the highest 

temperature of the three experiments turned out to be experiment 3 with the highest temperature of 28˚C, the 

cause of the increase in temperature was due to solar radiation on the building envelope at 11:00-13:00 high so 

that the temperature air rises. Then the lowest temperature of this comparison, namely experiment 1 with a 

temperature of 24˚C at 11:00, was not too high so that it resulted in a neutral surface temperature. Of the three 

experiments, the temperature change occurred at 09:00. 
 

Humidity 

Measurement of air humidity was carried out using 3 experiments to then compare each experiment. 

Here's the experiment: 

 

 
Figure 8. Graph of Air Humidity Comparison of Floor 1 

 

From the figure above, it is obtained that the air humidity measurement data on the 1st floor with the 

highest humidity of the three experiments turns out that experiments 1 and 3 are 84%, the cause of the increase 
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in humidity is due to the average low wind speed and high solar radiation at 10:00 so that the humidity rises. 

Then the lowest humidity from this comparison is experiment 2 which is 59.5% at 11:00 so that it results in 

neutral humidity. Of the three experiments, the temperature change occurred at 09:00. 

 

 
Figure 9. Comparison Graph of Floor 2 Air Humidity Temperature 

 

From the picture above, it is obtained that the air humidity measurement data on the 2nd floor with the 

highest humidity from the three experiments turns out that experiment 3 is 81.7%, the cause of the increase in 

humidity is due to the average low wind speed and high solar radiation at 08:00-11:00 so causes humidity to 

rise. Then the lowest humidity from this comparison, namely experiment 2, was 53.3% at 10:00 so that it 

resulted in neutral humidity. Of the three experiments, the temperature change occurred at 09:00. 

 

 
Figure 10. Graph of Comparison of Air Humidity Temperature on the 3rd Floor 

 

From the picture above, it is obtained data for measuring air humidity on the 3rd floor with the highest 

humidity of the three experiments, it turns out that experiment 3 is 98.3%, the cause of the increase in humidity 

is due to the average low wind speed and high solar radiation at 08:00 so that the humidity rises. Then the 

lowest humidity from this comparison is experiment 2 which is 56.7% at 11:00 so that it results in neutral 

humidity. Of the three experiments, the temperature change occurred at 09:00. 

 

Surface Temperature 
Measurement of the average surface temperature is carried out by taking the average of the building 

elements that have been measured by adding them up and then dividing them. The results of the average 

temperature will be compared for each floor. Here's the simulation: 

 

 
Figure 11. Graph of Average Floor Surface Temperature Comparison 1 

 

From the picture above, the data obtained from measuring the average surface temperature of the 1st 

floor where the highest temperature of the three experiments turned out to be experiment 3 with the highest 

temperature of 32˚C, the cause of the increase in temperature was due to solar radiation on the building envelope 

at 12:00 high, resulting in a high temperature rising surface. Then the lowest temperature of this comparison, 

namely experiment 1 with a temperature of 26.5˚C at 09:00 was not too high so that it resulted in a neutral 

surface temperature. Of the three experiments, the temperature change occurred at 09:00. 
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Figure 12. Graph of Average Floor Surface Temperature Comparison 2 

 

From the picture above, the data obtained from measuring the average surface temperature of the 2nd 

floor where the highest temperature of the three experiments turned out to be experiment 3 with the highest 

temperature of 34˚C, the cause of the increase in temperature was due to solar radiation on the building envelope 

at 12:00 high, resulting in a high temperature rising surface. Then the lowest temperature of this comparison, 

namely experiment 1 with a temperature of 28˚C at 09:00 was not too high so that it resulted in a neutral surface 

temperature. Of the three experiments, the temperature change occurred at 09:00. 

 

 
Figure 13. Graph of Average Floor Surface Temperature Comparison 3 

 

From the picture above, it is obtained data for measuring the average surface temperature of the 3rd floor 

where the highest temperature of the three experiments turned out to be experiment 3 with the highest 

temperature of 35˚C, the cause of the increase in temperature was due to solar radiation on the building envelope 

at 12:00 high, resulting in a high temperature rising surface. Then the lowest temperature of this comparison, 

namely experiment 1 with a temperature of 29.3˚C at 09:00 was not too high so that it resulted in a neutral 

surface temperature. Of the three experiments, the temperature change occurred at 09:00. 

 

Surface Temperature 

Wind speed measurements were carried out using 3 simulations to obtain a comparison of the average 

wind speed for each simulation. Here's the simulation: 

 

 
Figure 14. Graph of Floor Wind Speed Comparison 1 

 

From the picture above, the wind speed measurement data is obtained with the window blinds open and 

the Air Conditioner (AC) turned on (experiment 1) the wind is not too big with a value of 0.1m/s and the largest 

is 0.2m/s. Then measurements with the curtains closed and the Air Conditioner (AC) turned on (experiment 2) 

the wind is not too big with a value of 0.1m/s and the largest is 0.2m/s. Measurements with the curtains closed 

and the Air Conditioner (AC) off (experiment 3) the wind is not too big with a value of 0.1m/s. Changes in 

temperature occurred in each experiment at 12:00. 
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Figure 15. Graph of Floor 2 Wind Speed Comparison 

 

From the picture above, the wind speed measurement data is obtained with the window blinds open and 

the Air Conditioner (AC) turned on (experiment 1) the wind is not too big with a value of 0.1m/s and the largest 

is 0.2m/s. Then measurements with the curtains closed and the Air Conditioner (AC) turned on (experiment 2) 

the wind is not too big with a value of 0.1m/s and the largest is 0.2m/s. Measurements with the curtains closed 

and the Air Conditioner (AC) off (experiment 3) the wind is not too big with a value of 0.1m/s. Changes in 

temperature occurred in each experiment at 10:00. 

 

 
Figure 16. Graph of Floor 3 Wind Speed Comparison 

 

From the picture above, the wind speed measurement data is obtained with the window blinds open and 

the Air Conditioner (AC) turned on (experiment 1) the wind is not too big with a value of 0.1m/s and the largest 

is 0.2m/s. Then measurements with the curtains closed and the Air Conditioner (AC) turned on (experiment 2) 

the wind is not too big with a value of 0.1m/s and the largest is 0.2m/s. Measurements with the curtains closed 

and the Air Conditioner (AC) off (experiment 3) the wind is not too big with a value of 0.1m/s. The temperature 

change occurred in each experiment at 10:00. 

 

Predicated Mean Vote 

From the results of all measurements of surface radiation temperature, humidity, air temperature (air 

temperature), and wind speed. then processed using an electronic calculator CBE Thermal Comport Tool, with 

the aim of whether the thermal performance affects the thermal comfort of the room. Here's a PMV comparison: 

 

 
Figure 17. Graph of Predicate Mean Vote (PMV) Floor 1 Comparison 

 

From the picture above, the average Predicate Mean Vote (PMV) measurement data on floor 1 with the 

highest value of the three experiments turns out to be experiment 3, namely 2.12, the cause of which is the air 

temperature and high humidity at 13:00 so that the room feels warm. Then the lowest value is experiment 1 with 

a value of 0.27 at 12:00 so that the room feels neutral. Of the three experiments, the change in value occurred at 

09:00. 
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Figure 18. Graph of Predicate Mean Vote (PMV) Floor 2 Comparison 

 

From the picture above, it is obtained the average Predicate Mean Vote (PMV) measurement data on the 

2nd floor with the highest value of the three experiments, it turns out that experiment 3 is 2.10, the cause of 

which is the air temperature and high humidity at 11:00 so that the room feels warm. Then the lowest value is 

experiment 1 with a value of 0.58 at 11:00 so that the room feels neutral. Of the three experiments, the change in 

value occurred at 09:00. 

 

 
Figure 19. Graph of Predicate Mean Vote (PMV) Floor 3 Comparison 

 

From the picture above, we get the average Predicate Mean Vote (PMV) measurement data on the 3rd 

floor with the highest value of the three experiments, it turns out that experiment 3 is 2.41, the cause of which is 

the air temperature and high humidity at 11:00 so that the room feels warm. Then the lowest value is experiment 

1 with a value of 0.58 at 11:00 so that the room feels neutral. Of the three experiments, the change in value 

occurred at 09:00. 

 

IV. CONCLUSIONS AND SUGGESTIONS 
Conclusion 

1. The thermal performance of the building envelope greatly affects the surface temperature, room 

temperature, and humidity in the work space. Where on the 3rd floor with the curtains closed and the Air 

Conditioner (AC) turned off the ceiling surface temperature reached 32.6˚C at 12:00, on the 2nd floor 

with the curtains closed and the Air Conditioner (AC) turned off the air temperature reached 29˚C at 

12:00, on the 3rd floor with the curtains closed and the Air Conditioner (AC) turned off, the humidity 

reached 89.3%. 

2. The factor that affects the thermal performance of the building envelope is solar radiation that directly 

hits the building envelope. Where it causes surface temperature, room temperature, and humidity neutral 

(comfortable), slightly warm, to warm (uncomfortable). 

3. The condition of the measurement results according to the ASHRAE 55-2017 standard shows that on the 

1st floor the curtains are closed and the Air Conditioner (AC) is turned off with a warm room sensation 

with a PMV value of 2.12 and a PPD of 88% at 13:00. Then on the 2nd floor with the curtains closed and 

the Air Conditioner (AC) turned off with the sensation of a warm room with the highest PMV value of 

2.01 and 77% PPD at 11:00. Then on the 3rd floor with the curtains closed and the Air Conditioner (AC) 

turned off with the sensation of a warm room with the highest PMV value of 2.14 and 91% PPD at 11:00. 

This situation is caused by the high air temperature, radiation temperature and humidity in the work 

room. 

 

Recommendation 

For the sake of dedication in the field of architecture, especially in the field of building technology and 

thermal comfort, the results of this study can recommend the following: 
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1. This building has few openings and is not too big, the openings are never opened because the room uses 

artificial ventilation such as air conditioners (AC) in the room and there is no cross ventilation in this 

building. My recommendation for managers is to add cross ventilation to remove hot air in the building. 

2. Regarding the orientation of the building, where the building faces Southwest - Northeast so that solar 

radiation hits the building directly. My recommendation is to add a shading device to the facade of the 

building to block direct solar radiation on the building envelope so that it doesn't cause the air 

temperature in the room to get a little warm or warm (uncomfortable). 
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