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the northern coast of Java, which significantly affect indoor

thermal conditions, especially in educational buildings with Keyword:
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limited design strategies for heat reduction. The study was Reflective Paint,
conducted over six consecutive days in August 2025. Data Classroom,
collection employed the Elitech RC-4 device to measure roof Learning.

surface temperature, indoor air temperature, and mean radiant
temperature, while outdoor climatic parameters were recorded
using a Weather Station. The data were processed and analyzed
with Microsoft Excel and further evaluated using the CBE
Thermal Comfort Tool to assess compliance with ASHRAE 55
standards. The results show that the application of BeCool
reflective paint successfully reduced roof surface temperature
by 10-12 °C, indoor air temperature by 9—11 °C, and mean
radiant temperature by 2—-3 °C. These improvements shifted
classroom thermal conditions, which were initially outside the
comfort zone, closer to the acceptable range of thermal
comfort. The conclusion highlights that reflective paint is a
simple, economical, and effective strategy for improving
thermal quality in learning spaces, though complementary
architectural improvements in ventilation, openings, and
facade orientation remain necessary.
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1. INTRODUCTION

According to a report by the Intergovernmental Panel on Climate Change (IPCC), the global
average temperature has increased by more than 1°C since the pre-industrial era, and this
trend is projected to continue (Nunez et al., 2019). In the classroom, this increase in
temperature has a direct impact on learning comfort, making it difficult for students to
concentrate and causing educators to tire more quickly (Sekar Larasati & Faculty of
Engineering Architecture Study, n.d.). Unfortunately, many school buildings do not yet have
adequate designs to deal with these conditions.

This is also experienced by Karangmulya Village in Plumbon District, Cirebon Regency,
which has a population of around 2,673 and is located in the lowlands of the north coast of
Java. Its geographical conditions make this village vulnerable to rising temperatures and
climate variability, with exposure to hot and dry air due to low humidity (Ramadani et al.,
2022). In an effort to minimize these impacts, environmentally friendly building design has
become one solution, although it is often constrained by cost (Ayu Ratna Winanda & Kartika,
n.d.). A more affordable alternative is the use of reflective materials on building surfaces to
reduce heat absorption. Studies show that roof surfaces coated with brightly colored solar
reflective paint can lower and reduce heat in buildings (Damayanti et al., 2025).

To achieve an economical solution, the use of reflective paint is one of the most cost-
effective technical methods. BeCool is claimed to effectively reduce the air temperature in a
room by applying it to the roof surface (Puspitaningtyas et al., n.d.). The solution provided is
to reduce the heat (hot air) from outside entering the room through the heat released from
the walls and ceiling of the building.

ACV Microspheres

Nano-Insulator (sr1) 166

Figure 1. Description of SRI Reflective Paint Products
Source: Apa itu BeCool? Apa Pengaruhnya Terhadap Bangunan? | BeCool

This study aims to determine the effectiveness of using solar reflective paint on surface
and indoor temperature changes in classrooms at the Nurul Iman landfill, Karangmulya
Village, Plumbon, Cirebon Regency. Solar reflective paint is an alternative solution to reduce
heat in rooms and an economical alternative solution to reduce global warming on a micro
scale.

2. RESEARCH METHOD

The research was conducted at Nurul Iman Landfill, Karangmulya Village, for six days. The
building was chosen because it has a tile roof and is highly active during the day, requiring
comfort factors considering that the building is a learning space. The building area is
approximately 180 m2, and measurements were taken in August.
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Figure 2. Research Methods and Stages Chart
Source: Author

Table 1. Research Instruments and Measurement Locations

Tools Figure

Elitech RC 4 (surface)
e On the roof surface of the house

Elitech RC 4 (Indoor)
o On the ceiling of the house

Elitech RC 4 (Radiant)
e Inthe middle of the room
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Tools Figure

Weather Station
e At the top of the roof

A

Description: Sensors are placed in accordance with thermal comfort measurement standards to
obtain data on surface temperature, indoor air temperature, radiation, and outdoor climate
conditions
Source: Researcher Documentation, 2025

Reflective paint was applied to areas of the roof that were exposed to direct sunlight. Data
collection was carried out by measuring surface temperature, indoor temperature, and
radiant heat using Elitech RC-4 on the roof surface. To obtain information on outdoor
temperature, humidity, and wind speed, a weather station was installed outdoors.

The data obtained will be analyzed to determine the differences before and after in the
room. Data analysis uses Excel and CBE Thermal Comfort software and is presented in graphs
to obtain the desired calculations

3. RESULTS AND DISCUSSION

3.1. Measurement Data before painting (Surface Temperature)

Average of temp

Surface temperature before

20

N ¢ s " o

date - time - + -

Figure 1. Surface Temperature Before Graph
Source: Researcher documentation, data obtained from Elitech RC-4 sensors and processed using
ElitechLog Win application, then analyzed with Microsoft Excel (2025)
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3.2. Measurement Data before painting (Indoor Temperature)

Average of temp
Indoor Temperature Before

50,0

40,0

30,0

20,0

10,0

0.0
00 0 00 00 00 00 00 OO0 G0 OO G0 00 00 GO G0 00 00 60 O 00 O G 0 0 0 O M o O 0 00
6‘.GCCOOCOCGQT}C-Q:‘JCQCT}T}OO:‘)(‘.:’??‘)GTD’DCf?
T O 9 9 99 9 9 O O T Vmdaumuymumaumymaanauvneovvwuovouvewo v o
- N MY \.".r’)-»«"a"'“-,' VI O »m N M N O MmN M NO TN MO OO m
O N D DNONMTOOANNDRDNO"NTNONDSENO~NMTON
O OO0 v ord vttt O D i ot et et ot O vt e e o ' ot o

01/08/2025 02/08/2025 03/08/2025
date - time o o

Figure 2. Indoor Temperature Before Graph

Source: Researcher documentation, data obtained from the Elitech RC-4 sensor and processed using
the ElitechLog Win application, then analyzed with Microsoft Excel (2025)

3.3. Measurement Data before painting (Radiance Temperature)
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Figure 3. Radiance Temperature Before Graph

Source: Researcher documentation, data obtained from the Elitech RC-4 sensor and processed using
the ElitechLog Win application, then analyzed with Microsoft Excel(2025)
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3.4. Measurement Data before painting (Outdoor Temperature, Humidity and
WindSpeed)

Wheater Station Before

Figure 5. Weather Station Temperature, Humidity, and Outdoor Wind Speed Graph
Source: Researcher documentation, data obtained from the Elitech RC-4 sensor and processed using
the ElitechLog Win application, then analyzed with Microsoft Excel (2025)
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Figure 6. CBE Thermal Comfort Tools Analysis Results
Source: Researcher documentation, data obtained from Elitech RC-4 sensors and processed using

the CBE Thermal Comfort Tools web application (2025)

Based on the measurement data obtained, it shows that the thermal comfort in the Nurul
Iman TPA classroom is uncomfortable according to the CBE Thermal Comfort Tool calculation.

Measurement data after the application of paint was taken on August 10-13, 2025, using
Elitech RC-4 and Wheater Station devices. The data collection location was at Nurul Iman TPA,
KarangMulya Village, Plumbon District, Cirebon Regency, West Java.
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3.5. Measurement Data after painting (Surface Temperature)
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Figure 7. Surface Temperature After Graph
Source: Researcher documentation, data obtained from Elitech RC-4 sensors and processed using
the ElitechLog Win application, then analyzed with Microsoft Excel (2025)

3.6. Measurement Data after painting (Indoor Temperature)
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Figure 8. Indoor Temperature After Graph
Source: Researcher documentation, data obtained from Elitech RC-4 sensors and processed using
the ElitechLog Win application, then analyzed with Microsoft Excel (2025)

3.7. Measurement Data after painting (Radiance Temperature)
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Figure 9. Radiance Temperature After Graph
Source: Researcher documentation, data obtained from the Elitech RC-4 sensor and processed using
the ElitechLog Win application, then analyzed with Microsoft Excel (2025)
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3.8. Measurement Data after painting (Outdoor  Temperature, Humidity and
WindSpeed)

Wheater Station After

Figure 10. Weather Station Temperature, Humidity, and Outdoor Wind Speed Graph
Source: Researcher documentation, data obtained from the Elitech RC-4 sensor and processed using
the ElitechLog Win application, then analyzed with Microsoft Excel (2025)
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Figure 11. CBE Thermal Comfort After Analysis Results
Source: Researcher documentation, data obtained from Elitech RC-4 sensors and processed using
the CBE Thermal Comfort Tool web application (2025)

The use of the CBE Thermal Comfort Tool shows that at a temperature of 25.7 °C and
humidity of 82.8%, the air conditions are still within the ASHRAE 55 thermal comfort zone.
However, high humidity needs to be considered as it can affect the subjective comfort of
occupants and indoor air quality.

Measurements taken before the application of reflective paint showed that the conditions
in the Nurul Iman TPA classroom were outside the thermal comfort zone. This was indicated
by the high surface temperature of the roof, the indoor temperature, and the radiation
temperature, which caused an increase in the heat load inside the classroom. These
conditions caused the indoor air temperature to exceed the comfort standards set by ASHRAE
55, potentially causing discomfort for students and teachers during learning activities.

After applying BeCool paint to the roof of the building, there was a significant decrease
in temperature, namely a 10-12 °Cdrop in roof surface temperature, a 9-11 °Cdrop in indoor
temperature, and a 2-3 °C drop in radiation temperature. This decrease had a direct impact
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on improving the thermal quality of the room, where the air temperature after treatment was
recorded at 25.7 °C with a humidity of 82.8%, falling within the ASHRAE 55 thermal comfort
zone. However, the relatively high air humidity still needs to be considered as it has the
potential to reduce the subjective comfort of occupants and affect the air quality in the
classroom.

Therefore, in addition to the use of reflective paint, architectural design optimization in
the form of adding natural openings and adjusting the orientation of the building facade
needs to be considered to support the achievement of more stable and sustainable thermal
comfort.

Measurement data prior to paint application was collected on August 1-3, 2025, using
Elitech RC-4 and Wheater Station devices. Data collection took place at the Nurul Iman
landfill, KarangMulya Village, Plumbon District, Cirebon Regency, West Java.

3.9. Discussion

The results of this study demonstrate that the application of BeCool reflective paint on
the roof of the Nurul Iman TPA classroom significantly improved the indoor thermal
conditions and overall comfort levels. Before the application, the recorded surface
temperature of the roof, indoor air temperature, and radiant temperature were all above the
comfort threshold defined by ASHRAE Standard 55, indicating a thermally uncomfortable
environment for learning. Measurements taken between August 1-3, 2025, showed that the
classroom was experiencing excessive heat gain due to the high solar radiation absorbed by
the roof material, resulting in elevated indoor air temperatures and discomfort for the
occupants. After the application of BeCool reflective paint (measured on August 10-13, 2025),
a substantial decrease in temperature was observed across all parameters. The roof surface
temperature dropped by 10-12°C, indoor air temperature by 9-11°C, and radiant
temperature by 2—-3°C. The final indoor air temperature stabilized at 25.7°C with a relative
humidity of 82.8%, which falls within the ASHRAE 55 thermal comfort zone. However, the
high humidity level still requires attention, as it may negatively affect perceived comfort and
indoor air quality. These findings align with Djafar et al. (2024), who reported that BeCool roof
coatings effectively reduced heat gain in coastal settlements by up to 11°C, enhancing indoor
comfort levels.

The thermal performance improvement can be attributed to the high solar reflectance
and thermal emittance properties of the reflective paint, which limit solar heat absorption
and promote heat dissipation. Damayanti et al. (2025) emphasized that the application of
reflective coatings can increase roof resistance to thermal transfer, thereby maintaining lower
indoor temperatures. Similarly, Ristanto et al. (2024) confirmed that reflective paints applied
to galvalume roofs effectively reduce building surface temperatures and contribute to
environmentally friendly architectural design. Kwon et al. (2024) analyzed indoor thermal
enhancement in apartment buildings through heat-reflective paint application and found
similar results a notable decrease in interior heat load, leading to improved energy efficiency.
In tropical climates like Indonesia, Citraningrum et al. (2024) also observed that applying cool
roof paints on metal roofs could reduce indoor temperatures by up to 10°C, proving their
effectiveness in mitigating excessive heat in non-air-conditioned spaces.

Despite these improvements, high humidity remains a limiting factor in achieving optimal
comfort. Mahardika et al. (2023) noted that while reflective coatings lower air temperature,
humidity must also be managed through adequate ventilation and material selection to
ensure stable thermal comfort. Thus, architectural interventions such as optimizing natural
ventilation, orienting facades to reduce direct solar exposure, and improving airflow patterns
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are recommended to complement the passive cooling effect of reflective paints (Putra &
Oktafiana, 2023; Ferdyn-Grygierek & Grygierek, 2025).

4. CONCLUSION

Based on measurements taken before and after applying BeCool reflective paint to the
roof of the Nurul Iman Karangmulya kindergarten, it appears that this technique is quite
successful in reducing room temperature. The analysis shows a decrease in the average roof
surface temperature of 10-12 °C, a decrease in indoor temperature of 9-11 °C, and a
reduction in average radiation temperature of 2—3 °C. With this reduction in temperature, the
thermal conditions of the room, which were previously outside the comfort limits according
to the CBE Thermal Comfort Tool, are now approaching or entering the comfort zone. This
shows that the use of reflective paint on building roofs is a simple, affordable, and efficient
solution to overcome heat problems while improving comfort for learning in educational
environments.

However, to achieve better results, improvements also need to be made in classroom
design, particularly in terms of natural openings and building facade orientation, as these two
elements have a major impact on light reception, air flow, and heat distribution within the
room.

4.1. Research Findings

This study shows that the application of becool reflective paint can significantly reduce
the temperature in classrooms with hot and dry climatic conditions. This proves that reflective
materials can be an effective and economical passive solution to improve thermal comfort in
buildings with architectural design limitations.

4.2. Research Recommendations
For further research, it is recommended that:
1. Reflective paint be combined with other passive strategies, such as cross ventilation
and shading, to achieve more stable thermal comfort.
2. Long-term testing be conducted over a longer period than before to assess the
durability and effectiveness of the paint against weather conditions and its
performance over time

ACKNOWLEDGMENTS

We give praise and thanks to Allah SWT, for with His blessings and grace, the 2025 UPI
Impactful Community Service Program was able to run successfully. On this occasion, we
would like to express our deepest gratitude to Prof. Dr. Ida Hamidah, M.Si. as the Head of the
Indonesian University of Education's Center for Research and Community Service, who has
provided guidance and full support. We would also like to thank Prof. Lala Septem Riza, M. T.,
Ph. D., as the Field Supervisor for KKN Berdampak Group 8, for all the guidance, advice, and
motivation that she has continuously provided. We would also like to thank Dr. Eng. Beta
Paramita, S. T., M. T., owner of PT. Diwangkara Wihaya Nusantara, for the valuable
sponsorship support that ensured the smooth running of this program.

We would also like to thank Mr. Masadi as the Head of Karangmulya Village, Cirebon
Regency, who has provided permission, facilities, and a warm welcome so that the KKN
activities can be carried out properly. We also respect and sincerely thank the Head of RT 03,
the Nurul Iman Foundation, and the residents of RT 03 for their moral and material support,
which was an important part of the success of this program.

DOI: http://doi.org/10.17509/jaz.v8i3.89274
p- ISSN 2621-1610 e- ISSN 2620-9934



Adikusuma, Fadilah, Nurhaliza, Nugraha, Analysis of Thermal Comfort Changes Before and After Becool | 765

In closing, we would like to express our deepest appreciation to all those whom we cannot
mention one by one, who in their own ways have provided encouragement, motivation, and
useful knowledge. May all forms of assistance, support, and kindness that have been given
receive the best reward from Allah SWT.

REFERENCE

Ayu Ratna Winanda, L., & Kartika, D. (n.d.). ANALISIS PENERAPAN GREEN CONSTRUCTION
MANAGEMENT TERHADAP LINGKUNGAN SEKITAR PROYEK.

Damayanti, P. A., Saptaningrum, E., Supriyadi, S., Wibawa, B. A., & Ristanto, S. (2025).
Pengaruh Penggunaan Cat Reflektif Terhadap Resistensi Panas Pada Atap Genteng
sebagai Upaya Mendukung Green Building. In Jurnal Media Konstruksi (Vol. 10, Issue 1).

Nunez, S., Arets, E., Alkemade, R., Verwer, C., & Leemans, R. (2019).

Assessing the impacts of climate change on biodiversity: is below 2 °C enough? Climatic
Change, 154(3-4), 351-365. https://doi.org/10.1007/s10584-019-02420-x

Puspitaningtyas, C., Rahman, A. T., Amrullah, D., & Aziz, S. N. (n.d.).

UMPAK-Jurnal Arsitektur dan Lingkugan Binaan Penerapan Cat Reflektif Surya Sebagai
Material Ramah Lingkungan. https://journal.upgris.ac.id/index.php/umpak/index

Ramadani, A., Suhana, M. P., & Febrianto, T. (2022).

Karakteristik Spasial Suhu Permukaan Laut Perairan Kota Tanjungpinang pada Empat Musim
Berbeda. Jurnal Kelautan: Indonesian Journal of Marine Science and Technology, 15(1),
39-59. https://doi.org/10.21107/jk.v15i1.10832

Sekar Larasati, N., & Studi Arsitektur Fakultas Teknik, P. (n.d.).IDENTIFIKASI KENYAMANAN
TERMAL RUANG KELAS PADA BANGUNAN SEKOLAH MENENGAH ATAS (STUDI KASUS:
SMA MUHAMMADIYAH KUDUS) Suryaning Setyowati. http://siar.ums.ac.id/

Kwon, T. K., Zoh, H. D., Ahn, W,, Lee, S., & Kim, T. H. (2024). Analysis of Indoor Thermal
Environment Improvement in Apartment Buildings Through the Application of Heat-
Reflective Paint. Buildings, 14(12), 3834.

Djafar, A. G., Pratiwi, N., Mutmainnah, N., & Kaharu, A. (2024, October). Thermal Performance
of Becool-Roof Coating in Reducing Heat Gain on Fisherman’s Settlement of Gorontalo
City. In IOP Conference Series: Earth and Environmental Science (Vol. 1404, No. 1, p.
012004). IOP Publishing.

Citraningrum, A., lyati, W., & Wardoyo, J. (2024, October). Effect of Cool Roof Paint
Application on Metal Roof Surface Temperature and Indoor Air Temperature in Tropical
Climates. In IOP Conference Series: Earth and Environmental Science (Vol. 1404, No. 1, p.
012038). IOP Publishing.

Ferdyn-Grygierek, J., & Grygierek, K. (2025). Towards Climate-Resilient Dwellings: A
Comparative Analysis of Passive and Active Retrofit Solutions in Aging Central European
Housing Stock. Energies, 18(16), 4386.

Mahardika, S. T., Solikhudin, N., & Octaviani, I. C. (2023). Pengaruh Pemilihan Cat Pelapis Atap
Terhadap Suhu Thermal Comfort. UMPAK: Jurnal Arsitektur dan Lingkungan Binaan, 6(2),
64-71.

Damayanti, P. A., Saptaningrum, E., Supriyadi, S., Wibawa, B. A., & Ristanto, S. (2025).
Pengaruh Penggunaan Cat Reflektif Terhadap Resistensi Panas Pada Atap Genteng
sebagai Upaya Mendukung Green Building. MEDIA KONSTRUKSI, 10(1), 1-10.

Noviyani, R., & Maulana, I. R. (2024). Analisis Cat Reflektif Surya Before After Terhadap
Temperatur Suhu Ruangan Atap Genteng (Studi Kasus Rumah Kontrakan JI. Benteng
Utara Iv No. 33, Pandean Lamper Kec. Gayamsari, Kota Semarang). UMPAK: Jurnal
Arsitektur dan Lingkungan Binaan, 7(1), 8-17.

DOI: http://doi.org/10.17509/jaz.v8i3.89274
p- ISSN 2621-1610 e- ISSN 2620-9934


http://siar.ums.ac.id/
http://siar.ums.ac.id/

766 | Jurnal Arsitektur ZONASI : volume 8 Nomor 3, October 2025 Hal 755-766

Anugrahwan, D., Alfiano, A. R., Meliawati, S. D., & Ghozali, I. (2024). Analisis Cat Reflektif
Surya BeCool di Warung Makan (Burjo Rafa) Universitas PGRI Semarang. UMPAK: Jurnal
Arsitektur dan Lingkungan Binaan, 7(1), 18-26.

Puspitaningtyas, C., Rahman, A. T., Amrullah, W. D., & Aziz, S. N. (2022). Penerapan Cat
Reflektif Surya Sebagai Material Ramah Lingkungan. UMPAK: Jurnal Arsitektur dan
Lingkungan Binaan, 5(1), 8-15.

Ristanto, S., Ome, Y. D. S., Saptaningrum, E., Supriyadi, S., & Wibawa, B. A. Pengaruh Cat pada
Atap Galvalum untuk Mereduksi Suhu Bangunan Menuju Arsitektur Ramah Lingkungan.
Arsitektura: Jurnal llmiah Arsitektur dan Lingkungan Binaan, 23(1), 135-142.

Putra, H. A., & Oktafiana, B. (2023). MATERIAL BANGUNAN RUMAH TINGGAL SEBAGAI
KETAHANAN RESIKO COVID-19: STUDI KASUS RUMAH TINGGAL DI KECAMATAN
MENGANTI, KABUPATEN GRESIK, JAWA TIMUR. Nature: National Academic Journal of
Architecture, 10(2), 118-129.

Anugraheni, S. N. F., & Mutiari, D. (2025, June). Faktor Renovasi Dini pada Rumah Subsidi
berdasar Kualitas Konstruksi dan Kebutuhan Konsumen. In Prosiding (SIAR) Seminar
IImiah Arsitektur (pp. 132-142).

DOI: http://doi.org/10.17509/jaz.v8i3.89274
p- ISSN 2621-1610 e- ISSN 2620-9934



