
TURBO Vol. 14 No. 02. 2025 p-ISSN: 2301-6663, e-ISSN: 2477-250X 

Jurnal Program Studi Teknik Mesin UM Metro URL: http://ojs.ummetro.ac.id/index.php/turbo 

 

DOI: http://dx.doi.org/10.24127/trb.v14i2.4602 

Received October 2, 2025; Received in revised form December 22, 2025; Accepted December 23, 2025   

Available online December 31, 2025  488 

Temperature Reduction Performance of Radiative Cooling Paint on 
Building Roofs 

Muhammad Fuad Abdul Hakim1*, Mohammad Alexin Putra2, Fajar Subekti1 

1Teknik Mesin, Fakultas Teknik, Universitas Merdeka Madiun 
Jl. Serayu No. 79, Kota Madiun, Indonesia 

2Teknik Mesin, Fakultas Teknologi Industri, Institut Teknologi Nasional Bandung 
Jl. Phh. Mustofa No. 23, Kota Bandung, Indonesia 

*Corresponding author: muhammadfuad@unmer-madiun.ac.id  

Abstract 

Passive cooling technologies continue to be developed to provide a cooling effect without external energy 

input. One example is radiative cooling paint (RCP). RCP dissipates heat by emitting thermal radiation and 

reflecting solar irradiation, thereby reducing the temperature of the coated object. The temperature reduction 

performance of RCP is influenced by the substrate on which it is applied. Previous studies have generally not 

included substrates with potential applications for RCP, such as building roofs. This study aimed to evaluate the 

temperature reduction performance of RCP when applied to different roofing materials. RCP samples were 

prepared using barium sulfate pigment and applied to corrugated metal roofing, clay roof tiles, and stone-coated 

metal roofing, then tested under direct sunlight. The results showed that applying RCP reduced the average 

temperature by 6 °C (13.1%) on corrugated metal roofing, 6.4 °C (13.3%) on clay roof tiles, and 14.1 °C (24.7%) 

on stone-coated metal roofing. 
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1. Introduction 

The need for cooling in equatorial 
countries, such as Indonesia, is increasing 
due to rising living standards. To create a 
comfortable environment, the air in a room 
exposed to direct sunlight is cooled using an 
air conditioner (AC). However, the use of 
AC requires a significant amount of external 
energy input (in the form of electricity), 
which is classified as active cooling [1]. 
Research [2] reported that households 
consume 35 - 42% more electricity when 
using AC. Over time, passive cooling 
technology has been developed, which does 
not require external energy input to provide 
a cooling effect. This passive cooling 
technology offers an alternative to meet 
cooling needs while also providing the 
potential for energy savings. 

One of the passive cooling 
technologies that has been developed is 
radiative cooling paint (RCP) [3]. RCP is a 
coating capable of emitting thermal 
radiation through the atmosphere while 
reflecting solar irradiation [4] (as illustrated 
in Figure 1), thereby reducing the 
temperature of the object it covers.  

Temperature reduction performance 
is one of the main parameters evaluated in 
RCP, and one of the factors influencing it is 

the substrate or medium on which RCP is 
applied [5]. In previous studies, substrates 
were generally selected for ease of testing, 
such as glass [6][7], cotton paper [8], 
aluminum mirrors [9], steel plate [10], silver 
[11], stainless steel [12], aluminum box [13] 
and silicon wafer [14], without considering 
substrates or media with potential practical 
applications for RCP. 

 

Figure 1. Illustration of radiative cooling paint 

One substrate with significant 
potential for RCP utilization is building 
roofs [15]. Applying RCP to building roofs 
offers the possibility of passively reducing 
the temperature of the rooms below without 
additional energy consumption. Therefore, 
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it is important to investigate the temperature 
reduction performance of RCP when applied 
to building roofs. The objective of this 
experimental study is to evaluate the 
temperature reduction performance of RCP 
on building roofs. 

2. Materials and Methods 

RCP samples were prepared using 

barium sulfate (BaSO4) pigment (from PT. 

Smart Lab Indonesia), polymethyl 

methacrylate (PMMA) binder (from 

Himedia), and dimethylformamide (DMF) 

solvent (from Loba Chemie PVT. LTD). 

Barium sulfate pigment was selected 

because it demonstrated the highest 

temperature reduction performance 

compared to four other pigments (calcium 

carbonate, magnesium oxide, titanium 

dioxide, and silicon dioxide), based on the 

author’s separate investigations.A pigment 

volume concentration of 60% was used in 

preparing the RCP samples, as this 

concentration was found to be optimal for 

barium sulfate pigment in the author’s 

separate investigation. 

The preparation process began with 

weighing the pigment, binder, and solvent. 

Based on a pigment volume concentration of 

60%, the mass ratio between the pigment 

and binder can be calculated using Equation 

(1). 

 
𝑚𝑃

𝑚𝐵
=

𝜌𝑃  ∙  𝑃𝑉𝐶

𝜌𝐵  ∙  (1 − 𝑃𝑉𝐶)
 (1) 

 

where mP represents the mass of the 

pigment, ρP the density of the pigment, mB 

the mass of the binder, ρB the density of the 

binder, and PVC the pigment volume 

concentration. 

The amount of solvent was adjusted 

based on the binder, with an initial mass 

ratio of binder to solvent set at 1:10. The 

solvent was poured into a beaker and placed 

on a hot plate stirrer. The pigment was then 

gradually added to the solvent to prevent 

agglomeration, while continuous stirring 

ensured proper dispersion. Next, the binder 

was slowly introduced while stirring until it 

was completely dissolved. Once fully 

dissolved, the RCP was ready for 

application. An illustration of the RCP 

sample preparation steps is presented in 

Figure 2. 

  
(a) (b) 

  
(c) (d) 

Figure 2. Steps for preparing RCP samples (a) 

weighing materials, (b) adding solvent, (c) adding 

pigment, (d) adding binder 

  
(a) (b) 

 
(c) 

Figure 3. (a) corrugated metal roofing, (b) clay roof 

tiles, and (c) stone-coated metal roofing 

To determine the temperature 

reduction performance of RCP when applied 

to building roofs, the RCP sample was 

applied to three types of roofing materials: 

corrugated metal roofing, clay roof tiles, and 

stone-coated metal roofing, as shown in 

Figure 3. These roof types were selected 

because they are commonly used in 

Indonesia. 
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After each type of roof was coated 

with RCP, testing was conducted under 

direct sunlight by comparing coated and 

uncoated roofs, as shown in Figure 4. The 

testing was limited to a single piece or a 

small section of each roof type, rather than a 

full-scale house roof with a large area. A 

whole clay roof tile was used, while the 

corrugated metal roofing and stone-coated 

metal roofing were cut to a size of 17 cm x 

10 cm to optimize the use of materials for 

RCP preparation. 

  
(a) (b) 

 
(c) 

Figure 4. Illustration of (a) corrugated metal roofing, 

(b) clay roof tiles, (c) stone-coated metal roofing 

coated with RCP and uncoated for testing 

The testing was conducted during the 

daytime, from 09:30 AM to 02:30 PM, in an 

open area when solar irradiation was high. 

The data collected included the backside 

temperature of the corrugated metal roofing, 

clay roof tiles, and stone-coated metal 

roofing, both with and without RCP coating. 

Data were recorded every two minutes 

throughout the testing period. The collected 

data were then processed using Equation (2) 

to determine the average temperature 

reduction achieved by RCP on the three roof 

types, providing an overview of its 

temperature reduction performance. 

∆TAvg = 
1

n
 ∑ (TWith RCP, i - TWithout RCP, i)

n

i=1

 (2) 

where ΔTAvg is the average 

temperature reduction, n is the number of 

temperature measurements, and T is the 

backside surface temperature of the building 

roofs.  

3. Result and Discussion 

 
(a) 

 
(b) 

 
(c) 

Figure 5. (a) corrugated metal roofing, (b) clay roof 

tiles, (c) stone-coated metal roofing, coated with 

RCP and uncoated 

Figure 5 shows the three types of 

building roofs, corrugated metal roofing, 
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clay roof tiles, and stone-coated metal 

roofing, both with and without RCP coating.  

The testing under direct sunlight is 

presented in Figure 6. 

 

Figure 6. Testing under direct sunlight 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 
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(f) 

Figure 6. Temperature data from the testing results 

(day 1 & 2)  for (a-b) corrugated metal roofing, (c-d) 

clay roof tiles, and (e-f) stone-coated metal roofing 

The backside temperature data of the 

three roof types from the testing results are 

presented in Figure 7. The tests were 

conducted twice, on December 7 and 8, 

2024. 

The average temperature from the 

test results on corrugated metal roofing, clay 

roof tiles, and stone-coated metal roofing is 

presented in Table 1. 

Table 1. The average temperature of corrugated metal 

roofing, clay roof tiles & stone-coated metal 

roofing 

Roof type 
Average temperature 

Without RCP With RCP 

Corrugated 

metal 

roofing 
44.7 ºC 38.7 ºC 

Clay roof 

tiles 47.5 ºC 41.1 ºC 

Stone-

coated 

metal 

roofing 

55.1 ºC 41.0 ºC 

Before discussing the temperature 

reduction performance of RCP, it can be 

observed from Table 1 that stone-coated 

metal roofing without RCP has the highest 

average temperature compared to 

corrugated metal roofing and clay roof tiles. 

Stone-coated metal roofing is made of thin 

metal sheets (typically galvalume steel or 

zincalume) with a sand layer on top. These 

thin metal sheets have high thermal 

conductivity (around 50 W/m.K), allowing 

heat to be quickly conducted throughout the 

material. The sand layer, on the other hand, 

has low thermal conductivity 

(approximately 0.2 - 0.7 W/m.K [16]) and a 

high specific heat capacity (around 703 

J/kg.K [16]), along with low diffusivity. As 

a result, heat from solar irradiation tends to 

be stored for a longer period in the sand 

layer. This leads to an accumulation or 

trapping of heat between the thin metal 

sheets and the sand layer, causing stone-

coated metal roofing to have a relatively 

higher overall temperature. 

Corrugated metal roofing has 

relatively high thermal conductivity (around 

60 - 65 W/m.K [17][18]) and relatively low 

specific heat capacity (around 465 J/kg.K 

[17]), with relatively high diffusivity. This 

allows it to absorb and release heat quickly, 

making it more sensitive to environmental 

changes, without the heat accumulation or 

trapping observed in stone-coated metal 

roofing. This behavior can be seen in the 

temperature graph from the testing results in 

Figure 7a-b, where the temperature of 

corrugated metal roofing tends to fluctuate 

more. 

In contrast, clay roof tiles have low 

thermal conductivity (around 0.7 W/m.K 

[19]) and high specific heat capacity (around 

880 J/kg.K [20]), with low diffusivity. As a 

result, they absorb and release heat more 

slowly and are relatively less sensitive to 

environmental changes. This is evident in 

the temperature graph in Figure 7c-d, where 

the temperature of clay roof tiles fluctuates 

less. However, heat tends to be stored and 

retained for a longer period, causing the 

overall temperature of clay roof tiles to be 

higher than that of corrugated metal roofing. 

From the temperature reduction 

performance of RCP, it can be observed 

from Figure 7 that corrugated metal roofing, 

clay roof tiles, and stone-coated metal 

roofing coated with RCP have lower 

temperatures compared to those without 
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RCP. Considering the temperature 

reduction, defined as the difference between 

the temperatures of roofs coated with RCP 

and those without (used as the reference), 

the results are presented in Figure 8. 

 

Figure 8. Average and maximum temperature 

reduction results from the testing 

RCP can reduce the temperature of 

the object it coats due to factors associated 

with the pigment, in this case BaSO₄. The 

factors associated with the pigment include 

the band gap, refractive index, and pigment 

color. 

The band gap represents the 

minimum photon energy required to transfer 

an electron from the valence band to the 

conduction band, which is related to a 

material’s ability to absorb solar irradiation. 

If the band gap of a material is smaller than 

the photon energy carried by solar 

irradiation, the material will more easily 

absorb solar irradiation [21]. Conversely, if 

the band gap of a material is larger than the 

photon energy carried by solar irradiation, 

the material will be less able to absorb solar 

irradiation. Solar irradiation reaching the 

Earth’s surface carries photon energies in 

the range of 0.5 eV–4.1 eV (wavelengths of 

0.3–2.5 µm). BaSO₄ pigment has a band gap 

value of approximately 6 eV [22], which is 

higher than the photon energy carried by 

solar irradiation, and therefore tends to be 

less able to absorb solar irradiation. 

Then, the refractive index affects the 

extent to which light/electromagnetic waves 

are bent when passing through a medium. 

The higher the refractive index, the more the 

light/electromagnetic waves, or in this case 

solar irradiation, are bent, making solar 

irradiation more effectively reflected. 

BaSO₄ pigment has a relatively high 

refractive index of about 1.6 [23]. 

The color of an object or surface 

affects its absorptivity toward solar 

irradiation. BaSO₄ pigment has a white 

appearance, where the white color has the 

lowest absorptivity toward solar irradiation 

compared to other colors [24]. 

From Figure 8, it can be seen that the 

highest temperature reduction achieved by 

RCP occurred on stone-coated metal 

roofing, with average and maximum 

reductions of 14.1 °C and 26.2 °C, 

respectively. The use of RCP is considered 

more effective on stone-coated metal 

roofing, as the average temperature 

reduction is approximately twice that 

observed on corrugated metal roofing (12.0 

°C) and clay roof tiles (9.7 °C). This can be 

explained by the fact that a portion of the 

incoming solar irradiation on stone-coated 

metal roofing is reflected by the RCP, 

thereby reducing the amount of heat stored 

in the sand/stone layer and resulting in a 

significant temperature reduction. 

When expressed as a percentage, the 

average temperature reduction, the 

difference between RCP coated and 

uncoated roofs, is 13.1% for corrugated 

metal roofing, 13.3% for clay roof tiles, and 

24.7% for stone-coated metal roofing. For 

corrugated metal roofing and clay roof tiles, 

the results indicate similar average 

reductions. Although the temperature 

reductions on these two roof types are not as 

large as those observed for stone-coated 

metal roofing, the use of RCP on both 

remains worthwhile to consider. 

 

4. Conclusion 

Based on the test results under direct 

sunlight using an RCP sample made from 

barium sulfate pigment with a pigment 

volume concentration of 60%, applied to 

corrugated metal roofing, clay roof tiles, and 

stone-coated metal roofing compared to 

their uncoated counterparts, the average 
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temperature reductions obtained were 6.0 °C 

(13.1%) for corrugated metal roofing, 6.4 °C 

(13.3%) for clay roof tiles, and 14.1 °C 

(24.7%) for stone-coated metal roofing. 
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