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Sanitaryware is a specific type of ceramic product that holds significant 

importance in the worldwide ceramics industry. On a global scale, the 

sanitaryware industry's annual production capacity gradually increased from 

352.76 to 391.75 million PCs per year in 2019 to 2021. However, around 

28.22 to 30.55 million PCs of these become rejected products, wherein it has 

including non-biodegradable waste. This study aims to examine the potential 

of ceramics sanitaryware waste as an admixture material in cooling paint 

products to mitigate the global warming impact and promote environmental 

sustainability. The techniques employed involve the combination of ceramics 

sanitaryware waste in diverse compositions embedded into the acrylic paint, 

subsequent applications were coated into substrates. Furthermore, 

measurements were carried out encompassing chemical, physical, and 

performance analysis. The findings of X-ray fluorescence analysis indicate 

that ceramics sanitaryware waste is predominantly composed of SiO2 and 

Al2O3 over 90% with Mullite and Quartz as the major compounds in X-ray 

diffraction. The density and acidity resulted in > 1.1 g/cm3 and >7. The solar 

reflectance achieved an average thermal performance of 91.12%, while the 

thermal emittance achieved a thermal performance of 98.50%. Heat 

resistance has resulted in a maximum reduce temperature of -8.5⁰C indoors 

and -10.5⁰C outdoors. The thermal images have shown that ceramic 

sanitaryware waste can reflect sunlight average of > 9⁰C compared with 

ambient. Moreover, in terms of efficiency, cooling paint made from ceramics 

sanitaryware waste could be estimated to yield energy savings between 25.5% 

to 31.5% and reduce CO2 emissions around 0.0384 KgCO2eq /0C. The study 

revealed that it can be demonstrated that Ceramics Sanitaryware Waste has 

significant potential as admixture materials in cooling paint as an alternative 

solution to combat the heat phenomenon in urban areas and lessen the impact 

of climate change and global warming. 
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1. INTRODUCTION  

Ceramics is a term that refers to inorganic material and non-metallic substances that are generally made 

from clay or silicate materials wherein these materials are shaped using a specific technique and through a 

high-temperature combustion process to give those products maturity [1,2].  In addition, The term "ceramics" 

originates from the Greek word "keramikos," which defines the art of pottery [3,4]. Moreover, Ceramics have 

been utilized in diverse applications owing to their multitude of exceptional qualities, including elevated 

mechanical strength and hardness, reduced thermal conductivity, and superior resistance to wear and corrosion 

[5]. Sanitaryware products are one of the categories of ceramics which are made from inorganic compounds as 

raw materials such as clays, feldspar, kaolin, quartz, and calcium carbonate then cast into gypsum and dried 

and fired at a high temperature of around 1200-1250°C [6,7]. Moreover, Sanitaryware refers to the many 

mailto:narin.boo@mahidol.ac.th


ISSN: 2829-0747 AASIC X 2024 GMPI Conference Series 11 

  Vol. 3, May 2024, pp. 10-24 

 

 

 

fixtures and fittings used in bathrooms or restrooms, such as toilets, washbasins, pedestals, bidets, and urinals 

[8,9]. 

Generally, the ceramics industry is commonly classified into two overarching areas that encompass 

conventional ceramics such as tiles, bricks, sanitaryware, and tableware, and advanced ceramics such as bio-

ceramics, ceramics electronics and nano ceramics coating [2]. According to Ceramics world Review in 2022, 

regarding to conventional ceramics industry, annual tiles production capacity is around 18,339 million m2, 

sanitaryware products around 3,9 million tons (estimated 390 million pcs) [10,11]. However, in terms of 

sanitaryware, around 5 % to 8 % of rejected products result from final production in the manufacturer of 

sanitaryware products [12] especially and the construction sector is accountable for a significant portion, 

specifically 25%, of global solid waste production, with ceramic waste being the primary contributor to this 

statistic [13]. 

In terms of handling ceramic sanitaryware waste (CSW), some manufacturers have tried to carry out a 

circular economy approach particularly in re-use as raw materials in the production process, nonetheless, less 

than 5% of that waste can be used as raw material in sanitaryware production itself. Another effort is recycling 

CSW as an admixture in concrete, ceramic tiles, brick products, catalyst, and cement factories [14–18]. 

however, due to the less effective and need for cooperation with other participants, most of the waste is dumped 

into landfills. On the contrary, CSW includes non-biodegradable waste due to the length of decomposition of 

this waste around 4,000 years, and disposing of that waste will be a significant problem in the environment 

such as soil problem and groundwater pollution [19]. 

According to this situation, we need to find another alternative solution in order to manage of CSW 

become more valuable, more option, and give more beneficial particularly in ceramics industry and all relate 

stakeholder to support circular economy concept in industry as well as one of mitigation process to reduce 

climate change impact that already happening now such ass global warming by increasing Emission of CO2 

around the world. Therefore, the focus of this research will emphasize reducing heat temperature in the building 

for supporting on green building concept that is as radiative cooling materials [20,21].  

The purpose of this study is to investigate of utilizing CWS as an admixture in cooling paint products 

as an eco-friendly sustainability building approach, to reduce heat transfer from outside to inside areas or 

enhance heat resistance. Owing to CSW content high number of ceramics minerals oxide such as silica and 

alumina compounds, therefore it can be used as a coating agent and enhance their durability to heat resistance 

such as cooling paint products [22,23]. In addition, to address the heat island phenomenon and mitigate the air-

conditioning load, the application of materials with high solar reflectance, commonly referred to as cooling 

materials, is employed on building exteriors and road surfaces [24,25]. 

 

2.   RELATED WORKS 

The ceramic sanitaryware industry worldwide produces a significant quantity of solid waste. The 

recycling of ceramic waste is a vital approach to guarantee their proper disposal. In term of research of the 

utilization of ceramics CSW, there are several studies in literature dealing with these wastes. The results of the 

mechanical properties of CSW showed that the variation of ceramic CSW is better than fly ash and can improve 

strength development well (17). Some researchers have successfully investigated the use of CSW in the 

recycling process such as in concrete products wherein replaced natural sand and gravel with CSW aggregates 

and observe after firing 1000 ͦC, the loss of strength  was similar to that registered for other types of concrete 

even some parameter indicate better instead of prior [26]. In cement production, found that CSW can add as 

raw material with blend 10 to 25% due to pozzolanic activities was feasible [27] . 

CSW has a high number in permeability number due to low water absorption below 0.50 % wherein it 

can enhance mechanical properties if used as mortar or concrete and another advantage of this waste is the high 

number of SiO2 which signifies that waste has better pozzolanic reactivity so that can be harness as a binder as 

well in mortar or concrete product [28]. L.G Li et al, 2019, conducted research of ceramics waste, there are two 

categories of utilizing this waste in case of concrete and mortar products that is a replacement in cement and 

replacement in aggregate through identifies the replacement of paste in mortar products with change 

composition of cement, water by adding ceramics waste in certain parts. The result revealed that utilizing 

ceramics waste as paste can reduce cement content till 33% and enhance compressive strength until 85% [29]. 

M.H Roushdy, 2022 try to investigate the feasibility of utilizing CSW gypsum mold wherein high content of 

Calcium oxide (CaO) as a heterogeneous catalyst in biodiesel synthesis and the result revealed that the biodiesel 

product from this catalyst has met all requirements of related standards. Nevertheless, its CaO from CSW mold 

cannot be reuse as catalyst in next process [30].  

Based on previous research, it has been proven that CSW can be utilized to become a more valuable 

product rather than disposed into landfill areas. Nevertheless, the research showed only a few numbers can be 

utilized as substitution materials. in this research, the author plans to find other alternatives how to utilize CSW 

to obtain more benefits such as can reduce of natural raw materials as well as reducing global warming effect. 
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Therefore, in this research, the author tries to investigate the utilization of CSW as an admixture in cooling 

paint product to reduce heat transfer from outside to inside to keep room more comfortable naturally without 

increasing energy consumption. 

 

3. METHODS  

3.1. Preparation of Coating materials 

 First of all, the Sanitaryware waste collected from the manufacturer in dry condition is crushed 

gradually by the hammer to reduce size between 5 cm to 10 cm and subsequently reduced by crushing machine 

into grain sizes 1 mm to 5 mm).  the last step reduces the particles using a milling machine until less than 0.25 

mm or passes from size 60 mesh, 120 mesh, 200 mesh, 230 mesh, 270 mesh, and 325 mesh tools. Subsequently, 

commercial emulsion paint was prepared by the supplier with white color as a based paint as well as 

commercial cooling paint product as a reference, and the de-mineral water was prepared by the supplier. The 

last one is the substrate panel or application materials prepared using Aluminum, Glass, Hardboard, or Wood 

panel following the ISO 1514 series [31]. Furthermore, every single fine material of CSW was added in the 

same portion to the commercial acrylic paint with additional Demin water as dilution. Afterward, all samples 

are homogenous then poured into the container and applied to every substrate. 

 

3.2. Instrument and Characterization 

The morphology of the sample CSW was observed by Particle Size Analyzer Horiba Partica Mini Series 

LA 350. The chemical analysis was performed by XRF Bruker S8 Tiger and XRD Bruker D8 Discover series. 

Physical Analysis was performed by Pycnometer glass and analytical balance for density and pH meter Mettler 

Toledo for acidity. The heat resistance was observed by thermocouple digital type K, Manual Data logger 

temperature and IR lamp for indoor measurement with a simulation box size 21.5 cm x 15.5 cm x 10.5 cm 

made from polystyrene materials. The solar reflectance was measured by Spectrophotometer UV-VIS-NIR 

Perkin Elmer brand series Lambda 950 from 2500 nm to 300 nm with an integrated sphere for the sample 

holder. The thermal emittance was analyzed by FTIR Microscope Thermo-Scientific type Nicolet iN10MX 

between selected wavelengths from 8 µm to 13 µm. The thermal Images were carried out by Thermal Imager 

Mileseey brand series TR 256.  

 

3.3. Methodology  

Firstly, CSW powder which is distinguished by meshing size passes 0.25 mm, 0.125 mm, 0.074 mm, 

0.063 mm, 0.053 mm, and 0.044 mm respectively, in the other hand use 60, 120, 200, 230, 270, and 325 mesh 

number. Subsequently, all those samples performed chemical analysis using X-ray diffraction, X-ray 

fluorescence, and Particle Size Analyzer measurements following each method in that instrument.  

Secondly, in different parts, every single fine particle weighed around a 15% weight ratio and mixed 

with the acrylic paint by adding demineralized water as a diluter as around a 10% weight ratio. Furthermore, 

all samples were stirred using a mixer until homogenous. Afterward, the vacuum chambers were used to 

minimize the bubble in the sample solution around. For commercial cooling paint made by change of acrylic 

paint to commercial cooling paint. Subsequently, all samples were conducted performance test encompasses 

acidity test, density test, heat resistance test, solar reflectance test, thermal emittance test, and thermal images 

test respectively. Moreover, in terms of performance test such as heat resistances and thermal images was used 

different substrate including Aluminum, Glass, and Hardboard. Finally, the result of heat resistance was 

estimated to measure the energy saving of cooling paint in reduction of electricity usage as well as estimated 

its reduction of CO2 emission. 

 

4. RESULTS AND DISCUSSION  

4.1. Chemical Analysis 

4.1.1. Particle Size Analysis 

Particle size analysis is a technical method used to precisely determine the distribution of particle sizes 

in many phases of a system including powder, aerosol, suspension and many others in liquid [32]. The principle 

of this analysis is material distributed in a liquid or gas and passed through a monochromatic light source (laser) 

wherein multi-element detectors measure the scattered light from particles at different angles and store 

numerical data for analysis [33]. Furthermore, using an optical model and mathematical technique, the 

numerical scattering data are translated into a volumetric particle size distribution (PSD), which represents the 

proportion of the total volume of particles to discrete size classes (ISO 13320:2009) [32]. In this research, 

particle size analysis was conducted by using Laser diffraction method to evaluate the uniformity of particles 
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based on their size [34]. This method applicable from 0.1 – 1000 um and according to ISO 13320: 2009. The 

result shown in Figure 1 as follow: 

 

 
Fig. 1. Particle size distribution of CSW in certain sieve measurement 

According to Table 1, the value of diameter on distribution particle size is indicated by mean number, 

not by median. The mean value is similar to the concept of average while the median just shows the middle 

point of the data [35]. Nevertheless, it is crucial to thoroughly assess the essential factors related to laser 

diffraction particle size analysis, including dispersant, stirring rate, refractive index, and absorption index [34]. 

In addition, it shows that PSA analysis can be more accurate in showing the number of size particles than sieve 

measurement, for example in sieve measurement with 200 mesh was indicated that the particle distribution will 

be lower than 75 microns whereas in PSA analysis result can be mentioned that the particle size of CSW 200 

mesh was 43.87 microns. 

 

Table 1. Result of Measurement Distribution of Particle size of CSW 

No CSW size Mode (μm) Median (μm) Mean (μm) 

1 60 mesh 186.25 171.96 180.82 

2 120 mesh 103.67 89.00 82.32 

3 200 mesh 71.93 37.27 43.87 

4 230 mesh 18.53 15.84 19.32 

5 270 mesh 16.17 12.78 16.51 

6 325 mesh 14.19 11.16 16.08 

 

4.1.2 X-ray Diffraction (XRD)  

X-ray diffraction (XRD) is a non-destructive method used to analyze a diverse range of materials like 

phase composition, structure, texture, and many more of powder samples, solid or even liquid samples [36]. 

XRD is commonly used for the determination of crystal structures. Identification of phases and unknown 

substances [37]. Moreover, X-ray diffraction has become a prevalent method for investigating crystal structures 

and the distances between atoms by comparing an unknown result of the X-ray diffraction pattern with its 

reference in the database [38] . X-ray diffraction relies on the phenomenon of constructive interference between 

monochromatic X-rays and a crystalline sample [39]. 

In this research, the sample prepared by different particle sizes commence by 60, 120, 200, 230, 270, 

and 325 mesh, respectively from 10 degree to 90 degrees of theta continuously. The result shows as follow : 
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Fig. 2. XRD result of CSW samples in different particle sizes 

 

In Figure 2 depicts of diffractogram or pattern phase of CSW samples from 10 to 90 degree in 2theta 

and the result show that after comparing with the database of pattern, these peaks of pattern have similarity 

with a peak of Mullite mineral with pattern PDF-01-0769282 and Quartz Mineral with pattern PDF 01-089-

2814.The content of Mineral Mullite and Quartz in Sanitaryware waste in this result same as the previous 

research related to CSW such as T.H Silva et al, 2019 revealed that the biggest content of CSW in minerals is 

Mullite and Quartz. M.H Rousdy, 2019 has proved that the mineralogy of Sanitaryware waste is mostly 

composed of Quartz and Mullite added with other compounds such as Calcite (CaCO3), Albite (AlSi3O8) and 

Ortho class K ( Al.FeSi2O8) [15,40]. 

 

4.1.3 X-ray Fluorescence (XRF)  

X-ray fluorescence (XRF) is an analytical technique used to ascertain the chemical composition of 

various materials in wide range of samples including solids, powders, liquids, filtered substances, and other 

forms [41,42]. Generally, this method were quick, good in precision, and non-destructive to the samples 

including cement, metals, oil, polymer, plastic, food industry, and waste materials as well as could be used to 

analyze of thickness and content of coating and layer [43]. Generally, XRF analysis is divided into two main 

classes namely Energy Disperse system X-ray (EDX) and Wavelength Disperse system X-ray (WDXRF) either 

in qualitative or quantitative measurement [42] . 

In this research, XRF were used is WDXRF to CSW sample representative with particle size 200, 270, 

and 325 mesh, respectively. The results show in Table 2 as follows: 

 

Table 2. Chemical Composition of Ceramics Sanitaryware Waste 

Sample size SiO2 Al2O3 K2O Na2O Fe2O3 CaO MgO TiO2 ZnO Total 

200 mesh 67.50 23.20 2.67 2.44 1.46 1.47 0.66 0.34 0.30 100 

270 mesh 67.50 23.20 2.83 2.35 1.60 1.34 0.62 0.34 0.27 100 

325 mesh 67.20 23.40 2.95 2.23 1.65 1.34 0.62 0.36 0.25 100 

 

Based on Table 2, it can be seen that the major component or oxide in whole the CSW samples consist 

of Silica Oxide and Alumina Oxide around 90.6 to 90.7 %. Those oxides appear owing to mostly raw materials 

of Sanitary ware products come from clays, feldspar, quartz, and kaolin wherein these compounds consist of 

high contents of silica and alumina oxide from nature [8]. Moreover, the XRF result of CSW has been done by 

other researcher in ceramics and that result indicated similarity even conduct in different samples. For example 

B.Tarhan et al. 2017 revealed that XRF analysis for CSW majority consist of SiO2 68.59% and Al2O3 21.96%   

[44]. I.I. Attabey et al. 2022 revealed that CSW consist of major oxide SiO2 66.32% and Al2O3 27.86% [23]. 

Moreover, T.H Silva et al. 2019 done testing Sanitaryware waste using XRF and revealed that SiO2 is 64.53% 

and Al2O3 21.47% [40]. Therefore, based on the research almost all show that the silica and alumina oxide on 

CSW has more than 85%. 

 

4.2 Physical Analysis 

4.2.1 Acidity 
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In organic chemistry particularly, there are many reactions related the acidity and basicity. The term of 

Acidity based on Bronsted theory defined as the ability of the compound to donate the proton or proton donor 

whereas the Basicity is ability of the compound to accept the proton or proton acceptor [45,46]. In addition, 

another theory from Lewis said that Acid is the ability of a compound to accept an electron pair and Base is 

the ability of the compound to release an electron pair  [47].  

In this research, the measuring acidity and basicity was conducted by pH Meter digital from Mettler 

Toledo brand, the result is show in Figure 3 as follows: 

 

 
Fig. 3. Acidity of CSW samples in different particle sizes 

 

 Based on Figure 3, increasing the particle size of CSW will gradually increase the value of acidity. 

However, the value of acidity remains in the range of standard pH of Paint products between 7 to 9 according 

to paint and varnish standards regulation since the alumina and silica oxide effect is tend to balance of pH value 

between 6.8 – 7.8 and 4 – 9 respectively [48]. 

 

4.2.2 Density 

According to the American Society for Testing Materials (ASTM) D-1475 Density of material such as 

paint product is the mass or weight in vacuo of unit volume of liquid at any given temperature (gram per cubic 

centimeter) [49]. Subsequently, ISO 2811: 2016 also defines the same terminology of Density in Paint or 

varnish products namely the mass of those products in grams divided by the volume of a portion of materials 

in cubic centimeters.  Both of those standards use the pycnometer method in terms of measurements [50].  

In this research, the density was conducted by using the pycnometer method, especially in glass 

pycnometer and analytical balance with a precision of 0.1 mg for all variations of sample. The result can be 

shown in Figure 4 as follows: 

 

 
 Fig. 4. Density of CSW samples in different particle sizes 

 

Based on Figure 4, the density value of all CSW samples was above the standard value (gathered both 

from the national standard of Indonesia or SNI and the product standard itself) is more than 1.1 g/cm3. This 

means that the density of CSW was acceptable if applied in the paint product due to there is not mentioned the 

upper level of density in the paint. Moreover, it can be illustrated that the more CSW, the more density increases 

 

4.3 Performance Analysis 

4.3.1 Heat Resistance Test 

8,02 8,13 8,26 8,24 8,34 8,32 8,34 8,32

6,50

7,00

7,50

8,00

8,50

9,00

9,50

CP+0 GP+0 GP+60 GP+120 GP+200 GP+230 GP+270 GP+325

p
H

 

CSW Variation

ACIDITY (pH)

GP = general paint ; CP = cooling paint

Standard upper level

Standard lower level

1,18

1,15

1,22 1,22

1,17

1,21
1,23

1,21

1,00

1,05

1,10

1,15

1,20

1,25

CP+0 GP+0 GP+60 GP+120 GP+200 GP+230 GP+270 GP+325

D
en

si
ty

 (
m

g
/L

)

CSW Variation

DENSITY OF CSW

GP = general paint; CP = cooling paint

Standard level



16 AASIC X 2024 GMPI Conference Series ISSN: 2829-0747 

 Vol. 3, May 2024, pp. 10-24 

 

 

Heat resistance refers to the material or substrate that can be able to maintain its properties both physical 

and mechanical at a certain time [51]. In addition, Thermal resistance is a measure of the level of difficulty in 

conducting heat. Thermal resistance is defined as the ratio of the temperature difference between two specific 

points to the heat flow between those points (the quantity of heat transferred per unit time). This implies that 

when the thermal resistance increases, the conductivity of heat becomes more challenging, and conversely [52]. 

Heat resistance of cooling paint materials in this research were investigated under two conditions measurement 

that is indoor and outdoor experiments wherein in terms of indoor areas, the light source was simulated by the 

infrared lamp with a dimmer which allowed for control of the intensity of the light close to the real conditions. 

The result of indoor experiment shows in Figure 5 as follow: 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

(c) 

Fig. 5 Heat resistance of Indoor experiment (a) aluminum substrate, (b) glass substrate, and (c) hardboard 

substrate 

 

According to Figure 5, every single variation of the substrate had given different value of the heat 

resistance, however, in general, increasing fine particles of CSW materials in cooling paint could gradually 

rising the ability to reflect heat from outside to inside owing to high content of Silica oxide in CSW wherein 

this oxide has been discovered to exhibit a high level of infrared emissivity and can serve as durable cooling 

materials [53]. In terms of the substrate materials, Aluminum selected due to possess high reflectivity material, 

glass substrate in the middle value of reflectance and hardboard possesses low of reflectivity. The result shown 

that variation of substrate has no significant effect to the value of heat resistance in indoor condition. Moreover, 

the highest value on heat resistances such as in Aluminum substrate and Glass substrates, CP+0 is the highest 
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with can reduce as amount 8.5⁰C and 8.4⁰C respectively, whereas Hardboard substrates have the best value 

with 8.5⁰C on GP 325.  

Subsequently, in terms of measurement of heat resistance in outdoor conditions, the sample lies in the 

rooftop of Building 1 Faculty of Environment and Resources studies Mahidol University, Thailand with 

latitude 13⁰47’41” N, longitude 100⁰19’19”E  in vertical direction to simulate a wall in the building from 9.00 

am to 3.00 pm with the sun radiation as the source of light during December 2023. The thermocouple type K 

with temperature logger was used inside the polystyrene box to measure the temperature inside of the wall. 

Each variation of samples were test divided based on increasing fine particles of CSW. The result shows in the 

Figure 6 as follow: 

 

 
(a) 

 

 

(b) 

 

(c) 

Fig. 6. Heat resistance of outdoor experiment (a) aluminum substrate, (b) glass substrate, (c) hardboard 

substrate 

Figure 6(a) to 6(c) shown that in terms of increasing fine particles, there were variations in the number 

of heat resistance between ambient temperature and inside the sample simulation wherein it shown that 

increasing fines particle will enhance reflectivity in cooling materials due to its better in scattering in the light 

[54].  In addition, the heat resistance outdoor were higher than indoor condition owing to the ambient 

temperature in outdoor direct to heat by sunlight. Moreover, heat resistance in outdoor has discrepancy within 

each sample owing to some factor uncontrollable such as number of solar radiations high of wind speed and 
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cloud shadow which is different from each day. However, based on the experiments, the highest value of heat 

resistance in outdoor conditions was in the same variations i.e. GP 325 on all substrates with average values of 

10.5⁰C, 10.4⁰C, and 9.9⁰C on Aluminum, Glass, and Hardboard substrates respectively. 

  

4.3.2 Solar Reflectance Test 

Solar reflectance, also known as albedo refers to the proportion of sunlight that is directly reflected back 

into atmosphere from the materials surface or clouds [55]. In addition, a higher score of solar reflectance 

indicates a greater ability of the roof to reflect solar energy [56]. The measurement of solar reflectance were 

conducted with wavelength from 300 nm to 2,500 nm on glass substrates to represent other substrates following 

ISO 9050 series [57].  The result shown in Figure 7 as follows: 

 

 
Fig. 7. Solar Reflectance of CSW Variation of fine particle 

 

Based on Figure 7 it can be seen that the solar radiation spectrum generally divided into three zone of 

wavelength encompass  UV wavelength (250 – 380 nm),Visible wavelength (380 – 760 nm), and Near Infrared 

wavelength (760 – 2,500 nm) [20]. Moreover, the value of reflectivity gradually decreases by increasing fines 

particles of CSW. It occurring owing to the brightness of sample were gradually reduce from clear white (in 

GP+0 and CP+0) to slightly grey white in GP+60 to GP+325. In the other hand it indicates that the tint strength 

of white color in the cooling paint decreases by increasing CSW. Hence, the increment of CSW will affect 

decreasing the value of solar reflectance due to CSW have grey color in powder. It can considers to combine 

other materials which is has high number of reflectivity owing to the color of radiative paint  has exerts a more 

significant influence on the optical reflection [58]. However, all the values solar reflectance in this cooling 

paint remain above the standard Solar reflectance value i.e. more than 80% [59]. 

 

4.3.3 Thermal Emittance Test 

Thermal emittance also known as thermal emissivity is a terms that refer to the ratio of thermal radiation 

in certain materials that can be emitted into the environment or atmosphere [60]. In addition, A.L. Pisello et al 

2015 said that thermal emittance is defined as the ability of a surface to radiate absorbed heat back into the 

environment in the same temperature and bandwidth [61,62]. This property is quantified by a numerical value 

ranging from 0 to 1 which illustrates the relative emittance in comparison to a blackbody. 

In this experiment, thermal emittance was gathered through measurement FTIR Microscope 

Spectrometer with the sample Aluminum plate as background and wavelength range selected between 8,000 

to 13,000 nm following internal method of the instrument with Aluminum plate as a background and Aluminum 

substrate as a base coating. The result shown in Figure 8 as follows: 
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Fig. 8. Thermal Emittance or Emissivity of CSW in Increasing Fine Particles 

 

According to Figure 8. above it can be seen that increasing the fine particle of CSW to Cooling paint 

has increase the value of thermal emittance compared with no addition (GP+0 and CP+0). It’s because the 

Silica content in CSW has improved emissivity of cooling paint. Moreover, B.Ma et al ,2023 said on his 

research that particles composed of silica (SiO2) exhibit a significant inherent ability to emit radiation within 

the wavelength range of 8–13 um, which aligns with the atmospheric transparent window (ATW) [53]. Hence, 

It also means that effect of CSW in cooling paint could enhance the ability of absorption of cooling paint to 

emit the heat from inside to the atmosphere. Furthermore, based on this research, the highest value of average 

number of increment fine particles occurs in GP 200 with a value of 98.50%.  

4.3.4 Thermal Images Test 

Thermal image also known as thermography is a method in which a thermal camera captures and 

produces an image by detecting and utilizing infrared radiation emitted by an object [63]. Thermal imaging has 

been employed over the past five decades as a non-intrusive, contactless, and replicable method for evaluating 

the temperature distribution of objects with temperatures above absolute zero [64]. The thermal images 

produced offer a visual representation of the building's structure, the surrounding surroundings, and other 

components of the construction. Additionally, they can also display the surface temperatures at specific 

locations [65]. In this research, thermal images were conducted in day time in the rooftop of Building 1 Faculty 

of Environment and Resource Studies, Mahidol university, Thailand. The result of the measurement of thermal 

images is shown in Figure 9 as follows: 
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(b) 

 

 
(c) 

 

Fig. 9. Discrepancy of thermal image surface (a) aluminum substrate, (b) glass substrate, (c) hardboard 

substrate 

According to Figure 9, it can be seen that there are experiencing temperature differences for surface 

temperature of each sample to the ambient temperature around the samples. This variation occurred owing to 

some factor which uncontrollable during the outdoor measurement including cloudy cover the sun radiation, 

wind speed variation, and the solar angle to each sample. Moreover, this result along with solar reflectivity 

measurement wherein addition of CSW gradually reduce the reflectance number in visible and near infrared 

band. Furthermore, it can be depicted that among of substrate, the glass substrate has highest temperature than 

other its indicates that glass was better as adsorption material instead of aluminum and hardboard. 

Subsequenlty, the surface temperature shown that highest temperature difference was 10.9⁰C on GP+120 in 

aluminum substrate whereas glass and hardboard substrates were 14.7⁰C and 13.1⁰C on GP+0 and CP+0 

respectively. 

 

4.4 Energy saving and reduction of CO2 emission 

Radiative cooling (RC) material is an energy-efficient and environmentally friendly material that has 

gained significant interest in recent years owing to it can prevent heat absorption by reflecting sunlight in the 

range of 0.3 to 2.5 µm. Additionally, it may emit its heat to the cold outer space through the atmosphere 

transparent window (ATW) which operates in the range of 8 μm -13 μm, all without requiring any energy 

expenditure [66]. In accordance with a simulation of energy usage in a standard office building equipped with 

central air-conditioning, it has been determined that for every 1⁰C increase in temperature setting, there is a 

corresponding decrease of around 3% in electricity consumption by the air-conditioning system [67]. In 

addition, Thomas Lawrence from University of Georgia (UGA) research also said that every single degree 

(1⁰C) adjustment in a thermostat setting corresponds to around a 3% rise in energy conservation when 

compared to typical settings [68] . Moreover, S.Guo et al, 2019 said that decreasing 10C of temperature air 

conditioner has generated variation of energy saving in different cities, such as in Hotter city of China was 

reached as around 11.5% per years and 41.1% in cold city [69]. Therefore, it can be calculated if assumed 

reduction 1⁰ has 3 % energy saving, hence, the energy saving of eco-cooling paint from SWP when reduction 

temperature reaches 8.50C and 9.90C are between 25.5% to 29.7% respectively.  
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In terms of reduction of CO2 emission, as aforementioned previously, significant energy use necessitates 

the conversion of a substantial quantity of fossil fuels into electricity, resulting in the release of greenhouse 

gases, particularly CO2, which will accelerate global warming. Consequently, the majority of nations have 

adopted diverse strategies and policies to decrease the consumption of energy in buildings and the release of 

carbon emissions. For example, in Thailand in 2018, electricity consumption in household reach 35,624 GWh 

wherein air conditioner demand as reach 9,440 GWh or 26.50 %. In other words, the CO2 emission has reached 

4.53 MtCO2 with emission factor 0.48 tCO2/MWh [70]. In addition, according to research from Metropolitan 

Electricity of Authority of Thailand (MEA) Thailand in 2021, it revealed that every single degree Celsius of 

reduction temperature if Air Conditioning, the consumption of electricity about 0.08KWh [71].  Therefore, it 

can be calculated based on energy saving electricity that reduction CO2 emission for every single degree is 

0.0384 kgCO2 eq or if reduction temperature in this result obtained -8.50C to -10.50C then, the reduction of CO2 

emission around 0.3264 to 0.4032 kgCO2 eq / KWh. 

 

5. CONCLUSION 

In this research, the eco-cooling paint product was investigated by adding CSW as an admixture material 

in different fine particle sizes of CSW and apply the coating into three kinds of substrate including Aluminum, 

Glass, and Hardboard panel by paint brush, roller brush, and scrapper tools until obtained the same thickness 

on each panel around ± 0.5 mm. The chemical analysis, physical analysis, and performance analysis can be 

concluded that chemical analysis shown that XRF analysis indicates that CSW has a high number of Alumina 

and Silica Oxide wherein those compounds have good potential use as heat resistant material in ceramics 

products, XRD analysis shows that the CSW mostly consists of quartz and Mullite compounds. In terms of 

PSA analysis indicates that the shape of CSW more accurate number instead on use of mesh tools. The physical 

Analysis shows that the density of Variation CSW increases gradually compared with the commercial one and 

owing to the effect of density in CSW. In terms of acidity, the effect of CSW in Cooling paint will increase the 

pH number gradually with an enhancement of fine particles. Subsequenlty, performance analysis revealed that 

the heat resistance in both indoor scenario and outdoor scenarios resulted that generally CSW can elevate the 

value of temperature resistant performance compared with the commercial acrylic paint. As well as the effect 

of the heat test indicated that incorporating CSW as Cooling paint can increase endurance in extreme weather. 

Furthermore, the optical test results that in terms of Solar Reflectance, adding CSW will decrease the Solar 

Reflectance due to this variation giving the effect of slight discoloration from white to yellowish-white. 

However, in general, the Solar Reflectance of this coating remains > 85% in Visible and > 63% in the NIR 

band. The thermal emittance indicates that incorporating CSW could elevate the emissivity value > 97% in the 

atmosphere window spectrum. In addition, regarding thermal image analysis, variation CSW as cooling paint 

indicates high reflection to the solar compared with the ambient surface. 

Based on this research, utilizing CSW as an admixture in cooling paint has proved that the result shows 

that heat resistance value is different around 8.5 0C in the indoor experiment and 10.5 0C in the outdoor 

experiment with the ambient temperature. Therefore, it can be calculated that the maximum energy saving of 

eco-cooling paint is estimated when energy saving reach 3% per degree are around 25.50% to 31.50%.  In 

terms reduction of CO2 Emission, based on the data aforementioned that the potential of CSW as eco cooling 

paint to obtain energy saving estimated as around 25.50% to 31.50% from total energy consumption amount 

9,440 GWh and release the CO2 emission 4.53 MtCO2. Hence, it can be calculated that incorporating CSW in 

eco-cooling paint could reduce CO2 emission as round 1.16 MtCO2 to 1.43 MtCO2 per year with emission 

factor 0.48 tCO2/MWh. 

Overall, this research has provided a new approach for utilizing CSW as an admixture material in 

cooling paint products to enhance the effectiveness of commercial acrylic paint, transforming it into eco-

friendly cooling paint. The results are encouraging and show potential for commercialization and widespread 

use.  
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