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Abstract 

 
To what extent can insulation coating paint applied on tropical buildings reflect or reject heat 
that is usually being absorbed by the wall and transferred into the ambient room temperature 
of building? This research is to determine the ability of coating paint that be applied onto low-
rise buildings with Malaysian weather conditions. In the design/methodology, four 3*3m2 
mock-up buildings have been constructed in the British Malaysian Institute with different 
features of each parameter. Mock-Up Building no.4 has been completely painted with white 
coating paint on the walls and the roof. 5 reference days been selected to analyse using 
Minitab software. In the design of experiments (DoE), the researchers have even taken in 
consideration different weather conditions comparing 5 reference days before and 5 after the 
coating The findings in a comparison during March 2016 (uncoated) and March 2017 (coated) 
show that after applying white coating paint on the wall that the temperature could be reduced 
by up to 5°C compared to the status quo without using coating targeted for a row of typical 
sunny cloudy days. However, both years show different profiles and hence the proof is still 
questionable. March 2017 recorded 27 days with rain interception, March 2016 just 10 days 
with up to 5 days without any downpour. Hence, the effectiveness of white coating heavily 
depends not only on daily, but also on the long-term weather condition as the wall itself 
absorbs and keeps the temperatures of previous days in it for several days. After heavy rain 
the wall was still comparably cooler and retained until the very next day. 

 
1. Introduction 

The pain pressure for overheated residential area low rise buildings in tropical countries is 

increasing by the awareness what green passive design can do. Paints and cleans are 

coatings that generally have twofold reasons: securing the substrate and being lighting up. 

However, a couple of experts claim that paints are only for development, and the paint on 

sweeping present day channels is most likely only for the limit of deflecting utilization. Warm 

intelligent divider coatings can likewise decrease weight on a home by limiting the extension 

and withdrawal of the home's outside dividers, which happens amid extreme variances in 

temperature. Intelligent coatings change the intelligent properties of the surfaces, adjusting 

the warm execution of the entire building envelope. A layer of material is kept onto a substrate 

to update the surface properties for utilization and wear security. The warmth intelligent 

coatings on level rooftops can generously lessen service bills relying upon protection, 

topography, sun introduction and different other factors. It rehabilitates all metal, concrete and 

soil housetops that pined for most outrageous security and continues disintegrating and 

encountering distinctive climatic conditions. To keep up coatings' reflectivity, administrators 

may occasionally plan another top coat to revive the surface. Proposed for use in various 

substrates, for instance, metal decking, shingle housetops, dark top housetops, strong 

housetops, metal piping’s, stockpiling tanks and motor compartments. 



2. Literature Review 

2.1. Coating 

“Reflective coatings reflect the infrared incident radiation on a surface, reduce the radiation 

absorbed by the building surfaces and therefore decrease the cooling energy consumptions 

during summer”, Tropical conditions present always summer. Coating is an additional 

layer of material kept onto a substrate to upgrade the surface properties for 

consumption and wear security. As a special paint, it is deemed suitable for rooftops 

and dividers in all climatic condition. It rehabilitates all metal, cement and dirt rooftops 

that coveted most extreme protection and keeps crumbling and experiencing different 

climatic conditions (cf. Castleton et al. 2010). Coating is suggested for use in different 

substrates, for example, metal decking, shingle rooftops, black-top rooftops, solid 

rooftops, metal piping’s, stockpiling tanks and engine compartments. By its 

traditionally white colour, coating can also be put as a heat protection layer onto the 

exterior wall. Paints and polishes are coatings that for the most part have double 

employments of securing the substrate and being brightening, albeit a few craftsmen 

paints are just for improvement, and the paint on expansive modern channels is 

probably just for the capacity of averting consumption. 

Furthermore, “a titanium dioxide content of approximately 12% yields, 6% hollow glass 

microspheres yields a reflective heat insulation coating with a reflectivity over 90% and 

thermal insulation performance (internal and external surface temperature difference) 

of up to 24°C (Zhang, Wang, Mo, Li, & Cui, 2015). Hence, heat-reflective wall coatings 

can also reduce stress on a home by minimizing the expansion and contraction of the 

home’s exterior walls, which occurs during intense fluctuations in temperature. In 

addition, “coating combines a high transmittance in the visible region a low 

transmittance (a high absorbance) in the near  infrared region, a low emittance in the 

far infrared region, low haze and a high transmission of radio wave (Qu et al., 2014). 

It is a well-documented fact that the heat-reflective coatings on flat roofs can 

substantially reduce utility bills depending on insulation, geography, sun orientation 

and other variables. However, not much in known how much in real life cases coating 

as an additional parameter for wall insulation can help to reduce the heat in the eternal 

summer of tropical weather conditions. 

It is hypothesised in other climates that coating also can “reduce the energy 

consumption by about 20%”, (Sheikhzadeh, Azemati, Khorasanizadeh, Hadavand, & 

Saraei, 2014). Reflective coatings change the reflective properties of the surfaces, 

modifying the thermal performance of the whole building envelope. A white coating 

tends to block, rather than reflect UV radiation. It still protects against UV radiation, 

even when foreign particles reduce its reflectivity. To maintain coatings’ reflectivity, 

managers might periodically schedule a new top coat to refresh the surface. This 

typically costs less than the initial coating. White coatings offer big benefits. As 

legislators and architects embrace the idea that building design has a huge impact on 

energy consumption and sustainability, white coatings are now in the spotlight. 



2.2. Thermal Comfort 

Above and beyond electricity bills, reducing electricity is about creating thermal 

comfort for occupants of the respective building. It is generally defined as “that 

condition of mind, which expresses satisfaction with the thermal environment”. 

Thermal comfort can be defined as suitable condition that fulfilled satisfaction for 

Malaysian in the peninsula or Sabah and Sarawak. Sivaraman (2007) stated that 

“during the day, Malaysian concrete houses absorb the solar radiation through the roof 

and walls and the heat is stored in the concrete mass increases the indoor temperature 

of the house, 2°C to 5°C hotter than outdoor (shaded) temperature. When the sun 

goes down, the walls reradiates the stored heat and turns house into an oven whereby 

the indoor temperature is above the upper thermal comfort level (28°C for Malaysian 

humid tropics) for much of the night, particularly after hot days” (Sivaraman, 2007). In  

line with this author, Abdul Rahman (1995) in his ground-breaking study found that the 

most comfortable indoor temperature in Malaysia (tropical region) for residential areas 

ranges even from 25.5-28°C compared to the general recommendation by World 

Health Organization (1990) ranging from 18-28°C. UTM’s researchers Sabarinah 

Sh.Ahmad, Nor Zaini Ikrom Zakaria, Mohammad Shayouty Mustafa, Mohd Ghadaffi 

Shirat concluded that a 2.5°C range between 26.1°C and 28.6°C is optimum in tropical 

countries even for adopted people from Northern countries (2007). Others and our 

own findings clearly confirm that the optimum residential area temperature for most 

tropical occupants in their privacy at its highest comfortable end should not exceed 

28.6º C. Therefore, the researchers at UTM state “the comfort band for the KL area 

for all building types is between 23.6° and 28.6° C with an optimum medium 

temperature in Malaysian households of 26.1° C” with the upper space limit (USL) set 

at 28.6°C”. To conclude, two reasons can be sorted out. 1) the lower cost when putting 

the highest set-point in a tropical warm country. 2) the perception by people living in 

tropical regions is different from those in temperate and cold regions (Wang and Wong, 

2007; Singh et al., 2009). The perception is based on lifestyle and habits, and based 

on economic necessities. 

 

3. Methodology 

The common, typical control unit for the wall experiments is the Standard Low-Cost 

House “MUB4 / M4” in the British Malaysian Institute. It uses basically sand cemented 

bricks with concrete mortar. With high heat transmission rates and no insulation, this 

kind of building has both a tremendous heat intake and long daily heat retention cycles 

to digest. Putting one’s fingertips onto the wall might cause a deceiving cool perception 

as the building envelope does not feel extraordinarily warm like e.g. the extremely hot 

awnings or the windows. Measuring their surface temperature log, along with the floor 

slab, will unveil this felt coolness as a fallacy: The temperature is constantly and 

consistently increasing to 30-32°C during the daytime of a typical sunny-cloudy day. 



The walls store the heat and typically remain slightly below the same level during night 

until a new heat wave hits again during the next morning. Literally speaking, the wall 

cannot unload the heat intake it had harvested the day before. Concrete (cement) 

bricks and mortar same as ferrolite are a “wall family” undoubtedly still taking the 

unquestioned lead in the tropical modern built environment since the colonial days of 

the British and the Dutch. The next table illuminates a few highlights in the making of 

this conventional mock-up building. 

 

2014 Construction of M4 

April 24th 2015 Ceiling installed (gypsum board) 

April 2016 Former dark blue zinc roof painted 

white  

August 1st 2016 Coated Wall with White Coating Paint  

August 7th 2016 Coated Roof with White Coating Paint 

October 2016 Window East half tinted 

Thesan Aircare Application installed 

for clean and fresh air delivery during 

haze 

Table 1: Diary of the Mock-Up Building 

   

Figure 1: Mock-Up Building with blue zinc Roof and after Coating 

 

 



In our research, we classified the following types of days: 

Type of Day Description 

A Sunny 

B Sunny Cloudy 

C Mostly Cloudy 

D Haze 

+ Rain (differentiated in Little Rain, Heavy Rain, Flash Flood, 

Thunderstorm, isolated Thunderstorm) 

Table 2: Weather Conditions factored into this Research 

 

References Days (Before 2016, After 2017) 

Dates 

(March 

2016) 

Description of the measurement 

day 

Day 

Type 

1 Before 

Day 

Type 

2 

Before 

Day 

Type 

3 

Before 

Day 

Type 

March 

19th 

Sunny / cloudy. After 12pm there 

was no cloud, clearly sunny 

BA BA+ A+ A+ 

 March 

21st 

Clearly sunny A A+ BA BA+ 

March 

23rd 

Clearly sunny A B+ A A+ 

March 

25th 

Sunny cloudy, on 10am fully 

sunny, in the evening sunny with 

cloud 

BAB A+ A B+ 

March 

26th  

Clearly sunny A BAB A+ A 

Table 3: 5 References day Before Coating 

For the second set of data, we tried to get as many A-days as possible. However, we 

were not successful and got only the following days: 

 



Dates 

(March 

2017) 

Description On 

the 

Day 

Type 

1 

Before 

Day 

Type 

2 

Before 

Day 

Type 

3 

Before 

Day 

Type 

March 6th Morning fully sunny. Afternoon sunny 

with some cloud. Scatter 

thunderstorm around 6pm 

AB+ AB+C BC B 

March 

12th 

Clearly sunny A AB+ AB+ AB+B 

March 

13th 

Sunny and in evening thunderstorm A+ A AB+ AB+ 

March 

14th 

Sunny with less cloud 

 

Flash flood on 5:30pm-6pm 

BC+ A+ A AB+ 

March 

15th 

Clearly sunny A BC+ A+ A 

Table 4: 5 References day After Applied Coating 

Measure The team measured the data on all 3 days from 7am until 7pm every 30 

minutes. The tools that we have used to measure the data are: 

1. thermologger to measure the ambient and Relative Humidity (in 

percent).  

2. surface thermometer to measure the radiant wall temperature 

3. thermal camera: to validate no. 2. 

Analysing Data Microsoft Excel: 

 Key in measurement data to be transferred to Minitab: 

Minitab: 

 Analyse data 

 Producing 4 graph follow Standard Operation Procedure (SOP): 

1. Histogram 

2. Boxplot 

3. Time Series Plot 

4. Sigma Level 

Table 6: Methodology 



 

4. Finding/Results 

During the initial experiment, we had compared just one “green” and one “red” building 

including their wall material in terms of heat transmission. We chose a restricted data 

base of 5 days from the entire inner surface data base that had been collected in a 

longitudinal study from 2015-2017. However, for this current experiment, we compared 

the “red” building’s wall before and after the application of white coating paint. For the 

following hypothesis testing, we used the East walls of “before” and “after” coating, as 

it is the wall that is typically exposed to the morning sun and heats up first. 

The main hypothesis to be tested was after applying white coating paint on the wall of 

Mock-up building 4, is it able to reduce the temperature of the wall during the daytime? 

4.1. Histogram: 

 

Graph 1: Histogram of M4 Wall East With and Without Coating 

According to the histogram, throughout the reference days above the 

comparison between M4 Wall East With Coating and M4 Wall East Without 

Coating shows a mean of 28.03 °C compared to 32.58 °C. After applied white 

coating paint, the heat was reduced by 4.55 °C on average. 
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4.2. Boxplot: 

 

Graph 2: Boxplot of M4 Wall East With and Without Coating 

This finding is replicated and confirmed in the boxplot below, showing a far 

lower standard deviation of 1.70 (M4 Wall East With Coating compared to 2.48 

M4 Wall East Without Coating). In addition, the median for M4 Wall East With 

Coating is 27.8 while for M4 Wall East Without Coating is 33.1. 

  

4.3. Time Series Plot: 

The white coating surely reflects the heat from being absorbed by the wall. This 

can be seen on the Time Series Plot graph above show most of temperature of M4 

Wall East With Coating lower than M4 Wall East Without Coating. Most of the 

measurement M4 Wall East With Coating lower than 28.6 °C, thermal comfort. 

During the course of day, the patterns look similar. The ups and downs of the non-

coated building show similar trends as they move up and down in a comparable 

way every day. However, the coated wall which was exposed to similar weather 

conditions, was about 5°C lower than the uncoated wall. The Design of Experiment 

(DoE) where both windows are closed for the whole day. IF NOT, WE NEED TO 

GET DATA FROM PERMANENT LOG. The best news is that the level of the 

coated building on 4 days is around the thermal comfort USL, only in case of day 

1 it exceeds the allowable level on average by 3°C.    On 6th March 2017 morning 

fully sunny. Afternoon sunny with some clouds. Scatter thunderstorm around 6pm. 

M4 Wall East Without CoatingM4 Wall East With Coating
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Boxplot of M4 Wall East With Coating, M4 Wall East Without Coating



The reason might be that in the preceeding days less rain was reported as for the 

remaining 4 days which were equally sunny and cloudy like the 6th March. 

 

Graph 3: Time Series Plot of M4 Wall East With and Without Coating 

Before 

Coating 

(2016) 

Day 1 Day 2 Day 3 Day 4 Day 5 

High Peak 

Value 

36.2 35.9 35.8 34.3 36.2 

Low Peak 

Value 

27.2 27.2 27.2 27.2 28 

After 

Coating 

(2017) 

Day 1 Day 2 Day 3 Day 4 Day 5 

High Peak 

Value 

31.9 30 29.9 30 30 

Low Peak 

Value 

24.0 26.2 26.2 23.8 26 

Table 7: High Peak Value and Low Peak Value of 5 Day References 

 



4.4. Sigma Level:  

Finally, we determined the so-called sigma level (statistical Z bench for overall 

capability) as an indicator for the relative overheating from the customers’ 

perspective which are the occupants. If we accept the Malaysian highest level of 

28.6 °C for residential areas without the aid of A/Cs or high grade ventilation (USL-

upper space limit), the following results of % of customer satisfaction is achieved. 

 

Graph 4: Sigma Level of M4 Wall East with and without Coating 

M4 Wall East With Coating: Z.Bench = 0.21 means that in 42% of all cases more than 
observation occupants’ requirements are met. 
M4 Wall East Without Coating: Z.Bench = -1.54 means that only in 7% the customers 

can be satisfied as 93% are above the customers’ requirements. 

 

5. Conclusion 

Usually the wall is the parameters with by far the largest built-in sqm in a building 

effecting the inside room temperature. If the temperature of wall is hotter, the building’s 

occupants will feel more heat inside room temperature or the cooling demand by fan 

or air conditioner will proportionally rise. The result shows that to prevent hot inside 

room temperature in different in tropical sunny/cloudy and rain-intercepted weather 

conditions, people can apply this kind of ceramic white coating. It can reflect and reject 

the heat better than just white paint, and helps the inside room temperature to be kept 

cooler during hot typical sunny cloudy days. It still needs to be scrutinised, in how far 

in airtight buildings without the use of an air conditioner’s compressor the humidity 

might rise at the same time. 
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