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A B S T R A C T   

While passive radiative cooling has shown great potential in temperate regions in lowering surface temperatures, 
its cooling performance under tropical climate that is characterised by high solar irradiance and humidity still 
lacks exploration. Herein, we adopt a highly reflective polymeric coating with BaSO4 particles dispersed in P 
(VdF-HFP) matrix for radiative cooling in the tropics. Through the strong Mie scattering of sunlight and 
intrinsic bond vibration, the substrate-independent average solar reflectance and infrared emittance within the 
8–13 μm atmospheric window could reach 97% and 94.2%, respectively. For the first time, surfaces could 
maintain sub-ambient temperatures under direct exposure to the sky and surroundings even when the solar 
intensity was 1000 W/m2 and downwelling atmospheric radiation was 480 W/m2, while separately achieving 
2 ◦C below ambient during night-time with an effective cooling power of 54.4 W/m2. With a scalable fabrication- 
process, our cost-effective single-layer coating can be easily applied to diverse substrates, which is suitable for 
real-world applications in the tropics.   

1. Introduction 

The increase in energy demand for cooling has become a global 
challenge in the 21st century, especially for countries with tropical 
climate [1]. Conventional cooling methods, such as air-conditioning and 
mechanical ventilation systems, consume large amounts of electrical 
energy and dump undesired greenhouse gases into the atmosphere that 
exacerbates global warming [2]. On the other hand, passive radiative 
cooling provides a zero-energy solution by releasing excessive heat to 
outer space through the atmospheric window (8–13 μm) [3,4]. Early 
works have demonstrated that effective radiative cooling can be ach
ieved at night using selective or broadband emitters [5–8]. Driven by 
significant progress in the development of radiative cooling materials 
with strong solar reflectance, daytime radiative cooling has also picked 
up momentum recently [9,10]. Attempts have been made to design and 
fabricate photonic multilayer thin film with inorganic materials (Al2O3, 
Si3N4, SiO2, Al and Si) [11–15]. Meanwhile, polymer membrane, aerogel 
cover and fabric textile have proven to be easily-processable materials 
for large-scale applications [16–22]. Moreover, cost-effective coatings 

or paints can be applied on diverse surfaces, which is highly desired for 
real-world applications [23–26]. 

While radiative cooling has shown to be highly effective in temperate 
regions, daytime radiative cooling under subtropical and tropical 
climate remains a challenge given the high solar energy, humidity and 
ambient temperature that can significantly affect cooling performances 
[27,28]. For instance, an efficient radiative cooler proposed in Califor
nia that readily reached sub-ambient surface temperatures [10] does not 
work well in Singapore and Hong Kong [28,29]. In another study con
ducted in Hong Kong [30], effective cooling could not be achieved under 
direct sunlight even with an average solar reflectance of 95% and 
emittance of 98% within the 8–13 μm wavelength. Similarly, the surface 
temperature of a coating with 90.7% reflectance over the solar spectrum 
and 90.1% emittance in the atmospheric window was 3–10 ◦C above 
ambient temperature in hot and humid weather in Shanghai [31]. 

The main differences between tropical and temperate climates are 
the characteristics and amount of solar irradiance [32]. In our recent 
investigation [28], the composition of ultraviolet (UV) and visible light 
(VIS) within the solar spectrum is higher for the tropics than the 
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temperate region (AM 1.5 [33], which corresponds to a tilted surface at 
37◦ with a solar zenith angle of 48◦ and reflects the average of 48 
contiguous states of the US), as shown in Fig. 1a. The difference can be 
larger when the sample surface in midlatitude area is not facing the sun 
with a total solar power of 900 W/m2. As a result, one of the key 
determining factors for radiative coolers to be effective in the tropics is 
to possess high reflectance in the solar spectrum, especially in the UV 
and VIS range. However. conventional reflective materials for radiative 
cooling have undesired solar absorption in the UV range that can 
restrain cooling performances [12,17,31]. 

The performance of radiative cooling is also highly influenced by the 
effects of humidity and ambient temperature under different climatic 
conditions [28,34,35]. Theoretical investigations on two cities in 
Australia indicated that cooling performances were poorer for the same 
radiative cooler under higher humidity levels [3]. Similar observation 
was also made through experiments where obvious drop in cooling 
power of 86.6 W/m2 was found as total precipitable water was increased 
[35]. In another study, surface temperatures of radiative cooler in spring 
was about 6 ◦C below ambient, while that in summer was only 2.7 ◦C 
during daytime with clear skies [36]. Evidently, the increased down
welling atmospheric radiation induced by higher humidity and ambient 
temperature in the tropical climate has the potential to almost halve the 
amount of cooling power (from 140 W/m2 to 70 W/m2), as shown in 
Fig. 1a. The cooling power will drop to around 50 W/m2 with the 
increased atmospheric radiation at larger zenith angle when considering 
the whole hemispherical plane [4]. Consequently, to achieve 

sub-ambient cooling in the tropical climate, further improvements to 
present materials are required to reduce solar absorption (especially in 
the UV range) and to increase infrared emission within the atmospheric 
window. 

In this work, we propose the use of a highly solar-reflective coating 
with barium sulfate (BaSO4) particles dispersed in P(VdF-HFP) poly
meric network for passive radiative cooling under the tropical climate 
[25]. The efficient Mie scattering from broad particle size distribution 
and limited solar absorption of BaSO4 enable a high 
substrate-independent solar reflectance of 97%. Besides, the average 
emittance within 8–13 μm wavelength is around 94.2%, induced by 
intrinsic bond vibrations of P(VdF-HFP) and BaSO4. By taking advantage 
of the radiative cooling mechanism as shown in Fig. 1b, the scalable 
single-layer coating could approach sub-ambient temperatures under a 
solar radiation intensity of 1000 W/m2, and up to 2 ◦C below ambient 
temperatures during night-time in the hot and humid conditions of 
Singapore, yielding an effective cooling power of 54.4 W/m2. Further
more, the low-cost BP [BaSO4–P(VdF-HFP)] coating with general 
fabrication method also exhibits hydrophobicity, good flexibility, strong 
mechanical strength, and durability for rainy season, which are 
favourable characteristics for many applications. Our experimental and 
theoretical findings provide promising opportunities to achieve cooling 
in the tropics through the carefully designed radiative coatings. 

Fig. 1. Solar spectrum, atmospheric radiation and mechanics of radiative cooling. (a) Simulated solar spectrum and downwelling atmospheric radiation at 0◦ zenith 
angle under different climates (The solar spectrum was simulated using SMARTS [37] and the atmospheric radiation was modeled using Eq. (3) in Section 3.). (b) 
Cooling of surface through the mechanisms of solar reflection and infrared radiation across the atmospheric window. 
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2. Experiment 

2.1. Materials and methods 

The experimental work to demonstrate radiative cooling in the tro
pics involves a rooftop experiment to capture temperature of the BP 
coating under both daytime and night-time. Here, the experimental 
procedure is introduced where a description of the BP coating fabrica
tion is first presented, followed by the methodology for the measure
ment of cooling performance. Lastly, the methodology for the 
characterization of material is described. 

2.1.1. BP coating fabrication 
To achieve high solar reflectance, BaSO4 was selected for its high UV- 

reflectance [38] and was dispersed into P(VdF-HFP) matrix. BP coating 
was fabricated through a sol-gel method by solvent removal as shown in 
Fig. 2a. BaSO4 powder (Sigma-Aldrich) was first grinded, followed by 
dispersion in NMP with stirring and sonication to obtain a uniform 
BaSO4 solution. P(VdF-HFP) pellet was then dissolved in an aceto
ne/NMP mixed solvent at 80 ◦C for 2 h. The mass ratio of P(VdF-HFP) 
and BaSO4 is 1:6. The BP coating precursor was subsequently obtained 
by mixing the two solutions together, which was then coated onto a 
polished aluminium plate for solvent evaporation. The free-standing BP 
coating was then peeled off after the removal of acetone and NMP with 
60 ◦C heating. 

2.1.2. Temperature and cooling power measurements 
To investigate the cooling performance of BP sample under tropical 

climate, we performed continuous outdoor measurements for steady- 
state temperature and cooling power on the rooftop of Academic 

Block North in Nanyang Technological University, Singapore (1.34◦ N, 
103.68◦ E). The cross-section schematic of the set-up for temperature 
and cooling power measurements on the rooftop is shown in Fig. 2b. To 
minimise heat conduction, the sample was supported by low heat con
ductivity EPS foam with the same cross-sectional area. The surface 
temperatures of samples were measured using K-type self-adhesive 
thermocouples (SA3-K-120, Omega). As shown in Fig. 2b, the thermo
couple was attached to the centre of the sample at the bottom surface. 
The ambient air temperature and relative humidity were obtained from 
the weather station placed near the set-up. To avoid solar heating for the 
weather station, the K-type thermocouple probe and humidity sensor 
were placed inside a 12-ring solar radiation shield (Delta Ohm) with free 
air flow. The cooling power was measured using a polyimide film heater 
attached to the bottom surface of the sample. The heater was powered 
by a constant current source. The sum of direct and diffuse solar irra
diance (global radiation) was measured using a secondary standard 
pyranometer (LP PYRA 10, Delta Ohm). The far infrared radiation (at
mospheric radiation) was measured by a passive pyrgeometer (LP PYRG 
01, Delta Ohm) The above data was acquired using NI Data acquisition 
(DAQ) input modules and registered by a laptop. 

2.1.3. Optical, thermal and mechanical measurement 
The solar reflectance of samples within the wavelengths of 0.3–2.5 

μm was measured by a UV-VIS-NIR spectrometer (PerkinElmer-Lambda 
950) with built-in 150 mm integrating sphere, using a certified Spec
tralon® diffuse reflectance standard (Labsphere). The averaged total 
solar reflectance was obtained based on AM 1 solar spectrum. The 
infrared reflectance for the wavelength between 2.5 and 20 μm was 
measured by a Fourier transform infrared spectrometer (PerkinElmer 
Spectrum 3) using a gold-coated integrating sphere (PIKE Mid-IR 

Fig. 2. BP coating fabrication and set-up for cooling performance. (a) Schematic of sol-gel fabrication process to achieve free-standing film of the BP coating. (b) 
Cross-section schematics of the set-up for cooling power and temperature (without the heater and power supply) measurements. 
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IntegratIR) with 8-degree incident angle. The SEM image was taken by a 
field-emission scanning electron microscope (JEOL 7600L). The contact 
angle of water was taken by a high-speed camera (Photron FASTCAM 
APX-RS). Infrared images were taken by a thermal imaging camera 
(FLIR E60). Optical images were photographed by HUAWEI HONOR 
20pro. TGA, DSC tests were facilitated by TA Instruments- Q500 and 
Q200, respectively. Force-elongation curve was obtained by DEBEN 
Microtest 300N tensile stage. 

3. Theoretical modelling 

A theoretical model for cooling power and steady-state temperature 
is to be established to predict cooling performances of the BP coating 
based on data that is collected from the rooftop experiments. The gov
erning equation of energy balance for the BP coating with surface 
temperature Ts under direct sunlight can be expressed as: 

Pcool(Ts) = Prad(Ts) − Patm(Tamb) − Psolar − Pconv+cond(Ts,Tamb) (1)  

where Pcool is the net cooling power, Prad is the power emitted out by the 
coating, Patm is the absorbed power from downwelling atmospheric ra
diation, Psolar is the absorbed power from solar irradiance and Pconv+cond 
is the power loss due to heat convection and conduction of the coating 
with surroundings. 

From Eq. (1), Prad can be resolved as follows 

Prad(Ts) = 2π
∫

π
2

0

sinθcosθ
∫∞

0

IB(Ts, λ)ε(λ, θ)dθdλ
(2)  

where IB(Ts, λ) = 2hc2

λ5
1

ehc/λkBTs − 1 is the intensity of black-body radiation at 
the surface temperature by Planck’s law. The variables h, c, λ, kB are 
Planck’s constant, velocity of light, wavelength and Boltzmann constant, 
respectively. ε(λ, θ) is the measured spectral emissivity of BP coating. 
Separately, for Patm 

Patm(Tamb) = 2π
∫

π
2

0

sinθcosθ
∫∞

0

IB(Tamb, λ)εatm(λ, θ)ε(λ, θ)dθdλ
(3)  

where Tamb represents ambient air temperature and IB(Tamb, λ) =
2hc2

λ5
1

ehc/λkBTamb − 1 is the intensity of black-body radiation at ambient tem
perature Tamb by Planck’s law. εatm(λ, θ) represents the atmospheric 
emissivity, which can be calculated using atmospheric transmittance 
t (λ) given by εatm(λ, θ) = 1 − t(λ) 1/cosθ [39]. t (λ) can be modeled from 
software MODTRAN [40]. 

For Psolar, the expression is given by 

Psolar =

∫∞

0

ε(λ, θsolar)Isolar(λ)dλ (4)  

where Isolar is local solar illumination. Separately, Pconv+cond is expressed 
as 

Pconv+cond(Ts,Tamb) = hc(Tamb − Ts) (5)  

where hc is the combined non-radiative heat transfer coefficient due to 
heat convection and conduction of the coating with ambient air and 
substrate. We used the empirical formula hc = 8.3 + 2.5v [41], where v is 
the wind speed, to calculate the combined heat transfer coefficient in an 
open system. According to the local wind speed, hc = 10 W/m2K. 

In principle, the net cooling power obtained from Eq. (1) when Ts =

Tamb corresponds to effective cooling power. In addition, steady-state 
temperature for the BP coating can be obtained by setting Pcool = 0 in 
Eq. (1). To simulate the steady-state temperature, real time data for solar 

intensity and ambient temperature were employed as input parameters, 
together with the average wind speed. The equations are solved using 
MATLAB to obtain cooling power and steady-state temperature. 

4. Results and discussion 

In this section, the factors influencing the reflectance are first ana
lysed, followed by the micro-structure and optical properties of the BP 
coating. Next, the cooling performance under tropical climates and field 
tests using coating on concrete are investigated. Last, stability charac
terization of the BP coating is introduced. 

4.1. Mass ratio and thickness effects on solar reflectance 

Within the BP coating, strong Mie scattering occurs at particle 
boundaries to achieve high solar reflection. Intrinsically, P(VdF-HFP) is 
optically transparent due to free bonding vibration within the visible 
range. Thus, the number of scattering interfaces is proportional to the 
relative amount of penetrated BaSO4, which determines the total solar 
reflectance. As shown in Fig. 3a, increased reflection was observed with 
increase in mass ratio (P(VdF-HFP): BaSO4), which saturated after a 
ratio of 1:5. The corresponding reflection spectrum for different mass 
ratios (Fig. 3b) further indicates that light was efficiently scattered by 
BaSO4 particles, and insufficient scattering was the result of UV 
adsorption by polymeric chains (1:3, 1:4) [42]. Evidently, reflectance 
saturates around 97% for film thickness of 600–700 μm with mass ratio 
of 1:6 as shown in Fig. 3c–d. 

4.2. Micro-structure and optical properties 

The simple solution-based fabrication process has been described in 
Section 2. After solvent evaporation, the free-standing film was formed 
with a dense structure as shown in the SEM image in Fig. 4a, with inset 
indicating a broad particle diameter distribution, centred around 
300–400 nm that is comparable with UV wavelength. Finite-difference 
time-domain (FDTD) simulation (details in Supplementary material, 
Note 1) was used to calculate the scattering efficiency of BaSO4 particles 
as a function of diameter from 0.2 to 2 μm according to Mie theory. It 
was found that the particles can strongly scatter sunlight within 0.3–1 
μm as shown in Fig. 4b, which accounts for the majority of solar energy. 
Owing to efficient Mie scattering from a broad diameter distribution 
(0.2–1 μm) and negligible solar absorption of BaSO4, a high substrate- 
independent solar reflectance of 97% was obtained as shown in 
Fig. 4c, especially in the UV range. As a result, the addition of BaSO4 to 
the optically transparent P(VdF-HFP) can significantly affect solar 
reflection of the BP coating due to improved scattering. Besides, light 
transmission could be eliminated by having sufficient stack of dispersed 
BaSO4 particles in the polymeric matrix, achievable by having coating 
thickness above 300 μm (Fig. 3c–d). Moreover, both BaSO4 and P(VdF- 
HFP) possess high infrared (IR) absorption, owing to SO4 (1100–1200 
cm− 1), C–F (1000–1400 cm− 1) and C–C (3300 cm− 1) intrinsic vibrations 
that lead to an average emittance of 94.2% within 8–13 μm [43,44]. 

4.3. Cooling performance under tropical climate 

Under the extremely hot and humid environment in tropics, the high- 
level solar heat and downwelling atmospheric radiation induced by high 
ambient temperature and humidity are two dominant energy inputs for 
the radiative cooling in the tropics. However, as shown in Fig. 5a, the 
freestanding BP sample was still able to achieve sustained sub-ambient 
temperatures under the solar irradiance of 1000 W/m2 and atmo
spheric radiation of 480 W/m2 on a clear day. The average temperature 
difference was around 1.5 ◦C. When it comes to night-time as shown in 
Fig. 5b, the BP sample showed sustained sub-ambient temperatures 
(ΔTave = 2 ◦C) without a wind shield, resulting in an effective cooling 
power of about 54.4 W/m2, as depicted in Fig. 5c. Besides, the cooling 
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Fig. 3. Mass ratio and thickness effects on solar reflectance. (a) Solar reflectance variation with P(VdF-HFP):BaSO4 mass ratios under controlled thickness of 700 μm. 
(b) Corresponding solar reflectance spectrums for different mass ratios. (c) Solar reflectance variation with thickness under controlled mass ratio of 1:6. (d) Cor
responding solar reflectance spectrums for different thickness. 

Fig. 4. Micro-structure and optical properties of BP 
coating. (a) SEM image of BP coating. Inset is optical 
image of the sample and particle size distribution. (b) 
FDTD simulation of scattering efficiency of BaSO4 
particles with diameter from 0.2 to 2 μm. (c) 
Measured spectral reflectivity of BP coating within 
0.3–20 μm (Background is AM1 solar spectrum [45] 
(yellow) and atmospheric window (blue)). Inset is 
infrared image of the sample wrapped around fingers 
(The sample is partially in contact with the fingers). 
The colour of contacting part from IR view is almost 
the same as other fingers, which indicates high 
infrared emission compared with bare skin radiation.   
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performance of BP sample in a closed chamber with wind shield can be 
found in Supplementary material, Note 2. 

To further illustrate cooling performances under different climates, 
the net cooling power for BP sample was evaluated using the theoretical 
model and shown in Fig. 5d. The simulation conditions were summa
rized in Table 1. Owing to the high humidity levels (total water vapor 
column: TWC = 5119.4 atm-cm) in Singapore, the cooling performance 
during noontime under tropical climate was poorer than that in mid- 
latitude summer (TWC = 3635.9 atm-cm) under the same solar in
tensity of 1000 W/m2 and ambient temperature of 35 ◦C. This difference 
could be larger if we consider reduced TWC levels of 1059.7 atm-cm in 
mid-latitude winter. The simulations reflected a cooling power of 17.2 
W/m2 at noontime in the tropics. Without the solar heat during night- 
time, the simulated cooling power can be up to 42.1 W/m2. In addi
tion, the difference between the measured and simulated cooling power 
was analysed in Supplementary material, Note 3. 

4.4. Field tests of BP coating on concrete 

To further illustrate the applicability of BP material as a coating, field 
tests were conducted by directly coating BP onto concrete and 
comparing against commercial paint, with temperature measurements 

obtained through the insertion of thermocouples into the concrete, as 
shown in Fig. 6a. IR images of three different samples under direct 
sunlight can also be seen in Fig. 6a, where the surface temperature of BP 
coating was 4.7 ◦C lower than commercial coating, which was induced 
by the higher solar reflectance of BP coating, as displayed in Fig. 6b. 
Across the duration of measurements, the temperature of BP coating was 
about 4–8 ◦C lower than commercial coating as shown in Fig. 6c. 

4.5. Stability characterization 

A series of tests were conducted to investigate the stability of BP 
coating. Thermogravimetric analysis (TGA) results showed that water 
desorption and resided N-Methyl-2-pyrrolidone (NMP) (within bulk) 
(~46 ◦C and ~152 ◦C) led to continuous weight loss (Fig. 7a). P(VdF- 
HFP) and BaSO4 exhibited excellent thermal stabilities within normal 
passive cooling conditions (<100 ◦C). From extensive evaluation, P 
(VdF-HFP) polymeric network was able to sustain up to 450 ◦C, while 
BaSO4 remained stable at even higher temperature [46,47]. In addition, 
our free-standing BP coating shows good mechanical properties in 
stretching and twisting (Fig. 7b), with maximum tensile stress up to 
4.42 MPa with 20% elongation. The good flexibility and strong me
chanical strength suggest that the BP coating can be used for broad 
applications. 

A reconstruction process was performed where the original sample 
(before reconstruction) was cut into pieces, and then dissolved in a 
solvent. A new free-standing film was made using the same method as 
the initial fabrication process. The spectral reflectance of the sample 
before and after reconstruction is depicted in Fig. 7c. The key parameter 
for radiative cooling (reflectance) remained almost the same after 
reconstruction, which indicated that the coating can be reused and 
recycled from the perspective of sustainability. In addition, the total 
solar reflectance variation of BP coating on concrete for 33 days of 

Fig. 5. Radiative cooling performances of BP sample (free-standing film with 700 μm thickness) under tropical climate in Singapore. (a) Measured daytime tem
perature on a clear day with corresponding humidity, solar irradiance and atmospheric radiation. (b) Measured night-time temperature on a clear night with 
corresponding humidity, solar irradiance and atmospheric radiation. (c) Measured night-time temperature on a clear night with corresponding humidity, solar 
irradiance and atmospheric radiation with heater turned on at time 20:08 for BP sample to match ambient temperatures for measurements of cooling power (54.4 W/ 
m2). (d) Simulated cooling power under different climates. 

Table 1 
Simulation conditions for different climates.  

Climates Humidity: total water 
vapor column (atm-cm) 

Solar intensity 
(W/m2) 

Ambient 
temperature (◦C) 

Mid-latitude 
winter 

1059.7 1000 10 

Mid-latitude 
summer 

3635.9 1000 35 

Tropics 5119.4 1000 35  
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outdoor exposure on the rooftop is shown in Fig. 7d. Owing to larger 
contact angle of water (shown from inset: 85◦) compared with 57◦

measured from the commercial coating (NIPPON SOLAREFLECT Si), the 
total solar reflectance remained almost the same during a rainy season, 
which indicated durability for applications under the tropical climate. 
Furthermore, our BP coating can be made into free-standing film, or 
coating on diverse substrates such as concrete and wood, which is 
crucial for real applications as shown in Fig. 7e. 

5. Conclusions 

In conclusion, we adopt a highly solar-reflective coating with an 
average solar reflectance of 97% and thermal emittance of 94.2% within 
the 8–13 μm atmospheric window for passive radiative cooling under 
the tropical climate. For the first time, the scalable single-layer coating 
could approach sustained sub-ambient temperatures in the day and 
achieve up to 2 ◦C below ambient temperatures during night-time in hot 
and humid Singapore, yielding an effective cooling power of 54.4 W/m2. 
Field tests on concrete showed that BP coating had lower surface tem
peratures (4–8 ◦C) as compared to commercial coating. Furthermore, the 

Fig. 6. Field tests of BP coating and commercial coating (NIPPON SOLAREFLECT Si) on concrete. (a) Optical image of three samples under direct sunlight (top). 
Infrared image of three samples on top of EPE (expanded polyethylene) foam under direct sunlight (bottom). The EPE foam showed a lower temperature as a result of 
the low infrared-emissivity of PE. (b) Spectral reflectance of BP coating and commercial coating on concrete. (c) Measured temperatures of coatings of same thickness 
against ambient temperature, with corresponding humidity and solar irradiance (wind speed: 0–3 m/s). 

Fig. 7. Properties of BP coating. (a) TGA of BP 
coating. (b) Force-elongation curve for a 540 μm 
sample. Inset shows the stretching and twisting pro
cesses. (c) Spectral reflectance of the sample before 
and after reconstruction. Inset is optical image of 
pieces of sample (left) and free-standing film after 
reconstruction (right). As shown in insets, the original 
sample (before reconstruction) was cut into pieces, 
which were then dissolved in solvent. A new free- 
standing film was made using the same method as 
initial process. (d) Total solar reflectance variation of 
BP coating on concrete for 33 days of outdoor expo
sure in Singapore. Inset is optical image of exposed 
sample (left) and contact angle of water (right). The 
total solar reflectance of the exposed sample was 
measured indoors on the 1st, 7th, 14th, 23rd and 33rd 
day using the UV-VIS-NIR spectrometer. The duration 
of each measurement was only about 30 min and soon 
after, the sample was brought back for outdoor 
exposure on the rooftop. (e) Optical images of BP 
coating on different substrates. (left) Coating on 
concrete. (middle) Coating on wood. (right) Free- 
standing film.   
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difference between measured and simulated cooling power during 
night-time was analysed using the heat capacity of the material. The 
low-cost BP coating with easy fabrication also exhibited hydrophobicity, 
good flexibility, strong mechanical strength, and durability for rainy 
season, which are favourable for many applications in the tropical 
climate. Besides, our BP coating can be made into free-standing film, or 
coated onto diverse substrates such as concrete and wood, which is 
crucial for direct application. 
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