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1. Calculation and simulation

1.1 Solar reflectivity

The solar reflectivity ( ) is calculated according to the following equation 𝑅̅𝑠𝑜𝑙𝑎𝑟

(S1):

                                    (S1)

𝑅̅𝑠𝑜𝑙𝑎𝑟 =

2.5

∫
0.25

𝐼𝑠𝑜𝑙𝑎𝑟(𝜆)𝑅(𝜆)𝑑𝜆

2.5

∫
0.25

𝑅(𝜆)𝑑𝜆

where the  is the ASTM G173 Global solar intensity spectrum and is the 𝐼𝑠𝑜𝑙𝑎𝑟(𝜆) 𝑅(𝜆) 

reflectivity at a specific wavelength.

1.2 Infrared emissivity

Emissivity, which is defined as the ratio of emissive energy between the object 

and blackbody, is utilized to characterize the objects’ ability of emitting energy. The 

value of emissivity ( ) is calculated according to the following equations (S2-S5):𝜀

                                                                                (S2)𝐴(𝜆) = 1 ‒ 𝑅(𝜆) ‒ 𝑇(𝜆)

                                                                                                    (S3)𝜀(𝜆) = 𝐴(𝜆)

                                                                                        
𝐵(𝜆) =

𝑐1𝜆 ‒ 5

𝑒𝑥𝑝⁡[𝑐2 𝜆𝑇)] ‒ 1

(S4)

                                                                                         (S5)

𝜀 =

𝜆𝑚𝑎𝑥

∫
𝜆𝑚𝑖𝑛

𝜀(𝜆)𝐵(𝜆)𝑑𝜆

𝜆𝑚𝑎𝑥

∫
𝜆𝑚𝑖𝑛

𝐵(𝜆)𝑑𝜆

where λ is the wavelength, , , , and  are absorptivity, reflectivity, 𝐴(𝜆) 𝑅(𝜆) 𝑇(𝜆) 𝜀(𝜆)

transmittance, and emissivity of objects at a specific wavelength, respectively.  is 𝐵(𝜆)

the emissive energy of blackbody at a specific wavelength,  is the first radiation 𝑐1

constant (3.7418 × 108 W·μm4 /m2),  is the second radiation constant (1.4388 × 104 𝑐2

μm·K), and  is the temperature. 𝑇



3

1.3 Radiative cooling capacity

To investigate the radiative cooling performance of films in Harbin, China 

(45°42’52’’N, 126°38’3’’E, Altitude 150.7 m), a home-made device fabricated by an 

aluminum foil-coated polystyrene foam box. Four identical rectangular cavities (6 

cm×8 cm×3 cm) were dug above the polystyrene foam. The films with K-type 

thermocouple temperature sensors were placed on the bottom of cavities. A 

polyethylene film was employed to seal the device to reduce the impact of convective 

heat generated by wind. The real-time temperature was recorded by multichannel 

thermoelectric coupling thermometer (Guangdong DagaSensor Technology Co., Ltd, 

China). The solar radiation was measured by a solar power meter (TES 1333R, TES 

Electrical Electronic corp., China). The ambient wind speed and humidity were 

recorded using an integrated portable environmental meter (EMC-9400SD, Taiwan 

Lutron electronic Enterprise Co., Ltd, China). The device was placed on a table to 

minimize the influence of heat convection from the ground.

When the radiative cooler is placed in the practical environments, the net cooling 

power can be expressed as follows: 

                                    𝑃𝑛𝑒𝑡 = 𝑃𝑟𝑎𝑑 ‒ 𝑃𝑎𝑡𝑚 ‒ 𝑃𝑠𝑜𝑙 ‒ 𝑃𝑐𝑜𝑛𝑑 + 𝑐𝑜𝑛𝑣                                (𝑆6)

Where  is the net cooling power,  is the thermal radiative power 𝑃𝑛𝑒𝑡 𝑃𝑟𝑎𝑑

emitted by the radiative cooler,  is the power absorbed from atmospheric thermal 𝑃𝑎𝑡𝑚

radiation, is the absorbed incident solar radiation,  is the heat 𝑃𝑠𝑜𝑙 𝑃(𝑐𝑜𝑛𝑑 + 𝑐𝑜𝑛𝑣)

conduction-convection from ambient radiation.

The thermal radiative power emitted by the radiative cooler is related to the 

surface temperature and emissivity:

                                 (S7)
𝑃𝑟𝑎𝑑(𝑇𝑠) = ∫𝑐𝑜𝑠𝜃𝑑Ω

∞

∫
0

𝐼𝑏𝑏(𝑇𝑠,𝜆)𝜀(𝜆,𝜃)𝑑𝜆

Where  is the radiative temperature of radiative cooler,  is the local zenith  𝑇𝑠 𝜃

angle,  is the spectral radiance intensity of blackbody at the temperature of 𝐼𝑏𝑏(𝑇𝑠,𝜆)

,  is the emissivity of material at the specific wavelength .  𝑇𝑠 𝜀(𝜆,𝜃)  𝜆
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According to Planck’s law,  can be expressed as: 𝐼𝑏𝑏(𝑇𝑠,𝜆)

                                               (S8)

𝐼𝑏𝑏(𝑇𝑠,𝜆) =
2ℎ𝑐2

𝜆5(𝑒
ℎ𝑐 𝜆𝑘𝑇𝑠 ‒ 1)

Here,  is Planck's constant,  is Boltzmann's constant,  is the speed of light.ℎ 𝑘 𝑐

The absorbed power of atmospheric thermal radiation by the surface of radiative 

cooler can be expressed as:

                     (S9)
𝑃𝑎𝑡𝑚(𝑇𝑎𝑚𝑏) = ∫𝑐𝑜𝑠𝜃𝑑Ω

∞

∫
0

𝐼𝑏𝑏(𝑇𝑎𝑚𝑏,𝜆)𝜀(𝜆,𝜃)𝜀𝑎𝑡𝑚(𝜆,𝜃)𝑑𝜆

Where  is the ambient temperature,  is the atmospheric emissivity 𝑇𝑎𝑚𝑏 𝜀𝑎𝑡𝑚(𝜆,𝜃)

at zenith angle  and wavelength .𝜃 𝜆

The absorbed incident solar radiation is can be expressed as:

                             (S10)
𝑃𝑠𝑜𝑙 = 𝐴𝑐𝑜𝑠𝜃𝑠𝑜𝑙

∞

∫
0

𝐼𝐴𝑀1.5(𝜆)𝜀(𝜆,𝜃𝑠𝑜𝑙)𝑑𝜆

Where is the incident angle of sunlight,  is a function that describes 𝜃𝑠𝑜𝑙 𝜀(𝜆,𝜃𝑠𝑜𝑙)

the variation of the spectral emissivity of the radiative cooler,  is the 𝐼𝐴𝑀1.5(𝜆)

distribution intensity of the standard air mass 1.5 (AM1.5) solar spectrum.

Heat conduction-convection from ambient radiation ( ):𝑃𝑐𝑜𝑛𝑑 + 𝑐𝑜𝑛𝑣

                                (S11)𝑃𝑐𝑜𝑛𝑑 + 𝑐𝑜𝑛𝑣(𝑇,𝑇𝑎𝑚𝑏) = ℎ𝑐𝑐(𝑇𝑎𝑚𝑏 ‒ 𝑇)

Here,  is the total conductivity coefficient between radiative cooler and ℎ𝑐𝑐

surrounding environment. In the theoretical calculation, the  was set as 3, 6, 9, 12, ℎ𝑐𝑐

and 15 W m−2 K−1, respectively.

1.4 Infrared image

The infrared images captured by infrared camera (TI450, Fluke) obeys the 

Stephen-Boltzmann law:

                                                                       (S12)𝑀𝐶 = 𝜀𝐶𝜎𝑇4
𝑎 = 𝜀𝑠𝜎𝑇4

𝑏 + 𝑅𝑠𝜎𝑇 4
𝑎𝑚𝑏

Where  is the emissive energy,  is the emissivity settled by an infrared camera,  𝑀𝐶 𝜀𝐶  𝜀𝑠
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is the emissivity of target object,  is Stephen-Boltzmann constant [ =5.67×10-8 W/ 𝜎 𝜎

(m2·K4)], is the apparent temperature displayed on the infrared camera,  is the 𝑇𝑎 𝑇𝑏 

practical temperature of object, is the ambient temperature, and  is the 𝑇𝑎𝑚𝑏 𝑅𝑠

reflectivity of object.

1.5 FDTD stimulation

To simulate the scattering efficiency of the porous SEBS films with different 

pore size, finite-difference-time-domian (FDTD) numerical simulation was employed 

using perfect matching layer (PML) absorption boundary conditions and a total field  

scattering field (TFSF) source. 
1.6 Buiding energy consumption 

To calculate the annual cooling consumption of the building with baseline roofs 

and covered with SEBS-EC film, a building model was established in EnergyPlus 8.0. 

The baseline building models were installed with the conventional building materials. 

The dimension of building was 16 m (length) × 9 m (width) ×5.77 m (height), and the 

window-to wall ratio was 33%. The pitched roof features a tilt angle of 30°, with a 

surface area of 177.28 m2. The cooling energy of the SEBS-EC film (the solar 

reflectance of 0.94, the emissivity of 0.95) was compared with that of baseline roofs 

in a building model. All weather data come from the official website of EnergyPlus.
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Figure S1 Schematic illustration of the fabrication process of porous SEBS film.

Figure S2 Photograph of SEBS/THF/IPA solutions with different volume ratios of 

THF and IPA.
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Figure S3 Photographs of (a) SEBS-0, (b) SEBS-1, (c) SEBS-2, (d) SEBS-3, (e) 

SEBS-4, and (f) SEBS-5 films (scale bar: 1 cm).

Figure S4 Storage modulus (G’) and loss modulus (G’’) of SEBS-0, SEBS-1, SEBS-2, 

SEBS-3, SEBS-4, and SEBS-5 films.
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Figure S5 Strain-stress curves of SEBS-0, SEBS-1, SEBS-2, SEBS-3, SEBS-4, and 

SEBS-5 films.

Figure S6 Water contact angles of SEBS-0, SEBS-1, SEBS-2, SEBS-3, SEBS-4, and 

SEBS-5 films.
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Figure S7 Optical constants of SEBS including refractive index and extinction 

coefficient.

Figure S8 SEM image of SEBS-0 film (scale bar: 3 μm). 
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Figure S9 (a) SEM image of SEBS-5 film. (b) Partial magnification image of (a).

Figure S10 Reflectance spectra (a) and transmittance spectra (b) of SEBS-0, SEBS-1, 

SEBS-2, SEBS-3, SEBS-4, and SEBS-5 at the wavelength of 2.5-25 μm.
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Figure S11 SEM image of EC powder.

Figure S12 SEM images of (a)SEBS-EC-1 film, (b) SEBS-EC-2 film, and (c) SEBS-

EC-3 film.
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Figure S13 Absorptive power curves of SEBS-EC-1, SEBS-EC-2, and SEBS-EC-3 

films.

Figure S14 Emissive power curves of SEBS-EC-1, SEBS-EC-2, and SEBS-EC-3 

films.
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Figure S15 Ambient temperature of outdoor testing environment.

Figure S16 The building model for calculating the energy consumption per year.
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Figure S17 Infrared image of SEBS-EC film after UV exposure for (a) 48 h, (b) 96 h, 

(c) 144 h, (d) 192 h, and (e) 240 h.

Figure S18 (a) Photograph of SEBS-EC film after UV exposure for 240 h. (b) 

Photograph of regenerated SEBS-EC film. (scale bar: 1 cm)
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Table S1 A comparison of polymer-based PRC materials[1-18]. 

Materials
Preparation

Method
𝑅𝑠𝑜𝑙 𝜀𝑀𝐼𝑅

𝑃𝑛𝑒𝑡

(W·m−2)

∆𝑇

(℃)

UV 

durability
Ref.

SMB-PP Melt-blown ~95% 0.82 - 4 - [1]

Cellulose acetate 

(AC) thin film

Phase-

separation
- 93.6% 47 5 - [2]

Ethyl cellulose 

BaSO4 coating
Brushing 98.6% 98.1% - 2.5 - [3]

Cellulose acetate/ 

TiO2@PT 

composite film

Phase-

separation
97.6% 0.95 - 6.5

 of 𝑅𝑠𝑜𝑙

97% after 

720 h UV 

exposure

[4]

SAP-PRC coating
Surface 

modification

~97.58

%
~98% 7 - [5]

Cellulose cooling 

paper
Hot-pressing 94% 0.95 8.8 - [6]

Cellulose film

Electrostatic-

field-assisted 

self-assembly

- - - 11.3 - [7]

Cellulose 

Metamaterial

Scalable ball 

milling 

technology

~98 0.97 - 5.7 - [8]

Cellulose 

nanocrystals 

(CNCs) based 

film

Evaporation-

induced self-

assembly

95.2% 96.5% 119 - - [9]

Bioinspired 

radiative cooling 

film

Photolithogra

phy and 

etching

~98% 96% 96.6 8.8 - [10]

Self-cleaning 

polymer-based 

metamaterial

Photolithogra

phy and 

etching

- 0.98 97 6 - [11]
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Silanized BC-

liquid crystal film

Freeze-

drying
- 87.65% - - - [12]

PVDF-HFP film
Phase 

separation
97.7% 96.7% - 5.4 - [13]

Yolk-shell 

dielectric 

scatterers

Emulsion 

templated 

method

97.4% 96.9% - - - [14]

PDMS/PFPE Mixing 94.0% 95.1% 62.94 11.5 - [15]

skin-conformable 

electronic textile

Electrospinni

ng
＞90% 97% - 10.5 - [16]

Polyethylene 

fibers

Melt 

extrusion
93.6% 93.9% 104.3 - - [17]

Biomass film
Phase 

separation
96.3% 95.4% - 8.5

Maintains 

after UV 

exposure 

of 7 days

[18]

SEBS-EC film

Nonsolvent-

induced 

phase 

separation

94% 0.95 141.3 10.6

 of 𝑅𝑠𝑜𝑙

92.3% 

after UV 

exposure 

for 240 h

This 

work

SMB-PP: Surface-modified melt-blown polypropylene
SAP-PRC coating: super-amphiphobic passive radiative cooling coating
PVDF-HFP: polyvinylidene fluoride-hexafluoropropylene 
PDMS/PFPE: polydimethylsiloxane/perfluoropolyether
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Table S2 Chromatic value of SEBS-EC film after UV exposure.

Samples L* a* b*

SEBS-0h 94.40 0.03 -0.31

SEBS-48h 94.60 0.02 -0.32

SEBS-96h 94.57 0.03 -0.31

SEBS-144h 94.23 0.04 -0.35

SEBS-196h 94.24 0.03 -0.36

SEBS-240h 94.31 0.03 -0.37
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