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Note S1. Characterization, mechanical and optical properties of the porous TPU cooler.
Thermoplastic polyurethane (TPU) is a polyurethane-based thermoplastic elastomer that exhibits excellent mechanical properties. The porous TPU was manufactured and used as an efficient radiation cooling material. The images, pore structures, and optical properties of the TPU coolers with various concentrations are displayed in Figures S1 and S2. Although the TPU is transparent by nature, it becomes opaque as light is scattered by its pores. Comparing the reflectivity based on polymer content, the sample with 10 wt.% of the polymer content exhibited the highest reflectivity. Therefore, 10 wt.% was selected as an optimal value considering optical properties. In addition, the tensile stress–strain curves were obtained for a polymer content of 10 wt.% by fabricating specimens (6.5 mm total length, 1.5 mm gauge-section width, and thickness approximately 0.4 mm) of various thicknesses using an Instron 5567 UTM. The measurement speed was performed at 5 mm/min. The tensile strength measurement of the 10 wt.% samples revealed that Young's modulus, tensile strength, and elongation at break improved as the thickness increased, as depicted in Figure S3 and Table S1.
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Figure S1. (a) Photographic image of TPU cooler with various concentrations: non-porous, 3, 5, 10, and 15 wt.%. (b) Reflectivity and (c) emissivity of TPU cooler various concentrations of TPU: non-porous, 3, 5, 10, and 15 wt.%.
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Figure S2. SEM of TPU film for various concentrations: (a) 3, (b) 5, (c) 10, (d) 15 wt.%.
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Figure S3. FDTD simulated spectral scattering efficiency of porous TPUs with various pore diameters (a) 0.2, 1, 3.0 μm, (b) 10, 20, 30 μm.
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Figure S4. Tensile stress–strain curves for various thicknesses of TPU 10 wt.%: 0.5, 1.0, and 1.5 mm.

Table S1. Mechanical properties for various thicknesses of TPU: 0.5, 1.0, and 1.5 mm
	Thickness
	Young’s Modulus (MPa)
	Tensile Strength (MPa)
	Elongation at break (%)

	0.5 mm
	0.024
	0.035
	0.033

	1.0 mm
	1.4
	1.7
	2.2

	1.5 mm
	105
	152
	192



Note S2. Thermal insulation properties of porous TPU 
Passive daytime radiative cooling can save energy without any energy consumption in buildings and vehicles functioning on energy resources. Consequently, a building with high energy efficiency is more sustainable for the environment. However, thermal insulation is essential as the heat is transferred through the exterior surfaces of the building. Thus, the high thermal insulation of the polymer foam ensures the high energy efficiency of the building exiting to the outside. Accordingly, we used a heat flow meter (HFM 436, NETZACH) to determine the thermal insulation properties of the porous TPU (thickness = 560 μm), e.g., the thermal conductivity of 0.043 W m1k1 and thermal resistance of 0.12 m2K W-1, exhibiting improved insulation compared to commercial TPU polymers. Therefore, the amount of insulation used in the construction can be reduced to decrease the heat transferred to the atmosphere.

Table S2. Thermal conductivity of TPU cooler, commercial TPU, and other polymers
	Materials
	Pore size (μm)
	Porosity (%)
	Thermal conductivity
(W m-1K-1)
	Reference

	Porous TPU
	≈ 3.0 / 22.4
	78.8
	0.043
	This work

	TPU
	–
	–
	0.28
	1

	PU foam
	450
	95.0
	0.033
	(2)2

	PE foam
	528
	60.4–95.4
	0.028–0.061
	(3)3

	PMMA foam
	22
	61.6
	0.094
	(4)4

	Concrete
	–
	–
	0.403–0.719
	(5)5

	Wood
	–
	–
	0.14
	(6)6




[image: ]
Figure S5. Fourier-transform infrared (FTIR) spectrum of TPU; green area denotes the characteristic band of –NH groups of urethane (3349 cm-1), red area is characteristic band of –CH2 (2926 cm-1), blue area reflects the characteristic band of C=O of ester (1725 cm-1), black area corresponds to bands for C-O (1217 cm-1) in TPU.
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Figure S6. (a) Schematic illustration and (b) Photographic images of experimental setups. 
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Figure S7. Outdoor experimental results of porous TPU cooler, ambient temperature of day (2021/05/18~2021/05/19).
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Figure S8. Outdoor experimental results of porous TPU cooler, non-porous TPU, and ambient.

Note S3. 3D model of TPU cooler and Outdoor test
We used 3D printing to produce models (house, dome, bus) representative of the real situation, wherein the gray filament represented a typical cement color. The TPU exhibited adequate elasticity, appropriate coating on various models, and delivered improved cooling performance than filament and commercial paints owing to the high reflectivity of the TPU. The TPU-coated model exhibited various cooling efficiency depending on the shape, and we proposed a cooling form factor to support it. For the cooling form factor, the cooling efficiency increased with the ratio of the roof cooling area to the total area (Table S3). Despite the excellent radiative cooling of TPU coolers, several meteorological variables are unavoidable. Therefore, we propose promising materials and designs to save more energy using the cooling form factor in the initial design stage.

[image: ]
Figure S9. Reflectivity of filament, TPU cooler, and white paint.
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Figure S10. Images and actual sizes of various 3D printed models (house, dome, bus).

Table S3. Calculation of cooling foam factor for various 3D printing models (house, dome, bus).
	[bookmark: _GoBack]3D models
	Cooling Roof Area (A)
	Surface Area (As)
	Cooling Form Factor (A/As)

	House
	65.60 cm²
	129.60 cm²
	0.51

	Dome
	37.70 cm²
	89.53 cm²
	0.42

	Bus
	23.78 cm²
	67.78 cm²
	0.35



Note S4. Durability test of porous TPU cooler
The UV aging test and water damage test were conducted for application as a coating material on various designs. More specifically, the UV aging test was conducted with a sample size of 3.0 cm × 3.0 cm × 2 mm (thickness) according to ISO 4892-4, wherein the UV light (0.76 W·m2·nm1 at 340 nm) was irradiated in a 24 h cycle. Although it slightly decreased at 400 nm wavelength, the average solar reflectance was maintained even after a total of 3 cycles. Furthermore, a commercial UV absorber and antioxidant were used for the TPU to demonstrate adequate UV stability. For the water damage test, the TPU was immersed in water for 24 h and evaporated in a vacuum oven at 40 °C for 12 h. As displayed in Figure S8b, the reflectance did not decrease at all, and the TPU cooler exhibited adequate UV stability along with water resistance. Therefore, it is a suitable and promising material for application as an exterior coating material. 
[image: ]
Figure S11. Durability test results of TPU cooler under accelerated UV aging and water immersion; (a) average reflectivity in wavelength range 0.4–2.5 μm and spectral reflectivity (inner data); (b) spectral reflectivity and water contact angle (inner images). 
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