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Note S1 Cooling Device Design
The acrylic cube was wrapped in polypropylene foam and aluminum foil to reduce the effects of heat convection and heat conduction, and the device was placed at a certain height above the ground to reduce the effects of heat radiation near the ground. Sensors were placed inside the three chambers while temperature, humidity, and illumination were measured for three days.
Note S2 Theoretical simulation
EnergyPlus (version 9.2.0) software was used to simulate the energy consumption to evaluate the energy-saving effect of UHMWPE composite films. The building model used in the simulation was a typical midrise apartment building, and the coefficient of lighting consumption and internal load were modified based on the U.S. Department of Energy commercial reference building models. The total building area is 3134.61 m2, the net conditioned building area is 2823.98 m2 and the window opening area is 306.92 m2. We used the weather data from the website to calculate the annual energy consumption of the building model in 10 cities around the world1. We neglected the effect of thermal resistance due to the negligible thickness of the composite film and measured UV-VIS-NIR and infrared spectra were used in the simulation.
The calculations of integral solar transmittance Tsolar (0.3-2.5 μm) and thermal emittance ε (2.5-20 μm) can be found in Eqs. (S2.1) and (S2.2), respectively:


and visible light transmittance Tvis (0.4-0.76 μm) can be expressed as Eq. (S2.3):

where IAM1.5(λ) represents the solar illumination of the AM 1.5 spectrum and IBB (T, λ) is the spectral radiance of a blackbody at temperature T. t (λ) and ε (λ) are the transmittance and emittance of the film corresponding to the related wavelength range, respectively.
Supplementary Figures
[image: ]
Fig. S1 3D views of sandpaper of different meshes (180, 320, 400, and 1000 mesh)
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Fig. S2 Water contact angles on the films with smooth surface and four different mesh surfaces[image: ]
Fig. S3 Photothermal effects of films with four different mesh surfaces (illustrated with corresponding IR images)
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Fig. S4 Contact angles of aqueous solutions with different pH values on the surface of composite films
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Fig. S5 Self-cleaning performance of the composite film. a Hydrophobic droplet morphology of mango juice and FeSO4 on the composite film. b Self-cleaning performance of the composite film coated with KMnO4 powder. c Outdoor extreme contamination condition with 2 mm thick dust spread on the surface of composite film to verify the self-cleaning property at extreme contamination
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Fig. S6 x1000 magnification of the cross-section of a PEAB-Si sample. The thickness of the coating is estimated to be 25 μm
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[bookmark: _GoBack]Fig. S7 Infrared images of a cavity covered with a composite film after 30 minutes of direct illumination at light intensities of 1000 W/m2 and 1500 W/m2 using a sunlight simulator.
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Fig. S8 The temperature trends of the composite film's surface and the cavity interior under direct irradiation at varying light intensities were analyzed. The data reveal that, after 10 minutes of irradiation under 1000 and 1500 W/m2 illumination, the temperature differences between the film's surface and the cavity interior stabilize at approximately 10 and 13 ℃, respectively. Even after 30 minutes, these temperature differences remain stable at around 10.5 and 13.3 ℃
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Fig. S9 Outdoor tests were conducted under sunny winter conditions. a Photograph of the test setup. b humidity data recorded during the test. c internal temperature variations and light intensity for PEAB-Si films placed on the outside and inside of the chamber. During the daytime, the cavity temperature of the samples placed on the outside is, on average, 1-2 ℃ lower than that of the samples placed on the inside
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Fig. S10 Micro-nanostructures of the PEAB-Si composite film surface. a-f SEM images of the surface morphology at magnifications of ×100, ×250, ×500, ×1000, ×2000, and ×3000, respectively
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Fig. S11 Properties of PEAB-Si samples aged at 90 ℃ for 72 hours. a Water contact angle of PEAB-Si samples before high-temperature aging: 159.1°. b Water contact angle of PEAB-Si samples after high-temperature aging: 131.5°. c Outdoor testing of samples before and after high-temperature aging under natural winter light conditions. d Transmittance of samples before and after high-temperature aging across the solar spectrum (250–2500 nm). e Humidity data recorded on the day of the experiment. f Actual cooling performance and real-time light intensity of samples before and after high-temperature aging, the average temperature of the aged samples was 1-2 ℃ higher than that of the original samples
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Fig. S12 Actual scale of prepared samples and processing mold dimensions







[image: C:\Users\Administrator\Desktop\数据汇总.png数据汇总]
Fig. S13 The annual cooling energy consumption of building models using these four types of windows based on weather data from 8 cities
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Fig. S14 Extra cooling energy savings of building models using three types of windows from 8 cities each month
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Fig. S15 The annual cooling energy savings and percentage of building models using PE film based on weather data from 10 cities
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Fig. S16 The annual cooling energy savings and percentage of building models using PE-A film based on weather data from 10 cities
Video S1 The dust (KMnO4 powder) was removed from the film surface
Video S2 The water droplets remained intact and were removed by the needle
Video S3 Excellent self-cleaning ability under extreme outdoor dust contamination conditions
Table S1 The transmittance and haze of the composite film are compared with other polyethylene-based composite materials
	Composites
	Transmission (%)
	UV shielding (%)
	NIR shielding (%)
	Years
	Refs.

	VO2-NANO
	58
	~50
	70
	2021
	[S2]

	HEC/ANFs
	70
	~80
	/
	2021
	[S3]

	CA/Cu/MOF
	82
	~60
	/
	2021
	[S4]

	PVA/IC
	76
	~80
	/
	2020
	[S5]

	PVA/MnO2
	12
	92
	/
	2018
	[S6]

	GO/PVA
	30
	~88
	/
	2015
	[S7]

	PVA/CuS
	56
	~55
	/
	2020
	[S8]

	TiO2/PDMS
	92
	~28
	/
	2017
	[S9]

	PVA/LS
	~80
	~32
	/
	2021
	[S10]

	PEI/CMC@TiO2
	~42
	~75
	/
	2017
	[S11]

	MUVS
	~56
	~95
	/
	2020
	[S12]

	GO/Cellulose
	~72
	~45
	/
	2020
	[S13]

	CNF/PVA/ATO-10
	~90
	/
	~9
	2021
	[S14]

	CNF/PVA/ATO-40
	~83
	/
	~47
	2021
	[S14]

	CNF/PVA/ATO-0
	~49
	/
	~95
	2021
	[S14]

	ITO/Graphene
	~49
	/
	~45
	2015
	[S15]

	WO2.72/PU
	~55
	/
	~90
	2017
	[S16]

	W17O47
	~56
	/
	~72
	2021
	[S17]

	PVC/ATO
	44
	/
	57
	2016
	[S18]

	AZO/Epoxy
	50
	/
	63
	2011
	[S19]

	LaB6@SiO2-PVB
	28
	/
	84
	2014
	[S20]

	AAA/CuS
	63
	/
	76
	2017
	[S21]

	NaxWO3
	57
	/
	77
	2012
	[S22]

	This work
	77
	91
	74
	This work


The HEC/ANFs: hydroxyethyl cellulose/aramid nanofibers; CA/Cu/MOF: cellulose acetate/flower-like metal-organic frameworks; PVA/IC: poly(vinyl alcohol)/instant coffee; GO: Graphene oxide; PDMS: polydimethylsiloxane; LS: sodium lignosulfonate; PEI/CMC: poly(ethylene imine)/carboxymethyl cellulose sodium; MUVS: multilayered artificial UV shielding skin; CNF/PVA/ATO: cellulose nanofiber/polyvinyl alcohol/antimony tin oxide; ITO: indium tin oxide; PU: polyurethane; ATO: antimony tin oxide; AZO: Al doped ZnO; PVB: Poly(vinyl butyral); AAA: acrylic-amino-alkyd baking varnish.
Table S2 Geographical coordinates and climate types of 10 cities
	City
	Geographical coordinates
	Climatic zones
	Climatic types

	Beijing (China)
	39º48′N, 116º28′E
	Temperate zone 
	[bookmark: _Hlk82008132]Monsoon climate of medium latitudes

	Paris (France)
	48º51′N, 2º2′E
	
	Temperate marine climate

	Washington (USA)
	38º53′N, 77º02′W
	
	Temperate continental climate

	Tokyo (Japan)
	35º41′N, 139º44′E
	Subtropical zone
	Subtropical monsoon climate

	Mexico City (Mexico)
	19º25′N, 99º4′W
	
	Subtropical plateau climate

	Los Angeles (USA)
	34º05′N, 118º55′W
	
	Mediterranean climate

	Kuala Lumpur (Malaysia)
	3º08′N, 101º42′E
	Tropical zone
	Tropical rainforest climate

	Bangkok (Thailand)
	13º5′N, 100º29′E
	
	Tropical monsoon climate

	Rio de Janeiro (Brazil)
	22º54′S, 43º15′W
	Tropical zone
	Tropical savanna climate

	Aswan (Egypt)
	23º58′N, 32º52′E
	
	Tropical desert climate
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