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Research progress on structural control of radiative cooling materials and

its application in buildings

LI Zigi"*, ZHU Zhijun®, WU Xiaohong® , CHEN Dazhu
(1. College of Civil and Transportation Engineering, Shenzhen University, Shenzhen 518060, China; 2. College of
Materials Science and Engineering, Shenzhen University, Shenzhen 518055, China)

Abstract: Along with the large consumption of fossil energy, the human living environment is seriously threatened.
Among them, the proportion of building energy consumption in the total energy consumption continues to rise, and
the passive cooling technology that effectively manages the heat transfer of buildings has become a focus of atten-
tion. Radiative cooling technology can reflect sunlight and radiate heat to outer space through the "atmospheric
window" to spontaneously cool the surface of objects. Because it can realize radiative cooling without consuming
any energy, it has been widely concerned by researchers at home and abroad. In recent years, the application of
radiative cooling technology in the field of construction has developed rapidly. The main problems are complex
preparation process, high production cost and easy to be affected by external environment. Based on the principle
of radiative cooling, this paper summarizes the relevant researches of radiative cooling materials in buildings in
recent years, focuses on the preparation process of radiative cooling materials and the main factors affecting the
performance of radiative cooling materials, and further elaborates the application of radiative cooling materials in
buildings according to the classification of energy saving of active buildings and energy saving of passive buildings.

Finally, the existing problems and the future research direction are summarized and prospected. It is pointed out
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that future research should focus on exploring the simple process of radiation cooling materials that can be pre-

pared in large quantities, developing low-cost and multi-functional integrated application products, and establish-

ing specific standards and regulations.

Keywords: radiative cooling; building energy saving; passive cooling; porous polymer; solar energy
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Fig.1 Energy flow diagram of the passive cooler
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Fig.2 (a) SEM images of polyvinylidene fluoride (PVDF) and infrared spectral curves of PVDF, TiO,-PVDF ; SEM image and absorptivity of

polydimethylsiloxane (PDMS)'®; SEM image and reflectance of polymethyl methacrylate (PMMA)™; (b) Surface-wetting states, microstructures and

infrared spectral curves of polytetrafluoroethylene (PTFE)-coated paper composites'"
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CA/TPU-HAP NRs film— Cellulose acetate/thermoplastic polyurethane-hydroxyapatite nanorods film; CA/TPU,.,-F—Front side of the cellulose
acetate/thermoplastic polyurethane 1:1 passive radiative cooling biofilm; CA/TPU .;-B—Back side of the cellulose acetate/thermoplastic polyurethane
1:1 passive radiative cooling biofilm
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(c) AEXTFRIIAR 2 LMY SEM [E{ZEY

Fig.5 (a) Schematic diagram of rod-like particles (RLP) with unconventional structure/®”; (b) Schematic diagram of hierarchically porous array PMMA

film (PMMAyyp,) film with a hierarchically porous array'”; (c) SEM images of asymmetric coral-like porous films'*’!
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Fig.6 Common preparation technologies for radiation-cooled materials
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Fig.7 An environmentally stable glass coating for daytime passive radiative cooling*”: (a) Schematic of the radiative cooling glass coating on a ceramic

roofing tile; (b) Scattering and absorption efficiencies as a function of wavelength for glass and Al,O; particles calculated on the basis
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P,,wv—Convective thermal power; P,,—Conducted thermal power; PE—Polyethylene; PV—Photovoltaic; Q;,—Quantity of heat; V1-V6—Controlled
valves; P1-P2—Controlled pumps; T1-T4—Thermocouples; Q,,,—Heat output

K8 (a) fESHAHILE (RadiCold) BIHUR Y (b) YefRES G HRHTEEI RS (PV-RSC)™; (o) Bridfmatva A Bl (RSC-TEC) R4t
Fig.8 (a) Schematic diagram of the radiation cooling collection (RadiCold) module®; (b) Photovoltaic combined with radiation cooling system

(PV-RSC)"; (c) Radiation cooling assisted thermoelectric (RSC-TEC) system'*®
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Fig.9 Application of radiative cooling materials in architrcture: (a) Principle diagram®; (b) Coating of exterior wall and rooft*¥; (c) Wall®;

(d) Intelligent window!*?; () Cooling wood"®”; (f) SEM images of the cooling lignocellulosic bulk and the pure wood fiber bulk!®"
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