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Fig. 1. Principles of radiative cooling and the nature organism that are inspirational for bio-inspired radiative cooling: (a) Schematic
of radiative energy flows occurring at the terrestrial surfaces™. P, solar radiation absorbed by the terrestrial surfaces; P,,q,
thermal radiation emitted by the terrestrial surfaces; Pam,, atmospheric thermal radiation absorbed by the terrestrial surfaces. (b) AM 1.5
solar spectrum and typical atmospheric window!'”. (c)—(h) Typical organisms and biomaterials with radiative cooling properties:
(c) Birds with different near-infrared (NIR) emissivity'®; (d) comet moth cocoon!'”; (e) butterfly Rapala dioetas and its infrared
imagel'¥l; (f) Saharan silver ant('%; (g) human skin and the structural schematic®; (h) wood fiber?!.
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Fig. 2. Thermoregulatory biological structure of different insect species. (a) Thermoregulatory mechanism of Goliathus goliatus/?!:
(i) Photograph of a male Goliathus goliatus; (ii) scanning electron microscopy (SEM) image of the shell / hollow cylinder structure
and transmission electron microscopy (TEM) image of cross-section; (iii) schematic of total reflection in the shell / hollow cylinder
structure, inset is the thin-film interference at different incident angles (6; and 6,); (iv) simulated reflectance spectra of shell/hollow
cylinder structure, hollow cylinders and solid cylinders in the mid-infrared (MIR) band. (b) Catagliphis bombycine®!: (i) Optical
photograph and SEM frontal view of the head; (ii) SEM image of the dense triangular hair. (c) Neocerambyx gigas®??: (i) Optical
photograph; (ii) SEM image of the fluffs covering on the forewing. (d) (i) Periodic microstructure models of four different butterfly
wing scales and (ii) their emission spectrum in the mid-infrared band®. (e) Butterfly Curetis acuta Moore®: (i) Optical photo-

graph; (ii) SEM image of the central part of a silver scale, (iii) cross section TEM image of the silver scales.
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Fig. 3. Bio-inspired radiative cooling materials and the fabrication of such materials. (a) The bio-inspired model from neocerambyx
gigas?: (i) Bio-inspired schematic diagram from fluff to radiative cooling film; (ii) structure of the radiative cooling film and its re-
flection characteristics for visible light and infrared emission. (b) (i) Micro-tree structures and (ii) their emissivity spectrum for radi-
ation thermal managementP!. (c) Comet moth cocoon fibersl'™: (i) Optical microscopy image; (ii) SEM image of the transverse
cross-section of a comet moth silk fiber; (iii) SEM images of the cross-section and longitudinal-section of regenerated silk fiber (up-
per) and polyvinylidene difluoride fiber (lower) containing high-density pores. (d) Wood for radiative cooling?!:: (i) Optical photo-
graph; (ii) schematic of the wood structure in scattering solar irradiance and infrared emission caused by molecular vibration of cel-
lulose functional groups. (e) Radiative cooling materials inspired by the natural fibersi: (i) Photograph of raw cotton and the
schematic of its microstructure; (ii) micrographs showing top and cross-section views of the macroporous PP/SBS sheet and

PP /SEPS sheet; (iii) reflection and emission characteristics of the macroporous PP sheets.
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Abstract

As a new type of cooling technology, radiative cooling achieves temperature reduction through spectral
regulation. Compared with the traditional active cooling technologies such as absorption-based cooling and
compression-based cooling, the radiative cooling offers unique advantages, which are of great significance in
environmental protection and energy utilization. First of all, the basic principle of radiative cooling and the
radiative cooling within the natural biological systems are introduced in this review. The biological systems
achieve their regulations of radiative cooling through controlling the materials, microstructures and behaviors in
the systems, which also provide inspiration for us to explore new radiative cooling materials and devices. We
also summarize the various mechanisms of radiative cooling in the biological systems and the optimization of
such cooling structures. The recent research progress of bio-inspired radiative cooling is also presented. At the
end, the outlook of the research directions, potential applications, and the material fabrication approaches for
bio-inspired radiative cooling are discussed. The radiative cooling materials and devices with high power output
and intelligent control should be an important development direction of bio-inspired radiative cooling in the
future. With the integration of advanced micro/nano fabrication technology, bio-inspired radiative cooling will

have a broader market and much room of applications in the future.
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