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ABSTRACT 
Daytime radiative cooling (DRC) is a well-recognised passive cooling solution for future building envelopes to mitigate the intensity of urban overheating and cooling demands. Unfortunately, this technology has been shown in recent literature to potentially overcool under cold conditions that lead to additional heating in buildings. For this purpose, the ability for a building surface to switch between DRC under warm weather conditions and Solar Heating (SH) in cold weather represents an attractive adaptive feature to mitigate or eliminate the undesired overcooling while keeping the outstanding cooling benefits of DRC. In the first part of the paper a brief overview of the limited number of adaptive solutions available in the literature is outlined. This is followed by the presentation of the prototyping and testing of a new active modulating radiative system that can modulate between DRC and SH modes. The system is based on a thin sandwich structure that encases a novel, high-performing, bilayer DRC film of porous poly(vinylidene fluoride-co-hexafluoropropylene) (PVdF-HFP) with fine aluminium (Al) powder embedded in the bottom layer. The DRC film can modulate like a venetian blind to cover or expose the bottom component of the sandwich structure which contains a carbon black coated Al SH film. The top of the sandwich structure holds an ultra-high molecular weight polyethylene (UHMWPE) cover. The system was tested in Sydney under clear sky conditions in winter and achieved an average of 5oC sub ambient temperatures when in DRC state and an average of 20oC above ambient temperature when in SH state.
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Introduction
Daytime radiative cooling (DRC) possesses superior cooling performance by relying on two mechanisms: (i) a high reflection of incident light in the solar range to limit absorbance of solar heat and (ii) a thermal emission of the absorbed heat in the atmospheric window to exploit the outer space as a heat sink 
 ADDIN EN.CITE 
(Rephaeli, Raman and Fan 2013; Raman et al. 2014; Gentle and Smith 2015)
. Since then, several contributions and extensions to this work have been reported and, among the others, some of these include developments in metamaterials, e.g., 


(Zou et al. 2017; Jeong et al. 2020) ADDIN EN.CITE , randomly distributed particle structures, e.g., 


(Li et al. 2021; Feng et al. 2022) ADDIN EN.CITE  and porous structures, e.g., 
 ADDIN EN.CITE 
(Mandal et al. 2018; Jaramillo-Fernandez et al. 2022)
. 

The benefits of the passive cooling solution of the DRC films during warm periods can be compromised by the undesired overcooling that can take place during cold conditions and the consequent additional heating costs may outweigh the energy benefits the DRC has on reduced cooling demands during the warmer conditions (Ulpiani et al. 2020; Khan et al. 2021). Recent literature has focused on methods to mitigate overcooling of DRC films by integrating active modulation of the DRC film’s optical properties in the solar range or atmospheric window to enable a film to switch between its DRC and solar heating (SH) states, or by integrating separate DRC and SH films into a system and mechanically switching between the two. Herein, the DRC state will simply be referred to as the cooling mode and the SH state will be denoted as the heating mode. In the following, an overview of some of the strategies and solutions that have been proposed in the literature to modulate between the DRC and SH states are briefly presented subdivided based on the technological features introduced for the modulation. 
An active strategy that relied on fluid to switch between cooling and heating modes was presented by Mandal et al. (2019). In this work, a porous membrane (made from either poly(vinylidene fluoride-co-hexafluoropropylene) (PVdF-HFP), polytetrafluoroethene (PTFE) or ethyl cellulose) was able to switch from its dry DRC state to a solar transparent condition by filling the air voids present in the porous membrane with water or isopropyl alcohol. This transparent condition could be reversed by air drying the now-wet porous membrane, therefore switching it back into its cooling mode. The porous PTFE, when above a black substrate, achieved 3.2oC sub ambient temperature in cooling mode and 21.4oC above ambient temperature when in heating mode. Another fluid-based modulation system was presented by Zhao et al. (2022) and it relied on carbon nano-tubes (CNTs) dispersed in water to fill up an enclosed glass cavity above a solar reflective film. When the CNTs were present, the system absorbed incoming solar radiation and could switch from heating to cooling mode when the CNT-water mixture was replaced with clear water. The heating mode performed well, reaching 44.5oC above ambient temperature, while the cooling mode exhibited 19oC above ambient temperature.

Another typology of active modulation made use of mechanical actuation to vary optical properties, for example, by inducing deformations in a film to vary its emission as a radiative cooler or its solar reflectance. Liu et al. (2020c) theoretically demonstrated a reduction in the emittance when stretching an elastic polydimethylsiloxane (PDMS) structure filled with silicon-based nanoparticles and an underside face coated with silver (Ag). The emittance at 0% strain was ~80% and this reduced to ~17% when the material was stretched to a 120% strain, while the reflectance remained unaffected. A similar system was tested by Zeng et al. (2021) and, in this case, a deformable layer of the commercial film ecoflex coated in mirror chrome Al flakes formed a closed air system that was controlled using an air pump. When air was pumped into the system, the ecoflex expanded opening the microcracks in the Al coating and exposing the highly emissive ecoflex that achieved a 0.32 switch in emissivity between 0-150% strain. Liu et al. (2020b) predicted that a layered deformable cover of ethylene propylene monomer rubber and air would be able to regulate the emittance of a DRC film by blocking up to 95% emittance in the atmospheric window at 0% strain and by transmitting up to 95% at 90% strain. Zhao et al. (2020) performed switching between the cooling and heating modes by using a high performing DRC porous PDMS film with a carbon black bottom layer whose manufacturing process left metastable voids in the PDMS that, when collapsed, could remain in the collapsed condition due to interfacial adhesion until the film was stretched again. With the collapsed metastable voids, the porous PDMS was transparent in the solar range, therefore exposing the carbon black layer to solar radiation and performing in heating mode. This mode achieved up to 22oC above ambient temperature when in heating mode and ~3oC sub ambient temperature when in cooling mode.
Motorised actuation systems were also considered for modulation purposes by a number of researchers. Li et al. (2020) used two motorised rollers to switch between a SH film composing of zinc (Zn) film with copper (Cu) particles and a DRC film consisting of PDMS on top of Ag. The system worked with the use of one motor that activated the exposure of either the SH or the DRC film. The films were electrically charged by adding an electrode layer to them to electrostatically attract them to the polyamide substrate of the roof and to ensure good conduction between the substrate and films while maintaining the effectiveness in the cooling and heating modes. The cooling mode achieved 97.3% solar reflectance and 94.1% emissivity in the atmospheric window, where the heating mode achieved 94.1% absorption in the solar range and 14.2% emissivity in the atmospheric window. Ke et al. (2022) interwove a SH film from indium tin oxide covered black coated polyethylene terephthalate with a DRC porous PVdF-HFP film in a particular orientation that would expose only one state when specific weaves were pulled at the end. The cooling mode achieved 5% absorption in the solar range and 91% emissivity in the atmospheric window, while the heating mode achieved 38% absorption in the solar range and 87% emissivity in the atmospheric window. Wang et al. (2022) and Yang, Jia and Zhang (2022) motorised louvres with a SH film on one side and a DRC film on the other side of the louvres to switch between the two modes by rotating the louvres by 180o. Wang et al. (2022) achieved a sub ambient temperature of 11oC when operating in the cooling mode a DRC base of silicon dioxide (SiO2) embedded in styrene-ethylene-butylene-styrene. The heating mode consisted of CNTs embedded in PDMS which achieved ~15oC above ambient temperature. The louvre system proposed by Yang, Jia and Zhang (2022) consisted of a DRC side of SiO2 embedded in polyethylene above a solar-reflective melt blown polypropylene film to achieve a temperature drop of 2oC when compared to ambient temperature. The SH side consisted of Cu particles embedded in Zn to achieve a temperature increase of 5oC. Liu et al. (2020a) and Shi et al. (2023) designed a dual mode DRC and SH films that relied on a flipping mechanism to change between cooling and heating modes. The films consisted of porous PVdF-HFP with a solar absorber coated on one side that consisted of a commercial black chromium plate (Liu et al. 2020a) or a MXene nanosheet (Shi et al. 2023). Shi et al. (2023) achieved a sub ambient temperature of 9.8oC in the cooling mode and ~20oC above ambient temperature in the heating mode.
Active modulation of DRC was also introduced by incorporating smart memory alloys (SMAs) to mechanically modulate DRC films based on variations in the ambient temperature. Xia et al. (2020) passively drove a louvre design based on a silicon and Ag stack DRC film with a temperature responsive SMA spring that had a shape memory ability to change the springs length and, within the proposed solution, the horizontal angle of the louvres from 90o to 0o. With this methodology, the DRC film could reach a sub ambient temperature of 19.6oC when the horizontal angle of the louvre was 0o, while this temperature dropped to a sub ambient temperature of 9.6oC when the horizontal angle was 90o. Zhang, Huang and Fan (2022) presented a DRC system capable of modulating the cooling of its substrate by passively changing the distance between DRC film and its substrate using SMA springs. 
In this context, this paper aims to present a venetian-like modulating system capable of modulating between DRC and SH modes by mechanical actuation provided by a motorised system. The venetian component that is folded and unfolded during the modulation process is formed by a bi-layer film to enhance the DRC performance of the device while limiting the film thickness. The design of the modulating system has been conceived to enable simple fabrication and to achieve a scalable implementation of the proposed solution. The details of the proposed modulating prototype are presented in the next section followed by a description of its performance exhibited through laboratory characterisation and outdoor testing. 
Prototyping
Design Concept of the Basic Module 
The basic design concept introduced in this paper is based on the module illustrated in Figure 1 that is capable of morphing through a venetian-like folded film and that can either lay flat (i.e., unfolded as shown in Figure 1a) or fold (i.e., folded as shown in Figure 1b) to expose the surface underneath. This morphing is activated by motors that move wires which are weaved through the film and fixed to one end that, as a consequence, enable the folding/unfolding of the film. A laser cut acrylic base with two acrylic walls installed on opposing sides support the motors and guide these wires that run between the motors. A cover encloses the base and the venetian-like folded. This has been implemented by attaching a UHMWPE film to an acrylic frame to protect the venetian-like folded film and base from wind and rain.
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Figure 1. Illustrative diagrams showing the basic module and its components. (a) Basic module in the fully unfolded state (film fully deployed). (b) Basic module in the fully folded state (base exposed).
Different prototype designs of this basic module have been proposed in Figures 2, 3, 4 and 5 to modulate between DRC (i.e., cooling mode) and SH (i.e., heating mode). 
Figure 2 depicts a novel bilayer system in which the venetian-like DRC film acts in a cooling mode when the film is fully unfolded (Figure 2a) and the system switches to a SH mode when the film is folded to expose the underlying black coated Al plate. When the DRC film is unfolded, it reflects the incoming solar radiation and emits heat in the atmospheric window. In the prototype design it has been preferred to minimise the thickness of the folding film to ensure easy folding/unfolding operations. For the prototype depicted in Figure 2, this has implied that the porous PVdF-HFP film used for the cooling mode could not be sufficiently thick to exhibit nil solar transmittance. For this purpose, a bilayer DRC film has been introduced in which a top PVdF-HFP film layer has been complemented with a bottom layer formed by a porous PVdF-HFP embedded with Al powder to block the remaining solar transparency of the top layer. When the bilayer DRC film is folded, the bottom SH Al plate coated in carbon back is exposed to and able to absorb solar radiation. Based on its features, the prototype of Figure 2 is denoted as the single DRC modulating bilayer prototype and its outdoor performance is described later in the paper.
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Figure 2. Illustrative diagrams showing the operations of the single DRC modulating bilayer prototype. (a) In cooling mode. (b) In heating mode.
The prototype design of Figure 3 builds on the concept previously introduced for single modulating bilayer prototype (Figure 2) and it inverts the DRC and SH functions between the venetian-like folded film, now operating in SH mode, and the module base, now fulfilling the DRC function. In this prototype, the SH film consists of a Polyvinylidene fluoride (PVdF) film embedded with carbon black. When the SH film is folded, the bilayer DRC film below becomes exposed, and the module performs in cooling mode (Figure 3a). When in this mode, a permanent strip of bilayer DRC film is placed on the cover to protect the folded film from absorbing direct solar radiation. When the film is fully unfolded the prototype operates in its SH mode (Figure 3b). The prototype of Figure 3 has been referred to as the single SH modulating bilayer prototype.
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Figure 3. Illustrative diagrams of the single SH modulating bilayer prototype. (a) In cooling mode. (b) In heating mode.
The third prototype design presented combines the functionalities of the venetian-like folding bilayer DRC film and SH film previously introduced for the designs of Figures 2 and 3. The SH and DRC operations of this prototype are shown in Figure 4 that depicts how the venetian-like folding bilayer DRC and SH films are connected at their ends. When the SH film is fully folded, the DRC film becomes unfolded, and the module performs in its cooling mode. A permanent strip of bilayer DRC film is placed as the cover over the folded SH film to protect it from direct solar radiation. When the DRC film is folded, the SH film becomes exposed, and the system can function in its SH mode. The folded DRC film exposed in this mode is assumed to be acceptable.
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Figure 4. Illustrative diagrams of the single SH and DRC modulating bilayer prototype. (a) In cooling mode. (b) In heating mode.
The design concept of the prototypes previously introduced can be extended and articulated to accommodate multi-layered systems to enable a more refined modulation among cooling and heating modes. An example of this design is depicted in Figure 5 by extending the applicability of the single DRC modulating bilayer prototype (Figure 2) with two layers. In this case an intermediate state can be provided by simply unfolding the top layer (Figure 5b). In this state, the effect of the prototype produces a reduced cooling effect because the partial transparency of the top unfolded layer enables the bottom black coated Al plate to absorb heat. In this manner, the entire system in the intermediate state is expected not to reach sub ambient temperatures as it would be the case with the fully unfolded DRC bilayer film.
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Figure 5. Illustrative diagrams of the two-layered DRC modulating bilayer prototype. (a) In cooling mode. (b) In intermediate mode. (c) In heating mode.
Scalability of the Design Concept

The proposed design prototypes require simple fabrication for their production and support scalable installations. Larger areas can be covered with the proposed prototypes by simply combining them in series as shown in Figure 6. With this approach, the motors only need to be installed at the ends of the covered area and the folding/unfolding can take place as illustrated in Figures 6a and b.
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Figure 6 Diagrams illustrating the scalability of the proposed prototypes. (a) In unfolded state. (b) In folded state.
Characterisation and outdoor testing of the single modulating DRC bilayer prototype 
The prototype previously presented in Figure 2 is reconsidered in this section as a physical prototype to present its optical characterisation and the results of an outdoor testing session. 

The design of the proposed single DRC modulating bilayer system is detailed in Figure 7. The overall dimension of this prototype is 100 mm (W) × 100 mm (L) × 18 mm (H), while other dimensions could be adopted as well. The bilayer film consists of a top layer formed by a 600µm porous PVdF-HFP and a bottom layer of 200µm porous PVdF-HFP with Al powder embedded throughout with a ratio of 1:3 in weight of Al powder to PVdF-HFP solution. The folding of the bilayer DRC film is enforced by scoring cuts into both sides of the film using a vinyl cutter. This allows repeatable folding/unfolding of the film with minimal force to actuate the venetian system. Small holes are cut into the bilayer with the vinyl cutter to allow the wires connected to the motors to weave through. A stiffener is attached at the end of the bilayer film to ensure that no flexural deformations are induced in the film when the wires are pulled. The opposite end of the film is attached to the one of the acrylic walls. 

The 600µm porous PVdF-HFP by itself is ~5% transparent in the solar range (Figure 8a) and this allows a small amount of solar radiation to reach the SH when the system is unfolded and operates in the cooling mode. The layer with the embedded Al powder has been included to eliminate this transparent response. 
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Figure 7. Axonometric diagrams of the single DRC modulating bilayer prototype. (a) Exploded axonometric view. (b) Prototype in cooling mode. (c) Prototype in heating mode.
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Figure 8. Optical properties of the 600µm porous PVdF-HFP. (a) In the solar range. (b) In the mid-infrared range (R =Reflectivity, T=Transmission, A=Absorptivity, E=Emissivity). 
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Figure 9. Optical properties of the carbon black coating on a 0.3mm Al plate. (a) In the solar range. (b) In the mid-infrared range (R =Reflectivity, T=Transmission, A=Absorptivity, E=Emissivity). 
The SH function is performed by a carbon black coating on a 0.3 mm Al plate that is ~95% absorbing in the SR (Figure 9). The optical measurements in the solar range have been performed with a Cary 5E UV-VIS-NIR spectrophotometer and a PTFE coated Labsphere attachment with Spectralon reference. Optical measurements for MIR range have been performed with a Bruker Invenio-R with diffused gold integrating sphere attachment and diffused gold standard.
The outdoor testing of the proposed prototype (Figure 7) have been performed in Sydney under clear sky conditions in winter. A Gill Industries MetConnect One weather station has been used to record ambient temperature, relative humidity, wind speed and wind direction. A HukseFlux NR01 4-component radiometer has been used to measure the solar radiation. Surface temperature measurements of the samples have been performed with surface-mount PT100 RTD Omega sensors. During the outdoor testing, the prototype has been kept in a 200 mm (W) × 200 mm (L) × 60 mm (H) XPS foam holder with a 120 mm (W) × 120 mm (L) × 18 mm (H) cavity that has been covered with aluminised mylar. Environmental conditions during the outdoor testing session have been recorded and this included a solar radiation in the order of 650 W/m2 and relative humidity in the order of 50%. Two prototypes, i.e., one operating in its cooling mode and one in its heating mode, have been monitored during the outdoor testing. 

The single DRC modulating bilayer prototype operating in cooling mode (Figure 7b) has reached an average of 5oC sub ambient temperature (Figure 10). The identical companion prototype operating in heating mode (Figure 7c) has exhibited an average of 20oC above ambient temperatures (Figure 12). 
The characterisation and outdoor testing work demonstrate the potential of the proposed solution to provide cooling in warm weather conditions and heating in cold weather. The prototyped solution can be adapted to different climatic conditions by modifying the thicknesses of the films and, during operations, by adjusting the folding and unfolding states of the venetian-like film to achieve intermediate states of cooling and heating performances. 
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Figure 10. Outdoor testing measurements of the single DRC modulating bilayer prototype including (i) the ambient temperature measured with the weather station, (ii) the surface temperature of the bilayer film when operating in its cooling mode, and (iii) the surface temperature of the bilayer film when operating in its heating mode.
Conclusion
This paper has presented the design concept at the basis of a proposed modulating prototype that can switch between cooling and heating modes by folding/unfolding a venetian-like DRC or SH films driven by motors. The proposed design solution has been conceived to require simple fabrication processes and to support scalable installations by combining several basic modules in series while being controlled by one set of motors.  The concept at the basis of four prototype designs have been presented to demonstrate the modulating functionalities obtained with different arrangements of the DRC and SH features. The details of one of these prototypes, here denoted as the single DRC modulating bilayer prototype, have been further illustrated. Optical properties of the main components of the prototype have been characterised in a controlled laboratory environment and the prototype has been tested outdoor in Sydney under clear sky conditions in winter. The measured data has demonstrated that the protyotype is able to achieve sub-ambient temperature in its cooling mode and to exhibit significant solar heating when operating in its heating mode. Future testing is expected to be performed under different weather conditions to further explore the performance of the proposed prototypes under warm and cold environmental conditions and when exposed to different levels of relative humidity.
Acknowledgments
This research was supported by the Australian Government through the Australian Research Council’s Discovery Projects funding scheme (project DP220100318).
References 
https://doi.org/10.1016/j.solmat.2021.111419Feng, J., Gao, K., Jiang, Y., Ulpiani, G., Krajcic, D., Paolini, R., Ranzi, G. and Santamouris, M. (2022) Optimization of random silica-polymethylpentene (TPX) radiative coolers towards substantial cooling capacity, Solar Energy Materials and Solar Cells, 234, .

Gentle, A. R. and Smith, G. B. (2015) A Subambient Open Roof Surface under the Mid-Summer Sun,Advanced Science, 2-5, https://doi.org/10.1002/advs.201500119.

Jaramillo-Fernandez, J., Yang, H., Schertel, L., Whitworth, G. L., Garcia, P. D., Vignolini, S. and Sotomayor-Torres, C. M. (2022) Highly-Scattering Cellulose-Based Films for Radiative Cooling, Adv Sci (Weinh), 9(8), e2104758, https://doi.org/10.1002/advs.202104758.

Jeong, S. Y., Tso, C. Y., Wong, Y. M., Chao, C. Y. H. and Huang, B. (2020) Daytime passive radiative cooling by ultra emissive bio-inspired polymeric surface, Solar Energy Materials and Solar Cells, 206, https://doi.org/10.1016/j.solmat.2019.110296.

Ke, Y., Li, Y., Wu, L., Wang, S., Yang, R., Yin, J., Tan, G. and Long, Y. (2022) On-Demand Solar and Thermal Radiation Management Based on Switchable Interwoven Surfaces,ACS Energy Letters, 1758-1763, https://doi.org/10.1021/acsenergylett.2c00419.

Khan, A., Carlosena, L., Khorat, S., Khatun, R., Doan, Q.-V., Feng, J. and Santamouris, M. (2021) On the winter overcooling penalty of super cool photonic materials in cities, Solar Energy Advances, 1, https://doi.org/10.1016/j.seja.2021.100009.

Li, X., Peoples, J., Yao, P. and Ruan, X. (2021) Ultrawhite BaSO(4) Paints and Films for Remarkable Daytime Subambient Radiative Cooling, ACS Appl Mater Interfaces, 13(18), 21733-21739, https://doi.org/10.1021/acsami.1c02368.

Li, X., Sun, B., Sui, C., Nandi, A., Fang, H., Peng, Y., Tan, G. and Hsu, P. C. (2020) Integration of daytime radiative cooling and solar heating for year-round energy saving in buildings,Nature Communications, Springer US, 1-9, https://doi.org/10.1038/s41467-020-19790-x.

Liu, J., Zhou, Z., Zhang, D., Jiao, S., Zhang, J., Gao, F., Ling, J., Feng, W. and Zuo, J. (2020a) Research on the performance of radiative cooling and solar heating coupling module to direct control indoor temperature,Energy Conversion and Management, Elsevier, 112395, https://doi.org/10.1016/j.enconman.2019.112395.

Liu, X., Pian, S., Zhou, R., Shen, H., Liu, X., Yang, Q. and Ma, Y. (2020b) Tunable radiative cooling based on a stretchable selective optical filter,Journal of the Optical Society of America B, 2534, https://doi.org/10.1364/josab.394671.

Liu, X., Tian, Y., Chen, F., Ghanekar, A., Antezza, M. and Zheng, Y. (2020c) Continuously variable emission for mechanical deformation induced radiative cooling,Communications Materials, Springer US, 1-7, https://doi.org/10.1038/s43246-020-00098-8.

Mandal, J., Fu, Y., Overvig, A. C., Jia, M., Sun, K., SHi, N. N., Zhou, H., Xiao, X. and Yang, N. Y. (2018) Hierarchically porous polymer coatings for highly efficient passive daytime radiative cooling, Science, 362, https://doi.org/10.1126/science.aat9513.

Mandal, J., Jia, M., Overvig, A., Fu, Y., Che, E., Yu, N. and Yang, Y. (2019) Porous Polymers with Switchable Optical Transmittance for Optical and Thermal Regulation,Joule, Elsevier Inc., 3088-3099, https://doi.org/10.1016/j.joule.2019.09.016.

Raman, A. P., Anoma, M. A., Zhu, L., Rephaeli, E. and Fan, S. (2014) Passive radiative cooling below ambient air temperature under direct sunlight,Nature, 540-544, https://doi.org/10.1038/nature13883.

Rephaeli, E., Raman, A. and Fan, S. (2013) Ultrabroadband photonic structures to achieve high-performance daytime radiative cooling,Nano Letters, 1457-1461, https://doi.org/10.1021/nl4004283.

Shi, M., Song, Z., Ni, J., Du, X., Cao, Y., Yang, Y., Wang, W. and Wang, J. (2023) Dual-Mode Porous Polymeric Films with Coral-like Hierarchical Structure for All-Day Radiative Cooling and Heating,ACS Nano, 2029-2038, https://doi.org/10.1021/acsnano.2c07293.

Ulpiani, G., Ranzi, G., Shah, K. W., Feng, J. and Santamouris, M. (2020) On the energy modulation of daytime radiative coolers: A review on infrared emissivity dynamic switch against overcooling, Solar Energy, 209, 278-301, https://doi.org/10.1016/j.solener.2020.08.077.

Wang, J. H., Xue, C. H., Liu, B. Y., Guo, X. J., Hu, L. C., Wang, H. D. and Deng, F. Q. (2022) A Superhydrophobic Dual-Mode Film for Energy-Free Radiative Cooling and Solar Heating,ACS Omega, 15247-15257, https://doi.org/10.1021/acsomega.2c01947.

Xia, Z., Fang, Z., Zhang, Z., Shi, K., Meng, Z. and Meng, Z. (2020) Easy Way to Achieve Self-Adaptive Cooling of Passive Radiative Materials,ACS Applied Materials and Interfaces, 27241-27248, https://doi.org/10.1021/acsami.0c05803.

Yang, Z., Jia, Y. and Zhang, J. (2022) Hierarchical-Morphology Metal/Polymer Heterostructure for Scalable Multimodal Thermal Management,ACS Applied Materials and Interfaces, 24755-24765, https://doi.org/10.1021/acsami.2c03513.

Zeng, S., Shen, K., Liu, Y., Chooi, A. P., Smith, A. T., Zhai, S., Chen, Z. and Sun, L. (2021) Dynamic thermal radiation modulators via mechanically tunable surface emissivity,Materials Today, Elsevier Ltd, 44-53, https://doi.org/10.1016/j.mattod.2020.12.001.

Zhang, H., Huang, J. and Fan, D. (2022) Switchable Radiative Cooling from Temperature-Responsive Thermal Resistance Modulation,ACS Applied Energy Materials, https://doi.org/10.1021/acsaem.2c00421.

Zhao, B., Hu, M., Xuan, Q., Kwan, T. H., Dabwan, Y. N. and Pei, G. (2022) Tunable thermal management based on solar heating and radiative cooling,Solar Energy Materials and Solar Cells, Elsevier B.V., 111457, https://doi.org/10.1016/j.solmat.2021.111457.

Zhao, H., Sun, Q., Zhou, J., Deng, X. and Cui, J. (2020) Switchable Cavitation in Silicone Coatings for Energy-Saving Cooling and Heating,Advanced Materials, https://doi.org/10.1002/adma.202000870.

Zou, C., Ren, G., Hossain, M. M., Nirantar, S., Withayachumnankul, W., Ahmed, T., Bhaskaran, M., Sriram, S., Gu, M. and Fumeaux, C. (2017) Metal‐Loaded Dielectric Resonator Metasurfaces for Radiative Cooling, Advanced Optical Materials, 5(20), https://doi.org/10.1002/adom.201700460.



� Djordje Krajcic: djordje.krajcic@sydney.edu.au, ORCID: 0000-0002-2135-4268


� Shamila Haddad: s.haddad@unsw.edu.au, ORCID: 0000-0003-3569-5765


� Hassan Khan: hassan.khan@unsw.edu.au, ORCID: 0000-0002-9103-7321


� Riccardo Paolini: r.paolini@unsw.edu.au, ORCID: 0000-0001-8365-6811


� Mattheos Santamouris: m.santamouris@unsw.edu.au, ORCID: 0000-0001-6076-3526


� Gianluca Ranzi: gianluca.ranzi@sydney.edu.au, ORCID: 0000-0003-4603-8349






