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Passive radiant cooling without sacrificing the
aesthetics of objects
Przemysław Jacek Dereń 1✉

Abstract
Photonic-engineered passive radiative cooling built into decorative climate-controlled enclosures reduces the active
power consumption of the existing enclosure without sacrificing its aesthetics.

Faced with the rise in the Earth’s temperature and cli-
mate change making our planet hotter and with the
growing demand for energy for air conditioning, it is
necessary to limit ourselves and turn to solutions that
have been used for centuries to cool our homes, however,
by adding our modern knowledge of physics and materials
engineering.
Passive cooling has been known for hundreds of years.

By analyzing the structures of houses built in the Roman
Empire, we can see how the architecture helped people
survive heatwaves and live in a hot climate. The Sun
radiation was not allowed to enter the interior of the
house, placing it suitably along with the cardinal direc-
tions. White paints reflected of solar radiation up to 85%,
avoiding significant heating of the walls1. Appropriately
shaped roofs shielded the interior of the atrium, and the
pool at its center helped reduce the temperature inside
the house through evaporation.
In ancient times, in the Middle East, despite the lack of

knowledge on the physical basis of the phenomenon, the
wind lower the temperature inside the building by adia-
batic cooling, and passive radiative cooling found a
practical application. During cloudless nights in the dry
climate, passive radiative cooling was employed to pro-
duce ice2.
To understand the mechanism of such passive radiative

cooling, and then use it to lower the temperature inside
the house, it was necessary to determine the transmission

windows of the Earth’s atmosphere for electromagnetic
waves3, to describe the spectral density of electromagnetic
radiation emitted by a blackbody4, and to develop pho-
tonics for the preparation of interference filters or even
two-dimensional photonic crystals with the appropriate
emissivity5,6.
A blackbody with a temperature of 300–330 K radiates

its energy with a maximum in the transmission window of
the atmosphere in the range of 8–13 micrometers7,8. This
way, during cloudless nights, heat can be radiated directly
into Space which works as a huge heat sink. However, to
improve the efficiency of cooling, it was necessary to
“attach” a cooled surface to the Space by applying a high-
emissivity material in the atmospheric window. Already in
the mid-twentieth century, it was noticed that this prop-
erty of the atmosphere could allow passive radiative
cooling of an object even in sunny weather, assuming that
its surface is protected by a solar reflective layer and has
high emissivity properties within 8–13 µm9,10. Recently,
the practical application of passive cooling is presented in
the works of A.P. Raman et al.5. They achieved a cooling
efficiency of 40W/m2 from a surface directly illuminated
by sunlight whose power density exceeds 850W/m2.
The work of Zhu et al.11 recently published in Light:

Science & Applications has an important impact on pas-
sive radiative cooling research. However, the authors were
primarily interested in showing how passive cooling can
be integrated into existing active refrigeration systems.
They also point out that existing objects with cooled
interiors have their own finishes that have aesthetic
properties such as vehicle colors. Therefore, they decided
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rotationally symmetric series of ‘Weyl points’, that is, to a
circular loop formed by the intersection of two bands, also
known as an ideal gapless (no gap between the bands)
nodal ring. A tell-tale signature of the topological nature
of this ring is that it exhibits a ‘topological charge’ of
π—where by a topological charge one refers to a special
topological invariant; a conserved quantity (in the
absence of topological phase transitions) characterizing
the topological phase of the structure, making it robust
against structural perturbations. These topological invar-
iants are, thus, often called ‘topological charges’ similarly
to electric or magnetic charges of electric or magnetic
monopoles respectively. And the exhibited value of π for
such a charge, measured experimentally in Ref. 5 with
angle-resolved reflectometry (a standard technique),
unmistakably shows that we are indeed dealing with a
topological nodal ring (see Fig. 1b).
Further, the authors of Ref. 5 did not stop there but also

demonstrated the existence of unique surface states at the
boundary of two 1D photonic crystals with slightly dif-
ferent optogeometric parameters. Because each 1D pho-
tonic crystal is topological, one may predict, by studying
only its bulk properties (modes), that each one supports a
wave on its surface—thereby, merging the crystals toge-
ther, we expect two such edge states to exist at the crys-
tals’ common interface. This is indeed what the authors
observe in their measurements based again on angle-
resolved reflection spectra, where a dip in the attained
spectra is a direct indication of the excitation of a wave on
the structure. Two such dips are experimentally clearly
seen in the expected spectral region, thereby corroborat-
ing their theoretical predictions.
The simple route that Wei-Min Deng et al. provide for

attaining 3D topological properties in 1D periodic
structures is yet another example of ‘extreme’ light
behavior engineered in suitably designed photonic crystal
or metamaterial structures6, and may find a whole host of

applications, from on-chip optical isolators7 and topo-
logical lasing8 to slow and stopped light9, and from
nonlinear to quantum optics10—more generally, for
applications requiring strong light-matter interactions11.
But for now, the elegantly simple path that Ref. 5 iden-
tified for exploiting and harnessing 3D topological fea-
tures in 1D structures helps to remind one the well-
known excerpt that ‘all things are difficult before they
are easy.’
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Fig. 1 Topological Weyl nodal loops. a When two energy (or frequency) - momentum bands intersect, that is, when they are degenerate (same
energy but different mode profiles), they can form a closed loop at the points where they touch, also known as a nodal ring. b Angle-resolved
reflection spectra of one of the 1D photonic structures of Ref. 5, showing two upwards-curvy bands (highlighted with dashed blue lines) touching,
thereby forming a circular ring in the 3D energy-momentum space
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Programmable structured surfaces can change the
future of wireless communications
Lei Xu 1 and Mohsen Rahmani 1✉

Abstract
An innovative time-varying metasurface has been reported to realise dual-channel data transmissions for light-to-
microwave signal conversion. Such a novel technique is a remarkable step forward to realise full-spectrum networks
for catering for the growing demand for wireless communications. Moreover, this technique enriches the
functionalities of tunable metasurfaces and stimulates new information-oriented applications.

Wireless communication is a fast-growing and vibrant
segment within the communications industry. It plays an
increasingly important role in our daily lives, owing to its
robust ability to transmit data without using any connec-
tions such as wires, cables, or other physical media to guide
signal propagation. Currently, the deployed networks, using
radio frequency (RF) communications, are characterised by a
shared medium, limited spectrum bandwidth, and a lack of
ability to scale with an increasing number of end devices1.
Therefore, today’s technology does not cater to the growing
demand for wireless data. To overcome these limitations,
there is a quest to employ multi-domain communication
systems, so-called hybrid systems, that can exploit other
domains, such as terahertz2, microwave3, and optical4 elec-
tromagnetic (EM) waves. Such hybrid systems sound the
best approach to realise full-spectrum networks for future
sixth generation (6G) wireless communications.
The optical spectrum is considered a promising commu-

nication resource among various communication domains
due to its vast license-free spectrum range, high security,
high-energy efficiency, and electromagnetic interference-free
fashion4. Furthermore, it is perfectly suitable for many
unique application scenarios, such as indoor communica-
tion, underwater communications, and data transfer in some
EM-sensitive environments, including medical facilities,
hospitals, and underground mines4. However, the current

technological challenge to fully taking the optical domain on
board is converting it to the other domains with minimal
loss. Traditionally, such a function requires complicated
relaying systems where the received optical signals are firstly
amplified and converted to baseband before being down-
converted to the other domains. Such an approach needs a
large number of additional hardware and multiple process
steps causing further delays, higher costs, and more energy
resources.
Writing in this issue of Light: Science & Applications, Tie

Jun Cui and co-workers at Southeast University (China),
Purple Mountain Laboratories (China), and the National
University of Singapore have developed an innovative
transmitter for direct signal conversion from visible lights to
microwaves. They have employed the concept of meta-
surfaces, i.e. two-dimensional (2D) structured surfaces with
precisely engineered elements in subwavelength scales.
Their proposed transmitter can directly convert the real-
time signal from visible lights to microwaves and facilitate
promising hybrid wireless communication5.
Metasurfaces are artificial arrays of subwavelength unit

cells6–8 that can be used to manipulate EM radiation in
unconventional ways to offer exotic applications, such as
metalenses, beam shapers, holograms, nonlinear meta-
surfaces, and remote quantum control9–13. Programmable
metasurfaces are an emerging sub-category of meta-
surfaces that allow EM manipulation and information
processing dynamically14–16. Such metasurfaces, mostly
electrically controlled, have opened up many attractive
functions, such as Doppler cloaking17, frequency
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to study how to implement passive cooling on decorative
casings of such objects. The main goal of the research was
to reduce the energy consumption to cool the existing
temperature-controlled housing without sacrificing its
aesthetics. This system has been called Enhanced Color-
preserving Radiative Cooling (ECRC).
They prepared an ECRC outdoor cooling experiment

for active temperature-controlled enclosures. The exterior
and interior sides of the roof of the housing were covered
with films transparent to visible light. The exterior con-
sists of a SiO2/TiO2 stack, which transmitted about 80%
of the visible part of the solar spectrum only, i.e., in the
range of 400–800 nm, and reflected the UV and infrared
part of the solar radiation, while the 6–14 micrometer
zone is characterized by a high emissivity of 90%. The
second inner ITO/PET layer was a barrier to heat trans-
mission, but it did transmit visible light. In addition to
ECTC layers, commercial hot mirrors were tested in this
experiment.
Indoor temperature and heat flow tests were performed

for three enclosures: with bare roofs, ECRC, and hot
mirrors, as well as at three stages: when the active cooler
is off, for constant power consumption, and at constant
room temperature. When the cooler was turned off, the
application of the hot mirrors and ECRC slightly lowered
the temperature in the room almost in the same way. At
the stage of constant input power to the active cooling,
the internal temperature of the ECRC was 9.6 °C lower
than that of the bare roof enclosure. On the other hand,
the third stage measurements showed that the use of
ECRC leads to energy savings of up to 63%. In addition,
the performance of this system has been tested for four
different roof colors. In all cases, the lowest indoor tem-
perature was for ECRC. However, the roof temperature
with ECRC was still higher than for the hot mirror due to

an additional inner layer and thus obstructing the inner
radiation channel and increasing outward radiant cooling
of the enclosure as a whole.
The results presented in this work are important

because they show that at a really low cost, it is possible
through passive radiative cooling to significantly reduce
the energy consumption for air conditioning, for example,
of vehicles and, above all, the use of this technique will not
alter the aesthetics of the objects.
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