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Abstract. We demonstrate a simple, low-cost design of a selectively emissive radiative cooler
using scotch tape and aluminum foil, which can be further augmented by higher quality metal
deposition methods. This do-it-yourself radiative cooler achieves solar reflectance, long wave-
length infrared emittance, and optical selectivity comparable to state-of-the art designs and is
experimentally demonstrated as achieving a 7°C subambient temperature drop at night for the
aluminized scotch tape and an average 2°C drop under a solar illumination of 965 W∕m2 for
the silvered scotch tape. In addition, an 11°C subambient temperature drop at night for the alumi-
nized scotch tape was obtained when a convection shield was used. Detailed optical properties
are presented for an ultrawide wavelength range and a ∼2π angle of emittance. Given its ease of
fabrication and performance, we propose this set of materials as a control for future radiative
cooling experiments and an effective radiative cooling accessory for passive cooling designs.
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1 Introduction

Passive radiative cooling, which involves net heat loss from terrestrial objects to the cold of
outer space through long wavelength infrared (LWIR, λ ∼ 8 to 13 μm) transmission windows
of the atmosphere, is a zero-energy, zero-carbon method of cooling objects under the sky. In
recent years, it has been increasingly explored1–12 as an alternative or complement to active cool-
ing methods for a range of applications, including cooling buildings,13 harvesting dew,14–16 and
thermoelectric power generation.17 A variety of materials and designs, ranging from photonic
architectures18 to scalable polymer films,19–21 paints,22,23 and composites,24 have been created for
radiative cooling. These materials and designs are capable of efficient radiative cooling and are
typically suited to specific applications. However, the simplicity of design and ease of applica-
tion remain major research endeavors—both for scientific and large-scale uses. Low-cost radi-
ative coolers25 have attracted much attention recently with the possibility of greatly expanding
the scope of radiative cooling’s deployment.

In this article, we demonstrate an easily fabricable and efficient radiative cooling design made
using household materials. The radiative cooler can be made from scotch tape and aluminum foil
and has excellent infrared optical characteristics for radiative cooling: selective LWIR emittance
[εLWIR, emittance in the 8 to 13 μm (LWIR) wavelength range] of 0.87 at near-normal incidence
and hemispherical selective LWIR emittance of 0.83. Furthermore, it is flexible, robust, scalable,
and low-cost. The total broadband emittance εBB of scotch tape is 0.68 at near-normal incidence,
and its hemispherical broadband emittance is 0.63. The back aluminum foil yields a modest
weighted solar reflectance at 0.83. If silver is used as a back reflector, the design’s high solar
reflectance (Rsolar ∼ 0.95) makes it capable of daytime radiative cooling as well. We experi-
mentally demonstrate a subambient cooling by 11°C at night with a convection shield and
7°C without a convection shield and daytime cooling performance with a 2°C drop under a solar
illumination of 965 Wm−2 without any convection shield. Given that the design has high optical
performance and is created using standard commercially available materials, we argue that this
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makes it attractive as a convenient and reproducible standard—both for designs that require a
generic radiative cooling component for their operation and as a control for radiative cooling
experiments. We highlight its high LWIR emittance, along with the modest directional LWIR

selectivity at near-normal incidence, defined as εLWIRðnear−normal incidenceÞ
εBBðnear−normal incidenceÞ of 1.28, and hemispheri-

cal LWIR selectivity, defined as εLWIRðhemisphericalÞ
εBBðhemisphericalÞ of 1.32. The intermediate nature of its selectivity

may also make it useful as a reference threshold between broadband and selective radiative cool-
ers. Toward these ends, we provide extensive optical characterization for the radiative cooling
research community to use as a reference.

2 Results

We investigated scotch-tape-based radiative cooling designs because of their readily reproduc-
ible optical performance, which arises from their standardized material constituents. To achieve
passive radiative cooling, a radiative cooling design should have a high emittance ε in the LWIR
atmospheric transmission window (λ ∼ 8 to 13 μm) and a high Rsolar for subambient cooling
during the day. In this regard, certain variants of scotch tapes, which comprise acrylic adhesive
on a polypropylene film, are intuitive choices [Fig. 1(a)]. Both acrylic and polypropene have
chemical bonds that absorb and hence radiate heat in the LWIR wavelengths, which can be lost to
space [Fig. 1(b)]. A lack of highly emissive chemical bonds in the non-LWIR thermal wave-
lengths makes sufficiently thin films of both materials selectively LWIR emissive. The 3M Long
Lasting Scotch Tape, which we propose for use here, combines both these properties in a stand-
ardized and reproducible manner.

Fig. 1 (a) Photo of silvered scotch tape. Two-layer scotch tape is coated with silver on the bottom.
(b) Schematic of the scotch tape radiative cooler with aluminum. (c) Reflectance of silvered scotch
tape and aluminized scotch tape at 15-deg incident angle.
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As an infrared reflector for the scotch tape, we use commercially available Reynolds Wrap
aluminum foil, although we note that aluminum foils from other brands have similar infrared
reflectance. A design comprising two layers of tape on aluminum foil has spectral reflectance
shown in Fig. 1(c) for near-normal incidence. The ultrawide bandwidth spectral measurements
were taken using a Perkin Elmar Lambda 950 spectrophotometer and a directional selectivity of
1.28 and a modest Rsolar of 0.83. If sputter-coated silver is used instead of aluminum, the solar
reflectance rises to 0.95 [Fig. 1(c)].

The optical performance that we highlight here, even without considering the simplicity of
the design, is noteworthy in two ways. First, the scotch-tape-based design combines a moderately
selective infrared emittance with a reasonably high, near-normal εLWIR. This makes it useful as
a nighttime radiative cooler and, while not a subambient radiative cooling design under strong
sunlight, a point of reference nonetheless for experiments involving other radiative coolers.
Second, when backed with sputter-coated silver, its solar reflectance (0.95) is sufficiently high
for daytime radiative cooling under most meteorological conditions [Fig. 1(c)]. The optical param-
eters of this radiative cooler design are thus quite good and rank highly among known designs.

A more detailed picture of the scotch tape’s radiative capabilities is revealed by the hemi-
spherical emittance [Fig. 2(a)] derived from angular measurements [Fig. 2(b)] of reflectance at
15 deg to 84 deg using a Harrick reflectance measurement accessory coupled with an FTIR
(Bruker Invenio-R) and averaged using Eq. (1):

EQ-TARGET;temp:intralink-;e001;116;508ελ ¼
R
2π
0

R π∕2
0 ελ;θðλ; θ;φÞ cos θ sin θ dθdφ
R
2π
0

R π∕2
0 cos θ sin θ dθdφ

: (1)

Fig. 2 (a) Spectral reflectance λ ¼ 1 − εðλÞ of the silvered scotch-tape radiative cooler, presented
alongside that of metallized PVC proposed by Trombe (reproduced by silvering a 50-μm film) and
white paper. (b) Emittance of the silvered scotch-tape radiative cooler from 15 deg to 84 deg.
(c) Angular emittance (=1 − reflectance) of the two designs in Fig. 2(a). (d) εLWIR and η of silvered
scotch-tape radiative cooler compared against notable designs in the literature.3,18–22,26,27
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We observe that scotch tape has a hemispherical emittance in the LWIR atmospheric window
that is high (0.83) and selective. It is difficult for us to compare the performance directly with
similar polymer films in the literature as data are scarce. However, we note that it compares
favorably with the hemispherical emittance of a highly scalable polymer based radiative cooler
(∼0.80) proposed by Angus and Gentle19 and that of our reproduction of metallized polyvinyl
chloride (0.73), which was the first polymeric radiative cooler demonstrated by Trombe21

[Fig. 2(a)]. Hemispherical reflectance of white paper, a common broadband thermal emitter,
is also shown in Fig. 2(a), comparison with which highlights the LWIR selective emittance
of the scotch tape. The εLWIR of scotch tape persists at high angles, as shown in Fig. 2(c), which
enables it to lose heat through the spatial extent of the LWIR window, which only closes near the
horizontal.

We also investigate the scotch tape’s performance relative to notable broadband emitter and
selective emitters in the literature [Fig. 2(d)]. The εLWIR of scotch tape at near-normal incidence
is 0.87, which is fairly high, while its directional selectivity at near-normal incidence is 1.28,
which appears to fall between highly selective18,21 and broadband designs.3,19,22 It should be
noted here that the performances compared are for near-normal emittances. Further data are
provided in an online archive.28

The optical parameters, which are suitable for radiative cooling, lead to good radiative cool-
ing performance during both day and night. Daytime performance of scotch tape was demon-
strated by exposing it directly under the sun in Los Angeles, California, on March 27, 2021,
as is shown in Fig. 3(a). The scotch tape can maintain a 2°C to 3°C temperature drop compared
with the ambient air temperature under 965 W∕m2 solar radiation. We also demonstrated the

Fig. 3 (a) Measurement of the silvered scotch tape’s temperature (blue) against ambient air tem-
perature (green) on a clear day in Los Angeles, California, on March 27, 2021. (b) Measurement of
the aluminized scotch tape’s temperature (blue) and double-layer white paper’s temperature (pink)
against ambient air temperature (green) on a clear night in Los Angeles, California, on October 12,
2021. (c) Measurement of the aluminized scotch tape’s temperature (blue) and double-layer white
paper’s temperature (pink) against ambient air temperature (green) on a clear night with convec-
tion shield in Los Angeles, California, on January 20, 2021.
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nighttime performance of the scotch tape in Los Angeles, California, on October 12, 2021, by
exposing it to the sky during nighttime hours and testing its performance compared with the
broadband thermal emitter, white paper. As shown in the temperature data of Fig. 3(b), immedi-
ately after the scotch tape is exposed to the environment [22:45 local time in Fig. 3(b)], its tem-
perature drops ∼7°C below the measured ambient air temperature. Compared with the white
paper, which is a broadband emitter with an emittance of ∼0.9 [Fig. 2(a)], the scotch tape is
∼0.3°C cooler despite its lower hemispherical emittance. To highlight the effect of selectivity,
another nighttime experiment was conducted with a single layer low density polyethylene con-
vection shield in Los Angeles, California, on January 20, 2021, by exposing it to the sky during
nighttime hours. As is shown in Fig. 3(c), compared with the white paper, the scotch tape is 1°C
cooler. It should be noted that both the higher nighttime cooling performances by the scotch tape
are attributable to its selective emittance as the broadband paper emitter has a higher LWIR
emittance than scotch tape.

3 Discussion

To summarize, we have characterized and demonstrated the optical performance of a scotch-
tape-based radiative cooler, which can be deployed at scale for passive cooling applications.
With the scotch tape and aluminum foil, it can have a 7°C temperature drop compared with
ambient temperature during night, which makes it useful for cooling down the objects and
generating electricity using this temperature difference. A large temperature drop of 11°C is
achieved using a low-density polyethylene convection shield. The silvered scotch tape can
be used for daytime cooling with a 2°C to 3°C temperature drop, which could make it a good
candidate for applications requiring modest subambient cooling.

Unlike other approaches to making radiative coolers, which require new or expensive mate-
rials and fabrication techniques, scotch tape can be directly applied on the aluminum foil at low
cost. Furthermore, the mass production and wide availability of scotch tape make it a reliable
standard as a thermal emitter, and coupling it with commercial aluminum foil or vapor deposited
silver makes it a reproducible radiative cooler that could be used to standardize outdoor radiative
cooling experiments. This stands in contrast to other commonly used radiative cooling polymers
such as PDMS,4,29 which are efficient radiative coolers but are hard to coat or otherwise apply
in a reproducible manner. Therefore, we propose the following.

1. It can be used as a standard reference radiative cooler—with the aluminized version
being sufficient as a generic radiative cooling standard and the silvered version being
a standard for subambient daytime applications. We would also like to note that,
although aluminized scotch tape cannot achieve subambient cooling under strong sun-
light, because it has been well-characterized, it can still be a useful point of reference to
verify other measurements and environmental variables for daytime experiments. The
low cost and easy fabrication of such a standard could allow it to easily be used by
researchers and practitioners as a control in outdoor experiments. It should be noted
that while the aluminized version can be made using standard commercial materials and
is thus highly reproducible, the silvered variant’s solar reflectance may depend on the
silver deposition process and requires a high quality, optically thick (>200 nm) coating.

2. Because there currently exist no clear boundaries delineating selective and broadband
thermal emitters, we propose that the scotch tape radiative cooler could serve as a thresh-
old of selectivity. Materials with selective emittance ratios higher than that of scotch tape
can be considered as the selective thermal emitters and others as broadband thermal
emitters.

3. It can be used as an easily fabricable radiative cooler for investigations in which a radi-
ative cooling material itself is not central to the study. Potential examples of this include
thermoelectricity generation, dew collection, and desalination using radiative cooling,
in which metallized scotch tape can be used as a cooling component.

Toward these ends, we have shown the full spectrum ranging from 0.3 to 30 μm for silvered
and aluminized scotch tapes and angular emittances for 15 deg to 84 deg for use as a reference.
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The data, which, to our knowledge, represent the most extensive characterization of a radiative
cooler, are publicly available online.30,31 The data can also be used for theoretical simulations
of radiative coolers. With radiative cooling emerging as an important frontier for research, we
hope that this work can offer a potential standard control for other radiative coolers and radiative
cooling experiments.
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