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Notes on Practical Materials for Therwal Infrared 
Radiative Cooling Systems 

Paul Berdahl 

Energy and Environment Division 
U.C. Lawrence Berkeley Laboratory 

Berkeley, California 94720 

Unfortunately, the state of the art of using the 
resource for radiative cooling by infrared transfer to the 
sky is quite primitive. This is in contrast to the other 
passive cooling techniques of evaporation, convectio,n , and 
ground cooling. The only well-known natural or. passive 
cooling sys.tem which obtains a major portion of its cooling 
from I.R. transfer is the celebrated Skytherm system 
invented by Harold Hay. One practical obstacle to the 
development of radiative cooling systems is that the proper
ties of materials in the infrared spectrum are often quite 
different from the corresponding properties in the visible 
spectrum. To assist people who might consider the use of 
infrared cooling, I have written a short essay on relevant 
materials properties. Please consider these notes as merely 
a starting point---a serious investigator will want to look 
into further references, such as The Infrared Handbook pub
lished by the Environmental Research Institute of Michigan. 

1. The Cooling Effect 

Any object emits infrared radiation in the wavelength 
range 5 to 40 microns. (A micron is one-thousandth of a 
millimeter. One (English) mil is equal to 25.4 microns.) 
An ordinary object at 293 degrees Kelvin (20 degrees cel
sius) emits 418 watts per square meter, if it is infrared 
black. A surface which is not infrared black does not emit 
quite so strongly. For example, a clean metal surface may 
have an infrared emissivity of only 0.1, compared with 1.0 
for a black surface, and can emit only 10 per cent as much 
radiation, or 4f.8 watts per square meter at 20 degrees Cel
sius. Clean metal surfaces are practically the only common 

Thl.s work has been supported by the Solar Heating and 
Cooling Research and Development Branch, OfficeofCb'h
servation and Solar Applications, U. S. Depa'rtme'rt-tbf 
Energy under contract No. W-7405-ENG~48. ) 
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materials with low infrared emissivities. For example; opt~ 
ically black and white paints are primarily black {emis
sivity = 1.0) in the thermal infrared part of the spectrum 
of interest here. Liquid water, glass, and most plastic 
surfaces are also quite black. 

In choosing a material for the radiator portion of an 
infrared cooling system, surfaces with a large emittance are 
naturally desired in order to maximize the energy transfer 
for cooling. However, surfaces absorb infrared radiation 
from their surroundings as well as emitting it. (Thermo
dynamics requires that the I.R. absorptivity equals the I.R. 
emissivity.) The cooling effect is possible only when the 
rate of absorption is smaller than the rate of emission. 
Under "normal" circumstances of thermal equilibrium (say, in 
a room which is all at the same temperature), the net energy 
transfer to and from a surface balances out regardless of 
the type of surface. This balancing is a consequence of 
the second law of thermodynamics, which forbids an object to 
spontaneously warm up or cool down without a source of 
energy. On the other hand, if a surface is exposed to the 
night sky (or the day sky if it has a very high solar 
reflectivity), it will cool down due to the "weakness"of 
the thermal infrared radiation from the sky. Under such 
circumstances, an infrared-black surface will cool much more 
effectively than a surface with a small emissivity such as a 
metal. The cooling effect is larger for surfaces mounted 
horizontally than it is for inclined surfaces (ignoring pos
sible effects due to sunlight), and it is larger when the 
sky is clear rather than cloudy. 

This process of infrared cooling may seem rather mys
terious, but it is nevertheless quite commonplace. Infrared 
cooling is one of the primary mechanisms which permits the 
ground to cool off after being heated by the sun each day. 
Not only is the ground cooled, but the roofs of houses and 
buildings are cooled in the same manner. The effectiveness 
of this resource for cooling, however, is diminished by con
tact with the warmer ambient air, and the "coolness" is also 
usually excluded from the building by the thermal design of 
the structure. The problem of reducing the convective 
intrusion of heat from the ambient air requires the con
struction of "windscreens" which restrict the free flow of 
air while allowing the thermal infrared rays to penetrate 
freely. A properly designed windscree; can have a second 
advantage---it can be used to reflect the sun's rays. 

In summary, an ideal infrared radiative cooling system 
would have a radiator which is reflective in the solar spec
trum (visible and near infrared) and emissive or black in 
the thermal infrared region. A high performance system, such 
as Some systems being studied at LBL, might utilize a 
"selective" radiating surface which is reflective in por
tions of the infrared spectrum and highly emissive in 
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others, in order to produce higher cooling rates at low 
radiator temperatures. In addition to a radiator, an ideal 
cooling system should have a windscreen which is transparent 
to thermal infrared rays but which is reflective in the 
solar spectrum. Of course, any real system would not have 
every desirable feature. For example, a system might be 
intended to cool only slightly below ambient and thus not be 
proviqed with a windscreen. Or, the radiator surface used 

.might be visually black, the designer having abandoned the 
prospect of getting useful cooling during the day • 

. 2. Some Practical Radiator materials. 

. Since most common building materials and paints are 
infrared black, and thus suitable for use as radiators, 
other .considerations may dictate the choice of material. 
For example, if the radiator is to be exposed to the sun, it 
should have a high solar reflectivity. Ordinary light 
colored paint or whitewash are suitable choices~ There are 
also commercially available paints specially formulated for 
high solar reflectivity. A clean aluminum surface with a 
coating of an infrared-opaque plastic would also work, with 
the plastic coating protecting the aluminum from the oxida
tion processes which normally reduce its solar reflectivity 
after a time. The combination of aluminum plus Tedlar (Du 
Ponttradename) works this way, with the added feature that 
the . partial transparency of Tedlar(i.e., the "non
blackness") in the .thermal infrared range actually improves 
(!) the radiative cooling effect at low temperatures. Thus 
this combination should be considered if one wishes to cool, 
say, 10 degrees Celsius or more below ambient. A transmis
siem sp.ec trum for Tedlar is included in Figure 1. 

It's worth emphasizing that glass and water are com
pletely black in the thermal infrared spectrum, and thus 
make good radiators. By the same token, glass cannot be 
1Js~d. ·:as.J a glazing material; it is complete'ly opaque. More 
than 0l1eexperimenter has discovered, to his chagrin, that a 
solarcQllector with glass glazing will provide little or no 
cooling. Also, note that if temperatures in the cooling 
system. become as cold or colder than th~ dew point, condens
ing water can interfere with the infrared radiative 
transfer. 

As mentionned above, almost anything can be used as a 
radiator. Exceptions to this rule are clean metal surfaces 
(~;hic;h.are : good infrared mirrors), and the handful of 
ms!t.erials that· are infrared transparent, which is the sub
j~ct of the next section. 
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1. Windscreen materials 

The two essential properties which a windscreen must 
have are that it must be transparent in the thermal infrared 
spectrum, and it must be strong enough to support itself. 
These two requirements seem to limit the field to a single 
practical material. Polyethylene. In thicknesses from 10 
to 100 microns (0.4 to 4 mils) polyethylene has a spectrally 
averaged transmissivity of approximately 80 percent. The 
transmission does not depend much on thickness because the 
absorption which occurs in narrow bands at 3.4, 6.8, and 
13.7 microns is quite strong even in thin layers and thus 
cannot increase much in thicker layers. See Figure 1. The 
transmission does however depend on purity. Polyethylene 
can contain a number of additives (e.g. silicone, a lubri
cant) which can interfere with the infrared transparency. 
The only way to be absolutely certain about the infrared 
properties of any sample is to test it with a spectrometer. 

There are a few other materials which are transparent 
in the thermal infrared spectrum, which may find eventual 
use in infrared cooling applications. Most of the semicon
ductors are infrared transparent, and have the added advan
tage that they often reflect the solar spectrum. Examples 
are silicon, germanium, and cadmium sulfide. Carbon is 
"almost" a semiconductor and is in fact quite transparent in 
the form of small particles. Tellurium is yet another near 
semiconductor which could in principle be used as a 
windscreen material. 

In addition to the semiconductors, there are a number 
of polar (ionic) materials, such as the alkali halides, 
which tend to be transparent in the infrared. These materi
als are generally transparent in the solar spectrum as well. ~. 

Some examples are sodium and potassium chlorides,. potassium·· 
iodide, thallium chloride, and cesium iodide. . It's 
interesting that ordinary rock salt is in this class. 
Unfortunately, these materials tend to be water soluble, and 
even hygroscopic. Perhaps a way to use them can be found. 

Since pOlyethylene is the only easily usable material 
available-for windscreens, current developments in this area 
use polyethylene as a support matrix in which a solar 
reflective material is dispersed. One approach is to use 
titanium dioxide particles suspended in polyethylene. An 
Italian group has pursued this angle. (See the paper by 
Addeo et ale in the Passive Materials and Innovative Systems 
Session of the May meeting of ISES in Atlanta---Proceedings 
should be out soon.) Small particles of titanium dioxide 
are efficient reflectors of solar radiation; they are used 
as the pigment in most white paints. A thin layer of this 
material in the form of small particles can still permit a 
moderately good infrared transmissivity. A bonus to this 
approach is that the solar reflectivity can help protect the 
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ultraviolet damage. A French physi
with thin tellurium coatings, to be 
to accomplish the same goal. A 
work is available in French (Ph. 
de Physique Appliquee,Vol.14, 
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. Fi g.1 Polyethylene and Tedlar Transmission as a function 
af Wavelength. 
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