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Buildings that simultaneously provide natural illumination and thermal comfort for all seasons havemet
with increasing demand as conventional resource limitations are realized. In this context, organic and
metal–dielectric coatings are tested, and a simple, coated double-glazed window with solar blinds is con-
ceived that includes passive infrared (IR) reflection, active illumination control, and integration to the
building envelope. As a result, a proper spectrally selective coating is applied to produce a low-emissivity
solar window with climate-adaptive co-utilization of the reflected IR. © 2011 Optical Society of America
OCIS codes: 310.6188, 310.6845, 350.6050.

1. Introduction

Double glazings have been increasingly used in con-
temporary buildings because they provide thermal
insulation (U value) with small losses of natural illu-
mination. However, in summer, air conditioning may
be needed to maintain interior comfort, with conse-
quent financial and environmental costs.

A spectrally selective, heat mirror coating can be
added to keep out the nonilluminating infrared
(IR) [1], but then solar energy is wasted that could be
useful for heating in wintertime. This is achievable
with a Trombe wall [2], but at the expense of natural
illumination.

On the other hand, shade building accessories
have been used by humanity for centuries. Fixed or
trellised overhangs can account for seasonal changes,
but not for daily fluctuations. These needs are met by
adjustable overhangs or awnings, but with addi-
tional hardware that implies external construction
and maintenance costs (which are also presently pro-
hibitive for electro- or photochromic glasses in large
areas). Internal curtains or venetian blinds are much

cheaper and readily available, but they are ineffi-
cient in keeping the heat out of a sunny window in
summer.

In this context, conception of a simple double-
glazed solar window that combines a passive heat
mirror coating on glass with active control of the
natural illumination is presented, as well as co-
utilization of sunlight by means of the reflected IR
for either cooling or guided heating of buildings.

2. Experimental Tests and Design Considerations

A double-glazed window is illustrated in Fig. 1,
where the heat mirror coating is indicated in the in-
ner side of one glazing.

Between the two panes of glass, as in the profile il-
lustrated in Fig. 2, we show solar blinds—absorptive
on one side and reflective on the other.

For heat reflection, two coatings of a different nat-
ure were considered: one based on polymer layers
(P70) and another on a metal–dielectric multilayer
(LX70). Bothwere tested by a series ofmeasurements
with a Cary 5000 spectrophotometer. As claimed by
the manufacturers and as shown in Fig. 3, both pre-
sent around 70% visible transmittance with very si-
milar decay toward zero in the near IR.
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However, their reflectance behavior is quite dis-
similar, as can be seen in Fig. 4. The P70 on glass
is absorptive and thus highly emissive in the IR
(see [3], for instance).

In contrast, the LX70 metal–dielectric multilayer
is truly IR reflecting, and thus was chosen as a
low-ε coating in the IR. In a basic configuration,
its performance can be achieved by starting from a
three-layer design, which consists of a single metal
layer surrounded by two high-index dielectric match-
ing layers [4]:

air=dielectric=metal=dielectric=glass;

where the metal layer has a high IR reflectance and a
metal oxide can be used for the high-index dielectric.

Furthermore, the reflected IR, in association with
the solar blinds within the double glazing, can pro-
duce a natural “heat pump” for either heating along
the envelope of the building, especially its shady side,

or for bringing cool air from this area when warmer
gases are exhausted through a clerestory, as shown
in Fig. 5 [5,6].

With regard to viability of the concept, at first,
from a simplistic point of view consider that the sun
approximately corresponds to a blackbody at 5760K,
with 51% emission energy in the IR and 37% in the
visible [3]. In the IR below 2:5 μm, around 90% is
transmitted by the first glazing and 75% reflected
by the second, coated glazing (see Fig. 4), which
means that the inner air space with solar blinds
can absorb, in a first approximation (no multiple re-
flections considered), between 90% and 65% of the in-
coming radiation. Similarly, in the visible spectrum,
around 90% is transmitted by the first glazing and
15% is reflected by the coated glazing (see Fig. 4), cor-
responding to between 90% (if directly absorbed by
the solar blinds) and 13% (if only backreflected) of the
incoming radiation available for heating the air
space. Therefore, from the solar constant of
1353Wm−1, a rounded average of 60% (about 40%
in the IR plus 20% in the visible) of the emitted en-
ergy could be made available for co-utilization. This
corresponds to 60% of 1:94 cal=cm2 per minute, or
about 550 cal=cm2 per day of eight sunny hours at
normal incidence and an air mass of zero.

Fig. 1. Double glazing: the main IR reflection is shown.

Fig. 2. Inner solar blinds: (a) absorption mode and (b) reflection
mode.

Fig. 3. (Color online) Spectral transmittance curves of polymer
(P70) and metal–dielectric (LX70) films on glass (also shown for
reference).

Fig. 4. (Color online) Spectral reflectance curves of polymer
(P70) and metal–dielectric (LX70) films on glass (also shown for
reference).
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More realistically with atmospheric losses, and
taking into account daily means of measured total so-
lar radiation (direct and diffuse) incident on a hori-
zontal surface in winter, with correction for a vertical
surface [7], that final amount per day becomes
180 cal=cm2 in Madison, Minnesota (45°N latitude)
and 300 cal=cm2 in Porto Alegre, Brazil (30° S
latitude).

In Madison, 9m2 of double-glazed solar window
could then produce 12Mcal daily. For awell-insulated
space, where the glazing area is up to 30% of the floor
area and typical heat loss is 6:4Btu=day=sq ft= °F
(�15%) [8], that solar window could increase the tem-
perature of a room with 30m2 of floor area by around
13 °C. For that room during winter in Porto Alegre,
the same solar window under more solar radiation
could increase the temperature by 22 °C. This rough
estimate indicates that auxiliary heatingwould be re-
quired in a cold winter at high latitudes, whereas the
double-glazed solar window could provide enough
space heat duringmost sunny days in amilderwinter,
at 30° or lower latitudes.

3. Conclusions

Analysis and application were presented of an IR
mirror coating to a solar window device that allows
simultaneous passive heat processing and active con-
trol of natural illumination. The integrated system
acts as a Trombe wall for winter heating and summer
cooling, with further capabilities of visible transpar-

ency, easy installation/support of the solar blinds,
and heat storage, when needed, in the building
masonry itself.

Co-utilization of sunlight as a natural heat pump
by use of the reflected IR, for heating or cooling, is
made possible by a combination of the coated double
glazing with inner solar blinds. For more sophisti-
cated applications, these could be motorized and
automated, or the concept extended to electro- or
photochromic windows, if affordable. Monitoring of
the system is presently underway at “Casa e” [9], an
experimental house devoted to renewable energy
sources, for yearly tests of performance.
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Fig. 5. Simplified operation scheme of the envelope system in
Casa e for (a) winter and (b) summer. Q and F represent the heat
(sunny side) and cold sources, respectively. On the shady side, a
textured metallic surface is employed to intensify the heat ex-
change (from [5]).
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