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Initially, design took little account of solar 
input coming from the large glass surfaces. 
It wasn't until the buildings were actually 
occupied that users realized the potential 
discomfort generated by large glass surfaces 
which were not capable of blocking and/or 
reducing the effects of the summer sun. The 
intense solar energy increased temperatures 
in workplaces already overheated by the 
presence of PCs, printers, monitors and other 
electronic systems.

Direct sunlight in any season causes 
additional problems—making terminals and 
monitors difficult to see, especially if the 
architect didn't design the office’s exposure 
carefully.

Often temperature increases due to the lack of 
adequate solar shielding systems can prompt 
the installation of very high power coolers. 
While this dissipates the heat coming through 
the glazed surfaces, it increases electricity 
consumption and decreases the building's 
performance. Air conditioning costs can be 

difficult for companies to bear, especially with 
increases in the price of energy.

One possible solution for cutting air 
conditioning costs for existing structures 
and new buildings is to reduce the capacity 
of glass surfaces to absorb thermal energy. 
Reflective films with specific characteristics 
(see figure to the right) can be applied to 
glass on both residential and commercial/
tertiary buildings. This film reflects more than 
half of the thermal energy coming from the 
sun, preventing it from radiating through the 
windows and doors.

This article attempts to explain how applying 
shielding systems, such as reflective films, 
can offer a significant economic advantage 
by reducing the summer solar load, electricity 
consumption, and expenses.

How does a solar film work and how can 
one check how effective it is using a thermal 
imaging camera?

In recent decades, there has been a growing demand for large commercial buildings with 
extensive facades made of transparent materials such as glass. While this reduces the use of 
artificial light in favor of natural light, it also creates a new issue: the management of solar 
radiation in the summer.

Solar shields: a real use-case for reflective films 
in a commercial complex

APPLICATION STORY

SOLAR SHIELDS

Let's start from the fact that in order to see 
radiation that "carries the heat" we have to 
observe it in a well defined wavelength called 
the infrared band (specifically ). 
Therefore, we need electronic devices called 
thermal imaging cameras that work in, or 
rather see, a wavelength that lies beyond the 
visible spectrum. The figure below shows the 
electromagnetic spectrum and the position of 
the infrared band with respect to the visible 
portion. 
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Thermal imagers are special cameras 
equipped with sensors that convert 
the thermal radiation of objects into a 
two-dimensional image of the objects' 
temperature value.

The physical law governing heat exchange by 
radiation is called Stefan-Boltzmann's law. 
It states that the radiant power P [W/m2] of 
a given body which is at a temperature T > 
0 K is , where  is the emissivity 
of the real body,  is Stefan-Boltzmann's 
constant, and T is the temperature expressed 
in K. The above formula shows that the Pemitted 
by a body depends basically on two factors: 
its temperature and its emissivity. Emissivity 
is the ability of a body to spontaneously emit 
an amount of energy through irradiation. It is 
a dimensionless value between 0 <  < 1: 
values  close to 0 mean that the material 
will tend to reflect the radiation from the 
surrounding environment while  values 
close to 1 mean that the material will emit its 
energy to the surrounding environment.

If we observe the materials used in windows 
and doors (see chart - source: ITC/FLIR), 
we note that in the visible spectrum glass 
is transparent. In the infrared spectrum, 
however, it is opaque with a surface 
emissivity value  > 0.85 and therefore it is 
a good heat emitter.

The principle of energy conservation states 
that if an object is a good heat emitter it will 
also be a good heat absorber. The only way 
to reduce its absorption capacity is to reduce 

its emissivity. That's why applying reflective 
films—which have a low emissivity value—
and reducing absorption will lower the T 
values of double-glazed windows that are 
exposed to solar radiation.

The thermal images to the right show a 
commercial complex during the installation of 
reflective films on 4/12/4 type double-glazed 
windows (see stratigraphies made with 
Termolog Epix 8 software). These thermal 
images were taken in the summer with 
optimal sunlight, both on the external facade 
of the complex and on the internal side of 
the double-glazed windows, to show the real 
temperature reduction.

In the thermal images, we see that the 
surface temperature of the area covered 
with the film is on average lower (purple = 

colder temperatures) and that in both cases 
T (calculated as Tglass – Tfilm) is always more 

than 7 °C.

Thermal image 01 - Red zone visible image

Thermal image 02

Spectral characteristic of standard glass (6 mm)

Transmissivity
Reflectivity
Emissivity

Wavelength 



GLASS DATA

Number of plates: 2 Glass thickness: 20.0 mm

Transmittance U: 2.865 W/(m2K) Resistance R: 0.349 (m2K)/W

STRATIFICATION

Layer Thickness 
s

[mm]

Conductivity λ 
[W/(mK)]

Internal normal 
emissivity εni
[-]

External normal 
emissivity εne
[-]

Density
ρ
[kg/m3]

Dynamic viscosity μ
[10-5kg/(ms)]

Specific heat 
capacity c
[J/(kgK)]

Internal adductance 
(horizontal flow)

- 7.690 - - - - -

A Glass 4.0 1.000 0.90 0.90 2,500 0.0 0.84

B Air 12.0 0.025 0.00 0.00 1 1.8 1.01

C Glass 4.0 1.000 0.90 0.90 2,500 0.0 0.84

External 
adductance 
(horizontal flow)

- 25.000 - - - - -

TOTAL 20.0

RESISTORS

Constants dependent on the orientation of the glass: A = 0.035, N = 0.38

Layer Corrected internal 
emissivity εi [-]

Corrected 
external 
emissivity 
εe [-]

Intra-cavity 
thermal gap 
ΔT [°C]

Radiative conductance 
hr[W/(m2K)]

Sheet 
conductivity hg
[W/(m2K)]

Cavity conductivity 
hs
[W/(m2K)]

Thermal resistance 
R [(m2K)/W]

 Internal adductance 
(horizontal flow)

- - - - - - 0.130

A Glass - - - - - - 0.004

B Air 0.845 0.845 15.00 3.767 2.080 5.847 0.171

C Glass - - - - - - 0.004

External adductance 
(horizontal flow)

- - - - - - 0.040

TOTAL 0.35

TRANSMITTANCE CHECK

Transmittance check (not considering the influence of non-corrected thermal bridges):

Municipality: Milan Climate zone: E

Structure transmittance U: 2.865 W/(m2 K)

Thermal properties of glass measured in accordance with UNI EN 673.

Thermal properties of glass measured in accordance with UNI EN 673.

STRATIGRAPHY

Layer Thickness s
[mm]

Conductivity
λ [W/(mK)]

Normal emissivity
internal εni [-]

Normal emissivity
external εne [-]

Density
ρ [kg/m3]

Dynamic viscosity μ
[10-5kg/(ms)]

Specific thermal
capacity c
[J/(kgK)]

Internal adductance 
(horizontal flow)

- 7.690 - - - - -

A Glass 4.0 1.000 0.90 0.90 2,500 0.0 0.84

B Air 12.0 0.025 0.00 0.00 1 1.8 1.01

C Glass 4.0 1.000 0.90 0.30 2,500 0.0 0.84

External adductance 
(horizontal flow)

- 25.000 - - - - -

TOTAL 20.0
RESISTORS
Constants dependent on the orientation of the glass: A = 0.035, N = 0.38

Layer Corrected 
internal 
emissivity 
εi [-]

Corrected 
external 
emissivity 
εe [-]

Cavity thermal 
gap ΔT
[°C]

Radiative 
conductance hr
[W/(m2K)]

Sheet 
conductivity hg
[W/(m2K)]

Cavity conductivity 
hs
[W/(m2K)]

Thermal resistance R
[(m2K)/W]

Internal adductance 
(horizontal flow)

- - - - - - 0.130

A Glass - - - - - - 0.004
B Air 0.845 0.845 15.00 3.767 2.080 5.847 0.171
C Glass - - - - - - 0.004

External adductance 
(horizontal flow)

- - - - - - 0.040

TOTAL 0.35
TRANSMITTANCE CHECK
Transmittance check (not considering the influence of non-corrected thermal bridges):
Municipality: Milan Climate zone: E
Structure transmittance U: 2.865 W/(m2 K)

GLASS DATA

Number of plates: Glass thickness: 20.0 mm
TRANSMITTANCE U: 2.865 W/(m2K) Resistance R: 0.349 (m2K)/W

A - Glass
B- Air
C - Glass

A - Glass
B- Air
C - Glass

Double glazed window [4-12-4] air
GLASS STRATIFICATION

Double glazing [4-12-4] air + low-e film
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As a result of a lower absorption of solar radiation, surface temperatures decreased on the inside of the window—meaning less radiant power 
reached the working environment. There was a T > 4°C between the zones with and without the film, while the heat projected on the floor 
was about 2°C lower in areas with the film.

Stefan-Boltzmann's formula (see table below) can give us an estimate of the savings in terms of instantaneous power that does not need to be 
dissipated by the air conditioning system. To calculate it, we can assume a Tair in the office  of 26°C and obtain the following results:

In the specific case, the double-glazed windows with film emit about 30 W less (-33%) than those without the surface treatment. Carrying out 
the calculations for the entire summer season (see final results below), the energy saving was about 47% over the same double-glazed window 
without film (data processed with TERMOLOG EpiX 8 software - example based on an office with a floor surface of 30 m2 and a single dispersing 
surface with a exposure W of 16 m2). 

T T [°C] T [K] andmaterial P [W/mq]

Air 26.0 299.15 1.00 454.09 P [W/mq]

Glass without film 39.9 313.00 0.90 544.20 90.12

Glass with film 35.5 308.65 0.90 514.57 60.49

Film systems are therefore an excellent solution to counter the problem of summer irradiation: they improve climate comfort by reducing the 
amount of irradiation coming from the windows by at least 33%, are easy to apply, and reduce energy consumption and expenses for summer 
cooling by more than 45%.

Thermal energy requirement for cooling

PCS Current 
condition

Scenario Change Change 
%

Legend

QC,tr kWh 3,094.1 1,881.6 1,212.5 39.2% Thermal energy requirement for 
transmittance

QC,ve kWh 421.1 269.9 151.2 35.9% Thermal energy requirement for ventilation

Qsol,op kWh 0.0 0.0 0 - Solar gain on opaque surfaces for cooling

Qsol,w kWh 4,313.0 2,022.6 2,290.4 53.1% Solar gain on transparent surfaces for 
cooling

Qint kWh 1,311.9 1,072.5 239.4 18.2% Internal gain for cooling

QC,nd kWh 3,670.7 1,946.2 1,724.5 47.0% Thermal energy requirements for cooling
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Double-glazed window with film (rectangle in red)

For more information about thermal imaging 
cameras or about this application, please visit: 

www.flir.com
The pictures may not represent the thermal imager’s actual 
resolution.  
Pictures are for illustration only.
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