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ABSTRACT 

We proposed and developed a heat-shielding film that had a similar degree of transparency in 

the visible range to glass, and in addition had retro-reflective properties in the near infrared 

range.  The film embodies an innovative heat-shielding technique that makes it possible to 

effectively reflect solar radiation towards the sky while minimizing secondary effects on other 

buildings and the streets around the buildings.  

Firstly, we carried out measurements in the urban streets to investigate the impact that heat 

shielding by high-reflective building envelopes would have on the thermal environment in the 

neighborhood of the building.  The results indicated that solar radiation subjected to mirror 

reflection from the heat-shielded envelope such as Low-E glass windows would deteriorate 

the street thermal environment considerably. 

Secondly, we carried out comprehensive measurements in order to obtain data on the  

properties of our newly developed retro-reflecting film and carried out measurements in a 

state in which the developed retro-reflecting film was attached to glass, thereby verifying its 

optical performance regarding retro-reflectivity and selective transmission/reflection in 

various wavelengths.  On the basis of the obtained results, we made a comprehensive 

evaluation regarding energy-saving effects, and the impact on an outdoor radiation 

environment, when the developed retro-reflecting film was applied to office buildings.  The 

result showed that the film proposed herein could reduce adverse effects on an environment 

outside a building while ensuring the same level of transmission performance and heat-

shielding performance as that of high-performance glass currently available on the market. 

It was verified that, with the use of the retro-reflecting heat-shielding film, it would be 

possible to reduce adverse effects on an outdoor urban environment while reducing energy 

consumption in a building and enhancing indoor visual and thermal comfort. 

Keywords: Solar radiation, Retro-reflecting, Near infrared, Heat shielding, Energy saving, 

Urban environment 

1.  INTRODUCTION  

According to the IPCC 4th report, it is estimated that the building sector has the highest 

potential for CO2 reduction, amongst all sectors 1).  The majority of CO2 emitted from 

buildings could be ascribed to the use of building equipment such as air-conditioning and 

lighting. When discussing the preservation of our environment on a global scale, a critical 

issue faced is how to confront the expected future increase in energy consumption, mainly 

CISBAT 2013 - September 4-6, 2013 - Lausanne, Switzerland 67



from developing countries in hot and warm regions; this is due to urbanization from the 

increasing number of people and buildings, as well as a qualitative improvement in the living 

standard.  It is obvious that, in such hot and warm environments, heat shielding against solar 

radiation at the building envelopes is of greater concern than air-tightness and thermal-

insulation properties. 

The highly reflective painting, which is a technique for selectively reflecting sunlight in the 

invisible near-infrared range independent of the visible-light-range properties, is a practical 

and effective solution.  It can be seen in present day high-rise buildings, the number of 

buildings for which most of the facade consists of glass is increasing.  In order to cope with 

these trends, glass such as a kind of Low-E glass that allows visible light inside, yet keeps 

solar heat outside, has been developed. In addition, heat-shielding films that can be easily 

applied to existing buildings have been also developed. The above mentioned glass and heat-

shielding film prevents solar radiation heat from entering through the building envelope, 

thereby decreasing the energy consumption from air-conditioning, while suppressing the rise 

of building surface temperature; this makes it possible to reduce the heat-island-causing 

sensible heat flux from the building envelope into the urban area atmosphere. 

For heat-shielding measures provided on building roofs such as cool roofs, there is almost no 

need to take into consideration secondary effects, which include reflected solar radiation to 

other buildings, humans on the street, etc.   Because the facade is on a vertical plane, 

however, the effect of reflected solar radiation to the ground, particularly due to the mirror-

reflecting property of glass, cannot be ignored.  Therefore, building envelope performance 

which satisfies both wavelength selectivity and directivity is highly desired. From the 

background, we have proposed and developed a novel heat-shielding film, which possesses 

both retro-reflectivity and wavelength selectivity in the near infrared range, for transparent 

building envelopes. 

2. ACTUAL RADIATION ENVIRONMENT IN THE STREET 

In order to investigate the impact that solar heat shielding of a building facade has on its 

external environment,   measurements of the radiant environment around a heat-shielded 

building facade were conducted by mainly targeting buildings with Low-E double-glazed 

facades in the central Tokyo area.   An on-site spectro-radiometer capable of measuring 

spectral irradiance within a range of 350 to 2,500 nm was configured and used for the 

quantitative study.  For extracting the direct and reflected solar radiation components, a 

shielding hemi-sphere and shielding sphere were used, as shown in Fig. 1. 

 

 

 

 

 

 

 

 

Figure 1: Measurement of solar radiation reflection of facade 
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(A) Building without reflective solar shielding (B) Building with Low-E glass

2-1 Comparison of spectral solar irradiance for different glazed facades 

In order to clarify the influence of the building facade on spectral irradiance to the street, a 

comparative measurement of spectral solar irradiance was conducted, focusing on two 

buildings A and B. The glass specifications of the buildings are clearly different, and they are 

located adjacent to each other. Each building is a 40-story high-rise office building, with air-

flow windows over the entire facade.  High-transmission glass is used on building A, and 

Low-E glass is used on building B.  The orientation of the external wall surfaces and 

geometrical factor of the view from the street are equivalent to each other.  Therefore, these 

can be compared directly and evaluated without any differences in solar radiation conditions, 

measurement time, and so on. 

The results of the comparative measurement conducted at culmination time, when the sun 

faces the facades directly, are illustrated in Fig. 2. From the measurement results, the solar 

irradiance reflected from the facade for each glass specification is approximately the same in 

the UV + V wavelength. However, the reflected solar irradiance of Low-E double-glazing, 

clearly increases in the near-infrared range. The Integrated solar irradiance of the Low-E glass 

double-glazed is approximately four times larger than that of high-transmission double-

glazing.  The result shows that, due to heat shielding of the building facade, solar irradiance in 

the near-infrared wavelengths toward the outdoor space increases, which suggests the 

potential adverse effects on the thermal environment of the street. 

 

 

 

 

 

 

 

 

Figure 2: Measured spectral irradiation in the street 

2-2 Relationship between heat shielding of the facade and the street environment 

The model shown on the left side of Fig. 3 can be derived from the above measurement 

results.  Specifically, only visible sunlight, which is beneficial to the internal building 

environment, is taken in through the windows, whereas unwanted near-infrared solar radiation 

is reflected by selective shielding.  As a result, a trade-off scheme is established which 

deteriorates the street environment due to the reflected near-infrared solar radiation.  This 

structure is attributable to the mirror-reflecting property of glass. 

If both wavelength selectivity and reflection directivity could be achieved as illustrated on the 

right side of Fig. 3, it is possible to reduce energy consumption and establish a favorable 

indoor environment through heat shielding of the building facade, while at the same time not 

deteriorating the outdoor environment. On the basis of such an inventive concept, we 

proposed a retro-reflecting film as explained below. 
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3. OVERVIEW OF RETRO-REFLECTIVE HEAT-SHIELDING FILM  

The heat-shielding-type film which is currently being widely adopted uses a method which 

enhances the heat-shielding performance by increasing reflectivity in the near-infrared range 

independently of visible sunlight. There are methods which use metal films such as silver 

coating, as does Low-E glass, and methods which use layers of transparent film with differing 

optical properties such as refraction.  

As an improvement on such existing heat-shielding films, we have devised a new film which 

enhances heat-shielding performance, by reducing transmissivity in the near-infrared range 

independently of transmissivity in the visible light range, and also possesses a retro-reflective 

property due to micro convexes and concaves formed on the transparent film surface.  The 

main feature of the film proposed herein is the potential to avoid the adverse effects of 

reflected solar radiation onto the ground and other buildings surrounding the building with the 

film applied, while improving the energy-saving performance and comfort of the indoor 

environment. 

As illustrated in Fig. 3, there are two types of reflectors.  One of them is a perfect retro-

reflector (3D) that reflects light back in the direction of incidence. The other is an "accordion-

fold" reflector (2D) that reflects light in a retro-reflective manner with respect to an incident 

profile angle, and in a symmetric direction with respect to an incident azimuth angle. The 3D 

reflector is made of transparent film. Therefore, in the case of perfect retro-reflection, it 

reflects the beam at least twice.  On the other hand, although the 2D reflector does not offer 

perfect retro-reflection, it can reflect light toward the sky when exposed to incoming direct 

solar radiation on a vertical plane. Thus, absorptivity of the whole reflector can be reduced by 

decreasing the number of reflections inside the reflector. 

In this paper, therefore, we focused on the 2D reflector. 

 

 

 

 

 

 

 

 

Figure 3: Diagram of solar shielding and influence on the thermal environment in the street 

4. EFFECTS ON INDOOR ENVIRONMENT AND ENERGY FOR AIR-CONDITIONING 

The heat-shielding retro-reflecting film was compared and tested against the high performing 

Low-E double-glazing, transparent glass, and glass with heat-shielding film. 

In order to evaluate the thermal environment near the window, comparative measurements of 

the window surface temperature were performed for each glass specifications, using a light-

colored venetian blinds in combination therewith. The thermal images shown in Fig. 4 were 

taken on a clear day with sufficient solar irradiance on the window surface. The temperature 

on the slat surface of the FL + retro-reflecting film is reduced by approximately 5 degrees, 

compared to FL glass.  Considering the conditions during actual use where a window shade is 
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used together with the film proposed herein; by reducing the temperature on the window 

surface and reducing long-wave radiation, it can be expected that the film proposed herein 

will have an effect on improving the thermal environment, which is roughly equal to that of 

low-E double-glazing. 

In order to grasp the heat-shielding performance of the glass alone, on-site measurements2) of 

solar heat gain coefficient (SHGC) were conducted.  The results of measured SHGC are 

shown in Fig. 5.  According to the result, solar heat gain is reduced to approximately one third 

during peak solar irradiance; and SHGC is less than 0.6, at the same level as that of FL + Film 

A, which belongs to the high-end of commercially available heat shielding films. 

 

 

 

 

 

 

Figure 4: Thermograph of inside surface of various window 

 

 

 

 

 

 

 

 

Figure 5: Measured solar heat gain and SHGC 

5. EFFECT ON OUTDOOR ENVIRONMENT 

The comparative measurements were carried out as illustrated in Fig.6.  This measurement 

assumes the situation, as illustrated in Fig. 3, of solar radiation being reflected from a building 

into the street in front of the building.  It is obvious that the film proposed herein can 

significantly reduce downward mirror reflection in the near-infrared range, compared to both 

low-E double-glazing. 

The daily integrated quantity of downward reflected solar radiation for each of the 

specifications is shown in Fig. 7.  Regarding the ratio of downward reflection quantity, the FL 

glass + retro-reflecting film is approximately the same as that of FL.  On the other hand, the 

downward reflection of  FL+retro-reflecting film could be reduced to approximately half of 

the  FL+heat-shielding film A, and one third of Low-E double-glazing. 
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Visible image Thermal image
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Figure 6: Comparison of downward reflection of various window 

 

 

 

 

 

 

 

 

 

Figure 7: Comparison of directivity of reflected solar radiation between various window 

6. CONCLUSION 

As a result of the field measurements of a radiant environment conducted on the streets of 

Tokyo, it was indicated that heat shielding of the building facade had adverse effects on the 

thermal environment of the streets around the building.  It was also verified that, through the 

use of the retro-reflecting heat-shielding film proposed here, it was possible to reduce the 

adverse effects on the outdoor urban environment, while at the same time ensuring energy 

conservation as well as enhancing comfort inside the building. 
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