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ABSTRACT 
This paper presents the results of a comparative 
study aiming to investigate the effect of reflec-
tive coatings on lowering surface temperatures 
of buildings and other surfaces of the urban en-
vironment, and thus test their suitability to 
lower ambient temperatures and fight the heat 
island effect. In total, 14 types of reflective 
coatings on surfaces of the urban environment 
were studied, from August to October 2004. In 
order to measure the thermal performance of the 
reflective coatings, surface temperature sensors 
and a data logging system as well as infrared 
thermography procedures were used. The col-
lected data have been extensively analysed. It 
was demonstrated that the use of reflective coat-
ings can significantly reduce surface tempera-
tures.  

1. INTRODUCTION 
The phenomenon of the heat island is becoming 
increasingly more intense in urban areas, chang-
ing their microclimate. Heat islands are an en-
ergy efficiency concern because increased air 
temperatures raise air-conditioning loads in 
buildings, in turn raising energy consumption, 
peak energy demand and energy prices (Akbari 
et al., 1992; Santamouris et al., 2001). Further-
more, heat islands increase smog production 
(Taha et al., 1994). Among the factors that con-
tribute to the heat island effect, the thermal 
properties of the materials used in the urban fab-
ric play a very important role. The presence of 
dark colored surfaces, particularly roofs and 
pavements, absorb solar radiation during day-
time and reradiate it as heat during the night and 

furthermore the replacement of natural soil and 
vegetation by the materials, reduces the poten-
tial to decrease ambient temperature through 
evapotranspiration and shading (Santamouris, 
2001; Akbari et al., 1996).  

Therefore the use of high albedo urban sur-
faces is a passive and inexpensive measure that 
can reduce summertime temperatures (Akbari 
et al., 1992, 1997; Bretz et al., 1997). 

One way to increase the reflectance of sur-
faces is by using “cool” coatings that are charac-
terized by a high solar reflectance and high in-
frared emittance values. Architects traditionally 
have recognized that reflective building colors 
can reduce building thermal loads. Several stud-
ies have been carried out regarding the cooling 
potential of the application of reflective coatings 
on buildings. Givoni and Hoffman, (1968) re-
ported that unventilated small buildings in Israel 
that had white colored walls were approxi-
mately 3°C cooler in summer than when the 
same buildings were painted grey. (Taha et al., 
1992) measured the albedo and surface tempera-
tures of various materials used in urban surfaces 
and found that white elastomeric coatings that 
have an albedo of over 0.72, were 45°C cooler 
than black coatings with an albedo of 0.08. 
(Akbari et al., 1998) reported that increasing the 
roof reflectance of commercial buildings in 
California from about 20% to 60% dropped the 
roof temperature on hot summer afternoon by 
45F. Akridge, (1998) showed that the installa-
tion of a thermal control coating on a single sto-
rey building with identified high roof tempera-
tures, reduced the peak roof temperature by 
33°C.  

The scope of this study is to report the meas-
ured data of the surface temperatures of 14 
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Table 1: Description of the studied coatings. 

Sample Sample description Applica-
tions 

Sample 
color 

S1 Aluminium pigmented 
acrylic coating B Silver 

gray 
S2 Acrylic, ceramic coating B White 

S3 Acrylic, elastomeric 
coating. B White 

S4 Acrylic, elastomeric 
coating B White 

S5 Alkyd, chlorine rubber 
coating UB, B White 

S6 Aluminum pigmented, 
alkyd coating B Silver 

gray 
S7 Emulsion paint - Black 

S8 Acryl-polymer emulsion 
paint B White 

S9 Acrylic latex UB, B White 

S10 Aluminum pigmented 
coating B Silver 

S11 Acrylic insulating paint B White 

S12 Aluminum pigmented 
acrylic coating B, UB Silver 

S13 Epoxy polyamide coat-
ing UB White 

S14 Acrylic paint B White 
S15 Uncoated tile (reference) B, UB White 

S16 Acrylic elastomeric 
coating B White 

B: buildings, UB: urban environment 

types of reflective coatings that are used in 
buildings and some of them are used or could be 
used in the future in other surfaces of the urban 
environment (sidewalks, parking lots, etc.). All 
the coatings were applied on concrete tiles and 
their ability to reduce surface temperatures was 
evaluated. Their thermal performance was 
monitored on 24h basis from August to October 
2004. The temperature rise of the surfaces under 
sunlight as well as their cooling potential during 
the night was measured and compared to that of 
an uncoated surface as well as to other “cold” 
materials. The effect of weathering is also being 
discussed.  

2. EXPERIMENTAL MEASUREMENTS 

2.1 Description of the selected coatings 
For this study 14 types of reflective coatings 
were selected from the international market. 
These coatings are commonly used or can be 
used in the urban environment’s external sur-
faces (building walls and roofs, sidewalks, 
pavements, parking lots etc.). Additionally to 
the 14 reflective coatings a black coating, an 
uncoated concrete tile, a white marble tile and a 
white mosaic tile were also studied, to be used 
for comparison. 

All the coatings were applied on white con-
crete pavement tiles. The tiles had a size of 
40cm x 40cm. The selected samples and their 
possible applications are described in Table 1. 

2.2 Instrumentation and description of the ex-
perimental site  
In order to study the thermal performance of the 
coatings the surface temperature of the samples 
was measured on a 24h basis. The basic experi-
mental equipment consists of surface tempera-
ture sensors connected to a data logging system. 
The sensors used were thermocouples (type K), 
and Analog to Digital (ADAM4018) thermo-
couple input modules were used for data collec-
tion and conversion. The temperature sensors 
were placed on the center of the surface of each 
tile. An infrared camera (AGEMA Thermovi-

sion 570, 7.5-13µm wavelength) was also used 
in order to observe the temperature distribution 
on the surface of the samples as well as to de-
pict the temperature differences between the 
samples.  

Measurements of the ambient meteorological 
conditions, recorded from a meteorological sta-
tion near the experimental site, include ambient 
temperature, relative humidity and wind speed 
and have been used to characterize the outdoor 
climatic conditions. During the experimental 
period, the meteorological conditions were 
characterized by clear skies, low wind speed 
(<5m/s), high temperatures and relatively low 
relative humidity values. The samples were 
placed on an especially modulated platform 
covering a surface of 16m2. The platform was 
horizontal and insulated from below in order to 
eliminate the heat transfer effects between the 
platform and the samples. The experimental 
procedure took place during the months of Au-
gust, September and mid October of 2004.  
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3. ANALYSIS OF THE THERMAL PER-
FORMANCE OF THE COATINGS 

3.1 Experimental results and discussion 
Infrared thermography was used to investigate 
the temperature distribution of the samples and 

to depict the differences in their thermal per-
formance. It was found that the sample tempera-
tures were quite uniform.  

The estimated mean daily (from 08:00 to 
19:00) and nocturnal (from 22:00 to 05:00) sur-
face temperatures for each month and for each 

 

 

  
Figure 1: Boxplots of the daily (08:00-19:00) and nocturnal (22:00-05:00) surface temperatures during the experimental 
period. 
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Figure 2: Typical 24h distribution of surface tempera-
tures. 

coating sample are given in statistical boxplots 
(Fig. 1). The boxplots represent a statistical dis-
tribution of the measured surface temperatures 
of each one of the coating samples. In these fig-
ures the median, lower and upper quartile values 
are represented as well as the extent of the rest 
of the data. Outliers are data with values beyond 
the ends of the tails. The coatings with the 
smallest average surface temperature are pre-
sented at the left part of each graph, while the 
warmest coatings are presented at the right part. 
Additionally, on the boxplot figures the mean 
surface temperature of the reference uncoated 
tile (Tref) as well as the mean ambient tempera-
ture (Tamb) are indicated by dotted lines.  

The minimum values of the mean and abso-
lute maximum daily surface temperatures were 
observed for the white coatings. On the contrary 
the maximum corresponding values were no-
ticed for the silver colored coatings. For the first 
month of the experimental period, mean daily 
surface temperatures ranged between 32.1°C 
(for S16) and 46.2°C(for S1), for the second 
month, between 27.7°C (for S5) and 36.8°C(for 
S10), and for the third month between 23°C (for 
S2) and 32.1°C(for S10). The absolute maxi-
mum daily surface temperatures, for the total 
experimental period, varied from 42.3° C (for 
S2) to 65.1°C (for S1). 

During the night period, the mean surface 
temperature ranged between 17.5°C, 14.4°C, 
and 11.6°C (for S4) and 22.6°C, 18.8°C and 
15.5°C (for S12), for each month of the experi-
mental period respectively. The absolute maxi-

mum nocturnal surface temperature, for the total 
experimental period, varied from 24°C (for S2 
and S8) to 30.5°C (for S12). 

Figure 2 shows typical thermal behaviour 
prevailing throughout a 24h period. 

During the day the thermal performance of 
the samples is mainly affected by their surface 
solar reflectance, because it represents the part 
of the incident total solar radiation that is re-
flected. Emissivity has a lower impact compared 
to reflectance.  

During the night, when there is no solar ra-
diation, emissivity becomes the predominant 
factor affecting the thermal performance of the 
tiles. The convection coefficient can be assumed 
equal for all the tiles, since all the samples are 
exposed to the same wind conditions, they are 
placed on the same height and their surfaces 
roughness are similar. At some point during the 
night the term Ts–Ta, becomes negative, which 
means that heat is transferred from the ambient 
air to the samples by convection, because the 
samples have lower temperatures than the ambi-
ent air.  

This explains why the white coatings stay 
cooler during the day compared to the alumi-
num-pigmented coatings. Although all the stud-
ied types of coatings are characterized by a quite 
high solar reflectance, aluminum coatings stay 
warmer during the night due to their lower in-
frared emittance, because they reradiate as heat 
smaller parts of the solar energy they had ab-
sorbed during the day. On the contrary, a white 
coating radiates more of its stored heat back to 
the sky. For this reason, aluminum does not per-
form as well as a white coating with similar so-
lar reflectance.  

The comparison of the thermal performance 
of the coated concrete tiles with the uncoated 
reference tile demonstrated that the use of an 
appropriate coating can significantly reduce the 
surface temperature of the tile. More specifi-
cally: 

During the daytime period, the white colored 
coatings, except from S11 and S13, had the abil-
ity to reduce the surface temperature of the con-
crete tile on which they were applied. The 
maximum temperature decrease was observed 
for the coatings S8, S5 and S2 that reduced the 
concrete tile’s surface temperature by 4.3°C, 
4°C and 4°C, respectively during the first month 
of the experiment. On the contrary, the silver 
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colored coatings were found to increase the 
concrete tile’s surface temperature. The maxi-
mum temperature increase was observed for the 
coating S10 whose mean surface temperature 
was averagely 6.3 higher than the uncoated 
tile’s surface temperature.  

The cooling potential of the coatings is even 
greater regarding the peak surface temperature. 
The maximum surface temperature of a tile 
coated with S14 (white acrylic paint) was by 
7.5°C cooler than the uncoated tile.  

During the night period, ten coatings demon-
strated surface temperatures that were lower 
than the surface temperature of the uncoated 
concrete tile. The coolest coatings were S2, S3, 
S4 and S8 that managed to reduce the surface 
temperatures by averagely 2°C.  

3.2 The effect of weathering 
A very important factor regarding the thermal 
performance of coatings is weathering and “dirt 
pick-up” resistance. Weathering is caused by 
surface contamination (atmospheric pollution, 
biological growth) and/or other alterations like 
UV radiation, sudden temperature swings, mois-
ture penetration etc. As it is shown in Figure 1, 
there is degradation in the thermal performance 
of several coatings, mainly S16, S14 and S9. 
The most important change in the thermal be-
havior was observed for the coating S16: acrylic 
elastomeric coating, that was the coolest coating 
during the daytime period the first month of the 
experiment, but became a lot warmer during the 
second and third month of the experimental pe-
riod (Fig. 1). A graph (Fig. 3) was created de-
picting this degradation in the thermal perform-
ance of the coating S16. On the vertical axis ap-
pears the temperature difference between the 

surface of S16 and the ambient air (in order to 
exclude the influence of weather conditions) 
and on the horizontal axis is the time of expo-
sure (2.5 months). Although the time of expo-
sure is short, the surface temperature of the 
coating S16 clearly shows an increasing trend. 
Figure 4, depicts S16 and S5 coatings’ surface 
color after 2.5 months of exposure to outdoor 
conditions in comparison with their initial color. 
There is clearly a change in the surface color of 
S16 that is due to weathering and its low “dirt 
pick-up” resistance.  

3.3 A comparative analysis between the surface 
coatings temperatures and the ambient tempera-
ture. 
Comparing the coatings sample’s mean surface 
temperature with the mean ambient air tempera-
ture during the experimental period, the follow-
ing can be concluded: 
A) All the studied coatings were characterized 

by greater average surface temperatures than 
the average air temperature, during the day-
time period. The coolest coatings were the 
white colored ones. Among the white colored 
coatings, S2, S5 and S8 were warmer than 
the ambient air by only 2°C, while S11 and 
S13 were averagely by 6°C warmer than the 
ambient air. Among the silver coloured mate-
rials the minimum temperature difference 
was observed for S12 and was estimated at 
9.6°C and maximum temperature difference 
was observed for S10 and was estimated at 
11.7°C.  

B) During nighttime, all the samples were char-
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Figure 3: The effect of weathering for the sample S16. 
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Figure 4: S16’s surface colour after 2.5 months of expo-
sure to outdoor conditions in comparison with its initial 
colour. 
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acterized by lower mean surface tempera-
tures than the ambient air. The maximum 
temperature difference was observed for the 
coatings S4, S8, S3 and S2 that were cooler 
than the ambient air by 6°C, 5.9°C, 5.7°C 
and 5.7°C respectively. 

3.4 A comparative analysis between the surface 
coatings temperatures and two other cool mate-
rials 
A white marble tile and a white mosaic tile, that 
have been characterized as “cold” materials (L. 
Doulos et al., 2004), were also studied. The con-
cluding remarks, comparing the coatings’ and 
the two materials’ surface temperatures during 
the experimental period are the following: 
A) During daytime, seven coatings samples (S2, 

S4, S5, S8, S9, S14 and S16) had lower mean 
surface temperatures than both the marble’s 
and the mosaic’s mean surface temperature. 
The maximum difference in mean surface 
temperature was found to be between S2 and 
the marble tile (3.8°C) and between S2 and 
S8 and the mosaic tile (4.1 °C).  

B) Regarding the daily absolute maximum tem-
peratures, the differences were even greater. 
The absolute maximum surface temperature 
of the coating S14 was found to be lower by 
4.7°C and 6.3°C than the maximum surface 
temperatures the marble tile and the mosaic 
tile, respectively.  

C) During the night period, the majority of the 
coating samples demonstrated mean surface 
temperatures that were similar or a little 
higher than the surface temperatures of the 
white marble and white mosaic tile, except 
from coating samples S4, S2 and S8 that had 
lower mean surface temperatures by 0.4°C, 
averagely.  
These measurements demonstrate that the 

thermal performance of a concrete tile on which 
a reflective coating has been applied is superior 
to the performance of a white marble and mo-
saic tile.  

4. CONCLUSIONS 
Fourteen types of reflective coatings were stud-
ied and it was found that the use of an appropri-
ate reflective coating can significantly reduce 
surface temperatures. As it was expected white 

colored coatings performed better than alumi-
num-pigmented coatings. Although all the coat-
ings are characterized by a high solar reflec-
tance, aluminum pigmented coatings are less 
desirable because they tend to remain hotter due 
to their low infrared emittance. A “cool” coating 
can reduce a white concrete tile’s surface tem-
perature under hot summer conditions by 4 °C 
and during the night by 2°C. It can be warmer, 
than the ambient air by only 2°C during the day 
and cooler than the ambient air by 6°C. How-
ever, the effect of weathering can cause degra-
dation in the thermal performance of a coating, 
therefore coatings with good weathering and 
“dirt pick-up” resistance should be chosen.  

This study arises from the need to put for-
ward passive solutions, which can mitigate the 
negative effects of the heat island phenomenon. 
At building scale, the use of reflective coatings 
could improve building comfort and reduce 
cooling energy use, and at city scale it could 
contribute to the reduction of the air temperature 
due to heat transfer phenomena and therefore 
improve outdoor thermal comfort and reduce 
the heat island effect.  
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