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1. ABSTRACT 

Solar energy reaches the Earth’s surface, ranging from 300 to 2500 nm in 
wavelength. The first part of this energy consists of Ultraviolet (UV) radiation (300-
400 nm), which is not visible to the human eye. 5% of the total energy is UV. The 
second one is at visible region (400-700 nm), and around 50% of solar energy occurs 
in this region. Near-infrared radiation (700-2500 nm) is almost half of incident solar 
irradiance and responsible for surface heating. Total solar reflectance is a parameter 
which determines the amount of irradiated infrared energy reflected by an object.   

In this study, TSR values of full-body coloured ceramic slab surfaces were 
calculated using QUAD function in a spreadsheet. For the calculation, reflectance 
measurements of the samples were performed by a UV VIS NIR spectrophotometer with 
150 mm integrated sphere, according to ASTM 903_12. Spectral irradiance was 
evaluated according to ASTM G173 standards. All the calculated data from the 
spreadsheet were compared and verified with spectrophotometer report results. 
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2. INTRODUCTION 

Porcelain tile is a ceramic material. It has enhanced technical performance and 
aesthetic qualities and, in recent years, the ceramic tile industry has developed products 
such as the porcelain slab [1]. The latest market trends go towards large dimensions, 
with innovative technological solutions involving a new approach to shaping and thermal 
treatments. The approach is able to produce large slabs of porcelain stoneware with 
dimensions up to 4x1.5 square meters and 3 millimetres of thickness [2].  

Urban Heat Island (UHI) is an urgent problem, especially in large cities, since it 
worsens temperature differences with respect to rural areas [3-4]. Solar spectra ranges 
from 300 nm to 2500 nm, and it is divided into three bands: 300-400 nm UV radiation, 
400-700 nm visible radiation and 700-2500 nm near-infrared radiation [5].  

 

 

        Figure 1. Solar radiation spectral irradiance. 
 

Almost half of the total solar radiation is NIR (Near-Infrared Radiation) and it is 
responsible for heating surfaces. Cool materials are developed in order to reduce NIR 
effects; these materials include paints, organic membranes, shingles, concrete and 
other coatings. Organic or plastic-based cool materials have a lack of durability, and 
their application lifetime is limited. However, ceramic tiles can be used as alternatives 
to other materials, since they have high reflectance and durability [6].   

Total solar reflectance is the fraction of incident solar radiation reflected by an 
irradiated surface. It ranges from 0 for a totally absorbing surface, to 1 for a reflecting 
surface [7]. Generally, solar reflectance of light-coloured materials is higher than that 
of dark-coloured ones, but this is not valid every time because nearly half of solar 
reflectance is of visible range. 

There are several methods in order to measure reflectance performance of a 
given sample. The most common method is to use a spectrophotometer. A solar 
spectrophotometer illuminates a surface with monochromatic light at near-normal 
incidence and measures light reflected into an integrating sphere. A series of such 
measurements at wavelengths spanning the solar spectrum (300–2500 nm) yields the 
surface’s near-normal beam, hemispherical solar spectral reflectance (r). While 
wavelength spacing is arbitrary, solar spectral reflectance at a 5 nm interval is sufficient 
to capture the spectral details of most surfaces [8].  
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ASTM has published a standard test method called E903-12, which covers 
measurement of spectral absorptance, reflectance, and transmittance of materials using 
spectrophotometers equipped with integrating spheres [9]. 

More specifically, the solar reflectance value r of every analysed surface was 
calculated by integrating over the range from 300 to 2500 nm the measured spectral 
reflectivity Rλ (defined as the ratio of reflected part and total amount of incident 
radiation at the considered wavelength λ), weighted by the standard spectral irradiance 
of the sun at the Earth’s surface, Itot,λ [Wm−2 nm−1] [10]: 

 

 

 

In this study, TSR values of full-body coloured ceramic slab surfaces were 
calculated using QUAD function in a spreadsheet. For the calculation, reflectance 
measurements of the samples were performed by a UV VIS NIR spectrophotometer with 
150 mm integrated sphere, according to ASTM 903-12. Spectral irradiance was 
evaluated according to ASTM G173 standards.  

 

3. MATERIALS AND METHOD 

9 different production range colours were selected (Beige Grey, White, Cement 
Grey, Ivory, Brown, Coral, Dark Grey, Blue and Black). All the samples to be measured 
for solar reflectance were prepared by cutting from production slabs. The samples were 
cut to 4x4 cm size and 3 mm thickness. Reflectance values of the samples were obtained 
using a UV VIS NIR spectrophotometer with 150 mm integrated sphere (Perkin Elmer 
Lambda 950 model). The measurement was performed according to ASTM 903-12 
Standard Test Method for Solar Absorptance, Reflectance, and Transmittance of 
Materials Using Integrating Sphere. Spectral irradiance was evaluated according to 
ASTM G173 Standard Tables for Reference Solar Spectral Irradiances: Direct Normal 
and Hemispherical on 37° Tilted Surface.  

The data from the measurement process was evaluated using a calculation table 
in a spreadsheet.  

QUAD (X; Y) is a special function added the to spreadsheet to integrate a spline 
curve fit to a set of optionally-weighted (x,y) data points. X is a vector of the point x-
coordinates and Y is a vector of the point y-coordinates [11]. Total Solar Reflectance 
value can be calculated using the following formula: 

TSR = [QUADXY (Rλ*Iλ)/ QUADXY (Iλ)] *100 (1) 
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4. RESULTS AND DISCUSSION 

The first data set was reflectance values (%) vs. wavelength (nm). Values from 
the spectrophotometer can be transferred to a spreadsheet and all the calculations can 
be done using it. It is shown in the aforementioned data set in the following table.  

The table’s last column in red belongs to Standard Tables for Reference Solar 
Spectral Irradiances.  

In Table 1, it can be seen that reflectance (%) values are in between 300 and 
2500 nm wavelength scale.  

 

Table 1. Reflectance vs. wavelength values for selected colour samples. 
 

 

Table 2. Multiple reflectance by spectral irradiance values for selected colour samples. 
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In Table 2, in order to integrate spectral reflectivity over the range of 300 to 
2500 nm with an interval of 5 nm weighted by the spectral irradiance, the results of 
Rλ*Iλ process were shown. 

In the tables above, to summarize the wavelength range, the interval for 100 nm 
was selected. 

For calculating the weighted reflectance by spectral irradiance and only spectral 
irradiance, QUAD functions were used as shown in Table.3. The function uses the data 
of reflectance by spectral irradiance multiplication and wavelength range.  

 

Table 3. Calculation of Quad functions for reflectance and spectral irradiance values. 
 

Total solar reflectance values of samples were calculated by using Equation 1 and 
can be seen below in Table 4. 

 

 

Table 4. Total Solar Reflectance values of the samples. 
 

In order to make a comparison and verification of the calculated results, the 
spectrophotometer software was used, according to ASTM G 173 (Hemispherical Tilt @ 
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37 degrees). It was found in the results from calculations that using the QUAD function 
was successful for obtaining TSR values comparing to software computation. 

In order to evaluate TSR values of the samples, colour is one of the most 
important parameters. As the colour gets darker, TSR value decreases and thus, the 
surface temperature of the ceramic product increases due to NIR radiation, which is 
responsible for the Urban Heat Island effect.  

For the visualisation of these values, a line chart was created to evaluate 
reflectance behaviours of the colours. In Figure 2, graphical fingerprints for each 
colourful ceramic surfaces and their response to solar radiation are shown. 

 

 

Figure 2. Solar reflectance chart of colour samples. 
 

 

5. CONCLUSION 

Solar radiation reflectance values of colourful ceramic slab samples were 
measured by using UV VIS NIR spectrophotometer with integrated sphere, and from 
the data, TSR values of each sample were calculated by QUAD function in a spreadsheet 
table.  

It was found in the results from calculations that using the QUAD function was 
successful for obtaining TSR values comparing to software computation. This function 
can be used in order to calculate TSR for any surface when the analytic device does not 
have software capable of determining TSR. 
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