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Abstract: Near-infrared (NIR) reflective materials are being developed for mitigating building cooling
needs. Their use contributes to broadening the range of colours, responding to the urban aesthetic
demand without compromising the building performance. Despite the increase in NIR reflective
pigments investigation, there is still a knowledge gap in their applicability, impact, and durability in
multilayer finishing coatings of External Thermal Insulation Composite Systems (ETICS). Hence, the
main goal of this work consists of evaluating the impact of incorporating NIR reflective pigments
(NRP) in the solar reflectance of the surface layer of ETICS, without affecting the colour perception,
as well as their influence on the colour durability and surface temperature. As such, colour, solar
reflectance, and surface temperature were monitored for 2 years in dark-coloured specimens of ETICS,
with and without NRP and a primer layer. It was confirmed that the main contribution of NRP is
the increase of solar reflectance and, consequently, the decrease in surface temperature, especially
for high exterior temperatures (around 30 °C). Moreover, these pigments highly increase the NIR
reflectance without affecting the visible colour. In addition, they contribute to maintaining the colour
characteristics. The application of primer increased the surface temperature, especially for higher
exterior temperatures. However, it contributes to a lower colour difference and solar reflectance
variation, which is an important achievement for durability purposes.

Keywords: solar reflectance; surface temperature; colour; ETICS; NIR reflective pigments

1. Introduction

The use of thermal insulation materials is an effective way of reducing heat losses in
buildings by decreasing the thermal transmittance through the envelope [1]. In addition,
new eco-efficient materials and technologies are being developed to mitigate buildings’
cooling demand [2—4].

The ETICS (External Thermal Insulation Composite System) is one of the most widely
used thermal facade systems, and its performance has been studied by different au-
thors [5-7]. This technology is quite popular in the building industry, presenting posi-
tive aspects such as the reduction of thermal bridges and the ability to be easily applied
in fagade refurbishment. However, pathologies related to finishing coatings, especially
microcracking and algae growth, can occur and were observed in various studies [8-10].
The degradation agents, which affect the ETICS coating, include solar radiation, tempera-
ture and relative humidity fluctuations, and the action of rain. These agents can produce
colour changes, staining, and cracking [11,12]. To prevent part of these pathologies, the
old guideline ETAG 004 [13] defines 80 °C as the maximum temperature recommended for
the ETICS surface. However, the new European Assessment Document EAD 040083-00-
0404 [14], which replaces the ETAG 004, did not refer to this recommendation. In addition,
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the European Guideline for the application of ETICS [15] recommends a minimum solar
reflectance between 0.2 and 0.3 (depending on the climatic conditions). These restrictions
have led to the frequent use of light colours in fagades with ETICS. Daniotti et al. [16]
evaluated the effect of thermal shock through the analysis of the number of events that
occur in a certain period in which there is a variation of the surface temperature between
4°C,5°C, and 10 °C in one hour. It was found that ETICS with solar absorption values
of 0.80 had an occurrence of 2000 events per year, for a surface temperature variation of
4 °C/h, and 300 events/year for a surface temperature variation of 10 °C in one hour.
While considering a solar absorption of 0.60, the number of events is considerably lower
(more than 500 events).

It is considered that approximately 99% of solar radiation comprises wavelengths
between 300 and 2500 nm, which is called the solar spectrum [17]. Therefore, it is important
to measure the reflectance of the surfaces over the entire solar spectrum, as this is a function
of the wavelength of the incident radiation, also depending on other factors such as the
angle of the incident radiation, the colour, and the roughness of the surfaces, among
others [18]. As the solar spectrum includes visible light (Vis), ultraviolet (UV) and infrared
(IR) radiation, different possibilities of reducing solar absorption by building surfaces can
be explored by the industry.

Cool materials are defined as having high solar reflectance and high infrared emit-
tance [19]. Various scientific contributions that have been developed since the 1970s demon-
strated that cool coatings can significantly improve indoor and outdoor thermal comfort
while reducing the buildings’ energy consumption [20]. A technology that is already being
commercially applied is the introduction of near-infrared reflective (NIR) pigments that
reduce the overall solar absorption of the surface [2,21,22]. If this type of cool pigments can
be used in ETICS as part of its multilayer finishing system, the range of colours could be
broadened, providing a positive answer to the urban aesthetic request for darker colours
and complementing the current white-cool solutions. The incorporation of high reflectance
pigments in the finishing coatings of ETICS can produce impacts on its solar reflectance,
surface temperature, and colour degradation. The ETICS finishing will usually correspond
to a rough surface between 0.4 and 1 mm [23] that in practical applications may present a
sensitive heterogeneity regarding optical and thermal properties.

It is widely accepted [24-26] that the optical properties and the scattering ability of
the cool coated surface is mainly affected by the particle size and the refractive index of
the oxides combined on layers coating [27,28]. Therefore, several studies were carried
out to optimize the use of nanoparticles in cool coatings. The properties of powder cool
pigments were evaluated on Levinson et al. [24] and Jose et al. [29] for different colours
and oxides particles.

Paints based on acrylonitrile styrene acrylate (ASA) doped with barium titanate
(BaTiO3), calcium molybdate (CaMoQy), yttrium oxide (Y»Os3), and antimony oxide (SbyO3)
were studied by Xiang et al. [30] and Xiang and Zhang [31]. Acrylic latex-based incorpo-
rated by TiO, was developed by several authors [32-34], and the cool properties of acrylic
paints incorporated with cool commercial pigments were evaluated by Uemoto et al. [35].
Another variety of coatings as cement-based materials [36], hydrophobic products [37],
and polyester [38], doped with TiO,, are also being developed and investigated.

The durability and life-cycle of buildings highly depend on the material properties
and environmental conditions regarding their long-term performance [39]. This takes
even more importance when observing the climate changes and their impact on the built
environment [40,41]. Several studies already focus on the effect of these materials on the
surface temperature of buildings envelopes, especially in the summer season where their
positive effect is more obvious. The life-cycle [42,43] and durability performance [44,45] of
cool coatings have been studied by many authors with a focus on roofs, which together
produced the fundamental results of an international standard elaboration such as the
ASTM D 7897 [46].
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As analysed in Pisello [20], cool coating investigation is rapidly increasing its im-
pact within the scientific community. Nevertheless, there is still a knowledge gap in the
applicability of cool materials and their durability when applied to building components.

This gap is even more evident when considering the multilayer finishing coating adopted
in ETICS. Hence, the main goal of this work consists of evaluating the impact of incorporating
NIR reflective pigments (NRP) in the solar reflectance, without affecting the colour perception,
as well as their influence on the colour durability and surface temperature.

2. Methodology
2.1. Experimental Procedure

This study is focused on the evaluation of the impact of the incorporation of NIR
Reflective Pigments (NRP) in finishing coatings of ETICS. To that end, measurements of
colour, solar reflectance, and surface temperature were carried out between May of 2017
and May of 2019 (Month 0 to Month 24). Except for the surface temperature, which was
monitored continuously, the remaining properties were measured once a year in May. The
tests were carried out on a roof of the Civil Engineering Department of the University of
Porto. Figure 1 presents the main climatic conditions during the experimental procedure
as well as the timeline of measurements. The air temperature distribution is shown using
box-plot charts, while the global solar radiation is represented by the monthly average
values and the precipitation by monthly accumulated values. These data values were
provided by IPMA (Portuguese Institute for Sea and Atmosphere) from a weather station
located nearby the experiment.
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Figure 1. Timeline of the experimental procedure and climatic conditions (source: IPMA).

The evaluation of solar reflectance was carried out using two methods and equipment:
a pyranometer (method E 1918A) and a spectrophotometer. The method E 1918A, proposed
by Akbari and Levinson [47], consists of an adaptation of the ASTM E1918 Standard Test
Method for Measuring Solar Reflectance of Horizontal and Low-sloped Surfaces in the
Field [18]. The E 1918 A method uses a pyranometer to measure the radiant solar energy
that is incident and the energy that is reflected at the surface per unit time and unit
area. However, unlike the original procedure that is indicated for large surfaces, this
method allows the measurement of square surfaces with an area of 1 m?. Different authors
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compared distinct methods of solar reflection measurement, and the E 1918A method
showed reliable results [48,49].

In the tests carried out in this work, an SR05 Hukseflux Thermal Sensors pyranometer
was used, which presents an estimated precision of 4.4% [50]. This pyranometer meets the
requirements of the second class of ISO 9060 [51].

Complementary to the measurement of total solar reflectance with the pyranometer,
a spectrophotometer was used to evaluate the spectral reflection (UV-Vis and NIR spec-
trum regions). The diffuse solar reflectance was measured using a modular UV-Vis/NIR
spectrophotometer: FLAME-T and FLAME-NIR Ocean Optics. This modular spectropho-
tometer combines a light source of tungsten-halogen and deuterium lamps (DH-200 Ocean
Optics) delivered to a 4.5 mm fibber diameter port. The optical fibre emits a beam to
the specimen, and the reflected light beam is read. The output of the test is the diffuse
reflectance spectrum, which is measured at 10 nm wavelength intervals ranging from 190
to 1650 nm. The result of spectral reflection is expressed with the solar reflectance (SR)
calculated by Equation (1) [52].

SR — 1 R(A)ExiAA;
?:1 E iAA;

)

where R is the measured diffuse spectral reflectivity, A is the wavelength (nm) and E, is
the spectral irradiance of the sun at the earth surface (W/ (m? nm)), according to the ASTM
Standard G-173 [17]. The reflectance regions are defined by Equation (2).

SR = 0.05UV + 0.42Vis + 0.53NIR @)

The surface temperature was measured using T-type thermocouples with a standard
metal combination (Copper Alloys and Constantan Alloys), connected to a Technetics
Mikromec Logger Multisens. The measuring accuracy is 0.2 °C.

The colour was evaluated using the CIELab coordinate system (L*, a* and b*) according
to ISO 1164-4 [53]. The CIELab coordinate system can be used to describe the colour and
lightness of a reflecting surface normalised to the colour of the light source (if the reflecting
surface has the same colour as the light source then a* and b* are zero) [54]. The coordinates
of contours a* and b* correspond to the chroma and hue, and the L* represents the lightness.
The lightness coordinate varies between 0 and 100, where zero is black and 100 is white. The
contours vary from - a*b* to + a*b*, where a negative a* corresponds to green and positive
to red tones, and the negative b* corresponds to blue and the positive corresponds to yellow
tones [55]. The CIELAB parameters also allow the calculation of colour differences [56-58].
This colour difference—AE—reflects how the human eye perceives the colour difference,
and it is calculated using the geometric coordinates L*a*b*.

The colour was analysed using a Konica Minolta’s CR-10 Tristimulus portable Col-
orimeter. The equipment measures the L*, a* b* and dE* in an area of 8 mm. All colour
measurements are taken using conditions of the standard illuminant D65 and 10 degrees
observer. The measuring range is L* 10 to 100 with a standard deviation within AE*ab
0.1 and operates between 0 and 40 °C of temperature and 85% or less of relative humidity
(at 35 °C) with no condensation.

2.2. Materials

The proposed methodology was applied to 5 ETICS specimens with 1 m?: 3 constituted
by 3 layers, and 2 constituted by 4 layers. The difference between the two sets is that
primer was only applied in 2 specimens. Figure 2 shows a schematic representation of the
constitution of the specimens and their placement.
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1.Finishing coating: organic
coating composed of mineral
fillers, resins in aqueous dis-
persion, pigments and specific
additives (antifungals and oth-
ers) (1700-1800 kg(m3);

2. Base coating: cement, min-
eral fillers, resins, synthetic fi-
bres and special additives (1400
kg/m?), reinforced with glass fi-
bre mesh;

3. Insulation: EPS slab (20
kg/m?3).

4. Primer: mineral fillers,
acrylic copolymers in aqueous
dispersion and specific addi-
tives.

Figure 2. Constitution of the specimens and placement “in situ” (only specimens with primer have
layer 4).

The finishing coating consists of a thin layer of a commercial material of approximately
2 mm, with 3% of TiO, incorporation. The primer is a thin black layer (between 0.1 and
0.15 mm) with the incorporation of TiO,. The base coating is applied in two layers of
1.5 mm with a glass fibre mesh between them. The EPS insulation slab layer has a thickness
of 4 cm.

Table 1 includes a detailed description of the constitution of the 5 specimens. Regard-
ing the designation of the specimens, “P” stands for primer, “W” stands for the white
colour, and “NR” stands for the incorporation of NIR Reflective Pigments (NRP). Only one
specimen is white, and the remaining are black. The white (W) and black (S) are reference
specimens, without NIR reflective pigments and primer. These specimens are important to
establish benchmarks in the colour range comparison.

Table 1. Constitution of the specimens.

Specimen Primer NIR Finishing Coating Description
S Standard black (reference)
PS . Standard black with primer
NR ° NIR Black
PNR . . NIR Black with primer
\%Y White (reference)

To evaluate the effect of the NIR reflective pigments, the black specimens have
two different constitutions regarding the pigment incorporated in the finishing coating.
Specimen “S” includes a standard colourant—ferroso-ferric oxide dispersion, colour in-
dex PBk11, with 48% pigment content—and specimen NR incorporates a NIR reflective
colourant—chrome iron oxide dispersion, colour index PBr29, with 74% pigment content.
The colourants were incorporated in 6% of volume in addition to the finishing coating.

3. Results and Discussion
3.1. Colour

The CIELab colour coordinates were determined following the previously explained
procedure. Table 2 presents the results obtained in each specimen.
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Table 2. CIELab colour coordinates.
e CIELab Coordinates **
Initial Specimen Month
Colour L* a* b*
0 340+£017  —024+010 —15+025
I S 12 339+£010  —01+010  0.0+0.10
24 359+045  —05+010  0.4+050
0 33.4 +0.36 01+£015  —1.04+053
] PsS 12 3334£071  —02+006  0.0=£0.06
24 34.5+0.12 04 £031 11+0.15
0 34.8 + 0.62 04+£006  —23+036
I NR 12 34.7 £ 0.84 01£015  —1.0+0.67
24 363+021  —05+017  —1.24006
0 34.1 £ 0.60 074010  —20+031
B v 12 3354021 05+£015  —14+030
24 35.5 + 0.06 03+£010  —13+026

** Average and standard deviation (3 measurements).

The lightness indicates the brightness or the tone of the initial colour (Month 0) and
can be used to compare specimens of the same colour. It is possible to verify that the
standard (S) and NIR reflective pigment (NR) specimens have the same brightness, with a
maximum difference of 4.8% between the PS and NR specimens. The primer application
(PS and PNR) resulted in lower L* in comparison with the specimens without primer,
which can be explained by the colour of this layer being darker than the base coat. As
reported by Revel et al. [59], Coser et al. [60], and Rossi et al. [61], the incorporation of
some types of NIR reflective pigments can lead to an increase of L*. However, in this study,
a black-based coloured pigment was used, which explains the lower lightness difference.
Similar results were also found by Cozza et al. [62].

Regarding black colour, a* and b* coordinates are expected to be around zero and
not presenting a large difference between them (achromatic aspect) [55]. Figure 3 presents
the chroma coordinates of the analysed specimens in M0, M12, and M24, considering
the specimens with and without (standard) NIR reflective pigments (with and without
primer application).
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m Standard O NIR reflective

!
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Figure 3. Chroma coordinates.

It is possible to observe in Figure 3 the impact of NIR reflective pigments (NR and
PNR) in the colour aesthetic since a* and b* values and the difference between them
are higher for the specimens without NIR reflective pigments (S and PS). In addition,
the incorporation of NRP leads to a lower variation of the chroma coordinates, which
contributes to colour durability.
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The total colour difference (AE) and the lightness difference (AL), calculated for the
whole period of analyses (Month 0 to Month 24), are shown in Figure 4.

mAL BAE

Colour difference

PNR

S

Figure 4. Colour difference between M0 and M24.

The smallest colour difference detectable by the human eye is usually considered as
AE =1, but a limit value of 3 was considered, following Cozza et al. [62] and Mokrzycki and
Tatol [63]. According to the studies performed by Ihara et al. [64] and Uemoto et al. [35],
it was expected that colours with cool properties presented a higher colour degradation
in the early years (before three years of exposure). Regardless of that, as can be seen in
Figure 4, no specimen achieved the critical value of AE, which could be explained by the
incorporation of TiO; in the formulation of the finishing coating. TiO, is frequently used
as an additive to improve the weathering resistance of polymeric coatings [60,65,66]. In
addition, the influence of the primer application (PS and PNR) was identified, since a lower
colour variation, compared with the specimens without primer (S and NR), was obtained.

It was expected that darker colours presented a fast degradation due to thermal stress
and UV degradation regarding high solar absorption [64]. However, as verified in Figure 4,
the PNR specimen presented a reduction of 15% on the AE compared to the PS, even having
a superior lightness variance.

3.2. Solar Reflectance

The results of the solar reflectance (SR) obtained by the pyranometer method are
presented in Table 3, where the effect of the incorporation of NRP can be identified.

Table 3. Solar reflectance.

SR () *
Specimen
Month 0 Month 12 Month 24
S 0.12 4+ 0.007 0.12 4 0.009 0.08 £ 0.011
PS 0.11 £ 0.002 0.12 £ 0.008 0.08 £ 0.007
NR 0.25 £+ 0.003 0.25 £+ 0.006 0.19 £ 0.008
PNR 0.25 £ 0.006 0.23 +0.010 0.22 £+ 0.007
W 0.62 £ 0.003 0.61 £ 0.008 0.47 £ 0.009

* Average and standard deviation (3 measurements).

Specimens NR and PNR (with NIR reflective pigments) had an increase of 118% in
comparison to the standard black (S and PS). The improvement resulting from the incorpo-
ration of NIR reflective pigments was also stated in several previous studies [60,65,67,68].
Generally, the specimens presented a reduction of solar reflectance throughout the exposi-
tion period. Figure 5 shows the solar reflectance of the black-coloured specimens regarding
the entire period of ageing (Month 0 to Month 24).
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Figure 5. Solar reflectance of the black-coloured specimens in months M0, M12, and M24.

PNR

The standard black (S) showed a reduction of 33% in the solar reflectance, between
MO and M24, while for NR was 25%. Considering the specimens with primer layer, the
difference between MO and M24 was 25% and 13% for PS and PNR, respectively. In
both cases, the incorporation of NIR reflective pigments had a positive effect to keep the
solar reflectance values. These results are in line with previous studies developed by
Paolini et al. [65] and Rosso et al. [69], where a loss of reflectance with the ageing effect was
also observed.

A standard black colour should have a spectral reflectance curve, on the Vis region,
near to 20%, and colours with NIR reflective pigments should be focussed on the NIR
region since it is where their performance is enhanced. The colour variation can affect the
reflectance in the visible range of the solar spectrum, which contributes to 42% of the solar
reflectance, according to Equation (2). To evaluate this effect, the contribution of NRP in
the different regions was analysed in Month 24 with the aid of a spectrophotometer (see
Figure 6).

100 1
90 -
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d
Ef 60 -
[
=
a 50
g
= 40 A
]
-4
.38
- —_ i
—_ An ‘
30 A
25 1
20 T T T T T T T T 1
15 i eennen o i 950 1050 1150 1250 1350 1450 1550 1650
SR e ol Mg .
10 4 p / Wavelength (mm)
5 Ar LX) .
0

300 400 500 600 700/

Figure 6. Spectral reflectance.
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Observing the UV-Vis region (small square) is possible to detect a similar behaviour be-
tween the specimens, which can indicate that the incorporation of the NRP (blue line) does
not affect these reflectance values, lower than 20%, and also the colour (see Table 2). The
specimens with NRP (blue line) had higher NIR reflectance than the standard specimens
(red line). The primer (dash line) also positively influenced the NIR reflectance.

The diffuse solar reflectance in the solar spectrum regions (UV /Vis/NIR) was calcu-
lated according to Equations (1) and (2), and the results are presented in Figure 7.

025 1 mUV =Vis mNIR ATotal A
0.20 + 4
0.15 1

[ A

Spectral reflectance

Il

o0 f 4 l
0.05 § = I = I I
000 =m0 om0 mm —

S PS NR PNR

Figure 7. UV-Vis-NIR reflectance.

Since the finishing coating and primer layer incorporate TiO, particles, which con-
tribute to a lower degradation of polymeric-based materials due to UV radiation [65,66],
low values of UV reflectance were observed. These results and the colour parameters (in
Table 2) confirmed this effect.

The Vis reflectance is related to the visible colour of the finishing coating. Conse-
quently, light colours will have a higher reflectance in this region at the same time that
the NIR reflectance will significantly affect the absorbed solar energy. Several studies
stated that black colours should present a Vis reflectance near to 0.2 [62,70-72]. It could be
observed that the specimens with NIR reflective pigments (NR and PNR) presented Vis
reflectance ~0.1, confirming that the colour does not change due to the pigment incorpora-
tion. Analysing the spectral behaviour, a higher variation of NIR reflectance was expected,
comparing to the Vis region: an increment of 91% in NR, comparing to S, and 73% between
PS and PNR.

The correlation between the diffuse reflectance (spectrophotometer) and solar re-
flectance (pyranometer) is shown in Figure 8.

The good correlation between the results (R?> > 0.9) confirmed that the diffuse re-
flectance of rough coatings contributes to practically all solar reflectance, which was also
verified by Zinzi et al. [73] and Meola et al. [74].
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Figure 8. Correlation between spectrophotometer and pyranometer measured reflectance.

3.3. Surface Temperature

The surface temperature of each specimen and the exterior temperature (Te) were
analysed. Since the NRP impact is enhanced with high temperatures, two distinct and
representative (of the most usual behaviour) periods were considered: mild (during M12)
and high temperatures (M13).

As expected, the higher the exterior temperature, the higher the surface temperatures
and the differences between the different specimens (see Figure 9). In both mild and hot
periods, the benefits of raising the solar reflection, even when it is done mainly in the NIR
region, could be observed by the reduction of the surface temperature (during the day),
which is in line with the results obtained by Krimpalis and Karamanis [75] and Li et al. [76].

80 1

Temperature (°C)
Temperature (°C)

0 -+ 0
$ NN N P P I\ I\ N NN N M ® NN
N N N W N N S Ny N G X o N
Time (h) Time (h)
(a) (b)

Figure 9. Surface temperature in: (a) Day of lower temperatures (M12); (b) Day of high temperatures (M13).

A statistical analysis of a representative week of each period (mild and hot) is shown
in Figures 10 and 11, respectively.
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Figure 10. Surface temperature during a mild week (M12): (a) Box-plots; (b) Cumulative frequencies.
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Figure 11. Surface temperature during a hot week (M13): (a) Box-plots; (b) Cumulative frequencies.

The incorporation of NRP (NR and PNR specimens) promoted, as expected and
previously observed, a reduction of the surface temperature, especially for exterior air
temperature above 25 °C. Comparing the two analysed weeks, the hot period promoted a
greater occurrence of higher surface temperatures, as shown in the cumulative frequencies
charts). In addition, specimens with the primer layer (PS and PNR) presented higher
temperature compared with the ones without primer. The primer layer reduced the effect
of NRP (PNR specimen) since similar behaviour to the standard specimen (S) is observed.
As long as the lightness and solar reflectance measured in M12 is similar between the
specimens with and without primer, this difference could be related to the internal reflection
due to the white primer layer with the NRP and TiO, particles [34]. Despite the reduction
of the surface temperature through the incorporation of NRP in black finishing coatings,
the maximum surface temperature is still ~15 °C higher than the white coating due to the
much higher solar reflectance. This fact is related to solar energy in the different spectrum
regions. As referred in Equation (2), 53% of the total solar energy occurs in the NIR region
of the solar spectrum. As such, the incorporation of NIR reflective pigments, in this specific
region, is responsible for the reduction of a part of the absorbed energy, while the great
remaining part is in the visible region (42%) where the colour is determinant.

In addition, all the specimens presented maximum surface temperature under 80 °C,
which meets the ETAG 004 recommendation [13].

4. Conclusions

In fagade systems, such as ETICS, the final layer properties present a very important
role in the overall performance. Solar reflectance is particularly determinant for the thermal
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performance of these systems and contributes decisively to their durability. Taking into
account that they are constituted by different materials/layers and, consequently, different
thermo-mechanical properties, these systems are subjected to cracking, especially with
a high-temperature variation. This fact contributes to compromising the stability and
integrity of the different layers and the durability of the entire system.

The incorporation of NIR reflective pigments contributed to maintaining the colour
characteristics, such as lightness and chroma, even in dark coatings. In addition, the
colour difference after 2 years of ageing in NIR reflective pigments was lower when NRP
were incorporated.

The main contribution of NIR reflective pigments is the increase of the solar reflectance
and consequently the decrease of surface temperature, even in dark colours, especially
for high temperatures (above 25 °C). These pigments highly increase the NIR reflectance
without affecting the colour (in the visible region).

The application of primer, under the finishing coating, increased the surface tempera-
ture, especially for higher exterior temperatures. However, the primer layer contributes to a
lower colour difference and solar reflectance variation, which is an important achievement
for durability.

A good correlation between the diffuse reflectance (measured with the spectropho-
tometer) and solar reflectance (measured with the pyranometer) confirmed that the diffuse
reflectance of rough coatings contributes to practically all solar reflectance.
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