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Abstract 

Wall finishes with high solar reflectance and thermal emittance, commonly known as 

cool walls, can reduce the exterior surface temperatures of façades, and consequently the 

building cooling energy needs and power demand, and lower the sensitivity to degradation. 

Aging, though, may affect their performance. To investigate this risk, we exposed for four 

years in Milan, Italy, two series of façade finish coats, white and beige, facing north and south, 

in vertical and vertical-sheltered position, and we measured their solar spectral reflectance and 

thermal emittance before and after aging. The solar reflectance of the white finish coats drops 

from 0.75 to 0.55 in four years, and from 0.46 to 0.38 for the beige coats, while the thermal 

emittance is unchanged. Then, for a typical residential building with white walls, we 

computed that the cooling energy needs increase with walls aging by 5% and 11%, 

respectively, with or without exterior wall insulation. The exterior surface temperature is 

increased even by 6 °C, and the number of sudden surface temperature variations in one hour 

is boosted. Finally, the moisture content in the external layers is reduced, showing the impact 

on the heat and mass balance because of the uncertainty in solar absorption due to aging. 

Keywords: solar reflectance; aging; soiling; cool walls; thermal shocks; building envelope; 

durability; cooling needs. 

Graphical Abstract 

 

Highlights 

• We naturally aged for four years two types of façade finish coats in Milan, Italy. 

• The solar reflectance of the white finish coats drops from 0.75 to 0.55. 

• For a typical residential building, walls aging increases cooling needs by 5-11%. 

• Aging increases the exterior surface temperature of insulated walls by up to 6 °C. 

• Aging intensifies the sensitivity to thermal shocks of insulated white walls. 

1. Introduction 

Worldwide, the cooling energy consumption of buildings currently represents only 4.4% 

of the total consumption for heating and cooling. However, this figure is expected to increase 

to 35% by 2050, and up to 61% by 2100, because of the combination of global warming and 
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higher market penetration of air conditioning [1]. In some countries, such as India, the outlook 

is of a tenfold residential cooling energy consumption in 2050, with respect to current levels. 

To reduce the cooling loads of buildings, several passive techniques have been 

pursued, including the exploitation of thermal storage, and night ventilation [2]. Moreover, it 

was soon understood that to tackle effectively the cooling loads it is necessary to act both on 

the building and the local urban climate scale. Therefore, during the last three decades, a wide 

range of building envelope technologies has been developed and tested with these objectives 

[3,4]. Among these technologies, highly reflective and emissive surfaces, widely known as 

cool surfaces, were proven to be an effective option, easy to be implemented [5–7]. Initially, 

the research on cool materials applications mostly concerned cool roofs [6,8], while more 

recent studies focused on applications for shading devices [9,10] and walls [11–14]. For 

instance, for a reference residential building in Mediterranean climate, an increase of the solar 

reflectance of the walls by 0.1 can provide cooling energy savings up to 2.9 kWh m-2, and 

reduce the indoor operative temperature by 1.1 °C of unconditioned buildings [12]. However, 

these documented benefits could be compromised by weathering and soiling [15–17], and 

biological growth [18,19]. There are some materials that exhibit self-cleaning features also 

over long periods, such as anatase added photoactive materials [20] or those that employ 

fluoropolymers [21,22]. In some cases, degradation causes the detachment of particles from 

the material surface, producing an apparent self-cleaning effect [23]. While there is 

information on the evolution over time of the optical-radiative response of roofing materials, 

it is not so for façade materials, for which the published data mostly concern their visual 

performance [24]. 

 Here we show the results of a four-year natural exposure campaign of white and beige 

finish coats. We measured their solar reflectance (s) and thermal emittance () before and 

after aging, and we computed the impact of aging of façades on (i) the heating and cooling 

loads of a typical residential building in Milan, Italy, (ii) the sensitivity to thermal shocks, and 

(iii) the moisture content within the wall layers. 

2. Experiment 

 We selected from the market two standard finish coats (i.e., without self-cleaning 

features) that are commonly used for walls exterior insulation systems, one beige and another 

white, respectively with initial s equal to 0.46 and 0.75. The siloxane-based finish coat (with 

0/1 mm sand) is 2 mm thick and it was applied onto a 4 mm thick base coat (i.e., cement 

mortar with 0/1 mm sand, with ~ 2% of acrylic resin as plasticizer). The two-coat system was 

laid on top of 10 cm × 10 cm fiber reinforced concrete slates used as a substrate (5 mm thick). 

From April 2012 to April 2016, we exposed in Milan, Italy (45°28′48″N; 9°13′46″E; 

123 m above mean sea level), three replicates per product and per exposure condition, namely 

north and south, and vertical and vertical sheltered. The latter exposure condition refers to 

positioning the samples vertically underneath an overhang of 10 cm, which simulates a 

windowsill or roof gutter. 

The exposure site is located on a rooftop, at 35 m above the street level and is 

equipped with a complete weather station [25]. During the aging campaign, the average 



Paolini et al. (2017). Energy and Buildings - https://doi.org/10.1016/j.enbuild.2017.08.017 

4 

ambient temperature was of 15.39 °C (with 2nd and 98th percentiles equal to 1.6 °C and 

31.2 °C, respectively), average wind speed of 1.6 m s-1, never exceeding 9 m s-1, and average 

yearly rainfall of 1176 mm. Milan’s climate is cold during the winter and hot during summer, 

considerably drier than its surrounding non-urban adjacent areas [26]. 

The samples were retrieved, measured in the laboratory, and re-exposed on the metal 

racks at 3, 6, 12, 18, 24, 36, 42, and 48 months of natural aging. The spectral reflectance () 

was measured with a PerkinElmer Lambda 950 spectrometer, equipped with a 150 mm 

integrating sphere, in the 300-2500 nm wavelength range, with a spectral resolution of 5 nm 

(with 25 samplings per wavelength). Each sample was measured in its center, characterizing 

an area of approximately 1 cm2. Then the average spectral curve was computed and 

broadband values were calculated starting from the spectral data, according to ISO 9050 [27]. 

The interlaboratory measurement uncertainty of this technique is equal or less than 0.020 

[28,29]. The thermal emittance () was measured with the TIR 100-2 emissometer by Inglas, 

according to EN 15976 [30], performing five measurements per replicate. Thermal emittance 

measurements, considering all measurement methods, have an average uncertainty of ± 0.02 

[29,31]. Given the thickness of the samples and their not perfectly smooth surface, the ASTM 

C 1371 method was not applicable neither in the original version nor in the ‘slide method’ 

variant [32,33]. We processed the average spectral curve, for each exposure condition, in the 

CIELab color space, composed by three color coordinates: L*, lightness; a*, hues from red to 

green; and b*, hues from yellow to blue [34,35]. 

The capillary water absorption coefficient by partial immersion was measured on new 

and aged samples, after four years of exposure, according to ASTM C 1794 [36]. As the scope 

of this test is to observe changes with aging, to avoid known problems in repeatability and 

reproducibility [37,38], we performed the tests on all the samples in the same experimental 

session. In particular, for materials offering low water absorption, the deviation from 

interlaboratory median values may be even of 40 % [39], while within-laboratory deviations 

account for less than 10 % [37]. For the hygrothermal simulations, instead, we performed 

capillary water absorption tests of the same finish and base coat on a substrate of expanded 

polystyrene. 

Finally, on a subset of three white coat replicates, exposed facing north, we performed 

two cleaning steps, similarly to the experiment by Levinson et al. on PVC roofing membranes 

[40]. We rinsed and brushed the samples, measured their , and then brushed and washed 

them with a common soap based on sodium carbonate, measuring again  afterward. 

3. Simulations 

As a case study, we selected a residential isolated tower building (i.e., not surrounded 

by other buildings), that is representative of buildings with high solar access in Milan, Italy 

[41], namely those that could be mostly benefited by cool walls. Since the purpose of this 

study is to assess the impact of weathering and soiling of cool walls on the building 

hygrothermal and energy performance, we selected an isolated building, providing the upper 

bound of this variation. The ten-story building is 30 m high and 20.3 m × 20.3 m in plan, with 

a total net floor area of 3307 m2, façades perpendicular to the cardinal directions and four 
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windows per floor of 1.6 m × 1.7 m on each façade. We considered two case studies: non-

retrofitted and retrofitted, the latter compliant with the current energy regulations in Italy [42] 

(Table 1). In both cases, we considered an aged roofing felt as a waterproofing layer on the 

flat roof (data from [16]). For the retrofitted case, we selected an External Thermal Insulation 

Composite System with rendering (ETICS), applied onto the existing wall substrate (Table 2). 

Table 1. Building envelope features and surface area. 

Building 

components 

Orientation and 

area (m2) 

Case 1: No insulation Case 2: Insulated  

Wall Tot. 2014 

N/E/S/W: 504 

 

U = 0.49 W m-2 K-1   

s,new and s,aged 
from experiment  

U = 0.22 W m-2 K-1   

s,new and s,aged 

from experiment 
Roof 412   U = 0.56 W m-2 K-1 

s = 0.25 

  U = 0.23 W m-2 K-1 

s = 0.25 

Floor Tot. 3709 

412 

  U = 0.51 W m-2 K-1 

 

  U = 0.51 W m-2 K-1 

 

Floor over cellar 412   U = 0.52 W m-2 K-1 

 

  U = 0.29 W m-2 K-1 

 

Window Tot. 419 

N: 109 

E: 106 

S: 98 

E: 106 

U = 2.9 W m-2 K-1 

g-value = 0.75 

+ external shading system 

(roller shutter) 

U = 1.4 W m-2 K-1 

g-value = 0.57 

+ external shading system (roller 

shutter) 

Table 2. External walls for the non-insulated and insulated case. The table reports thickness 

(t), bulk density (), thermal conductivity in dry state at 10 °C (10°C,dry), water capillary 

absorption coefficient (Aw,24), and water vapor diffusion resistance factor (). In the ETICS, 

the base coat and the cement binder are the same (the base coat is reinforced with glass fiber 

mesh). Quantities and units are defined as in ISO 9346 [44]. 

 
N° Description t 

(m) 

 

(kg m-3) 

λ10°C,dry 

(W m-1 K-1) 

Aw,24 

(kg m-2 s-0.5) 



(d.u.)

 1 Finish coat 0.002 1600 1.28 0.0015 120 

2 Cement lime plaster 0.015 1900 0.8 0.017 19 

3 Aerated clay brick 0.12 600 0.12 0.095 16 

4 Air layer 0.05 1.3 0.28 - 1 

5 Aerated clay brick 0.08 600 0.12 0.095 16 

6 Cement lime plaster 0.015 1900 0.8 0.017 19 

7 Interior gypsum finish 0.005 850 0.2 0.287 8.3 
        

 

1 Finish coat 0.002 1600 1.28 0.0015 120 

2 Base coat 0.005 1900 0.8 0.0017 25 

3 Expanded polystyrene 0.1 30 0.04 - 50 

4 Cement-resin binder 0.005 1900 0.8 0.0017 25 

5 Aerated clay brick 0.12 600 0.12 0.095 16 

6 Air layer 0.05 1.3 0.28 - 1 

7 Aerated clay brick 0.08 600 0.12 0.095 16 

8 Cement lime plaster 0.015 1900 0.8 0.017 19 

9 Interior gypsum finish 0.005 850 0.2 0.287 8.3 
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The capillary water absorption coefficient of the walls finish coat and the solar 

reflectance and thermal emittance are the values achieved with the experimental activity of 

this study. The other material properties are from the WUFI database, derived from 

measurements of samples representative of typical building materials carried out at certified 

laboratories and consistent with the data from the MASEA database [43]. 

The set point for heating is of 20 °C from 8 am to 10 pm and of 17 °C during the night 

hours, during the heating season, while the set point for cooling is of 26 °C without schedule, 

as defined by the Italian technical regulation [45]. We set the air changes per hour (ACH) 

equal to 2 during night hours in the cooling season and equal to 0.5 for the rest of the time. 

These values include natural ventilation and infiltrations/exfiltrations and are in line with data 

from a survey in residential buildings in Europe [46]. The loads are defined in Table 3. We 

simulated both cases with the white finish coat as new and as aged, namely with s before and 

after four years of natural exposure. 

Table. 3. Occupancy and internal heat and moisture gains, for a total net floor area of 3307 m2. 

 N° of people 

during day 

Heat (W) Moisture (g h-1) CO2 (g h-1) Human activity 

(Met) 

Total internal 

loads 

130 (Max) 

95 (Medium) 
22715 14787 3600 0.97 

We performed the building hygrothermal simulations (3-D) with the software model 

WUFI Plus 3.0.3 [47–49], that computes dynamic heat and moisture balance, with the finite 

control volumes method, coupling heat transfer with liquid and vapor moisture transport in 

porous media. WUFI Plus was validated within the context of IEA Annex 41 [48] and tested 

with measurements in the laboratory and experimental buildings [49–51]. To compute the 

heat and moisture transport through the walls, we used the 1-D model interface WUFI 5.3, 

with a mesh of 500 finite control volumes, and the indoor conditions provided by the building 

model. We initialized the simulation with a temperature of 15 °C and relative humidity of 80% 

across the building component (for both building and 1-D simulations). In this case, our 

purpose is to consider the building and component performance in regime conditions, elapsed 

the initial high moisture content due to the construction phase. We used the weather data 

collected by a station at exposure site [25], from 2011 to 2016, considering the results for only 

the last five years, and using the first year as initialization. We assessed also the sensitivity to 

thermal shocks, that, together with cyclic temperature variations, are a relevant degradation 

mode for ETICS [52,53]. We computed the number of times when the surface temperature of 

walls with exterior insulation is equal to or greater than 10 °C, 15 °C, or 20 °C, similarly to 

Daniotti et al. [54]. We did not consider a single threshold, as there is no consensus on the 

value beyond which fatigue occurs. We simulated also a wall with s of 0.30, as a reference, 

because it is the lowest accepted value in warm climates to prevent early failures [55]. 

4. Results and discussion 

4.1 Experimental results 

 During the first three months of natural exposure, both white and beige finish coats 

lost in average 0.02-0.03 in s, with small differences between north and south (Figure 1a). 
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Then, every six months, s of the white finish coat dropped by approximately 0.03, with the 

most substantial decreases occurring during the heating season, while stability was reached 

during the last year. After 48 months, losses in s for the beige and the white finish coats 

account, respectively, to 0.08 and 0.20. , instead, is unaffected by aging and equal to 0.94 

(with a standard deviation of 0.005) for both beige and white finish coats. Aging strongly 

affects the lightness, with a smaller impact on the red/green and yellow/blue coordinates 

(Figure 1b, c, d), while the intensity of the effects does not seem to be highly influenced by 

orientation and positioning. Lightness steadily decreased during the first three years and it 

became almost stable in the last year, with the maximum loss equal to 16 for the white 

sheltered south facing samples, while the beige samples had a maximum loss not exceeding 5, 

with ΔL* fluctuating between -3.5 and -4.5.  

 

 
Figure 1. (a) Solar reflectance and variation in (b) lightness (ΔL*), (c) red/green coordinate 

(Δa*) and (d) yellow/blue coordinate (Δb*) for the white and beige finish coat samples. 

After the first 3 months, the sign of Δa* and Δb* of the white samples changed, and 

with their surface becoming redder and yellower after the first year. Red/green coordinates 
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variation (Δa*) both increased by approximately +1, while the increment in yellow/blue 

coordinates was of +3. The Δa* and Δb* at six months of exposure for the beige finish coats 

were within ± 2, similarly to what observed by Diamanti et al. on colored mortars containing 

TiO2 with red and brown pigments [24]. Then, they reached a stable value of approximately -

2 after four years. Trials determined that Δ = 1 is the minimum threshold for 50 % color 

match acceptability [56] and  = 2 for 100 % detection of color mismatch in vitro [57], while 

differences of approximately 3 units are perceived in vivo [58]. Therefore, both variations for 

color coordinates in our experiment can be regarded as unperceivable or barely perceivable, 

but of limited importance, while ΔL* greatly impacts the aesthetic performance (Figure 2). 

 

Figure 2. Aspect of the new and aged samples (after 48 months of exposure), and synthetic 

parameters. 

The inflection points in the aged spectra at approximately 420 nm and 600 nm is 

compatible with the degradation of the binder of the finish coat (Figure 3b), because of UV-

Vis aging (blue wavelengths are also reported to cause aging in addition to UV [21]). The 

same is suggested by the slight yellowing, too (Figure 1b and 2). The alteration in the Vis and 

the first portion of the NIR is also compatible with the impact of humic acid [15]. There is no 

visual evidence of significant physical disintegration (Figure 2), which could have produced a 

recovery in  [23], and the trend of s is, in fact, monotonic, excluded some small fluctuations 

(Figure 1). By image magnification, we observed no sign of biological growth and we do not 

recognize the spectral features in the Vis region typical of fungi/algae [40].  

The capillary water absorption tests did not show any relevant variation in the water 

absorption coefficient upon four years of natural aging (of less than 0.0005 kg m-2 s-0.5, that is 

within the experimental error). However, this is not indicative of the absence of changes, as 

clogging by salts or dust is known to alter the moisture transport properties [59], as well as 

carbonation in cement-based materials, that may reduce the water absorption [60]. These 

phenomena may compensate or even exceed the possible increase in capillarity due to 
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physical aging. Therefore, we cannot draw any conclusion on the causes of the absence of 

relevant changes in water absorption. 

One of the most frequent alterations in the optical response of cement-based materials 

is due to carbonation and efflorescence, but it is a transient effect as calcium carbonate and 

salts are highly soluble and tend to be rain washed [61]. Pure calcite is highly reflective at all 

wavelengths between 800 nm and 2500 nm [62], and its purity and particle size highly 

influence its reflectivity [63,64]. Therefore, carbonation typically yields to an increase in , 

that we do not observe in this case, although a slight increase between 2300 nm and 2500 nm 

upon aging is actually compatible with a residual of calcium carbonate (Figure 3). Thus, we 

argue that if carbonation and salt transport occur, their impact is not prevalent and it has no 

relevant impact on solar reflectance in this case. 

The fact that the samples just appear darker, while their color is almost unchanged (Figures 1 

and 2), suggests that the most relevant contribution to the performance loss might be 

attributed to black carbon, which is known to decrease almost unselectively the reflectance of 

exposed surfaces [15]. The impact of black carbon can be recognized more clearly in the aged 

spectra (Figure 3). The broadband reduction in reflectance is compatible with the optical 

absorption of soot [65]. In fact, weathering and soiling affect  between 300 nm and 1500 nm 

in the Vis and the first part of NIR band, while in the UV and after 1500 nm  is subject to 

less relevant losses [16]. 

 

Figure 3. Average spectral reflectance for all orientations and exposure conditions of a) beige 

and b) white finish coat (the measurements at 18, 36, and 42 months are not displayed). 

The prevalence of the contribution of soot to the broadband performance loss and its 

spectral features is confirmed by the cleaning test on the north exposed white samples (Figure 

4). In Milan, black carbon mostly originates from diesel exhausts from vehicular traffic [66], 

as domestic heating is provided almost only with natural gas, that produces NOx [67]. The 

average concentrations, among the highest in Europe [68], during winter, exceed 10 g m-3 at 

street level [69,70], while in summer they are lower than 3 g m-3. However, the 
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concentrations of carbon monoxide (CO) and fine particulate matter such as PM2.5 at our 

exposure site are likely to be very different from those at street level, or in general in the 

plurality of urban microenvironments [71]. 

 

Figure 4. Solar spectral reflectance loss, with respect to the initial condition of the north 

facing white coat samples after four years of natural aging (T0 - T48), then after rinsing and 

brushing (T0 - Brushed), and after an additional cycle of brushing and washing with sodium 

carbonate soap (T0 - Washed). 

In fact, the concentration of pollutants decreases with height, because of the location 

of the main sources and of the reduced removal by the wind, which is itself reduced within the 

urban canopy layer to even one-fifth the values over the canopy [72]. For instance, Di 

Sabatino et al. computed CO concentrations at street level that are ten times those over the 

canopy [72], in addition to spatial variations in the horizontal plane depending on the distance 

from the source. Given that the samples were exposed on a rooftop, the reflectance losses that 

we found can be regarded as representative of the average situation. A stronger impact of 

soiling on the reflectance of cool walls is expected for lower floors at the most polluted 

locations within the urban area, such as crossroads with traffic lights. Moreover, the 

morphology of the building façade (due to balconies, overhangs or other 3-D features) can 

deeply impact the soiling patterns, and the rain-wash (e.g., Figure 5). 
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Figure 5. The façade of a building in Milan, showing the impact of morphology on soiling 

(please note that this façade is not covered with the materials investigated in this study. It is 

shown with the only purpose of demonstrating soiling patterns on complex façades). 

 

4.2 Simulations results 

For the considered non-retrofitted reference building, a loss of 0.20 in s increases the 

specific cooling needs (referred to the net floor area) by 2 kWh m-2 y-1, and by 0.8 kWh m-2 y-1 

for the retrofitted case, namely, respectively, the 11% and 5% of the initial energy needs.  

Since the relationship between solar reflectance of the building envelope and cooling 

energy needs is linear [6], the measurement uncertainty of 0.02 [28,29], which in our case is 

one tenth of the observed reflectance loss, would yield to a difference in cooling load of 0.16 

kWh m-2 y-1 for the insulated case and 0.08 kWh m-2 y-1 for the uninsulated case. However, 

these are acceptable values that account for a small fraction of the overall uncertainty of 

building energy performance, typically of greater magnitude [73,74]. 

We compute, instead, a small reduction of the initial heating need, of 4% and 2% for 

the non-retrofitted and retrofitted buildings (Figure 6a). Aging of the walls finishing also 

increases the power demand, especially in the intermediate power demand range, when the 

number of hours when there is cooling demand is increased (Figure 6b). The cooling savings 

reductions due to aging are in line with what Zinzi computed for a residential building in 

Marseille [12] (i.e., specific cooling savings of 0.2-0.4 kWh m-2 y-1 for an insulated building, 

and of 0.6 for a non-insulated building per 0.1 s increase). The variations we computed are 

relatively small, but they contribute to increasing the uncertainty in building energy 

simulation. Thus, aged values for the solar reflectance of walls shall be considered. 

However, the most relevant aspect is probably the increase in exterior surface 

temperatures. In fact, a white aged ETICS can be 6 °C hotter than when new, considering a 

typical hot summer day (Figure 7a). Moreover, the cumulative distribution is greatly impacted 

(Figure 7b). 
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Figure 6. a) Five year averaged specific heating and cooling needs with or without insulation, 

with the white finish coat as new or aged. The whiskers identify the maximum and minimum 

yearly values. b) Percentiles distribution of the cooling power demand during five years. A 

sketch of the modeled building is embedded in figure b). 

 

Figure 7. Exterior surface temperature for a south facing wall when insulated or non-insulated, 

with a new or aged white finish coat: (a) daily course during a typical hot summer day; (b) 

percentiles distribution during five years. 

With aging, for the non-insulated wall, the 98th percentile gets from 32 °C to 38 °C, 

while for the wall with ETICS the variation is from 33 °C to 40 °C, implying an increase in 

the magnitude of thermal stress-strain cycles. 

The increase in solar absorption produced by aging also causes an increase in the 

number of sudden temperature variations in one hour (Figure 8), which is a proxy of the 

sensitivity to thermal shocks. A new white ETICS, facing south, is almost unaffected by 

sudden variations in the boundary conditions, with only 19 times/year with a surface 
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temperature variation exceeding 10 °C, and no severe events. When aged, instead, the white 

ETICS starts to show some intense sudden surface temperature variations. However, the most 

intense events (T ≥ 20 °C in 1 h) are more frequent for east facing walls.  

 
Figure 8. Sensitivity to hygrothermal shocks: number of events per year when the surface 

temperature varies in one hour by a value equal to or greater than 10 °C, 15 °C, or 20 °C, per 

cardinal direction (S, E, W, N). s is given for an ETICS with white new and aged finish coat, 

and a dark finish coat. 

Although these are a minimal fraction (~ 6%) of the events computed for the ETICS 

with low s (reported to be subject to early failures), this might reduce the service life of the 

system. The fact that the most affected orientation is east – and not south – can be explained 

by considering that during the night condensation occurs on highly insulated walls, and the 

condensed and adsorbed water quickly evaporates at sunrise. Inversely, this occurs at sunset 

for west facing walls. This and the influence of wind also explain the different ratios between 

the number of events for coatings with different s. Differences in the frequency of thermal 

shocks depending on wall orientation are also connected to the wind-driven rain load: ~ 100 

m y-1 on walls facing south, 80 mm y-1 west, and 190 mm y-1 east. Not surprisingly, north 

facing walls are unaffected by thermal shocks. Finally, considering the initial s in 

simulations would yield to a peak overestimation in the moisture content in the base coat of 

the ETICS of 20 kg m-3, and a median overestimation of 5 kg m-3 (Figure 9).  The 

overestimation in the most external 1 cm of the thermal insulation, instead, is always lower 

than 2 kg m-3. Similar figures are computed for east and west facing walls, while for north 

facing walls the differences are about 60% of those computed for south walls. These small 

variations already yield to a different surface latent heat balance, and therefore to different 

heat losses. A robust estimation of the moisture contents within the layers that are mostly 

affected by degradation processes is needed to assess the sensitivity of building envelope 

components to critical events such as freeze-thaw cycles, and estimate their service life.  
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Figure 9. Difference between the moisture content computed with a new or aged finish coat, 

for the base coat of the ETICS, the first 1 cm from the exterior of the insulation, and the 

exterior plaster and exterior brick layer of a non-insulated wall. 

7. Conclusions 

Cool walls can reduce the exterior surface temperatures of façades and thus the 

cooling needs, and the sensitivity to degradation mechanisms, but aging may compromise 

their performance. To study this problem, we exposed for four years in Milan, Italy, white and 

beige finish coats, of the type that is commonly used for exterior insulation systems (ETICS). 

The lightness of the white finish coats is greatly impacted by soiling, with losses up to 

16, while the maximum ΔL* for beige finish coats is of 5, with small changes in color 

coordinates. The white finish coats lose 0.20 in s in four years, while the beige coats lose 

0.08, without variations in . The four exposure conditions (i.e., north/south and 

vertical/vertical-sheltered) yielded to differences in s loss not exceeding 0.03. 

For a typical residential building in Milan, whose façades are finished with the white 

coat, we computed that these reflectance losses may cause an increase of the specific cooling 

needs by 1.6 kWh m-2 for the non-retrofitted building, and 0.8 kWh m-2 for the retrofitted one. 

With aging, the peak exterior surface temperature is increased even by 6 °C for the aged 

ETICS, and the 98th percentile of the surface temperature gets from 33 °C to 40 °C, that may 

boost the magnitude of thermal stress-strain cycles. Moreover, a new white ETICS, facing 

south, is almost unaffected by sudden variations in the boundary conditions. When aged, 

instead, the white ETICS starts to show some intense sudden surface temperature variations, 

which may affect its service life. Finally, we have shown that considering the initial s yields 

to an overestimation in the moisture content of the exterior layers of a wall. 

In this study, we have shown that while the impact of weathering and soiling of cool 

walls on the building energy needs might be modest, aged values should be anyway used in 

simulations. Moreover, the loss in solar reflectance of cool walls, caused by aging, may 

reduce their service life. Developing materials with effective self-cleaning features over the 
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long-term is important to improve the durability of built assets and reduce their life cycle 

environmental impact. Reducing the uncertainty in the estimation of the heat and moisture 

fluxes is relevant, for instance, to approach a multi-physics assessment of the performance 

over time of building envelopes and to design durable buildings. 
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