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Highlights: 

x High albedo materials were implemented on facades with different orientations; 

x Façade insolation, ground surface temperature, and surface energy balance were 

reported; 

x EW canyon receives 6 hours of direct sun more than the NS canyon; 

x East and west cool facades led to the maximum net radiation reductions; 

x North and south facades had negligible contributions in reducing PET. 

Abstract 
Deploying solar reflective materials on urban surfaces is known as an effective heat 
mitigation strategy. Several studies have shown their cooling impacts; however, most of 
them have focused on rooftops rather than facades. The novelty of this paper is related to 
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exploring the impact of each façade orientation on the corresponding microclimate and 
energy balance. High albedo materials were implemented on facades with different 
orientations to explore the potential of each façade. Computer simulations were employed to 
calculate the insolation of different façades, ground surface temperature, and surface energy 
balances. The simulations are done for the longest day of the year (21st of June) to have the 
maximum solar radiation on all facades. The results showed that east-west canyons receive 
6 hours more direct sun than north-south canyons. This proved that eastern and western 
facades have the most impact on the microclimate. Cooling east and west facades led to the 
maximum net radiation reductions for the ground surface. Furthermore, north and south 
facades had negligible contributions to pedestrian thermal comfort. By understanding the 
role of each façade, designers and policy makers could deploy cooling materials more 
effectively on building surfaces. 

Keywords 
Cool walls, façade orientation, insolation, energy balance, thermal comfort 

1. Introduction
Dark surfaces covering urban spaces increase the urban heat island effect (Oke et al., 2017, 
Taha, 2013, Arnfield, 2003). Deploying solar reflective (or cool) materials on urban surfaces 
is known as an effective heat mitigation strategy. Reflective materials with higher albedo 
(solar reflectivity) and higher emittance of longwave radiation can reflect a higher portion of 
received solar radiation back to the atmosphere (EPA, 2008). This would lead to less solar 
absorption (compared to using conventional materials like asphalt and concrete with low 
albedo). Several cities in south Europe and north Africa are covered with white colour or 
plaster (e.g. Santorini in Greece, Almeria in Spain). Reducing urban temperatures in hot 
summers improves citizens’ health and comfort (Santamouris, 2014, Taleghani et al., 2019b, 
Sailor et al., 2019, Ahmadi Venhari et al., 2019, Santamouris, 2015), air quality (Taha, 2015, 
Taha, 2008), and energy use (Akbari and Kolokotsa, 2016, Erell et al., 2012, Levinson, 
2019, Santamouris et al., 2018).  

The cooling impact of reflective materials has been studied from the global scale to a single 
element of a building (i.e. a rooftop): 

In a global scale, Akbari and Matthews (2012) studied the impact of increasing urban albedo 
by 0.1 in cities between 45°N and 45°S. They showed that increasing the albedo will cool 
these urban areas, and consequently reduces the CO2 emissions by 80 Gt in the first 50 
years of deployment by reducing the need for energy use in space conditioned buildings. 
This also improves indoor thermal comfort in free running buildings in summer time. 

In a regional scale study, Mohegh et al. (2017) quantified the impact of increasing urban 
pavement albedos by 0.4 in Californian cities. They showed that annual average air 
temperatures at 2m height were reduced between 0.18 to 0.86 °C in different cities. They 
observed that maximum air temperature reductions occur in the late morning and early 
evenings, when the boundary layer heights are low. 

In an urban scale project, Santamouris et al. (2012) investigated the cooling impact of 
adopting 4500 m2 of “cool pavements” within a park in Athens, Greece. This project led to 
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the reduction of air and surface temperatures by 1.9 and 12 K, respectively. As a result, 
higher pedestrian thermal comfort was achieved in the park in summer days. 

In a building scale study, Baniassadi et al. (2018) modelled a cool roof for residential 
buildings in different cities within the Los Angeles Basin (in a free running mode). They 
showed that deployment of cool surfaces has direct (building indoor environment) and 
indirect (neighbourhood outdoor environment) benefits. They observed that cool materials 
improve the indoor environment of poorly insulated buildings more than high performance 
buildings. They found out that by increasing the albedo from 0.2 to 0.5, energy use and 
indoor thermal comfort were improved by 41% (poorly insulated buildings) and 23% (high 
performance buildings) in Long Beach (CA), respectively.  

The novelty of this paper is related to exploring the impact of each façade orientation on the 
corresponding microclimate and energy balance. Several studies have shown the cooling 
impact of reflective rooftops; however, there are few studies addressing reflective/cool walls. 
This might be due to the fact that the sun radiates the rooftops more than other building 
facades at noon in summertime. However, vertical facades receive direct sun for a longer 
period in summer (compared to roofs). This indicates the potential of different facades in 
contributing to the local heat islands.  

In this paper, we want to explore the potential of different façade orientations on cooling a 
microclimate. This will be explored through computer modelling of insolation on different 
facades, micrometeorological simulation using a computational fluid dynamic model, and the 
human thermal comfort calculations. We will design a hypothetical neighbourhood with 
identical buildings. To evaluate the impact of solar reflective facades, a sunny city was 
required. We chose Los Angeles in Southern California (latitude 33.9° N) which is a good 
example of a city experiencing high rates of urban heat islands (Taha, 2017, Taleghani et al., 
2019a, Zhang et al., 2018), and covered with dark surfaces (Akbari et al., 2008). Reflective 
materials will be added to all the facades facing north, east, south and west (each in a 
separate scenario). Solar radiation and human thermal comfort will be assessed in each 
scenario to explore cooling and which façade contributes more to reducing heat stress in a 
microclimate. By understanding the role of each façade, designers and policy makers could 
deploy cooling materials more effectively on building surfaces. 

Regarding the structure of the paper, first we explain the methodology of the research (i.e. 
insolation modelling, the ENVI-met model, and outdoor thermal comfort calculation); then in 
the results, we present the validation part on the Control simulation scenario, the insolation 
received by different facades, and at the end we will show how increasing the albedo of each 
façade will contribute to the microclimate and ground surface energy balance.  

2. Methodology
To understand the role of each façade in mitigating/contributing the heat in a microclimate, a 
hypothetical neighbourhood was designed. The neighbourhood was designed in a way that 
we could increase the albedo of different facades, and to report the surface energy balance, 
surface temperature and thermal comfort in the neighbourhood. Figure 1 shows the size of 
the domain area, and the buildings within it. The neighbourhood is 100m x 100m, with 16 
identical buildings located in a grid structure similar to residential areas in Los Angeles. The 
height, width and length of the buildings are 10m x 10m x 10m, respectively (assuming 
typical three storey detached houses). 
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Figure 1: The plan of the simulation domain, illustrating the dimensions and the receptors (left); the 3D model of 
the domain (right). 

Regarding the weather data, Typical Meteorological Year (TMY3) data for Los Angeles 
International Airport (LAX) was available from the EnergyPlus weather data library 
(EnergyPlus, 2018). Los Angeles has hot summers with a Mediterranean climate, with the 
mean annual temperature of 18.2 °C (Csa in Köppen-Geiger classification (Kottek et al., 
2006)). In this study, we used data on the 21st of June for our simulations as it is the longest 
day of the year. The prevailing wind direction in Los Angeles basin is from west (Figure 2).  
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Figure 2: a) The location of Los Angeles International Airport (LAX) in the west side of Los Angeles Basin in 
Southern California. b) The average monthly ambient air temperature and wind speed in LAX. c) The monthly 
outdoor thermal comfort expressed in PET. 

We followed three steps to find the most effective façade(s): 

2.1. Insolation modelling 

We modelled the neighbourhood in Sketchup 2018. Chronolux 1.2 as a plugin for Sketchup 
allows to calculate the duration of insolation (the amount of solar radiation received by a 
given area) of different facades for a specific date and coordination. We calculated the 
insolation duration of different facades for one of the buildings shown in Figure 1 (for the 
coordinates of Los Angeles airport on the 21st of June). 

2.2. Microclimate modelling 

To calculate the microclimatic parameters of the neighbourhood, we used ENVI-met 4.3 
(Bruse, 2020). This software is widely used for neighbourhood scale modelling with a high 
spatial resolution (0.5 to 10 m). ENVI-met has four main components: atmosphere, buildings, 
vegetation and soil (Bruse, 2004). To resolve the turbulent flows, ENVI-met uses the non-
hydrostatic incompressible Navier-Stokes equations (Bruse and Fleer, 1998): 
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+ 𝑢 = − 𝑝 + 𝐾 + 𝑓 𝑣 − 𝑣𝑔 − 𝑆  (1) 

+ 𝑢 = − 𝑝 + 𝐾 − 𝑓 𝑢 − 𝑢𝑔 − 𝑆  (2) 

+ 𝑢 = − 𝑝 + 𝐾 + 𝑔 Ѳ( )
Ѳ ( ) − 𝑆  (3) 

+ + = 0 (4) 

where, wind in x, y and z directions are shown with u, v and w; 𝑝  is the local pressure 
perturbation; geostrophic wind directions are also shown with 𝑣𝑔 and 𝑢𝑔; 𝐾  will be the 
momentum diffusivity of air; 𝑓 is the Coriolis  coefficient; 𝑆 , 𝑆  and 𝑆  are loss of wind 
speed in different directions due to drag forces at vegetation; potential temperature is shown 
by Ѳ (at height of 𝑧); Ѳ 𝑓(𝑧) is the reference temperature (at height of 𝑧); and finally gravity 
is shown by 𝑔. For all 3D advection and diffusion terms 𝑢 = 𝑢, 𝑣, 𝑤. For mean wind speed, 
temperature and humidity calculations see Bruse (2004). 

To run the simulations, ENVI-met uses 2-equation Turbulence Kinetic Energy (TKE) Model 
to estimate the turbulence. The first equation solves the distribution of the kinetic energy in 
the air, and the second one describes the dissipation rate of TKE (ɛ). For the equations, see 
(Bruse, 2019). The time steps of the simulations were 1 hour.  

The physical domain of the neighbourhood in ENVI-met was modelled based on Figure 1. 
Regarding the surface properties within the domain:  

x the ground surface is covered with asphalt (albedo 0.2), 
x the building facades with brick (albedo 0.4), and  
x the rooftops with tiles (albedo 0.5).  

We called this model as our Control scenario. 

We also designed five perturbation scenarios to test the impact of high albedo materials on 
different facades. In four of them, we increased the albedo of all the facades facing four main 
directions (in separate scenarios) for all buildings from 0.4 (the albedo of conventional brick) 
to 0.7 (highly reflective brick). So, the East scenario has cool materials on its eastern 
facades. We modelled South, West and North scenarios like this. In the fifth perturbation 
scenario (scenario All), the albedo of all facades is 0.7. By using the term cool façade (or a 
facade with cool materials) we mean the use of albedo 0.7 for a specific façade.  

To implement the weather data for the simulations, ENVI-met 4.3 uses a component called 
ENVIwizard. Through different steps, date, time, initial meteorological conditions and further 
settings will be assigned. We used simple forcing method to enter hourly air temperature and 
relative humidity. Table 1 reports the most important conditions used in our simulations. 

Net radiation values were calculated manually via equation 5: 

𝑅 = 𝐻 + 𝐿𝐸 + 𝐺 (5)
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We calculated net radiation (Rn) from the ENVI-met outputs of surface sensible heat flux (H), 
latent heat flux (LE), and soil heat flux (G). 

Table 1: Conditions used in the simulations with ENVI-met. 

Simulation day 21st of June 

Simulation coordination 33.9° N, 118.4° W, Los Angeles, California, USA 

Spatial resolution 1m x 1m x 1m (x,y,z)  

Domain size (x,y,z) 100m x 100m x 40m 

Wind speed 3.1 m/s 

Wind direction 270° (West) 

Relative humidity (in 2m) 87 % 

Cloud coverage  0 Octa (clear sky) 

Indoor temperature 293 K (=20 °C) 

Albedo 0.2 (ground surface); 0.4 (walls); 0.7 (cool walls); 0.5 (roofs) 

Heat capacity 920 J/kgK (ground surface); 650 J/kgK (walls); 800 J/kgK (roofs) 

2.3. Outdoor thermal comfort modelling 

To calculate the pedestrian’s thermal comfort, we used RayMan Pro (Matzarakis et al., 2007, 
Matzarakis et al., 2010). This software calculates Physiological Equivalent Temperature 
(PET) (Höppe, 1999) via the following equation (Rohinton, 2016): 

𝑃𝐸𝑇 = 1.2𝑇 − 2.2𝑣 + 0.55 (𝑇 −  𝑇 ) (6) 

where, PET is Physiological Equivalent Temperature (°C); Ta is air temperature (°C); Tmrt is 
mean radiant temperature (°C); and va is wind speed (m/s). 

The unit of PET is degree Celsius, which makes it more tangible for thermal comfort 
assessment. RayMan calculates PET based on climatic and personal factors. Climatological 
factors (such as air temperature, and wind speed) are provided from the ENVI-met results. 
For the personal factors, we considered a 35 years old man, with 75 kg weight and 1.75 m 
height, standing in the neighbourhood (equivalent to 80 W of metabolism). For the clothing 
insulation, we considered 0.51 CLO for this person in a summer day in Los Angeles (0.51 
CLO = Men’s briefs 0.04 + shoes 0.02 + socks 0.02 + short sleeve dress shirt 0.19 + 
trousers 0.24). Changes in clothing or metabolism rate could impact the human thermal 
perception (PET). Detailed values of clothing and metabolism rates are accessible via 
ASHRAE 55 standard (2017). 

It should be noted that Tmrt and Ta (which are the inputs of RayMan) are derived from ENVI-
met results. Table 2 summarises the research steps and associated references.  
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Table 2: Summary of the research steps and corresponding references for each step. 

Steps and analysis References 

1 Retrieving weather data for simulations (energyplus, 2018) 

2 Insolation modelling via Chronolux plugin for Sketchup 

3 Modelling and running ENVI-met scenarios (Bruse, 2020) 

4 Outdoor thermal comfort modelling (Matzarakis et al., 2007, Matzarakis et 
al., 2010) 

3. Results

3.1. Validation of the ENVI-met results 

Several studies have previously validated ENVI-met results with field measurements. Most 
of them have compared diurnal micrometeorological variables (such as air temperature) at 
pedestrian heights with measured or observed data (López-Cabeza et al., 2018, Acero and 
Arrizabalaga, 2018). In some studies, the validation was done through other CFD models 
(Perini et al., 2017) or grid sensitivity tests (Crank et al., 2018).  

To evaluate the performance of the ENVI-met model in this research, we compared the 
hourly air temperature results from the Control model with the observed weather from Los 
Angeles airport. Data from receptor C at the centre of the Control model (previously shown 
in Figure 1 left) was used as the simulation data set. Figure 3-a shows the diurnal profile of 
air temperatures. The patterns of increasing and decreasing air temperatures (from sunrise 
to sunset) are fairly similar in both data sets, with the correlation coefficient of 0.96. during 
the early morning and after sunset the deviations are minimum. Maximum deviation occurred 
during the hottest hour with 1.9 °C at 14:00. As the graph shows, the software overestimates 
the air temperature during the day. This might be due to the fact that the whole ground 
surface of the simulation domain is covered with asphalt. Figure 3-b shows the scatter plot of 
the two data sets of air temperature. As the plot shows, higher deviations occur for higher air 
temperatures during the day. To have a better understanding of the deviations, root mean 
square deviation (RMSD) was calculated. The average hourly RMSD for the air temperature 
data sets was 1.4 °C. This shows the average accuracy of the air temperature results from 
ENVI-met for discussing further results.  
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Figure 3: Comparison of simulated (from ENVI-met) and observed (from LAX weather station) air temperatures. 
Panel a) shows the diurnal profile of air temperatures. Panel b) presents the corresponding scatter plot. 

3.2. Insolation within the neighbourhood (the Control model) 

Insolation on different facades was calculated. Figure 4 illustrates the insolation on the 
southern façade as an example. As mentioned earlier, the simulated day is the 21st of June. 
In Los Angeles, the sunrise is 4:47, and the sunset is 19:05 in this day (14 hours and 18 
minutes in total). The calculated insolation for the facades from the highest to the lowest is: 
northern with 7h:34m, western and eastern with 7:13m, and southern with 6h:39m (see 
Appendix 1 for further details). 

Figure 4: The insolation of southern façade for the coordinates of Los Angeles (CA) on the 21st of June. 

To study the amount of radiation within the neighbourhood canyons, mean radiant 
temperature (Tmrt) was calculated in four main receptors shown previously in Figure 1 (N, E, 
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S, and W points). The average Tmrt of E and W were considered as the Tmrt of the EW 
canyon, and in a similar way for the NS canyon. Figure 5-a shows the diurnal mean radiant 
temperature within these canyons. After sunrise, Tmrt in the EW canyon increases very fast 
from 6:00. However, the NS canyon is shaded by the buildings at this time. Tmrt in the NS 
canyon starts to rise and reach the EW canyon from 9:00. Tmrt is the same for the two 
canyons between 10:00 and 13:00, when the sun can radiate the two canyons similarly. 
There is a drop in Tmrt for both canyons. This is due to the shading of the nearby buildings. 
After 13:00, the sun is rotating to the west, and then EW canyon still receives sun, while the 
NS canyon is obstructed. At 18:00, both canyons have the same Tmrt as the sun altitude is 
very low, and the canyons are shaded. The average Tmrt for the EW and NS canyons were 
31.0 and 23.1 °C, respectively. 

Figure 5 also illustrates the insolation within the EW and NS canyons. Figures 5-b and 5-c 
show the insolation on points N and E (respectively), which are previously marked in Figure 
1. The EW canyon receives more than 10 hours of direct sun, while this is less than 4 hours
for the NS canyon. This shows that the east and west facades receive sun in a longer period
than north and south facades.
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Figure 5: a) Diurnal profile of Tmrt within the EW and NS canyons. b) The insolation within the NS canyon. c) The 
insolation within the EW canyon. 
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3.3. The impact of cooling different facades on the surface energy balance 

In this step of the study, the albedo of the facades was increased from 0.4 (conventional 
brick) to 0.7 (solar reflective brick). To study the impact of each scenario on the 
neighbourhood, energy balance and skin temperatures of the ground surface for each 
scenario were compared with the Control model.  

Figure 6 illustrates the hourly profiles of surface energy balance within the neighbourhood 
(values are the averages for the whole neighbourhood ground surface cells). Figure 6a 
shows the net radiation differences. Net radiation (Rn) was the same for all scenarios before 
sunrise. This was due to the nature of reflective facades that their performance is based on 
the availability of solar radiation. After sunrise, scenario All (with cool facades in all 
directions) reduced the net radiation more than the other scenarios. The maximum reduction 
was 10.4 W/m2 at 14:00. The impact was reduced at 12:00 because the sun is radiating from 
maximum altitude (noon), and the roof receives more sun than the facades. The East and 
West scenarios perform similarly. This is in accordance with the time that they receive sun 
during that day. The maximum reductions for East and West scenarios are 6.8 and 7.1 
W/m2, respectively. The South scenario also reduces net radiation during the period that the 
south facades are radiated, with maximum 3.8 W/m2. The north facades receive sun in the 
very early morning and evening with a very low altitude on this day. This makes two local 
maxima of reductions for the North scenario: first at 7:00 with 2.9 W/m2, and second at 17:00 
with 2.8 W/m2. 

Figure 6b shows the reduction in sensible heat fluxes (H) due to the reduction in net 
radiation in the five scenarios. Sensible heat flux is the conductive heat flux from different 
surfaces (facades, ground surface, etc.) to the atmosphere. The patterns of sensible heat 
flux reductions are similar to the net radiation reductions. All the scenarios reduced the 
sensible heat flux compared to the Control scenario during the sunlit hours. The reductions 
before sunrise and after sunset were zero. Maximum reduction occurred when all facades 
were improved (All scenario) with an average of 3.6 W/m2. Average reduction for the East 
and West scenarios were similar (1.2 W/m2). The least reduction occurred in the North 
scenario with average 0.9 W/m2. 

Figure 6c illustrates the reductions in ground surface heat fluxes (G) compared to the 
Control scenario. After sunrise, all the scenarios first reduced ground heat fluxes during the 
time they were exposed to the sun, and as soon as they were shaded, they started to 
increase the ground heat flux. This has been previously observed in other studies that 
showed high albedo surfaces could increase the ground heat flux because of their reflectivity 
instead of heat absorption. 

Figure 6d shows the surface temperature (Ts) reductions for all scenarios compared to the 
Control scenario. Similar to the net radiation reductions, the All scenario reduced Ts more 
than the other scenarios because of its more reflective facades compared to the others. Two 
maxima were observed at 10:00 and 15:00. The North scenario also had two maxima at 7:00 
and 18:00 when the facades were receiving maximum radiation by the sun. Maximum 
reduction for the East scenario was at 9:00 with 0.2 ᵒC. The same maximum reduction 
occurred for the West scenario at 15:00.  
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Figure 6: Hourly mean diurnal profiles of ground surface net radiation (a), sensible heat flux (b), ground heat flux 
(c), and surface temperature (d) in the perturbation scenarios compared to the Control scenario. 

3.4. The impact of cooling different facades on pedestrian thermal comfort 

All of the perturbation scenarios affected the microclimate, and consequently, they could 
change pedestrian thermal perception within the neighbourhood. We calculated 
Physiological Equivalent Temperature (PET) in five points (marked in Figure 1) in each 
scenario. We calculated the average hourly PET of the five points for each scenario, and 
then we compared them with the Control scenario.  

Figure 7a shows the diurnal PET in the Control scenario (the average of five receptor 
points). PET classifications (Matzarakis et al., 1999) are also illustrated in the background 
(note that PET classes are theoretical, and they are not derived from a survey in the climate 
of Los Angeles (Potchter et al., 2018)). Between 8:00 and 16:00, PET is in Hot class, which 
means “strong heat stress” for a pedestrian. There is a very short period for a comfortable 
situation, in the very early morning, and the late afternoon. The hours before sunrise and 
sunset fall in the cool class.  

Figure 7b presents PET in the EW and NS canyons of the Control scenario. Note that the 
previous panel (7a) shows the average PET of all five points within the Control model. On 



14 

average, PET in the NS canyon is 1.5 °C lower than the EW canyon. The NS canyon is 
shaded during the day except between 10:00 and 14:00 (see Figure 5b). During this period, 
PET is increased to the Hot class immediately. Facades facing the NS canyon (east and 
west walls) can contribute to the thermal performance and thermal comfort of the canyon. 
The number of hours falling in the Hot class for the NS canyon is 5 (between 10:00 and 
14:00), while this is 11 hours for the EW canyon (between 7:00 and 17:00).  

In Figure 7-c we showed the reduction of PET in each scenario. We also highlighted the hot 
period from panel a) as “Strong Heat Stress” in the background. This was to place emphasis 
on the heat mitigation of each scenario during the critical period. Maximum reduction of PET 
occurred for the All scenario at 15:00 with 1.0 °C. Using cool facades in the east side led to 
0.4 °C reduction in PET on average (between 8:00 and 16:00). Cool facades on south and 
west sides had the same average reduction of PET (0.3 °C). However, it should be noted 
that the maximum reduction for the West scenario was 0.7 ᵒC at 15:00, while maximum 
reduction for the South scenario was 0.4 °C (between 11:00 and 13:00). North scenario 
showed the minimum reduction with 0.2 °C during the heat stress period. 

It is worth noting that both air temperature and mean radiant temperature affect PET 
(Taleghani, 2014). Some studies have shown that although high albedo materials reduce air 
temperature, they can increase radiation for pedestrians; thus, increasing PET (Erell et al., 
2014). In the results presented here, small reductions of PET are observed. One main 
reason for that could be the abovementioned fact. 

Figure 7: a) Diurnal profile of PET in the Control scenario (average of all receptors). b) Comparison of PET in the 
EW and NS canyon within the Control scenario. c) Comparison of PET in all scenarios with Control scenario. 
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3.5. The correlation of ground surface net radiation and pedestrian level PET 

Several studies have shown that among different factors, PET is mostly dependant on 
radiation in a microclimate (Thorsson et al., 2014, Kántor and Unger, 2011). Figure 8 shows 
the scatter plots illustrating the dependency of PET and net radiation in the scenarios. We 
highlighted the warm and hot classes of PET as “Moderate Heat Stress” and “Strong Heat 
Stress” in the plots.  

Figure 8: Scatter plots of PET and the ground surface net radiation within the scenarios. 
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Different scenarios show that PET and net radiation are strongly correlated (94% on average 
in the six scenarios). These scenarios also showed that when net radiation exceeds 312 
W/m2 in the microclimate, PET crosses the comfortable range and falls in the warm 
(moderate heat stress) class. This makes the use of cool facades in their most effective 
orientation more important. In other words, by using cool facades in a proper way, net 
radiation could be reduced, and consequently the human thermal comfort could be 
improved. It should be noted that more research on cool facades are required to correlate 
net radiation and PET classes.  

4. Conclusions
In this paper, we studied the impact of cooling different façade orientations on surface 
energy balance and human thermal comfort. Calculation of the insolation on different 
canyons showed that the EW canyon receives 6 hours of direct sun more than the NS 
canyon. In accordance with other studies on canyon orientations, we could show that the NS 
canyon is shaded most of the time. This makes the mean radiant temperature and PET 
lower in this canyon (compared to the EW canyon). In other words, this shows that EW 
canyons need more interventions than NS canyons. 

Deploying the cool materials on four different facades showed that using cool materials on 
the east and west facades led to the maximum net radiation reductions. East facades with 
high albedo materials lower net radiation during the morning, and west facades do this 
during the late afternoon and early evening. Understanding this behaviour of the cool 
facades could be helpful when decision makers have a preferred time for cooling a 
microclimate. Regarding the impact of different facades on the human thermal comfort, we 
observed that cool facades in the east and west sides reduced PET more significantly 
compared to north and south.  

In general, the paper showed that intervention on east and west facades makes more sense 
when our aim is to reduce heat in urban spaces. Understanding the differences between the 
façade orientations and their contribution to the energy balance of a microclimate can help 
cities and local authorities save money. This research showed that east and west facades 
play the most important role by receiving more sun (more insolation) compared to the other 
facades. Furthermore, architects and façade designers can use the findings of this paper to 
optimise indoor solar gains (and day lighting).  

The research also showed that the east-west urban canyons receive (significantly) longer 
direct sun compared to the north-south canyons. Urban designers and planners can use this 
result while deploying heat mitigation strategies for a neighbourhood or a city. For instance, 
deploying green roofs or street trees within EW urban canyons will have much more cooling 
contribution to a neighbourhood or city compared to NS canyons. It should be noted that the 
scenarios in this paper were based on two main directions of urban canyons. We suggest 
that further research are needed to explore other orientations for each city/climate. 
Furthermore, analysing urban surfaces’ insolation in order to estimate their cooling potentials 
before investing on heat mitigation strategies such as reflective pavements are essential. 
Regarding future studies, different types of shading strategies (with vegetation or man-made 
screens that flexibly allow solar access in winter) could be studied in canyons with different 
directions. 
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Appendix 1: 

Table 3: Insolation on different facades. 

Façade Period(s) Total insolation 
North 04:47 to 07:57 & 14:41-19:05 7h 34m 
West 11:52 to 19:05 7h 13m 
East 04:39 to 11:52 7h 13m 
South 8:31 to 15:10 6h 39m 


