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Abstract: The effective control of solar energy can significantly impact a building`s energy efficiency. 
Understanding the shadowing behaviour of a shading device is a key step to establishing it`s 
consequences for the building`s thermal performance and user`s thermal comfort. This study presents a 
method to determine the efficiency of external shading devices throughout the year with regard to the 
variations of direct solar radiation intensity and the incidence period, in order to facilitate the evaluation 
and comparison of different shapes of shading devices, constituting a practical tool that assists it`s 
design. Simulations were made with Energy Plus software considering the latitude of the analysed 
location in order to determine the incident beam solar radiation on a vertical surface without shading 
and the reduction of incident solar energy with seven typical models of shading devices applied. Eight 
solar orientations and twelve "reference days" throughout the year with clear sky were considered. 
Analysing the shading devices efficiency for São Paulo, Brazil as an example of the method application, 
among the conclusions drawn it is emphasized that to the east and west orientations, the horizontal 
shading device is more effective than the vertical, especially from September to March. 
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1. Introduction 
Windows without shading can let significant amounts of solar radiation into buildings, causing visual 
problems such as glare, and thermal problems with consequences affecting the user’s comfort. The 
effective control of incident solar energy in buildings contributes both to the improvement of it's 
thermal performance, and for the use of natural light, factors associated with the energy efficiency of 
buildings, which is fundamental in the sustainability of the built environment. This is highlighted in 
several works that present the influence of shading devices in energy consumption for air-conditioning 
systems and thermal comfort of users (Tzempelikos and Athienitis, 2007; Datta, 2001; Palmero-Marrero 
and Oliveira, 2010; Gupta and Ralegaonkar, 2010). However, these analyses do not consider separately 
the effect of shading devices’ efficiency. 

Florides et al. (2002) studied the effect of overhang length on energy demand and found that a 
longer horizontal overhang reduces the cooling demand but increases the heating demand. The study 
shows that the thermal loads of each building and the different climatic conditions throughout the year 



458 M.T. Santos, M. Akutsu and A.C. de Brito 

for each place demand appropriate shading efficiencies. A higher proportion of shading (higher device 
efficiency) does not necessarily mean a more comfortable environment. Depending on the situation, it is 
appropriate to admit or to prevent the solar heat gain through the opening in the environment. Thus, a 
pattern to establish the monthly shading efficiency is an essential factor for choosing a suitable shading 
device. 

Cho, Yoo and Kim (2014) present a shading efficiency analysis of shading devices. A reference 
window was defined and models of shading devices (vertical and horizontal), each with dimensional 
variations, were applied to the reference window for three solar orientations (south, east and west). The 
incidence of beam solar radiation is simulated only from May to September, when the cooling load 
occurrence is expected, without assessing the influence of shading devices in the other months of the 
year. The solar radiation data used for the simulations is from a typical meteorological year with cloud 
variation. The clouds cause the higher attenuation of radiation, but they are unpredictable and its 
location, size and thickness cannot be determined, thus it can mask the effect of shading devices. The 
total incident beam solar radiation throughout the month is used as the result, which covers the 
incidence pattern during the day and does not show the time that the shading device is effective. 

Bellia et al. (2014) present a critical analysis of studies that investigate shading devices' effects on 
building thermal and lighting performances and it points out that there is no standardized procedure to 
establish the efficiency of shading devices. The analysed papers consider different conditions regarding 
climate, shading typology, solar orientation, methodology used, characteristics of building, and 
especially different parameters considered to evaluate the performance of the shading system. 
Therefore the lack of uniformity between the studies, since there is no established protocol to perform 
these analyses, leads to results that cannot be compared with one another. 

Understanding the shadowing behaviour of shading devices regarding the variations of beam solar 
radiation intensity and the incidence period throughout the year is a key step for the designer to 
determine its final consequences on energy consumption, thermal comfort and daylight efficiency of the 
building. The aim of this study is to present a method to determine the shadowing behaviour of typical 
external shading devices throughout the year, in order to facilitate the evaluation and direct comparison 
of shading devices’ efficiency for every need of performance, constituting a practical tool that assists its 
design. 

2. Description of the method 
To determine the efficiency of shading regarding the reduction of incident solar energy on a surface it is 
necessary to consider the variations in solar radiation intensity and in insolation period over time. 
Therefore a method was developed, based on simulations with Energy Plus software, to determine the 
incident solar radiation on a vertical surface unit area without shading and with seven models of typical 
shading devices applied. 

The seven shading device models considered in the method include the basic shapes of shading 
devices typically used in buildings. The behaviour of the shading provided by these models 
demonstrates the influence of each shape on hourly and monthly shading, leading to the understanding 
of the devices efficiency throughout a day and a year. 

Eight solar orientations were considered for the vertical reference surface (N, S, E, W, NE, NW, SW, 
SE) in order to spread the behaviour of insolation to the various implementation possibilities of a 
building, and twelve "reference days" with clear sky. The 21st day of each month was selected for the 
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simulations, in order to consider the monthly changes of solar geometry and also the solstices and 
equinoxes (extreme and representative solar geometries). 

The efficiency of the shading devices was determined according to their capacity to reduce the 
incident solar energy on the analysed vertical surface in comparison with the condition without shading. 

2.1. Software - Energy Plus 

The Energy Plus software enables to simulate the incidence of solar radiation based on the solar path, 
and the geometric relationship with the analysed surface, allowing the determination of the incidence 
period and the intensity of beam solar radiation on a surface at a specified time interval. In addition, it 
allows the calculation of the percentage of shaded area of a vertical surface with the effect of external 
shading devices for the time interval. 

2.2. Solar Radiation Data 

For the evaluation method of shading devices` efficiency, clear sky was the condition considered, in 
other words, in the situation where the period and the intensity of beam solar radiation are the highest 
for the amount of aerosols in the atmosphere, even though this can be an atypical situation for the 
analysed place. This is because the aim of the method is to demonstrate the shading efficiency for a 
critical situation of solar radiation, and the unpredictability of clouds and its mitigation of irradiation can 
mask the effect of shading devices and hinder the understanding of the shading device’s efficiency.  

The clear sky model introduced by the American Society for Heating, Refrigerating and Air-
conditioning (ASHRAE) was used in the simulations to obtain the direct solar radiation data, revised 
based on specific optical depths for each location for direct and diffuse radiation. The optical depth 
values of clear sky for direct radiation (taub) and diffuse (taud) are location-specific and vary during the 
year. These values are tabulated by month in the climatological data from ASHRAE and they embody the 
dependence of clear sky solar radiation upon local conditions, such as elevation, precipitable water 
content, and aerosols. 

2.3. Shading Devices 

The reference surface set for the simulation is vertical, and it represents a window or an opening. It is 
one meter wide by one meter high, but its dimensions do not intervene in the analysis, because the 
comparison of the results is made per unit area. It works as a reference geometry for sizing the shading 
devices, and what must be considered are the shading limit angles: alpha (α), beta (β).  

Using the developed method in this study to compare the efficiency of shading devices (Figure 1) 
with the same shading limit angles alpha (α) and gamma (ɣ) and divided into different numbers of fins, 
the identical efficiency of the devices can be noted. If the device has the same shading limit angle but 
leans over the window, it demonstrates the same pattern of shading but is more efficient. Thus 
examples of shading devices typically used in buildings were analysed (Figure 1) and its basic shapes 
summarized in seven models of shading devices for evaluation, the single shapes: Horizontal, Right, Left; 
and the composite shapes: Vertical, Horizontal + Right, Horizontal + Left, Horizontal + Vertical. The 
analysed shading devices (Figure 2) are all the same size with 60° shading limit angle to the reference 
surface. Independent of their size, the typical models demonstrate the shading pattern of its shape 
throughout the day and the year. 
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Figure 1: Efficiency of shading devices with the same limit angles, divided into different numbers of fins, 
and leaning over the window. 

 

 

Figure 2: Examples of shading devices and the equivalent typical shapes. 

3. Example of method application 
As an example of the method application the results for the city of São Paulo, with the latitude 23°50', 
are presented. São Paulo is one of the largest cities in Latin America, with a significant amount of 
buildings generally designed without shading devices. For the simulation the optical depth values of 
clear sky for direct radiation (taub) and diffuse (taud) described by ASHRAE for the city in question 
(Figure 3) were inserted into the program Energy Plus for their "Reference Day" in the solar model 
ASHRAE Revised Clear Sky. 
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Figure 3: the optical depth values of clear sky for direct radiation (taub) and diffuse (taud) by month for 
São Paulo. (ASHRAE, 2009) 

3.1. Evaluation of solar orientation 

First, the incident beam solar radiation for the eight solar orientations had to be determined without 
shading devices for the whole year. The evaluation of the amount of incident solar energy on the 
facades can determine which orientation needs sun shading and in which period, depending on the 
performance needs of each building. The daily totals of incident beam solar radiation per hour (Wh/m²) 
in the reference surface for the 21st day of each month of the year are presented on a monthly chart to 
demonstrate the variation of energy incidence throughout the year. And the hourly values of beam solar 
radiation (Wh/m²) are shown in graphs of the three "reference days" with the extreme solar geometries 
(solstice - 21/December, equinox - 21/ March, solstice - 21/June) to present the time variation of 
incidence throughout the day (Figure 4). 
 

 

Figure 4: Incident beam solar radiation for eight orientations in São Paulo. 
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In the monthly chart it can be noted that, for the latitude of São Paulo, from September to March 
the solar orientations with higher incident solar radiation are: east and west, northeast and northwest, 
southeast and southwest. From March to September the solar orientation with the higher incident solar 
radiation are: north, northeast and northwest, east and west. 

The solar orientations south, southeast and southwest have low amounts of incident solar radiation 
from March to September, and depending on the building`s performance demand it may not need 
shading during this period. The same goes for the north and south directions from September to March. 

The solar orientations east and west, northeast and northwest, southeast and southwest, have the 
same amount of incident solar radiation during the year and so it`s curves overlap on the monthly chart. 
The difference is up to the hourly period of incidence during the day. 

In the hourly charts of the three most representative "days of reference" it may be noted that for the 
south orientation, during the solstice 21/December, the incidence of solar radiation period is just early 
in the morning and late in the afternoon with low intensity. The north orientation has a long incidence 
period with high intensity of solar radiation during the solstice 21/June. For east and west orientations 
the daily incidence period is short, but with high peak intensity, especially during the solstice 21/ 
December reaching 700 Wh/m². For northeast and northwest orientations the daily incidence period is 
long and with high intensity, especially during the solstice 21/June reaching 700 Wh/m². Southeast and 
southwest are the solar orientations in second place with higher peak intensity of solar radiation in the 
solstice 21/December reaching 605 Wh/m². 

The evaluation of the need for shading in each orientation depends on the performance demands of 
each building throughout the year. The designer can observe the peak intensity of incident beam solar 
radiation, as well as the orientations with high amounts of the incident solar energy due to long periods 
of incidence. The chart already shows, for an initial evaluation, the critical solar orientations and the 
ones with low amounts of incident solar energy. 

3.2. Evaluation of shading devices by solar orientation 

After establishing the amount of incident solar energy by solar orientation without shading, the 
efficiency of each shading device must be defined throughout the year by solar orientation. The shading 
devices` efficiency was determined according to their reduction capacity of incident solar energy on the 
analyzed vertical surface. The curve of incident beam solar radiation without shading device by 
orientation is the maximum radiation that the facade can receive for the defined period and latitude, 
and thus serves as the baseline for evaluation. The incident solar energy reduction by applying shading 
devices may be seen by hour during the representative "reference days" and throughout the year with 
the total daily incident beam solar radiation. To illustrate this method, the study evaluated the effect of 
shading devices only for the four most critical solar orientations with the larger amounts of incident 
solar energy for the city of São Paulo (N, NE, SW, W). 

3.2.1. North orientation 

To the north solar orientation (Figure 5), with the highest amount of incident solar radiation from March 
to September, it can be seen that the "Horizontal" shading device has the highest efficiency of the single 
shading devices for shading the daily peak intensity of solar radiation (12:00 pm). Yet the "Right" and 
"Left" shading devices are inefficient because they do not shade the daily intensity peak of solar 
radiation and shade only during the morning and afternoon, respectively. Consequently, for the 
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composite shading devices, those with “Horizontal” overhang will be more efficient, and it will reduce 
solar radiation in the morning with the presence of the "Right" fin and in the afternoon with the 
presence of the "Left" fin. The "Horizontal" single shading device is more efficient than the composite 
"Vertical". 

3.2.2. Northeast orientation 

To the northeast solar orientation (Figure 6), with incident solar radiation during the whole year and the 
highest amount from March to September, it can be seen that the "Horizontal" shading device has the 
highest efficiency of the single shading devices throughout the year. The "Right” fin shades from 
September to March and shadows little quantity from March to September. Yet the "Left” fin just 
shades from March to September and does not shade from September to March. Consequently, for the 
composite shading devices, those with “Horizontal” overhang will be more efficient, and it will reduce 
the solar radiation from September to March with the presence of the "Right" fin and from March to 
September with the presence of the "Left" fin. The "Horizontal" single shading device is more efficient 
than the composite "Vertical". 

3.2.6. Southwest orientation 

To the southwest solar orientation (Figure 7), with the highest amount of incident solar radiation from 
September to March, it can be seen that the "Horizontal" shading device has the highest efficiency of 
the single shading devices throughout the year. The "Right” fin is less efficient but also shades from 
March to September. Yet the "Left” fin is not efficient to this solar orientation and does not shade 
throughout the whole year. Consequently, for the composite shading devices, those with “horizontal” 
overhang will be more efficient, and it will reduce the solar radiation throughout the year with the 
presence of the "Right" fin. The "Left" fin does not contribute to shading in any composite shading 
device. 

3.2.7. West orientation 

To the west solar orientation (Figure 8), with incident solar radiation during the whole year and the 
highest amount from March to September, it can be seen that the "Horizontal" shading device has the 
highest efficiency of the single shading devices throughout the year. The "Left” fin shades little quantity 
from September to March and does not shade from March to September. Yet the "Right” fin just shades 
from March to September and does not shade from September to March. Consequently, for the 
composite shading devices, those with “horizontal” overhang will be more efficient, and it will reduce 
the solar radiation from September to March with the presence of the "Left" fin and from March to 
September with the presence of the "Right" fin. The "Horizontal" single shading device is more efficient 
than the composite "Vertical". 
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Figure 5: Shading devices` efficiency to the north orientation in São Paulo. 
 

 

Figure 6: Shading devices` efficiency to the northeast orientation in São Paulo. 



465 Method for determining the efficiency of shading devices 

 

Figure 7: Shading devices` efficiency to the southwest orientation in São Paulo. 
 

 

Figure 8: Shading devices` efficiency to the west orientation in São Paulo. 
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4. Conclusions 
In the evaluation of shading devices for the city of São Paulo, as an example of the method application, 
it can be observed that among the single shading devices, from September to March during summer in 
the analyzed city, the "Horizontal" is more efficient than vertical fins for all the analyzed solar 
orientations. Even for the west orientation, contrary to what is normally stated, "Horizontal" shading 
devices are more effective than the vertical fins during this period. Among the conclusions of this 
evaluation, it also stands out that for the west solar orientation, with the software's accuracy in 
calculating the percentage of shaded area and intensity of incident solar radiation, the "Right" shading 
device is more effective than the "Left" from September to March, contrary to this device`s inefficiency 
according to the usual method of the solar chart. 

The presented method is a standardized procedure for determining the efficiency of shading devices 
throughout the day and the year for each facade`s solar orientation, considering the software`s accuracy 
to establish the percentage of shaded area and the shading period, and mainly due to the intensity of 
solar energy and the amount that the shading device prevents reaching the surface. This procedure is 
fundamental to demonstrate the shadowing behavior of shading devices regarding the variations in the 
period of incidence and intensity of direct solar radiation. The different building`s materials and 
characteristics, and thermal loads that could mask the efficiency of shading devices are not taken into 
account. For this procedure, only the isolated effect of the typical shapes of shading devices on reducing 
the solar energy reaching the window is considered. It also stands out among the obtained findings with 
the method that the shading devices with identical shading limit angles, although divided into more fins, 
demonstrate the same efficiency. Therefore, typical shapes of external shading devices were 
synthesized in seven models, which represent a number of other design possibilities that meet the same 
shading limit angles, to demonstrate the influence of each shape on the shading efficiency. At the same 
time, this standardized method can be used to evaluate the efficiency of different shading devices than 
those established in this study. 

Therefore, the designer has a practical tool available which, combined with the specific demands of 
performance for each building throughout the year, assists in the evaluation and the design of shading 
devices, essential for thermal performance, user comfort, and energy efficiency of buildings. 
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