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Abstract 

The improvements in Portuguese construction since the beginning of the twentieth 

century has been notorious due to the economic growth but also the introduction of 

Northern European architecture standards as icons of modernity. The traditional 

architecture gave place to modern high buildings with large windows, in most cases 

without proper shading systems, which magnify the internal solar gains and 

consequently the need of cooling technologies. 

This paper explores the comfort advantages of the use of shading devices in 

Portuguese residential buildings and their implication on the reduction of solar gains 

and the increase of inhabitants’comfort. 

The results concluded that with the Portuguese climate, the application of adequate 

windows orientation and proper shading systems in an early design stage can 

significantly contribute to the reduction of the indoor temperature, avoiding 

overheating problems and consequently minimizing the need of mechanical cooling 

systems. 
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Introduction 

Men with their intelligence create the means to adapt to their surroundings, looking 

for the most productive use of land and the most appropriate method for the 

construction of their houses, according to the geographic and climatic conditions of 

the area. (Martins, Castro and Torres, 1980) In other times, without modern devices 

the use and shape of the sun was carefully applied, by controlling its entrance and 

extracting from it only the benefits. There were houses where the solar gains were 

effectively controlled through shading and others where their internal organisation 

allowed the spaces to be occupied according to the season of the year. (Roaf, Fuentes 

and Thomas, 2007) 

Today, one of the most recent materials of our history, glass, and certainly the most 

appreciated one due to the open views possibility, has shown its unstoppable 

application not only by numbers but also dimensions, which is probably the main 

source of overheating inside buildings, forcing occupants to install mechanical 

heating and cooling devices as a way to improve their thermal comfort. However, 

with the type of climate in Portugal (with general temperatures not higher than 40ºC 

in summer or lower than 0ºC in winter) thermal comfort could be easily achieved by 

the building itself, especially if carefully controlled in an earlier stage of the design 

process. (Simões, 2008; RevistaClimatização, 2009) 
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Shading and comfort 

Solar radiation is one of the most important natural contributors to heat gain in 

dwellings but in excess the result can be alarming. The excessive and undesirable 

penetration of solar gains through windows is a problem that has been bothering 

mankind for years. (Givoni, 1994)  

The use of appropriate shading devices give the most efficient performance if 

properly designed to respond to a seasonal changing sun path, allowing solar gains in 

winter and shading during summer. (Olgyay, 1992) Depending on latitude, location 

and orientation, a shaded glass in comparison with an unshaded one, will only allow 

one-third of heat to pass, and in comparison with a solid wall, glass is 30 times more 

vulnerable, which means that the control of radiation is one of the most important 

tasks to be performed. (Olgyay and Olgyay, 1957) 

Walls are also sources of heat that in cold countries are seen as a good passive 

strategy but in others can be a nightmare. The use of reflective colours, adequate 

insulation or climbing plants and trees can effectively minimize the solar gains 

through them. (Givoni, 1994) For example, trees have the capability to present a 

shading effect ratio over 50% because the foliage period coincides roughly with the 

overheated season. (Olgyay, 1992) 

In addition to the aforementioned reasons, the control of glare, privacy and the 

changes that shading brings to architecture, providing rich textures and spatial 

scenarios of light and shade capable of transforming and adapting the same space to 

different purposes, are the other reasons why shading is largely used, nevertheless 

there are appropriate types of shading devices for each purpose. 

The use of external shading devices is always better than internal ones when resolving 

overheating, with an efficiency of 35% (Olgyay, 1992), but in case of glare or 

privacy, adjustable internal shading gives complete autonomy to occupants.  

As previously mentioned, windows are the most vulnerable element in buildings, but 

also the most appreciated by people and the study of their application might be the 

difference between a good and bad thermal performance. Even for the design of 

shading system, climatic and daylight conditions must be considered. As through 

some experiments, it has been shown that increasing the area of the window by 30% 

proportionally increases the energy demand of the building while preserving the same 

amount of daylight. On the other hand, the application of automatic shading control 

can contribute to 20% more daylight, which means a total of 60% more protection 

compared with the 40% obtained by passive shading control.(Tzempelikos and 

Athienitis, 2006) 

Whereas the referred use of daylight can offset the use of electrical lighting, 

presenting a positive result for occupant’s well being, productivity and mood, some 

studies have shown that without an effective control against solar radiation, occupants 

are able to keep the blinds down suppressing a good view out or even enjoying the 

daylight. (Zelenay et al.,2011) 

 

 

Methodology 

The methodology used includes the monitoring of an apartment located in the south 

area of Portugal during summer at hourly intervals and simulations on the 

environmental software IES testing different shading systems (vertical louvres, 

horizontal overhangs, eggcrate baffles and internal curtains). The devices used to 

monitor the indoor and outdoor temperatures have been installed on the west balcony 

and in the living room. 



Figure 1. (Left) Apartment plan. (Right) Apartment building – west façade (By author, 2011)  

Building presentation 

The apartment is located in Algarve in a town called S.Brás de Alportel with a latitude 

37º 15’N and longitude 7º 88’W. The building is orientated east - west, hence exposed 

to maximum solar gain. Its east and west façades have double glaze windows and an 

overall area of 11.8m
2
 and 6.9m

2
respectively (fig. 1). 

The windows are already protected by some types of shading, such as, white external 

roller plastic shutters, horizontal overhang and light internal curtains, very common in 

Portuguese buildings. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 
The monitored results from 10

th
 June until 10

th
July presented a high external air 

temperature with values around 40ºC during afternoon and thermal difference 

between day and night around 15ºC. 

In the south region of Portugal, at night, as shown on the chart below(fig.2), the air 

temperature is normally high,which makes it difficult to use natural night cooling 

processes to cool the houses down. Since the house suffers from overheating all day, 

due to the east and west orientation and the air temperature of the area during the 

night rarely goes under 20ºC during summer, the indoor air temperature variations are 

minimal over the 24h. 

 

 

 

 

 

 

 

Figure 2.  

Measured indoor 

and outdoor air 

temperature in 

S.Brás de Alportel 

case study from 10th 

June to 10th July. 

 



 

 

 

 

 

 

 

 

However, in spite of the high values presented outside, the indoor air temperature 

showed 10ºC less, around 30ºC. This value is slightly above the standards of thermal 

comfort presented by Fergus Nicol (1993), or the ones on RCCTE legislation (from 

20ºC to 25ºC) for the Portuguese climate. 

After a detailed sample of 48 hours on the 1
st
 and 2

nd
 of July (fig. 3) the highest 

temperatures are presented in the evening period, between 7 and 9 p.m. fact that 

results from the location of the loggers on the west façade top and the warmth 

released by the wall when the outside temperature starts to decrease.  

In the living room, the indoor temperatures remained steady almost all day, including 

over the night with high values around 30ºC; causing discomfort to the occupants who 

complain about uncomfortable sleeping. 

Due to the high air temperature values obtained by measured survey during the 

summer season, some passive strategies were simulated by computer software (IES) 

trying to improve the indoor air temperatures of the house, including the application 

of different shading devices. 

 

 

 

 

 

 

 

 

 

 

From dozens of simulation with different shading devices and orientations the results 

presented on the above chart (fig. 4) were the most conclusive, reaching at best an 

indoor temperature reduction of around 2ºC. From all the applied shading systems the 

use of eggcrate baffles (simultaneous application of horizontal and vertical shading) 

Figure 3.  

Air temperature 

sample on 1st and 

2nd of July 2011 (S. 

Brás de Alportel) 

 

Figure 4.  

Living room  air 

temperature results 

from IES simulation 

changes during the 

same period as data 

loggers. (S. Brás de 

Alportel) 

 



Figure 5.  
Winter and summer 
simulations of a 
standard model for 
all orientations with 
two double glazed 
windows on each 
façade at a time and 
no shading. 

showed the best performance, fact that was already expected, since we are testing on a 

west façade and the variable angles of the solar incidence of that orientation are 

difficult to control or avoid.  

Similar results were found if the exposed façade was located on the east side, but this 

time with high air temperature values in the late morning. 

To better understand the influence of the solar incidence in each façade on the indoor 

air temperature a standard model was built and also simulated on IES and the results 

were conclusive, showing that the west and east façades are the critical in 

overheating, whilst the south façade needs less shade and largely contributes for the 

heating through solar radiation during winter (fig. 5). 

 

 

 

 

 

 

 

 

 

 

Conclusion 

This paper presented the investigation and results of the thermal comfort monitoring, 

the simulation of a residential apartment in the south of Portugal and the test of a 

standard model to understand the influences of each façade on the indoor temperature 

and consequently the occupant’s thermal comfort. The objectives were to understand 

the relationship between the solar incidence and the indoor air temperature and also, 

the achievable internal performance by the application of different shading devices, 

which might be a guideline for thermal improvements of future design proposals. 

All the methodology passed by the inclusion of climate conditions and occupancy 

factors, as well as windows properties for more accurate results. 

In conclusion considerable energy performance and daylight benefits can be achieved 

by the application of effective shading devices, which simultaneously allow the solar 

blockage during summer and the solar entrance during winter, contributing in the 

decrease of cooling and heating needs and consequently improving the occupant’s 

comfort.  

Simulation results showed that the orientation of a house has significant influence for 

the indoor air temperature, and the correct use of appropriate shading devices can 

contribute for a significant increase of occupant’s thermal comfort. West and east 

orientations showed to be the most harmful during summer and poorly effective 

during winter due to the constant variations of the solar angle and the number of hours 

of solar incidence, and also the most difficult to shade. On the other hand, a south 

facing building benefits from the high solar angle during summer, which concur 

reduced cast shadow with easy ways to block the solar rays, and during winter, due to 

a lower solar angle the indoor spaces can warm up without shading obstruction. 
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