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Abstract: The design of more sustainable buildings is one of the main concerns of our society given
the necessity to reduce energy consumption to reduce climate change. Incorporate passive strategies
in buildings should be the first step because of its zero energy consumption. One of the most used
passive strategies in the Mediterranean Climate is the use of inner courtyards as a tempering element
of buildings. The performance of these courtyards has been traditionally improved by installing
shading devices such as canvas. The aim of this study is to quantify the effect of the shading element
installed in two courtyards with different geometries in the south of Spain by monitoring the
temperature in the courtyards and the outdoor during warm and extremely hot days.
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1. Introduction

Climate change is one of the main challenges we face nowadays, one of its consequences being
the increase in the temperature of the planet [1]. Another effect is the escalation in the Urban Heat
Island effect in cities, which detriments the thermal comfort of people and increases the energy
consumption of buildings to meet their needs [2]. CO2 emissions are one of the main causes of climate
change [3] and buildings are responsible for 40% of these CO2 emissions in Europe [1]. The reduction
of energy consumption in buildings is, therefore, a necessity in order to achieve the Sustainable
Development Objectives and a habitable future world.

Traditional architecture typologies include many passive strategies to condition buildings. One
of the most used in the Mediterranean climate is the use of the courtyard, elements that temper the
outdoor climate by means of the thermodynamic effects that occur inside them. Many factors
influence the performance of the courtyards, not only their geometry but also other elements that can
be modified such as the presence of vegetation, water, shading devices or the albedo of the surfaces
[4]. It is important to clarify the influence of each of these factors in order to understand how the
courtyard works and being able to improve or design the best possible buildings.

This study focuses on the analysis of the performance of two courtyards with different
geometries where a shading device has been installed. The geometry of the courtyard is described by
means of the aspect ratio, which is the relation between the height of the courtyard and its width The
aim of the study is to determine if the geometry plays an important role when a shading device is
installed and measure the effectiveness of this strategy in the hot and dry climate of the south of
Spain. The variable analyzed to compare the effectiveness of the courtyard is the thermal gap at each
hour, which is defined as the difference between the outdoor temperature and the courtyard’s
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temperature. The higher the thermal gap comparing the courtyard with and without the shading
device, the more effective the strategy is.

2. Materials and Methods

Two case studies have been selected to be monitored with and without a shading device in the
Mediterranean climate, in the cities of Cordoba and Seville. According to K&ppen climate
classification they are located in an area Csa which involves hot dry summers with mean
temperatures of 28 °C and temperate winters in which the mean temperature is above 9 °C. Among
all the days monitored, two days for each courtyard configuration have been selected, one with warm
temperatures (35 °C < T <40 °C) and another with extremely hot temperatures (>40 °C).

2.1. Courtyard Description

The two courtyards have been selected to analyze the influence of the shading device in different
geometries, but the same climate and similar orientation.

e  Courtyard A (Figure 1a): This courtyard’s floor plan is 4.3 x 4.0 m and it has a height of 6.3. This
means an Aspect Ratio of 1.57 and 1.46 respectively. It belongs to a refurbished traditional patio-
house in Cérdoba.

e  Courtyard B (Figure 1b): This second courtyard belongs to an educational building in Seville. It
has a floor plan of 6.9 x 5.2 m and a height of 5 m, which means an Aspect Ratio of 0.72 and 0.96,
which is half of the previous courtyard, in order to analyze the influence of the courtyards’
depth.

@) (b)
Figure 1. Images of the courtyards: (a) Courtyard A in Cérdoba; (b) Courtyard B in Seville.

Both courtyards have similar walls finished, white color mortar coating and some windows. The
same shading device has been installed in both courtyards, consisting of a black canvas mesh installed
in the top of the courtyard, leaving some separation with the walls to allow convection flows. The
fabric of the canvas cover is black polyethylene of 60-70% UV filter and 70 g/m? density.

2.2. Monitoring

The monitoring campaigns have been carried out during the warmest months of the
Mediterranean climate, July, August, and September. In order to quantify the influence of the shading
element in the temperature of the courtyard for different outdoor temperature ranges, one
representative day of warm temperatures (between 35 °C and 40 °C) and one day of extreme
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temperatures (more than 40 °C) have been selected for each courtyard and each situation, with and
without shading device installed.

The monitored data has been collected using a weather station model PCE-FWS 20 that provides
outdoor temperature, humidity and wind speed. It was located on the roof of each building. For the
temperature in the courtyard, sensors TESTO 174 T were used, located at a livable height (1.5 m) and
protected from solar radiation with shields.

3. Results

3.1. Unshaded Monitoring

Figure 2 shows the monitored results in both courtyards when there was no shading device
installed for the extremely hot temperature day (>40 °C) and Table 1 shows both, the values for the
warm and the hottest days. Despite the different Aspect Ratio in the courtyard, a very similar
performance can be seen. When the temperature is warm in the outdoor, the courtyards’ temperature
is only a few degrees below (maximum of 3 °C), and only in the hottest hours of the day.

Table 1. Maximum thermal gap in the courtyards.

No Shading with Shading
35 °C-40°C >40°C  35°C40°C  >40°C
Courtyard A 3.4 8.6 6.9 13.1
Courtyard B 3.2 7.6 5.2 12.6

However, when the outdoor temperature rises up to 40 °C, the tempering effect of both
courtyards is much more important. Both courtyards achieve up to a 6 °C difference between the
courtyard and outdoor temperature in the hottest hours of the day. In this case, the performance of
the Courtyard A is moderately better, which can be explained by its deeper geometry that reduces
the solar radiation in the walls of the courtyard.
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Figure 2. Outdoor and Courtyard temperature and Thermal Gap without shading device (a)
Courtyard A in Cérdoba; (b) Courtyard B in Seville.

3.2. Shaded Monitoring

Figure 3 shows outdoor temperature and courtyard temperature, as well as the thermal gap each
hour for a representative hot day with the shading device installed. It can be noticed that the
performance of the courtyard in this case is much better in both cases. The effect of the shading device
is dramatically important when temperatures are more than 40 °C, the thermal gap rises more than
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12 °C in both case studies. Another fact that can be seen in the performance of the courtyards with a
shading device is the increase in the overheating of both courtyards during the night. However, this
aspect is not detrimental and it could be avoided removing the shading device during the night.
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Figure 3. Outdoor and Courtyard temperature and Thermal Gap with shading device. (a) Courtyard
A in Cérdoba; (b) Courtyard B in Seville.

Table 1 summarizes the maximum thermal gap achieved in each courtyard in each one of the
cases described before. It is possible to see almost the double thermal gap between each courtyard
with a shading device and no shading device. Courtyard A performs slightly better than B, which
makes sense being a deeper courtyard, with an aspect ratio of 1.5, twice the aspect ratio of courtyard
B. However, the geometry has clearly less influence than the presence of the shading device in the
courtyard.

4. Conclusions

The results obtained in this study prove the huge improvement of the courtyard performance
when a shading device is installed. Furthermore, the higher the outdoor temperature, the higher the
thermal gap between outdoor and courtyard temperature, which means that the strategy of the
shading device will be effective even in the future of climate change that we are facing. What is more
interesting is the fact that the different geometry does not have a big influence in the final
performance of the shaded courtyards, which means that any existing courtyard could benefit from
the installation of this devices, being an excellent strategy in the renovation of buildings. However,
the monitoring campaigns of this study are very limited, and more examples should be monitored in
order to reinforce these conclusions.
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