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Abstract: This research explored the energy performance of buildings incorporating innovative courtyards and
atria in different latitudes. Energy Plus software was used to model and simulate various building forms. The
input parameters included using different roof tilt angles for atria and courtyards to investigate the amount of
heating and cooling demand in four different latitudes (0°, 20°, 40°,60°) in the northern hemisphere. The
simulation for each model was done in different building orientation (0°, 45°, and 90°). The results showed that
the effect on building energy performance and solar irradiance varies according to the building form,
orientation, and latitude. The amount of energy decreases significantly with the increment of the roof tilt
angle when the roof it tilted downward, while it showed a massive increase when it was tilted upward in both
courtyards and atria. Considering that the volume of the building increase and decrease according to each
form which has a crucial role in determining the energy consumption.

1. Introduction

The energy consumption is growing massively day by day and is becoming a real crisis
(Muhaisen et al.,, 2005). As a result of the 1970 energy crisis, there has been general
movement and common interest toward designing and finding effective strategies for
creating an ecologically responsive building to decrease the enormous energy consumption
used by the building and also create a thermally comfortable building (Miller et al.,2012).
One of the productive systems incorporated in the building designs is courtyards and
atriums. These practical strategies should be carefully considered in the preliminary stages
of design. Including all the design aspects of atria and courtyards in building (building
orientation ,size, shape, height proportion , glazing properties and thermal mass of the
courtyard and atrium walls) any poor or unappropriated design decision while designing
this strategies may create massive problem in controlling the energy consumption as well as
the temperature and glare (Aldawoud,2013) .Most of the atriums and courtyards designs
are not used in a proper way and as a result, they depend on the mechanical system in
cooling and heating throughout the year as they don’t take the full advantages of using this
system to minimise the energy load consumed in the building, as supported by( Atif et
al.,1994). There is a considerable lake of a design tool for optimising the energy
consumption of the atrium building, which proves the necessity for integrated designs
considering the main features of the atrium and courtyards including the acoustic and
smoke control.



2. Research methodology

The study aims to extend the designers and architects awareness about the environmental
benefits of integrated usage of atrium and courtyards. The investigation will use a
rectangular courtyard and atrium with flat roof (horizontal roof) as a base model for
comparison with the other innovative shapes, as it’'s a common and familiar shape used for
courtyards and atrium widely around the world. the atrium will be covered with a standard
single transparent glass, the innovative forms will be investigated in a different orientation
(0°,45°, and 90°). The input parameters include using different roof tilt angle for both atrium
and courtyards to investigate the effect on the heating and cooling demand in four different
latitudes (0°, 20°, 40°, 60°) in the northern hemisphere considering that this result can be
carefully converted and implemented in the southern hemisphere. The cities are Macapa
(0°), Veracruz (20°N), Pittsburgh (40°N) and Saint Petersburg (60°N).
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Figure 1 the investigated forms for courtyard and atrium

3. Results and discussion

The results below in figure (2) and (3) is illustrating the effect of using different roof tilt
angles on the building energy performance in different location and orientations. in the first
two scenarios (A) and (B) the external walls of the building were fixed in a certain height,
while the interior walls height changes according to the roof tilt angle. In scenario (C) and (D)
the left side of the building was set to the same wall height while the middle and right part
of the building changes according to the roof tilt angle.

3.1 Simulation results of Courtyards building form
Figure 2 shows the effect of changing the courtyard roof tilt angles in four different
scenarios on their annual energy performance (kwh).
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Figure 2 the effect of changing the courtyards roof tilt angles on the thermal performance in different
orientation and locations

In the equator (0° latitudes) which is usually a hot, humid climate we realized that the
heating is not required all around the year, so all the energy consumption is used for cooling
purposes. Furthermore, changing the tilt angle of the roof has no changes toward the
heating energy in this climate, while the annual consumption of cooling in this climate is
considerably high. In the four scenarios we realized that the higher the roof tilt angle gets
downward, the smaller the amount of energy needed for cooling, on the other hand, any
increases in the tilt angle upward increases the annual cooling load massively. We should
consider that the volume of the building increase and decrease according to each form and



the exposure of each surface differ according to the tilt angle which contributes with the
form in specifying the total amount of energy consumed.

The simulations result in 20° latitude, where the climate is hot and dry showed a
similar reaction as the outcomes in the equator toward the changes of the roof tilt angle.
The forms with the highest tilt angles of 45° downward showed the minimum energy
consumption while the same angle upward give the highest cooling energy consumption,
due to the same reasons as the increase in the building volume increases the inner zones
and hence increase the energy consumption besides the contribution of the amount of solar
radiation received by the building.

The results of the investigation in a temperate climate (40° latitude) where the
amount of energy used for heating is much higher than for cooling as presented in Figure 2
showed that the cooling load increases with the increments of the roof tilt angle downward
while the less roof tilted upward the less amount of energy used for cooling. The heating
load showed a different reaction toward the various innovative, forms the higher the B
value downward, the less energy consumed while the greater B values upward the highest
the amount of energy used for heating.

In 60° latitude the scenarios showed the same trend of increase sand decreases
toward the different tilt angles as in latitude 40 especially in heating load while small
changes and random reaction occurred with the amount of cooling load for each form which
will be neglected as the cooling load in this region is much lesser than the heating load.

3.2 Simulation results of atrium building form

In this part, the atrium consumed higher energy in cooling when it used in the equator, and
the 20° latitude, will it consume less in heating for the investigated form in temperate and
cold climates with 40° and 60° latitude.

However, in the equator (0° latitudes) and (20 ° latitudes) in the four scenarios, we
realized that the higher the roof tilt angle gets downward, the smaller the amount of cooling
energy used, on the other hand, any increases in the tilt angle upward increases the annual
cooling load massively. Which reflect the effect of changing the volume of the building on
the energy performance as the roof tilt angle upward increase the size of the building which
increases the space cooling or heating load.

The results of the investigation in a temperate climate (40° latitude), where the atrium
is more suitable compared with the courtyard as it consumed less energy in heating the
internal space. The heating load decreases as the roof tilt angle increase downward which
mean the higher the (B) value downward, the less energy consumed while the greater the (B)
values upward the highest the amount of energy consumed in heating.

In 60°latitude the atrium forms showed the same trend of increase and decreases
toward the different tilt angles as in 40° latitude specially in heating load while minor
changes and random reaction occurred with the amount of cooling load for each form which
will be ignored as the cooling load in this region is much lesser than the heating load.
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4. Conclusion

Figure 3 the effect of changing the atriums roof tilt angles on the thermal performance in different orientation
and locations

This research focused mainly on studying the effect of using innovative courtyard and
atrium forms on their energy performance by changing the roof tilt angles. The outcomes
prove that the energy performance varies according to the latitude and orientation of the
building, regarding the effect of using different roof tilted angle, we realize that the higher
the roof tilt angle gets (downward) the less amount of energy consumed, the opposite was
happening when the tilt angle increases upward the energy consumption increase.
Considering that the volume of the building increase and decrease according to each form
and the exposure of each surface differs according to the tilt angle which contributes with
the other arrangements in specifying the total amount of energy consumed in both



courtyards and atrium. The second case for the combined roof design (flat and tilted roof)
shows the same trend as the previous case. When the roof tilt angles increase downward,
the less amount of energy is used in the building while the higher consumption occurs with
the steep tilt angle upward due to higher building volume and amount of solar radiation.
The optimum forms among the investigation showed that the best choices for 0° and 20°
latitude is the courtyard building with the combined roof while in 40° and 60° latitude
atrium with combined roof showed the optimum results as in figure 4 below.

latitude latitude (0°) latitude (20°N) latitude (40°N) latitude (60°N)
Building < q\ ~ST<
Form “ > | / 4 A\
optimum tilt
angle 45° (Courtyard) 45° (Courtyard) 45° (Atrium) 45° (Atrium)

orientation 0° (East-West axis) 90°(South-North axis ) | 0° (East-West axis) 0° (East-West axis)

Figure 4 The Optimum Building Type, Form and Orientation in Each Latitude
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