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Article History: . ACKGROUND AND OBJECTIVES: Increasing fossil fuel consumption, on the one
Received 2020/09/22 hand, along with their non-renewable nature, escalating costs, and the destructive
Revised 2021/01/16 i environmental and economic effects of energy consumption, on the other hand, increase
Accepted 2021/05/07 ithe need to use passive systems in buildings. One of the effective solutions to reduce
Available Online  2022/12/31 i energy consumption and consumption of fossil fuels in the building and also to reduce its
i adverse environmental effects (increasing greenhouse gas emissions) is the use of passive
Keywords: genergy. The facade of residential buildings, as the main mediator between indoor and
Energy Reduction i outdoor space, is an important element in controlling sunlight to the interior and reducing
Indigenous Architecture ienergy consumption. Two important strategies to improve the thermal performance of
Shading Devices i the building facade include shading devices that reduce annual energy consumption and
Window-to-Wall Ratio provide better protection against glare. The second solution aims to investigate the effect

Facade Materials i of heat transfer or heat resistance of materials used in the building facade by controlling the

i effects of solar radiation and designing the facade under climate conditions, and reducing

i the heat transfer by choosing the right materials that can reduce the amount of domestic

i energy demand. The shape of the building, the orientation of the building, its external
and sondthe el amtine iand internal walls and materials, the thermal insulation of the facade, the dimensions
i of the window, the ratio of the window to the wall, and the external shading device can
ibe introduced as effective parameters in reducing energy consumption. Improving the
i performance of building facades is possible through facade materials, shading devices,
and window-to-wall ratio structure. It is important to carry out practical investigations into
i the thermal efficiency of building facades in order to decrease the amount of energy used
ifor cooling and heating buildings, which represents a significant portion of the world’s
ienergy consumption. As a result, an architectural strategy that focuses on morphology
%(speciﬁcally, architectural morphology) should be examined.

ETHODS: In the hot and humid climate of Bushehr, the most significant climatic
: condition is excessive heat. Therefore, it is crucial to research climate-based
i solutions that can manage the transmission of undesirable heat and lessen the cooling
irequirements. This study focuses on exploring the thermal efficiency and the transfer
i of heat caused by solar radiation through building facades in the hot and humid climate

§:of Bushehr. Additionally, it examines the impact of facade design strategies inspired by
S
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iBushehr’s native architecture on decreasing the indoor temperature of the building.
§The research variables that were examined include wooden shading devices (horizontal,
§vertica|, lattice), porches, deep windows, facade materials, and window-to-wall ratio. Each
%variable has an effect on various types of energy consumption, such as electricity, heat,
i heating energy, and cooling, which were analyzed in the study. The purpose of this study is
i to investigate the relationship between independent and dependent variables and analyze
i theirimpact on each other. The study involved simulating each building for all twelve months
of the year. This simulation included assessing the amount of solar radiation absorbed by
i building surfaces, its transfer to the interior, and the resulting cooling load demand. The
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?ﬁndings are presented through separate diagrams. In the first step, the behavioral pattern
i of the building facade with respect to the north-south openness was examined to control
i and reduce the amount of sunlight received and also to reduce the indoor air temperature
i subsequently, the study extracted general patterns from indigenous facade components
i that were related to the structure and function of shading devices, facade materials, and
gtheir openings. To understand the historical context of shading devices in Bushehr, the
i various types of shades present in the buildings of this region were classified, and the
i different shading solutions used in Bushehr were identified. In line with the purpose of
i the research, it is necessary to test different types of shading devices as research variables.
Then check the type of materials and the dimensions of the openings used in the facades.

INDINGS: To address the research questions, separate simulations were conducted
:# to evaluate the thermal performance of shading devices, window-to-wall ratio, and
i facade materials in an apartment building. The optimal variable to reduce the cooling load
i was selected and applied to the building, and its thermal behavior to improve the thermal
i performance of future buildings in hot and humid climates was studied as the optimal
building. The simulation was performed using Design Builder software with Energy Plus
i simulator engine and Climate Consultant software version 55 and Ashrae thermal comfort
i model. The findings indicate that the most efficient facade configuration comprises of
i vertical blinds, lattice windows, and a white cement facade, which resulted in a cooling
load reduction of up to 38% and a total load reduction of up to 33% for the building.

ONCLUSION: The simulation results reveal that the optimal building configuration
: outperformed both the basic research model and local models on selected days
i throughout the year, in terms of load testing. This highlights the importance of
implementing local solutions in the architecture of hot and humid climates.

i HIGHLIGHTS:

i - Facade design solutions in the native architecture of Bushehr, including the dimensions
i of the openings, have a significant effect on controlling the air temperature inside the
¢ buildings and reducing the demand for cooling load in the building.

- Facade design solutions in Bushehr architecture, including the type of materials, have
i a significant effect on heat transfer to the interior and control of indoor air temperature.

i - In hot and humid areas, shading device the facades in the form of shimmering, retreating,
protruding, porch helps control sunlight and creates shadows on the surfaces.
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Fig. 7. Specifications of the selected building in Bushehr, from left to right: 1. Floor plan; 2. A-A section; 3. North
view; 4. 3D simulation

Table 1. Technical and general specifications of today’s building

Architectural-structural features (General features)

Geometry of the Spatial Dimensions of ~ Number Height of floors Occupancy Occupied Skeleton type
plan arrangement of the plan of floors level Floors volume
the plan
Rectangle Open plan 50/11 * 10/26 6 floors 3 m floor to floor m2 1346.1 m24362.2 Metal
m (280 cm height of
floors and 20 cm
thickness of
ceiling)
Architectural-structural features (Features of components and walls)
The outer layer of the inner Exterior The outer  The inner The wall The windows of the building
the roof of the layer of the wall wall layer of layer
floors roof the wall
Materials Concrete Concrete Gypsum Granite Gypsum Bricks Single-walled glass with
wooden frames
Thickness 0/01 0.2 0.2 0.2 0.02 0.1 0.06
(meters)
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Fig. 8. Building cooling and heating load demand
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Fig. 9. Heat transfer of different walls of today’s building

Table 2. Comparison of heat load demand of buildings in hot and cold periods of the year

Thermal load of the building in the heating period kWh

s

1

9

ay
) J
q

N

9

&)

April May June July August  September Minimum and maximum Heat load Average heat
load
Cooling load -10716.2  -25587.8  -29874.2 -346274 -37656.3  -30045.6 Minimum  -10716.2 -28084.5
Maximum  -37656.3
Heating load 0 0 0 0 0 0 Minimum 0 0
Maximum 0
Thermal load of the building in the cold period kWh
October  November December January  February = March Minimum and heat load Average heat
Maximum load
Cooling load -21381.1 -6338.7 0 0 0 -1329.96  Minimum 0 -8174.9
Maximum  -1329.96
Heating load 0 0 5018.485 9250.161  2803.85 0 Minimum 0 -2845.416
Maximum  9250.161
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Fig. 14. North and south lattice shading of the building
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Fig. 15. Comparison of total radiation received from external windows in different shades
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Fig. 16. Comparison of building cooling load during the year with different shades

Table 3. Shadow simulation results kWh

Input radiation Cooling load Total building energy
(kWh) (kWh) (kWh)
Shenashir 40966 160307 176024
Vertical shutter shade 5802 150596 169671
Deep windows 29980 164503 180937
Horizontal shutter shade 31320 160583 176214
Lattice shade 28448 159474 175411
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Jan Feb Mar Apr May Jun

Agu Sep Oct Nov Dec

-5000

-10000
-15000
-20000
-25000
-30000
-35000

-40000

-45000

Brick

[ White cement [ Stone

-50000
Limestone

Fig. 20. Cooling load of the building during the year with different facade materials

Table 4. Simulation results of different facade materials

Heat transfer of walls

Energy of cooling system Energy of the whole building

Brick 93066 164885 178371
Stone 83803 160712 176394
Limestone 83597 160568 176205
White cement 80180 158185 173038
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Fig. 21. Dimensions 2 * 2 and 1 * 2 on the north side of
the building and windows with dimensions 2 * 2 on the
south side
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Fig. 22. Dimensions 2.20 * 1.80 and 1 * 2.20 on the
north side of the building and a window measuring
1.80 * 2.20 on the south side

Fig. 23. Dimensions 2.60 * 1.60 and 0.8 * 2.60 on the
north side of the building and a window measuring
1.60 * 2.60 on the south side of the building
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Fig. 24.2 * 2 and 1 * 2 dimensions on the north side
of the building and 2 * 2 dimensions windows on the
south side
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Fig. 25. Comparison of radiation received from different windows
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Fig. 26. Cooling load of the building throughout the year with windows with different dimensions

Table 5. Window Dimension Simulation Results

Input radiation Cooling load Total building energy
(kWh) (kWh) (kWh)
Window with a height of 2.2 meters 48124 163258 178396
Window with a height of 2.6 meters 51195 164366 179283
2 *2 window 31320 160583 176214
Lattice window 18023 155092 172318

Fig. 26. Optimized building image

Jan Feb Mar Apr May Jun Jul Agu Sep Oct Nov Dec
20000

10000

0

-10000

-20000

-30000

-40000

-50000
M Existing building llOptimized building  Existing building [ Optimized building

Fig. 27. The difference between the thermal load of the building in the period of heat and cold in the existing and
optimal building
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Table 6. Comparison of thermal behavior of existing and optimal buildings

Mode Building cooling  Building heating  Total load Percentage of Percentage of Percentage of total
load (kWh/m?) load (kWh/m?) (KWh/m?) cooling savings  heating savings energy savings
Existing building 171.7 9.8 - - -
Optimized building 106 1.5 %38 %85 %33
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