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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
§energy. The facade of residential buildings, as the main mediator between indoor and
i outdoor space, is an important element in controlling sunlight to the interior and reducing
f;energy consumption. Two important strategies to improve the thermal performance of
ithe building facade include shading devices that reduce annual energy consumption and
provide better protection against glare. The second solution aims to investigate the effect
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
fjenergy demand. The shape of the building, the orientation of the building, its external
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
gof Bushehr. Additionally, it examines the impact of facade design strategies inspired by
iBushehr’s native architecture on decreasing the indoor temperature of the building.
§The research variables that were examined include wooden shading devices (horizontal,
§ver1:ica|, 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.

{ 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
i 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,
i protruding, porch helps control sunlight and creates shadows on the surfaces.
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Fig. 1. The graphic pattern of shading types on the facade of native buildings of Bushehr’s historical context
(Bushehr Cultural Heritage)
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Fig. 2. Bushehr air temperature in comparison with thermal comfort conditions

Fig. 3. Hourly average data of wet air temperature, dry air temperature and radiation received in Bushehr
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Fig. 4. Hourly average of wet air temperature and dry air temperature data of Bushehr
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Fig. 5. Shade and sunlight of Bushehr city

Fig. 6. Appropriate building shades in Bushehr
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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 c¢m 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 LWy * €2 0.02 0.1 0.06
(meters)

ablio g (srlio o o) ol g
Ol Nl (gl mals ail o855 s L
KWh/M? s LT bzl —iglopos s a5 e
el LAKWh/M2 L oty o1 isle 5 5L YY)
VY KWhIm2 L ol ol e (65,0 B ae
el VY KWhIm2 Ul &l e (55,531 9
ol gl ois e slaejlul 4y slil L
F2lS o Led (ool (eg slo ol )80 ()
3laib e siled )Ll plazslow s lgo glos
S0 36 5 Goiod Glpyedle (o 4 Sl
el oo 4t ls y lazsls 5> s, o Lyl

ST Glaidle )0 Guliznd sl yutin (503
Eo— Gldyaie Il S, e w3l il jo
IS an gk ojlasl o 5 Lo mdlas dajlasla,Lw
uLo.o-l_w 65))_:1)_700 u)j_,oa\_,wou)o@
F s i )bl os oilwans g cwyp (oled L]
sl as oy g0 Jlood als v as oil wanlb
ao b S g e VXY bl an (6,500 5 e VXY
ooy szl o> Loy g e Fxe A ol
S8 e OxY sll an SIL g e XY slsl 4 (6
= 5 Pl slod )0 g slailulw 950 o)l
slaslasla b o sbin JSs an Skl el
(SOg—E 6“’)—{; ‘_gL(b)"..\j‘n\iLw (=9 u—”‘ 6‘0)5)5
Lo oty (Sl e (e Suie ol
Stz (g sb assei L 3ollae) o+ 70 Gos any
Gl 5 o855 LS 5 Ho0 il J S

Y csh) g Lw b o dlb s S e aag L

oo ¥ jo Lps —inle,S o Lol jlime c jp—ive
e Jbwlele @ ps (tale e Jo g et 9 68 )5
oablas cpe =l sla Kol 5l 5l oolai_ul g,
Lo (A J5=8) 9dloo 5592 Sl (mlbe)S 05>
Loy o)l Jlasl Sl bl pleaslo gjlwans
Yl rﬁb)o Ol fgmozmo g Lz gla oo

ol saias s ol il ool () p ezl
@ livs) ;o g Cwl s o ol yo g leilw =)
Gl Egezme (B5b 5l iy (o 095 Jlaiie (1S
Ol 1y 092 e (eS8 ke sl ojlgs o
558 5 ol oy L s a8 ] JS)
38 Jlacie o yides 9 =) - VIELY Wh/mPsjlosl ass ol
5hasb oo -YVEOSY Wh/m? L il g olo olo,
o olsf Job o —ile,S Lo slolw &b
3 by (50,90 0 c—tuloyu Lo sl o il
5510 g b olasl Ay e o0 3] Loaole
S lols o sl o g0 oo ;0 -YVYAN,) Wh/m?
Q| 9 UL)T =40 GLQOLO L lA)—AAJ 0,99 4O ‘s_w..:Lc)f
Sl (g a6 ol o LS g a0 Lo ol
A4 (Y Jga>) oew, (e AYO,V2) Wh/m? g 5
adhis g 5 lens sl SKal) loslaiwl o)
ad o (K8)9,8 (gslailgln Lo SuSs a Lo
g lai L by il ol wls 5,k 5l Laales 08

C @
];.>
G
[y
[D
b
it
. .
G
[
b
[’.
\o
[




99

O g (S 3 et gl § (S gl

s

YAY—P15 Sl /¥ ool . 1Y 0,98 + 1F o] (ybimo g 0l

Ol g 535995 SMFsien

Fig. 8. Building cooling and heating load demand

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

April May June  July  August September Minimum and maximum Heat load Average heat
load
Coolingload  -10716.2 -25587.8 -29874.2 -34627.4 -376563 -30045.6  Minimum  -10716.2 -28084.5
Maximum  -37656.3
Heating load 0 0 S0 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
Coolingload ~ -21381.1  -6338.7 0o 0 0  -132996 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. 10. Shanashir on the north facade of the building

Fig. 11. Deep window on the north and south facades of
the building
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Fig. 12. Horizontal shutter shading of the north an
south facades of the building
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Fig. 13. Vertical shutter shading of the north and south
facades of the building

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

Fig. 16. Comparison of building cooling load during the year with different shades

Table 3. Shadow simulation results kWh

B lnpmadﬁtion ~ Cooling load Total building energy
" (KWh) (kWh) (kWh)
- Shenashir © 40966 160307 176024
: Vertical shutter shade 5802 15059 169671
- Deep windows 29980 164503 180937
: Horizontal shutter shade 31320 160583 176214
K Lattice shade 28448 T 159474 175411

s

O g (S 3 et gl § (S gl

Fig. 17. Total building energy throughout the year

Fig. 18. Different types of materials in the facade of of the selected building in Bushehr, from left to right: Facade with
limestone; Facade with granite; Facade with white cement; Brick facade
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Fig. 19. Comparison of heat transfer from the external wall in the building facade with different materials

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

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) (kwWh) (kwWh)
Window with a height of 2.2 meters 48124 o 163258 178396 G
Window with a height of 2.6 meters oS W Whad67300 179283
2 * 2 window 31320 160583 176214 ,
Lattice window 18023 C 155092 172318 -
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Fig. 26. Optimized building image

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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