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Abstract

Building shading devices can improve the thermal comfort in indoor environment, and also reduce cooling and heating energy
consumption in dry and hot climate. This study proposes the different kind of window’s fixed shading devices for energy consumption
under near-extreme summer and winter conditions by conducting residential building energy simulations in Shiraz climate. Which fixed
shading devices optimal configurations that give maximum energy consumption can be used in Shiraz climate. The study was based on
modeling-simulation experiments where Ecotect models resented the actual building energy with and without shading devices to
reducing heating and cooling load and peak consumption. The results obtained confirmed the accuracy of the model and the suitability
of (horizontal, eggcrate and geometrical) of shading devices in reducing the solar gains in summer with reduced blocking of solar
radiation in winter. In all cases it has been proven that excessive obstruction may yield an excessive reduction in a range of illuminances
between 500 and 2000 lux, increasing lighting energy consumption. At the end results showed that horizontal, geometrical and eggcrate

have the best function according to reduce energy and have enough day lighting in the zones in shiraz climate.

© 2021 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Architectural Design consists of three categories: environment,
climate and energy, that need respecting and integrating many
determinants like: (regional climate, architectural identity, saving
resources and energy conservation). While indigenous
architecture often combines many standards such as: (architectural
concepts, local identity and energy saving through cross
interaction between local architecture design and regional
environment constrains) [1]. In recent decades, the rate of
investment in residential buildings has grown rapidly due to
population growth in Iran [2]. Limited energy resources and the
significant growth of their use in Iran compared to the global
average, has doubled the need to optimize energy consumption in
this country. On the other hand, in recent years, the amount of
energy consumption per housing unit in Iran has increased [3].
Currently, energy consumption in the residential buildings
sector in Iran is 37%. Energy consumption per square meter in Iran
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is 2-3 times the world standard [4]. This indicates the need to
improve the energy performance of the building. At the same time,
the development of alternative energy sources in the construction
sector is essential. The legal obligation created by the Building
Energy Performance Directive emphasizes the efficient adoption
of renewable energy sources in the building sector [5].

Although there is currently no precise definition of "overheating
in homes," the results suggest that indoor temperatures violate the
upper limit of prevailing thermal comfort models in hot climates.
Excessive heat in homes can turn into stress, which affects health
and well-being. The health consequences of overheating in homes
could increase due to climate change by the 2050s [6]. Improving
the increase in heat through the building facade is usually
considered in the calculation of cooling and heating loads in the
field of air conditioning. In particular, increasing the solar heat
through the window is important for calculating the cooling load.
Therefore, increasing solar heat through the window should be
considered alongside controlling the shading device [7]. Fixed
external devices are usually used as a simple solution to meet this
need in the building facade [8].

Therefore, considering the importance of reducing energy
consumption in residential buildings in Iran, this study first
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Introducing a Types of Fixed External
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Fig. 1. lllustrating research aims.
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Fig. 2. Effect of fixed external shading devices on energy consumption.

examined and categorized the types of fixed shading devices and
then the effect of this type of external shadings on the openings of
a residential building in Shiraz climate analyzed by daylighting
and thermal. Due to the sun path diagram in Shiraz climate, only
the southern facade of the buildings needs to control the entry of
sunlight. For this reason, in this study, the analysis of fixed
external shading devices has been studied only on the southern
facade.

1.1. Research aims

This paper is focused on the effect of fixed external shading
devices on energy saving and daylighting (Fig. 1). At first, the
research reviews the different type of external shadings. Then it
presents the methodology of the simulation and modeling of the
building. At last, it shows energy consumption results.

2. Literature review

In hot and dry climates, the sun is one of the most important
sources of possible summer heat. Effective control of solar heat,
especially in air-conditioned spaces, has a major impact on
lighting and overall energy consumption of buildings [9]. Many
studies show the importance of using shading techniques to reduce
energy consumption for a sustainable design. The effects of
different shading devices have been studied separately to find
solutions to improve energy efficiency, thermal comfort, lighting
control and wind flow [10]. For this reason, the types of external

H Simulation model Residential Building |
Thermal Comfort

Required Outputs

‘ Daylighting Analysis ‘

-PI Thermal Comfort |—°

For body comfort, the most important factor which affects the
absence of discomfort in an enclosed space is the correct
combinations of air temperature, humidity, radiation from the
surrounding surfaces and movement of the air and its freshness
or stuffiness.

—

The high summer sun is partially blocked by horizontal
aluminum shading device on the south fagade.

—

Shading on the south facade prevents direct solar radiation from
high altitude sun from penetrating the building envelope during

critical times of the day.

fixed shading devices and research in this field have been studied
below.

Considering that Iran is not like other developed countries in
terms of structure and architecture and has weaknesses, so fixed
canopies have been selected for study and the results of the
research background show that foreign fixed shading devices are
more mobile and automatic than It is more economical and easier
to design, build and use in the design.

2.1. Sun shading devices

As part of the building, shading systems are designed to prevent
unwanted daylight due to indoor temperatures and unwanted
lighting and to reduce the additional operating costs of the building
system. In order to respond to the user, it strengthens the shading
system of the building and determines the design capabilities [11].
Figure 2 is a summary of the research background.

Shading devices are classified as interior shading devices and
exterior shading devices according to their installation location.
Interior shading devices include venetian blinds and roll screens
while exterior shading devices include louvers, light-shelfs and
awnings. In addition, shading devices can be classified as fixed
type, manual type and movable type according to their operating
methods [7]. The various shading devices are available in different
materials, sizes and shape and fixed at different positions in the
building such as windows, buildings as part of the design [12].

Shading devices movable awnings perform better in terms of
daylight control in different seasons because they move in
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Fig. 3. Classification of different types of fixed external shading devices.
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Fig. 4. Types of fixed external shading devices.

accordance with the direction of the sun. However, fixed shading
devices are more suitable for implementation, especially in Iran,
where there are economic problems and the employer accepts a
more economical plan, and in addition to ease of design and
implementation, it also costs less to implement (Fig. 3).

Fixed shading design is determined by the height of the sun and
azimuth when the shadow is needed. On the one hand, horizontal
shadows generally have the greatest effect on the south side, and
the length of the ridge is estimated by considering the altitude
angle of the sun. Azimuth, on the other hand, is an important factor
for vertical shading used on the east or west side where solar
height is low. In order to increase the protection speed while
shortening the protrusion length, it is effective to install vertical
fins at short distances. Eggcrate-shaped shadows combine
vertically and horizontally, regardless of orientation, taking into
account both solar and azimuth heights. However, one of the
disadvantages is that the function of natural light is lost due to
excessive protection [13]. Figure 4, shows the modeling of the
different types of external fixed shading devices that are placed
and analyzed on the south fagade’s windows of the residential
building.

2.2. Background of the research

A remarkable number of researches, fixed external shading
devices have been studied as tools to reduce energy consumption
in buildings. Table 1 has been categorized researches on fixed
shading devices based on the type of shadings, energy analysis
tools, considerations, and climate considered in the paper.
According to Table 1, only 3 articles have been done in the last
ten years that have the same approach as the present article, which
is in source number 21 for selected office and residential use, but
in the other two articles, office use has been selected. All three

articles have chosen different climates, in articles 10 and 21 the
climate has humidity and in article 34 it is hot and dry. But in the
present article, a warm and semi-arid climate has been selected. In
addition, source 21 uses only horizontal canopies, source 34 has
ideal canopies for different facades of the building, and source 10
has suspended, horizontal, vertical, and eggcrate shading devices
for the two facades of the building. Therefore, the present study is
quite innovative in terms of comparing different numbers of fixed
shading devices with the selected approach and climate.

According to Table 1, no research has been done which is about
the effect of different types of fixed sun shading devices on
reducing energy consumption and having optimal daylight in the
southern facade of the residential building in Shiraz. That's why
the present study is innovative.

According to Fig. 5, most of the research on fixed external
shading devices has been done with Ecotect Energy Analysis
software. Figure 6 also shows the importance of studying energy
efficiency in residential buildings. For this reason, in this study,
the residential building has been selected as a simulated model and
the Ecotect software has been selected for energy analysis of the
building.

3. Methodology

The aim of this study is to investigate the effect of different types
of external fixed shading devices on the amount of sunlight
entering the building and thermal analysis. For this reason, the
research method is simulation-modeling. In this way, at first, the
selected building is modeled in the Ecotect software and the
energy is analyzed in terms of daylight and heat. Shiraz climate is
given to Ecotect software as meteorological data and the modeling
scale is based on meters.
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Table 1. Background of the research.
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Ref Date Location/ Building type  Shading Energy Achievements and Results
Climate strategy Simulation Tools

[14] 2010 - - Louver TRNSYS Indoor comfortable thermal conditions, energy savings.

[15] 2011 Tropical Residential External IESVE Egg-crate shading has an impact on decreasing discomfort hours.

[16] 2011 Jordan Residential External TRNSYS About 27.59% of annual energy consumption can be saved.

[17] 2012 South Korea Residential External IESVE Promises the most efficient performance with various adjustments of
the slat angle.

. . . . Electrochromic glazing provides the best performance in reducing

9] 2013 United States Commercial Overhang Design Builder solar heat gains compared to other tested shading conditions.

[18] 2014 - Office Louver TRNSYS Cooling energy saving.

[19] 2014 Seoul, Korea Residential External DOE-2.1E The horizontal overhang and the vertical panel would lead to a
decrease of the cooling energy demand 19.7% and 17.3%.

[20] 2014 Florida - External ParaSol v6.6 Cooling energy saving.

[21] 2014 Ancona, Italy Office External Energy Plus The wooden solution could to be a good for Energy saving.

[22] 2014 UK Office Louvre - Improved daylight distribution and reduced lighting by 60%.

[23] 2014 Tianjin, China Industrial Vertical Energy Plus The electricity saving potential for the On/Off control and the
dimming control integrated with daylighting were 36.1% and 41.5%.

[24] 2014 Canada Residential External - The economic feasibility of VB depends largely on the fuel mix and
cost of fuels.

[25] 2014 Taipei, Taiwan - Overhang Ecotect Combined overhang device-single edge and layer (OD-SEL) system
had the highest capacity for blocking total solar radiation during peak
hours.

[26] 2016 Malaysia Residential Geometric Ecotect The daylight levels filter through the carvings that can correlate with
suitable task recommended by the guidelines.

[27] 2016 Seville Office External Ecotect Overhangs, and horizontal and vertical louvres have similar
behaviours.

[28] 2016 Belgrade Office External PHPP’2007 The paper demonstrates various feasible solutions of office building

software envelope construction that might help comply with the regulation.

[29] 2016 Los Angeles Office Horizontal Energy Plus Provides reference values to inform policies aimed at curbing light

& Vertical pollution.

[30] 2016 Mediterranean - External - The analysis revealed that “Brise soleil full facade” is the most
proper shading device when the PV system is mounted on it.

[31] 2016 Erbil city, Iraq School Horizontal, = IESVE By giving appropriate physical dimensions, various shading devices

Vertical & can achieve the average illuminance requirement.
Egg-crate

[32] 2016 Madrid Residential External Ecotect The multi-objective approach here proposed is an effective
procedure.

[33] 2016 Malaysia Office External IESVE Egg-crate shadings are able to produce the highest annual cooling
energy savings.

[34] 2016 Incheon Office External Ecotect The results showed a 35% reduction in cooling loads.

[35] 2017 Tropical Hospital External TRNSYS Average energy savings is 9.8% in tropical climate.

[36] 2017 Shanghai University Horizontal Ecotect Designed a foot shading device, and more convenient for students to

Library use.

[37] 2017 Moderate Residential External Ecotect Thermal comfort prevailing for 77.74% of the time annually.

[38] 2018 Hot & Dry Residential Horizontal Ecotect applicable minimum depth of an offset shall be 0.65m and the
maximum shall be 1.40 m.

[39] 2018 India - External &  Energy plus Minimum heat gain and adequate day lighting.

Internal

[40] 2018 Saudi Arabia Hotel External Design Builder Save the annual energy consumption of the building by 20.5%.

[41] 2019 - Office Geometric - Increase the openness factor while restricting glare.

[42] 2019 Hong Kong Residential Horizontal Energy Plus & An energy saving potential up to 8.0%.

& Vertical Design Builder

[43] 2019 Mediterranean - Egg-crate - Reducing the solar gains in summer with reduced blocking of solar
radiation in winter.

[45] 2019 Tehran, Iran Office Louvres, Design Builder It will be evaluated how much energy is saved and consequently the

Overhang effect of stored energy on CO 2 emission.
& Sidefins
[45] 2019 Lahore Commercial Horizontal COMEFEN Horizontal shade is the most for a southern orientation.
[46] 2020 Saudi Arabia Residential External &  Ecotect High energy performance and low consumption cost.
Internal
[47] 2020 Moroccan Residential Overhang Energy Plus Automated movable shading is the most effective solution.
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Fig. 5. The extent to which energy simulation tools are used in the research background section.
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Fig. 6. The extent to which buildings are used in the research background section.
Table 2. Comparison of building energy analysis tools.
Energy Modeling Features Required Outputs
?:)lzllsysns Program Thermal analysis Lighting Water use  Ventilation Environmental
Cooling Heating analysis Performance

Green Revit Autodesk Green Building Studio
Building (GBS) optimized the energy v v v - - -
Studio efficiency and carbon footprint of

building designs
Energy Plus - EnergyPlus is a console-based v v v v v \

program that reads input and

writes output to text files
DesignBuilder - It provides access to all of the v v v v v \

most commonly reguired

simulation
Open studio Sketchup The Open Studio plugin is one of v v v - v \

the auxiliary tools for analyzing

climate data by energy plus
Lady bug & Rhino Honey bee and Ladybug plugins
honey bee are used to analyze energy y y y y y J
grasshopper received from the environment

and to analyze thermal comfort

and environmental physical

factors in the Grasshopper
Ecotect Revit Ecotect Software has been used to

calculate building's energy y y y y y J

consumption by simulating its
context within the environment

Ecotect, a whole building energy simulation tool and widely
accepted by the building energy simulation community, was used
to perform energy and daylighting simulations. The tool has
capabilities to model and perform simulations for different types
of buildings.

3.1. Energy simulation tools

Energy performance simulation programs are a powerful tool for
studying energy performance, thermal comfort, daylight control

and natural ventilation in a building life cycle [48]. They are an
important support for designers to reduce the cost of buildings
[49]. Today, numerous such tools are available and they differ in
many ways; in their thermodynamic models, their graphical user
interfaces, their purpose of use, their life-cycle applicability, and
their ability to exchange data with other software applications
[48]. Each software has specific features and applications [49]. In
order to better understand specific features of each one, Table 2
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presents a summary table of the features of each of the software

tools.

3.1.1. Simulation model and settings

Building modeling and simulations performed by Ecotect
Analysis 2011 so as to reduce cooling and heating masses in

A. Heidari et al. / Journal of Daylighting 8 (2021) 165-180

residential building. Figures 7 and 8 show the southern fagade,

selected unit for analysis and therefore the direction of the sun path
diagram on the building supported the climate of urban center.
In the present study, simulation and modeling are performed

(@)

©

7 | Graphic Scale: e m—_
R 0123 6m

only on one floor and the effect of upper and lower floors on
thermal comfort has not been investigated. Spaces are also

Graphic Scale: s
012 3 5m

Typical Floor Plan

[ kitchen
[ Bath Room

M Bcd Room

[ Living Room
l wc

Fig. 7. (a) Typical Floor plan of Residential Building. (b) Simplified typical floor plan of a flat with three bedrooms. Black bold dash line shows the southward-facing
fagades of this flat where shading panels will be added. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of

this article). (¢) Model: southeast isometric view.

South Elevation
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—

Fig. 8. Red line shows the southward-facing facades of this flat where shading panels will be added.
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Building physical parameters

{ ! ! 1 1 1 1
Building Climate Building Floor Building Analyzed Building
Type Orientation | Height(m) Material Categories Material
Residential H Iran, Shiraz ” North-South H 3.40 | Residential

Lighting Access Simulation

Building type Solar Radiation Type »| Length (cm) »I Separation(cm)

Single Glazed Conc-Slab
Timber Frame Thermal Simulation and Analysis
Solar Radiation
Fig. 9. Building physical parameters for the models used in the simulations.
Table 3. Building zone management factor.
R Internal Gains Infiltration Rate Comfort Band
2 Q) < 2 E
a 5} > & 3 < g 5 5 P _
= .- z 8 <) = = == 2 - & z e ©)
= s & Z [ 50 = 54 en 3 =2 s s g =3 = =
2 s 3 S s < = 2 £ 0 z 2 £ 5 £E 5 b
g 3 2 ° 2 g & = 5 = o= 2B g =
N (@) [=} ° = ;_‘ 50 % — = 5 2 I
Living Resting 45w 4 1.00 60.0 0.50 300 5 2 0.10 1.50 (Air 18.0 26.0
room (w/m?) change/hr)
Kitchen Cooking 95W 1
Bedroom Sleeping 40W 1
Table 4. Thermal comfort indicator.
Heat gains Air infiltration HVAC system 24HR AVG. Heat Gains Thermal results
Sensible Latent  Air Changes Wind Comfort Comfort Internal Direct Inter- Response Admittance U-Value
Sensit Top Bot Solar Zonal
SW 2W 0.5000 0.250 26.0 °C 18.0 °C 523 W 163 W 10096 3.500 791.212 200.205
W W/m2.K W/m2.K
Sun path © Gaisma.com Events
B Today A Today
B June solstice A December solstice
[l December solstice A March equinox
Annual variation A June solstice
Equinox (March and September) A September equinox
q P P q
Sunrise/sunset A Perhelion
Il suarise A Aphelion
B sunset Earth's orbit
Time [l This year
B o002 B Min, years 1600-2600
e Max, years 1600-2600
03-05 s
0;:08 Variation, years 16002600
Wos-11 Seasons
W24 Winter
B 1517 Spring
B 1820 B summer
W22 Fall
178.173.197.213, 2021-04-30T19:17

Fig. 10. (a) Shiraz, Iran - Sun path diagram (b) Shiraz, Iran - Seasons graph and Earth's orbit [50].

specified only to determine the amount of light received by the
different uses of each unit.

Figure 9 examines the physical parameters of a residential
building that has been simplified and consists of two units on the
south side of the building to simulate and analyze energy. The
naming of the units is shown in Fig. 4.

Table 3 identifies the activities that take place in the modeled
zones, because the activities themselves generate heat in space and
have the effects on the energy analyzes. In addition, it shows other

influential factors such as the level of light and the humidity in the
analysis.

Table 4, shows the thermal comfort indicator.

Figure 10 shows the sun path diagram in the Shiraz climate,
according to which the areas where the building is exposed to
sunlight or in the shade can be examined. In addition, it shows the
correct orientation of the building in order to make the most of
sunlight and have natural light in the interior of the building.
According to Fig. 8, the north-south orientation in the Shiraz
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climate is optimal, and the building selected for modeling is
oriented and built in the same direction.

3.2. Weather data

Different types of Fixed External Shading Devices of the
Residential Building are estimated according to Shiraz climatic
conditions. Geographic coordinates of Shiraz, Fars, Iran is located
at latitude +29.63 (29°37'48"N) longitude +52.57 (52°34'12"E), in
the northern hemisphere [50].

The month with the longest days is June (Average daylight: 14h)
and the warmest month (with the highest average high
temperature) is July (37.8°C) (Fig. 11) [50].

4. Results

Based on the methodologies delineate in section two, the results
of the study square measure bestowed and mentioned below. Since
the energy waste within the residential sector ought to be faded in
a way or alternative, the first objective of the study is to prove that
as well as several simulation processes within the predesign
section can facilitate in reducing the facility waste within the

Daylight hours / Sunshine hours - Shiraz, Iran
Il Daylight hours [l Sunshine hours

o =2 N W H O ON ©®©

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

residential sector. during this section, Thermal comfort and Day
lighting of the building are analysis.

4.1. Thermal comfort

Figure 12 shows the thermal comfort of the zones. The colors are
changing from yellow to blue. Due to the thermal comfort in
Shiraz climate, which is between 22 and 27 (c), if the colors are
closer to a light orange, it shows a temperature of 28 degrees, and
the zones have better thermal comfort. For this reason, according
to the analysis, the vertical shading has a better performance in the
southern and west facade of the building than other shading
devices.

The changes are marked in Fig. 12 with a red box to compare
images.

4.2. Daylighting analysis

In this paper, calculates daylight factors using the sky, external and
internally reflected components along with the design sky
illuminance (9500 Lux) and chooses CIE overcast sky condition
as sky illuminance distribution model. Figure 13, shows daylight
factor for different type of fixed shading devices. First, various

Temperature - Shiraz, Iran
—o— Low Temp. (°C) —e— High Temp. (°C)
40.0

225 - 1919°C 20.5°C

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 11. (a) Average daylight / Average sunshine Shiraz, Iran (b) Average temperature Shiraz, Iran [50].

Thermal Comfort Type Shading

Contour Range  Average Value In Steps Of Device

0.0- 40.0 °C 21.06 °C 4.0°C Without Shading
Device

Thermal Comfort
Mean Radiant Temp O S O P s
0-400°C H H

Thermal Comfort Type Shading
Contour Average Value In Steps Of Device

Range

0.0- 40.0 °C 21.03 °C 4.0°C Overhang

Thermal Comfort
Mean Radiant Temp O S S PSR os
10400
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Fig. 12. Building thermal comfort analysis.

types of fixed shading devices are placed on the south facade
window in one of the floors of the residential building and
modeled in the modeling software. Second, in Ecotect software
with Shiraz climate data in terms of the amount of natural sunlight
entering the building through the openings has been evaluated.

As shown in the analysis, the color change from yellow to blue
is indicative value range from 0.0% to 20.0 % in 777 visible nodes.
Visible nodes include all thermal zones, but in the present study,
only zones that have openings and natural sunlight were examined
in terms of the amount of sunlight entering, including living and
kitchen zones in unit one and bedroom, living room and kitchen
are in unit two. For this reason, other zones that were not examined
in the analysis are shown in blue or the same value range of zero
percent.

According to Fig. 13, the analyzes that change the color of the
nodes in the plan to yellow from the beginning have the maximum

0.0-40.0 °C 21.02°C 4.0°C Overhang& Side
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amount of sunlight entering the building. The yellow color then
changes to orange, purple, and blue, indicating a reduction in
sunlight entering the building. As shown in the analysis, awnings
with purple nodes to the end of the heating zone have a depth of
natural sunlight penetration. For this reason, it is desirable to
provide natural light to the interior of a residential building by this
type of fixed shading devices, which are initially yellow and
purple to the end. The results of Table 5 show that the geometric,
vertical and eggcrate shading devices have the best performance
in terms of the penetration of natural sunlight into the residential
building in Shiraz climate.

Figure 14, show gain breakdown information for zones which
have windows on the south fagade. The internal factor, shown in
bold blue, depends more on the number of people using the
thermal zone, which means that because the number of people in
the zones with different fixed shading devices is the same, there is
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Fig. 13. Building daylighting analysis.
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%

little data difference between analysis of the zones. The

insulation of the walls or the thermal coefficient of the materials,
conduction marked in red also changes mostly based on the

which again in this article all materials are considered the same.
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Fig. 14. Gain breakdown information for all visible zones in 1% January - 31* December.

Table 5. Gain breakdown information for all visible zones in 1* January - 31* December.

‘Without Shading Device 48.8 14.4 19.4 35.4 45.6 15.8
Overhang 48.9 14.9 16.0 8.0 47.5 15.7
Side Fins 48.3 14.9 16.7 8.0 47.3 15.9
Overhang& Side Fin 48.6 15.1 15.9 35.6 47.7 15.8
Vertical 48.8 15.3 14.8 35.5 48.2 15.7
Horizontal 47.1 15.8 12.8 8.4 49.6 16.4
Eggcrate 47.0 15.5 12.4 36.6 50.4 16.4
Geometrical 47.1 15.9 11.6 8.5 50.6 16.3
60
>0 ?—(
40
30
20
—_——— —
10
0
Without Overhang  Side Fins  Overhang&  Vertical =~ Horizontal = Eggcrate Geometrical
Shading Side Fin
Device
s Conduction s=====Sol-Air Direct Solar Ventilation ess=Internal e==Inter-Zonal

Fig. 15. Comparison of gain breakdown data collection.

Other factors, like the ones described, have different data only
by changing the amount of sunlight entering the fixed shading
devices. Therefore, according to the given explanations, the best
factor that can be effective in choosing the best external fixed
shading devices for the windows of the southern facade of the

building in Shiraz climate, is direct solar. The climate of Shiraz
has hot summers and the shading devices on the windows can
prevent the passage of too much sunlight, and as a result, the
temperature of the interior space is reduced and the amount of
energy consumption from the cooling systems is reduced. As a
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Fig. 16. Direct solar gain - Qg - all visible zones — Shiraz, Iran.

result, Fig. 14 and Table 5 shows that the geometric shading device
has the best performance in reducing the penetration of daylight
into the building.

Figure 15 show the comparison of gain breakdown data
collection in different type of fixed shading devices. Some of the
factors like conduction, inter-zonal and sol-air do not show any
difference by changing shading devices, but ventilation, direct
solar and internal that are related to the temperature of the zones,
show different data. Due to the fact that the temperature of the
thermal zone increases with excessive sunlight and decreases with
decreasing light input, therefore only these factors have different
data.

The results of Fig. 15, show that eggcrate, vertical and overhang
with side fin have the best performance in ventilation. Fixed
shading devices that reduce the direct entry of sunlight into the

Overhang (Watts)

I )

Verﬁcal

g

ul Ay

Eggcrate

an A fuy

Geometrical

Sheaz GH Wt

space and therefore are suitable for the warm seasons in the
climate of Shiraz include horizontal, eggcrate and geometrical.
And shading devices that need maximum sunlight in the cold
seasons to increase the temperature of the zones, include
overhang, side fins and overhang with side fin. Due to the fact that
the climate of Shiraz is hot and dry, as a result, hot seasons are
more important than cold seasons in the year. For this reason, the
shading devices that have the best performance in hot seasons are
identified as suitable ones for the climate of Shiraz.

Figure 16 shows direct solar gain on windows of the thermal
zones that have been chosen for analysis. Direct solar gain can be
from 3400 watts to -3400 watts. In this table only windows have
been chosen for analysis, so other parts of the facade are 0 watts
and show with red color. It is possible to receive sunlight through
the windows, and as shown in the table, according to the direction
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Fig. 17. Comparison of fixed shading devices in terms of Direct solar gain — Qg — all visible zones — Shiraz, Iran.
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facade of the building than other shading devices.

The horizontal shading has a better performance in the southern

Eggcrate and geometrical have the best
performance in hot seasons

| Conclusion |

.t

in the zones in shiraz climate.

Horizontal, geometrical and eggcrate have the best function according to reduce energy and have enough day lighting

Fig. 18. Research aims and conclusion.

of the sun in the climate of Shiraz, the months of December, and
the January marked in yellow, the maximum amount of sunlight
that is 3400 watts. And transfer to the interior of the building.

and as a result, increase zone comfort.
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As shown in Fig. 17 with the red circle of numbers in watts,
eggcrate, geometric and vertical shading devices have the best
control over the amount of sunlight entering during the warm
seasons.

5. Discussion

Energy consumption in the residential sector of Iran is 37%, which
is more than twice the global standard. Therefore, architects in
their design are looking for solutions to reduce energy
consumption in the residential sector. One of the common and low
cost ways to achieve the goal of reducing energy consumption is
to use shading devices in the facade of the building. The facade of
the building serves as a shell and the boundary between inside and
outside the building. For this reason, the presence of canopies on
the transparent surfaces of the building in hot and semi-arid
climates can control the amount of sunlight entering. Therefore,
this process reduces the temperature inside the building and thus
reduces the consumption of cooling energy. In the present study,
Iran and the city of Shiraz, which has a warm and semi-arid
climate, have been selected as the source of energy and the path of
the sun.

Due to the economic problems of Iran, it is necessary to use a
cheap, efficient and easy to design and implement system.
Therefore, in the present study, a fixed external shading devices
has been selected to control sunlight. Considering the types of
fixed canopies and their classification in the section of theoretical
foundations and simulation and analysis in buildings with
residential use of Shiraz climate, it can be concluded that in terms
of Thermal Comfort Vertical shading devices have a good
performance for west and south facades and then Horizontal and
Geometrical shading devices have good performance. Horizontal
and Overhang shading devices are also suitable for the southern
front in the analysis of sunlight entry control. However, Vertical,
Geometric and Eggcrate shading devices, in addition to
controlling the entry of sunlight, also have the ability to provide
lighting inside the building.

6. Conclusion

This study introduces fixed shading devices that can be utilized in
both energy saving and visual comfort as required by the user.
Putting into consideration the simulation results of many varieties
would lead to conclude the following: overhangs, horizontal,
vertical louvers have a similar behavior and side fins have no
relevance to indoor daylight conditions. In all cases it has been
proven that excessive obstruction may yield an excessive
reduction in a range of illuminances between 500 and 2000 lux,
increasing lighting energy consumption. At the end results showed
that horizontal, geometrical and eggcrate have the best function
according to reduce energy and have enough day lighting in the
zones in shiraz climate.

The following are the characteristics and strengths and
weaknesses of each fixed external canopy as a summary (Fig. 18):
e Overhang: In the Thermal Comfort section, it has a good

performance on the southern front, but as it moves towards
the western front, its performance becomes unsatisfactory.
From the point of view of Lighting Analysis, it has a good
performance, but it does not provide space lighting. It also has
poor performance in the direct solar gain section.

e Side Fins: In the Thermal Comfort section, it has an
unfavorable performance for hot and semi-arid climates and
it is better not to use it. In terms of Daylighting Analysis and
Direct solar gain, it has poorer performance than Overhang.

e Overhang& Side Fin: In the Thermal Comfort section, due to
the combination of the two types of canopies, its performance
on the southern front has improved but it is still weak, but as
it moves towards the western front, its performance becomes
unsuitable. In terms of Daylighting Analysis, it performs well
but does not provide space lighting. in part has poor
performance in the direct solar gain section.

e Eggcrate: In the Thermal Comfort section on the southern
front, it does not perform well and it is better not to use it. It
performs well in terms of Daylighting Analysis but is less
than Vertical and Geometric. It also maintains the brightness
of the space. It also has a very good performance in Direct
solar gain and Ventilation.

e Vertical: In the Thermal Comfort section, it has a good
performance on the south and southwest fronts, and it is better
to use this type of canopy in hot and semi-arid climates. In
terms of Daylighting Analysis, it performs well. It also
maintains the brightness of the space. It also has a very good
performance in Direct solar gain and Ventilation.

e Horizontal: In the Thermal Comfort section, it does not
perform well on the southern front, but as it moves towards
the western front, it performs better. Exactly the opposite of
Overhang. In terms of Daylighting Analysis, it performs well
but does not provide space lighting. In the direct solar gain
section, it is not used as much as other canopies.

e Geometrical: In the Thermal Comfort section on the south
front, it performs poorly, but as it moves southwest, it
performs well. In terms of Daylighting Analysis, it performs
well. It also maintains the brightness of the space. It also has
a very good performance in Direct solar gain and Ventilation.

Researchers and designers in their future research can use fixed

canopies that fit the shape, to be installed on the facade, facade,
climate and path of the sun, to reduce the entry of sunlight in hot
and dry climates and improve the thermal comfort Benefit of the
building. Although movable and widely used awnings have
become common today and are used more in facade design, but
fixed awnings also have advantages that can still be used in design.
For example, in countries that have economic problems or do not
have advanced structures and facilities for construction, it is better
to use fixed canopies in the facade, because it is cost-effective due
to its simplicity and ease of design and use and the speed of
construction and implementation of fixed canopies is much higher
and does not require special facilities.
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