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ABSTRACT

Solar control devices have a significant effect on providing indoor thermal comfort by minimizing annual en-
ergy costs in hot-dry climates. Within the scope of the study, the settlement pattern Silbe 1st Stage Mass Hous-
ing settlement located in the city of Diyarbakir, which is located in the hot dry climate zone, was discussed.
Horizontal-vertical solar control devices were placed on the transparent surfaces in ecast-west and northeast-
southwest directions, which give optimum results due to the shadow effect, by means of the DesignBuilder
Simulation Programme, and the effect of annual heating and cooling energy load expenses was examined.This
study aimed to examine the effect of solar control devices on energy saving in hot dry climate regions.As a result
of the study, solar control devices placed in both east and west directions provided a significant decrease in an-
nual energy costs. In addition, the types of solar control devices (horizontal or vertical) used had an impact on
annual energy costs.As a result of the analysis, it was determined that horizontal solar control devices should
be preferred in hot-dry climate regions. This study will be a guide for the studies carried out within the scope of
energy efficient structure design of solar control devices.

Keywords: design builder energy simulation programme, solar control devices, mass housing, heatingload, coo-

ling load.

INTRODUCTION

The developments in the use of materials with
industrialization have increased the window/wall
areas in buildings [Kim, et all., 2005]. This in-
crease in transparent surface ratios in building de-
sign has brought the window design to the agenda
at the stage of questioning thermal comfort.For
this reason, controlling the heat loss or gains
caused by the window surfaces has been an im-
portant design input in providing thermal comfort
[Jung et all., 2020; Jung et all. 2021]. In order to
minimize the annual energy costs, it is possible
to control the direct or indirect sunlight coming
into the building from the window surfaces with
suitable shading elements.The main purpose of
the shading elements is to prevent the entry of so-
lar radiation from the transparent facades of the
building under summer conditions and to stop the
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unwanted energy flow within the building [Kog et
all., 2021]. In this way, overheating of the space
is prevented by providing thermal comfort inside
the building.Failure to use shading elements in
the appropriate form and orientation according to
the climatic regions causes an increase in heat-
ing and cooling loads by increasing or decreasing
the solar radiation entering the inner surface of
the building, indoor air temperatures [Grynning,
2013]. For this reason, the type, form and mate-
rial properties of the solar control elements used
differ according to the climatic regions.The size
and location of the solar control elements have
a significant effect on the heating-cooling loads
[Valladares et all., 2017]. In addition, the orienta-
tion of the solar control elements causes variation
in annual energy costs. It is stated that the south
fagade, which is exposed to direct sunlight for the
longest time, provides energy savings of up to
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33% if horizontal solar shading control devices
are used [ Yassine, 2013]. Diyarbakir is a city with
a continental climate with a high annual average
temperature. When the annual meteorological
data are examined, the average temperature and
sunshine duration in the summer season are lon-
ger than the whole of Turkey, and the hot period
lasts longer than the cold period. In this context,
cooling energy costs have a very important place
for the city of Diyarbakir, which is located in a
hot-dry climate zone, especially in summer, due
to the use of artificial cooling elements. In this
context, passive systems are used to control an-
nual energy costs at the design scale. It is neces-
sary to implement the design practices that will
minimize the cooling load and energy costs in all
processes from the building design stage to after
use. Within this framework, in Diyarbakir where
the annual sunshine duration is quite high, hori-
zontal or vertical solar control elements are used
on the facades in order to save cooling energy.
Parameters such as orientation, positioning on the
facade surfaces, types (horizontal or vertical) of
these systems used differ according to the climat-
ic regions. Within the scope of the study, the types
of solar control elements and their positioning ac-
cording to the facades were investigated for hot-
dry climate regions.In this respect, analyses were
made for the city of Diyarbakir, which is located
in a hot dry climate zone, by placing different so-
lar control elements on different transparent sur-
face directions, using the Design Builder Energy
Simulation program. As a result of the study, it
has been proven that significant savings in energy
losses can be achieved when the appropriate ther-
mophysical and building envelope is selected, es-
pecially in hot-dry climate regions, while design-
ing energy efficient buildings. Another unique
value of the study is that even after the building
design and construction process is completed, it is
possible to prevent energy losses if climatic solu-
tions suitable for facade and transparent surface
designs are brought. This study shows that it is
possible to design an energy efficient structure by
interfering with the thermophysical properties of
the building after the construction of the build-
ing, which is carried out without considering the
building design criteria, especially in the hot dry
climate region.

Solar control devices reduce heat gains
caused by solar radiation and allow the use of
daylight and natural ventilation [Priatman et all.,
2015]. In order for solar control elements to give

an effective result in energy saving, they must
have an orientation suitable for climatic condi-
tions inside or outside the building. Solar control
elements should be positioned appropriately in
order to reduce the heat increase caused by solar
radiation [Li, 2017]. Before deciding on the solar
control element system to be applied to the build-
ing, design ideas such as climatic, topographic,
building type and intended use of the place where
the building design will take place should be care-
fully evaluated. Solar control devices are divided
into two basic classes i.e. fixed and movable [Bel-
lia et all., 2014]. Solar control elements, which
differ on the energy performance of the building,
are grouped into indoor and outdoor systems.
External shading systems reduce annual energy
costs by preventing the penetration of solar radia-
tion into the building and provide more effective
results than internal shading devices [Jung et all.,
2021]. Solar control elements, which can be in-
tegrated into the exterior surfaces of the building
either as movable or fixed, differ according to the
sun direction, climate type, material used, and
solar azimuth angle. Fixed solar control elements
applied to the outer surface of the building pro-
vide energy savings by controlling the solar ra-
diation [Kirimta et all.,2017]. Fixed solar control
elements can be used horizontally, vertically or
mixed, depending on the incidence angles of solar
radiations.Movable solar control devices, which
can be adjusted according to the sun’s arrival an-
gles, are effective in reducing annual indoor heat
gains [Alhuwayil et all., 2019]. Movable shading
devices have a significant effect on annual heat-
ing-cooling loads.It is an effective element that
allows the building to use energy effectively by
preventing sunlight in the summer season when
the hot period lasts for a long time, while allow-
ing solar radiation in the winter season [Kim et
all., 2017].

The horizontal or vertical shape of the solar
control elements differ according to the direction
of the sun, the solar diagram, the climatic data
and the hemisphere where it is located (Fig. 1). In
addition, after analyzing the average temperature
values correctly in line with the energy efficient
design principles, it should be decided whether
the solar control element is vertical or horizon-
tal. In the northern hemisphere, horizontal solar
control elements are used in order to break the
continuous incoming solar radiation in the south
direction, and vertical solar control devices are
used in the east-west orientations. [Utpariya &
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Figure 1. Horizontal shading devices (a) heating season, b) cooling season [Lechner, 2014]

Mishra, 2018]. Horizontal solar control elements
are designed as horizontal protrusions on the sur-
face of the windows. However, before deciding
on this design, the window width, height, geo-
metric form, Sun diagram and the rising of the
Sun at noon should be considered and decided
accordingly.

Due to the movement of the solar radiation’s
in the morning and afternoon, the height it has is
lesser, the closer the Sun is to the east and west in
terms of location. Therefore, the solar radiation
comes at an angle in the east and west orientation.
It is suitable for solar-controlled use, facing the
sunlight horizontally in the east-west direction
[Gorgiin, 2019].

STUDY AREA

Location and climatic features of
the province of Diyarbakir

The city of Diyarbakir is located in the Sout-
heastern Anatolia region of Turkey (Fig. 2). The
city of Diyarbakir is a place with harsh summer
conditions throughout Turkey in terms of climatic
characteristics.

Turkey is located in the northern hemisphere
mid-latitude. Since the Sun’s rays vary greatly
throughout the year, four different seasons are
experienced together in this atitude. Especially
the southern part of the mid-latitude, close to the

Figure 2. Location of Diyarbakir [Map Gallery, 2021]
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Table 1. Regions of Turkey by sunshine hours [http://
gunesenerjisi.uzerine.com/index.jsp]

Sunshine duration

Region (hour/year)
The Southeastern Anatolia Region 2.993
The Mediterranean Region 2.956
The Eastern Anatolia Region 2.644
The Central Anatolia Region 2.628
The Aegean Region 2.738
The Marmara Region 2.409
The Black Sea Region 1.917

equator, is exposed to more solar radiation than
the northern regions. Sunshine hours and solar
energy potentials differ for Turkey, which has 7
different geographical regions.According to Tur-
key’s Solar Energy Potential Atlas (SEPA), it has
been determined that the total annual sunshine
duration is 2,737 hours (7.5 hours per day), and
1,527 kWh/m? from the annual total incoming so-
lar energy that was shown in Figure 3.
Considering the sunshine duration on a re-
gional scale, Southeastern Anatolia region is the
region with the highest sunshine hours. In this

KWh/m2-Year

I 1400 - 1450
] 1450 - 1500
[ 1500 - 1550
[] 1550 - 1600
[] 1600 - 1650
1650 - 1700
] 1700 - 1750
I 1750 - 1800

I 1800 - 2000

context, when all regions in Turkey are exami-
ned, the physical elements to be used to provide
solar control have an important place, especially
in energy efficient building design.

The Diyarbakir province, where the study
area 1s located, is located in the Mediterranean
climate region, which is considered as a dry-hot
subtropical climate region according to the Kop-
pen climate classification. Considering the annual
average temperature, the summer seasons are qui-
te harsh, and July is known as the month when the
heat is felt most intensely. Total solar radiation for
the city of Diyarbakir reaches up to 1550-1650
KWh/m? annually. If the global radiation values
of Diyarbakir city are examined according to the
months, the maximum level of global radiation
was observed in June. From April to September,
the global radiation level does not fall below 5
KWh/m?. In addition, the lowest global radiation
value was reached in December (Figure 4).

In the province of Diyarbakir, located in the
Southeastern Anatolia region, attacks against the
storms coming from the south continue in the
summer season. This situation has led to drought
and causes an increase in air temperature in the
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Figure 4. The map of solar radiation according to the Diyarbakir province and global
radiation value by month (kWh/m?) [The general minister of meteorology, 2021]
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summer season. When the meteorological data
are examined, the highest average temperature
between 1929 and 2020 was reached in July.
The lowest average temperature is in January.
When the temperature averages are examined,
the number of frost events and rainy days is qui-
te low in this city, and the hot period lasts longer
than the cold period shown in Figure 5. When
all these meteorological data are evaluated, Di-
yarbakir is a city with a harsh dry climate and a
long sunshine duration. In the building design
process, it is necessary to transmit the unwanted
solar radiation to the outside of the building in
order to take the solar radiation into the building
in a controlled manner and to provide indoor
comfort when necessary.

Settlement status of Silbe mass
housing buildings

The urbanization process of Diyarbakir pro-
vince has occured in the Suri¢i region until 1940.
The fact that the residence period did not expire in
1950 does not mean that urbanization disappears
during the day. After 1990, the security problems
experienced in this region led to an increase in
migration from rural areas to the city center.The
rate of increase in the urban population of Diyarba-
kir has reached 2-3 times due to the migration den-
sity [Ozy1lmaz et al., 2008]. In particular, migrati-
ons have increased urban infrastructure problems
and led to the housing stock deficit [Giineli, 1998].

imate Pe

In order to increase the housing stock and prevent
squatting, the Housing Development Administrati-
on started its housing production activities in 1993.
The Mass Housing Administration (TOKI) built
the first mass housing settlement texture in the city
of Diyarbakir in the 1st stage of Silbe. Production
and construction of 2050 houses was completed in
1997 shown in Figure 6. Silbe mass housing units
are the first mass housing settlement unit produced
in Diyarbakir. In addition, it has the highest number
and orientation alternatives among the mass hou-
sing settlement patterns produced in Diyarbakir
from past to present. Especially for Turkey, TOKI
has an important place in the housing production
sector. The energy losses and gains in the many re-
sidential complexes it produces have a significant
volume in the design of energy efficient buildings
in the Turkish housing sector. In this context, wit-
hin the scope of the study, a 100 m’*plan dwelling
typology that was shown in Figure 7 was chosen
in the first produced Silbe 1st stage mass housing
settlement unit, which offers different settlement
alternatives in Diyarbakir. Since the 80 m?* housing
typologies do not offer different orientation opti-
ons, they are excluded from the scope of the study.

Software selection

Design Builder is an integrated GUI simula-
tion software for dynamic applications [Zhang,
2014]. Compared to other software, it has a good
user interface and no extra software is needed
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Figure 5. Diyarbakir province solar radiation map and global radiation
value by month [The general minister of meteorology, 2021]
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Figure 6. Location of the Silbe mass housing settlement
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Figure 7. Plan of 100 m*houses

for modeling [Esabegloo, et all., 2016]. Design
Builder has the most comprehensive user-friendly
interface of the Energy Plus dynamic thermal sim-
ulation engine [Zhai, 2006; Pawar, et all., 2018].
The Design Builder simulation program allows
both the creation of building geometry and the im-
port of CAD-based DXF documents. In this way,
it is possible to perform both building modeling
and simulation together. The Design Builder pro-
gram performs CFD, daylight, cost and carbon

simulations calculations. The DesignBuilder pro-
gram used within the scope of the study was pre-
ferred because of its user-friendly interface and
the fact that the data it obtained reflects the truth
[Moussa, et all., 2020]. Designbuilder, which has
a wide library with alternatives that offer different
building envelopes and thermophysical properties,
can perform simulations on transparent surfaces
with solar control element alternatives and build-
ing skin changes in a short time.DesignBuilder
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simulates realistically, taking into account the cli-
matic data of each region.It references ASHRAE
(American Society of Heating, Cooling and Air
Conditioning Engineers) standards and Energy
Plus’ hourly meteorological file access to cur-
rent climatic data is free of charge [Zhang, 2014].
Within the framework of all these positive fea-
tures, the DesignBuilder simulation program was
preferred within the scope of the study.

The simulation process

In this part of the study, the effect of solar con-
trol elements applied on transparent surfaces on
heating-cooling loads was examined through the
DesignBuilder energy simulation program. Plans
of 100 m? were previously prepared in Autocad
and transferred to the Design Builder simulation
program in DXF format.The 2D floor plan was
modeled in 3D with the help of the Designbuilder
simulation program. Energy losses and gains due
to different orientation alternatives were calcu-
lated. As a result of the analyses, east-west and
northeast-southwest directions, which had previ-
ously provided energy gain due to shadow effect
in the literature, were taken as reference [Akalp,
2008]. With the help of the Design Builder pro-
gram, horizontal and vertical solar control ele-
ments were placed in the selected east-west and
northeast-southwest directions, and the effect on
the annual heating-cooling load expenses was
examined. As a result of the analyses carried out,

energy losses-gains were determined by compar-
ing the heating-cooling load values of the block
type with shadowless effect. The types of solar
control elements included in the DesignBuilder
program and used in shade analysis are shown in
Figure 8.

The type (horizontal or vertical) of the solar
control elements, the material, the angle values
that can be made with the window can be changed
optionally by the program user.

In the first stage, different horizontal-vertical
elements and small shadows from the view were
used on the east-west low facade. Then, cooling-
heating energy loads were calculated by using
shading elements of different lengths (0.5 meters
and 1 meters) in both west and east directions.
The same steps were performed for the northeast-
southwest direction.In the first stage, horizontal-
vertical shading elements of different lengths
were placed in the northeast-southwest direction
only in the northeast direction, and then in both
directions, the annual total heating-cooling en-
ergy loads were compared.The study process are
shown in Figure 9.

RESULTS AND DISCUSSION

The above items on the heating loads of the
horizontal and vertical transition elements. In the
first stage, horizontal shading elements of 0.5 me-
ters and 1 m widths of different sizes were used.

Edit local shading device - Overhang + sidefins (1m projection)

Local shading Data

§ General | Louvres | Sidefins | Overhangs | Cost
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Name Overhang + sidefins (1m projection)
[ Category <General>
&Blade material Steel
Blade thickness (m) 0.0020

o ko | o |
| General Data A
‘ Enter the name and category for this local shading data

set

| indMdually (e.0. just overhangs) or in combination (e.q.
| side fins combined wih fouvres).

Overhang

Sidefins ’

; Local Shading component data can be selectedfrom the
| Openings tab in Model Data andis applied to all windows +

< >

i Locked Library data

Help | cancel oK

Figure 8. Shading elements in DesignBuilder program [Designbuilder V5, 2019]
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Determining that the cptimum directions due o shadow effect are north
east-southrvest and sast west drections (Akalp, 2015)
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Figure 9. Study process
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M East-West Orientation (both West and East Orientation)
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1 Northeast-Southwest Orientation (northwest direction only)
B Northeast-Southwest Orientation (both northwest and southwest)

Figure 10. Variation of shading elements on heating load value
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The horizontal overhang shading devices was
placed on a single facade, only west and north-
east, and then northeast-southwest; analyses were
carried out by using them together in east-west
orientations. In the next stage of the analysis, the
overhang shade devices are supported by sidefins
shade devices and horizontal louvres on the so-
lar control element, and the effect of elements of
different orientations and sizes on energy costs
wasexamined.

As a result of the alternatives created by ap-
plying a shading element only to the west facade
in the block type located in the east-west orien-
tation, an increase of 8-13% in the annual total
heating load values was determined. When shad-
ing elements were applied to both east and west
directions of the blocks positioned in the east-west
direction, the heating load of the shade element
with a blinds depth of 0.5 meters decreased by
about 3—11%. With the application of 1 m depth
shading elements, an increase of approximately
19% was detected in the heating loads.

As a result of the application of 0.5 m and 1
m depth shading elements in the northeast-south-
west direction only in the northeast orientations,
it has been determined that the increase in heat-
ing loads is numerically close to each other. The
use of overhang + sidefins + horizontal louvres
shading devices together with the highest heat-
ing load value at 1 m depth has emerged as an

Sidefins Shading Device+ Overhang Shading
Device+ Horizontal Louvres (1 metre)

Sidefins Shading Device+ Overhang Shading
Device+ Horizontal Louvres (0,5 metre)

Sidefins Shading Device and Overhang
Shading Device (1 metre)

Sidefins Shading Device and Overhang
Shading Device (0,5 metre)

Overhang Shading Device (1 metre)
Overhang Shading Device (0,5 metre)

No Solar Control Devices

alternative. In the alternative where these 3 shad-
ing elements are used together, an increase of
10% was observed in the annual total heating load
values. In the alternative where 0.5 m deep shad-
ing elements are used together in the northeast
and southwest directions, an annual increase of
5-11% was achieved in heating loads. In addition,
in the alternative with a depth of 1 meter, where
3 solar control elements in the same direction are
used together, the heating loads increased by 18%
annually. The effect of shading elements on cool-
ing loads is shown in Figure 11.

Only on the western facade, a decrease of
5-11% was observed as a result of the applica-
tion of overhang shading devices with a depth of
0.5 mt, and a decrease of approximately 10-14%
in cooling loads as a result of the application of
shading elements with a length of 1 mt.

As a result of the application of 0.5 mt depth
overhang shading devices to both east and west
directions, cooling loads decrease by 7.5-20%.
The best combination to minimize the annual
cooling load expenses was the alternative where 1
m depth overhang + sidefins + horizontal louvers
shading devices were applied together, and as a
result, a reduction of up to 30% in cooling loads
was achieved.

As a result of using 0.5 mt depth overhang
shading devices only in northeast direction in
northeast-southwest orientation, cooling loads

|| I I

|

o

10000 20 000 30 000 40 000 50 000 60000

M East-West Orientation (both West and East Orientation)
M East-West Orientation (West Orientation Only)

1 Northeast-Southwest Orientation (northwest direction only)
B Northeast-Southwest Orientation (both northwest and southwest)

Figure 11. The variation of the shading elements on the cooling load value

120



Journal of Ecological Engineering 2023, 24(2), 112-123

decreased by 3.5-8.6%. As a result of using 0.5
m depth overhang shading element in both ori-
entations in the northeast-southwest direction,
the cooling loads were reduced by 6.5-19%. The
lowest value on cooling loads was the alternative
where overhang + sidefins + horizontal louvers
shading devices were applied together at a depth
of 1 m.This resulted in a 27% reduction in an-
nual cooling loads. As a result of the application
of solar control elements with different properties
in different directions, the increase-decrease per-
centages in the total of the heating-cooling load
values are given in Table 2.

The annual total heating-cooling load val-
ues of the shading elements at different depths
applied to the transparent surfaces differed. In
other words, it has been determined that the an-
nual total heating-cooling load values of shading
elements with a depth of 1 mt are less than the
load values of shading elements at a depth of 0.5
mt. Among the applied shading elements, it has
been determined as a result of the analysis that
the alternative with the least heating-cooling load
value is the combination of 1 mt depth overhang
+ sidefins + horizontal louveres shading devices
applied together in both east and west directions.

As a result of the usingshading elements in
both directions of the blocks located in the east-
west direction, there was a decrease of 3.2—-10.5%
in the annual total heating-cooling load values.
As a result of the applying shading elements
in both directions of the blocks located in the

northeast-southwest direction, a decrease of 2.5—
7.4% was detected in the annual total heating-
cooling load values.

As aresult of applying shading element only
to the northwest orientation, a maximum de-
crease of 2.8% in annual total heating-cooling
load values, and a maximum decrease of 3% in
annual total heating-cooling energy load values
as a result of applying a shading device only to
the west direction.

CONCLUSIONS

Within the scope of the study, the least pre-
ferred east-west and the optimal northeast-south-
west directions in terms of climatic comfort for
the hot-dry climatic regions determined previ-
ously were chosen to place solar control devices.
Alternative solar control devices with different
horizontal and vertical depths and properties
were placed on the transparent surfaces in east-
west and northeast-southwest directions using the
DesignBuilder Energy Simulation programme,
and analyses were carried out. As a result of all
these analyses, it has been determined that the ap-
plication of shading devices in one direction does
not give an effective result on the annual-heating-
cooling load values. It was understood as a re-
sult of the analysis that both directions should be
applied together in order for the shading devices
to give an effective result. It was determined that

Table 2. Annual total energy gain and loss percentage changes due to shadow effect of shading elements applied

in different orientations

Energy loss and gains of shading elements on annual cooling loads, %

Solar control devices alternatives

4= &

Orientation
N . . Sidefins shading device +
Overhang shading device g\'g?ﬂgz 52?12'(;}% dg\gvﬁec; overhang shading device +
9 9 horizontal louvers shading device
Depth shading device
Metre (m)
0.5 1 0.5 1 0.5 1
Northeast-Southwest
orientation (both northwest +2.5 +4.1 +3.7 +6 +5.86 +7.4
and southwest)
Northwest direction -0.8 -0.09 -0.4 +0.9 1.0 +2.8
East-West orientation (both
West and East orientation) 3.2 *5.7 +3.3 +6.2 6.9 +10.15
West orientation -0.6 +0.8 -0.6 +0.7 +1.2 +3.0
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the shading devices have a negative effect on the
heating load values in all cases, and it was also
obtained as a result of the analyses that they in-
crease the annual heating costs, have a positive
effect on the cooling loads and reduce the annual
cooling energy costs.

The orientations in which the shading ele-
ments gave the most effective results were the
alternatives in which both horizontal and vertical
elements were applied together in the east-west
direction. The direction that the shading elements
give effective results on the heating-cooling load
values was determined as the east-west direc-
tion and as an alternative where both overhang,
sidefins and horizontal louveres shading devices
are used together. No significant results were ob-
served among the annual energy loads of solar
control elements placed in optimal directions in
hot-dry climate regions. In other words, it was
obtained as a result of the analysis that the cost
of sun shading can be avoided if the building is
placed in the appropriate direction and direction,
taking into account the energy efficient building
design criteria in the building design.

When the types of shading elements (horizon-
tal or vertical) are compared, it was determined
that the 0.5 mt eave shading device does not give
effective results on the annual heating-cooling
load values.In thecase the overhang depths are
1 mt, it was obtained as a result of the analyses
that the annual heating and cooling load values
decreased. As a result of the analyses, it has been
understood that the shade elements designed on
the facades, especially in hot dry climate regions,
will give effective results when they are designed
in appropriate size and in the range of 0.5-1 me-
ters. In addition, it has been determined that the
shutters, which are vertical shading elements,
do not give effective results on the annual total
heating-cooling load values. However, it has been
determined that horizontal overhang with a depth
of 0.5 and 1 mt between the shading elements
cause a significant decrease in the annual total
heating-cooling load values. It is the heights that
are important on the load values of the transpar-
ent overloaded shading elements. As a result of
all analyzes, it has been determined that the shad-
ing element used in 1 mt length has less heating-
cooling load values compared to 0.5 mt.

For the province of Diyarbakir, which is locat-
ed in a hot-dry climate zone, the hot period lasts
longer than the cold period. Therefore, it is nec-
essary to take the measures to minimize cooling
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costs in building design. Within the scope of the
study, solar control devices were placed on trans-
parent surfaces by referring to the optimum and
highest energy load orientations depending on the
shadow effect previously determined in the lit-
erature. As a result of the study, it was concluded
that shade devices are effective on annual energy
costs, especially for hot dry climate regions. It has
been reached that energy savings can be achieved
if both horizontal and vertical solar control ele-
ments are used together in the east-west direction,
especially in hot-dry climatic regions, where an-
nual energy costs are high.It has been determined
that solar control elements applied in optimal di-
rections do not give an effective result in annual
energy gains. It was concluded that if the building
orientations are choosen in the optimal direction
according to the climatic zones while performing
the building design, the use of solar control ele-
ments will be less needed. Another important re-
sult that can be drawn from the study is the form
of solar control elements used in the building
design process in hot dry climate regions. Hori-
zontal sunshade elements should be supported
by vertical shade elements in order to provide an
effective reduction in annual energy costs in hot
dry climate regions. This study shows that it is
possible to design an energy efficient structure
by interfering with the thermophysical proper-
ties of the building after the construction of the
building, which is carried out without considering
the building design criteria, especially in the hot
dry climate zone. Another important result of the
study is that the solar control elements selected in
the appropriate size and shape make a significant
contribution to the energy efficient building de-
sign practice by leading to a significant reduction
in annual energy costs.
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