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Abstract

Due to the rapid growth and development caused mainly by tourism of Alanya, rural
areas are affected, losing their original texture and authentic structures and being
exposed to unqualified interventions. The aim of this study is to determine the vernacular architecture, design
original features and reveal the value of Alanya rural architecture within the builder

framework of the sustainability principles, and to determine how these values have

changed with the unqualified interventions, by detailing qualitatively and * Eha Construction & Architecture,
quantitatively on the basis of each intervention. Within the scope of the study, the  Ankara, Turkey. (Corresponding author)
rural architectural heritage in Alanya has been documented in terms of settlement E-mail: ercanaaksoy@hotmail.com
texture, space organization, architectural elements, material, construction and
energy efficiency. For the analysis, a rural house that preserves its original values was
used. A comparison was made between the values of this house and the values
obtained as a result of the changes in the other buildings in the area. In cases where
these interventions are applied in various variations, the changes in the heating and
coolingload of the house are compared with the COz emission. It has been determined
that the rural houses of Alanya provide energy conservation in a way that is perfected
by tradition, both in terms of settlement features and space and materials on the basis
of structure. It has been determined that the heating/cooling energy requirement can
decrease but the CO2 emission increases in the individual changes made by evaluating
different types of deterioration. When the most common application variations
detected in the field are evaluated, it has been determined that both the
heating/cooling energy requirement and the CO2 emission have increased. Rural
settlements and residences define an architecture that has reached the highest level
in terms of convenience, functionality and economy. Since any intervention to these
structures means the loss of their energy conservation properties as well as their
originality, a very careful decision should be made. The study reveals the first data in
which the rural architecture of Alanya is evaluated within the scope of sustainability
and energy and CO2z emissions are compared depending on deterioration/changes.
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INTRODUCTION

Rural structures are formed entirely within the framework of
livelihoods such as agriculture and animal husbandry, and needs for life.
These structures, which are designed as fully functional, have been
shaped on the basis of social rules and needs for sharing since the
existence of humanity; designed with material obtained from the
immediate environment. Over time, they have formed a certain
understanding and style with environmental conditions, the limitations
of climate and topography, and traditional construction technique and
craftsmanship tradition. They have come to encompass the most suitable,
economical and easy solutions within the framework of material,
atmospheric and environmental conditions, needs and traditions. For this
reason, they have been accepted as the structures with the highest value,
the lowest carbon footprint and the highest resource conservation within
sustainability all over the world. However, steps have been taken recently
to protect these values. For this reason, undesirable textural changes
have occurred within the scope of rural settlements. Similarly, changes
and transformations have occurred in the organization of space and
architectural elements in original buildings. For this reason, these
settlements and structures of superior value have lost their original
qualities. Among the regions where these changes and transformations
take place the fastest and unplanned, rural areas close to the city centres
and rural areas subject to tourism supply have a great place in the context
of migration. However, in the recent past, with the realization of the
importance of the quality and quantity of these deteriorations, steps have
been taken to protect rural areas. For this reason, rural areas have been
registered under the name of 'urban protected area' and protection and
construction conditions have been brought, or rural design guides have
been created and criteria for new buildings to be built have been started
to be determined. For the new buildings to be built in the area, similar
criteria such as gauge, colour, window/door gap ratios, roof shape were
determined and applied within the scope of quality and quantity. On the
other hand, in the buildings to be protected, criteria in terms of quantity
have been determined and applied, on the condition that the original
features are adhered to. However, in all these steps, what is considered
and designed in general is the structural and visual preservation of the
texture and structures. For this reason, modifications and
transformations of materials and architectural elements are generally
allowed. In this context, architectural elements made of cement-based
materials, plastic, aluminium, metal or polycarbon-based materials that
do not require mastery or can be easily found in their cheap and
processed form; it was preferred as long as it remained within the criteria
determined  within the scope of elevation-colour-texture-
benefit/harmful. Similarly, in rural areas that are not under protection
and do not have a rural design guide, since there were no zoning-
construction criteria until recently; modern materials that can be easily
found and applied; texture etc. applied without complying with such
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criteria. Thus, the unique characteristics of rural areas have been
deteriorated.

SUSTAINABILITY AND EFFICIENT USE OF ENERGY

The energy need increases depending on the population with the
development of technology and industry. However, energy resources are
decreasing day by day due to excessive use, unconscious/unplanned
consumption and the use of faulty production techniques. This situation
also causes environmental pollution, climate change and degradation of
natural areas. Especially the use of heavy fuels is a triggering factor for
this cycle. The efforts to break this cycle over time have revealed the
necessity of using renewable energy sources. However, studies have
revealed that using only renewable resources is not enough, it is
necessary to reduce the energy need and to obtain the highest efficiency
with the least energy.

Construction sector and unplanned development plays an important
role in environmental pollution, ecological deterioration, reduction of
natural resources and deterioration of human-environment relationship
(Ergoz Karahan, 2017; Dikmen, 2011; Amasyali & El-Gohary, 2018). The
construction industry uses 39% of the global energy and 42% of the
water stand-alone (Saymn, 2016; Nejat et al, 2015). In addition,
construction is effective in the deterioration of clean water, 40% of stone-
gravel and sand consumption, and 25% of forests (Lippiatt & Norris,
1995). In addition, 38% of the world's CO, emissions are also generated
by buildings (Zhong et al., 2019). Particles and gases generated by the
products used in the construction industry are also a source of pollution
(Vural & Balanli, 2005; Marzouk et al., 2017).

Architecture before the industry and industrial revolution has been
created with clean energy within the scope of materials, techniques and
technology. This phenomenon is accepted in the direction of traditional
architecture to create a clean energy solution for today's cities and
architecture. This has enabled a detailed examination of traditional
architecture in terms of sustainability and energy conservation. Within
the scope of the investigations; The sustainability of the cultural heritage
has been determined in terms of environment, energy and tourism
(Butler, 2009; Barthel-Bouchier, 2016), the design criteria and
sustainability of an ecological neighborhood settlement have been
examined within the scope of sustainability at the city scale (Gebel et al.,
2021). Thermal comfort conditions were analyzed in a traditional palace
(Al-Sakkaf et al, 2021), traditional Turkish house in Safranbolu
(Harputlugil & Cetintiirk, 2005) and on churches that were severely
damaged and restored (De Rubeis at al.,, 2020). Sustainability of rural
architecture has been researched through a traditional settlement in
Cyprus; As aresult, it is emphasized that it has many of the criteria, but it
needs to be developed to meet contemporary needs (Philokyprou &
Michael, 2021). In studies examining sustainability in terms of traditional
buildings in different countries, courtyard houses in Iran and China
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(Soflaei etal.,, 2017) and local houses in Southern Italy and Lithuania were
evaluated (Samalavicius & Traskinaité, 2021). The environmental effects
of materials and their recycling costs were examined in the context of
masonry walls, and their data were presented under 15 parameters
(Erduran et al., 2020). Green building and energy certification systems in
new buildings were compared and their pros and cons were determined,
and a study was conducted to determine which one would be suitable for
Turkey (Said & Harputlugil, 2019). Utkutug, on the other hand, examined
examples of high-performance green buildings around the world and
stated their characteristics (Utkutug, 2011). In addition to these studies,
there are studies in which sustainability should be included in the
architectural education process and applied. In this context, sustainable
architectural designs were desired from students in the 3rd year studio
course (Mohamed & Elias Ozkan, 2019), sustainability was evaluated
within the scope of the architectural project competition (Yurtsever et al,,
2013) and the integration of sustainability with the architecture master's
program was compared with domestic and international examples
(Goksen et al., 2020). In addition, there are studies in which traditional
houses are evaluated in terms of thermal analysis (Temur, 2011) and it is
determined that they save thermal comfort better by consuming less
energy (Vissilia, 2009). In the studies, it is understood that the housing
structures are built in accordance with the climate, topography and
atmospheric conditions. It has been determined that due to the use of
local materials, they are highly energy efficient and healthy buildings, and
therefore they can set an example for sustainable new constructions
(Yiiksek & Esin, 2013; Sanchez & Medrano, 2015).

Sustainability is defined as “meeting the needs of the present without
compromising the ability of future generations to meet their own needs”;
(WCED, 1987) is discussed under three headings as economic,
environmental and social (Akdiri et al, 2012; Li, 2011; Sev, 2009;
Williams & Dair, 2007; Juan et al., 2019). These criteria are examined
within the scope of environmental protection with low resource use,
minimum pollution and natural life in environmentally. In terms of
economy, the main topics are the minimum use of energy and water
resources, the preference of local materials, and the construction of
suitable functional-reliable structures. On the other hand, social
sustainability is addressed within the framework of a safe and healthy
environment, providing social opportunities such as education and
health for the public, improving access opportunities, giving importance
to urban design and evaluating the traditional housing stock. Good
project management is required for sustainable buildings. For this
reason, energy, water, land and cost should be used at the minimum rate
during the construction and use of the building (Hill & Bowen, 1997; Cole
& Larsson, 1999). If possible, renewable energy sources and recyclable
materials should be used (Miyatake, 1996). Decisions should be made in
line with the needs and requirements, and it should be ensured that
employees and the environment are not exposed to pollutants and waste
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materials (no chemical products are used) during construction. A healthy
built environment should be created, natural habitats should be
improved or not damaged at worst (Halliday, 2008; Kibert, 2008). When
considered in this context, it can easily be said that traditional
settlements and houses are very good examples within the scope of
sustainability principles, and that they are a serious instructor by
creating a document value from the past to the future.

SUSTAINABILITY IN ALANYA RURAL ARCHITECTURE

Alanya is a district of Antalya Province, with a length of 73 kilometers
along the Mediterranean coast. There is the Mediterranean sea in the
south and the Taurus Mountains which has altitude of 2500 - 3000
meters in the north. There are settlements in the district between 0-1500
meters altitude. For this reason, rural settlements have different
characteristics depending on the topography. In the district where the
Mediterranean climate is observed; the summers are hot and the winters
are mild. Although it is a very fertile region due to its climate and soil
quality, forests with cedar, oak and juniper trees cover a large area
(Ozgiir, 2018). Many vegetables and fruits are grown Due to the fertile
agricultural areas; In addition to its natural habitats (Sapadere Canyon,
Dimgay1 National Park, incekum Nature Park), it also shows diversity in
terms of flora and fauna.

Topography and Settlement

The climatic structure of the region is an important factor in the
settlement of the houses on the land. The southern slopes of the hills are
warmer, while the northern slopes are colder and shady in the northern
hemisphere. The eastern and western slopes are hot and sunny,
especially in summer. For this reason, it is recommended that the
settlements should be established on the south slope of the hills in hot
and dry summer months, cold winter months, on the south slope in cold
climates, on the hilltop in hot and humid climates, on the north slope in
hot and dry summer months and warm winter months (Lechner, 2015).
Positioning the houses in harmony with the land and the environment,
preserving the slope with minimal interference to the topography, and
not blocking the sun and wind by not blocking each other while the
buildings are being built are also important criteria in terms of energy
conservation.
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It has been determined that the villages in the higher parts of Alanya
district are mostly located on the southern or northern slopes of the hills
(Figure 1, Turktas Village) and rarely in the southwest direction (Figure
1, Mahmutseydi & Deretiirbelinas Village). Traditional dwellings are
positioned in accordance with the topography in an energy efficient
manner. For this reason, itis understood that organic texture is preserved
in all villages. The buildings are positioned in such a way that they do not
block each other's sun and wind, if there is a landscape they are directed
towards the landscape. In coastal villages, traditional residences were
built on the southern slopes but located at higher elevations.

Solar Control

The first design principle in solar control, which can be provided
naturally, is reforestation. Trees that allow shadow control, especially in
temperate and warm climatic regions, also maximize solar use. Trees that
will be used to reduce the effect of the sun in summer should allow
sunlight in winter. For this reason, deciduous trees with low light
permeability in summer and trees with high light permeability in winter
should be used. However, considering the position of the sun, evergreen
trees can be planted in the northern parts of the buildings as there will be
no direct sunlight from the north. In the east-west direction, in particular,
trees with high trunk sizes should be selected that do not prevent airflow
while providing solar control (Figure 2).

Figure 1. Topographic maps and
settlement views of the villages.



Figure 2. Afforestation scheme
in temperate climate zones
(Lechner, 2015).

Figure 3. Topographic maps and
settlement views of the villages;
Tirktas (a), Mahmutseydi (b).
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However, reforestation, which is one of the alternative methods of
solar control, also has a great visual and environmental impact (Gtirsel
Dino, 2017). Another parameter that has an important place in solar
control, along with trees, is the architectural elements used in the
building design. Roofs, fringe widths, cantilevers, and window elements,
which will be designed depending on the direction and angle of the
sunlight, directly affect energy use. Designs that cut off the summer sun
but do not block the winter sun are evaluated for their sustainability. In
addition, it is important to add auxiliary architectural elements in order
to use not only indoor spaces but also open spaces.

Alanya rural housings are mostly located in the northern parts of the
parcels. For this reason, there are more deciduous trees, especially in the
southern and western parts of the buildings, and sparse deciduous trees
(figs, walnuts, apples, olives, etc.) in the eastern part. In the houses
located to the south of the parcel, on the other hand, there are trees in the
adjacent parcel that cover the southern facades of the buildings (Figure
3).
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The district is located between the "36°30'07" and "36°36'31"
northern latitudes. The sun angle was determined as 36.33° on average
at the midpoint of the district boundaries (it was found by adding the
latitude degrees at the northernmost (36°36' N) and the southernmost
(36°30" N) of the district and dividing them by 2 (36.36+36.30)/2). For
this reason, the incidence angle of the sunlight in Alanya district was
calculated by subtracting the degree between the latitude of the district
and the tropic of Cancer from 90° by using the 76.94° (23°27' N to the
tropic of Cancer on June 21) of sunlight in summer (based on June 21)
(90-(36.33-23.27), while it is calculated as 30.40° in winter (based on
December 21), (23°27" S to the tropic of Capricorn on December 21),
calculated by subtracting the degree between the latitude of the district
and the tropic of Capricorn from 90° (90-(36,33+23,27)). Ground floors
are not used as housing in Alanya rural residences. For this reason, there
are no windows under the cantilevers, and the cantilevers are not used
for solar control. There are small ventilation spaces on the ground floors
used for storage purposes such as animal shelters or haystacks. However,
when the few houses with large ground floor windows were examined, it
was found that the sunlight does not enter directly in summer depending
on the wall thickness, but in winter the sunlight can enter depending on
the angle (Figure 4a). In addition, shutters are available in buildings
where ground floor windows are large (Figure 4b). On the first floors,
which are used as living spaces, both the eaves distance and the canopies
on the windows blocks prevent unwanted sunlight. The use of wooden
meshworks (Figure 4c) and shutter (Figure 4d) is also frequently seen in
the windows in order to get controlled light. Especially when the
meshworks have air permeability, they have a positive effect in the
summer months thanks to their low sunlight permeability. The shutters
are designed to have 4 equal-sized parts in some of the houses. With these
shutters, sunlight can be blocked from entering the upper or lower
sections, ventilation is provided, and this approach makes solar control
easier.

S 76.94° 76.94°

30.40°

Figure 4. Building-sun
relationship and window
designs; angle of incidence of
sun (a, b), meshwork (c), shutter

(@)



Figure 5. “Iskenet” designs in
rural dwellings in Alanya
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In order to provide wind and solar control in semi-open or open
spaces, the vast majority of housings in the area have wooden suspended
gazebos called "iskenet". These gazebos are used to create canopies and
semi-enclosed spaces in the garden or to provide solar control by
covering the gazebos, which are the open cantilevers of the buildings
(Figure 5a, b). The 'iskenet' gazebos, which provide the highest level of
use of open spaces in summer, are designed in the south and west
directions of the houses. In this way, shading and solar control can be
achieved. Vines can be found on the tops of the gazebos and on all facades
of the buildings and provide shading in summer, while in winter they
allow sunlight due to falling leaves.

Wind Control

The positive or negative factors of the wind differ according to the
climate data of the settlements. It is expected to avoid the wind effect in
cold climatic zones and to benefit from wind in hot climatic zones. One of
the best-known methods for wind control and therefore reducing cooling
costs is controlled planting of trees to block wind in cold climatic zones
and allow wind in hot climate zones. The prevailing wind direction
throughout Alanya is between northeast and east (N 69.9° E) (Sabanc;,
2012). The trees in the gardens of the rural houses are largely not located
in the direction of prevailing wind (Figure 6a). Thus, they do not block the
wind of places such as the gazebo and the main room (known as
'cagnisir'), which are frequently used in the summer.

Another element that allows cooling by allowing the wind is that the
railings of the gazebos are made with gaps. This pattern, which causes
increased comfort conditions even at the sitting level of the users, is seen
in the entire authentic gazebo architecture (Figure 6b).
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Another control method is to direct the building based on the wind
direction and design a building geometry for ventilation and cooling.
Buildings with a squarish shape are less affected by the wind when placed
perpendicular to the wind direction (Figure 7a). Buildings with the same
form allow more wind when placed diagonally in the wind direction
(Figure 7b). Rectangular buildings get less wind when their narrow edges
are in the wind direction, while the wide edge gets more wind when it is
in the wind direction (Figure 7c) (Watson & Labs, 1983).

1L

The buildings in the Alanya countryside are largely made in square or
rectangular form. In addition, the orientation of the buildings varies
according to the locations of the villages, with the principle of taking
advantage of the wind or protecting against it. Therefore, in villages with
warmer and milder weather conditions, the buildings are positioned
diagonally according to the prevailing wind direction (Figure 8a). In
villages with colder conditions, however, they are designed
perpendicular to the prevailing wind direction (Figure 8b). Thus, it was
possible to benefit more from the wind in hot regions, and the effect of
wind was alleviated in cold regions, adhering to sustainability principles.

Figure 6. Planting trees so as
not to cut the wind (a) and
wind permeable elements (b).

Figure 7. Orientation of
structures against the wind
(Watson & Labs, 1983).



Figure 8. Orientation of Alanya
rural dwellings against the wind.

Figure 9. Air movements
according to space directions
(Aktuna, 2007).
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Ventilation and Cooling

Itis important to use natural factors to provide ventilation and cooling
in regions with hot and temperate climates. For this reason, the places of
the spaces (windows, doors) in the building and the
positions/arrangements of the spaces can be used for natural ventilation.
Windows or ventilation gaps are designed in the direction of the wind and
in other places accordingly. When the windows are installed in the
opposite part of the air flow direction, they cause the air flow to be fast
while providing air flow indoors (Figure 9a). However, in this case, the
air flow is fast and the ventilation of the spaces is insufficient. For this
reason, itis suggested that windows and spaces should be installed on the
side facades and diagonally according to the wind direction (Figure 9b)
(Aktuna, 2007). The gaps in the structures are made in accordance with
the passage of the air flow in Alanya villages. Windows and spaces are
positioned diagonally on different facades. Thus, maximum ventilation is
provided and climatic effect is created. Natural cooling is provided and
the dwellings are designed to consume low energy (Figure 10).

Him L

a —

a
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2] Figure 10. Air flow paths in rural
Yenikéy (104-33) Akgat1 (104-4) Asmaca (107-7) dwellings in Alanya.

While it is important for the building form to be sheltered like square
and rectangular in terms of heat loss, turning the spaces used in summer
to the prevailing wind direction and increasing the surface areas in these
spaces are the elements that provide cooling. The surface area is
increased by removing the walls of the summer spaces by disrupting the
compact form and cooling can be more effective.

The places used in the summer months of the qualified houses in the
region are positioned in the direction of the wind (Figure 11). In addition,
the wall surface areas of these spaces are increased in order to receive
the wind better, allowing for better cooling (Figure 12). Most of the time,
the pergola sections, which are limited only by railings without being

6 2 5 limited by walls, are also constructed in the direction of the prevailing
wind.
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Figure 11. Summer space
locations in rural dwellings in
Alanva.
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Figure 12. Increased summer
space surfaces in Alanya rural
dwellings.

Figure 13. Kitchen and fireplace
settlements in rural dwellings in
Alanya.
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Heating

The kitchen spaces of traditional houses that produce heat should be
designed in a way to ensure that the heat is transferred to other spaces at
least in hot climatic regions. These spaces should have good ventilation
or should be set up outside the building if possible. On the contrary, these
spaces should be designed in the center of the building to allow the heat
to spread in cold climate regions (Aktuna, 2007). In buildings where
different spaces are used in summer and winter months, even in hot
regions, the presence of a fireplace in at least one of the winter spaces is
beneficial in meeting the need for cooking and heating at the same time.

In buildings with barns or sheepfold on the lower floors, positioning
the rooms on the upper floors and the barns on the same axis creates a
positive situation for the need for heating. This allows to use of the
animals body heat and makes it easier to heat the upper floors.

o,

Mahmutseydi (420-1)

Akdam (106-22) Hocalar (144-34) Gilimiigkavak (253-67)

Itis seen that in the rural houses of Alanya, the kitchen space of which
is designed separately, all of the kitchens are located in the summer
section, that is, in well-ventilated sections (Figure 13a). The fireplaces,
which are not limited by any divider and used directly in the sofa, are also
the sections where the kitchen function is performed, causing the heat
dissipation to be at the minimum level. In addition, the fireplaces in the
summer section allow to be heated of these spaces and make it possible
to use them in the winter (Figure 13b). In addition, fences which known
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as “daraba” were used to limit the kitchen spaces and the ventilation was
ensured to be at a high level.

A fireplace is designed in at least one room in houses without a
separate kitchen and sofa. The fireplace was used to provide both cooking
and heating functions. In the houses with a single fireplace, heat loss is
reduced by using a square or rectangular plan scheme and care is taken
to distribute the heat within the spaces. In buildings with more than one
fireplace, it is possible to heat the desired spaces at different times
(Figure 13c).

98% of Alanya rural houses were built with two floors and the lower
floors were used as barns. The upper floor plan setup can be followed in
the same way on the lower floor due to the carrier system. For this reason,
there are rooms on the upper floors of the barns on the lower floor
(Figure 14). This made it possible to use the warmth of the animals to
heat the rooms.
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Building Envelope and Transparency Rate

The elements that form the outer boundaries of the building and limit
the interior spaces are called the building envelope. In order to reduce
the energy consumed for buildings and to provide comfort conditions
with the least energy consumption, keeping the hot air out in the summer
and the cold air in the winter is a priority. For this reason, especially the
window sizes and numbers should be designed according to the usage
purposes of the spaces.

Looking at the building envelopes of the rural dwellings in Alanya, itis
understood that the windows of the spaces used in winter are smaller in
size, but their number is also less (Figure 15a). The windows of the spaces
used in the summer are both larger and more numerous (Figure 15b).
Due to the fact that the ground floors of the rural dwellings are used as
service floors (barn, hayloft, warehouse (depot)), the windows are kept
small in order to prevent unwanted heat loss/gain and at the same time
to provide ventilation at the optimum level. In the design of these
windows, joinery was generally not used (Figure 15c), and in very few
examples, shutters (Figure 15d) or railings were used (Figure 15€). In

Figure 14. Barn-room
settlements in rural dwellings in
Alanya.



Figure 15. Summer-winter
spaces and service floor
windows in Alanya rural
dwellings.
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addition to the windows, it is seen that small spaces are designed in the
building envelope for ventilation purposes (Figure 15f).

The ratio of the window and door openings on the building facades to
the whole facade is called the transparency ratio. This ratio determines
the comfort conditions and energy use by directly affecting the heat
losses or gains depending on the values on different facades. Especially
window designs provide gain for heating, ventilation and lighting, but
also cause heat loss due to low heat permeability resistance. For this
reason, the opaque-transparent ratio in structures is important. In order
to prevent excessive heat loss and gain, it is recommended that the
transparent-opaque ratio should not exceed 10-15% (Soysal, 2008), and
that the space-occupancy ratio should be limited to a maximum of 40%,
taking into account adequate ventilation and lighting in sustainable
design (Aktuna, 2007; Cakir, 2011; Kuscu, 2006).

When the houses are evaluated in terms of transparent-opaque ratio,
it is determined that they have a ratio of at least 10,36% and at most
23,20%. The average value of these ratios was determined as 17.56% in
9 housing samples (Figure 16). It is understood that the transparent-
opaque ratio, which should be around 15% in terms of optimum thermal
insulation, is provided in Alanya rural residences. In addition, the ratio,
which should be max. 40% in terms of ventilation and lighting, has not
been exceeded in any residence. For this reason, it is seen that the houses
provide optimum energy use in terms of the building envelope.
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Construction Materials

Construction materials have important effects in terms of
sustainability on the basis of production, use and after-use effects. The
amount of energy consumed during the production of materials varies
according to the type of material. The materials most commonly used in
buildings are wood (5 kWh/m?), concrete (45 kWh/m?), glass (60
kWh/m?), brick (140 kWh/m?) and steel (550 kWh/m?). There are great
differences between the values in the production of these materials
(inang, 2010). For this reason, it is important to choose materials that can
be produced with low energy in terms of efficiency principles. In addition,
materials that can be obtained from the environment close to the building
and produced without creating waste material have a great value for the
environment.

The low repair and maintenance costs of the materials to be used and
the fact that they do not emit harmful gases to the environment are
important in terms of their impact on the environment when used. When
the building has completed its life, the materials should be reusable,
recyclable and should not harm the ecosystem by leaving excavation
Based on these values, durable, easily
repairable/available, long-lasting and renewable materials should be
used, which consume less energy, are not harmful to the environment and
humans, or are least harmful for their production, use and after use.

Stone (Figure 17a), wood (Figure 17b) and soil (Figure 17c, d) were
used as building materials in Alanya qualified rural dwellings. Quartzite,
barite, limestone, travertine and marble are mined throughout the
district. The most commonly used stones in buildings are limestone and
travertine, which can be obtained from the nearest area. Wood is

residues. sustainable,

obtained from pine, cedar, fir, juniper and oak trees found in the region.
The plaster/mortar content is the soil in which quartz mineral is
predominantly seen. Soil was used on the top cover of the structures
(Aksoy and Sagiroglu Demirci, 2022). When the materials are examined,

Figure 16. Transparent-opaque
ratios in Alanya rural dwellings.



Figure 17. Transparent-opaque
ratios in Alanya rural dwellings.
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it is seen that the amount of energy needed in the production of all of
them is at the lowest level, the maintenance / repair costs are low, they
can be easily obtained from the region, harmless to the environment,
durable, long-lasting and renewable materials.

CHANGES MADE IN ALANYA RURAL HOUSES

The characteristics of the original examples of Alanya rural
architecture show that they contain the most effective solutions in many
respects. However, over time, the structures have changed due to changes
and developments in comfort conditions, difficulties in finding craftsmen
and materials, and functional or spatial transformations within the scope
of tourism. For these reasons, changes and transformations were made in
the original spaces and architectural elements, with additions, changes or
transformations in the infrastructure and superstructure.

The changes and transformations in which the calculations will be
made were identified among the most common examples within the
scope of the study (Aksoy, 2021) carried out in 68 villages in the area
between 2018-2021. In addition to unique situation (Figure 18a), the
most intense changes detected in the area are; adding a concrete flat roof
(Figure 18b), adding a hipped roof (Figure 18c), plastering the walls with
cementitious plaster (Figure 18d), replacing the exterior door with a
metal door (Figure 18e), replacing the windows with metal or PVC
windows (Figure 18f, g), increasing the size of the window (Figure 18h)
and making the walls concrete instead of stone.
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CHANGES IN ENERGY REQUIREMENTS RESULTING FROM ORIGINAL
ATTRIBUTES BY ADDITIONS, REMOVALS AND REPLACEMENTS

In order to determine the effect of changes, additions and removals in
the buildings in the area, a 4-room residence in Baskdy, which is one of
the original examples, was determined. The house was modeled in the
“DesignBuilder” software and compared with the original space and its
elements in terms of energy conservation through the changing space and
elements.

S 1500 =000 T T s T T 1500
Southwest (21 December) Southeast Southwest (21 June)  Southeast

The shadow formations that occur with the sun angles on different
dates were determined regarding the extent to which the 4-room house
in Baskdy can benefit from the sun. For this, the dates of June 21st and
December 21st, when the sun's rays are the most vertical and horizontal,
were used; In order to see the angle of incidence of the sun's rays during
the day, 3 different time zones were determined as 09:00, 12:00 and
15:00. In line with the building location, material and window designs, it
is understood that while it is protected from sunlight during the summer
months, it is utilized efficiently in the winter months (Figure 19). This is
achieved especially by turning the winter spaces to the southeast-
southwest direction and keeping the window sizes smaller, and by
turning the summer spaces to the prevailing wind direction and
positioning the windows at different angles.

In order to determine the energy loads in the modelling, values for
both heating and cooling were determined; the maximum energy

Figure 18. Building materials
used in rural dwellings in
Alanya.

Figure 19. Sun angles depending
on the location of the qualified
dwelling in Bagkoy.
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consumption for the use of the house in its original state has been
determined. The total area of the building is 70.08 m? and the heated and
cooled building area is 35.04 m?. The ground floor and upper floor walls
of the building are made of 60 cm masonry stone, and the roof is 25 cm
thick as an earthen roof. The floor of the building is covered with 3 cm of
wood on the beams, and the floor of the ground floor is soil, and it is
modelled in the same way. In addition, the doors are 4 cm thick, wooden
knock-out doors and windows are available as 3 mm single-layer glass in
4 cm thick joinery and have been chosen in the same way.

Considering the months, the most energy is spent in January (72.53
kWh/year) for heating the building, and the most energy is spent in
August (688.15 kWh/year) for cooling the building. The total amount of
energy needed annually is 220.15 kWh for heating and 2048.71 kWh for
cooling. The amount of energy spent for heating per square meter is
1034.89 Wh/m? in January, and the amount of energy spent for cooling is
9819.49 Wh/m? in August. The annual total amount of energy needed
according to the characteristics and location of the building is 3141.41
kWh/m? for heating and 29233.84 kWh/m? for cooling (Table 1).

Table 1. The heating and cooling energy needs of the building according to the months, in its original
form

Months Cooling |Heating |[Cooling |Heating CO, CO.
(kWh) (kWh) (Wh/m?) [(Wh/m?) |emission |emission
(kg) (gr/m?)
January 0 72,52528 |0 1034,893 |439,6887 |6274,096
February |0 56,90601 |0 812,015 393,8193  |5619,568
March 0 38,43453 |0 548,4379 |426,5338 [6086,383
April -1,567337 |0,587215 [-22,365 |8,37921 399,0284 |5693,899
May -30,21868 |0 -431,203 |0 419,0276  [5979,275
June -268,111 |0 -3825,79 |0 463,4120 [6612,613
July -632,844 |0 -9030,31 |0 565,1039 [8063,697
August -688,1501 |0 -9819,49 |0 578,5101 |8254,995
September |-373,0504 |0 -5323,21 |0 488,8492 [6975,588
October -49,80738 |0 -710,722 |0 423,7759 |6047,031
November |-4,958916 |2,847986 |-70,7608 [40,63907 |400,7229 |5718,078
December |0 48,84897 |0 697,0458 |430,5525 [6143,728
TOTAL -2048,708 (220,15 29233,84|3141,41  |5429,024 |77468,95

A high level of energy is consumed in the production of building
materials. In addition, buildings emit carbon (CO, emissions) to the
environment according to the materials they are built from. The higher
the emission, the higher the damage to the environment, while the lower
level causes it to decrease. The CO, emissions of the materials vary
throughout the year depending on the temperature and climatic
conditions. The highest CO, emission of the selected residence in the
Alanya countryside is 578.51 kg in August; the lowest CO, emission is in
April with 399.03 kg; the annual total CO; emission is 5429.02 kg. The
CO, emission per square meter is 8255.00 gr/m? in August, 5693.90
gr/m? in April, and the annual total is 77468.95 gr/m? (Table 1).

In line with the changes in Alanya rural buildings, energy needs and
CO; emissions have been determined depending on different factors. In
addition, the total energy need and carbon emissions that occur when all
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the changes are made together were calculated and the differences
between the original situation and the new situation were determined.

Heating, cooling and CO2 emission values were determined by
considering each of the changes detected in the area as a different
parameter. However, in many of the examples encountered in the field, it
was determined that more than one of these parameters were changed at
the same time; these samples were also evaluated (Table 2).

In the calculations of the parameters, the most frequently encountered
and documented values in the field investigations were used. In this
context, the most common applications are: removing the earthen roof
and making a 12 cm reinforced concrete roof cover or a wooden hipped
roof without insulation and tile; It is the use of cement-based interior and
exterior plaster instead of soil and lime plaster, replacing the original
doors and windows, and using 4 cm thick iron joinery doors and 130 cm
wide modern windows (double glazed PVC joinery with a glass thickness
of 3 mm and a gap of 13 mm). In the analysis, it was determined that the
positions of the buildings did not change. In addition to the changes
applied individually, the variations in which more than one change was
applied together were also determined and analysed (Table 2).

Table 2. The heating and cooling energy needs of the building according to the months, in its original
and different forms

o,
emission
Changes Cooling Heating Cooling | Heating Sl(t)lzission Sl(t)lzission (kg)-
g (kWh) (kWh) (Wh/m?) |(Wh/m?) ) (gr/m?) |Including
& Material
Production
g [[ate 2048,708 (220,15 29233,84 [3141,41  [5429,024 7746895 [9036,5
Situation
2 Efznccr;e]te Rooll)896,9324 [238,71094 |41337,504 34062634 |5641,7964 |80505,084 [9768,24
3 |Hipped Roof [1893,485% [158,2521¥ [13116,93% [1096,276¥ [5367,513W% [37182,91¥ [13402,84
Cement
4 El::;f;r 1929,463% (207,3402% (2952094 |3172,3184 [5068,636W |77550,46A |14441,84
exterior)

5 [irondoor  [2111,1374 [220,58244 [30124,67A4 |3147,584 |5444,3244 |77687,274 [14194,04
6 |iron window |2050,342AN [220,9029/N [29257,16A |3152,153/N |5429,711A |77478,75A [9036,5€>

PVC Window|

7 |(Double 1978,241¥ 215,764  |28228,32% |3078,824W¥ |5410,25% [77201,06% [9537,54
glazed)

8 Z‘r’l‘l';‘:;;’:’f ar€2549,5314 |198,2949% |36380,294 2829,55% [5541,994 |79080,914 |8938,7¥

MOST COMMON APPLICATION VARIATIONS IN EXAMPLES WHICH DETECTED IN THE FIELD
9 [2-4-5-6-8*  [3351,194 [207,2296W [51273,494 [3170,6264 [5413,221% [82822,634 [19963,14
10 [3-4-5-6-8*  [2487,9374 [121,1832¥ [17831,81¥ [867,8659¥ [5170,635¥ [37030,04¥ [23597,74
11 [2-4-5-7-8*  [3256,0734 [198,8544¥ [49818,134 [3042,485% [5386,932¥ [82420,414 [20113,84
12 [3-4-5-7-8*  [2317,8994 [100,8142W¥ [16599,88¥ [721,9917¥ [5121,687W¥ [36679,5% [23748,34
Reinforces
13 |Concrete-3-4-{2397,2394 |96,44875% [14123,28¥ [568,2259% (75889484 [44710,13¥ |39696,24
5-7-8*
* It indicates the equivalents of the applied changes in the first 8 items.

EVALUATION AND CONCLUSION

Sustainability is an important parameter that should be considered
long-term and also in new constructions. The importance of efficient use
of energy resources and energy, reducing environmental pollution and
building in accordance with nature is increasing day by day. For this
reason, it is important to consider the environmental impact in both the
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interventions to the existing structures and the newly designed
structures.

While traditional buildings in rural areas, which were built within the
framework of limited opportunities in the past, are mostly compatible
with topography, climate and nature, these features are put into the
background in today's buildings. This leads to overuse of resources,
depletion of resources, pollution of the environment and air, and more
energy consumption. For this reason, it is necessary to benefit from the
design data of traditional buildings in the new construction and to be
developed by taking them as an example.

Alanya is located in a region with hot summers and mild winters. For
this reason, it is seen that qualified houses are positioned on the slopes of
the hills and in this way they benefit more from the wind. In addition, the
structures built by adhering to the organic texture of the residential areas
are designed in a way that does not cut each other's sun/wind and in
accordance with the slope.

Although it is seen that solar control is also considered in qualified
buildings, trees, structural and architectural elements are used for this.
Since the houses are located close to the northern part of the parcels,
trees have been planted in the south and west parts. Thus, while the
unwanted sun rays are prevented in the summer months, cooling is not
hindered since the northeastern parts, which are the dominant wind
direction, are not closed. In addition, keeping the south facade windows
smaller, the use of grids and shutters on the windows and the orientation
of the building show that solar control is considered. The frameworks
created to provide shade over the arbor sections also provide open space
solar control.

Wind control can be achieved by positioning the buildings according
to the prevailing wind direction, depending on their mass characteristics.
In addition, the hollow design of the wooden partition elements used in
the building allows the wind to pass through and provides cooling in open
and summer spaces. In order to ensure adequate indoor ventilation,
positioning to the wind direction has been realized and the windows have
been designed on the side facades, not opposite, to prevent linear/fast
flow.

There are stoves in the winter spaces to heat the houses during the
winter months. The furnaces are made in different numbers according to
the size of the building. It is also seen that the furnaces are built in a single
room due to the sufficient heat dissipation depending on the building
form. In the houses with kitchens, these spaces are designed inside the
summer sections in order to provide heating in the winter and to disperse
the heat in the summer. Benefiting from the body heat of animals in
buildings whose lower floors are used as barns is also seen throughout
the region. The gaps designed in the building envelopes for thermal
insulation were found to be 17.56% on average. This provides about 15%,
which is necessary for optimum insulation.
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Since the materials used in the original buildings are completely
natural materials, they have low maintenance costs, are easily obtainable,
consume less energy in both production and use, and are recyclable. In
addition, materials that are harmless to the environment and nature are
used.

Changes in original buildings and new buildings built in rural areas
were analyzed and the amount of heating and cooling energy needed, CO,
emissions in use and CO, emissions, including the production of
materials, were determined. In the analyzes made depending on a single
parameter change in the houses whose qualities are deteriorated due to
different factors, it has been determined that although the heating and
cooling energy can decrease, CO, emissions do not decrease, except for
one situation, considering the production processes of the materials.
However, the total effect ratio was found by evaluating the data of all
parameters proportionally (Table 3).

Table 3. Total rate of change due to changes in quality housing

Co,
Tota.l Energy emission(kg) Energy COZI . Total
Cooling- X emission
Changes Heating -Material Exchange Exchange Effect
i 0, 0,
(KWh) E:‘:ductlon (%) (%) (%)
1 [Jnique 2268858  [9036,5 - - -
Situation
2 Ef;ccrrne)te roof13108,64204 (976824  (%37,01 (%810  |%45,114
3 |Hipped roof 2051,7371\¥ 13402,84 -%9,57 %48,32  |%38,75N
Cement plaster
4 |(interior- 2136,8032W¥ 14441,84 -%5,82 %59,82  |%54,00N
exterior)
5 |iron Door 2331,7194A [14194,04  |%2,77  |%57,07  [%594
6 |lron window 2271,24494 [9036,5€=> |%0,11 - %0,114
PVC  Window
-0, 0, 0,

7 (Double glazed) 2194,0050% [9537,54 63,30 |%5,54  |%2,24A
8 Z\I’lllr;fggf ar€1747,82594 (8938,7¥ %21,11  |-%1,08  |%20,034
MOST COMMON APPLICATION VARIATIONS IN EXAMPLES WHICH
DETECTED IN THE FIELD

-4-5-6- 0,

g |?-4-5-68 35584236/ |19963,18  |%56,84 |%120,92 4’177'76
-4-5-6- 0,

10 3-4-5-6-8 2609,12024 |23597,74 %14,10 |%161,14 2175'24
-4-5-7- 0,

11 2-4-5-7-8 3454,92744 [20113,8N %52,28 |%122,58 2174'86
-4-5-7- 0,

12 3-4-5-7-8 2418,71324 |23748,3N %6,60 %162,80 2169'40
Reinforces 9349,33

13 |Concrete-3-4-5-|2496,6878 [39696,2\ %10,04 |%339,29 A
7-8

Depending on the change of individual building elements, the energy
need increased mostly as a result of enlarging the windows (21.11%) and
decreased (-9.57%) as a result of the hipped roof construction. The
amount of CO, emission increased mostly due to the plastering of the
walls with cement-based plaster (59.82%), and decreased due to the
enlargement of the windows (-1.08%). On the other hand, in the
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integrated deteriorations in the buildings, the increase in energy demand
is seen mostly due to the concrete roof, cement-based plaster, metal
doors and windows and window enlargement (55.84%), while the
increase in CO, emission is seen in the new buildings made with
reinforced concrete system and added spaces (hipped roof, cement
plaster, metal door, PVC and large-sized windows are used) (339.29%).
Depending on the application of combined variations, there is no
reduction in energy demand and CO, emissions. Considering the sum of
the proportional values of the energy change and the CO, emission
change, no reduction was detected in any case. While the least increase is
seen in the use of metal windows in the replacement of individual
structural elements (0.11 %), the highest increase is seen in the
construction of new reinforced concrete system buildings (349.33%)
(Table 3).

The data obtained within the scope of this study show that all kinds of
non-specific interventions to the buildings, with the exception of the roof
addition, increase the heating and cooling load and increase the CO2
emission. In this context, the necessity of applying original materials and
details in interventions to qualified buildings has been determined. The
buildings that make up the rural architectural heritage have a superior
experience in terms of harmony with the topography, orientation to the
sun/shade, protection of the built and natural environment, and the use
of materials with energy efficiency and environmental sensitivity in
terms of structural and architectural elements. In the problems that
depend on atmospheric conditions, environmental data and the user, the
protection of the structure requires intervention. However, making these
interventions using easily available but non-original shapes and
materials causes a decrease in energy efficiency and an increase in
environmental pollution due to both the alteration/deterioration of
traditional buildings and the materials and production techniques
selected in new buildings.
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