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ABSTRACT

Since the Industrial Revolution, the increase and diversification of human needs, particularly the intensified
use of fossil fuels to meet energy demands, have significantly contributed to greenhouse gas accumulation,
leading to increased environmental pollution and triggering natural disasters. In response to this issue,
various international conferences and agreements such as the Kyoto Protocol have been established.
Additionally, individual countries have implemented regulations and laws to combat environmental
pollution and reduce greenhouse gas emissions. Mugla Sitki Kogman University conducted a study to
calculate its carbon footprint using the IPCC Tier 1 methodology and DEFRA conversion factors. The
findings revealed significant carbon dioxide emissions stemming from the university's fuel and electricity
consumption. In 2020, emissions were calculated at 4,759,087.57 kg CO.. using the IPCC Tier 1 approach
and 3,419,082.09 kg CO2e using DEFRA factors. These figures increased further in 2021, reaching
8,955,635.86 kg CO, (IPCC) and 7,511,422.31 kg CO2 (DEFRA), indicating a rising emission trend. The
study also highlighted significant differences in the number of trees required to offset the university's carbon
footprint between the IPCC and DEFRA methods. For instance, in 2020, while IPCC suggested 211,515
trees were needed, DEFRA recommended 151,959 trees. This disparity persisted notably between the
methodologies, emphasizing the importance of standardizing carbon footprint calculations. These findings
underscore the necessity for institutions to embrace sustainable practices and reduce their environmental
impact. Efforts to decrease carbon emissions and promote sustainability are crucial in combating air
pollution and addressing the global climate crisis.

Keywords: Carbon Footprint, Life Cycle Assessment (LCA), DEFRA, IPCC

Mugla Sitki Kogman Universitesi’nin Karbon Ayak izinin IPCC Tier 1
Yaklasimi ve DEFRA Yontemiyle Hesaplanmasi

0z

Sanayi Devrimi'nden bu yana insan ihtiyaglarinin artmasi ve g¢esitlenmesi, 6zellikle fosil yakitlarin enerji
ihtiyacini karsilamak i¢in kullaniminin yogunlagmasiyla énemli 6l¢iide sera gazi birikimine neden oldu. Bu
durum, ¢evre kirliliginin artmasina ve dogal afetlerin tetiklenmesine 6nemli 6lciide katkida bulunmustur.
Bu soruna yanit olarak, Kyoto Protokolii gibi birgok uluslararasi konferans ve anlagsma olusturulmustur.

*Corresponding Author: Ebruhan HUNERLI 1
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Ayrica, cevre kirliligi ile miicadele etmek ve sera gazi emisyonlarini azaltmak igin bireysel iilkeler
diizenlemeler ve yasalar uygulamistir. Mugla Sitki Kogman Universitesi, karbon ayak izini IPCC Tier 1
yontemi ve DEFRA doniisiim faktorleri kullanarak hesaplamak icin bir ¢alisma yiiriittii. Bulgular,
iiniversitenin yakit ve elektrik tiiketiminden kaynaklanan 6nemli miktarda karbondioksit emisyonunu ortaya
koydu. 2020 yilinda, emisyonlar IPCC Tier 1 yaklasimiyla 4,759,087.57 kg CO2 olarak hesaplandi ve
DEFRA faktorleri kullanilarak 3,419,082.09 kg COgz olarak hesaplandi. Bu rakamlar, 2021 yilinda daha da
artarak, sirasiyla 8,955,635.86 kg CO.e (IPCC) ve 7,511,422.31 kg CO2 (DEFRA) seviyelerine ulasti, artan
bir emisyon egilimini gosterdi. Caligma ayrica, [IPCC ve DEFRA yontemleri arasindaki karbon ayak izini
dengelemek icin gereken agag sayisindaki onemli farkliliklara da dikkat gekti. Ornegin, 2020'de, IPCC'ye
gore 211,515 agac gerekiyorken, DEFRA 151,959 aga¢ 6nerdi. Bu farklilik, metodolojiler arasinda belirgin
bir sekilde devam etti ve oniimiizdeki yillarda gereken agag sayisi biiyiik 6l¢iide degisti, bu da karbon ayak
izi hesaplarimin standartlastiritlmasinin - 6nemini vurguladi. Bu bulgular, kurumlarin siirdiriilebilir
uygulamalar1 benimsemesi ve c¢evresel etkisini azaltmasi gerekliligini vurgulamaktadir. Karbon
emisyonlarini azaltma ve siirdiiriilebilirligi tesvik etme ¢abalari, hava kirliligi ile miicadelede ve kiiresel
iklim krizinin ele alinmasinda hayati 6neme sahiptir.

Anahtar Kelimeler: Karbon Ayak izi, Yasam Dongiisii Analizi (LCA), DEFRA, IPCC

*Corresponding Author: Ebruhan HUNERLI 2
ebruhanhunerli@posta.mu.edu.tr
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1. INTRODUCTION

All living things in the world are in balance with each other and their environment. This state of being in
balance is called ecological balance. As a result of human behaviour from the past to the present, the
ecological balance is endangered (Ates, 2021). The deterioration of the ecological balance is caused by the
actions of people (Cerci, 2021). In the past, after the 20" century, as a result of the development of industry,
rapid population growth and urbanization, air pollution increased and caused the ecological balance to
deteriorate (Ates, 2021). The 20" century is considered to be the century in which human-induced
environmental impacts raised alarms for our world (Riistemoglu, 2023). As technology and global
perspectives continue to evolve, the rising consumption levels lead to increased production, which, in turn,
escalates the demand for raw materials and waste generation (Cerci, 2021). In the past, fossil fuels have
been extensively used in order to meet the energy need with industrialization (Yavuz, 2020). With the use
of fossil fuels, events such as the formation of acid rain, high CO emissions, the occurrence of climate
change, and the realization of global warming have occurred (Yavuz, 2020). Especially the use of fossil
fuels is the leading cause of greenhouse gas emissions (Sanli, Bayraktar, & Incekara, 2017). Rapid and
unplanned urbanization as a result of the development of technology, the diversification and increase of
human needs, the industrial revolution, and rapid population growth disrupt the ecological balance by
causing air pollution (See Figure 1). As a result of the rapid increase in the amount of greenhouse gases in
the atmosphere from the past to the present, the amount of polluting gases in the atmosphere has increased.
Air pollution that has occurred since the 20" century causes global warming and climate change in the long
term (Birkan, 2022).

Development of technology,
Diversification and increase of human needs,
Industrial Revolution,

Rapid population growth,

Rapid and irregular urbanization.

Ecological
Balance

Figure 1: Graphical representation of the elements that disrupt the ecological balance.
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Greenhouse gases accumulating in the atmosphere create a greenhouse effect by preventing the sun's
reflected rays from being captured and reflected back to space, causing the sun's rays to be trapped in the
atmosphere and causing the world to warm up more (Sunturlu, 2017). Overheated air deteriorates the climate
and ecological balance of the world (Cerci, 2021) (Ozgelik, 2017). For this reason, it leads to global warming
and global climate change in the long term (Cergi, 2021). Especially after the 19th century, as a result of the
industrial revolution and rapid urbanization, there were years when air pollution began to be felt clearly
(Beijing, 2006). Thus, after the 1980s, global climate change and CO, emissions have become important
subjects of research in science (Giiller, 2018). If no precautions are taken, it has been observed that these
harmful effects will continue to increase and reach more serious dimensions (Ozgelik, 2017). Today’s
ongoing climate change and global temperature increases are becoming the biggest problems of the 21%
century and the following years (Riistemoglu, 2023). Subsequently, international conferences and meetings
were convened to establish protocols and agreements for setting targets and restrictions (Sanli, Bayraktar,
& Incekara, 2017). The "United Nations Environment Program”, which first drew international attention to
climate change, was carried out in 1975 by American scientists supported by the World Meteorological
Organization. These studies concluded that the ozone layer is thinning due to carbon emissions. The First
World Climate Conference was held in 1979 and the magnitude of the global warming problem was
discussed. The political aspect of climate change was focused on at the meetings held in Villach, Austria,
in 1985 and 1987. At the Toronto Conference held in Canada in 1988, some targets and constraints were
determined to reduce global carbon emissions by 20% by 2005, and it was proposed to prepare a Framework
Convention on Climate Change. The Intergovernmental Panel on Climate Change (IPCC) was established
in 1988 by the World Meteorological Organization and the United Nations Environment Program to provide
countries with accurate information about climate change and global warming. The "Second World Climate
Conference" was held in 1990 and it was emphasized that the "Framework Convention on Climate Change"
should be established in order to quickly prevent the damages of global warming. In 1992, the "Framework
Convention on Climate Change" was signed and a restriction was placed on greenhouse gas emissions. For
this purpose, at the "United Nations Conference on Environment and Development, it was aimed to limit
the accumulation of greenhouse gases in the atmosphere by asking developed countries to reduce their
greenhouse gas emissions to 1990 levels by 2000." This agreement, signed by 180 countries, entered into
force in 1994. The United Nations Framework Convention on Climate Change is the first precaution against
climate change and the first legal step to protect the global climate system. The purpose of this agreement
is to limit the amount of greenhouse gases released into the atmosphere from human sources and to ensure
the continuation of sustainable development by keeping this value at a level that the ecosystem can tolerate.
In this context, countries are required to control and record their greenhouse gas emissions, take some

initiatives to reduce climate change, and present these initiatives at the Conference of the Parties. This
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agreement imposes certain obligations on countries, and these obligations vary depending on the
development of the countries. It has been stated that developed countries should implement stricter policies
to reduce greenhouse gases. It was emphasized that the Parties should provide financial support to
developing countries with the money they collected from developed countries so that they can fulfil their
obligations. Thanks to this agreement, it was aimed to reduce the amount of greenhouse gases in 2000 to
the levels in 1990. The Kyoto Protocol was prepared in 1997 but came into force in 2005. Countries that
signed this protocol committed to reduce their greenhouse gas emissions by 5% between 2008 and 2012.
This protocol is an international agreement in which the greenhouse gas emissions of countries into the
atmosphere are determined with limit values for the first time. Since the obligations of the Kyoto Protocol
will end in 2012, the path to be followed was determined by the "Bali Action Plan" made in 2007 (Republic
of Tiirkiye Ministry of Environment, Urbanization and Climate Change, 2022). At the 15th Conference of
the Parties in 2009, the "Copenhagen Consensus" was signed by 140 countries. This agreement is a text that
does not require a legal obligation and states that the global temperature increase should be less than 2°C.
The Paris Agreement, which will come into force in 2020, was prepared at the 21 Conference of the Parties
held in 2015. The Treaty of Paris was signed and entered into force in 2016. The Paris Agreement is the
first global agreement to enter into force in less than a year. This agreement is a treaty that states that the
global temperature increase should be less than 2°C and even wants to limit it to 1.5°C (Republic of Tiirkiye
Ministry of Environment, Urbanization and Climate Change, 2022). When the global annual average carbon
dioxide concentration data is examined in the graph below, it is seen that the carbon dioxide concentration
has increased rapidly from 1858 to the present (See Figure 2).

Direct Measurements: 1958 to Today
450
' 400
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= 300
©
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Figure 2: Direct carbon dioxide concentration from 1958 to present (Global Climate Change, 2023)
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In Tirkiye, air pollution increased its severity after the second half of the 19th century, prompting the
introduction of legal regulations (Siimer, 2014). When the per capita amount of carbon dioxide emissions
in Turkiye between 1865 and 2022 is examined, it is seen that per capita carbon dioxide emissions have
been increasing since 1960 (See Figure 3).

CO, Emissions Per Capita in Tiirkiye Between 1865-2022
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Figure 3: CO, emissions per capita in Tiirkiye between 1865-2022 (Our World in Data, 2024).

With the Kyoto Protocol, an important international agreement, attention was drawn to greenhouse gases
and countries were asked to make regulations to reduce carbon emissions (Celik, 2020). For this purpose,
determining the amount of carbon emission has gained importance. Today, we are faced with a climate and
biodiversity crisis because the temperature increase is not limited to 1.5°C degrees. The recent occurrence
of forced displacements and deaths as a result of extreme weather events, increased food security, difficulties
in accessing fresh water, and the occurrence of epidemic diseases of animal origin are due to the
deterioration of ecological balance. According to the Living Planet Report (2022) prepared by the World
Wide Fund for Nature (WWF), as a result of research conducted worldwide between 1970 and 2018, there
is an average decrease of 69% in wildlife vertebrate populations (World Wide Fund for Nature [WWF]
Tiirkiye).

Universities play an important role in the dissemination of sustainable development in society (Figueiro &
Raufflet, 2015). Universities serve as a valuable source for creating alternative methods, setting examples
for society, guiding it, highlighting important issues, and prompting critical thinking (Valls-Val & Bovea,
2022). Many universities have set an example for other institutions in the society by calculating their own

carbon footprint. As can be seen in Table 1 below, some worldwide studies that have calculated the carbon
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footprint of universities are presented. In some of these studies, the total carbon footprint was determined

using various methods or calculated on a per-student basis.

Table 1: Universities that calculate the carbon footprint in the literature scan.

Author Method Results Explanation
Letete et al. Adapted 4 tCOq per student University of Cape Town Relates to
greenhouse energy consumption of 3.2 t COg per

Giiereca et al.

Larsen et al.

Vasquez et al.

Lietal.

Almufadi et al.

Gorkem Ozgelik

Lo-lacono-Ferreira

et al.

gas protocol

Greenhouse
Gas Protocol

Greenhouse
Gas Protocol
/ EEIO

Greenhouse
Gas Protocol

New survey-
based
methodology

Greenhouse
Gas Protocol

DEFRA
(2016)
conversion
factors

ISO 14064

1.46 tCOy per person

4.6 tCOq per student
16.7 tCOq per employee

3.1 tCO2 per student

3.84 tCOy per capita

Carbon footprints:

Qassim University 4.3 tCOq
per student

University of Delaware 7.9
tCOx per student

University of Pennsylvania
13.1 tCOx per student

Yale University 24.6 tCOx
per student

Massachusetts Institute of
Technology 36.4 tCO2. per
student

Total carbon footprint of the
campus:

According to Approach-1: 19
709.084 tCO2/year; 802.7
tCOZe/ha

According to Approach-2: 10
122.154 tCO2/year; 412.3
tCOZe/ha

Per student 0.31tCOz

Per employee 2.69 tCO2

student (80%) (Letete, Mungwe, Guma, &
Marquard, 2011).

The carbon footprint of the Engineering
Institute of the National Autonomous
University of Mexico was calculated
(Giiereca, Torres, & Noyola, 2013).
Norwegian University of Science and
Technology. Financial criteria focus on
Scope-3 (Larsen, Pettersen, Solli, &
Hertwich, 2013).

The carbon footprint of the University of
Madrid (Faculty of Forestry), Mexican
Autonomous, Minnesota Mankato State
University, Duquesne and Norwegian
University of Science and Technology was
calculated (Vasquez, Iriarte, Almeida, &
Villalobos, 2015).

Shanghai Tongji University includes a
student's personal carbon footprint and
GHG emissions from student activities (Li,
Tan, & Rackes, 2015).

Qassim University carbon footprint per
student was calculated as Scope-1, Scope-
2 and Scope-3 (Almufadi & Irfan, 2016).

The carbon footprint of Canakkale
Onsekiz Mart University Terzioglu
Campus is calculated as Scope-1, Scope-2
and Scope-3 (Ozgelik, 2017).

Valencia Polytechnic University covers 3
campuses. The measurement only
considers Scope-1 and Scope-2 (Lo-
lacono-Ferreira, Torregrosa-Lopez, &
Salvador F. Capuz-Rizo, 2018).



Hiinerli et al. / Calculation of Mugla Sitki Kogman University's Carbon Footprint with IPCC Tier 1 Approach and DEFRA Method

Ali Ureden IPCC Total carbon emissions: 5 The carbon footprint of Cankir1 Karatekin
methodology 633.13 tCOy/year University has been calculated (Ureden,
(Tier 2019).
Method)

Kumas et al. IPCC Total carbon dioxide It was calculated using 2017 pollution data
methodology emissions: 217.503 consisting of natural gas used for heating
(Tier kgCOzelyear purposes, electricity usage, and
Method) transportation caused by students and

personnel (Kumas, Akyliz, Zaman, &
Giingor, 2019).

Muhammed Cergi IPCC According to IPCC Tier 1 Erzincan Binali Yildirim University's
methodology approach carbon footprint in 2019 and 2020 was
(Tier 2019: 2 753.2 tCOz/year calculated separately using IPCC Tier 1
Method) and  2020: 2 383.74 tCOx./year and DEFRA conversion factors (Cergi,
DEFRA According to DEFRA 2021).
(2016) conversion factors
conversion 2019: 2 314.53 tCOy/year
factors 2020: 1 826.54 tCOy/year

When reviewing the literature, it becomes it is seen that carbon footprint calculations are made not only for
universities, but also in different areas such as hotels, tourism sector, restaurants, road construction, product
manufacturing, production facilities, wastewater treatment plants, transportation and green marketing. Kilic
et al. (2021), LCA calculation of the disposal of medical wastes by incineration and autoclave method was
made using the OpenLCA program (Kuzu, 2021). In a study conducted by Ugtiig (2017), the LCA
calculation and comparison of the electricity production of four countries was made using the OpenLCA
program (Uctiig, 2017). In a study by Jayamani and Bakri (2021), LCA analysis of flax and glass fiber
phenolic composite used in aircraft production was performed using the GaBi program (Jayamani, Jie, &
Bakri, 2021). In a study by Zang et al. (2018), sugar and bioethanol production from sugarcane produced
using the GaBi program was provided and the calculation of LCA, which is formed by using this bioethanol
as fuel in vehicles (Zang, Martins, & DaFonseca-Zang, 2018). In a study by Findik¢1 (2016), LCA
calculations of leather industry wastewater were made using the GaBi program with different scenarios
(Findikg1, 2016). In a study by Hakyemez (2016), the LCA calculation of the solvent recovery unit in a
chemical factory was made using the SimaPro program by setting up different scenarios (Hakyemez, 2016).
In a study by Hepdurgun (2019), LCA calculations were made of vehicle movements in different scenarios
at an intersection where road renewal work was carried out using the GaBi program (Hepdurgun, 2019). In
a study by Tiikenmez (2019), LCA analysis of 21 different green concretes was performed using the
SimaPro program (Tiikenmez, 2019). In a study by Giirbiiz (2019), LCA analysis of quartz surface
production was performed using the GaBi program (Gtirbiiz, 2019). In a study by Kiigiikkaraca (2020), the
LCA calculation of the wind turbine was made by creating 4 different scenarios (Kiigiikkaraca, 2020). In
the study of Bahadiroglu (2021), LCA analysis was performed with different scenarios using the data of a
cafe in Istanbul using the GaBi program (Bahadiroglu, 2021). In a study conducted by Ates (2021), the
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carbon footprint of Bing6l Wastewater Treatment Plant was calculated within the scope of Scope-1 and
Scope-2 according to the Greenhouse Gas Protocol (Ates, 2021). In the study conducted by Yiiksel (2017),
primary and secondary carbon footprints were calculated using the DEFRA and Carbon Footprint calculator
prepared by the EPA, as a result of the surveys conducted with the hospital personnel (Yiiksel, 2017). In
Ahmet's (2019) study, the carbon footprint of some livestock enterprises operating in the Bursa region was
calculated using Tier-1 and Tier-2 approaches and IPCC methodology (Tier Method) (Ahmet, 2019). In the
study of Unald1 (2016), a survey system was applied to calculate the carbon footprint in green marketing of
Corum province (Unaldi, 2016). In Ozkaynak's (2020) study, the calculation of the carbon footprint with
the questionnaire applied to the people residing in the city of Istanbul was made by using the questionnaire
and the IPCC methodology (Tier Method) (Ozkaynak, 2020). In Demirbas's (2018) study, the carbon
footprint resulting from the activities of the recycling facility was calculated using the IPCC methodology
Tier-1 and Tier-2 methods (Demirbas, 2018). In Altin6z's (2019) study, the carbon footprint of the road
pavement layer was calculated using the IPCC methodology (Altinéz, 2019). In Atabey's (2013) study, the
carbon footprint of Diyarbakir province was calculated using the IPCC methodology (Atabey, 2013). In the
study of Celik (2020), the calculation of the carbon footprint originating from transportation in the province
of Konya in 2019 was calculated with the Tier-2 approach (Celik, 2020). In the study of Ayan (2019), the
calculation of the carbon footprint originating from the fuel consumption in road transportation in Mugla
was made using the IPCC methodology (Tier Method), and it was seen that the increase in the amount of
migration to Mugla and the increase in the amount of carbon emissions were parallel (Ayan, 2019). In
Giiller's (2018) study, the carbon footprint of Mugla Domestic Wastewater Treatment Plant was calculated
using CCALC; software, IPCC (2006) and NGA (2014) (Giiller, 2018). In the study of Sunturlu (2017), the
carbon footprint of the boats working in the tourism sector in Fethiye was calculated using the IPCC
methodology Tier-1 method (Sunturlu, 2017). In Yavuz's (2020) study, the carbon footprint of a 5-star hotel
in Antalya with a bed capacity of 1907 was calculated using DEFRA (2016) conversion factors from
electricity, water, LNG and diesel (Yavuz, 2020). In Pekin's (2006) study, it was observed that there was an
increase in carbon footprint when he examined carbon emissions from road, air, rail and sea transportation
from 1990 to 2004 using the IPCC methodology (Tier Method).

In this study, the carbon footprint of Mugla Sitk1 Kogman University was calculated with two separate
methods: the IPCC Tier 1 method and DEFRA conversion factors. With this study, the carbon footprint of
the university was determined for the first time. In this study, the carbon emissions caused by electricity use
were also calculated according to national data, and the results obtained with international emission data
were compared. With the CO, emission results, the amount of CO, emissions caused by the university will
be calculated and suggestions will be made to set an example for other studies and potential pollution

reduction.
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2. MATERIAL AND METHOD

The carbon footprint of Mugla Sitki Kogman Universty was calculated based on the total electricity
consumption of all university units, fuel usage for heating on campus, and the fuel consumed by the
university vehicle fleet. The data used in this research are official data obtained from the university. To
assess both direct and indirect emissions produced by the university and calculate its carbon footprint, the
received data was converted into CO; using the conversion factors from the IPCC catalogue. As seen in
Table 2, while the emissions from the fuel used by the university for heating and the emissions from the
fuel of the vehicles belonging to the university are included in Scope-1, the emissions caused by the
electricity consumption of the university are included in Scope-2. Scope-3 was not used in this study. Scope-
3 includes emissions produced indirectly and emissions generated by personnel. In this study, the carbon
footprint of the university was calculated within the scope of Scope-1 and Scope-2 of the university for the
years 2020 and 2021.

Table 2: MSKU emission source.

Source Scope Emissions

Fuel consumption from transportation ~ Scope-1 ~ Emissions consisting of the fuel types used by the
university vehicle fleet and the total amount used

Fuel consumption used in heating Scope-1 ~ Emissions consisting of the types of fuel used by
the university and the total amount used as a result
of the heating need.

Electricity consumption Scope-2  Emissions from the amount of electricity consumed
by the university as a result of all kinds of activities

All fuel types and amounts used by the university are given in Table 3 below. Using these data, the IPCC
Tier 1 method and DEFRA conversion factors and the carbon footprint of the campus were calculated using
Excel and the results were tabulated. When the university's annual total fuel consumption data is examined,
it is seen that university vehicles mostly use diesel. The total amount of fuel used at the university in 2022
is more than the total amount of fuel used in 2020 and 2021. Natural gas data received from the university
is taken in kwh. In the calculations made with the DEFRA method, kWh value was used as the natural gas
unit. However, in the calculations made with the IPCC method, the natural gas value was converted to me.
Due to the completion of the university's natural gas infrastructure system in 2021, the university's natural
gas consumption amount in 2021 and 2022 is higher than in 2020. In the calculations, unit conversion was

made by taking 1 standard m? of natural gas as 10.64 kwh.
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Table 3: MSKU 2020, 2021 and 2022 fuel consumption

Fuels Unit 2020 Fuel 2021 Fuel 2022 Fuel
Consumption Consumption Consumption

Gasoline Litter 49 000 48 000 63 000
Diesel Litter 2000 3000 4000
LPG Litter 2000 2500 4000
Natural Gas (kwh) 8 303 902 26 237 460 24 829 936
Natural Gas (m®) 780 442 2 465 927 2333641
Compressed Natural Gas (CNG)  (Sm°®) 13 145 10673 23 165
Fuel Oil (kg) 26 480 11 580 22 830
Propane (kg) 15 000 13720 19 160
Coal (ton) - 120 125
Electric (kwh) 6 160 599 7570192 10 192 598

In the university's carbon footprint calculations, the 2006 IPCC Guide was used as a guide and the Tier 1
approach was taken as the calculation methodology. Data and formulas in IPCC calculations; Calculations
were made by using the “Monitoring and Reporting Communiqué Sectoral Calculation Examples”,
"Monitoring and Reporting Communiqué Monitoring Plan Guide" published by the Ministry of
Environment, Urbanization and Climate Change of Tiirkiye and by taking the emission data in the
"Monitoring and Reporting of Greenhouse Gas Emissions" published in the Official Gazette No. 29068 on
July 22, 2014 (Tirkiye Ministry of Environment, Urbanization and Climate Change, 2015), (Tirkiye
Ministry of Environment, Urbanization and Climate Change, 2015), (Official Gazette (Issue:29068),
22.07.2014). Emission factors were determined using the data published in the Official Gazette. These are
calculation sources created using the emission factors assumed in the 2006 IPCC Guidelines in the data in
the Official Gazette. The results obtained by substituting it in Equation 1 enable the calculation of the

greenhouse gas emission value.

EMissioNgreennouse gas,fuet = Fuel Consumptions,,, . Emission Factorco, ryel (1)

To calculate CO2 emissions, the amount of fuel consumed, the net calorific value of the fuel and the
appropriate emission value, which varies for each fuel, are used.

According to the IPCC method, the following steps are followed to calculate CO2 emissions:

1. The total consumption amount of the fuels used is calculated.

2. Density values of the fuels to be used in the calculations are given in Table 4 (Official Gazette, 2011).
Equation 2 is used to perform unit conversion. The density of compressed natural gas (CNG) is calculated
based on 15 °C and 20 MPa pressure (UNITROVE, 2022). If the fuel used is gas, the volume data of the
gas is multiplied by the density in order to convert it to mass (Tiirkiye Ministry of Environment,

Urbanization and Climate Change, 2015). For liquid fuels, unit conversion is done to change from liters to

11
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cubic meters. In the calculations, the density of gasoline was assumed to be 878.65 kg/m?, the density of

diesel was 840.00 kg/m?, the density of LPG was kg/m?, the density of natural gas was 0.72 kg/m? and the

density of CNG was 0.68 kg/m? (Official Gazette, 14 Mayis 2018).

Table 4: Density values of fuels

Fuels Unit Density (kg/m®)
Gasoline Litter 878.68
Diesel Litter 480.00
LPG Litter 495.00
Natural Gas (m3) 0.72
Compressed Natural Gas (CNG) (Smd) 0.68
Fuel Oil (kg) -
Propane (kg) -
Coal (ton) -
Fuel Consumption (kg) = Fuel Consumption * Density (kg/m3 ) * Unit Conversion (2)

Table 5: Net calorific value of fuels (Official Gazette (Issue:29068), 22.07.2014), (IPCC, 2006)

Fuels Net Calorific Value
(TJIGQ)

Gasoline 44.3

Diesel 43

LPG 47.3
Natural Gas 48
Compressed Natural Gas (CNG) 50

Fuel Oil 40.4
Propane -

Coal 28.2

Energy Consumption = Fuel Consumption * Conversion Factor x Net Calorific Value (3)

3. The energy content of the fuel used is calculated. To do this, the fuel amount is multiplied by the net

calorific value. Fuel-specific net calorific value (TJ/Gg) conversion factors are given in Table 5, specified

in the IPCC 2006 guide and the value included in the communiqué on monitoring and reporting greenhouse

gas emissions that came into force by being published in the Official Gazette dated 22.07.2014 and
numbered 29068 (Official Gazette (Issue:29068), 22.07.2014). The energy content of the fuel is calculated

using Equation 3. For propane, no net calorific value was used in the calculations. In the calculation,

"Monitoring and Reporting Communiqué Sectoral Calculation Examples" and "Monitoring and Reporting

Communiqué Monitoring Plan Guide" published by the Ministry of Environment, Urbanization and Climate

Change were used. According to the guidelines, the calculation was made without using the net calorific

value of propane (Tiirkiye Ministry of Environment, Urbanization and Climate Change, 2015), (Tiirkiye
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Ministry of Environment, Urbanization and Climate Change, 2015). In the calculations, the calorific values
were taken as 44.3 TJ/Gg for gasoline, 43 TJ/Gg for diesel, 47.3 TJ/Gg for LPG, 28.2 TJ/Gg for coal, 48
TJ/IGg for natural gas, 40.4 TJ/Gg for fuel oil and 50 TJ/Gg for CNG. The net calorific values given in the
IPCC method and the values published in the official gazette in Tirkiye are the same. Since the values
published by IPCC are suitable for Tiirkiye, these values were published in the official gazette.

4. The total carbon dioxide content in the fuel is calculated by multiplying the calculated energy
consumption value with the carbon emission factor given in Table 6, taken from the values in the
communiqué on monitoring and reporting of greenhouse gas emissions, which was specified in the [IPCC
2006 guide and published in the Official Gazette dated 22.07.2014 and numbered 29068. Equation 4 is used
in this calculation (Official Gazette (Issue:29068), 22.07.2014). The emission factor of the fuels was
calculated as 69 300 kg CO/TJ for gasoline, 74 100 kg CO./TJ for diesel, 63 100 kg CO,/TJ for LPG, 94
600 kg CO2/TJ for coal, 56 100 kg CO-/TJ for natural gas, 77 400 kg CO/TJ for fuel oil, 2.99 for propane
and 64 200 kg CO./TJ for CNG. In the calculations for propane, the emission factor given in the "Monitoring
and Reporting Communique Sectoral Calculation Examples" and "Monitoring and Reporting Communiqué
Monitoring Plan Guide" published by the Ministry of Environment, Urbanization and Climate Change was
used. According to the guidelines, the calculation was made without using the net calorific value of propane
(Tirkiye Ministry of Environment, Urbanization and Climate Change, 2015), (Tirkiye Ministry of
Environment, Urbanization and Climate Change, 2015). The emission factors given in the IPCC method are
the same as the emission values published in the official gazette in Tirkiye. Since the values published by
IPCC are suitable for Tiirkiye, these values were published in the official gazette.

Table 6: Net calorific value of fuels (Official Gazette (Issue:29068), 22.07.2014), (IPCC, 2006)

Fuels Net Calorific Value (TJ/Gg)
Gasoline 69 300

Diesel 74100

LPG 63 100

Natural Gas 56 100

Compressed Natural Gas (CNG) 64 200

Fuel Oil 77 400

Propane 2.99

Coal 94 200

Emission Content (kg ) = Emission Factor (kg/T]) * EnergyConsumption (T]) (4)

5. To calculate the carbon value completely involved in combustion, Equation 5 is used to calculate carbon
dioxide emissions in kilograms. In order to calculate greenhouse gas emissions, the oxidation and

conversion factors were taken as 1.00 and the biomass ratio was taken as 0.00, as stated in the *Monitoring
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and Reporting Communiqué Sectoral Calculation Examples" and "Monitoring and Reporting Communiqué
Monitoring Plan Guide" published by the Ministry of Environment, Urbanization and Climate Change
(Tirkiye Ministry of Environment, Urbanization and Climate Change, 2015), (Tiirkiye Ministry of
Environment, Urbanization and Climate Change, 2015), (Official Gazette (Issue:29068), 22.07.2014).

Table 7: Biomass ratio, oxidation factor and conversion factor of fuels (Tirkiye Ministry of Environment,
Urbanization and Climate Change, 2015), (Official Gazette (I1ssue:29068), 22.07.2014).

Fuels Biomass Ratio  Net Calorific Value (TJ/Gg)
Gasoline 0.00 1
Diesel 0.00 1
LPG 0.00 1
Natural Gas 0.00 1
Compressed Natural Gas (CNG) 0.00 1
Fuel Oil 0.00 1
Propane 0.00 1
Coal 0.00 1

Carbon Emission(kg C0,) = Emission Content(kgCO0,) * (1 — Biomass Ratio) * Oxidation Factor  (5)

Calculation of the amount of CO. emissions for the electrical energy used:

1. The amount of electricity used is calculated in kWh.

2. Electricity emission factors are given in Table 8 below. The value of 0.48 kg/kwWh given in the IPCC
2006 guide was used in the calculations. At the same time, calculations were made using the electricity
emission factor, which is Tirkiye's data. According to the data of the Ministry of Energy and Natural
Resources of Tiirkiye, an average of 0.44 tons/MWh CO-. greenhouse gas emissions are emitted per 1 MWh
(unit) of net electricity production throughout Tiirkiye (Republic of Tiirkiye Ministry of Energy and Natural
Resources, 2023). Using the equations given in Equation 6 and Equation 7, the amount of CO2 emissions

is calculated by multiplying the amount of electricity used by the emission factors.

Table 8: Electricity consumption emission factor (IPCC, 2006) (Republic of Tiirkiye Ministry of Energy and Natural
Resources, 2023)

Data Source Emission Factor (kg/kwh)
IPCC 2006 Guide 0.48
Tiirkiye Ministry of Energy and Natural Resources 0.44
Carbon Footprint = Activity Data * Emission Factor Faktori (6)
- - - kg CO,
C0, Emission(kgCO0,) = Amount of Electricity Used(kWh) = Emission Factor Wh (7

To calculate CO2 emissions according to the DEFRA method, the following steps are followed in order:

14
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Equation 8 is used in this calculation.

Carbon Footprint = Activity Data * DEFRA Emission Factor (8)

In the study, DEFRA emission factors will be used to calculate the carbon footprint of Mugla Sitki Kogman
University. The emission factors used in this article are given in Table 9 (DEFRA, 2022). Since the 2020
emission factor of propane was not given in the catalog published by DEFRA in 2020, the emission value

of 2021 and 2022 was used in the calculations.

Table 9: DEFRA conversion factors for 2020, 2021 and 2022 (DEFRA, 2022)

Fuel Type Unit Year kg CO2
Gasoline It 2020 2.17
2021 2.19
2022 2.16
Diesel It 2020 2.55
2021 251
2022 2.56
. . It 2020 1.56
LPG (Liquefied Petroleum Gas) 2021 156
2022 1.56
Coal ton 2020 2 883.26
2021 2 883.26
2022 2 883.26
SCOPE1 Natural gas kWh 2020 0.20
2021 0.20
2022 0.20
Fuel oil ton 2020 3229.20
2021 3229.20
2022 3229.20
Propane ton 2020 2 997.55
2021 2 997.55
2022 2 997.55
kWh 2020 0.20
Compressed natural gas (CNG) 2021 0.20
2022 0.20
kWh 2020 0.23
SCOPE 2 Electric 2021 0.21
2022 0.19

The data obtained as a result of calculating the carbon footprint of MSKU with the IPCC Tier 1 method are
given in Tables 10, 11 and 12 below (IPCC, 2006).
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Table 10: CO; emission calculation for 2021 according to the IPCC Tier 1 approach (IPCC, 2006).

Net Emission Oxidation CO; Emission
Scope  Fuels Fuel Calorific Density  Factor  Biomass Factor / (kg)
P Consumption ~ Value  (kg/m®) (kg Ratio Conversion
(TJIGg) CO,IT)) Factor
3850"”6 2000 4430 87865 69300 0 1 5 394.89
ﬁt';’se' 49 000 43 840.00 74100 0 1 131 148.11
LPG (It) 2000 4730 49500 63100 0 1 2954.78
Coal ; 28.20 . 94 600 0 1 ;
(kg)
Scope Natural
1 Gas 8 303 902 48 072 56100 0 1 1506 828.55
(m?)
(Fé‘;')' Oil 26 480 40.40 ; 77 400 0 1 82 801.90
Propane 15 000 - - 2.99 0 1 44 895.00
(k)
(Cn']\g; 13 145 50 068 64200 0 1 28 692.91
Emission
Factor
(kg/kWh)
Scope Electric
2 (owh) 016059910 ; ; 0.48 - - 2 957 087.57
TOTAL CO, EMISSIONS IN 2020 4759 803.71

Table 11: CO, emission calculation for 2022 according to the IPCC Tier 1 approach (IPCC, 2006).

Net Emission Oxidation ~ CO; Emission (kg)
Scope Fuels Fuel Calorific  Density Factor Biomass Factor /
P Consumption ~ Value  (kg/m®) (kg Ratio  Conversion
(TJIGg) CO/TY) Factor
(GISSO"”G 3000 4430 87865 69300 0 1 8092.34
([I)t')ese' 48000 43 84000 74100 0 1 128 471.62
LPG (It) 2500 4730 49500 63100 0 1 3693.48
Coal 120 28.20 ; 94 600 0 1 320 126.40
Scope (kg)
Natural
1 2465 926.69 48 072 56100 0 1 4761 057.38
Gas (m°)
(FE;)I Oil 11 580 40.40 ; 77 400 0 1 36 210.20
Propane 13720 ; ; 2.99 0 1 41 063.96
(k9)
fn']\gf 10 673 50 068 64200 0 1 2322850
Emission
Factor
(kg/kWh)
Scope Electric
2> Gawhy 757019162 - ; 0.48 ; ; 3633 691.98
TOTAL CO, EMISSIONS IN 2021 8 955 635.86
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Table 12: CO; emission calculation for 2022 according to the IPCC Tier 1 approach (IPCC, 2006).

Net Emission Oxidation CO,
Fuel Calorific  Density Biomass Factor / Emission
Scope  Fuels . ~ Factor (kg . .
Consumption Value  (kg/m?3) CO,/TJ) Ratio Conversion (kg)
(TJIIGg) 2 Factor
(Ci‘gso"”e 4000 4430 87865 69 300 0 1 10 789.79
([I)t')ese' 63 000 43 840.00 74100 0 1 168 619
LPG (It) 2 500 4730 49500 63100 0 1 3693.48
Coal (kg) 125 28.20 - 94 600 0 1 333 465
Scope  Natural — 333 640,60 48 0.72 56100 0 1 4505 647.65
1 Gas (m?)
(':IZB' oil 22 830 40.40 : 77 400 0 1 71 388.50
Propane 19 160 . . 2.99 0 1 57 345.88
(kg)
fﬁ':'g)e 23165 50 0.68 64200 0 1 50 564.56
Emission
Factor
(kg/KWh)
Scope Electric
2 Gowh) 10 192 597.97 - - 0.48 - - 4 892 447.03
TOTAL CO, EMISSIONS IN 2022 10 093 960.88

Fuel consumption amounts for 2020, 2021 and 2022 obtained from the university were used and the total
amount of CO; emissions produced by the school was calculated with the emission factors published by
DEFRA (DEFRA, 2020). The data obtained as a result of calculating MSKU's carbon footprint using the
DEFRA method is given in Table 13 below.

In the calculations, the value of 0.48 kg/kWh given in the IPCC 2006 guide was used. The calculation was
made using the electricity emission factor of the Ministry of Energy and Natural Resources of Tiirkiye,
which is also Tiirkiye's data, with an average value of 0.44 tons/MWh CO per 1 MWh (unit) of net
electricity production. The results obtained with IPCC and Tiirkiye data were compared (See Table 14)
(Republic of Tiirkiye Ministry of Energy and Natural Resources, 2023). When the emission values obtained
by these three methods are compared, it is seen that the result obtained using the IPCC method gives higher
results than the result obtained using the DEFRA method and Tiirkiye data. When calculating carbon dioxide
emissions from electricity, energy transmission line losses are not taken into account.

CO2e is a measurement created by the United Nations Intergovernmental Panel on Climate Change (IPCC)
to compare the effects of different greenhouse gases. As a result of carbon footprint calculations, carbon
dioxide equivalent (CO2e) is obtained. Carbon dioxide (CO2) and carbon dioxide equivalent (CO2e)
measure global warming potential, but carbon dioxide equivalent (CO2e) also includes greenhouse gases.

It enables the effects of all greenhouse gases to be explained in one unit.
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Table 13: 2020, 2021 and 2022 CO; emission calculation according to DEFRA approach.

Scope Fuels Con;‘iﬁ:ﬁion CO”‘Eekg'gnozF)aCtor CO, Emission (kg)
Gasoline (It 2 000 217 4336.04
Diesel (It) 49 000 255 124 75547
LPG (It 2 000 156 3110.74
Scope 1 Coal (kg) - 2 883.26 -
2020 Natural Gas (m?) 8 303 902 0.20 1691 836.99
Fuel Oil (kg) 26 480 3221.37 85 301.88
Propane (kg) 15 000 2 997.55 44 963.25
CNG (md) 13145 0.20 28 495,65
Scope 2 Electric (KWh) 6 160 599.10 0.23 1436 282.07
TOTAL CO, EMISSIONS IN 2020 4759 803.71
Gasoline (It 3000 219 6 580.56
Diesel (It) 48 000 251 120 591.84
LPG (It 2 500 156 3892.73
scoper 0l (0 120 2 883.26 345 991.20
2021 Natural Gas (M) 26 237 460 0.20 5 325 417.26
Fuel Oil (kg) 11 580 3 229.20 37 394.14
Propane (kg) 13720 2 997.55 41 126.39
CNG (md) 10 673 0.21 23 049.42
Scope 2 Electric (KWh) 7570 191.62 0.21 1607 378.79
TOTAL CO, EMISSIONS IN 2021 7511 422.31
Gasoline (It 4000 2.16 8 640.00
Diesel (It) 63 000 256 161 280.00
LPG (It 2 500 156 3 900.00
scoper 0l (0 125 2 883.26 360 407.50
2022 Natural Gas (m®) 24 829 936 0.20 4 965 987.20
Fuel Oil (kg) 22 830 3 229.20 73722.64
Propane (kg) 19 160 2 997.55 57 433.06
CNG (md) 23165 0.20 49 854.62
Scope 2 Electric (KWh) 10192 597.97 0.19 1971 044.60
TOTAL CO, EMISSIONS IN 2022 7652 269,61

Table 14: MSKU's CO, emission values calculated in 2020, 2021 and 2022 with three different methods.

Year [IPCC Methodology DEFRA Method Tiirkiye Data

2020 2957 087.57 kg 1436282.07kg 2710 663.60 kg
2021  3633691.98 kg 1607 378.79kg 3330884.31 kg
2022 4892 447.03 kg 197107760 kg 4484743.11kg

3. RESULTS AND DISCUSSION

When the calculation results were examined, it was seen that the emission results of the same fuel type
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obtained by different methods in the same years gave different results depending on the fuel types. The
biggest difference in the calculation results was seen in the carbon dioxide emissions caused by electricity.
The following Table 15 was created by dividing the emission production amounts of IPCC and DEFRA
methods into Scope-1 and Scope-2. It was observed that the result obtained using the Scope-1 source
DEFRA method of the university in 2020, 2021 and 2022 gave higher results than the IPCC. While the
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difference between the IPCC and DEFRA methods is lower in 2020, the difference is larger in 2021 and
2022. The reason why this difference is low in 2020 is due to less fuel consumption in 2020 compared to
other years.

Table 15: MSKU's emission calculation table according to Scope-1 and Scope-2 in 2020, 2021 and 2022.

IPCC Methodology (kg) DEFRA Method (kg)
Scope-1 Scope-2 Scope-1 Scope-2
2020 1802716.14 2957087.57 1982800.02 1436 282.07
2021 5321943.88 3633691.98 5904043.54 1607 378.79
2022 5201513.86 4892447.03 5681225.02 1971044.60

Year

Total equivalent CO, emissions for 2020 were calculated as 4 759 803.71 kg COz.. The total equivalent CO,
emission value for 2021 is calculated as 8 955 635.86 kg COz.. The total equivalent CO, emission value for
2022 is calculated as 10 093 960.88 kg CO... Calculations made using the IPCC Tier 1 method showed that
the activity causing the largest CO, emissions in 2020, 2021 and 2022 was caused by the use of natural gas
and electricity. And while the highest carbon dioxide production in 2020 was caused by electricity
consumption, it was observed that the highest carbon dioxide production in 2021 and 2022 was caused by

natural gas (See Figure 4).
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Figure 4: Fuel-based representation of CO emissions at the university in 2020, 2021 and 2022 according to the IPCC
Tier 1 approach.

Total equivalent CO, emissions in 2020 were calculated as 3 419 082.09 kg CO, equivalent. The total
equivalent CO, emission value for 2021 is calculated as 7 511 422.31 kg CO- equivalent. The total
equivalent CO, emission value for 2022 is calculated as 7 652 269.61 kg CO. equivalent. According to the
DEFRA approach, when the emission rates of the fuel types that create CO, emissions in 2020, 2021 and
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2022 are compared, it is seen that the highest CO emissions come from the use of natural gas, followed by

electricity (See Figure 5).
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Figure 5: Fuel-based representation of CO, emissions at the university in 2020, 2021 and 2022 according to DEFRA
conversion factors.

When the annual total fuel consumption data used by the university for heating is examined, it is seen that
natural gas is used. The total amount of natural gas used at the university in 2021 is more than the total
amount of natural gas used in 2020 and 2022. When the total amount of electricity consumed by the
university in 2020, 2021 and 2022 is examined, it is seen that the total electrical energy consumed in 2022
is higher than the total electrical energy consumed in 2021 and 2020.

When the university's emission amounts resulting from Scope-2 in 2020, 2021 and 2022 were compared
according to the method used, it was seen that the result calculated with the IPCC method was much higher
than the result calculated with the DEFRA method. The difference between the two methods is due to the
different emission factors of the IPCC and DEFRA methods. The university's emission value due to

electricity consumption between 2020, 2021 and 2022 were compared with the IPCC and DEFRA methods,
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as well as these results and the results of the use of Tiirkiye's emission factors due to electricity consumption
(See Table 10). When the emission values obtained by these three methods were compared, it was seen that
the result obtained using the IPCC method gave the highest value and the result obtained using the DEFRA
method gave the lowest value. The reason for this difference is due to the use of renewable energy sources
in the electricity production of England, the country that prepared the DEFRA conversion factors (GOV.UK,
2023). Since the electrical energy produced in Tiirkiye is mostly produced from fossil fuels, its emission
factor is higher than DEFRA's emission factor (Republic of Tiirkiye Ministry of Energy and Natural
Resources, 2023). It was observed that the results calculated using Tiirkiye's data and the IPCC method
were similar, but the IPCC method yielded a slightly higher result. The reason for this difference is that the
emission value given in the IPCC method is determined as a higher emission value since it is an international
value. The reason why Tiirkiye's data is lower than the value in the IPCC method is that renewable energy
is also used in electricity production in Tiirkiye. In other examined studies, it was observed that the amount
of carbon dioxide emissions obtained by the IPCC method gave much higher results than the results obtained
using DEFRA conversion factors (Cergi, 2021).

As a result of all calculations, the amount of Scope-1 emission in 2021 and 2022 is higher than the emission
amount of Scope-2. Because the amount of electricity used is low and the amount of fossil fuel used for
transportation and heating needs is high. The total amount of emissions in 2020 is lower than the total
amount of emissions in 2021 and 2022. Because more fuel was used in 2021 and 2022 than in 2020. When
the CO- emissions of the university were compared according to Scope-2 in 2020, 2021 and 2022, it was
seen that there was a difference between the results obtained using the IPCC Tier 1 approach and the DEFRA
method, and this difference was much higher than the difference according to Scope-1. This difference has
become more evident, especially in 2021 and 2022. This difference is due to DEFRA conversion factors
being lower than the IPCC emission factor. This difference varies in proportion to the carbon emissions
created by countries in electricity production. Because the values in DEFRA's catalogue, which is updated
every year, are adjusted according to the national data of England, it gave higher values. It has also been
seen in other studies that have been examined and previously conducted that the amount of carbon dioxide
emissions obtained by the IPCC method gives much higher results than the results obtained using DEFRA
conversion factors (Cergi, 2021). When the university's emission amounts resulting from Scope-2 in 2020,
2021 and 2022 are compared according to the method used, it is seen that the result calculated with the IPCC
method is much higher than the result calculated with the DEFRA method. The reason for the big difference
in the results is that the emission factor used in the calculation of Scope-2 emissions is different in the IPCC
and DEFRA methods. The carbon dioxide emission factor of the UK, which prepares the DEFRA
conversion factors, is higher than DEFRA's due to the use of renewable energy sources in electricity

production and the high share of fossil fuels in Tiirkiye's electricity production (Republic of Tiirkiye
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Ministry of Energy and Natural Resources, 2023) (GOV.UK, 2023). As a result of the calculations, it can
be seen that the results calculated with Tiirkiye data and the results obtained with the IPCC method are close
to each other. The reason why the value given in the IPCC method is higher than the national data of Tiirkiye
is due to the fact that the emission factor given in the IPCC method was created to calculate carbon dioxide
emissions on an international scale and the emission data in Tiirkiye is a national value. The results were
lower than those of the IPCC due to the contribution of renewable energy sources to electricity production
in Turkiye. Loss and leakage due to electricity distribution were not taken into account in the calculations.
As a result of all calculations, the carbon emissions at Mugla Sitki Kogman University cause the highest
emissions in Scope-1 values in 2021 and 2022, except for 2020, and the emission amount in 2022 is higher
than the emission amounts in 2021 and 2020. This is mainly due to the fact that the amount of fuel used has
increased in 2022.

In cases where it is not possible to reduce or eliminate carbon emissions in a region, afforestation can be
carried out in that region to compensate the air pollution caused. According to a study, it was found that a
tree photosynthesizes with an average of 22.5 kg of CO, annually (Bahgeci, 2013). For this purpose, the
number of trees required to zero the CO, emission value of Mugla Sitki Kogman University is found to be
211,515 and 151,959, respectively, according to IPCC and DEFRA methods for 2020. According to IPCC
and DEFRA methods for 2021, it is 398 028 and 333 841 respectively. According to IPCC and DEFRA
methods for 2022, it is 448 620 and 340 101 respectively (See Table 16).

Table 16: MSKU's CO, emission values calculated in 2020, 2021 and 2022 with three different methods.

Year IPCC Methodology DEFRA Method
2020 CO; Emission (kg) 4759 087.57 3419 082.09
Number of Required Trees (Grain) 211515 151 959
2021 CO; Emission (kg) 8 955 635.86 7511422.31
Number of Required Trees (Grain) 398 028 333 841
2022 CO; Emission (kg) 10 093 960.88 7 652 269.61
Number of Required Trees (Grain) 448 620 340 101

The university needs to carry out energy saving and energy management studies in order to reduce its carbon
footprint. Thermal insulation has been installed on the exteriors of the buildings within the university to
prevent heating losses. However, heat losses can be prevented by repairing areas where thermal insulation
is not good. Energy saving methods should be investigated to reduce the amount of energy the university
needs for heating. For this purpose, the architectural structure of new buildings should be designed to
actively use solar energy for both heating and lighting purposes. Project planning should be done during
building construction to meet the ventilation and air conditioning needs of buildings. Energy losses resulting
from the need for fresh air during the winter months can be minimized by returning fresh air to the building

with recovery systems. Heating systems should be replaced with new systems with higher combustion
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efficiency. Solar chimneys can be used for lighting. The efficiency of heating systems should be checked
and if there are leaks, they should be repaired or new efficient systems should be purchased. In order to
reduce electricity consumption and emissions, technological devices at the university can be replaced with
energy-saving equipment and unnecessary electricity can be avoided. In order to reduce carbon emissions
created by the university vehicle fleet, it can be replaced with fuel-saving, energy-efficient and low-fuel-
consuming models. By implementing aforementioned measures, the university's carbon dioxide emissions
can be reduced. Increasing the use of renewable energy resources on campus and reduction of fossil fuel
consumption can be achieved. Thanks to the photovoltaic solar panels located on one facade of the Faculty
of Education building located on the central campus of the university, part of the electricity need is met by
these panels. Mugla province has high solar radiation due to its location. The Solar Energy Facility at Mugla
Sitk1 Kogman University produces an average of 198 000 kWh of electricity annually (Mugla Sitk1 Kogman
University , 2024). When the number of photovoltaic panels required for the university to meet all its
electricity is calculated as a multiple of the current number of panels, it should be 32 times for 2020, 39
times for 2021 and 52 times for 2022. In order to use this advantage, the number of photovoltaic solar
collectors at the university can be increased. Newly constructed buildings at the university can be designed

as zero energy. By implementing these measures, the carbon emissions can be significantly reduced.

4. CONCLUSION

In this study, the quantification of Mugla Sitki Kogman University's carbon footprint was undertaken via
the application of the IPCC Tier 1 methodology and the DEFRA approach. The computations drew upon
official datasets provided by the university for determination. In the calculations, the fuel data used by the
university in electricity consumption, heating and transportation in 2020, 2021 and 2022 were used.
Calculations made using the IPCC methodology showed that carbon dioxide emissions increased by 88%
in 2021 compared to 2020 and increased by 13% in 2022 compared to 2021. Calculations made using the
DEFRA methodology showed that carbon dioxide emissions increased by 120% in 2021 compared to 2020
and increased by 2% in 2022 compared to 2021. It was observed that carbon dioxide emissions increased
with the increase in the amount of natural gas consumed at the university in 2021, and carbon dioxide
emissions increased with the increase in compressed natural gas (CNG) consumption in 2022. The increase
in emissions during 2021 and 2022 can be attributed to the higher heating demand experienced by the
university compared to the preceding year, mainly driven by the prolonged global COVID-19 pandemic,
which necessitated the continuation of remote education since March 2020. Therefore, reductions in
electricity and fuel consumption resulted in reduced emissions compared to previous years. Furthermore,
discrepancies in conversion factors employed in the IPCC and DEFRA methods led to varying outcomes

for the university's carbon dioxide emissions in both Scope-1 and Scope-2 categories.
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Energy management should be studied at the university in order to reduce the amount of energy the
university needs for heating and to save energy. For this purpose, if there is no insulation on the exterior of
the buildings, exterior insulation should be provided. If there are leaks in heating systems, they should be
checked and old systems should be replaced with new energy-efficient systems. Energy saving methods
should be investigated to reduce the amount of energy the university needs for heating. For this purpose, the
architectural structure of new buildings should be designed to actively use solar energy for both heating and
lighting purposes. Project planning should be done during building construction to meet the ventilation and
air conditioning needs of buildings. Fresh air should be returned to the building through recovery systems.
In this way, energy loss due to the need for fresh air in winter months is minimized. Heating systems should
be replaced with new systems with higher combustion efficiency. Solar chimneys can be used for lighting
purposes. Electricity-consuming devices can be replaced with efficient devices. By implementing these
measures, emissions can be reduced. By increasing the use of renewable energy sources on campus, the
amount of fossil fuel consumed can be reduced by providing the needed energy from clean sources. The
university's carbon footprint can be reduced by reducing the energy needs of consumption that will cause
carbon emissions by saving energy through measures and suggestions. The biggest change that can reduce
the carbon footprint may be the dissemination of efficient technologies by using fuel-saving, energy-
efficient systems at universities. In this sense, carbon emissions can be minimized by using renewable
energies and choosing energy efficient systems with new systems to be built not only at the university but
throughout the country. There are photovoltaic solar panels on the central campus of the university. Since
Mugla province has high solar radiation due to its location, an average of 198,000 kWh of electricity is
produced annually from these panels (Mugla Sitki Kogman University , 2024). The annual electricity
amounts needed by the university and the amounts of electrical energy produced from the panels in the
university were compared with this study. When the number of photovoltaic panels required to meet all the
electricity of the university is calculated as a multiple of the current number of panels, it should be 32 times
for 2020, 39 times for 2021 and 52 times for 2022. In order to use this advantage, the number of photovoltaic
solar collectors at the university can be increased. The results of this study can be used by the sustainable
green campus coordinator to assess our university's place in the emission rankings among other international
universities.

Life Cycle Analysis (LCA) has an important place in examining carbon emissions. Life cycle analysis LCA
was created according to 1ISO 14040 and ISO 14044 standards. It is a system that follows and notes all life
processes of a product, service or a process, starting from its first acquisition, and includes the calculation
of the carbon emissions produced in all steps by noting its final disposal. Since it follows all the steps of a
product or service, it is defined by the concept of "cradle to grave™ (Ministry of Environment, Urbanization

and Climate Change, 2011). According to the results of the report resulting from the life cycle analysis, the
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step and method that cause the most emissions are determined. Carbon emissions caused by this determined
method or step can be reduced. At the same time, the amount of natural resources needed in the same process
can be reduced by saving energy and reducing emissions by reusing or recycling by-products and waste
materials created while producing the product. It is aimed to eliminate all negativities by popularizing
sustainable production. The report resulting from the life cycle analysis reveals the damage caused to the
environment at all steps of the product or service, allowing the damage to be seen concretely. By raising
awareness of the society that suffers this damage, the climate change and extreme meteorological events we
experience today can be prevented. By reducing or eliminating the pollution caused by life cycle analysis,
negative effects on the ecological system are prevented and all negativities can be prevented. In this way,
by ensuring sustainability, reducing the waste that will occur at every step of production and consumption,
using sustainable production, and minimizing the damage to the environment by recycling (recycle-recover-
reuse) of the products, this damage is completely eliminated. With the calculations made in this study, the
amount of carbon dioxide accumulated in the atmosphere can be estimated and sanctions and regulations
can be made to reduce the pollution that will occur. Carbon dioxide emissions can be reduced if universities,
one of the leading institutions and organizations in society, draw attention to this field. In this way, it is
possible to see the pollution caused by all systems whose life cycle analysis has been performed and to
reduce pollution with appropriate interventions.

In this study, two different methods, the IPCC Tier 1 method, and the DEFRA method, were compared. At
the same time, it was decided that the use of IPCC Tier 1 was appropriate for Tiirkiye. It is thought that this
study will set an example for other studies to be conducted in the future. Energy consumption and emissions,
especially from heating, are high all over the world. Calculating emissions is important for monitoring

annual energy consumption and reducing carbon dioxide emissions.
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0z

Engellilik, bir etkinligin veya fiilin gerceklestirilmesi i¢in bireyin herhangi bir yonden kisitlanmig olmasi
durumudur. Kentsel yasam igerisinde toplumun biitiin bireylerinin kamusal veya 6zel tiim yap1 ve alanlara
esit derecede ulasabilir ve erigebilir olmas1 gerekir. Ayni zamanda kentsel yasamin 6nemli birer pargasi olan
tarihi alanlar da tipki kentsel diger alanlar gibi ulasilabilir ve erisilebilir olmas1 gerekmektedir. Bundan
dolay1 kentsel tarihi alanlarin peyzaj tasarim ve planlamalarinda engelsiz peyzaj yaklagimlar1 ve
erigilebilirlik temel esast benimsenmelidir. Bu ¢alismada engelli bireyler igin kentsel tarihi alanlarda
erisilebilirligini arttirmaya yonelik peyzaj tasarim yaklagimlari sunmak amaglanmistir. Amaca yonelik
olarak da Gobeklitepe Oren Yeri 6rnek alan segilmis ve engelsiz peyzaj yaklasimlari ve erisilebilirlik
acisindan incelemistir. Literatiir taramasi ile engelsiz peyzaj yaklasimlari ve erisilebilirligin saglanmasi i¢in
gerekli standartlar belirlenmistir. Daha sonrasinda Oren yeri alani belirlenen standartlar ¢ergevesinde
yiiriiyiis yollar1 ve zemin elemanlari, hissedilebilir ylirlime yiizeyleri, rampalar, merdivenler, aydinlatma
elemanlari, oturma elemanlari, isaret-bilgilendirme araglar1 ve ¢op kutulari, bitkisel materyal basliklar
altinda ayr1 ayr1 degerlendirilmistir. Degerlendirme ve incelemelerin ardindan 6ren yerinin GZFT (SWOT)
analizi yapilmis ve sonug olarak alanin erisilebilirlik ve engelsiz peyzaj yaklagimlar1 agisindan 6nemli
derecede eksikliklerinin bulundugu ve bu noktada 6nlem ve diizeltmelere ihtiya¢ duydugu belirlenmistir.
Alan {izerinde belirlenen eksiklikler ve diizeltme ihtiyaglar1 belirlendikten sonra alan i¢in Onlemler
siralanmig, tarihi alanlar igin de engelsiz peyzaj yaklasimlari ve erisilebilirlik adina onerilerde
bulunulmustur.

Anahtar Kelimeler: Engelli; Erisilebilirlik; Engelsiz Peyzaj Tasarimi; Gobeklitepe; Sanliurfa

Landscape Design Approaches to Increase Accessibility in Urban Historic
Areas for Disabled Individuals: The Case of Gobeklitepe Ruins (Sanhurfa)

ABSTRACT

Disability is a condition in which an individual is restricted in any way for the realization of an activity or
act. In urban life, all members of the society should be equally accessible and accessible to all public or
private buildings and areas. At the same time, historical areas, which are an important part of urban life,
should be accessible and accessible just like other urban areas. Therefore, barrier-free landscape approaches
and accessibility should be adopted in landscape design and planning of urban historical areas. In this study,
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it is aimed to present landscape design approaches to increase accessibility in urban historical areas for
disabled individuals. For this purpose, Gobeklitepe Ruins was selected as a sample area and analysed in
terms of barrier-free landscape approaches and accessibility. The standards required for barrier-free
landscape approaches and accessibility were determined through literature review. Afterwards, the
archaeological site area was evaluated separately under the headings of walkways and ground elements,
sensible walking surfaces, ramps, stairs, lighting elements, seating elements, sign-information tools and
garbage bins, vegetative material within the framework of the determined standards. After the evaluations
and examinations, a SWOT analysis of the archaeological site was made and as a result, it was determined
that the site has significant deficiencies in terms of accessibility and barrier-free landscape approaches and
needs measures and corrections at this point. After the deficiencies and correction needs were determined,
measures were listed for the site and suggestions were made for barrier-free landscape approaches and
accessibility for historical sites.

Keywords: Disability; Accessibility; Barrier-Free Landscape Design; Gobeklitepe; Sanliurfa
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1. GIRIS

Engellik, insanlarin dogustan gelen veya sonradan edinilen herhangi bir nedene bagli bedensel, zihinsel,
ruhsal, duyusal ve sosyal yeteneklerini c¢esitli derecelerde kaybetmesiyle ortaya g¢ikan ve yasamsal
ekinliklerini yerine getirmesini sinirlandiran kisitliliklar olarak tanimlanabilir (Is1k Afacan, 2023). Engellik
durumu ve engelli smiflandirmasi viicuttaki engelden ve diger nedenlerden kaynakli olarak gesitlilik
gosterebilir. Bunlar; gorme engelli, bedensel (ortopedik) engelli, isitme engelli, dil ve konugsma engelli,
zihinsel engelli ve diger engelli (siirekli bakim ve tedaviye ihtiya¢ duyan, yaslilar, hamileler ve gecici
engelliler) seklinde 6 ayr1 baglikta siniflandirilabilir (Kuru Aktiirk ve Ekim, 2023). Kentsel yasam igerisinde
engelli olarak siniflandirilan insanlar sosyal hayata veya mekan kullanimlarina uyum saglamakta zorluk
yasayabilirler. Bu tarz zorluklarin yasanmamasi ve toplumun biitiin bireylerinin kentsel yasamda esit
derecede yasayabilmesi igin erigilebilirlik tanimi karsimiza c¢ikmaktadir. Erisilebilirlik, fiziki agidan
bakildiginda toplumun tiim bireylerinin bagkalarinin yardimi olmadan toplumsal yasama dahil olabilmeleri,
giivenli olarak kamusal alanlara ve kamu hizmetlerine ulasabilmeleri seklinde tanimlanabilir (Marin-
Nicolas ve Saez-Pérez, 2022). Kentsel alanlarda engelli bireylerin toplumun tiim kesimleri ile bu alanlarin
tamamina erigebilirliginin esit olmas1 gerekmektedir. Bu nedenle kentsel alanlarda engelsiz peyzaj tasarim
yaklagimlarina ve erigilebilirligine son derece onem verilmesi gerekir (Ko¢ ve Kog, 2022). Kentsel
alanlardaki farkli kullanim alanlarinda erisilebilirlik, ulasilabilirlik ve engelsiz peyzaj yaklasimlar1 adina
diinyada yogun caligsmalar oldugu goriilmektedir. Feyzioglu (2012) bedensel engellilere yonelik kentsel
peyzaj tasarim ilkeleri 1s18inda Ankara ili Kizilay meydan1 ve iligkili caddelerini engelsiz peyzaj tasarim
standartlar1 ve peyzaj tasarim ilkeleri dogrultusunda incelemistir. Calismasinda yaya kullanimlarinda yaya
yolu genislikleri ve kaldirim yiiksekliklerinin standartlara uymadigini, hissedilebilir yiirlime yiizeylerinin
yetersizligini ve otobiis duraklarindaki engelliler i¢in yiikseltilmis platformlarin olmadigini belirlemis ve bu
konuda oneriler getirmistir. Cetinkale Demirkan (2019) engelsiz ¢ocuk oyun alanlarinin engelli ¢ocuklar
tarafindan kullanilabilirligini aragtirdigi ¢aligmasinda; Ankara ve Adana illerinin farkli ilgelerinde yer alan
4 farkli ¢ocuk oyun parkini incelemistir. Engelsiz park kavrami altinda yapilan bu parklarin inceleme
kriterleri dahilinde yetersiz oldugunu ifade etmis ve gerekli iyilestirmeler i¢in dnermelerde bulunmustur.
Cocuk oyun alanlarinin, gocuklarin gelisim donemlerinde énemli rol oynadigini ve gerek fiziksel gerekse
psikolojik agidan etkin olduklarini belirtmistir. Tiim peyzaj alanlarinda oldugu gibi yas veya cinsiyet fark
etmeksizin engelli bireylerin bu tarz alanlardan esit derecede yararlanmasinin toplumsal esitligin temelini
olusturdugundan bahsetmistir. Ozkaraca ve Inceoglu (2021) erisilebilirlik standartlar1 dahilinde Diizce
Universitesi merkez kampiisiinii degerlendirdikleri ¢alismada rampa ve merdiven tirabzanlari, yap: girisleri,
isaret ve yonlendirme elemanlari gibi alanlardaki eksiklikleri tespit etmisler ve bunlarin giderilebilmesi igin

erigilebilirlik plan1 hazirlayarak, énerilerde bulunmuglardir. Kentsel alanlardaki farkli kullanim alanlarinda
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erigilebilirlik, ulagilabilirlik ve engelsiz peyzaj yaklagimlari adina yapilan bu ¢alismalara karsin kentsel
tarihi alanlar i¢in ayn1 derece yogun ¢aligsmalarin s6z konusu olmadigi goriilmektedir (Kejanl vd., 2023).
Kentsel yasam igerisinde yer alan ve tarihi 6neme sahip sit alanlari, 6ren yerleri ve dogal alanlar gegmisten
giinlimiize dek gelen siirecte 6nemli bilgi, kiiltiir ve gelenek aktarimi saglayan yapilardir. Bu tarz alanlar
etkili birer turizm alani olmasi yaninda kent yasaminin da bir pargasidir Kentlerin bir pargasi olan tarihi
alanlar turizm agisindan ¢ok Onemlidir. Tarihi alanlar kent i¢i istihdamun arttirilmasi ve turist
sirkiilasyonunun gelistirilmesi yoniinden ekonomiye ciddi katkilar sunmaktadir. Kentsel tarihi alanlarin
peyzaj diizenlemelerinde engelsiz peyzaj diizenlemeleri ve erisilebilirliginin uygun yapilmasi alan
ziyaretleri yoniinden toplumsal esitlik saglarken, ziyaret¢i sayisinda da artig saglayabilir. Ayn1 zamanda
tarihi turizm alanlarinin kalitesi de arttirilabilir (Giir ve Erduran Nemutlu, 2021).

Bu ¢aligma engelli bireyler igin kentsel tarihi alanlarda erisilebilirligini arttirmaya yonelik peyzaj tasarim
yaklasimlar1 sunmak amaciyla yapilmistir. Bu dogrultuda Gobeklitepe Oren Yeri erisilebilirlik ve engelsiz
peyzaj yaklagimlar1 adina belirlenen standartlar dlgeginde incelenmis ve eksiklikleri belirlenmistir. Ornek
alan tlizerinden tarihi alanlarda erisilebilirligi arttirmaya ve engelsiz peyzaj yaklasimlarini gelistirmeye

yonelik onerilerde bulunulmustur.

2. MATERYAL VE YONTEM

Sanlwrfa; Tiirkiye’nin Giineydogu Anadolu Bdlgesi’nin Orta Firat Boliimii’nde yer alan, Gaziantep,
Adiyaman, Diyarbakir, Mardin illeri ve Suriye ile komsu, tarim alanlar1 ve tarihl mekanlari ile 6nemli tarim
ve turizm merkezi kentlerden birisidir (Sekil 1) (Yurddas, 2022). Kent smurlar1 igerisinde yer alan

Gobeklitepe Oren Yeri tarihi alani ¢alismanin ana materyalini olusturmaktadir (Sekil 2).

% RS GG Pt ¢ : ‘ -3‘ r'
Sekil 1: Sanlurfa kent merkezi (Google Earth Pro’dan degistirilerek, 2023; Vikipedi, 2023a; Vikipedi, 2023b;
Vikipedi, 2023c)
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Sekil 2: Calisma alam1 Gobeklitepe Oren Yeri (Google Earth Pro’dan degistirilerek, 2023)

Gobeklitepe Oren Yeri; Sanlurfa ilinin Haliliye merkez ilgesine bagli Orencik kdyii yakinlarinda ve deniz
seviyesinden yiiksekligi 732 m’dir. Gobeklitepe arkeolojik kalintilari da bu alanda yer almaktadir.
Gobeklitepe, gegmisi 12000 yi1l dncesine dayanan ve avci-toplayict insanlar tarafindan insa edilmis bir
tapinak olarak tanimlanmaktadir. Gobeklitepe yapi olarak agikligi 10 ila 30 metre arasinda degisen ve
toplamda 20 adet dairesel yapidan olusmaktadir. Bu dairesel yapilar ilging kilan 6zelligi ise gesitli hayvan
ve soyut kavramlarin yer aldigi kabartmalarin oldugu T sekilli siitunlaridir. Siitunlar dairesel alanlarin

merkezinde iki adet olacak sekilde yaklasik 200 kadardir (Sekil 3) (Ozalp, 2016).

Sekil 3: Gobeklitepe arkeolojik kalintilari (Orijinal, 2023)
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Calismanin {ic asamadan olusmaktadir. ilk asamada peyzaj tasarim alanlarinda engelsiz tasarim ve

erisilebilirlik ile ilgili gerekli standartlar ve uyulmasi gereken yonergeler icin tezler, kitaplar, makaleler,

projeler vb. literatiir kaynaklar1 taranmistir. Literatiir taramas1 sonucunda farkli bagliklar altinda gerekli

tasarim standartlar1 belirlenmis ve listelenmistir. Inceleme basliklar1 ve standartlar i¢in kullanilan literatiir

kaynaklar1 Cizelge 1°de belirtilmistir.

Cizelge 1. Engelsiz peyzaj tasarimlari ve erisilebilirlik i¢in inceleme basliklar1 ve standartlar igin kullanilan

literatiir.
inceleme Baghklar Standart Kaynaklar
Yiiriiyiis Yolu ve Zemin Elemanlar1 e TSE-12579, 1999
e Yiice Eskil, 2011
e Arslan, 2020
Hissedilebilir Yiiriime Yiizeyleri e Kog, 2021
e Bolat, 2022
e  (akar, 2022
Rampalar e TSE-9111, 2011
e Alkan Meshur, 2013
e  Tiirkyilmaz ve Iskender, 2018
e Kamer Aksoy ve Kose, 2022
Merdivenler e TSE-9111, 2011
e Kog, 2020
e Toprakli, 2020
Aydinlatma Elemanlari e TCASB, 2011
e Oter, 2018
e  Giilgiin Aslan ve Unal Ankaya, 2020
Oturma Elemanlar1 e TCASB, 2011
e TSE-7941, 2012
e Olgun, 2019
Isaret-Bilgilendirme Araglar1 ve Cop Kutular: e Mankan, 2019
e Pouya, 2022
Bitki Materyali e Yilmaz vd., 2013
e (elik vd., 2015
o Oter, 2018

Ikinci asamada, arazi c¢alismasi gerceklestirilmistir. Calisma alanlar1 yerinde incelenmis ve
fotograflanmistir. Arazi ¢alismasi sirasinda literatiir taramasi ile belirlenen standart ve yonergeler alandaki
her bir birim ile karsilastirilarak kontrol edilmistir. Karsilastirma sonrasinda standartlara uymayan ve
erisebilirligi kisitlayan canli veya cansiz materyaller listelenmistir.

Ucgiincii ve son asamada ise alan i¢in tasarimsal acidan GZFT (SWOT) analizi gerceklestirilmistir. Analiz
sonuglari ve alanda belirlenen eksiklikler g6z oniine alinarak 6rnek alan da dahil olmak iizere tarihi alanlarda

erigilebilirlik ve engelsiz peyzaj tasarimlar1 i¢in onerilerde bulunulmustur.
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3. BULGULAR

Calisma ilk asamasinda peyzaj alanlarinda, uygulama, tasarim ve planlamalarinda erigebilirlik ve engelsiz
yaklasimlar icin Tiirkiye’deki ilgili yonetmelik ve standartlar literatiir taramasi sonucu belirlenmistir. Tlgili
standartlar; ylirliyiis yolu ve zemin elemanlar, hissedilebilir yilirime ylizeyi isaretleri, rampalar, merdiven
uygulamalari, aydinlatma elemanlari, oturma elemanlari, igsaret-bilgilendirme araglari ve ¢6p kutulari, bitki

materyalleri agisindan ayr ayri basliklar altinda listelenmis ve degerlendirilmistir.

3.1. Yiiriiyiig yolu ve zemin elemanlari:
Literatiir taramasi1 sonucunda yiiriiyiis yollar1 ve zemin elemanlar1 kullanimlart ile ilgili iilkemizde uyulmasi
gereken standartlar belirlenmis ve listelenmistir. Bu standartlar su sekilde siralanmaktadir;

e Yiiriiytiis yollar1 ve kaldirimlar 200 cm ve 300 cm arasinda olmalidir.

e Tiim zemin kaplama malzemeleri diiz, sabit ve dayanikli olmalidir. Ayrica 1slaklik ve kuruluk
durumunda zemim kaplamasi kaydirmamali, 15181 yansitmamali ve hareket kabiliyetini
zorlagtirmamalidir. Eger parcali yapida zemin malzemesi kullanilacaksa derz araliklar1 0.5 cm’den
kiigiik olmalidir.

e Zemin ile biitiinlesik olan 1zgara, régar kapagi gibi alt yap1 elemanlari; zemin seviyesi ile kot farki
olusturmamalidir. Yagmur sular1 i¢in kullanilan 1zgaralarin ise 1zgara agikligit 13 mm’yi
gecmemelidir.

e Yiiriiylis yollarinda gérme engelli kullanicilar i¢in yonlendirme amacli en az 3 cm yiiksekliginde
bordiirler kullanilmalidur.

e Zemin kaplama malzemelerinde veya zemin kot diizeyindeki degisiklikleri belirtmek amaciyla bu
tiir alanlara yaklasirken, kaplama malzemelerinde doku degisikligi yapilarak 6zellikle gorme engelli
kullanicilar i¢in uyarici hale getirilmelidir.

Zemin elemanlari standartlar1 dikkate alinarak Gobeklitepe Oren Yeri incelendiginde, alandaki yiiriiyiis
yollar1 ve kaldinnmlar standartlara uygun genisliktedir. Ancak zemin kaplamalarinda kullanilan
malzemelerin tamami diiz yapiya sahip degildir. Oren yeri alaminda 8 farkli zemin kaplama materyali

kullanildig tespit edilmistir. Tespit edilen zemin kaplama materyalleri Sekil 4’te belirtilmistir.
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Sekil 4: Gobeklitepe Oren Yeri’nde tespit edilen zemin kaplama malzemeleri. A) Ahsap travers, B) Asfalt beton, C)
Bitiimlii sicak zemin asfalt, D) Ge¢meli ahsap, E) Kesme parke tasi, F) Micir, G) Microsurfing asfalt, H) Sari
renkli mermer (Giir ve Saglik, 2024)

Ahsap travers, gegmeli ahsap ve kesme parke tas1 zeminler diiz yilizeye sahip olmayan zeminlerdir ve bunlarin i¢inde
sadece gegmeli ahsap zemin standartlarda belirtilen standart derz araliklarina uygun yapidadir. Ozellikle kesme parke
tast ve ahsap travers zemin kaplamalari standartlara uygun olmamasina ragmen alanda ¢ok siklikla kullanildig1 goze
carpmaktadir. Diger diiz yiizeye sahip zemin kaplama materyallerinden sadece sari renkli mermer zemin yagish
zamanlarda kayganlik riskinden dolay: standartlara uygun degildir. Alandaki yagmur suyu drenaji yol ve kaldirim
kenarlarindaki bordiirler, rogar kapaklari ve zeminle biitiinlesik 1zgara yapilar ile saglanmaktadir. Tiim drenaj
elemanlar1 zemin seviyesi kota sahip olduklarindan dolay: standartlara bu yonden uymaktadir. Ancak yagmur sulari

icin kullanilan 1zgaralarin 1zgara agikliklar1 13 mm’yi gegmekte ve standartlara uymamaktadir (Sekil 5).
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Sekil 5: 1zgara agikligi ile standartlara uymayan yagmur suyu drenaj 1zgaralar1 (Orijinal, 2023)
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Zemin kaplama malzemelerinde veya zemin kot diizeyindeki degisikliklerin standartlara uygun sekilde

oldugu belirlenmistir.

3.2. Hissedilebilir yiiriime yiizeyleri:
Hissedilebilir yiirlime yiizeyleri kullanimlar ile ilgili ilkemizde uyulmasi gereken standartlar belirlenmis
ve listelenmistir. Bu standartlar su sekilde siralanmaktadir;
e Oncelikli olarak hissedilebilir yiiriime yiizey isaretleri yerine, gerekli kosullarin saglanmasi halinde
bordiir tas1 kullanilarak takip ve yonlendirme saglanmalidir.
e Tiirkiye’de hissedilebilir yiirlime yiizeyi isaretleri standartlarinda uyarici ve kilavuz yilizey olmak
iizere iki tip ylizey belirtilmistir.

o Kilavuz yiizey; yiiriiylis dogrultusunu belirtmek veya iki nokta arasindaki yonlendirmeyi
saglamak amaciyla kullanilir. 30x60 cm Olgiilerindedir. Kilavuz c¢ikintilart 4-5 mm
yiiksekligindedir. Kilavuz yiizeyler 1zgara gibi yatayda; tabela, direk, kolon gibi alanlar ile
kesintiye ugramamalidir. Miimkiin olan en kisa giizergah kullanilmalidir.

o Uyarict ylizey; yalnizca belirli bir karar noktasi veya tehlikeye dikkat ¢ekmek igin
kullanilmalidir. Uyarici yiizeylerin noktasal ¢ikintilar: 4-5 mm yiiksekliginde olmalidir. Rampa
baslangic1 ve Dbitiglerinde hissedilebilir yiirlime yilizeyi isareti kullanilmamalidir.
Merdivenlerde de merdiven baglangici ve bitiminde kullanilmalidir. Uyaric1 ylizey,
merdivenlerin baglangi¢ noktasindan 30 cm 6nce, sonrasinda ise 60 cm derinliginde olmalidir.
Sahanliklarda ise derinligi 210 cm’den fazla olanlarinda kullanilmalidir.

Gobeklitepe Oren Yeri alaninda hissedilebilir yiiriime yiizeyi agisindan higbir zemin yapisinin olmadig

goriilmiistiir. Bu noktada alanin ¢ok biiyiik eksikligi oldugu tespit edilmistir.

3.3. Rampalar:
Rampalar ve rampa kullanimlarni ile ilgili iilkemizde uyulmasi gereken standartlar belirlenmis ve
listelenmistir. Bu standartlar su sekilde siralanmaktadir;

e Bir alanda iki veya daha fazla zemin arasinda 13 mm’den fazla kot farki i¢in rampa uygulamast
yapilmalidir.

e 15 cm ve asagisindaki yiikseklik i¢in egim en fazla %8, 16 cm ve 50 cm arasindaki yiiksekliklerde
en fazla %7, 51 cm ve 100 cm arasindaki yiikseklikte %6 ve 101 cm tlizerindeki yiiksekliklerde egim
en fazla %5 olmalidir.

e Rampalarda net genislik; Koruma bordiirii ve tirabzan gibi donamimlar1 hari¢ en az 100 cm
Olciisiinde olmalidir. Rampalarin basinda ve sonlarinda 150x150 c¢cm hareket alani olmalidir.

Rampalarda, rampa uzunlugunun 9 mm’nin flizerinde olmasi halinde dinlenme sahanligi
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bulunmalidir. Dinlenme sahanligi en az 250 c¢cm 6lgiisiinde olmalidir ve bu sahanlikta bir bank
bulunmalidir.

e Rampalarda ve sahanliklarin kenarlarinda koruma bulunmuyorsa, en az 5 cm yiikseklikte bordiir
uygulamasi yapilmasi gerekir.

e Rampauzunlugunun 2 m’den fazla olmasi veya rampa ile asilan yiiksekligin 15 cm’den fazla olmasi
durumlarinda ise rampanin her iki tarafinda korkuluk bulunmalidir. Korkuluk kullanilamayacaksa,
korkuluk gerektirmeyecek sekilde duvar veya parapet bulunmalidir.

e Rampalardan her iki tarafinda 90 cm yiiksekliginde birinci diizey ve 70cm yiiksekliginde ikinci
diizey kiipeste yer almalidir. Rampalardaki kiipeste 30 cm 6nce baglamali ve rampa bitiminden 30
cm sonrasina kadar devam etmelidir.

e Az gorme yetisine sahip engelli bireyler i¢in korkuluklar veya kiipestelerin rengi bulundugu yiizeyin
renginden zit olacak sekilde farkli olmalidir.

Oren yeri alaminda yiiksek derece egimli bolgelerin bulunmadig1 ve peyzaj diizenlemesi yapilmis ziyarete
acik alanlarda da rampaya ihtiya¢ duyulacak derece kot farklarinin ¢ok olmadigi goriilmiistiir. Fakat bu
durum Oren yeri alaninda rampa uygulamas1 yapilmasinin gerekli oldugu alanlarin da olmadigi anlamina
gelmemektedir. Oren yeri alaninin girisinde iki yapt bulunmaktadir. Bunlardan birisi ziyaret¢i merkezi

binasi digeri ise sergileme merkezi binasidir (Sekil 6).

Sergileme
. Merkezi Y /
- T i 4

Ziyaretci
Merkezi

R,
A\

Sekil 6: Oren yeri alam girisindeki Ziyaretgi ve Sergileme Merkezi yapilari

Ziyaret¢i merkezi girisi ile diger ulasim akslar1 arasinda standartlarda rampa yapilmasini gerektirecek
yiikseklikte kot farki bulunmadigindan bu alanda rampa uygulamasi bulunmamaktadir. Ziyaret¢i merkezi

yapisi ile sergileme merkezi yapisi arasinda kot farki bulunmaktadir. Sergileme merkezi kot olarak daha
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yiiksekte bulunmakta ve yapiya giris merdiven ile saglanmaktadir. Sergileme merkezi binasina girisi
saglayan bolimde rampa uygulamasmin yapildigi tespit edilmistir. Burada gdzlemlenen rampa
uygulamasinin egiminin standartlarda belirtilen 6lgiilere uygun oldugu belirlenmistir. Ancak rampa
uygulamasinin kenarlarinda koruma ve korkuluk bulunmamaktadir. Standartlarda béyle bir durumda rampa
uygulamasinda bordiir uygulamas: bulunmasi gerektigi belirtilmistir. Buna ragmen sergileme merkezi
Oniindeki rampa uygulamasinda bordiir uygulamasinin da olmadigi goriilmiistiir. Ayrica rampa ve
sahanliklardaki zemin malzemesinin kaygan yapida olmasina karsi egimli olan bu yiizeylerde kaymayi

engelleyecek yap1 ve 6nlemlerinde olmadig1 gézlemlenmistir (Sekil 7).

Sekil 7: Sergileme merkezi binasi 6niindeki rampa uygulamasi (Orijinal, 2023)

Alanda rampa uygulamasina sahip diger bir mekan ise Gobeklitepe arkeolojik kalintilarin bulundugu
alandir. Ge¢meli ahsap zemin kaplama malzemesine sahip bu uygulama Tablo ‘de belirtilen standartlara
uymakta, gerekli korkuluk yapisina sahip ve kaygan 6zellikte olmayan zemin kaplama malzemesine sahiptir
(Sekil 8).
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Sekil 8: Gobeklitepe arkeolojik kalintilarinin bulundugu alandaki rampa uygulamasi (Orijinal, 2023)

Arkeolojik kalintilarin bulundugu alanin da dis ¢evresini dolasan sirkiilasyonda ihtiya¢ duyulmasina karsin
rampa uygulamas: gozlemlenmemistir. Bu sirkiilasyonda kazi islemleri devam eden diger alanlar ve 6ren
yerinde bulunan bir amt aga¢ alanima ulasilmaktadir ve 6ren yeri buradan daha genis acgiya sahip bir
manzaraya sahiptir. Dolayisiyla bu sirkiillasyon aginda da rampa uygulamasinin yapilmis olmasi
gerekmektedir. Ayrica Oren yeri girisindeki sergileme ve ziyaretci yapilari ile arkeolojik buluntularin
bulundugu alan arasindaki baglantiyr saglayan servis gilizergahinin bekleme alaninda da standartlar
dahilinde rampa uygulamasi yapilmasi gerekmektedir. Ancak bu alanda da herhangi bir rampa uygulamasi

bulunmamaktadir (Sekil 9).

Sekil 9: Rampa uygulamasi yapilmasi gereken ama yapilmayan alanlar A) Servis bekleme alani, B) Arkeolojik buluntu
dis gevresi sirkiilasyonu C) Arkeolojik buluntu dis ¢evresi sirkiilasyonu (Orijinal, 2023)
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3.4. Merdivenler:

Gobeklitepe Oren Yeri yiiriiyiis yollar1 ve zemin kaplamalari, hissedilebilir yiiriime yiizeyi ve rampa

uygulamalarinin incelenmesinden sonra merdiven yapilari agisindan da incelenmistir. Merdiven yapilari ve

uygulamalari ile ilgili iilkemizde uyulmasi gereken standartlar belirlenmis ve listelenmistir. Bu standartlar

su sekilde siralanmaktadir;

e Merdivenler yandan yaklagmay1 saglayabilecek sekilde yiirliyiis yoniine dik olacak bi¢imde
tasarlanmalidir.

e Merdiven uygulamalarinda tiim basamaklarin derinlikleri ve yiikseklikleri ayn1 olmalidir.

e Dis mekanlardaki merdivenlerde basamak derinligi en az 30 cm basamak yiiksekligi ise en fazla 15
cm olmalidir.

e 180 cm tizerinde kot farkliligi bulunan merdivenlerde 12 basamakta bir sahanlik bulunmalidir.

e Parklarda uygulanan merdivenlerin genisligi en az 180 cm olmalidir.

e Merdiven uygulamalariin baslangicinda ve bitiminde gérme engelliler i¢in hissedilebilir yiiriime
yiizeyi isaretleri bulunmalidir.

e Merdivenlerin basamaklarinin uglari damlaliksiz olmalidir. Basamak uglarinda, basamak uzunlugu
boyunca ve 2.5 cm ene sahip kaydirmaz serit uygulamasi yapilmalidir.

e Merdiven uygulamalarinin her iki tarafinda da 90 cm yiiksekliginde birinci diizey ve 70 cm
yiiksekliginde ikinci diizey kiipeste bulunmalidir. Kiipeste tipki rampa uygulamalarindaki gibi 30
cm Once baslamali ve merdiven bitiminden 30cm sonrasina kadar devam etmelidir.

o Az goérme yetisine sahip engelliler i¢in korkuluk ve kiipestelerin rengi bulundugu yiizeyin renginden
z1t olacak sekilde farkli olmalidir.

Alandaki tiim merdiven yapilar1 yaklasmay1 saglayacak bigimde yiirliylis yoluna dik olacak bi¢imdedir.
Tiim merdivenlerde basamak derinligi en az 30 cm, yiiksekligi ise en fazla 15 cm olacak sekilde standart
dlgiilere uygun bigimdedir. Oren yeri alamindaki merdiven yapilarinin basamaklarinda sadece sergileme
merkezi 6niindekilerde damlalik bulunmaktadir, geriye kalan merdiven yapilarinda damlalik bulunmamakta
ve standartlara uygun yapidadir. Merdivenlerde bulunmasi gereken kaydirmaz serit uygulamasi da sadece
sergileme merkezi binasi dniindeki merdiven yapisinda mevcuttur. Oren yeri alanindaki farkli merdiven

yapilarinin 6rnekleri Sekil 10°da belirtilmistir.
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Sekil 10: Oren yeri alanindaki farkli merdiven yapilarinin 6rnekleri A) Amfi tiyatro, B) Arkeolojik buluntu dis cevresi
sirkiilasyonu, C) Sergileme merkezi binasi, D) Arkeolojik buluntu alani (Orijinal,2023)

Standartlarda belirtilen merdivenlerdeki kiipeste uygulamasi standartlar sadece arkeolojik buluntu alani ve
arkeolojik buluntu dis ¢evresi sirkiilasyonunda bulunan merdiven yapilarinda mevcuttur. Bu alanlardaki
merdiven sahip olduklari kiipeste uygulamalari ile standartlara uysa da kiipestelerin az goérme yetisine sahip
bireyler i¢in zeminden farkli renkte ve yapida olmasi gerekliligi yoniinden standartlara uygun degildir. Tiim
oren yeri alanindaki merdiven yapilarinin higbirinin baglangi¢ ve bitisinde hissedilebilir yiiriime ylizeyi

bulunmamaktadir.

3.5. Aydinlatma elemanlarr:
Aydinlatma elemanlarinin yapisal ve kullanim standartlar1 literatiir taramasi ile belirlenmistir. Belirlenen
standartlar;

e Aydmlatma elemanlan yiiriiylis yolu ve kaldirimlarda genislik ve hareket alanini kisitlamadan
gecisi engellemeyecek sekilde yerlestirilmelidir. Yol iizerinde ve yaya yolunda kullanilan
aydinlatma elemanlarinin yiiksekligi en az 220 cm olmalidir.

e Engelli kullanicilarin giivenligi agisindan rampa ve merdiven girisleri gibi yiiriiylis yollartyla ani
sekilde kesilen alanlarin aydinlatmalari cok énemli oldugu i¢in bu tiir alanlardaki aydinlik diizeyi
ozellikle dikkate alinmalidir.

e Aydmlatma elemanlari; yaya yollarinda 3 ila 4 m yiiksekliginde, sokaklarda 4.5 m ila 6 m
yiiksekliginde caddelerde 7 ila 9 m yiiksekliginde ve ana yollarda 10 ila 12 m yiiksekliginde

olmalidur.
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o Isik siddetinin ayarlanmasi az gorme yetisine sahip engelli bireylerin ¢evrelerindeki mekanlari rahat

bir sekilde algilayabilmesi énem arz etmektedir. Bu nedenle 151k siddetinin artirilmasi fayda
saglayacaktir.

Gobeklitepe Oren Yeri alani aksam kullanima kapali oldugu igin alandaki aydinlatma elemanlar

ziyaretcilerden ziyade giivenlik amaciyla kullanilmaktadir. Buna ragmen alandaki aydinlatma elemanlar

yiirliylis yollarin1 ve kaldirnmlan kisitlamayacak sekilde, gegisi engellemeyecek bigimdedir. Led spotlar

kullanilarak aydinlatilan alanda biitiin aydinlatmalarin yiikseklikleri standartlarda belirtilen asgari

yiiksekligin iizerinde olup tamami engelli bireyler igin belirtilen standartlara uygundur (Sekil 11).

Sekil 11: Gobeklitepe Oren Yeri aydinlatma elemani (Orijinal, 2023)

3.6. Oturma elemanlarr:
Oturma elemanlarinin yapisal ve kullamim standartlar literatiir taramasi ile belirlenmistir. Belirlenen
standartlar;
o Kentsel dis mekanlarda kullanilan oturma elemanlar1 yayalarin serbest gecisine engel teskil
etmeyecek sekilde konumlandirilmalidir. Oturma elemanlari her 30 m de bir konumlandirilmalidir.
e Tekerlekli sandalye kullanicilari igin oturma elemanlarinin yaninda 120x120 cm olacak sekilde alan
birakilmalidir.
e Banklarin oturma boliimlerinin yerden yiiksekligi 40 ila 48 cm, oturma derinliginin ise 30 ila 45 cm
olmas1 gerekmektedir.
e Oturma yiizeylerinde oturma eylemine engel olmayacak tiirde malzemeler kullanilmalidir. Oturma
yiizeyleri 3 ila 5 derece agiya sahip olmalidir. Oturma elemanlarinin sirt dayama boliimleri gerekli

konforu saglayacak sekilde uygun ergonomide olmalidir.
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e Otururken ya da kalkarken destek saglamasi amaciyla oturma yiizeyinden 21.5 cm ile 22.8 cm
yukarida kol destek elemani bulunmalidir.
Alandaki oturma elemanlarinin ziyaretgilerin serbest gegisine engel teskil etmeyecek sekilde oldugu tespit

edilmistir. Oturma elemanlarinin tamamu tekerlekli sandalye kullanicilari igin gerekli olan 120x120 cm’lik

bos yan alana sahiptir (Sekil 12).

Sekil 12: Oren yeri alanindaki oturma elemanlari ve bos yan alanlar1 (Orijinal, 2023).

Oturma elemanlar1 45 cm yiikseklige sahip olup standartlarda belirtilen 6l¢ii araliklarinda ve standartlara

uygun bigimdedir. Ayni sekilde oturma derinligi ise 30 cm’lik Slgisii ile standartlara uygundur (Sekil 13).
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Oturma elemanlarinin oturma yiizeylerinin egimlerinin standartlara uygun olmasinin yaninda sirt dayama

boliimlerinin olmamasi ve kol dayama elemanlarinin olmamasi yoniinden standartlara uygun degildir.

3.7. Isaret-bilgilendirme araclar: ve ¢cop Kutularr:

Isaret ve bilgilendirme araglarimin yapisal ve kullamm standartlar literatiir taramasi ile belirlenmistir.

Belirlenen standartlar;

Isaret ve bilgilendirme araglar1 konumlandirilirken gorsel erisimi kesmeyecek sekilde olmasina
dikkat edilmelidir.

Alan kullanicilarinin gegisini engellemeyecek sekilde olmalidir. Yola uzanan veya yol iizerinde yer
alan isaret ve bilgi araclarinin carpma tehlikesi olusturmayacak sekilde yerden yiiksekligi en az 220
cm olmalidir.

Isaret ve levhalarin igerdigi semboller zit renkteki zemin iizerinde basit, okunakli ve acikca anlasilir
sekilde olmalidir.

Uluslararasi standartlara gore belirli durumlari bildirmek i¢in bazi renkler, belirli alanlar1 gostermek
icin de bazi semboller belirlenmistir. isaret ve bilgilendirme araglari bu renk ve sembollere uygun
olarak diizenlenmelidir.

Yazili olarak bilgilendirme yapilan araglarda az gérme yetisine sahip bireyler i¢in zemin ile zit
renkte ve biiyiik puntolu harfler kullanilmalidir.

Gorme engelli bireyler i¢cin bu levhalar aymi sekilde kabartmali olarak uyarlanmali ve sesli

uyaricilara da yer verilmelidir.

Oren yeri alanindaki isaret ve yonlendirme araglari, yiiriiyiis yollarinda veya herhangi bir ulasim aksinda

sirkiilasyona engel teskil etmeyecek sekildedir. Isaret ve levhalarda kullanilan sembollerin anlasilir bigimde

okunakli ve biiyiik puntolarla kullanildig1 gdzlemlenmistir. Ayrica bu araglardaki sembol ve yazilarin zemin

ile zit renkte kullanilmasinin da az gérme yetisine sahip ziyaretciler i¢cin uygun oldugu goriilmiistiir. Ancak

tim bu olumlu ydnlerinin yaninda isaret ve bilgilendirme araclarinin kabartmali olmamasi, Braille

alfabesinin kullanilmamas1 ve sesli uyaricilarin bulunmamasi sebebiyle bu acidan standartlara uygun

olmadig tespit edilmistir. Gobeklitepe Oren Yeri alaninda tespit edilen isaret ve bilgilendirme araclar1 Sekil

14°te belirtilmistir.
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Sekil 14: Oren yeri alaninda belirlenen isaret ve bilgilendirme araglar1 (Orijinal, 2023)

Cop kutularmin acgik-yesil alanlarda engelsiz peyzaj tasarim yaklasimlart ve erisilebilirlik yoniinde
kullanimu ile ilgili belirlenen standartlar;

e  (Cop kutulari, bordiirlerle belirlenmis sinirlara en az 40 cm uzaklikta, yaya hareketini ve tekerlekli
sandalye hareketini kisitlamayacak sekilde konumlandirilmalidir.

e (COp kutular1 yaralanmalara sebebiyet vermeyecek malzemelerden ve sivri kdselerden uzak
durulacak sekilde tasarlanmalidir. Ayni sekilde bu ¢op kutular tek elle kullanilabilir bigimde
kapakl1 olmalidir.

e Yerden yiikseklikleri 90 ila 120 cm arasinda olmalidir. Cop kutular1 bulunduklar1 zeminden zit
renkli ve kolay fark edilebilir olmalidir.

Alanda tek tip ¢op kutusu kullanildig1 belirlenmistir. Cop kutular alan igerisinde yaya ve tekerlekli sandalye
hareketlerine engel olmayacak sekilde konumlanmig oldugu gorilmiistir. Kutular ziyaretgilerin
yaralanmasina sebep olmayacak sekilde sivri ug¢lardan uzak, silindirik bi¢imdedir. Ayrica tek elle kullanima
olanak saglayacak bigimde kapakli yapida oldugu da gézlemlenmistir. Yerden yiiksekliklerinin standartlara
uygun bi¢gimde ve bulunduklar1 zeminlerden farkli renkte, kolay ayirt edilebilir olduklar tespit edilmistir.
Bu yénden bakildiginda Gobeklitepe Oren Yeri igerisinde erisilebilirlik ve engelsiz peyzaj yaklasimlari
acisindan belirlenen standartlara biitiiniiyle uyan tek kullanimlarin da ¢6p kutularinin oldugu goriilmiistiir.

Oren yeri alaninda kullanilan ¢6p kutular1 Sekil 15°te belirtilmistir.
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Sekil 15: Oren yeri alaninda tespit edilen tek tip ¢6p kutusu (Orijinal, 2023)

3.7. Bitki materyali:
Oren yeri alaninda yapilan incelemeler sonucunda tiim alanda toplamda 8 farkl: bitki tiirii tespit edilmistir.
Alanda; Atriplex halimus, Ficus carica, Fraxinus excelsior, Juniperus horizontalis, Olea europaea,

Parthenocissus quinquefolia, Prunus dulcis, Pyracantha coccinea tespit edilen bitki tiirleridir. Tespit edilen

bitki tlirleri Sekil 16’da gosterilmistir.

Fraxinus excelsior Juniperus horizontalis

Sae = . i 3 '-1 - o R S

Olea europaea Parthenocissus quinquefolia Prunus dulcis Pyracantha coccinea

Sekil 16: Oren yeri alaninda tespit edilen bitki tiirleri (Orijinal, 2023)
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Literatiir taramasi ile bitkisel tasarim ve bitki materyali kullanimmin engelsiz peyzaj yaklasimlari ve

erisilebilirlik icin gerekli standartlar belirlenmistir. Belirlenen standartlar asagida belirtildigi gibidir;

Yol iizerinde bulunan veya dallar yiiriiyiis yoluna uzanan bitkilerin dal yiikseklikleri en az 220 cm
olmalidir.

Yiiriiyiis yollarinda gérme engelli bireyler igin tehlike teskil edebilecek dikenli yapida yaprak, dal
veya govdeye sahip bitki tiirleri tercih edilmemelidir. Ayn1 zamanda kaygan yiizey olusturabilecek
tohum ve meyvelere sahip bitki tiireleri de bu alanlarin tasarimlarinda tercih edilmemelidir.
Gorme engelli bireyler i¢in bitkilerin bulundugu alanlar yiiriiyiis yolu zemininden en az 15 cm
yiikseklikte bordiir uygulamasi ile siirlandirilarak ayirilmali ya da zemin degisikligi hissini
saglayacak yap1 materyalleri ile ayirilmalidir.

200 cm’den dar olan yiiriiyiis yolu ve kaldirimlarin bitkisel tasarimlarinda aga¢ ve agacegik
formunda bitkiler kullanilmamalidir.

Az gorme yetisine sahip bireyler i¢in bitkisel tasarimlarda giiglii vurgu etkisine sahip govde, dal
veya yaprak yapisi olan bitki tiirleri tercih edilmelidir.

Tasarim yapilacak alanlarda ¢ocuk yasta kullanicilar i¢in gérme, duyma, dokunma ve koklama
duyular ile algilayabilecekleri bitki tiirleri tercih edilmelidir. Bu baglamda;

o Gorme duyusu icin; soguk ve soluk (mavi, pembe, gri vb.) renkte cigeklere sahip tiirler
yerine sicak renkli (kirmizi, turuncu, sar1 vb.) ve iri yapida ¢igekleri olan bitki tiirleri tercih
edilmelidir.

o Duyma duyusu i¢in; riizgar hareketi ile ses ¢ikaran bitki tiirleri (Populus tremula, Festuca
glauca, Carex testacea vb.) tercih edilmelidir.

o Dokunma duyusu i¢in; Etli (Aeonium arboreum, Aloe cliaris vb.) ya da dokulu yaprak veya
govde Ozelliklerine sahip bitki tiirleri tercih edilmelidir.

o Koklama duyusu i¢in; Yapraklari, ¢igekleri veya govdesi ile gii¢lii koku etkisine sahip
(Rosmarinus officinalis, Thymus vulgaris, Lavandula stoechas vb.) bitki tiirleri
kullanilmalidir. Bu tiirler ayn1 zamanda engelli bireyler i¢in de uyarici ve yonlendirici

etkiye sahiptir.

Oren yeri alaninda yiiriiyiis yolu diizenlemelerinde bitki materyali olarak sadece Fraxinus excelsior tiiriiniin

kullanildig1 tespit edilmistir. Diizenlemede kullanilan biitlin Fraxinus excelsior bitkilerinin boy

standartlarina uygun yiikseklige sahip oldugu gozlemlenmistir. Alanda bitki tiiri ¢esitliligi kisitli olsa da

dikenli yap1 6zellige sahip tek tiir Pyracantha coccinea’dir. Bitki bu yoniiyle gerekli standartlara uymuyor

gibi goziikse de yiirliyiis yollar1 lizerinde, oturma alanlar1 vb. alanlarda bulunmamasi ve i¢ alanda ayr1 bir

parterdeki kompozisyonda yer etmesinden dolay1 bu durum tolere edilebilir diizeydedir. Alandaki tiim bitki

materyalleri yiiriiyiis yollarindan ve diger kullanim alanlarindan bordiir, ¢it, duvar gibi smirlandirma
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elemanlar1 vasitasiyla ayrilmistir. Boylece bitkilerin yiiriiyiis yollarina veya diger higbir kullanim alanina

engel teskil etmedigi de goriilmiistiir. Bitki kullanimlar1 bu yoniiyle standartlara uymaktadir. Bitki

materyallerinin genelinin yesil yaprakli olmasi tekdiizelik yaratarak az gorme yetisine sahip kullanicilar i¢in

gerekli standartlara uymamaktadir. Fakat Pyracantha coccinea etkili renklere sahip meyveleriyle, donemsel

olarak yapraklari kizaran Parthenocissus quinquefolia tiirleri diger tiirlerden ayrilarak standartlart

saglamaktadir.

3.7. GZFT (SWQOT) analizi:

Erduran Nemutlu (2021), caligmasinda kentsel alanlarin ¢ok yonlii analizinde tasarimlarda ¢ok yardimei
oldugunu belirttigi GZFT (SWOT) analizi ¢alismanin bu asamasinda ger¢eklestirilmistir. Buna gore
Gobeklitepe Oren Yeri icin gerceklestirilen GZFT analizi Cizelge 2°de gosterilmistir.

Cizelge 2: Gobeklitepe Oren Yeri icin gerceklestirilen GZTF analizi.

Giiclii Yonler

Zayif Yonler

Oren yeri alanina 6zel arag veya sehir ici ulasim

otobiisleri ile kolay ulagim saglanabilir olmasi
Oren vyeri alaminin genis bir arazi iizerine
bulunmasi

Ziyaretciler acisindan her yastan gruba ve farkli
profilde kullanicilara agik olmasi

Oren yeri alaminmn insanlik tarihinde bilinen en
eski dini ve ritiiel alan1 olmasi

Alanm engebeli ve yiiksek bir arazide kurulu
olmas1

Oren yeri alaninin cevresinin acik olmasi ve
cevresel faktorlere karsi korunaksiz olmasi

Oren yerinin 1. Derece sit alan1 olmasi ve
arkeolojik kazi ¢aligmalarinin halen devam ediyor
olmast

Engelli  ziyaretgiler igin  gerekli  peyzaj
tasarimlarina ve standartlara uygun bir dizayna
sahip olmamasi

Firsatlar

Tehditler

Gébeklitepe Oren Yeri’nin tarihi agidan bilinen en
eski dini yapt olmasindan kaynakli olarak
Sanliurfa’nin  turizm ve turist yogunlugunun
artmasinda ciddi derece etki olmasi

Oren yeri yakinlarinda kafe, restoran vb.
isletmelerin varligi hem alana yakin Orencik koyii
hem de Sanliurfa i¢in istihdam kaynagi olmasi
Gobeklitepe, tarihsel agidan sahip oldugu
ozelliklerden dolayr gilinlimiizde de farkli dini
inanisa sahip bireyler igin bir ritiiel alan1 olarak
kullanilmast

Ziyaretci profilindeki genis yelpazeden kaynakli
olarak, Oren yeri alanindaki tiim canli-cansiz
peyzaj elemanlarinin vandalizm riski ile karsi
karstya olmas1

Oren yerinin agik bir gevreye sahip olmasindan
dolay1 ziyaretcilerin ve peyzaj elemanlariin
riizgar, toz vb. gibi olumsuz etmenlere karsi
korunma durumlarinin az olmasi

Alanin engebeli yapida olmasindan dolay1 engelli
ziyaretgiler i¢in alanin dolagiminin zorlagsmasi
Oren yerinin tarihi degere sahip olmasindan ve sit
alan1 olmasindan dolay1 engelli kullanicilar igin
aliacak onlemleri yapisal agidan kisitlayabilmesi
veya zorlagtirmasi

GZFT analizi genel olarak degerlendirildiginde; Oren yerinin genis yelpazede ziyaretci potansiyeli, yiiksek
tamnirh@ ve ulasiminin kolay saglanabilir olmasi: Gobeklitepe Oren Yeri alaninda engelsiz peyzaj tasarim
yaklasimlarmin ve erisilebilirligin alan i¢in ne denli dnemli oldugunu ortaya koymaktadir. Gobeklitepe Oren

Yeri’nin agik bir ¢evreye sahip olmasi ve genis ziyaretgi profili sebebiyle vandalizm tehlikesiyle de karsi

49



Giir & Kahraman / Engelli Bireyler Igin Kentsel Tarihi Alanlarda Erisilebilirligi Artirmaya Yénelik Peyzaj Tasarim Yaklasimlari: Gobeklitepe
Oren Yeri (Sanlwrfa) Ornegi

karsiyadir. Bu nedenle standartlar ¢ergevesinde uyulmasi gereken tasarim yaklasimlarmin dayanikli

temeller iizerine oturmasi gerekmektedir. Engebeli arazi sartlari engelli ziyaretgilerin dolagimini

zorlagtiracak halde olmasina karsin bu olumsuzlugu ortadan kaldirmak igin yapilacak engelsiz peyzaj

tasarim uygulamalar1 alanimn sit alani niteligi sebebiyle yapisal olarak kisitlanabilir. Kisitlamalarin oniine

gecebilmek icin alanda kullanilacak materyallerin tasinabilmesi ve dayanikliligina fazladan Onem

verilmelidir.

4. SONUCLAR VE ONERILER

Insanlik farkli yas, biiyiikliik ve fonksiyonel kapasitelerini bagli olarak degiskenlik gosterir. Hastalik, gegici
veya kalict engellilik bir kimsenin hareket yetenegini, el-kol-ayak koordinasyonunu, dengesini, gorme veya
isitme yetisini, konugma, anlama, dokunma gibi duyusal 6zelliklerini etkileyebilir. Bu nedenle hasta, yasl
ve engelli bireylerin toplum ile kaynasmasinin Oniindeki en biiyiik engelin erisilebilirlik oldugu
bilinmektedir. Dolayisiyla kent icerisindeki genel rekreasyon alanlarinin toplumun biitiin bireyleri i¢in
erisilebilir diizeyde tasarlanmasi ve planlanmasi gerekmektedir. Kent igerisindeki tarihi alanlar ve 6ren
yerleri de kentin dogasinda yer alan bilesenlerdir. Bu nedenle tarihi alan ve Oren yerlerinin peyzaj
diizenlemelerinde engelsiz tasarim yaklagimlari benimsenmeli. Alanlarin erisilebilirlige uygun olmasi
gerekmektedir.

Oren yerinde yapilan incelemelerde alanda toplam 8 farkli zemin kaplama malzemesi kullanildig1 tespit
edilmistir. Bunlardan diiz ylizeye sahip olmayan ahsap travers, ge¢meli ahsap ve kesme parke taslari
icerisinden sadece gegmeli ahsap malzemelerinde standart derz araliklarinin standartlara uygun olmasi alan
adina 6nemli bir eksiklik olarak goriilmiistiir. Yagmur suyu tahliyesi i¢in kullanilan drenaj 1zgaralarindaki
1zgara agiklarinin da standartlara uygun olmadigi gézlemlenmistir. Bu nedenle alandaki yiirliyiis yolu ve
zemin uygulamalarinda erisilebilirlik yoniinden eksikliklerin oldugu belirlenmistir.

Oren yerinin higbir yerinde kullanilmayan hissedilebilir yiiriime yiizeyleri gérme engelli kullanicilar igin
biiyiik bir zafiyet olusturmaktadir. Alandan rampa uygulamasi gerektirecek ¢ok fazla kot farkina sahip
boliimler bulunmamasina karsin uygulama yapilmasi gereken alanlarda da eksikliklerin oldugu ve
standartlara uymayan yapilarin bulundugu tespit edilmistir.

Yapisal biitiinliik olarak merdiven yapilari standartlara uygun olmasina ragmen merdiven baslangig ve bitis
noktalarindaki hissedilebilir yiizey kullanimlarinin eksikligi goze ¢arpmaktadir. Ayrica az gérme yetisine
sahip kullanicilar i¢in de kiipeste yapilarinin merdivenlerde kullanilan zeminden farkli yap1 ve renkte olmasi
gerekliliginin alanda uygulanmadig1 belirlenmistir. Oren yeri ziyaretgilerin kullaninm saat kisitlamasina tabi
oldugu i¢in aydinlatma elemanlar1 yoniinden standartlara uygunlugunu sorgulamak pek olas1 degildir. Fakat
bu elemanlarm alan i¢indeki konumlanmalar ve erisilebilirlige engel teskil edip etmedigi incelenebilir

durumdadir. Oren yerindeki aydinlatma elemanlart yiiriiyiis yollar1 ve kaldirimlarda gegisi engelleyecek
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bicimde olmadig1 tespit edilmistir. Ayrica aydinlatma elemanlarimin yiiksekligi standartlarda belirtilen
asgari yiikseklik dl¢iisiinden daha yukarida oldugu belirlenmistir.
Oturma elemanlari, isaret-bilgilendirme araglar1 ve ¢6p kutular1 kullaniminda ¢ok fazla ¢esitliligin olmadigi
goriilmiistiir. Oturma elemanlarinin 6l¢ii ve yapi standartlarina uygun olmasina karsin oturma elemanlariin
sirt dayama kisimlarmin olmayis1 bir eksiklik olarak belirlenmistir. Isaret-bilgilendirme araglar1 ve ¢op
kutularinin tamaminin standartlara uygun yapida oldugu gozlemlenmistir.
Ancak isaret-bilgilendirme araglarinda gérme engelli kullanicilar i¢in Braille alfabesi ve sesli uyaricilarin
kullanilmamasi1 6nemli bir eksikliktir. Alandaki bitkilerin standartlara uydugu fakat goérsel etki olarak
ozellikle cocuk yasta kullanicilar ve az gorme yetisine sahip kullanicilar igin yetersiz kaldigi
gozlemlenmistir. Bagliklar halinde yapilan tiim bu incelemelerden elde edilen tespitler ve GZTF analizi
sonucuna gore; alanin yiiksek kullanici potansiyeline sahip oldugu tespit edilmistir. Ancak yapilan peyzaj
diizenlemelerinin erisilebilirlik ve engelsiz peyzaj yaklagimlariin kismi uyumlu oldugu belirlenmistir.
Alanin dzellikle az gérme yetisine sahip ve gorme engelli kullanicilar i¢in hi¢ uygun olmadigi bu yonden
¢ok fazla eksiginin oldugu gorilmiistlir. Tarihi alanlarin da her ne sekilde olursa olsun biitiin kullanict
profillerine esit derecede hitap etmesi gerekmektedir. Gobeklitepe Oren Yeri’nin bu anlamda kullanicilara
esit derece hizmet edemedigi tespit edilmistir. Bu bulgular 1s181nda Gobeklitepe Oren Yeri 6rnegi iizerinden
alimmasi gereken onlem ve Oneriler su sekilde siralanabilir;

1. Uygun derz araliklarina sahip olmayan zemin elemanlar1 onarilabilir durumda ise onarimlarinin
gerceklestirilmesi gerekir. Onarim miimkiin degil ise yapi biitiinii bozulmayacak sekilde
degisim saglanmalidir.

2. Zeminlerde kayganliktan kaynakli kazalarin minimuma disiiriilebilmesi kaygan zeminlerde
kaydirmaz serit bant uygulamasi yapilmasi gerekmektedir.

3. Alanin en biiyiik eksikligi olan hissedilebilir yiiriime yiizeyleri icin gerekli ¢aligmalar
yapilmahdir. Yap1 g¢evrelerinde ve giris-¢ikislarinda, merdivenlerde, arkeolojik buluntularin
dolagimini saglayacak sirkiilasyonda hissedilebilir yiiriime yiizeyi eklemeleri yapilmalidir.

4. Rampa yapilarinda kiipeste elemanlar1 eklenmeli, bu konuda engele sahip kullanicilar icin
gerekli kolaylik saglanmalidir. Rampa uygulamasi yapilmasi gereken ama yapilmayan yerlerde
tarihi yapilara ve alana zarar vermeyecek bi¢imde modiiler yapilar ve malzemeler tercih
edilmelidir.

5. Merdiven yapilarinda kiipeste elemanlari bulunmayan yerlerde uygulamalar yapilip standartlar
¢ercevesinde erisilebilirlik saglanmalidir.

6. Alandaki oturma elemanlari ¢ogu noktada standartlar1 karsilasa da sirt dayama bolimleri

bulunmamaktadir. Oturma elemanlarina bu boliimlerin eklemeleri yapilmalidir.
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7. [saret-bilgilendirme levhalarinda gérme engelli ve az gérme yetisine sahip kullanicilar igin
standartlarda belirtilen sesli uyarilar ve Braille alfabesi gerekli yerlere eklenmelidir.

Calisma sonucunda elde edilen bulgular ve 6nermeler 15181nda engelsiz peyzaj tasarim yaklasimlart ve

erisilebilirligin hayatimizdaki biitlin alanlarda saglanmasi gerekliligi bir kez daha ortaya koyulmustur.

Hastaneler, farkli statiideki kamu kurum ve kuruluslari, spor alanlar1 ve tesisleri, mesire alanlar1 gibi farkl

alanlarda da incelemeler yapilip standartlar dahilinde alanlarin degerlendirilmesi literatiire katki

saglayacaktir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atigmasi bulunmamaktadir.

YAZARLARIN KATKILARI
N.G.: Kavramsallastirma, yontem, yazilim, dogrulama, inceleme, arastirma, kaynaklar, yazi yazma- orijinal
taslak hazirlama.

O.K.: Yontem, yazilim, dogrulama, arastirma, kaynaklar, yazi yazma-gézden gecirme ve diizenleme.
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ABSTRACT

With the rapid development of technology, the use of different materials and device production for sharp
vision has accelerated. One of the areas that benefits from developing technology is contact lens technology.
In this study, the production-development stages of contact lenses, contact lens types, and materials used in
production were investigated. The advantages and disadvantages of using lenses as opposed to glasses have
been outlined. In addition, the advantages and disadvantages of the production types of contact lenses
compared to each other were examined. In the last stage, studies and expectations for the future of contact
lenses are discussed.

Keywords: Contact lenses; hard contact lens; contact lens use; production technology; soft contact lens.

Kontakt Lens Tarihcesi, Kontakt Lens Cesitleri ve
Kontakt Lensin Gelecegi

0z

Teknolojinin hizli gelisimi ile keskin goriis i¢in farkli malzemelerin kullanimi ve cihaz tiretimi hizlanmistir.
Gelisen teknolojinin faydalanan alanlardan biri de kontak lens teknolojisidir. Bu ¢aligmada, kontak lenslerin
uretim-gelistirme asamalari, kontak lens cesitleri, iiretimde kullanilan malzemeler arastirilmistir.
Gozliiklere kiyasla lens kullanmanin avantajlar1 ve dezavantajlari belirtilmistir. Ayrica, kontak lenslerin
tiretim tiirlerinin birbirlerine gore avantaj ve dezavantajlari incelenmistir. Son asamada, kontak lenslerin
gelecegine yonelik calismalar ve beklentiler tartisilmstir.

Anahtar Kelimeler: Kontak Lensler; sert kontakt lens; kontakt lens kullanimu; tiretim teknolojisi;
yumusak kontakt lens.
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1. INTRODUCTION

Opticians are eye care health professionals who are trained to fit eyeglass lenses which are prescribed by
ophthalmologists to frames and can advise patients to find contact lenses by patients’ needs to correct vision
problems. They adjust, modify, or align frames with vision-correcting lenses to the face of the customer or
patient. Besides being a health care profession, opticianry involves the wholesale and retail trade of eyewear
products, including the import and export of items such as frames, contact lenses, solutions for contact

lenses, eyeglass lenses, and sunglasses.

Eyeglasses are two parts of special glass or plastic placed in a frame worn in front of the eyes to improve
vision. Contact lenses are artificial lenses that are attached to the front of the cornea, which is the outermost
region of the eye, allowing people who have refractive errors to see clearly. Contact lenses hold on the
cornea owing to the surface tension of the tear film. The tear film is made up of various cells such as

conjunctival, corneal, epithelial cells, etc.

The invention of eyeglasses dates back to the 13th century, while contact lenses date back to the 16th
century, as we will see in the following section. Production of contact lenses changed drastically from the
15th century up to today. Initially, fluid-filled bowls and/or cups have been utilized then came an era of
glass, afterward organic materials have been used, which form the basis of modern wearable contact lenses.

2. HISTORY OF CONTACT LENSES
The history of contact lens development begins in the 15th century with the Codex of the Eye, written in 1508 by
Leonardo da Vinci. Da Vinci devised a method that alters corneal power via submerging the eye in a round container that
is full of water (Figure 1). However, he did not intend to correct vision — he was concerned about how the
accommodation of the eye was achieved (Heitz & Enoch, 1987).
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Figure 1: Da Vinci’s Contact Lens Concept (Aslan, 2021).
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Thomas Young, in 1801, constructed a cup which was filled with a liquid that fitted into the orbital rim, but
he also did not intend for this device to be used to correct refractive errors, instead he tried to enumerate
some dioptrical propositions and described an instrument for calculating the focal length of the eye (Young,
1801).

In the late 1880s, many research activities have been carried out. Physicist Eugene Fick was the first to
describe how to fabricate and fit contact lenses to the eye. He manufactured a spherical glass segment for
the correction of refractive errors. This glass lens was made from heavy brown glass and was 18-21 mm in
diameter (Efron & Pearson, 1988).

The first powered contact lens was produced by August Miiller. He reported the alteration of his 14.00
dioptres myopia using a scleral contact lens in 1889. The inability to wear this lens for more than 30 minutes
was likely because of limbal pressure, given that the primary optic diameter being too small (Pearson &
Efron, 1989).

50 years passed without much improvement regarding contact lens development, Carl Zeiss proposed the
production of contact lenses from a plastic material called cellon (cellulose acetate) Manufacturing process
was by the process of moulding. The primary advantage of plastic over glass was that they would be
unbreakable and maintain ocular protection. Unfortunately, after being used by patients, it was observed

that the contact lens made from cellon had many disadvantages (Pearson, 2015):

¢ It did not have the grade of polish of glass lenses
e It was not stable because of humidity and temperature effects

e |t caused extensive corneal erosion

In 1936, Room and Haas Company invented polymethyl methacrylate (PMMA) which is transparent plastic,
and also in 1936, Feinbloom devised a scleral lens that includes an opaque plastic touchable part and a pure
glass centre. Following that, scleral lenses began to be manufactured from PMMA. These lenses were lighter
than glass lenses, quicker to manufacture, and shatterproof. While these lenses were comfortable and didn’t

cause irritation, they required a polish of their optical zone every six months (Pearson & Efron, 1989).

Optical technician Kevin Tuohy separated haptic portion and corneal portion when lathing a PMMA scleral
lens unintentionally. After that, he wondered even if the corneal portion could be worn, so he brightened
the edge, placed it in his eye, and observed that the lens could be used. He filed for a patent for his invention
in 1948 (Braff, 1983).

In 1960, Wichterle and Lim published that hydrophilic gels could be used in manufacturing contact lenses,
and arteries (Wichterle & Lim, 1960). After that, Wichterle began initial attempts to produce soft lenses

fabricated from hydroxyethyl methacrylate (HEMA), and manufactured the initial suitable soft contact
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lenses in the past few days of 1961 (Wichterle, 1978). Based on the results of this study, companies began
to utilize Wichterle’s results, and Bausch & Lomb Company of Canada (formerly the USA) acquired a
patent to manufacture soft contact lenses. Later, it introduced soft lenses to the world market.

Early HEMA lenses produced by Bausch & Lomb were thick and not comfortable to wear. So much of the
research in contact lens technology afterward has been related to the invention of materials and innovative
lens construction that aims to increase adaptability, mostly by improving corneal oxygenation and curtailing
the absorption of lipids, proteins, and tear components (McMahon & Zadnik, 2000).

After the invention of soft lenses, patients continued to wear the same set of lenses until they caused
significant discomfort and serious eye reactions. In 1985, Holden proved the advantages of replacing lenses
regularly (Holden et al., 1985). However, there was a big challenge: soft lenses were costly; therefore, not
all patients could afford to change these lenses regularly. To solve the cost problem, clinicians and engineers
began to work and a group led by Michael Bay developed a molding process to manufacture multiple
individual lens packs at a considerable cost. Afterward, Johnson and Johnson Company reworked the
polymer formulation and utilized Stabilized Soft Moulding technology to eliminate the shortcomings of

Michael Bay’s lens and introduced Acuvue lenses (Mertz, 1997).

2.1. Categories Of Contact Lenses And Materials Used

2.1.1. Soft Contact Lenses

Soft contact lenses are produced from flexible plastics, their materials can be divided into two groups:
. Hydrogel materials

. Silicone hydrogel materials

As for hydrogel materials poly (hydroxyethyl methacrylate) or pHEMA was invented in 1952 by Drahoslav
Lim and Otto Wichterle for biological use (Grant et al., 2022). It was synthesized by polymerization using
2-hydroxyethyl methacrylate as raw material and triethylene glycol dimethacrylate as a cross-linking
additive, and the hydrophilic behavior of HEMA is due to the presence of the hydroxyl group at the end of
the monomer (Wichterle & Lim, 1960).

As already mentioned in the second section, pHEMA lenses were first produced by the Bausch and Lomb
Company and proved to have caused hypoxia and lens spoliation. To increase oxygen transmission to the
eye, manufacturers decided to develop thin lenses, and soon O3 series lenses were manufactured by Bausch

& Lomb. O3 series soft lenses were less than half the thickness of the original thick lenses.
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The second type of soft contact lenses is the ones that are made up of silicone hydrogel materials. Silicone
hydrogel materials have a major advantage over hydrogel materials in that they have higher oxygen
permeability, so that they can be worn for longer periods.

One of the main methods used to manufacture silicone hydrogel materials is using macromers. A
macromonomer is a polymer or oligomer with one end-group that acts as a monomer. There are also

different methods of obtaining silicone with hydrogel monomers, but they are out of the scope of this article.

2.1.2. Hard (Rigid Gas Permeable) Contact Lenses

A hard (RGP) contact lens is manufactured from a material that allows carbon dioxide and oxygen gas but
contains no water. The first hard contact lenses were manufactured from glass. After 1950, plastic materials
were selected for replacement of glass lenses. PMMA was a favorite material because it had a glass-like
look and was easy to fabricate. However, its largest failure as a contact lens material is its lack of oxygen

permeability (Harvey et al., 1990).

In the mid-1960s, scientists began to develop silicone rubber, which is much more permeable to oxygen
than PMMA, and they proved clinically that it had little harmful outcome on corneal breathing (Hill &
Schoessler, 1967). Nevertheless, the question of how to maintain satisfactory surface properties has never
been solved. To address this problem, several flexible thermoplastic materials were studied, best results
were achieved with poly(4-methyl-1-pentene), commercially called TPX, and also with cellulose acetate
butyrate (CAB). The oxygen permeability of TPX and CAB is approximately 20 times larger than that of
PMMA (Refojo et al., 1977).

To further increase oxygen permeability, contact lenses were fabricated using polymers derived from
perfluoroalkyl ethyl methacrylates (Tighe, 1997). After the invention of perfluoroalkyl ethyl methacrylates,
it became possible to adjust oxygen penetrability and rigidity, which increases processability and
wettability. To enhance oxygen penetrability and material strength, original siloxanylstyrene monomers
were introduced into the polymer backbone. Menicon Z material was produced. Menicon Z utilizes tris silyl
styrene. Menicon Z has outstanding mechanical specifications, permitting the lens to be much slimmer than
an ordinary rigid lens which relies on silicone-encompassing methacrylate compounds (Szczotka, 2004).

Due to its excellent mechanical properties, it is possible to wear lenses made from Menicon Z for 30 days.

2.1.3. Advantages and Disadvantages
Soft contact lenses are easier to adapt to the eye since they drape over the cornea, and that maintains
increased comfort because they do not feel much when wearers blink. Soft contact lenses are wider in

diameter, which makes them much more comfortable to wear.
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Disadvantages of soft lenses include the risk of tearing and damaging the lens more easily and less oxygen
transportation to the cornea than with rigid gas-permeable contact lenses. Soft contact lenses cannot
effectively correct astigmatism satisfactorily. Hydrogel absorbs tear fluid and therefore requires sufficient
tear production, so patients who do not have sufficient tear production may need to use lubricant eye drops.
Proteins and dirt particles may get deposited in the hydrogel of soft contact lenses, which have sponge-like

structures.

As for RGPs, they allow more oxygen transportation to the cornea by tear. RGP provides a very clear vision.
Nevertheless, RGP is smaller in diameter than soft contact lenses and that makes them vulnerable to being

dislocated easily and pushed off to the side more easily than SCL.

2.1.4. Lens Care Systems
Regardless of type, all contact lenses must be subjected to a maintenance routine after each use. Maintenance

routine includes cleaning, disinfection, and safe storage in a suitable environment.

There are three types of sediment deposits on contact lenses: organic, inorganic, and environmental. Major
sources of organic deposits are proteins such as lysozyme, lactoferrin, and albumen, lipids, and
carbohydrates. Lipids are observed in minor quantities on hydrophilic lenses, but they can deposit on rigid
gas permeable lenses, which encompass silicone. This leads to a hydrophobic contact lens. The most
observed types of inorganic deposits are jelly bumps which are round, circular deposits made up of
cholesterol and calcium. They occur commonly because of long-term wearing of contact lenses. Common

environmental deposits are particles from cosmetics (Ghanem, C., & Bailey, M. D., 2004).

To cope with deposits, mostly multipurpose solutions are used. The multipurpose solution is used to clean,
sterilize, and store soft contact lenses. The advantage of these solutions lies in the fact that they don’t require
the use of other auxiliary components. They account for nearly 90% of lens care systems in Australia,

Europe, and Canada (Morgan et al., 2016).

Obey the below procedures for the appropriate use of multipurpose solutions:

. Wash your contact lenses and keep them in fresh solution whenever you use them.
. Do not mix a new solution with an old or used one.
. Drain all the remaining solution out of the case and dry it with a clean tissue.

Hydrogen peroxide-based systems can also be used to clean, sterilize, and store contact lenses. They are
recommended to be used if the patient is allergic to constituents in a multipurpose solution that causes rubor
or irritation of the eye. Hydrogen peroxide-based systems require the use of a customized container that

comes with the solution. This customized container reacts with the hydrogen peroxide, converting it to a
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non-toxic salty solution over time. However, it is important to keep in mind that if the patient uses colored
contact lenses, the color of them may fade. Fading happens when the dye of a colored contact lens is of a
type that reacts with hydrogen peroxide. This is due to an oxidative reaction.

3. METHODS OF PRODUCTION
3.1. Soft Contact Lens Production

Three methods are employed to manufacture soft contact lenses:

. Spin casting
. Lathe cutting
. Injection molding

In the spin casting process, a spinning mold machine is used. Liquid contact lens monomer is injected into
a concave spherical spinning mold. The contact lens front surface is created by the curvature of the Spinning
Mould machine. Lens parameters are controlled by the following (Banko, 1976):

. Shape of mold

. Spin speed

. Amount of injected material
. Surface tension

After spinning, the liquid polymer is converted into a solid state by ultraviolet light. The periphery of the

lens is edged and furbished to produce an even surface (Figure 2).

-
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Figure 2: Spin Casting Process (Shah & Chowdhury, 2020).
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In the lathe-cutting process, hard disks of contact lens substance are attached on a rotating shaft that revolves
100 revolutions per second and is formed with a cutting tool (Figure 3). It is then polished and hydrated.
Even though this process maintains more symmetry and bigger lens accuracy, it requires more advanced
technology, more time, and more resources in proportion to cast molding (Shah & Chowdhury, 2020).

Figure 3: Lathe Cutting Tool (Michalek et al., 2022).

In the injection molding process, soft contact material (monomer) is warmed up until it gets into the liquid
state, and then it’s injected into precise, pressurized molds (Figure 4). After they are shaped, they undergo
polishing, hydrating, and quality control testing. Injection molds are prone to thousands of pounds of
pressure every cycle. To stand this pressure, these molds should be made from very durable materials that
can withstand recurrent use without distorting. While injection molding has a high upfront cost for the

molds, at a certain production volume, injected contact lens are cheaper than lathe-cut contact lenses.

Male Meold Monomer Polymerization '

W | @ L

D - b - b - . + D

Female Mold Injection molding method
Figure 4: Injection Moulding Process (Zhu et al., 2022).

3.2. Hard Contact Lens Production

Conventional lathes cut the back and front lens surfaces from buttons. The buttons are made up of a mixture
of approximately 10 liquid monomers, which add a bunch of peculiarities such as oxygen permeability,
stability, etc. This mixture is injected into molds and polymerized, using heat, turning the liquid into hard

polymer. The hardened material is removed from the mold and annealed. Annealing is a heating process
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that allows the molded material to relax and reduce stresses which have occurred from being trapped inside
the molded rod. Buttons look very bright in color, but after lathe cutting, most of the material is cut away,
and the final product will typically have a soft color at the end. The advantages and disadvantages of the

three methods in the contact lens manufacturing process are summarized (Table 1).

Table 1: Pros and Cons of Contact Lens Manufacturing Processes.

Process Advantages Disadvantages
Can be used to cut a wide range Labour intensive
of materials
Can be used to manufacture Cleaning and polishing are
Lathe Cutting soft contact lenses and rigid needed

contact lenses

More precise dimensioning Not cost-effective
Applicable to wide range of Slow to manufacture
designs
More suitable for mass Parameters are few in
Spin Casting production comparison with lathe-cutting
Thinner Waste

No need to polish

Lowest cost Parameters are few in

Injection Moulding Most suitable for mass comparison with lathe-cutting
production because of the
speed of production

Highest quality

4. FUTURE OF CONTACT LENSES

Besides visual enhancement with ordinary contact lenses, there are also smart contact lenses that are
enhanced by technology. They have advanced technology designed to enhance human possibilities.
Recently, smart contact lenses have been studied and produced for a diversity of purposes, from applications
including the substitution of conventional glasses to biomedical applications. Especially smart contact
lenses manufactured using pHEMA hydrogels have been widespread for biomedical applications. For
example, Ulu manufactured an antibacterial contact lens made up of pHEMA hydrogel loaded with boric
acid to treat eye infections (Ulu et al., 2018). Smart contact lenses with integrated circuits have started

changing traditional devices to succeed non-invasive and easy physiological measurements. For example, a
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prototype smart contact lens produced by Google Company of the USA can measure glucose levels from
tear fluid (Figure 5). That said, it is wise to predict that non-invasive observation of the wearer's biomarkers
and health indicators could be a big market in the future.

— Soft contact lens
encapsulates electronics

- Sensor
detects glucose in tears

- Chip & antenna
receives power and sends info

Figure 5: Google’s Smart Contact Lens (Lardinois, 2014).

The concept of contact lens technology extending beyond its basic use can be seen in Augmented Reality
applications. Augmented reality, which allows monitoring the real world complemented with computer-
generated content, is getting popular. The technology developed by EP Global Communications in the USA
revolves around the production and integration of electronics into modern silicone hydrogel lenses. This
innovative technology permits the incorporation of flexible electronics into the contact lens throughout the
fabrication process, supplying solutions in the areas of autofocus and optics for augmented reality

("Smartphone Controlled Vision is Coming", 2017).

Mojo Vision, a company in the USA, is in the process of manufacturing a contact lens that offers AR. In
January 2022, the company teamed with Adidas and other fitness companies to bring data-tracking eye
lenses to market (Heater, 2022).

5. CONCLUSION

The purpose of this review article is to raise awareness by providing information about contact lenses to
opticianry students, academicians, contact lens wearers, and the general public. Briefly, the purpose of the
review article is to raise awareness by providing information about contact lenses. The evolution of contact
lenses was a gradual process, initially beginning in Europe and eventually achieving global reach. Both the
materials used to produce contact lenses and the methods of manufacturing have changed considerably from

the early days of the contact lens era. Initially, contact lenses were made from glass and later from PMMA.
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However, these materials had limited oxygen permeability. Advancements in chemistry have enabled the

development of hydrogel lenses, which have higher oxygen permeability and improved comfort.

The future of contact lenses is looking bright, especially considering advancements in smart contact lens
technology. Smart contact lenses can be among the most popular wearable technologies, enabling important
advantages in people’s lives. While the potential usage areas for the future of smart contact lenses are not
completely realized, it is deemed limitless. In the future, smart lens technology could let the wearer take
photographs with their eyes or watch various body parameters to support the early detection and treatment
of diseases. There is inspiring and developing potential for this future technology.

CONFLICT OF INTEREST STATEMENT

The authors declare that they have no conflict of interest.

CONTRIBUTIONS OF AUTHORS
Formal analysis, research, resources, writing-original draft preparation, writing-review and editing HKM,
formal analysis, research, resources, writing, writing-review and editing MK, formal analysis, research,

resources, writing-original draft preparation, writing-review and editing were done by AK.

REFERENCES

Aslan, H. (2021) Lens Nedir | Lens Nasil Takilr? Infreza. Retrieved May 24, 2023, from
https://www.infreza.com/lens-nedir-lens-nasil-takilir/

Bailey, J., Kaur, S., Morgan, P., Gleeson, H., Clamp, J., & Jones, J. (2017). Design Considerations for Liquid Crystal
Contact lenses. Journal of Physics D: Applied Physics, 50(48). https://doi.org/10.1088/1361-6463/aa9358

Banko, P.E. (1976), Production of Contact Lenses by Spin-Casting. The Australian Journal of Optometry, 59(8), 286-
289. https://doi.org/10.1111/j.1444-0938.1976.tb01447.x

Braff, S. M. (1983). The Max Schapero Lecture: Contact lens horizons. Am. J. Optom. Physiol. Opt., 60(10), 851-858.
https://doi.org/10.1097/00006324-198310000-00008

Efron, N., & Pearson, R. M. (1988). Centenary celebration of Fick’s Eine Contactbrille. Arch. Ophthalmol., 106(10),
1370-1377. https://doi.org/10.1001/archopht.1988.01060140534019

Ghanem, C., & Bailey. M. D. (2004) Maintenance and Handling of Contact Lenses. In Mannis, M. J., Zadnik, K.,
Ghanem, C., & Jose., N. (Eds.), Contact Lenses in Ophthalmic Practice (pp. 204-242).
https://doi.org/10.1007/0-387-21758-4 21

Grant, N., Fujimoto, M., Caroline, P., & Norman, C. (2022). The Early Pioneers of Global Soft Contact Lens
Development. Hindsight: Journal of Optometry History, (52)3, 48-57.
https://doi.org./10.14434/hindsight.v52i3.33501

Harvey, T.B., Meyers, W.B., Bowman, L.M. (1990). Contact Lens Materials: Their Properties and Chemistries. In C.
G. Gebelein, & R.L. Dunn (Eds.), Progress in Biomedical Polymers. (pp. 1-5). Springer.g
https://doi.org/10.1007/978-1-4899-0768-4 1

Heater, B. (2022). Smart contact lens startup Mojo Vision partners with Adidas and other sports brands. Techcrunch.
Retrieved May 24, 2023, from https://techcrunch.com/2022/01/04/smart-contact-lens-startup-mojo-vision-
partners-with-adidas-and-other-sports-brands

Heitz, R. F., & Enoch, J. M. (1987). Leonardo da Vinci: An assessment on his discourses on image formation in the
eye. In A. Fiorentini, D. L. Guyton, & I. M. Siegel (Eds.), Advances in Diagnostic Visual Optics (pp. 19-26).

Hill, R. M., & Schoessler, J. (1967). Optical membranes of silicone rubber. J. Am. Optom. Assoc., 38(6), 480-483.

64


https://www.infreza.com/lens-nedir-lens-nasil-takilir/
https://doi.org/10.1088/1361-6463/aa9358
https://doi.org/10.1111/j.1444-0938.1976.tb01447.x
https://doi.org/10.1097/00006324-198310000-00008
https://doi.org/10.1001/archopht.1988.01060140534019
https://doi.org/10.1007/0-387-21758-4_21
https://doi.org./10.14434/hindsight.v52i3.33501
https://doi.org/10.1007/978-1-4899-0768-4_1
https://techcrunch.com/2022/01/04/smart-contact-lens-startup-mojo-vision-partners-with-adidas-and-other-sports-brands
https://techcrunch.com/2022/01/04/smart-contact-lens-startup-mojo-vision-partners-with-adidas-and-other-sports-brands

Kuru Mutlu et al. / Contact Lens History, Contact Lens Types and Future of Contact Lens

Holden, B. A., Sweeney, D. F., Vannas, A., Nilsson, K. T., & Efron, N. (1985). Effects of long-term extended contact
lens wear on the human cornea. Invest. Ophthalmol. Vis. Sci., 26(11), 1489-1501.

Lardinois, F. (2014). Google unveils smart contact lens that lets diabetic measure their glucose levels. Techcrunch.
Retrieved May 24, 2023, from https://techcrunch.com/2014/01/16/google-shows-off-smart-contact-lens-that-
lets-diabetics-measure-their-glucose-levels

McMahon, T. T., & Zadnik, K. (2000). Twenty- five years of contact lenses — the impact on the cornea and ophthalmic
practice. Cornea, 19(5), 730-740. https://doi.org/10.1097/00003226-200009000-00018

Mertz, G. W. (1997). Development of contact lenses. Ch. 5, Section 11, Contact Lenses. In H. Hamano, & H. Kaufman
(Eds.), Corneal Physiology and Disposable Contact Lenses (pp. 65-99). Springer.

Michalek, J., Podesva, J. & Duskova-Smrckova, M. (2022). True Story of Poly(2-Hydroxyethyl Methacrylate) -Based
Contact Lenses: How Did It Really Happen. Substantia. 6(2), 79-91. https://doi.org/10.36253/Substantia-1591

Morgan, P. B., Woods, C. A, Tranoudis, I. G., et al. (2016). International contact lens prescribing in 2015. Contact
Lens Spectrum, 31(1), 28-33.

Pearson, R. M., & Efron, N. (1989). Hundredth anniversary of August Miiller’s inaugural dissertation on contact lenses.
Surv. Ophthalmol., 34(2), 133-141. https://doi.org/10.1016/0039-6257(89)90041-6

Pearson, R. M. (2015). Comments on Modern scleral contact lenses: a review [van der Worp et al. (2014)]. Cont. Lens
Anterior Eye, 38(1), 73—74. https://doi.org/10.1016/j.clae.2014.09.005

Refojo, M. F., Holly, F. J., & Leong, F. L. (1977). Permeability of dissolved oxygen through contact lenses. Cont. &
Intraocular Lens Med., 3(4), 27-33

Shah, B. H., & Chowdhury, P. H. (2020). Manufacturing Process of Contact Lens. Int. Journal for Research in Health
Sciences and Nursing, 6(5).

Smartphone  Controlled Vision is Coming. (2017, July 17) Retrieved May 24, 2023, from
https://www.globenewswire.com/news-release/2017/07/17/1188290/0/en/Smartphone-%20Controlled-Vision-
is-Coming.html

Szczotka, L. B. (2004). The future of GP continuous wear. Contact Lens Spectrum, 19(2), 21.

Tighe, B. J. (1997). Contact lens materials. In A. J. Phillips, & I. L. Speedwell (Eds.), Contact Lenses (pp. 50-92).
Elsevier

Uluy, A., Balcioglu, S., Birhanly, E., Sarimeseli, A., Keskin, R., Koytepe, S., & Ates, B., (2018). Poly(2-hydroxyethyl
methacrylate)/boric acid composite hydrogel as soft contact lens material: Thermal, optical, rheological, and
enhanced antibacterial properties. Journal of Applied Polymer Science, vol.135, no.35.
https://doi.org/10.1002/app.46575

Wichterle, O., & Lim, D. (1960). Hydrophilic gels for biological use. Nature, 185(4706), 117-118.
https://doi.org/10.1038/185117a0

Wichterle, O. (1978). The beginning of the soft lens. Historical development. In M. Ruben (Ed.), Soft Contact Lenses
- Clinical and Applied Technology (pp. 3-5). Wiley.

Young. (1801). The Bakerian Lecture. On the mechanism of the eye. Phil. Trans. R. Soc. Lon., vol. 91, 23-88.
https://doi.org/10.1098/rstl.1801.0004

Zhu, Y., Li, S., Li, J., Falcone, N., Cui, Q., Shah, S., Hartel, M. C., Yu, N., Young, P., de Barros, N. R., Wu, Z,,
Haghniaz, R., Ermis, M., Wang, C., Kang, H., Lee, J., Karamikamkar, S., Ahadian, S., Jucaud, V., Dékmeci,
M. R., Kim, H. J., & Khademhosseini, A. (2022). Lab-on-a-Contact Lens: Recent Advances and Future
Opportunities in Diagnostics and Therapeutics. Advanced Materials, Jun;34(24).
https://doi.org/10.1002/adma.202108389

65


https://techcrunch.com/2014/01/16/google-shows-off-smart-contact-lens-that-lets-diabetics-measure-their-glucose-levels
https://techcrunch.com/2014/01/16/google-shows-off-smart-contact-lens-that-lets-diabetics-measure-their-glucose-levels
https://doi.org/10.1097/00003226-200009000-00018
https://doi.org/10.1016/0039-6257(89)90041-6
https://doi.org/10.1016/j.clae.2014.09.005
https://www.globenewswire.com/news-release/2017/07/17/1188290/0/en/Smartphone-%20Controlled-Vision-is-Coming.html
https://www.globenewswire.com/news-release/2017/07/17/1188290/0/en/Smartphone-%20Controlled-Vision-is-Coming.html
https://doi.org/10.1038/185117a0
https://doi.org/10.1098/rstl.1801.0004
https://doi.org/10.1002/adma.202108389

Kirklareli Universitesi Karklareli University

Miihendislik ve Fen Bilimleri Dergisi Journal of Engineering and Science
Cilt 10, Say1 1, 66-76, 2024 Volume 10, Issue 1, 66-76, 2024
Derleme Makale DOI: 10.34186/klujes.1476480

Yap1 Malzemelerinde PCM Kullaniminin Binalarin Isil Ozelliklerine Etkisi
Fatih Selim BAYRAKTARY @, Ramazan KOSE?

Makine Miihendisligi Boliimii, Simav Teknoloji Fakiiltesi, Kiitahya DumlupznarﬂUniversitesi, Kiitahya, Tiirkiye
2Makine Miihendisligi Boliimii, Miihendislik Fakiiltesi, Kiitahya Dumlupinar Universitesi, Kiitahya, Tiirkiye

Gelis: 01.05.2024, Kabul: 14.06.2024, Yaymnlanma: 30.06.2024

0z

Enerji, modern yasamin temel itici giiclerinden biridir ve insan hayatinda hayati bir 5neme sahiptir. Gelismis
toplumlarda, enerjinin etkin ve verimli kullanimi bireylerin konforunu artirirken, 6zellikle fosil yakitlara
dayal1 enerji iiretiminin ¢evresel etkilerini azaltmaktadir. Bu baglamda, binalarda enerji tasarrufu biiyiik bir
Oonem tasimaktadir; ¢linkii yapilarin enerji tiiketimi toplam enerji kullaniminin 6nemli bir kismini
olusturmaktadir. Yapt malzemelerinde faz degistiren malzeme (FDM) kullanimi, binalarin termal
performansini artirmak igin etkili bir yol olarak 6ne ¢ikmaktadir. FDM'ler, faz degisimi sirasinda 1s1y1 emer
ve/veya salarlar, boylece i¢ mekan sicakligin1 dengeleyerek klima gibi iklimlendirme sistemlerinin enerji
tiilketimini azaltmaktadir ve bina i¢cinde daha istikrarli bir 1sil ortam saglamaktadir. Bu da hem enerji
maliyetlerinde tasarruf saglamakta hem de gevresel etkileri azaltmaktadir, bdylece siirdiiriilebilir bir yagam
alan1 olusturmaktadir. Bu makalede binalarda FDM kullanimi konusunda calisilarak son 3 yilda
gerceklestirilen FDM katkilanmis duvar har¢ malzemelerinin binalarin 1s1l 6zelliklerine etkisi arastirilmistir.
Sonuglar faz degistiren malzeme kullaniminin umut verici ¢iktilar olusturdugunu yansitmakta ve yapilarin
1s1l 6zelliklerini iyilestirdigini gostermektedir.

Anahtar Kelimeler: Binalarda enerji analizi; Faz degistiren malzeme; Harg; Isil performans.

The Effect of PCM Utilization on the Thermal Properties of Buildings in
Construction Materials

ABSTRACT

Energy stands as one of the fundamental driving forces in modern life, bearing critical significance in human
existence. In advanced societies, the efficient and effective utilization of energy enhances individual comfort
while notably mitigating the environmental impacts, particularly those stemming from fossil fuel-based
energy production. In this context, energy conservation in buildings holds paramount importance, given that
the energy consumption of structures constitutes a significant portion of total energy usage. The utilization
of phase change materials (PCMs) in building materials emerges as an effective approach to enhance the
thermal performance of buildings. PCMs absorb and/or release heat during phase transitions, thereby
stabilizing indoor temperatures and reducing the energy consumption of climate control systems such as air
conditioning, thus fostering a more stable thermal environment within the building. This not only facilitates
savings in energy costs but also mitigates environmental impacts, thereby fostering the creation of
sustainable living spaces. This article explores the use of PCMs in buildings, focusing on the investigation
of the effects of PCM-enhanced wall mortar materials on the thermal properties of buildings over the past
three years. The results reflect promising outcomes of PCM utilization, indicating improvements in the
thermal properties of structures.

Keywords: Energy analysis in buildings; Phase change materials; Mortar; Thermal performance.
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1. GIRIS

Enerjinin insanoglunun hayatindaki 6énemi artan hayat standartlar1 ve ekonomik ilerlemelerin etkisiyle
ozellikle son donemde oldukga artmistir. Enerji talebindeki artisin karsilanmasi konusu iilkelerin ¢6zmesi
gereken onemli bir sorundur. Enerji arzinin giivenligi ve enerji bagimsizligi i¢in yerli ve yenilenebilir
kaynaklardan enerji temini kadar enerjinin verimli kullanilmasi ve enerji tasarrufu konular1 da énemlidir.
Enerji tasarrufu, kullanicilarin hayat kalitesini diigiirmeden tiikettikleri enerji miktarinda diisiis yapilmasidir.
Binalarda enerji tasarrufu yontemlerinden biri de enerji depolama sistemleridir. Mekanik, kimyasal ve 1s1l
enerji depolama sistemleri enerji depolama sistemleri icinde en 6ne ¢ikan orneklerdir. Isil enerji depolama
sistemleri, gizli ve duyulur 1s1 depolama olmak ftizere iki ana baslikta toplanmaktadir. Bu ¢alismanin da
konusu olan gizli 1s1 depolama sistemleri, belli sicaklik araliginda faz degistiren malzemenin 1s1y1 depoladigi

ve daha sonra ihtiyag halinde kullanicilarin hizmetine verdigi sistemlerdir.

Calismalarda FDM katkisinin 1s1l kapasiteyi artirmasi ve 1sil iletkenligi azaltmasi beklenmektedir. Isil
kapasitenin artigi ani 1s1 dalgalanmalarini azaltmakta, 1sitma-sogutma yiiklerini diisiirmekte ve zaman
gecikmesine yol agmaktadir. Zaman gecikmesi, elektrik ihtiyacinin olmasi gereken zamandan daha ileriye
otelendigi durumlar1 ifade etmektedir. Ug zamanli elektrik sistemlerinde elektrik ihtiyacinin elektrik
fiyatinin en yiiksek oldugu zaman diliminden daha diisiik olan zaman dilimlerine kaydirilmas1 hem pik yiik
talebini azaltmakta hem de elektrik faturasim diisiirmektedir. Isil iletkenligin azaltilmasi ile binanin 1s1l
kiitlesi artmakta ve bunun sonucunda dig ortamin olumsuz 1s1l etkileri i¢ ortam konforuna daha az sirayet
edebilmektedir. Isil kiitle, binanin 1s1 tutma ve 1s1 transferini engelleme 6zelligidir. Eski zamanlarda tas
binalarin yazin daha soguk, kisin daha sicak oldugu aktarilmaktadir. Bunun sebebi yapinin dis ortam
kosullarindan daha az etkilenmesi ve sicaklik dalgalanmalarini tolere edebilmesinden kaynaklanmaktadir.

Binalarda faz degistiren malzemelerin modern anlamda kullanimi ilk olarak 1940’l1 yillarin sonunda bir
binanin glines enerjisi ile pasif olarak 1sitilmasi ¢aligmasi ile Dr. Maria Telkes ve mimar arkadasi Eleanor
Raymond tarafindan gergeklestirilmistir (Telkes ve Raymond, 1949). Macar kdkenli Telkes 1920°li
yillardan beri giines enerjisinin bina 1sitmada kullanilabilme ihtimalini incelemekteydi. Massachusetts’te
bulunan Dover evi isimli yapida faz degistiren malzeme olarak Glauber Tuzunu kullanan arastirmacilar
sistemin havanin kapali oldugu on bir giin boyunca evin sicakligim korudugunu gézlemistir. Ozellikle 1980

ve sonrasinda daha da 6nem kazanan bu konu bir¢ok calismada tercih edilmistir.

Bu calismada en 6nemli yap1 bilesenlerinden biri olan hargta faz degistiren malzeme kullaniminin binalarin
151l Ozelliklerine etkisi tizerine son {i¢ yilda yapilan aragtirmalar incelenmistir. Prof. Dr. Ali Simsek’in 2018
yilinda yazdigi kitap boliimiinde aktardigi derin alan yazin (literatiir) taramasi modelinde giincel dogrudan
kaynaklara 6nem verilmesi gerekliligi gbz Oniine alinarak tarama yillar1 3 sene ile sinirlandirilmistir. Faz

degistiren malzemeler bu calismada FDM olarak kisaltilacaktir. Literatiirde baskin sekilde bulunan Ingilizce
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kaynaklarin kullandigi PCM kisaltmasi ise literatiire uyumluluk disiiniilerek baslikta degistirilmeden

birakilmigtir.

2. FAZ DEGISTIREN MALZEMELERIN HARC KARISIMINDA KULLANILMASI
UZERINE CALISMALAR

Bu baglikta faz degistiren malzeme iceren har¢ karisimlarinin kullanildigi ve 1si1l 6zelliklerin aragtirildig:
deneysel caligmalar 2021-2024 yillar1 arasinda alfabetik ve yillara gore siralanarak okuyucuya aktarilmistir.
Lakshan vd. ¢aligmalarinda (2021) FDM katkili harcin kullanildigi duvar panellerinin 1s1l 6zelliklerini
arastirmistir. Sonuglara gore FDM eklenmesi sonucu harcin 1s1l iletkenligi %8,62 oraninda diislirilmiistiir.
Salgueiro vd. yaptiklart calismada (2021) FDM katkili kilin har¢ malzemesi olarak kullaniminin binalarda
i¢ ortam sicaklik diizenlemesine etkisi aragtirilmigtir. Olusturulan malzeme FDM katkisi ile 1s1l iletkenlikte

%24 disiis, 6zgiil 1s1 kapasitesinde ise %17 artig saglamustir.

Gencel ve arkadaglarinin gergeklestirdigi ¢aligmada (2022) cam elyafi ile giiclendirilmis al¢1 kompozitine
mikrokapsiillenmis FDM eklenmesi ile iiretilen giincel bir 1s1l enerji depolama malzemesinin binalarin 1s1l
ozelliklerine etkisi incelenmistir. FDM katkisi 1s1] iletkenligi %5 diisiiriirken binanin 1sitma ve sogutma

yiiklerini azaltmada basarili oldugu gézlenmistir.

80mm 240mm 80mm 240mm
Dis Ortam Dis Ortam é
I¢ Ortam / I¢ Ortam
(a) Kopik Beton Duvan (b) FDM Katk:l: Kapiik Beton Duvarn

D Kopiik beton ',Ill FDM'l1 Kopiik Beton D Tugla D Cimento harc:

Sekil 1: Cimento ve PCM katkili ¢cimento duvarlarin tasarimlart (Li vd., 2022).
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Li vd. ¢alismalarinda (2022) Cin’in 5 farkli iklim bdlgesindeki binalarin duvarlarinda FDM katkili kdpiik
beton kullantmini 1s1l ve ekonomik performans agisindan arastirmustir. Sekil 1°de aragtirmacilarin
deneylerde kullandiklar1 tasarimlar gdsterilmistir. FDM kullanimu tiim iklim bolgelerinde i¢ ve dis sicaklik

arasindaki farki dengelemistir. Enerji tasarrufu maksimum olarak %37,2 degerine ulagmustir.

Ryms vd. yaptiklar1 caligmada (2022) kullanilmis lastiklerden elde edilen yanma sonucu ciirufa faz
degistiren malzeme ekleyerek bir ¢imento kompoziti olusturmus ve 1sil performansini analiz etmistir.
Sonuglar incelendiginde tiretilen FDM’li ¢cimentonun 1s1l enerji depolama kapasitesi yanma sonu ciirufuna

gore %11 daha ytliksek olmustur.

Al-Yasiri ve Szabo calismalarinda (2023) ¢ok sicak iklim sartlarinda enerji tasarrufu ve karbon salimini
azaltma amaciyla bina dis yiizeylerinde FDM katkili malzeme kullanimini deneysel olarak incelemistir.
Maksimum 1s1l yiik %8,71 oraninda diisiiriilmistiir. Ayrica CO2 saliminda azalma ise 1,35 kg/giin olarak

gerceklesmistir.

Anter vd. yaptiklar1 ¢calismada (2023) faz degistiren malzemelerin bina duvarlarinda kullanilmas: ile enerji
tasarrufu ve binalarin 1s1l performansi analiz edilmistir. 6 farkli FDM ve 6 farkli FDM kalinliginin
kullanildig1 deneylerde i¢ ve dis yiizeyde 1,5 cm kalinliginda 35°C erime sicakligina sahip FDM en iyi

sonuglari vermis ve toplam enerji kazancinda %66 diisiis saglanmigtir.

Cunha, Castro ve Aguiar’in gergeklestirdikleri ¢alismada (2023) faz degistiren malzeme katkili alg1 tasi
bazli harcin binalarda etkisi aragtirilmistir. %0, 5, 10 ve 20 oraninda FDM katkilarinin incelendigi ¢aligmada
ilkbahar ve yaz aylarinda deneyler yapilmistir. Sonuglara gére yaz aylarinda binanin elektrik tiiketimindeki

azalig %17 olarak gergeklesirken ilkbahar doneminde bu oran %59 olmustur.

Frahat vd. ¢alismalarinda (2023) binalarda enerji tasarrufu saglamak adina mikrokapsiillenmis FDM katkili
stirdiirtilebilir ¢cimento harci tasarlamistir. Sonuglara gére FDM katkist arttikga 1s1l iletkenlik azalmakta ve
bunun sonucunda 1s1 transferi de %18,3’e varan seviyelerde diigmektedir. Ayrica yasanan zaman kaymasi

ile pik zamanlarda elektrik yiiklerinde diisiisler saglanmaktadir.

Izadi ve ¢alisma arkadaslarinin yaptiklari ¢alismada (2023) ticari tuglalarin bosluklarina makrokapsiillenmis
FDM ekleyerek olusturdugu sigiak duvarinin 1sil performansini aragtirmstir. 3 farkli FDM’nin kullanildigt
calismada farkli tugla ¢esitlerinin kullanimi ile olusturulan kombinasyonlarin denenmesi sonucu 22°C erime
sicakligina sahip FDM’nin kullanildig: sistemdeki ortalama 1s1 akisi 24 saatlik siirecte normal tuglaya gore

%66,79 diistirilmustiir.

Jiang vd. gerceklestirdikleri ¢alismada (2023) agrega firin cilirufuna parafin-titanyum katkisi ile hazirlanan

harcin hazirlanmasi ve performans analizi gergeklestirilmistir. Sonuglara gére FDM katkisinin en yiiksek
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oldugu durumda 1s1l iletkenlik %52,5 oraninda diismektedir. Ayrica 1s1l enerji depolanmasi ile i¢ ortam

sicaklik dalgalanmalar1 azaltilmakta ve enerji tiikketiminde diislisler saglanmaktadir.

Lu vd. caligmalarinda (2023) solar hava 1sitic1 ile havalandirmali FDM katkili duvari bir araya getirerek
yeni bir tasarim gelistirmis ve sistemin 1s1l performansini arastirmistir. Sonuglar incelendiginde en uygun
calisma sartlarinda (35-45°C hava sicakligi ve 3-4m/s hava hiz1) maksimum 1s1l enerji depolama verimliligi
%87,6’ya ulasmustir. Kis sartlarinda yapilan deneylerde FDM’li odanin sicakligt FDM’siz olana gore 6,3-

10°C arasinda daha yiiksek kalmis ve 1s1l konfor sartlarina daha uygun degerler sunmustur.

Ma ve caligsma arkadaslarinin yaptiklari calismada (2023) ¢cok soguk bolgelerde FDM-silika aerojel yapisini
kis bahgesinde kullanarak kirsal alandaki bir konutun enerji performansini analiz etmistir. Referans kig
bahgesi ve FDM katkili duvara sahip kis bahgesinin karsilagtirildigi calisma sonucunda 1sitmadaki enerji

tilketimi %14 oraninda azaltilmistir.

Nandy vd. ¢alismalarinda (2023) FDM’yi poliiiretan kopiige ekleyerek olusturduklari paneli kullanarak 1s1
transferi ve enerji modelleme konusunda arastirma yapmistir. Deney sonuglari, FDM kullaniminin yillik

elektrik tiiketimini %15-20 araliginda diisiirdiigiinii gostermistir.

Ong vd. gerceklestirdikleri calismada (2023) faz degistiren malzemelerin 1s1l yalitim malzemeleri ile entegre
edilmesinin pasif binalar konseptine gore tropik iklimdeki binalarin sogutma yiikiine etkisini incelemistir.
Yiizey sicakligindaki diisiis 3,2°C olarak gerceklesirken i¢ ortam sicakligindaki diisiis 5-7°C’ler bandinda

olmustur.

Sarcinella ve arkadaslar yaptiklar1 calismada (2023) polietilen glikol bazli FDM’nin eklendigi harcin
binalarda enerji verimliligi i¢in kullanilmasini 1s1l &zellikler agisindan aragtirmistir. Sonuglar analiz
edildiginde sogutma yiikiinde diisiis %8 ve 1sitma ylkiinde diisiis %13 olarak gergeklesmistir. Ayrica

sogutma masrafinda yaz aylarinda %8, ilkbahar ve sonbahar aylarinda ise %12 diisiisler saglanmistir.

Tamer vd. ¢aligmalarinda (2023) FDM duvar levhasini gece havalandirmasi teknigi ile birlestirerek ofis
binalarimin asir1 1sinma riski ve enerji verimliligi 6zelliklerini iklim degisikligi etkilerini de géz Oniinde
bulundurarak incelemistir. 2020 ve 2050 yillar1 i¢in hazirlanan senaryolarda PCM19 ve PCM2S5 isimli iki
farkli faz degistiren malzeme 1sitma ve sogutma yiiklerini azaltma amaciyla kullamilmigstir. Sadece
FDM’lerin kullanildig1 deneylerde PCM19 2020 y1l1 i¢in %5-7,4 arasinda 1sitma talebini azaltirken 2050
yilt i¢in %7,8-9,2 arasinda diisiis hesaplanmigtir. PCM25’in performansi ise 2020 yilinda %1,9-4,3 arasinda
diisiis saglarken 2050 yili i¢in %0,7-2,4 arasinda olmasi beklenmektedir. Sadece gece havalandirmasi
yapildiginda sogutma yiikii 2020’de %23,2-25,7 arasinda azalirken 2050’de %13,9-15,7 arasinda diisiis
gozlenmistir. PCM25 ile gece havalandirmasi bir arada kullamildiginda ise 2020 yilinda %29,4-30,6
arasinda diisiis saglanirken 2050 y1l1 i¢in %16,6-17,5 azalma hesaplanmustir.
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Xiao ve arkadaglarinin yaptigi ¢alismada (2023) Sekil 2°de de goriildiigii tizere FDM katkili Trombe duvari
sisteminin Cin’de sicak yaz ve soguk kis iklimine sahip bir binada kullanimimin enerji verimliligini optimize
etme potansiyelini incelemistir. FDM eklenmesinin 1sitma sezonunda enerji talebini %71,53 oraninda

azalttig1 ve 1s1l konforu arttirdigi 6l¢tilmiistiir.

Ust havalandirma
fam c
am
Fan Kontrolii

Hava Boslugu
FDM Katkili
Agir Duvar

Alt havalandirma

fam

Sekil 2: FDM katkili Trombe duvar sistemi tasarimi (Xiao vd., 2023).

Cesari vd. gergeklestirdikleri ¢alismada (2024) alttan 1sitma sisteminde dama tahtasi deseninde iki farkli
FDM kullanarak 1sitma ve sogutma uygulamalarimin etkilerini ger¢ek boyutlarda bir sistemde
gozlemlemistir. Kis aylarinda 1sitma enerjisi talebinde %13 azalma saglanirken elektrikli iklimlendirme

cihazlarmin giinliik kullanim siireleri %70 diistirilmiistir.

Sekil 3: FDM katkili tuglalarin iiretimi agamas1 (Li vd., 2024).

71



Bayraktar vd. / Yap: Malzemelerinde PCM Kullamiminin Binalarin Isil Ozelliklerine Etkisi

Li, Xu ve Zhang yaptiklar1 caligmada (2024) Sekil 3’te gosterildigi gibi FDM’yi ¢cimento ciirufuna ekleyerek
alttan 1s1tma sistemi i¢in %0 ile 15 arasinda ¢esitli oranlarda harglar olusturmus, bu harglarin 1s11 ve mekanik
ozelliklerini deneysel olarak analiz edilmistir. Sonuglara gore her %1°lik FDM eklenmesinde 1s1l iletkenlik

%9 diismektedir.

Pirasaci ve Sunol yaptiklari ¢calismada (2024) FDM-kompozit agrega uygulamasinin Tirkiye’de bina 1s1l
performansi agisindan incelenmesini gergeklestirmistir. Sonucglara gore FDM katkili harcin Erzurum’da
1s1itma yiikiinii %0,22 azalttig1, [zmir’de ise sogutma yiikiinii %1,7 azalttig1 hesaplanmistir. Béylece FDM
katkili agrega harcin Tiirkiye’de farkli iklim kosullarinda enerji tasarrufu saglayabildigi anlasilmistir.

Sar1 ve calisma arkadaslar1 caligmalarinda (2024) enerji etkin binalarda kullanilmak {izere dogal zeolite
dodesil alkol katkilayarak sekil stabileli kompozit FDM olusturarak yeni bir ¢imento harci meydana
gelistirmistir. Pik i¢ ortam sicakliginda %10’a varan diisiisler saglanirken 3 saatlik bir zaman gecikmesi de

yasanmigtir.

Taj ve arkadaslarinin gerceklestirdikleri calismada (2024) kil tuglaya 6tektik FDM eklenmesinin binalarin
dis yiizeylerinde 1s1l performans yonetimine etkisini deneysel ¢alisma ile incelemistir. Sonuglar analiz
edildiginde i¢ sicaklikta 4-5,5°C diisiis saglanmasimi miiteakip sicaklik dalgalanmalarinin yaklasik %32
azaldig1 6lgiilmiistiir. Ayrica toplam 1s1 akisindaki diisiis %25-30 bandinda ger¢eklesmistir.

Topcu vd. ¢alismalarinda (2024) sepiolit bazli sekil stabileli FDM katkili yenilik¢i bir ¢imento harci
gelistirerek binalarin 1s1l kontroliinii saglamay1 hedeflemistir. Ger¢ek zamanli 1s1l deneylerin sonuglarina
gore FDM katkil1 harg faz degistiren malzemenin 1s1 sogurma ve depolama kapasitesini kullanarak i¢ ortam
sicakligim dengelemeyi basarabilmistir. I¢ yiizeye yakin bélge ile odanin merkezi arasindaki sicaklik farki

normal sistemden 1,93°C daha diisiik gergeklesirken maksimum sicaklik farki 3,34°C olmustur.

Vargas vd. yaptiklart ¢alismada (2024) agirlikca %10-20 oranda mikrokapsiillenmis parafin bazli FDM’li
¢imento harcinin enerji depolamasina etkisini deneysel olarak arastirmistir. Sonuglara gére FDM orani
arttik¢a 1sitma ve sogutma yiikleri azalmaktadir. Ayrica ¢evre sicakligina maruz kalan ile maruz kalmayan
duvarlar arasindaki sicaklik farklar artmaktadir. Faz degisim sicakligina yakin sicakliklarda FDM’ler daha
verimli ¢aligmaktadir. Faz degisim sicakligindan 5°C farkli araliklarda ¢alisan FDM’ler ¢imento harcinin
toplam enerji depolanmasini %238-330 arasinda artirirken 15°C farkli araliklarda bu oranlar %70-88

arasinda artmaktadir.

Wang vd. caligmalarinda (2024a) Cin’in soguk bir bolgesinde ofis binalarinda kullanilmak {izere {iretilen
FDM katkili harcin pasif tasarim ve iklim etkileri agisindan analizini ger¢eklestirmistir. Aragtirmacilarin
tasarimlar1 Sekil 4’te aktarilmistir. Sonuglara goére enerji tasarrufu herhangi bir ek CO. salimi

gerceklestirilmeden %13 ten fazla olmustur.
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Sekil 4: Faz degistiren malzeme katkili duvarin yapisal semas1 (Wang vd., 2024a).

Wang ve calisma arkadaslarinin 2024 yilinda gerceklestirdikleri bir diger calismada perlit bazli ¢imento
harcina FDM olarak kaprik-stearik asit karigimi eklenerek 1sil enerji depolama 6zelligine sahip yeni bir yap1
malzemesi iiretilmistir. Uretilen malzemenin 6zgiil 1s1 kapasitesi normal harca gore %142,68 artarken 1s1l

iletkenligi %62,35 azalmustir.

Wang vd. yaptiklar ¢alismada (2024c¢) ugucu kiile parafin bazli FDM ekleyerek alttan 1sitma sistemlerinde
enerji depolamay1 hedeflemistir. Uretilen harg ile 1s1l iletkenlikte %15,8 diisiis, 6zgiil 1s1 kapasitesinde ise
%53,5 artig saglanmistir. Ayrica sicaklik dalgalanmalari disiiriilirken konforlu sicaklik siiresi de

artirilabilmigtir.

3. SONUCLAR ve ONERILER

Literatiir aramas1 sonucu konuyla ilgili 28 calisma tespit edilerek okuyuculara aktarilmistir. S6z konusu

calismalardan alinan sonuglar derlendiginde;

e 3 farkli gcaligmanin ortalamasina gore (Salgueiro vd., 2021; Wang vd., 2024b ve Wang vd., 2024c¢)
FDM’nin 6zgiil 1s1 kapasitesini %71,1 artirdigi,

e 7 calismanin ortalamasina gore (Lakshan vd., 2021; Salgueiro vd., 2021; Gencel vd., 2022; Jiang
vd., 2023; Li vd., 2024; Wang vd., 2024b ve Wang vd., 2024c) 1s1l iletkenligi %25,3 azalttigi,

e 3 farkli galismanin sonuglarina gére (Ryms vd., 2022; Al-Yasiri vd., 2023 ve Vargas vd., 2024) 1s1l
kapasiteyi % 105,1 artirdigy,
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e 7 calismanin sonuglarina gore (Anter vd., 2023; Frahat vd.; 2023; Izadi vd., 2023; Sarcinella vd.,
2023; Tamer vd., 2023; Pirasac1 vd., 2024 ve Taj vd., 2024) 1s1 kazancini ortalama olarak %25,7
azalttig1 ve

e 8 farkli caligmaya gore (Li vd., 2022; Cunha vd., 2023; Ma vd., 2023; Nandy vd., 2023; Tamer vd.,
2023; Xiao vd., 2023; Cesari vd., 2024 ve Wang vd., 2024a) %25,2 enerji tasarrufu sagladigi

hesaplanmustir.

Ozetle faz degistiren malzemeler, binalarin 1s1l 6zelliklerini iyilestirerek enerji talebini azaltmakta ve

elektrik sarfiyatimi diisiirerek olumlu ¢iktilar iretmektedir.

Faz degistiren malzemelerin yap1 malzemelerinden hargta kullanilmasi sonucu elde edilen pozitif veriler
gelecek galigmalar i¢in tesvik edici niteliktedir. Arastirmacilarin sonraki ¢alismalarda harg disindaki diger
yap1 malzemelerinde faz degistiren malzeme kullanilmasinin 1s1l &zelliklere etkilerini incelemeleri ile
literatiirii gelistirmek adina 6nemli adimlar atilmig olacaktir. Ayrica FDM katkili yap1 malzemelerinin farkli
yap1 bilesenlerinde etkisinin arastirilmasi ve bu etkilerin karsilastirilmasi da binalarda FDM’lerin etkisi

konusunda diger arastirmacilara isik tutacaktir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atismasi bulunmamaktadir.

YAZARLARIN KATKILARI

F.S.B.: Kavramsallastirma, yontem, arastirma, kaynaklar, yazi yazma - orijinal taslak hazirlama.

R.K.: Yontem, dogrulama, kaynaklar, gézden gegirme ve diizenleme.
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0z

Insanlar diinyanin var olusundan beri radyoaktivitenin etkisi altindadir. Insanlarin maruz kaldiklar1 en
yaygin radyasyon kaynaklari diinya atmosferindeki kozmik 1sinlarin etkilesimi ve yer kabugundaki uzun
yar1 omiirlii radyoaktif ¢ekirdeklerden kaynaklanan dogal radyoaktivitedir. Topraktaki dogal radyoaktivite
U, Th serileri ve “°K’dan kaynaklanmaktadir. Dogal olarak olusan radyoaktif ¢ekirdeklere ilaveten birgok
radyoaktif ¢ekirdek niikleer silah denemeleri, niikleer gii¢ reaktorleri, arastirma reaktorleri ve niikleer yakit
iretimi gibi yapay yollarla ¢evreye yayilmaktadir. Bu ¢alismada, Derekdy ve Pazarkule sinir kapilarindan
alman toprak orneklerindeki radyoaktivite seviyesinin belirlenmesi hedeflenmistir. Toprak 6rneklerindeki
radyoaktivite diizeyleri HPGe gama spektrometresi kullanilarak dlgiilmiis olup, ??°Ra (?8U), 22Th, K ve
B37Cs aktivite konsantrasyonlar1 hesaplanarak belirlenmistir. Toprak érnekleri igin, 22°Ra, 22Th, “°K ve $¥'Cs
ortalama radyoaktivite degerleri sirastyla; 37,63; 56,07; 794,47 ve 6,23 Bq kg™ olarak belirlenmistir. Toprak
ornekleri igin radyum esdeger aktivitesi hesaplanmis ve ortalama deger 178,99 Bq kg™ olarak bulunmustur.
Ortalama sogurulan doz degeri 84,38 nGy.h olarak hesaplanmistir. Bolge i¢in ayrica yillik etkin doz hiz1
hesaplanmis olup, bu degerin 40,38-124,38 uSv.y! arahiginda degistigi ve ortalamanin 103,48 uSv.y*
oldugu bulunmustur.

Anahtar Kelimeler: Radyoaktivite; Toprak; Gama; HPGe; Doz.

Measurement of Radionuclide Amount and Dose Calculation in Soil Sample
Taken Near from Border Gates in Turkiye’s Thrace Region: The Case of
Derekoy and Pazarkule

ABSTRACT

Humans have been under the influence of radioactivity since the creation of the world. The most common
sources of radiation to which humans are exposed are the interaction of cosmic rays in the Earth's
atmosphere and natural radioactivity from long half-life radioactive nuclei in the Earth's crust. Natural
radioactivity in soil comes from the U, Th series and “°K. In addition to naturally occurring radioactive
nuclides, many radioactive nuclides are released into the environment by artificial means such as nuclear
weapons testing, nuclear power reactors, research reactors and nuclear fuel production. In this study, it was
aimed to determine the radioactivity levels in soil samples taken from Derekoy and Pazarkule border gates.
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The radioactivity levels in the soil samples were determined by calculating the activity concentrations of
226Ra (%), YK, 2Th, ¥7Cs, and “°K (?*8U) using HPGe gamma spectrometer. The average radioactivity
values of 22°Ra, *2Th, 4°K and **¥Cs for soil samples were determined as 37,63, 56,07, 794,47 and 6,23 Bq
kg, respectively. Radium equivalent activity was calculated for soil samples and the average value was
found to be 178,99 Bq kg*. The average absorbed dose values for soil samples were calculated. It was found
between 32,92 — 101,74 nGy.h* respectively and the average was 84,38 nGy.h1. The annual effective dose
rate was calculated for the region. It was found that this value varied between 40,38- 124,78 uSv.y* and the
average was 103,48 pSv.y™.

Keywords: Radioactivity; Soil; Gamma; HPGe; Dose.
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1. GIRIS

Radyasyonun kesfedilmesinden sonra, radyasyonun meydana getirdigi zararli etkilerinden korunmak
O6nemli hale gelmistir (Ak¢a, 2011). Bunun igin ¢evresel radyoaktivite 6l¢limleri yapilmaktadir. Cevresel
radyoaktivite tayinlerini yapmaktaki en Onemli neden, canlilarin dogal ya da yapay radyasyon
kaynaklarindan etkilenmis olduklar1 miktarlarin ve bu miktarlarin zararlarinin belirlenmesidir. Radyasyon
doz tayininde toprak, sediment, su, hava ve bina yap1 malzemelerindeki radyoniiklid dagilimlarinin dogal

ve yapay radyontiklidler i¢in ayr1 ayr1 hesaplanmasi gerekmektedir (Gonen, 2012).

Yerkiirede bulunan radyoniiklidlerin dagilimi farkli konumlarda degisiklik gostermekte olup, bir bolgenin
radyasyon diizeylerini etkileyen en 6nemli etkendir. Dogal radyasyon seviyeleri bir bolgenin bulundugu
yiikseklige gore degisiklik gostermektedir. Ornegin dogal bir radyasyon kaynagi olan kozmik 1sinlarin deniz
seviyesindeki etkisi az miktardayken deniz seviyesinden daha yukarida artmaktadir (Gonen, 2012; Ozger,
2005).

Cevresel radyoaktivite calismalar1 yaparken bolgedeki radyoaktivitenin saptanmasi igin, temel radyasyon
seviyeleri baz alinarak degerlendirme yapilmalidir. Boylece o bolgenin g¢evresel radyasyon miktarini
bilerek, olas1 meydana gelebilecek niikleer kaza, niikleer sizintilar sonrasinda ne oranda degisim gosterdigi

belirlenmis olur (Bostanci, 2011).

Bu amagla bu ¢alismada Trakya Bolgesi’nin iki 6nemli sinir kapisi olan Kirklareli’nde bulunan Derekoy ve
Edirne’de bulunan Pazarkule sinir kapilari yakinlarindan toprak 6rneklemesi yapilarak bazi dogal ve yapay

radyoniiklid konsantrasyonlarinin belirlenmesi amaglanmuistir.

2. MATERYAL VE METOT

2.1. Orneklerin Toplanmast ve Hazirlanma Siireci
Bu ¢alismada Yunanistan’a agilan Pazarkule sinir kapisi yakinlarindan ve Bulgaristan’a agilan Derekdy sinir
kapisi yakinlarindan olmak iizere 5 farkli koordinat noktasindan 6rnek toplanmustir. Ornekleme yapilan sinir

kapilar1 Sekil 1’de gosterilmistir.

Ornekleme icin belirlenen koordinat noktalarindaki topragin yaklasik 10 cm altindan alman &rnekler, 2
kg’lik plastik saklama posetlerine konularak her bir 6rnege ait koordinat noktalar: etiketlere yazilarak
posetlerin iizerine yapistirilmistir. Ornekler, hazirlama ve analizlerin yapilacagi Kirklareli Universitesi Ileri
Teknolojiler Uygulama ve Arastirma Merkezi Laboratuari’na getirilmistir. Toprak ornekleri igerisindeki
nemin uzaklastiriimast i¢in etiiv kullanilarak 105 °C sicaklikta kurutulmustur. Ornekler kurutulduktan sonra

icerisinde bulunan ot, yaprak, tag vb. gibi maddelerden arindirilmigtir. Daha sonra 6rneklerin her biri ayri
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sekilde elekten gegirilerek havanda 6giitiilerek miimkiin olan en kiigiik hale getirilmistir. Toprak 6rnekleri
toz haline getirildikten sonra hacimleri 250 ml olan plastik kaplara konulmustur. Orneklerin hava almamasi
i¢cin plastik kaplarin etraflar1 parafin denilen bant ile sarilmustir. Orneklerin icerisindeki radyoniiklidlerin
dengeye gelmesi amaciyla yaklasik 355 giin bekletilmistir. Ayrica aktivite hesabinda kullanilacak olan

agirlik bilgisi her bir 6rnek igin ayr1 ayr tartilarak not alinmstir.

@ Derekoy
Hamzabeyli

Kap]kule by - t

e

. Pazarkule

Sekil 1. Ornekleme yapilan bdlgenin haritas.

2.2. Gama Spektrometrik Analiz Sistemi

Gama spektrometre sistemi ¢evresel radyoaktivite analizlerinde en ¢ok kullanan 6lgme y6ntemidir. Bu
calismada Ornekleme yapilan topraklarim gama spektrometre sistemi analizleri, HPGe (High Purity
Germanium) adindaki yiiksek safliga sahip dedektor ile yapilmistir. Calismada, Ortec GEM 70P4-95 HPGe
saf germanyum gama dedektorii kullanilmistir. Dedektor kursun bir zirh igerisindedir ve %70 relatif verime
sahiptir. Radyoniiklidler i¢in aktivite konsantrasyonlari i¢in aktivite hesabi Denklem 1 kullanilarak

yapilmustir.

— Nnet (1)

etlm

Burada A, hesaplanan aktivite (Bq kg?) degerini, Nnet net pik alani ifadesini, ¢ ilgilenilen pik igin dedektor
verimini, t sayim siiresini (), m numunenin kiitlesini (kg), | gama enerjisinin yaymnlanma olasiligini
belirtmektedir (Bostanci, 2011). *®Ra aktivite konsantrasyonu #*Pb’a ait 351,9 keV ve ?**Bi‘a ait 609,3 keV
degerlerindeki gama pikleri, “°K aktivite konsantrasyonu 1460,8 keV degerindeki gama piki, 2?Th aktivite
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konsantrasyonu ?22Ac’e ait 911,2 keV ve 2%TI’e ait 583,1 keV degerlerindeki gama pikleri, *¥'Cs aktivite

konsantrasyonu ise 661,7 keV degerindeki gama piki kullanilarak elde edilmistir.

Gama Spektrometre analizi kalibrasyonu 21°Ph, 1¥Ce,°Cd, #'Am *'Co, 13Sn, 2%*Hg, %S, 88Y, 137Cs ve
0Co pikleri bilinen aktivite seviyelerini iceren, 80 ila 2500 keV enerji aralifina sahip standart bir karisik

kaynak (izotop Uriinleri Laboratuvarlari) kullanilarak yapilmistir (Ozden vd., 2023).

2.3. Radyolojik Parametreler
Tiirkiye’nin Trakya Bolgesi’'nde bulunan Derekdy ve Pazarkule sinir kapilarindan alinan orneklerin
analizleri sonucu elde edilen aktivite konsantrasyon degerleri kullanilarak, radyasyonun canlilarda meydana

getirdigi etkileri belirleyebilmek i¢in bazi radyolojik parametreler hesaplanmustir.

2.3.1. Radyum Esdeger Aktivitesi (Raeq)

Radyum esdeger aktivitesi, toprakta ayni sekilde dagilim gdstermeyen ??°Ra, 2*2Th ve “°K’ un birlesik
radyolojik etkilerini bulmak icin kullanilmaktadir (Mehra vd., 2012). Radyum esdeger aktivitesi hesabi
Denklem 2 kullanilarak yapilmaktadir.

Raeqy (Bq-kg™) = Apq + (Arpx1,43) + (Akx0,077) 2)

Baglantida bulunan Aras, A Ve Ax sirasiyla *®Ra, #2Th ve “K aktivite konsantrasyonlarim ifade
etmektedir. ?2Ra aktivitesinin 1 Bqg.kg? degeri ile 2?Th aktivitesinin 0,7 Bg.kg? degerinin ve “°K

aktivitesinin 13 Bq.kg™ degerinin ayn1 gama dozu iirettigi anlamina gelmektedir.

2.3.2. Karasal Sogrulan Gama Doz Hizt (D)

Yasadigimiz ¢evredeki radyoaktif kaynaklarin olusturdugu gama radyasyonunun canlilarin sagligi {izerinde
etkileri bulunmaktadir. Bu etki topragin yiizeyinden 1 m yiikseklikte karasal sogrulan gama doz hizinin (D)
hesaplanmasiyla bulunur (Mehra vd., 2012). Karasal sogrulan gama doz hizt Denklem 3 kullanilarak

hesaplanmaktadir.
D (nGyh™') = 0,462 Ag, + 0,604 A, + 0,0417 Ay 3

Baglantida yer alan Ara, Ath Ve Ak sirastyla 2°Ra, 232Th ve “°K aktivite konsantrasyonlar1 anlamina, 0,462,
0,604 ve 0,0417 katsayilar1 sirastyla 2®Ra, #2Th ve “°K radyoniiklidlerinin déniisiim katsayisini ifade

etmektedir.
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2.3.3. Yillik Etkin Doz Egdegeri (AEDE)
Diinya {izerinde yasayan insanlarin, bir sene boyunca farkli radyasyon kaynaklarinin 1simalar etkisinde
kaldiklar radyasyon dozu “yillik etkin doz esdegeri” olarak tanimlanir. Yillik etkin doz esdegeri Denklem

4 kullanilarak hesaplanmaktadir.
AEDE (uSvy™1) =D (nGy h™1) x 8760 (h)x 0,2 x 0,7 (Sv Gy™1) x 1073 4)

Baglantida bulunan D sogrulan gama doz hizini, 8760 sayisi bir yilin saate ¢evrilmis siiresini ifade
etmektedir. 0,2 katsayisi insanlarin giinlerinin %20°lik kismin1 agik havada gegirdikleri disiiniilerek
kullanilan mesguliyet faktoriidiir. 0,7 katsayisi ise havadan sogrulan doz hizinin etkin doza doniistiiriilmesi

i¢in kullanilan doniisiim katsayis1 anlamina gelmektedir (Ozden, 2000; Bozkurt, 2019).

2.3.4. Yasam Boyu Kanser Riski (ELCR)
Yasam boyu kanser riski (ELCR) insanlarin dmiirleri boyunca maaruz kaldiklari radyasyonun sebep oldugu
kanser riski olasilig1 anlamina gelmektedir. Yasam boyu kanser riski (ELCR) Denklem 5 kullanilarak

hesaplanmaktadir.
ELCR = AEDE x DL x RF (5)

Bu formiilde AEDE yillik etkin doz esdegeri, DL yasam siiresi (70 yil) ve RF risk faktorii (Sv') anlamina
gelmektedir.

3. SONUCLAR
3.1. Gama Radyorniiklid Konsantrasyonlart
Derekdy (DK) ve Pazarkule (PK) smir kapilar1 yakinlarindan toplanan toprak érneklerin 2%°Ra, 232Th, 4K

ve 1¥’Cs radyoniiklidlerinin aktivite konsantrasyonlar1 Sekil 2, Sekil 3 ve Sekil 4’te gdsterilmistir.

Toprak drnekleri igin yapilan hesaplamalarda ??°Ra i¢in aktivite konsantrasyonunun 16,85 Bq.kg ile 49,86
Bq.kg? araliginda degismekte oldugu ve ortalama aktivite konsantrasyonunun 37,63 Bg.kg! oldugu
bulunmustur. 2*?Th igin aktivite konsantrasyonunun 10,32 Bq kg™ ile 71,45 Bqg.kg™ araliginda degismekte
oldugu ve ortalama aktivite konsantrasyonunun 56,07 Bg.kg™ oldugu bulunmustur. ?°Ra ve #32Th aktivite

konsantrasyonlar1 Sekil 2’de gosterilmistir.
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225Ra ve %2Th Aktivite Konsantrasyonlari
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Sekil 2. Toprak drneklerindeki 2?°Ra ve 2%?Th radyoniiklid konsantrasyonlar.

Toprak drneklerinde yapilan dlgiimlerde “°K igin hesaplanan aktivite konsantrasyonunun 453,51 Bg.kg ile
980,75 Bq.kg ™t araliginda degismekte oldugu ve ortalama aktivite konsantrasyonunun 794,47 Bq.kg™ oldugu

bulunmustur. “°K aktivite konsantrasyonu Sekil 3’te gosterilmistir.

40K Aktivite Konsantrasyonlari

2 | 1000
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2 200
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Sekil 3. Toprak 6rneklerindeki “°K konsantrasyonlar.
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Toprak drnekleri i¢in hesaplanan *3'Cs aktivite konsantrasyonunun 1,24 Bq.kg™ ile 15,22 Bq.kg* araliginda
degismekte oldugu ve ortalama aktivite konsantrasyonunun 6,23 Bg.kg? oldugu bulunmustur. Her bir

ornekleme noktasi i¢in Sl¢iilmiis olan *’Cs i¢in aktivite konsantrasyonu Sekil 4’te gdsterilmistir.

137Cs Aktivite Konsantrasyonlari
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Sekil 4. Toprak &rneklerindeki *¥C konsantrasyonlart.

Bu ¢alismadan elde edilen sonuglar UNSCEAR 2000 raporuyla karsilastirildiginda ??°Ra ortalama aktivite
konsantrasyonu UNSCEAR sonucu olan 35 Bqg kg? ile uyumlu bulunmustur. Fakat 2*2Th ve “°K ortalama
aktivite konsantrasyonlart UNSCEAR tarafindan 6nerilen ortalama konsantrasyonlardan yiiksek ¢ikmigtir
(UNSCEAR, 2000). Ornek toplanan bélgelerin tarim arazileri yakinlarinda olmasi ve tarimda kullanilan
giibrelerden kaynakl olarak “°K aktivasyonunun yiiksek ¢ikabilecegi diisiiniilmektedir.

Bu c¢alismadan elde edilen sonuglar, Tiirkiye’de yapilan bazi ¢aligmalarla karsilastirilmigtir. Karsilagtirma

Tablo 1’de verilmistir.

Merdanoglu ve arkadaslarmi 2006 yilinda Canakkale’de yaptiklar1 calisma sonucunda elde ettikleri ??°Ra,
282Th, “K ve ¥’Cs ortalama aktivite konsantrasyonu degerleri bu ¢alismada bulunan ortalama ??°Ra, 22Th,

40K ve ¥’Cs aktivite konsantrasyonu degerlerinden yiiksektir.

Bu c¢alismada elde edilen ortalama 2?°Ra aktivite konsantrasyonu Keskin’in 2008 yilinda Tuz Gélii
civarinda, Alnashar’in 2024 yilinda Hatay ilinin Reyhanl ilgesinde ve Kahveci’nin 2019 yilinda Trakya
Bolgesi Ergene Havzasi civarinda yaptii ¢alismadan elde ettigi 2°Ra ortalama aktivite konsantrasyonu

degerlerinden yiiksek bulunmustur.
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282Th ortalama aktivite konsantrasyonu igin bu ¢alismada bulunan deger, Kahveci’nin 2019 yilinda Trakya

Bolgesi Ergene Havzasi civarinda, Kahraman’in 2024 yilinda Isparta’da ve TENMAK’in 2013 yilinda

Kirklareli ve Edirne’de yaptigi ¢aligmalarda buldugu 22Th ortalama aktivite konsantrasyonu degerlerinden

yiiksektir.

K ortalama aktivite konsantrasyonu i¢in bu calismada bulunan deger, Aydin’in 2020 yilinda Igneada’da,

Yangin’in 2021 yilinda Sanliurfa’da ve Kahraman’in 2024 yilinda Isparta’da yaptigi ¢alismalar sonucu elde

edilen ortalama “°K aktivite konsantrasyonu degerlerinden yiiksektir.

Tablo 1. Calismada elde edilen sonuglarin Tiirkiye’de yapilmis diger ¢alismalarla karsilagtirilmasi

Bolgeler 2%Ra 232Th 40K 187Cs Referans
Canakkale 130,92 191,91 1207,12 18,05 Merdanoglu ve ark., 2006
Bursa 24 30 433 5,60  Akkaya, 2011
Tuz Goli 28,12 24,35 539,02 9,80 Keskin, 2008
Trakya, Ergene 27,42 35,24 687,59 2,77  Kahveci, 2019
Kocaeli, Dilovasi - 57,96 160 8,57 Dogan, 2019
Isparta 15,69 15,40 210,60 3,44  Kahraman, 2024
Samsun - 30,01 378,56 8,33  Bozkurt, 2019
Kirklareli, igneada 19,43 25,05 372,69 6,88  Aydin, 2020
Hatay 15 6,50 146 58,70 CNAEM, 2006
Hatay, Reyhanli 8,66 17,01 373 - Alnashar, 2024
Sanliurfa - 35,23 310,76 7,81  Yangin, 2021
Kirklareli 30,82 35,46 543,84 6,48 TENMAK, 2013
Edirne 25,86 29,07 638,28 7,80 TENMAK, 2013
UNSCEAR 35 30 400 - UNSCEAR, 2000
Kirklareli-Edirne 37,63 56,07 794,47 6,23  Bu Cahisma

Bu ¢aligmadan elde edilen ™*’Cs ortalama aktivite konsantrasyonu degeri Kahraman’in 2024 yilinda

Isparta’da, Kahveci’nin 2019 yilinda Ergene Havzasi’nda ve Keskin’in Tuz Golii’'nde 2008 yilinda yaptigi

caligmalarda elde ettikleri ortalama 3’Cs aktivite konsantrasyonu degerlerinden biiyiikken, 2019 yilinda
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Dogan’in Kocaeli Dilovasi’nda, 2019 yilinda Bozkurt’un Samsun’da ve TENMAK’m 2013 yilinda
Kurklareli ve Edirne’de yaptiklari galismalardan elde ettikleri ortalama *¥'Cs aktivite konsantrasyonu

degerlerinden diigiiktiir.

3.2. Radyolojik Tehlike Indeksleri

3.2.1. Radyum Esdeger Aktivitesi (Raeq)

Bu ¢alismada toplanan toprak &rneklerinden hesaplanmis Raeq degeri 66,52 ile 215,99 Bq kg? degerleri
arasinda degismektedir ve Sekil 5’te gosterilmistir. Ortalama Raeq degeri ise 178,99 Bq kg™ dir. Diinyada

kabul edilen deger 370 Bq kg™ olup, ¢alisma sonucunda elde edilen sonug bu degerden diisiik bulunmustur
(UNSCEAR, 2000).

Radyum Esdeger Aktivitesi (Ra,,)

300

SRR iiNy

DK1 DK2 DK3 DK4 DK5 PKl1l PK2 PK3 PK4 PK5

o

Aktivite (Bg/kg)
o

Sekil 5. Yapilan ¢aligmadaki radyum esdeger aktivitesi.

3.2.2. Karasal Sogrulan Gama Doz Hizt (D)

Bu ¢aligmada yapilan dlgiimlerle elde edilen gama doz hizi 32,92 ve 101,74 nGyh™ degerleri arasinda
degismekte olup ortalama gama doz hiz1 ise 84,38 nGyh™ olarak hesaplanmustir ve Sekil 6’da gosterilmistir.
Gama doz hizimin Diinya ortalamasidaki degeri 59 nGyh™ olmakta olup c¢alismada elde edilen degerin
diinya ortalamasindan biiytik oldugu goériilmiistiir (UNSCEAR, 2000).
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Karasal Sogrulan Gama Doz Hiz1 (D)
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Sekil 6. Yapilan ¢aligmadaki sogrulan gama doz hizt.

3.2.3. Yillik Etkin Doz Esdegeri (AEDE)

Bu ¢alismada AEDE degeri 40,38 ile 124,78 uSvy*arasindadir ve Sekil 7°de gosterilmistir. Ortalama y1llik
etkin doz degeri 103,48 puSvy Y’ dir. Bu ¢alismadaki analiz sonuglarindan hesaplanmis olan ortalama yillik
etkin doz degeri Diinya ortalamasi i¢in kabul edilen 70 uSvy™ degerinden biiyiik bulunmustur (UNSCEAR,
2000).

Yillik Etkin Doz Esdegeri (AEDE)
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Sekil 7. Yapilan calismadaki yillik etkin doz esdegeri.
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3.2.4. Yasam Boyu Kanser Riski (ELCR)
Yasam boyu kanser riski i¢in belirlenen diinya ortalamasi 0,29x10-%’tiir. Bu ¢alismada yasam boyu kanser

riski 0,16x107 ve 0,49x10°3, ortalama ise 0,41x107 bulunmus olup diinya ortalamasinin biraz lizerindedir.

4. TARTISMA VE SONUC

Bu calismada 6rnekleme yapilan sinir kapilari, Tiirkiye’nin Trakya bolgesinde yer alan Kirklareli iline bagh
Derekdy ve Edirne iline bagli Pazarkule sinir kapilaridir. Derekdy ve Pazarkule sinir kapilari yakinlarindan
toplanan toprak drneklerinde HPGe dedektorlii gama spektrometre sistemi kullanilarak ??°Ra, 22Th, K
dogal ve *¥Cs yapay aktivite konsantrasyonlar dl¢iilmiistiir. ?2°Ra, 2°2Th, “°K ve *¥’Cs i¢in bulunan ortalama
aktivite konsantrasyonlar1 37,63; 56,07; 794,47 ve 6,23 Bq kg’ dir. Ayrica baz1 radyolojik parametreler
elde edilen sonuglar kullanilarak radyum esdeger aktivitesi (Raeq), havada sogrulan doz hizi (D), yillik etkin
doz esdegeri (AEDE) ortalama degerleri sirasiyla 178,99 Bgkg?, 84,38 nGyh! ve 103,48 pSvy?
hesaplanmustir. Bu galisma i¢in hesaplanan radyolojik tehlike indekslerinin, diinya lizerinde yasayan canlilar
i¢in belirlenen sinir degerlerinden biiylik oldugu goriilmiistiir. Bunun sebebi, toprak érneklemesi yapilan
yerlerin 1986 yilinda yasanan Chernobyl niikleer felaketinden en ¢ok etkilenen yerlerden biri olan
Trakya’da yer almasinin oldugu diigiiniilmektedir. Bu ¢alisma bir veri tabani niteliginde olup, gelecekte

yapilacak olan ¢aligmalara referans olusturmasi hedeflenmistir.

CIKAR CATISMASI BEYANI

Yazarlar arasinda ¢ikar ¢atigmasi1 bulunmamaktadir.

YAZARLARIN KATKILARI

M.B.O.: Arastirma, kaynaklar, derlemenin hazirlanmasi.

S.A.P: Gozden gegirme ve diizenleme, orijinal taslagin hazirlanmasi.
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Gelisen teknoloji ile birlikte artan radyoaktif kirlenme, dogal background radyasyonunun belirlenmesini
gerekli kilmistir. Yerkabugunda bulunan radyoaktif elementlerin bozunmasi sonucunda yayimlanan
karasal gama radyasyonu diizeyinin belirlenmesi, dogal radyasyonun insan sagligi iizerindeki etkilerini
degerlendirmek ve cevresel etkileri minimize etmek agisindan olduk¢a onemlidir. Bu dogrultuda, Ege
Universitesi Merkez Yerleskesi olarak da bilinen Bornova Kampiisii’nde dogal background seviyesini
belirlemek ve degerlendirmek amaci ile yerinde karasal gama radyasyonu &l¢iimii yapilmustir. Olgiimler
1"x1" Nal(TI) kristale sahip bir diisiik enerjili gama sintilasyon sayaci igeren, yerinde anlik Ol¢iim
yapabilen, tasinabilir, Ludlum marka Survey Meter cihazi kullamilarak gerceklestirilmistir. Olciilen gama
sayim hizlar1 29,09 + 6,75 cps ortalama ile 16 - 60 cps araliginda degismistir. Elde edilen sonuglar IBM
SPSS Statistics 20.00 yazilimi kullanilarak istatistiksel olarak degerlendirilmistir. Ayrica, elde edilen
sayisal verinin mekéansal bilgiye dayanarak gorsel olarak sunulabilmesi i¢in jeoistatistik yontemler
kullanilarak ilk kez Ege Universitesi Bornova Kampiisiine ait Karasal Gama Radyasyonu dagilim haritasi
ESRI ArcGIS 10.3 yazilimu ile olusturulmustur.

Anahtar Kelimeler: Dogal Radyasyon; Sintilasyon Dedektorii; Gama Olgiimii; Jeoistatistik Analiz.

Gamma Radiation Measurement and Mapping at Ege University Campus

ABSTRACT

The increase in radioactive contamination due to developing technology necessitates the determination of
natural background radiation in our environment. Determining the level of terrestrial gamma radiation
released as a result of the decay of radioactive elements in the earth's crust is very important in terms of
evaluating the effects of natural radiation on human health and minimizing environmental effects. In this
direction, in-situ terrestrial gamma radiation measurements were carried out at the Bornova Campus, also
known as the Ege University Central Campus, in order to determine and evaluate the natural background
level. Measurements were carried out using a portable Ludlum brand Survey Meter device, which includes
a low-energy gamma scintillation counter with a 1"x1" Nal(Tl) crystal and can make instant in-situ
measurements. Measured gamma count rates ranged from 16 - 60 cps, with an average of 29.09 + 6.75
cps. The results obtained were statistically evaluated using IBM SPSS Statistics 20.00 software. In
addition, in order to visually present the numerical data obtained based on spatial information, the
Terrestrial Gamma Radiation distribution map of Ege University Bornova Campus was created for the
first time with ESRI ArcGIS 10.3 software, using Geostatistical Methods.

Keywords: Natural Radiation; Scintillation Detector; Gamma Measurement; Geostatistical Analysis.
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1. GIRIS

Insanoglu diinya varolusundan itibaren var olan uzun yar1 émiirlii dogal radyoniiklitler sebebi ile siirekli
ve kacinilmaz bir sekilde dogal radyasyona maruz kalmistir (Akdzcan, 2020; Karatash, 2018). Dogal
radyasyon, yerkabugunda bulunan dogal radyoaktif ¢ekirdeklerin ve bunlarin bozunum iiriinlerinin yani
sira kozmik 1sinlardan kaynaklanan bir radyasyon tiiriidiir. Dogal radyasyona maruz kalmanin iki temel
bileseni vardir: i¢sel maruz kalma ve dissal maruz kalma. Solunan havadaki radon gazi ve viicuda alinan
radyontiklitler i¢csel maruz kalmaya neden olurken, digsal maruz kalmanin kaynagi kozmik isinlar,

kozmojenik radyoniiklitler ve karasal radyasyondur (UNSCEAR, 1982, 1988).

Karasal orijinli dogal radyasyon, yer kabugunda bulunan ve diinya varolusundan beri (4,5x10° yil) mevcut
olan primordial radyoniiklitlerden kaynaklanmaktadir. Radyolojik risk acgisindan en 6nemli primordial
radyoniiklitler; gama yaylayici “°K, 28U, 22Th ve her iki dogal radyoaktif serinin bozunum iiriinleridir
(Canbaz, Cam, Yaprak, & Candan, 2010; Canbaz Oztiirk, Cam, & Yaprak, 2013; Canbaz Oztiirk, Yaprak,
Cam, & Candan, 2015; Ozden & Akézcan, 2020). Dogal kaynaklardan alinan yillik ortalama etkin dozun
(2,4 mSv) 6nemli bir kismini bu gama yayinlayici radyoniiklitlerinden kaynaklanan igsel ve digsal dozlar
olusturmaktadir (UNSCEAR, 2000).

Agik alanlarda insanlar, yer yiizeyindeki toprak veya diger katmanlar lizerindeki dogal radyoaktiviteden
kaynaklanan karasal dissal radyasyona maruz kalmaktadir (UNSCEAR, 1993). Bu bakimdan insanlarin
yasadig1 ¢evrenin dogal radyasyon agisindan izlenmesi ve degerlendirilmesi dogal radyasyonun insanlar
iizerindeki etkisi hakkinda daha fazla bilgi edinmek, toplum sagligim1 korumak ve radyasyonla iligkili
riskleri en aza indirmek i¢in son derece dnemlidir. Diizenli olarak yapilan radyolojik gozlem calismalari,
dogal radyasyon kaynaklarinin izlenmesi, maruziyet diizeylerinin degerlendirilmesi ve uygun 6nlemlerin
almmasi agisindan biiylik énem tasimaktadir (Canbaz Oztiirk, 2022; Oztiirk, 2021; Yorik, Cam, &
Canbaz, 2021).

Bu dogrultuda bu galismada Ege Universitesi Merkez Yerleskesi olarak bilinen Bornova Kampiisii’nde
yerinde karasal gama radyasyonu Ol¢iimii yapilmig, elde edilen veriler ile cografi bilgi sistemleri
yardimyla jeoistatistik analiz kullanilarak ilk kez Ege Universitesi Bornova Kampiisii’ne ait dogal gama

radyasyonu dagilim haritas: olusturulmustur.

2. MATERYAL VE YONTEM
2.1. Calisma bolgesinin jeolojik yapist
Ege Universitesi, Izmir'in en biiyiik ilgelerinden Bornova'da yer almaktadir. Bornova'daki ana kampiis,

3.450 dekarlik bir alana yayilmis olup egitim, kiiltiir, spor ve sosyal hizmetler i¢in kullanilan ¢esitli
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binalardan olugmaktadir (www.ege.edu.tr). Bornova ilgesi, deniz seviyesinden yiiksekligi 20 m ile 200 m
arasinda degismektedir ve bu ylikseklik, daglik bolgelerde 600 m'ye kadar ¢ikmaktadir. Bornova, su
kaynaklar1 bakimindan olduk¢a zengin bir ovadir ve yerlesim alani dereler tarafindan getirilen aliivyonlar
nedeniyle yakin gevrelerdeki yiiksek bolgelere kaymistir. Ylizolgliimii 220 km? olan bu ilgede Akdeniz

iklimi hakim olup, yaz aylar1 sicak ve kurak iken, kig mevsimi 1lik ve bol yagishdir.

Bat1 Anadolu'nun yapisal temelini olusturan birimler, Menderes Masifi ve izmir-Ankara Zonu (Bornova
Flis Zonu) tarafindan temsil edilen kayaclardir. Bu temel kayaclar iizerinde, Neojen ve Kuvaterner
donemlerinde olusmus havzalarda biriken dolgular ise geng yapisal birimleri meydana getirir. Izmir-
Ankara Zonu'na ait flisler, Ege Universitesi kampiisiiniin bulundugu Bornova Ovas1 ve cevresinde genis
alanlarda yer alir ve bolgenin en eski kayaclarini olusturur. Doguda Kemalpasa Dag1 ve Belkahve Esigi ile
kuzeyde Yamanlar Dagi'nin yiiksek kesimlerini igine alacak sekilde yayilmistir (Sekil 1). Bornova flisi,
Menderes Masifi'nin batisindan kuzeydoguya dogru uzanan bir okyanusta Ust Kretase déneminde
birikmis unsurlardan olusur. Bu nedenle, birimin alt kisimlari genellikle kirintili, iist kisimlari ise
karbonatli sedimanlarla karakterizedir. Bornova Ovasi ve ¢evresindeki flisler, metacakiltasi, metakumtasi,

kiregtasi ve denizalt1 volkanizmasi iiriinlerini i¢ceren karmasik bir yapiya sahiptir (Karadas, 2012).

Sekil 1: Ege Universitesi kampiisiiniin bulundugu Bornova ve gevresinin jeolojik yapis.
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2.2. Yerinde gama radyasyonu olciimii

Karasal gama radyasyon 6l¢iimii yapilan calisma alan1 Ege Universitesi merkez kampiis arazisinin Ankara
yolunun giineyinde kalan, fakiiltelerin ve sosyal tesislerin yer aldig1 boliimdiir (Sekil 2). Olgiim noktalari
dogal alanlan kapsayacak sekilde 250x250 m?’lik karelaj yapilarak belirlenmis, her bir 6l¢iim noktasmin
koordinatlar1 Garmin GPS (Global Positioning System) ile kaydedilmistir.
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Sekil 2: Ege Universitesi kampiisiinde &l¢iim istasyonlar1 ve ¢aligma alam siirlar1.

Olgiimler Ludlum marka 1"x1" Nal(TI) kristale sahip bir diisiik enerjili gama sintilasyon sayaci igeren
taginabilir Survey Meter cihazi kullanilarak yerden 1 m yiikseklikte 2 dakika siire ile alinmustir.
Olgiimlerin dogrulugunu artirmak icin, her bir karelajda yerlesimin izin verdigi dlgiide 2 veya 3 kez dl¢iim

yapilmgtir. Kullanilan Nal(T1) dedektoriiniin 1%°1 i¢in hassasiyeti yaklasik 675 cpm/ pR/h’dir.
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3. SONUCLAR

Ege Universitesi Kampiisiinde sistematik olarak toplam 105 noktada 1"x1" Nal(Tl) kristale sahip bir
diistik enerjili gama sintilasyon sayaci ile yerinde karasal gama radyasyonu 6l¢iilmiistiir. Yerinde dogal
background radyasyonunu veren 6l¢iim sonuglarinin tanimlayici istatistik analizleri IBM SPSS Statistics
20.00 yazilimi kullanilarak gerceklestirilmis, elde edilen ortalama, medyan, carpiklik, basiklik ve yilizde
dagilim gibi parametrelere ait sonuglar Cizelge 1°de verilmistir. Ege Universitesi Merkez yerleskesinde

olgiilen gama sayim hiz1 29,09 + 6,75 cps ortalama ile 16 - 60 cps araliginda degismistir.

Cizelge 1: Yerinde gama 6l¢iimii sonuglarina ait tanimlayici istatistik.

Gama Radyasyonu Ol¢iimii

_, (cps)
Ol¢iim Sayisi 105
Aritmetik Ortalama 29,09
Standart Sapma (SD) 6,75
Geometrik Ortalama 28,35
Min. 16
25’nci Yiizdelik 24
Medyan 28
75°nci Yiizdelik 32
Max. 60
Carpikhk 1,024
Basikhk 3,336
Kolmogorov-Smirnov Test Sig. 0,05
Frekans Dagilimi Normal

Hatalar 1o standart sapma ile ifade edilmistir.

Bir dagilimin normal dagilima uyup uymadigini anlamanin gesitli yontemleri vardir. Bunu tek bir yontem
ile anlamak yerine, farkli farkli yontemlerle analiz etmek ve elde edilen sonuglar1 birlikte degerlendirmek
dagilim hakkinda en dogru karar1 vermemizi saglar. Bu nedenle Ege Universitesi kampiisiinde karasal
gama radyasyonu frekans dagilimini belirlemek i¢in i) tanimlayici istatistik sonuglart degerlendirilmis, ii)
Kolmogorov-Smirnov normallik testi uygulanip anlamlilik (significance) degerine bakilmig ve son olarak
iii) gorsel olarak dagilim grafikleri incelenmistir. Cizelge 1’de verilen aritmetik ortalama, medyan,
geometrik ortalama degerlerinin birbirine yakin olmasi elde edilen dagilimin normal dagilim fonksiyonuna
uydugunu gostermektedir. Carpiklik ve basiklik, bir dagilimin normal dagilima kiyasla ne kadar ¢arpik ya
da ne kadar basik oldugunun bir gostergesidir. Medyan ve aritmetik ortalama degerleri birbirine
yaklastik¢a carpiklik degeri de sifira yaklasir. Aritmetik ortalama medyan degerinden kiigiik ise negatif
carpiklik, biyiik ise pozitif ¢arpiklik s6z konusudur. Basiklikta ise basiklik degeri pozitif ise egri daha
dik/sivri, negatif ise daha basiktir. Bir dagilimimn normal dagilim olarak kabul edilebilmesi i¢in ¢arpiklik ve
basiklik degerlerinin -3 ve +3 arasinda olmasi gerekmektedir. Ancak tek basina carpiklik ve basiklik

degerlerinin belirli araliklar igerisinde degerlendirilmesi dogru degildir. Bu nedenle parametrik olmayan
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Kolmogorov-Smirnov normalite testi uygulanmigtir. Bu test sonucu elde edilen anlamlilik degerinin
istatistiksel hesaplamalarda sinir degeri kabul edilen 0,05’ten biiyiik olmas1 (p>0,05) dagilimlarin normal
oldugunu gostermektedir (Oztiirk, 2021). Son olarak, bu sonuclar1 gérsel olarak da dogrulamak icin,
sayisal analiz sonuglarina ek olarak dagilimin histogram ve Q-Q grafikleri ¢izilmistir (Sekil 3). Sekil 3’ten
de agikca goriildiigi gibi, histogram grafigi dagilimin ortalama etrafinda yogunlastigini, Q-Q grafigi ise
bizim oOlglimlerimizi temsil eden kirmizi noktalarin mavi referans ¢izgisi lizerinde veya g¢ok yakin
oldugunu, yani Ege Universitesi kampiisiinde karasal gama radyasyonu frekans dagiliminin normal

dagilima uydugunu gdstermektedir.
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Sekil 3: E.U. kampiisiinde yerinde gama 6l¢iimii sonuglarina ait (a) histogram (b) Q-Q grafigi.

Elde edilen sonuglar1 lokasyona bagli bir sekilde gorsellestirmek amaciyla, Ege Universitesi Bornova
kampiisiinde karasal gama radyasyonu dagilim haritast ESRI ArcGIS 10.3 yazilimi ile ArcGIS
Jeoistatistik Analiz modiilii kullanilarak ¢izilmistir. interpolasyon teknigi olarak Kriging ydntemi; Kriging
yontemleri arasinda ise c¢evresel ¢alismalarda daha uygun oldugu icin normal kriging (ordinary kriging)

yontemi kullanilmigtir (Sekil 4).

Elde edilen jeoistatistik analiz sonuglarina gére, Ege Universitesi kampiisiinde gama radyasyonu dagilimi
normal backgroundlu ortamlar icin verilen 30 cps ortalama degeri ile uyumludur. Insan aktivitelerinin az,
dogal agaclhi arazinin yogun oldugu kampiisiin dogu kisimlarinda 6lgiimler en fazla 32 cps iken, arag
trafiginin, binalarin ve insan yogunlugunun g¢ok oldugu kampiisiin bati kesimlerinde olgiilen gama
radyasyonu sayim hizi 60 cps’e kadar ¢ikmistir. Dedektor tipine gore kiiglik farklilik gdsterebilmekle

birlikte, normal backgroundlu alanlar i¢in radyasyon sayim hiz1 tipik olarak 25 - 75 cps araliinda olup
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uyar1 seviyesi 100 cps’dir (Dhami, Bhatt, Khadayat, & Joshi, 2020; Ludlum, 2018). Bir baska deyisle,

E.U. kampiis genelinde normal alanlar icin iist sinir olan 100 cps degeri asilmanustir.
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Sekil 4: Ege Universitesi kampiisiinde 6l¢iilen gama radyasyonu dagilimi.

4. TARTISMA

Ege Universitesi Merkez Yerleskesi olarak bilinen Bornova kampiisiine ait dogal background seviyesini
belirlemek ve haritalamak amaciyla 105 noktada yerinde karasal gama radyasyonu dl¢iimii yapilmig, gama
sayrm hizinin 29,09 + 6,75 cps ortalama ile 16-60 cps araliginda degistigi gozlenmistir. Olgiim sonuglart
istatistiksel olarak degerlendirilmis, elde edilen tanimlayici istatistik verileri, Kolmogorov—Smirnov
normalite testi sonucu ve olusturulan histogram ve Q-Q grafikler Ege Universitesi Bornova kampiisiinde
gama radyasyonu frekans dagiliminin normal dagilima uydugunu gostermistir. Normal dagilima uymasi
E.U. Bornova kampiisiiniin tek bir jeolojik yapi iizerinde yayilmis olmasindan dolay1 beklenen bir
sonuctur ve kampiis genelinde normalligi bozan herhangi bir yapay bir Kirliligin olmadigi sonucunu

cikarabiliriz. Ayrica, elde edilen sonuglar cografi bilgi sistemleri yardimiyla jeoistatistik analiz
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kullanilarak lokasyona bagli bir sekilde gorsellestirilmis, Ege Universitesi Bornova kampiisiine ait ilk

karasal gama radyasyonu dagilim haritasi olusturulmustur.
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