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ABSTRACT: The aim of this study is to evaluate the effects of peak power and technology of photovoltaic (PV)
in energy output from fix-angle PV system according to system loss. The maximum efficiency tests were
conducted using L8 orthogonal array with three control factors including two levels based on Taguchi method.
Control factors consist of Peak PV power, PV technology, and system loss. In order to organize the optimum levels
and effects of the control factors in the energy output, signal-to-noise (S/N) ratio analysis was implemented. The
most effective control factors in the energy output were found by analysis of variance (ANOVA). According to
results obtained, the most control factors in energy output were detected as peak PV power with 65.60 %
contribution, PV technology with 19.37 % contribution, and system loss with 14.94 % contribution, respectively.
The increase of levels of peak PV power and PV technology leads to the increase of energy output data while
increase of level of system loss causes the decrease of energy output.

Keywords: Photovoltaic, PV power, PV module, Taguchi method.

1. INTRODUCTION

Many factors in the use of photovoltaic (PV) modules can play a significant impact on energy
output. For example, peak PV power, PV technology, and PV system loss may be some of these
factors. In addition, environmental factor such as temperature can has important effect in energy
output of PV modules. A study [1] was mentioned that temperature of the photovoltaic modules
occurs important effect on the energy harvest and energy conversion efficiency of solar cells.
In open literature, there are many studies including PV modules. van Dyk et all. [2] presented
a study about the planning of a low-cost current—voltage calculating system to display the
current-voltage characteristics of different photovoltaic modules and they analyzed overall
operational efficiencies between different years. Adinoyi and Said [3] analyzed the influence
of dust on the performance of solar photovoltaic modules including various technologies and
they also compared modules with each other for a tracker and fixed stand based on various
times. Chang [4] analyzed electric energy obtained using photovoltaic module for various
azimuths and tilt angles based on different months. Fanney et all. [5] presented a study including
comparison of performance analyses of photovoltaic modules. Carr and Pryor [6] compared the
performance of five various photovoltaic modules based on temperate climates. Xu et all. [1]
investigated the effect of dust deposition on the temperature of soiling photovoltaic glass based
on lighting and windy situations according to experimental analyses. Sarver et all. [7] presented


https://orcid.org/0000-0002-7512-5997
https://orcid.org/0000-0002-9984-9893

Evran and Deniz, International Journal of Engineering and Innovative Research 2:1 (2020) 1-7

an extensive review consisting of influence of dust on the use of solar energy. Muzathik [8]
reported an new method for predicting the operating temperature of a photovoltaic module
depending on a simple correlation. Schwingshackl et all. [9] analyzed wind influence on
temperature of the photovoltaic modules. Jiang and Lu [10] evaluated the energy output ratio
based on various surface temperatures of the photovoltaic modules and they used particle
deposition densities in analyses. As can be seen from literature review mentioned, many studies
based on PV modules have been published. In this study, the effects of peak power and
technology of PV in energy output from fix-angle PV system were evaluated according to
system loss. Numerical data were determined according to Taguchi L8 orthogonal array and
optimal level of each control factor was found using S/N ratio analysis.

2. MATERIALS AND METHODS

In the tests, energy output from fix-angle PV system were used based on different factors and
these data were taken from photovoltaic geographical information system (PVGIS) directly
[11]. Inthis system, there are three different satellite-based databases. In analysis, energy output
data used were taken from satellite-based databases called PVGIS-CMSAF and these data were
presented in Table 1 [11].

Table 1. Energy output from fix-angle PV system
Peak PV Power System Loss Energy Output [11]

PV Technology

(kWp) (%0) (kWh)
CIs 1.0 10 128.66
CIs 1.0 14 122.94
CIs 11 10 141.52
CIs 11 14 135.23
CdTe 1.0 10 135.49
CdTe 1.0 14 129.47
CdTe 11 10 149.04
CdTe 11 14 142.42

Latitude and longitude were used to be 48.137 and 11.575 in degree. Map layers for specific
photovoltaic power output and elevation of Germany were demonstrated in Figure 1 [13].
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Figure 1. Map layers (a) specific photovoltaic power output and (b) elevation [13]
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The tests were organized using L8 orthogonal array based on Taguchi method. The orthogonal
array has three control factors, which consist of two levels. As the first control factor, two
different types of thin film modules were used. These are Copper Indium Selenide (CIS) and
Cadmium Telluride (CdTe). The types of thin film modules were determined as levels of the
first control factor. As the second control factor, peak PV power was utilized. This control
factor is that the manufacturer reports that PV array may produce based on standard analysis,
which is a stable 1000 W of solar irradiation per square meter in the plane of the array, for an
array temperature of 25°C [11]. As the third control factor, system loss was used and it is
related to loss, such as losses in cables, power inverters, dirt performed on the modules etc.
[11]. The control factors and their levels were presented in Table 2.

Table 2. Control factors and levels

Levels
Control Factors Symbol Cevel L Level 2
PV Technology A CIS CdTe
Peak PV Power B 1.0 1.1
System Loss C 10 14

In order to calculate the maximum energy output data, the signal-to-noise ratio analysis was
conducted using “higher is better” quality characteristic and it was demonstrated in Equation 1
[12].

(S/N)up = —10.log (n‘l 2@;)*) (1)
i=1

In Equation 1, n is organized to be the number of tests for energy output in a trial and yi
demonstrates ith data determined. The S/N ratio analysis was implemented based on Minitab
15 statistical software. In addition, main effect plot for S/N ratio data of control factors was
performed using statistical software Minitab 15.

3. RESULTS AND DISCUSSIONS

This study deals with evaluation the influences of peak power and technology of PV in energy
output from fix-angle PV system according to system loss. Energy output data obtained using
control factors were converted to S/N ratios using Minitab 15 statistical software and these
results were listed in Table 3.

Table 3. Energy output data and their S/N ratios

Test Combination Results -
Energy Output [11] S/N ratio
1 A1BiC; 128.66 42.1889
2 A1B:Cs 122.94 41.7939
3 A:B,Cy 141.52 43.0164
4 AB,Cs 135.23 42.6215
5 A:BiCy 135.49 42.6381
6 A;B1Cs 129.47 42.2434
7 A:B,C; 149.04 43.4661
8 A:B,C3 142.42 43.0714
Overall Mean (Tg,) 135.60 -
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3.1. Analysis of Control Factors

In order to see the optimum levels and effects of control factors such as peak PV power, PV
technology, and system loss in energy output from fix-angle PV system, S/N data of average
means for each level of each control factor were calculated according to “larger is better” quality
characteristic. Data obtained were given in Table 4.

Table 4. Response table for S/N ratios and means

S/N ratio data in dB Means in KWh

B C A B C
1 4241 4222 42.83 132.10 129.10 138.70
2 42.85 43.04 42.43 139.10 142.10 132.50
Delta 0.45 0.83 039 7.00 1290 6.20
Rank 2.00 1.00 3.00 200 1.00 3.00

Level

It can see from Table 4 that the optimum levels for peak PV power and PV technology were
obtained using data at second level. However, the optimum level of system loss in energy output
was found at the first level. In addition, as can be understood from Figure 2, the increase of
levels of peak PV power and PV technology leads to the increase of energy output data while
increase of level of system loss causes the decrease of energy output.

Control Factors

PV Technology Peak PV Power System Loss

43.14 A
43.06
42.98
42.90
42.82
42.74 1
42.66
42.58
42.50 1
42.42 A
42.34
42.26
42.18
42.10+

Mean of S/N ratios in dB

T T
CIS CdTe 1.0 1.1 10 14
Levels

Signal-to-noise: Larger is better

Figure 2. Main effect plot for S/N ratio data of control factors
3.2 Analysis of Variance

Each control factor has different contribution in energy output. In order to define the significant
control factors and their percent contributions in energy output, analysis of variance (ANOVA)
were implemented at 95 % confidence level. Results calculated for R-Sq = 99.91 % and R-Sq
(adj) = 99.85 % were tabulated in Table 5.
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Table 5. ANOVA results for energy output
Source DF SeqSS Adj MS F P % Contribution

A 1 9849 9849 87811 O 19.37

B 1 333.47 333.47 2973.06 0 65.60

Cc 1 7595 7595 67717 O 14.94
Error 4 045 0.11 0.09
Total 7 508.36 100.00

In order to determine significant control factors, P values were used. As can be seen from Table
5, PV technology, peak PV power, and system loss were found to be significant control factors
since P = 0 is smaller than 0.05 data. In addition, the most control factors in energy output were
detected as peak PV power with 65.60 % contribution, PV technology with 19.37 %
contribution, and system loss with 14.94 % contribution, respectively. In analysis, error data
was calculated to be 0.09 % contribution.

3.2 Estimation of Optimum Energy Output

In order to estimate the optimum energy output from fix-angle PV system for the maximum
result, the significant control factors with optimum levels were used. The optimum result of
energy output was carried out using A and B at the second level and C with the first level. The
estimated mean of energy output can be solved using Equation 2 [12].

Moy = Az + By +C; — 2Tg, (2)

In Equation 2, A, = 139.1, B; = 142.1, and C, = 138.7 refer to average numerical values of A
and B at the second level, and C with the first level respectively and these results were given in
Table 4. Also, E = 135.6 shows the overall mean in accordance with Taguchi L8 orthogonal
array in Table 3. Substituting data mentioned of various terms in Equation 2, pg, is found to
be 148.7 W. 95 % confidence intervals of confirmation test and population were solved
according to Equation 3 and Equation 4 [12].

Cler = (F(x;l;nzverror [l’l_ff + E]) (©)
e
1/2
CIPOP _ (Fa;l;:lz\f:error> (4)
e
N

Nefr = T+ Toon) ©)

where, a = 0.05 presents the risk and n2 = 4 is the error data regarding the degree of freedom in
analysis of variance. F s.1.4 IS €xamined to be 7.71 [12] in accordance with F ratio table at 95
% confidence interval. Tpor express the total number of degrees of freedom in accordance with
the significant control factors and the value was organized to be 3. R refers to the sample size
of confirmation tests of energy output and the data is utilized as 1. N denotes the total number
of tests performed for energy output and it was solved to be 8 regarding Taguchi’s L8
orthogonal array including 8 different combinations of control factors. Verror €xpress the error
value of variance in accordance with ANOVA data and this value is presented to be 0.11 in
Table 5. n,rr was explained to be 2 value. As a result, Clct and Cleop were analyzed as + 1.13

5
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and £ 0.65, respectively. The predicted confidence interval in accordance with confirmation
tests for energy output [12] is:
Mean pg, — Cler < pg, < Clgr + Mean pg,,
The population related to the 95 % confidence interval [12] is:

Mean IJ'EO - Clpop < IJ'EO < Clpop + Mean IJ'EO

The reference and predictive results for the optimal approach in accordance with predicted
confidence intervals were tabled in Table 6.

Table 6. Optimal results for reference and predicted data
Estimated Confidence Intervals
at 95% Confidence Level
147.57 < pg < 149.83 for Clcr

148.05 <pg < 149.35 for Clpop

Combination Reference [11] Predictive Result

AB,Cy 149.04 W 148.70 W

4. CONCLUSIONS

In the study, effects of PV module technology, peak PV power, and system loss in energy output
from fix-angle PV system were analyzed using L18 orthogonal array, which have three control
factors, based on Taguchi method. Numerical data were taken from photovoltaic geographical
information system (PVGIS) directly. Optimum levels and significant levels of control factors
were determined using S/N ratio and ANOVA analyses, respectively. Conclusions obtained
from present study are as follows:

» Compared with thin film module made of CIS, the energy output obtained using thin film
module made from CdTe is higher.

» The increase of peak PV power values causes the increase of the energy output whereas the
decrease of system loss leads to the increase of the energy output.

» PV technology, peak PV power, and system loss were determined as the significant control
factors since P value is smaller than 0.05 value according to ANOVA. In addition, the most
control factors in energy output were identified as peak PV power with 65.60 %
contribution, PV technology with 19.37 % contribution, and system loss with 14.94 %
contribution, respectively.

» The optimum levels of control factors were found using thin film made of CdTe, peak PV
power at the second level, and system loss at the first level.

> Estimated confidence intervals for 95% confidence level were found to be 147.57 < pg <

149.83 for Clcr and 148.05 <pg, < 149.35 for Cleop.
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OZET: Enerjiye olan talebin arttig1 son yillarda enerji iiretim santralleri 5Snem kazanmistir. Bu galismada temiz
ve yenilenebilir enerji kaynaklar1 olan rlizgar elektrik santrali (RES) ve hidroelektrik santrali (HES)
degerlendirilmistir. Bu santrallerin ortak ozelliklerinin yenilenebilir enerji kaynaklari olmasma ragmen
maliyetleri, yapim sartlari, ekonomik analizleri, ingaat siireleri ve ¢evresel etkileri farklilik géstermektedir. Bu
belirtilen farkliliklara goére kiyaslama yapilarak analizler ortaya konulmustur.

Calismada kullanilan santrallerden, isletmede olan Canakkale ilindeki intepe Riizgar Santrali ile Devlet Su Isleri
tarafindan planlama asamasinda olan Erzurum ilindeki Soylemez Hidroelektrik Santrali hakkinda bilgi
toplanarak ¢aligmalar yapilmistir. Projeler degerlendirildiginde yaklagik ayni kurulu giice sahip santrallerin
enerji tiretim miktarlarmin farklilik gosterdigi tespit edilmis ve bu farklilik kapasite faktoriiyle agiklanmusgtir.
Ayrica; projelerin verimlilik degerleri, birim maliyetleri, yatirim maliyetleri, ingaat ve {iretim sirasindaki gevresel
etkileri karsilagtirilarak degerlendirilmis ve ayni zamanda kurulum ve isletme maliyetleri de belirtilerek
aralarindaki farklar irdelenmistir.

Bu degerlendirmeler sonucunda hidroelektrik santralin birim enerji tretimi i¢in maliyeti, riizgar santralinkinden
daha diigiik, yatirnm maliyetinin daha yiiksek oldugu sonucuna varilmistir. Riizgar santralinin insaat siiresi daha
az oldugu icin daha kisa siirede isletmeye almarak enerji katkisin1 daha erken saglamakta iken enerji basina
diisen birim maliyeti hidroelektrik santrale gore daha yiiksektir. Projelerin verimlilik degerlerinin birbirine ¢ok
yakin oldugu gériilmiistiir. Isletme ve bakim maliyetleri HES projelerinde daha diisiik iken, ¢evresel etkilerinin
RES projelerine gore biraz daha fazla oldugu goriilmiistir.

Anahtar Kelimeler: Yenilenebilir Enerji, Riizgar Santrali, Hidroelektrik Santrali, Cevresel Etkiler.

Comparison of Wind and Hydroelectric Energy Potential in Turkey and
Evaluation of Environmental Impact: Séylemez HEPP and Intepe WPP
Example

ABSTRACT: Energy production plants have gained importance in recent years when the demand for energy has
increased. In this study, wind power plant (RES) and hydroelectric power plant (HEPP), which are clean and
renewable energy sources, were evaluated. Although the common characteristics of these plants are renewable
energy sources, their costs, construction conditions, economic analysis, construction times and environmental
effects differ. Analyzes were made by comparing these differences.

From the power plants used in the study, information was collected about the intepe Wind Power Plant in
Canakkale province and the Séylemez Hydroelectric Power Plant in Erzurum province, which is in the planning
phase. When the projects are evaluated, it is determined that the energy production amounts of the plants with
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approximately the same installed power differ and this difference is explained by the capacity factor. Also; The
efficiency values of the projects, unit costs, investment costs, environmental effects during construction and
production were compared and evaluated at the same time, and the differences were analyzed by specifying the
installation and operating costs.

As a result of these evaluations, it has been concluded that the cost of the hydroelectric power plant for unit
energy production is lower than that of the wind power plant and the investment cost is higher. Since the wind
power plant's construction time is less, it is commissioned in a shorter time, while providing energy contribution
earlier, the unit cost per energy is higher than that of the hydroelectric power plant. It has been seen that the
efficiency values of the projects are very close to each other. While operation and maintenance costs were lower
in HEPP projects, it was observed that their environmental impact was slightly higher than RES projects.

Keywords: Renewable Energy, Wind Power Station, Hydroelectric Power Station, Environmental Effects.
1. GIRIS

Enerji yasamimizin vazgecilmez bir unsurudur. Teknolojide ki gelismeler ve insanoglunun
ihtiyaglar1 dogrultusunda enerjiye olan talep te giin gectikce artmaktadir. Bu nedenle,
simdiden gelecekteki enerji sikintilarini yagamamak icin gerekli Onlemlerin alinmasi
gerekmektedir. Enerji tiketimine paralel olarak gevre kirliligi ve atmosferimizdeki sera gazi
etkisi de hizla artmaktadwr. Buna ¢6ziim olarak, diinyamizda yenilenebilir temiz enerji
kaynaklarma ydnelim mevcuttur.

Bu calisma, iilkemizin gelecekteki en biiyiik sikintilarindan olacak enerji konusunun
glinimizde yenilenebilir enerji kaynaklar ile asilabilecegini vurgulamaktadir. Yenilenebilir
enerji kaynaklari olan ruzgar ve hidrolik enerjilerinin Turkiye’deki potansiyelleri ve 6rnek
projeler ile de birbirleriyle maliyet ve cevresel etkileri agisindan karsilastirilmasi esas
alinmigtir. Ayrica iilkemizdeki enerji potansiyelleri belirlenmis, riizgar ve hidroelektrik enerji
potansiyelleri kendi iclerinde degerlendirilerek, birbirleri arasinda bir karsilastirma
yapilmistir. Bu karsilagtirma kriterleri; yapim ve enerji liretim maliyetleri, ¢evreye olan zararl
etkileri, yapim siireleridir. Bir¢ok enerji kaynagi bulunmakla birlikte, herhangi bir kaynagin
digerine tercih sebebi; ekonomik, ¢evreye olan zararmnm en az, uzun vadeli ve yenilenebilir
olmasina baghdir.

2. METOT

Calismada kullanilan materyaller mevcut ve gerceklesmesi planlanan projelere ait veri
degerleri olup, hidroelektrik ve riizgar enerji santralleridir. Bu projelerden Iintepe RES 6zel bir
firma tarafindan igletilmekte olan Canakkale ilinde bulunan bir riizgar santrali ve S0ylemez
HES ise Devlet Su Isleri Genel Miidiirliigiince Planlama raporu hazir olan Erzurum ilinde
bulunan bir projedir. Bu iki projenin secilmesindeki ana amaclardan birisi kurulu gugc
degerlerinin birbirlerine yakin olmasidir. Bu santral projelerinin c¢evresel avantaj ve
dezavantajlari, maliyetleri ile mali karsilastirmalar1 ve enerji tiretimlerine gore ekonomik
degerlendirmeleri dogrultusunda caligmalar yiiriitiilmiistiir.

Calismada kurulu gii¢ degerleri birbirine yakin projeler kullanilmis olup;

Kurulu gii¢ degeri kurulacak olan hidroelektrik santralin iiretebilecegi enerji igin gereken
giicli ifade eder. Kurulu gii¢ hesab1 yapilirken kanal, tiinel ve cebri borudan gececek olan
optimum debi degeri kullanilir [1].

Optimum debiye gore kurulu gii¢ su sekilde ifade edilir;
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Kurulu gii¢ = 9.81 X Qoptimum X Hret X tUrbin verimi x jenerator verimi (¢D)]

Kurulu giiciin birimi kW olarak hesaplanmaktadir.

Optimum debi (Qoptimum) projede optimizasyon yapilarak bulunmaktadir. Yani en ekonomik
kanal ya da tiinel kapasitesinin bulunmasi hedeflendigi i¢in, hidroelektrik santral i¢in
kurulacak biitiin tesislerin maliyetleriyle, debiye karsilik gelen kurulu gii¢ degerleri ve enerji
tiretimleri arasinda degerlendirme yapilarak bulunur [1].

Tesislerin maliyetleri Séylemez HES icin fizibilite raporunda yer alan ve Intepe RES igin
proje firmasindan alman fizibilite raporuna gére yatirim maliyetlerinin UFE (Uretici Fiyat
Endeksi) oranlarma gore arttirilmasiyla giincellenmistir. Ekonomik degerlendirme yapilirken
YEKDEM (Yenilenebilir Enerji Destekleme Mekanizmasi) tarafindan garanti edilen elektrik
alis fiyatlar1 kullanilmistir. Cevresel degerlendirmeleri proje bazli olarak ortaya konmus ve
karsilagtirma yapilmustir.

Proje verimlilik degerleri hesaplanirken DSI’ye ait yatirim projelerinde kullanilan ekonomik
analizler kullanilmistir. Bu analizlerde kullanilan sosyal iskonto orani projeye ait fayda ve
masraflarin  birbirleriyle mukayesesinin yapilabilmesi maksadiyla fayda ve masraflari
miisterek zaman bazina getirecek faktoriin hesabinda uygulan oran (faiz haddi) dir.

DSI projelerinde maksatlara gére asagidaki sosyal iskonto oranlar1 kullanilmaktadir [2];

Cazibeli sulamalar : %5.0
Taskin Koruma ve Kurutmalar . %5.0
Pompajli Sulamalar : %9.5
Hidroelektrik Enerji Uretimi : %9.5

I¢me, Kullanma ve Endiistri Suyu : %8.0

Verimlilik hesaplarinda kullanilan bugiinkii deger faktorii, ekonomik analiz periyodu icinde
projenin her bir yilindaki toplam yillik giderlerin veya toplam yillik faydalarmn ilgili yil
dikkate almarak proje yatiriminin baglangicina indirgenmesini saglayan faktordiir. Bu faktor,
faiz haddi ile gelir veya giderin proje baslangicina uzakligina gore hesaplanir [2].

Bugiinkii deger faktori;

1

a+ @)

burada; f: faiz haddi ve n: faiz siresi.

Hesaplamalarda kullanilan gelir/gider oran1 bugiinkii degerlere getirilmis gelir ve giderlerin
oranlanmasi ile hesaplanmaktadir. Eger bu oran 1 veya 1’den biiyilk bir say1 ise proje
ekonomik ydnden savunulabilir maliyettedir. Bu oran proje rantabilitesi olarak tanimlanir.
Projenin (hidroelektrik) ekonomik analiz siiresi 50 yildir [2]. Rlzgar santralinin ekonomik
analiz siiresi 30 y1l olarak alinmustur.

Yenilenebilir Enerji Kaynaklarinin Elektrik Enerjisi Uretimi Amach Kullanimmna Iliskin
Kanunda Degisiklik Yapilmasina Dair 6094 sayili Kanun’a gore YEKDEM (Yenilenebilir
Enerji Kaynaklar1 Destekleme Mekanizmasi) Hidroelektrik ve Ruzgar Enerji Santrallerinin
enerji satig bedelleri 7.3 ABD Dolar1 cent/kwh alinmig ve Tablo 1.’de belirtilmistir [3].
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Tablo 1. YEKDEM Enerji satig bedelleri

Yenilenebilir Enerji Kaynagma Dayali Uretim Tesis Tipi Uygulanacak Fiyatlar
(ABD Dolar1 cent/kWh)

a. Hidroelektrik tretim tesisi 7.3

b. Rizgér enerjisine dayali iretim tesisi 7.3

c. Jeotermal enerjisine dayal1 Uretim tesisi 10.5

d. Biyokiitleye dayali iiretim tesisi (¢Op gazi dahil) 13.3

e. Glines enerjisine dayali iiretim tesisi 13.3

Amerikan Rizgar Enerjisi Birligi’nin verilerine gore cesitli yakit tiirlerinde enerji Gretim
birim maliyetleri olarak hidroelektrik ve riizgar santralinin yatirim ve isletme maliyeti Tablo
2.”de verilmistir [4-5]. Mevcut projelerin birim maliyetleri bu gizelgede yer alan hidroelektrik
ve ruzgar enerji santrallerinin birim maliyet degerlerine gore kiyaslanmistir.

Tablo 2. Enerji kaynaklarinin birim maliyet tablosu

Yakat Maliyet ($ cent/kwh)
Koémdr 48-55
Gaz 3.9-44
Hidro 51-11.3
Biomass 5.8-11.6
Nukleer 11.1-145
Ruizgar 4.0-6.0

Kaynak: Avrupa Riizgar Enerjisi Birligi

3. PROJE BILGILERI

Intepe RES Canakkale ili, intepe Beldesi, Canakalan- Karacaviran- Kurttepe mevkiinde yer
alan her biri 800 KW ik 38 adet tlrbinin toplam kurulu giici 30.40 MW olup, 92.40 Gwh
enerji Uretmektedir [6].

Séylemez Baraji ve HES Erzurum ili, Pasinler Il¢esi ile Horasan Ilgeleri smirlarmda yer alan
Yukar1 Pasinler ve Asagi Pasinler Ovalarin1 kapsamaktadir. Proje Aras nehri iizerinde
Erzurum Iline bagli Karayazi ilgesi smirlar1 dahilinde ve Erzurum-Mus-Varto karayolunun
yaklasik 89. km’sinde yer almaktadir. Proje sulama ve enerji amacli olarak planlanmistir.
Sulanacak net alan 47 363 ha’dir . Aras nehri iizerinde kurulmasi planlanan S6ylemez Baraji
ile su biriktirilerek, 6 047 m uzunlugundaki iletim tiineli ve 460 m uzunlugundaki cebri boru
ile su santral binasina ulastirilacaktir. Proje kapsaminda kaya dolgu baraj, dolusavak yapisi,
memba batardosu, derivasyon sistemi, enerji iletim tiineli, cebri boru, santral binasi,
kuyruksuyu kanali ve salt sahas1i mevcuttur. Proje, 36.145 MW Kurulu gticinde olup, 247.03
Gwh enerji Gretimi mevcuttur [7].

3.1. Turkiye’nin RES ve HES Potansiyeli

Ulkemiz yenilenebilir enerji kaynaklari bakimindan biiyiikk bir potansiyele sahiptir. Bu
kaynaklarin basinda giines, riizgar ve su gelmektedir. Su an en ¢ok kullanilan yenilenebilir
enerji kaynagi su kaynaklaridir.

Tirkiye’de teorik hidroelektrik potansiyel 433 milyar kWh/yil, teknik olarak
degerlendirilebilir potansiyel ise 216 milyar kWh/yil olarak hesaplanmistir. Tiirkiye nin
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teknik hidroelektrik potansiyeli diinya teknik hidroelektrik potansiyelinin %2’sine, Avrupa
teknik hidroelektrik potansiyelinin ise %18’ine tekabtl etmektedir. Turkiye’nin teknik olarak
degerlendirilebilir HES potansiyeli olan 216 milyar kWh/yil’lik kismin teknik, ekonomik,
cevresel ve sosyal agilardan yapilabilir kismi 180 milyar kWh/yil’dir. 2023 yilindan sonra
gelistirilecek ilave potansiyel ile toplam potansiyelin 180 milyar kWh/yi1l diizeyine ¢ikmasi
hedeflenmektedir [8].

Devlet Su Isleri Genel Miidiirliigii (DSI) verilerine gore; Tiirkiye’de isletmede olan 628 adet
hidroelektrik santralin toplam kurulu guci 28 233 MW ve ortalama yillik iiretimi ise 98 224
GWh olup, bu deger toplam teknik potansiyelin %62’sine karsilik gelmektedir (Tablo 3.) [8].

Tablo 3. Turkiye’deki HES Projeleri Potansiyelleri

. . Toplam Kurulu Kapasite Ortalama Yillik Oran
Potansiyel HES Adedi (MW) Uretim (Gwh/Yil) (%)
Isletmede 628 28 233 98 224 62

Insaat Halinde 61 4411 13516 8
Insaatina Hentiz 565 15 539 47 640 30
Baglanmayan
Toplam 1254 48 183 159 380 100

*DSI 2019-2023 Strateji Plant

Tirkiye’nin karasal alanlarinda toplam 400 000 GWh/yi1l briit riizgar enerji potansiyeli, 120
000 GWh y1l? teknik yani teknolojik bakimdan uygulanabilir potansiyel ve 50 000 GWh/y1l
ekonomik potansiyeli bulunmaktadir. Brit rizgar potansiyeli ise 160 000 MW, teknik
potansiyeli 48 000 MW, ekonomik potansiyeli ise 20 000 MW riizgar kurulu guciine
esdegerdir. Tiirkiye kiy1 sahalarinda ise 8 200 MW kurulu guciinde potansiyel bulunmaktadir

[9].

3.2. HES ve RES santrallerinin karsilastirilmasinda kullanilacak yontem

Calismada projelerin fizibilite raporlarindan alinan kurulu gii¢, enerji, maliyet ve proje
karakteristik bilgileri kullanilmigtir. Maliyetler daha saglikli bir ekonomik degerlendirme
yapilabilmesi agisindan gilincellenmistir. Bu giincelleme Soylemez HES i¢in fizibilite
raporunun hazirlandig1 ve yapiminin gergeklestirildigi tarihteki UFE degeri almarak Subat
2020 tarihindeki UFE degeri ile oranlanarak yapilmustir. intepe RES igin ise yapim maliyetleri
Euro kuru iizerinden oldugu icin giincel Euro degeri almarak gilincelleme yapilmistir.
Ekonomik degerlendirme de kullanilan enerji gelirleri de YEKDEM (Yenilenebilir Enerji
Kaynaklar1 Destekleme Mekanizmasi) baz almarak hesaplanmistir. Giincel doviz kurlarinin
kullanilmasi ile de saglikli bir veri analizi yapilabilmistir.

Kurulu gii¢ degerleri ve enerji tiretim miktarlar1 projelerin raporlarindan temin edilmistir.
Ekonomik analiz yapilirken DSI’nin proje planlamalarinda baz alnan degerlendirmelerden
yararlanilmis; %9.5 faiz oranma gore 49 yillik isletme yapilarak bugiinkii degerlere getirilen
veriler kullanilmagtir.
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Bugiinkii degeri pesin parayla ederi seklinde kisaca tanimlayabiliriz [10-11]. Bu yéntemde
mukayese periyodu boyunca fayda masraf farklarinin (net faydalarin) bugiinkii degeri
hesaplanir. Bugiinkii deger olarak en biiyiik fayday: saglayan alternatif se¢ime hak kazanir.
Yillik fayda ve masraf metodu, esas itibariyle bugiinkii deger metodunun aynidir. Ancak
burada fayda ve masraflarin bugiinkii degerleri yerine mukayese periyodu boyunca yayilmis
tiniform es degerleri ile hesap yapilir. Bu {liniform es degerlere alternatifin yillik faydalar1 ve
yillik masrafi denir. Bugiinkii degerler hesaplanmigsa, (P / A, i %, N) iskonto faktoriiyle
carpilarak yillik fayda ve masraflar hesaplanabilir. Nispeten ufak degerlerle ¢caliyma imkan1
verdiginden bugiinkli deger metoduna tercih edilmektedir. Sulama ve enerji maksatl bir
barajin hesaplarinda, enerji i¢in kullanilan sosyal iskonto orani i¢in (%9.5) enerji maksadinin
sosyal iskonto orani kullanilir [11].

4. DEGERLENDIRME

Yapilan ¢alismada kullanilan riizgér ve hidroelektrik santraller iilkemiz simirlari iginde yer
almaktadir. Oz kaynaklarimiz kullanilarak enerji {iretiminin {ilkemize olan katkis1 bakimmndan
onem arz eden iki projedir. Bu degerlendirmede ruzgar ve hidroelektrik santrallerinin
karakteristikleri, bolgenin 6zellikleri, iklim ve kaynaklari, tesisler ve yapim sartlari, gevresel
etkileri, tesis maliyetleri ve ekonomik yapilabilirlikleri aragtirilmistir.

Projelerin teknik olarak degerlerinin karsilastirilmasi Tablo 4.’te yapilmistir.

Tablo 4. Séylemez HES ve Intepe RES Teknik Karsilagtirma Tablosu

Soylemez HES Intepe RES
ili Erzurum Canakkale
Kurulu giicii (MW) 36.145 30.40
Enerji Uretimi (Gwh) 247030 92.40
Ingaat siiresi 3yl 1 yil

Baraj govdesi, Derivasyon tiineli,
Memba  batardosu,  Dolusavak,

Dipsavak, Su alma yapisi, lletim Tiirbinler, servis yollart,

Yapilacak tesisler tineli, Ana cebri boru, Enerji cebri
. ENH
borusu, Santral binasi ve
kuyruksuyu kanali,servis yollari,
ENH
Tirbin adedi 3 adet x 12 048 kw 38 adet x 800 kw

Bu degerlendirmede riizgar santrallerinin yaklasik ayni kurulu giice sahip olmasina ragmen
hidroelektrik santrallere kiyasla daha kisa siirede insa edilmesi 6nemli bir farkliliktir. Ayrica
RES i¢in kullanilan ekipman ve ingaat isleri de HES’lere gore daha azdir. Yani yap1
elemanlar1 ve makine-techizat agisindan HES projeleri daha komplike yapilaridir. Bunun
yaninda yapim kolaylar1 olarak RES’ler 6n plana ¢iksa da HES projelerinin yillik enerji
tiretim degerleri RES’lere gore ¢ok daha fazladir. Bu ¢alismada kullanilan projelerde bu enerji
iiretim oran1 HES’te yaklagik 2.7 kat daha fazladir. Bu durum HES projesinin yillik gelirlinin
de bu oran kadar fazla olacagi anlamima da gelmektedir.
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4.1. Ekonomik Karsilastirma

Ekonomik analizler yapilirken projeye ait {inite bedelleri, iinitelerin yenileme bedelleri,
isletme ve bakim bedelleri toplanarak yatirim bedelleri hesaplanir. Buna karsin projenin
elektrik liretmeye baglamasiyla birlikte yillik iiretecegi elektrigin toplam geliri hesaplanir.
Gelirler hesaplanirken; Yenilenebilir Enerji Kaynaklarinmn Elektrik Enerjisi Uretimi Amagli
Kullanimma Iliskin Kanunda Degisiklik Yapilmasina Dair 6094 sayili Kanun’a gore
YEKDEM (Yenilenebilir Enerji Kaynaklar1 Destekleme Mekanizmasi) Hidroelektrik ve
Ruzgar Enerji Santrallerinin enerji satis bedelleri 7.3 ABD Dolar1 cent/kwh alinmustir [3].

Toplam gelirlerin, giderlere proje ekonomik Omrii boyunca oranlanmasiyla da projenin
verimliligi (rantabilitesi) bulunmaktadir. Verimlilik 6zetle gelir/gider oranidir. Bu oran 1’den
yiiksek oldugu takdirde proje verimli, 1’in altinda kaldig1 zaman ise proje verimsiz olarak
degerlendirilir. Bu degerlendirme kriterleri kapsaminda yapilan ¢alismalar neticesinde 6rnek
projelere ait degerlendirmeler yapilmaistir.

4.2. Intepe riizgar santrali ekonomik analizi

Toplam 38 adet turbine sahip olan santralin yatirim bedeli ve yillik isletme maliyeti soyledir
[6];

Toplam yatirim bedeli : 35 046 882 Euro (2006)

Yillik isletme maliyeti : 900 000 Euro (2006)

1 euro: 7.04 TL (09.03.2020 kuru) olarak alindiginda;
Intepe RUzgér Santralinin Tesis Maliyetleri
Toplam yatirim bedeli : 228 505 671 TL (2020)
Yillik isletme maliyeti : 5868000 TL (2020)
1$=6.15TL (09.03.2020 kuru)

Elektrik birim satis bedeli: 0.073 x 6.15 = 0.45 Kr/Kwh
Intepe Riizgar santrali y1llik 92 400 000 Kwh enerji tiretmektedir.

Bu durumda; Yillik enerji geliri; 92 400 000 Kwh x 0.45 Kr/Kwh = 41 580 000 TL
olmaktadir.

Yillik isletme ve bakim maliyeti, 900 000 Euro olarak alindiginda;
900 000 Euro x 7.04 TL = 6 336 000 TL olmaktadir.

Projenin lisansma gore 30 yillik isletme donemi 1 yillik ingaat siiresi boyunca gelir/ gider
oran1 % 9.5 faiz oranina gore hesaplandiginda;
Gelir/ Gider = 1.32 olmaktadir (Tablo 5.)

Tablo 5. Intepe RES Gelir/Gider Oran1

Giderler Bugiinkii Deger

Yil Proje Isletme ve  Toplam Enerji Giderler Gelirler Toplam
Bedeli Bakim Gelirleri Enerji
TL TL TL TL TL TL (10° kWh)
(1) (2 B)=)+2) @ Gider./1.095N  Gelir/1.095M

1 246730049 246730049 225324246
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2 6336000 6336000 41580000 5284293 34678176 92400 000
3 6336000 6336000 41580000 4825839 31669567 92400 000
4 6336000 6336000 41580000 4407159 28921979 92400 000
5 6336000 6336000 41580000 4024802 26412766 92 400 000
6 6336000 6336000 41580000 3675619 24121248 92400000
7 6336000 6336000 41580000 3356729 22028537 92400000
8 6336000 6336000 41580000 3065506 20117385 92400 000
9 6336000 6336000 41580000 2799549 18372041 92400000
10 6336000 6336000 41580000 2556666 16778120 92400000
11 6336000 6336000 41580000 2334855 15322484 92400 000
12 6336000 6336000 41580000 2132287 13993136 92400 000
13 6336000 6336000 41580000 1947294 12779120 92400000
14 6336000 6336000 41580000 1778351 11670429 92400000
15 6336000 6336000 41580000 1624065 10657926 92400 000
16 6336000 6336000 41580000 1483164 9733266 92 400 000
17 6336000 6336000 41580000 1354488 8888827 92 400 000
18 6336000 6336000 41580000 1236975 8117650 92 400 000
19 6336000 6336000 41580000 1129658 7413379 92 400 000
20 6336000 6336000 41580000 1031651 6770209 92 400 000
21 6336000 6336000 41580000 942147 6182840 92 400 000
22 6336000 6336000 41580000 860408 5646429 92 400 000
23 6336000 6336000 41580000 785761 5156556 92 400 000
24 6336000 6336000 41580000 717590 4709184 92 400 000
25 6336000 6336000 41580000 655333 4300624 92 400 000
26 6336000 6336000 41580000 598478 3927511 92 400 000
27 6336000 6336000 41580000 546555 3586768 92 400 000
28 6336000 6336000 41580000 499137 3275587 92 400 000
29 6336000 6336000 41580000 455833 2991404 92 400 000
30 6336000 6336000 41580000 416286 2731876 92 400 000
31 6336000 6336000 41580000 380170 2494864 92 400 000
TOP. 246730049 282230895 373449887 92400000
Gelir/Gider 1.32

4.3. Soylemez hidroelektrik santrali ekonomik analizi

Soylemez HES projesi kapsaminda baraj govdesi, derivasyon tiineli, memba batardosu,
dolusavak, dipsavak, su alma yapisi, iletim tiineli, ana cebri boru, enerji cebri borusu, santral
binas1 ve kuyruksuyu kanali tesisleri yapilacaktir. Bu tesislere ait yatirim bedelleri 2006 yil1
birim fiyatlar1 cinsinden “Soylemez HES Revize Fizibilite Raporu” ndan alinmuigtir.

Yatirim bedeli : 202 048 152 TL (2006)
Yillik isletme ve bakim maliyeti : 683 781 TL (2006)

Soylemez Hidroelektrik Santralinin Tesis Maliyetleri

2006 yilinm 2020 yilina ¢eviri katsayis1 3.76 “dir. Ceviri TUIK verilerine gore yapilmis olup;
2006 y1l1 Ocak ay1 UFE degeri 123.51 ve 2020 yili Subat ay1 UFE degeri 464.64 dir [12]. Bu
iki deger oranlandiginda ¢eviri katsayisi 3.76 bulunmaktadir.

Yatirim bedeli : 759 701 052 TL(2020 yil1 Subat ayma giincellenmistir)
Yillik isletme ve bakim maliyeti : 2571017 TL (2020 yil1 Subat ayma giincellenmistir)
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Projenin fizibilite raporundan alinan degerlerine gore yillik 247.03 GWh elektrik tretecektir.
Enerji geliri hesaplamalarinda YEKDEM fiyati olan 7.3 dolar cent alindiginda;
0.073 cent x 6.15 TL/$ = 0.45 TL/kwh olmaktadir.

Enerji geliri; 247 030 000 Kwh/y1l x 0.45 TL/kwh =111 163 500 TL olmaktadir.

Projenin insaat yapim siiresine gore 49 yillik isletme donemi (ekonomik 6mrii) ve 3 yillik
ingaat siiresi boyunca gelir/gider oram1 %9.5 faiz oranmma gore hesaplandiginda; Projenin
ingaat yapim siiresine gore 49 yillik isletme donemi ve 3 yillik insaat siiresi boyunca gelir/
gider oran1 %9.5 faiz oranima gore hesaplandiginda;

Gelir/ Gider = 1.34 olmakta olup Tablo 6.’da verilmistir.
Tablo 6. Soylemez RES projesi Gelir/Gider Orani

Giderler Bugiinkii Deger
Yil Proje Isletme Toplam Enerji Giderler Gelirler Toplam

Bedeli Bakim Gelirler Enerji

TL TL TL TL TL TL (10% kwh)

(1) (2) B)=1)+2) @) Gider./1.095N"  Gelir/1.095N
1 253,233,684 253,233,684 231,263,638
2 253,233,684 253,233,684 211,199,670
3 253,233,684 253,233,684 192,876,411
4 2,571,017 2,571,017 111,163,500 1,788,333 77,322,473 247 030 000
5 2,571,017 2,571,017 111,163,500 1,633,181 70,614,131 247 030 000
6 2,571,017 2,571,017 111,163,500 1,491,490 64,487,790 247 030 000
7 2,571,017 2,571,017 111,163,500 1,362,091 58,892,959 247 030 000
8 2,571,017 2,571,017 111,163,500 1,243,919 53,783,525 247 030 000
9 2,571,017 2,571,017 111,163,500 1,135,999 49,117,374 247 030 000
10 2,571,017 2,571,017 111,163,500 1,037,442 44,856,049 247 030 000
11 2,571,017 2,571,017 111,163,500 947,435 40,964,429 247 030 000
12 2,571,017 2,571,017 111,163,500 865,238 37,410,437 247 030 000
13 2,571,017 2,571,017 111,163,500 790,172 34,164,783 247 030 000
14 2,571,017 2,571,017 111,163,500 721,618 31,200,715 247 030 000
15 2,571,017 2,571,017 111,163,500 659,012 28,493,803 247 030 000
16 2,571,017 2,571,017 111,163,500 601,837 26,021,738 247 030 000
17 2,571,017 2,571,017 111,163,500 549,623 23,764,145 247 030 000
18 2,571,017 2,571,017 111,163,500 501,939 21,702,415 247 030 000
19 2,571,017 2,571,017 111,163,500 458,392 19,819,557 247 030 000
20 2,571,017 2,571,017 111,163,500 418,622 18,100,052 247 030 000
21 2,571,017 2,571,017 111,163,500 382,304 16,529,728 247 030 000
22 2,571,017 2,571,017 111,163,500 349,136 15,095,642 247 030 000
23 2,571,017 2,571,017 111,163,500 318,845 13,785,975 247 030 000
24 2,571,017 2,571,017 111,163,500 291,183 12,589,931 247 030 000
25 2,571,017 2,571,017 111,163,500 265,921 11,497,654 247 030 000
26 2,571,017 2,571,017 111,163,500 242,850 10,500,141 247 030 000
27 2,571,017 2,571,017 111,163,500 221,781 9,589,169 247 030 000
28 2,571,017 2,571,017 111,163,500 202,539 8,757,232 247 030 000
29 2,571,017 2,571,017 111,163,500 184,968 7,997,473 247 030 000
30 2,571,017 2,571,017 111,163,500 168,920 7,303,628 247 030 000
31 2,571,017 2,571,017 111,163,500 154,265 6,669,980 247 030 000
32 2,571,017 2,571,017 111,163,500 140,881 6,091,306 247 030 000
33 2,571,017 2,571,017 111,163,500 128,659 5,562,836 247 030 000
34 2,571,017 2,571,017 111,163,500 117,496 5,080,216 247 030 000
35 2,571,017 2,571,017 111,163,500 107,303 4,639,466 247 030 000
36 2,571,017 2,571,017 111,163,500 97,993 4,236,956 247 030 000
37 2,571,017 2,571,017 111,163,500 89,492 3,869,366 247 030 000
38 2,571,017 2,571,017 111,163,500 81,728 3,533,668 247 030 000
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39 2,571,017 2,571,017 111163500 74,637 3,227,094 247030 000
40 2,571,017 2,571,017 111,163,500 68,162 2,947,117 247030 000
41 2,571,017 2,571,017 111,163,500 62,248 2,691,431 247030 000
42 2,571,017 2,571,017 111,163,500 56,848 2,457,928 247030 000
43 2,571,017 2,571,017 111,163,500 51,916 2,244,683 247030 000
44 2,571,017 2,571,017 111,163,500 47,412 2,049,939 247030 000
45 2,571,017 2,571,017 111,163,500 43,298 1,872,091 247030 000
46 2,571,017 2,571,017 111,163,500 39,542 1,709,672 247 030 000
47 2,571,017 2,571,017 111,163,500 36,111 1,561,344 247030 000
48 2,571,017 2,571,017 111,163,500 32,978 1,425,885 247 030 000
49 2,571,017 2,571,017 111,163,500 30,117 1,302,178 247030 000
50 2,571,017 2,571,017  111,163500 27,504 1,189,204 247030 000
51 2,571,017 2,571,017 111,163,500 25,118 1,086,031 247030 000
52 2,571,017 2,571,017 111,163,500 22,939 991,809 247 030 000
TOP. 759,701,052 655,711,152 880,803,147 247030 000
Gelir/Gider 1.34

5. CEVRESEL ETKILER
5.1. Intepe riizgar santralinin cevresel etkileri

Projede kullanilan tiirbinler 6zellikle vitessiz ve disli kutusuz olmasindan dolay1 higbir
mekanik ses Uretmemektedir. Tipi itibariyle daha diisiik devirli calistigindan, rotor
kanatlarinin yarattig1 aerodinamik giiriiltii de son derece azdir. Tiirbinlere 200 m mesafede ses
siddeti 45 dB ‘in altindadir. Ayrica sistem kanatlari, polyester esasl olarak imal edilmekte ve
optik yansimaya yol acmayacak sekilde boyanmustir. Uretilen enerji rizgar gicu ile
saglandigindan, herhangi bir hammadde sarfiyat1 veya artigi meydana getirmediginden
cevreye zararli atig1 bulunmamaktadir. Ayrica gogmen kus rotalari disinda yer almasindan
dolay1 mevcut kuslar {izerinde de olumsuz higbir etkisi bulunmamaktadir.

5.2. Soylemez hidroelektrik santralinin gevresel etkileri

Soylemez Baraji rezervuar alanina sahip oldugu i¢in rezervuar alaninda 40 667 da tarim
arazisi su altinda kalacaktir. Ayrica Erzurum-Hasankale-Mus devlet karayolunun yaklasik 31
km’lik kismi da rezervuar alani i¢inde kalacaktir. Ancak Karayollar1 Bélge Miidiirliigii su
altindan kalacak yolun yerine yeni bir yol glizergahi tespit etmis olup, 77 km uzunlugunda yol
yapmay1 planlamaktadir. Bu durum g¢evre {lizerinde olumsuz etki yaratacak olmasina ragmen
baraj g6liinlin olugmasiyla birlikte tarim alanlarini sulama suyu karsilayacagi i¢cin tarimin
gelismesinde 6nemli katkilarda bulunacaktir.

Ayrica elektrik enerjisi tiretecegi icin de lilke ekonomisine biiyilik ol¢iide yarar saglayacaktir.
Bu faydalarin yaninda baraj golleri dolayl faydalar olarak su iizerinde ulagima olanak, su
urunleri Uretimine, Ozellikle balik¢iligmm ve aveiligin gelismesini, mesire yerleri, toprak
erozyonunun dnlenmesini veya azaltilmastyla toprak muhafazasmi saglar. iklim {izerine ve
istihdama olumlu etkisi vardir, gelir dagilimmin diizeltilmesine yardimct olur, su kalitesinin
ve Kirlenmenin kontrolii saglanabilir ve su sporlarinin yapilmasina olanak verir [7].

6. BULGULAR VE TARTISMA

Calismada kullanilan Séylemez Hidroelektrik Santrali ile Intepe Riizgar Santrali kurulu giic
olarak birbirine yakin iki santraldir. Urettikleri enerji ve yatirim maliyetleri acisindan
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karsilagtirmalar yapilmistir. Bu c¢aligmalarda onemli bir deger de kapasite faktoriidiir.
Kapasite faktorii mevcut kurulu giiciin {liretecegi maksimum enerji olarak tanimlanabilir.
Hesaplanirken, iiretilen enerji degeri ile kurulu giiclin {iretecegi maksimum enerjinin
oranlanmasiyla elde edilir. Incelenen projelerde kapasite faktorleri soyledir;

Kurulu giiglerin tiretecegi maksimum enerji; kurulu gii¢ (KW) x 8760 saat (365 giin x 24 saat)
olarak hesaplandiginda;

Soylemez HES : 36 145 KW x 8760 saat = 316 630 200 KWh

Intepe RES : 30 400 KW x 8760 saat = 266 304 000 KWh
olarak bulunur.

Bu degerler kurulu gii¢ kapasitelerine gore iiretebilecekleri maksimum enerjiyi ifade eder ve
projelerin iiretecegi toplam enerji miktarlarina oranlanirsa, her bir projenin kapasite faktorii
bulunmus olur.

Soylemez HES kapasite faktoru : 247 030 000 KWh / 316 630 200 KWh = 0.78
Intepe RES kapasite faktori 92 400 000 KwWh / 266 304 000 KWh = 0.35

Buradan ¢ikan sonuca gére Soylemez HES projesi meveut kurulu gictinin % 78’ini, intepe
RES projesi ise mevcut kurulu giiciiniin % 35’ini enerji iiretmek i¢in kullanmaktadir. Buradan
HES projesinin kurulu gii¢ kapasitesini daha iyi kullanarak enerji iirettigi sonucu ortaya
cikmaktadir.

Projelerin verimlilik degerleri incelendiginde ise S6ylemez HES’in enerji amagh gelir/gider
oran1 ise 1.34; Intepe RES’in gelir/gider oranmin 1.32 oldugu goriilmektedir. Rantabiliteye
etki eden degerler projenin enerji iiretimi ve yatirim maliyetleridir.

Bu sonuca gore, kapasite faktorii bir proje icin tek basina yeterli degildir. Verimlilik degerinin
proje degerlendirme acisindan etkisi biyiiktiir. Ciinkii kapasite faktorii yalniz enerji tiretimini
baz alirken, rantabilite enerji iiretimine bagl olarak enerji geliri ile yatirimin maliyetini de baz
almaktadir.

Bu projelere ait birim enerji maliyetlerinin hesap edilmesi de ekonomik degerlendirme de
kullanilmaktadir. Birim maliyet, projenin yatirim maliyeti ile lirettigi enerjinin oranlanmasiyla
bulunur ve birimi kr/kwh ‘tir. Projelerin isletme donemleri boyunca giderlerinin bugiinkii
degerleri toplammin ortalama yillik giderleriyle, iiretilecek toplam enerji oranlanarak birim
maliyetleri hesap edilir. Bugiinkii degerlere gore giderler toplami, projenin ilk yatirim
maliyeti ile isletme — bakim maliyetlerinin isletme yillar1 boyunca toplam degerleridir. Bu
degerlerin insaat ve isletme yillara gore yillik ortalama degerleri hesaplanir.

Soylemez HES:;

Bugiinkii degerlere gore giderler toplami =655711152TL

Insaat ve isletme yillari toplami: 3 + 49 =52yl

Yillik gider: 655 711 152 TL / 52 yil =12 609 830 TL/y1l

Uretilecek toplam enerji: 247.03 GWh =247 030 000 KWh

Birim maliyet = 12 609 830 /247 030 000 = 0.051 TL/Kwh = 5,10 Kr/kwh
Intepe RES;

Bugiinkii degerlere gore giderler toplami =282230895TL

Insaat ve isletme yillari toplami: 1 + 30 =31yl
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Yillik gider: 282 230 895 TL / 31 yil =9104 222 TL/y1l
Uretilecek toplam enerji: 92.40 GWh =92 400 000 kwh
Birim maliyet = 9 104 222 / 92 400 000 =0.0985 TL/kwh = 9.85 Kr/ kwh

Projelerin yillik enerji liretimleri hesaplanirken depolamali tesis olan Soylemez HES icin
fizibilite raporunda isletme g¢alismasi yapilmistir. Bu ¢alismada depolanan suyun hacmi ve
proje diisiisii enerji iiretimine dogrudan etki etmektedir. intepe RES de ise tiirbinlerin kurulu
gicu ve bolgedeki rizgarin esme hizi toplam enerji miktarmi belirlemektedir. Yani her
projenin enerji olarak {iirettigi miktar, o projenin kaynagma bagl olarak degismektedir.
HES’lerde su, RES’ler de ise rizgar kaynagi projenin 6nemli faktorleridir. Bu faktorlerin en
iyi sekilde kullanilmasi da iyi bir etiit ve proje hizmetinin gerekliligidir.

Calismanin esas amacini olusturan riizgar ve hidroelektrik santrallerin karsilastiriimasi bir gok
acidan yapilmistir. Bu santrallerden riizgar santrali isletmeye alinmis olan Canakkale Ilindeki
Intepe Riizgar Elektrik Santrali, hidroelektrik santral ise planlama raporu hazirlanan Erzurum
ilinde bulunan Soylemez Hidroelektrik Santralidir. Bu iki santralin karsilagtirilmasindaki en
biiyiikk kriter kurulu giic degerlerinin yakinligi olmustur. Bu dogrultuda, santrallerin
iiretecekleri enerji miktari, yatirim maliyetleri ve cevresel etkileri arasinda karsilastirmalar
yapilmistir. Bu karsilagtirmalar 6zet olarak tablo haline getirilerek Tablo 7.” de sunulmaktadir.

Tablo 7. Séylemez HES ile intepe RES teknik ve ekonomik karsilastirma &zet tablosu

. Séylemez HES Intepe RES
i Erzurum Canakkale
Kurulu giicti (MW) 36.145 30.40

Enerji Uretimi (GWh) 247.03 92.40
Ingaat siiresi 3yl 1yl
Yatirim bedeli (TL)* 759 701 052 246 730 049
Isletme ve bakim gideri (TL)* 2571017 6 336 000
Yillik enerji geliri (TL)* 111 163 500 41 580 000
Gelir/Gider* 1.34 1.32
Kapasite faktori 0.78 0.35

Birim maliyet (kr/kwh) (enerji)* 5.10 9.85

* 2020 yilina giincellenmis degerlerdir.

Bu tablo irdelendiginde, kurulu giicleri yakin degerler olan iki farkli santralin enerji tiretim
miktarlari, yatrim ve isleme giderleri, rantabiliteleri, kapasite faktorleri ve birim
maliyetlerinin farkli oldugu goriilmektedir. HES projesinin yatirim bedelinin yiiksek olmasina
ragmen trettigi enerji miktarinm da yiiksek olmasindan kaynakli birim enerji maliyeti RES
projesine gore daha disiiktiir. Kapasite faktorlerinden de anlasilacagi tizere HES projesi
kurulu giiciinii daha verimli ve optimum sekilde kullanmaktadir. Gelir/gider orani
degerlendirildiginde ise RES projesinin daha rantabil oldugu hesaplanmistir. Buradan RES’in
yatirim maliyetinin daha diisiik seviyede olmasindan dolayr bu proje daha rantabil
kalmaktadir. Hidroelektrik ve riizgar santralleri arasindaki genel karsilastirma tablosu Tablo
8.’de verilmektedir.
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Tablo 8. Hidroelektrik ve Riizgar santralleri karsilastirma tablosu

HES RES
Yatirim maliyetleri (TL) yiksek diistik
Isletme ve bakim giderleri (TL) diistik yiksek
Insaat siireleri uzun kisa
Cevresel etkileri diigiik daha diisiik
Isletme siiresi uzun kisa

Hidroelektrik santrallerin ilk yatirim maliyetleri riizgér santrallerine gore daha yiksektir.
Fakat isletme donemleri boyunca da isletme-bakim maliyetleri rizgar santrallerinin
hidroelektrik santrallere gore daha yiiksektir. Hidroelektrik santraller 50 yillik isletme
stiresine sahipken, rtizgér santralleri 20-30 yil isletmede kalir. Bu isletme donemleri sonunda
ya tamamen yenilenir, ya da sokiiliip enerji liretimine son verir. Ayrica riizgar santrallerinin
bir baska avantaji da tiirbinlerin sokiiliip, arazinin eski haline gelmesinin s6z konusu
olmasidir. Bu durum hidroelektrik santraller i¢in gecerli degildir.

Hidroelektrik santrallerin baraj tipleri depolamali tesisler olduklarindan, riizgar santrallerine

gore daha giivenilir olmaktadir. Rlzgér santrallerinde depolama yapilamamakta, riizgar estigi
strece enerji Uretilmektedir.

7. SONUC

Bu ¢alismada, riizgér ve su kaynaklar1 kullanilarak kurulan riizgar ve hidroelektrik santrallerin
kullanilmasmin 6nemi agiklanmistir. Birbirine yakin kurulu gii¢ degerlerine sahip HES ve
RES projeleri karsilagtirilmistir. Bu degerlendirmeler sonucunda enerji iiretim degerleri,
isletme ve bakim maliyetleri, enerji gelirleri, insaat siiresi, gelir/gider oranlari, birim
maliyetleri, kapasite faktorleri ve proje bedelleri karsilagtirilmistir. Bu karsilastirmalara ait
grafikler Sekil 1., Sekil 2., Sekil 3. ve Sekil 4.’te verilmistir.

Kurulu Giig - Enerji Uretimi Karsilagtirma Grafigi
300
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Kurulu Gii¢ (MW)
Sekil 1. Kurulu gii¢ ve enerji tiretimi karsilagtirmasi
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Karsilagtirma Grafigi
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Sekil 2. Isletme bakim maliyetleri ve enerji gelirleri karsilastirmast

Projeler degerlendirildiginde yaklasik ayni kurulu giice sahip santrallerin enerji {iretim
miktarlarmin  farklilik gosterdigi tespit edilmistir. Bu farklilik kapasite faktoriiyle
aciklanmistir. Calismada kullanilan Soylemez HES’in kapasite faktorii 0.78’e, Intepe RES’in
kapasite faktoru ise 0.35’e ¢ikmistir. Bu sonuglara gore Soylemez HES mevcut kurulu gliciine
karsilik gelen kapasitenin %78’ini, intepe RES ise mevcut kurulu giiciine karsilik gelen
kapasitesinin %35’ ini kullanarak enerji iretmektedir. Bu degerler Soylemez HES’ in kaynagi
olan suyun, Intepe RES’in kaynag1 olan riizgara gore daha verimli oldugu sonucunu ortaya
koymaktadir.

Projelerin verimlilikleri degerlendirildiginde Soylemez HES’in enerji amacli gelir/gider orani
1.34; Intepe RES’in gelir/gider oram ise 1.32 olarak hesaplanmisti. Bu hesaplanan
verimliliklerine gore hidroelektrik santralinin biraz daha verimli oldugu goriilmektedir. Yani
santrallerin Urettikleri enerjilere gore yatirnm maliyetleri hidroelektrik santralinde daha diisiik,
rizgér santralinde ise daha yuksektir.

Birim maliyetleri hesaplanan santrallerde; Soylemez HES’te; 1 KWh enerji Gretmek igin
ortalama 5.10 kr, intepe RES’te 9.85 kr maliyet ortaya ¢ikmaktadir. Bu duruma gore
hidroelektrik santralin birim enerji i¢in maliyeti, rlizgar santralinkinden daha diisiiktiir. Bunun
nedeni hidroelektrik santralinin irettigi enerji miktart ile yatrim maliyeti oraninin, rizgar
santralinin Urettigi enerji ile yatrim maliyeti oranindan daha diisiik olmasidir. Bir bagka
deyisle enerji liretimi i¢in yatirim maliyeti hidroelektrik santralde daha kiigtiktiir.

Yatirim maliyetleri projelerin insaat ve isletme yillar1 boyunca yapildigi i¢in en ylksek
maliyetler projelerin ingaat edilmesi agsamasinda ortaya ¢ikmaktadir. Soylemez HES i¢in ilk 3
yil yatirim siiresi oldugu i¢in isletme dénemi boyunca en yiiksek maliyetler bu yillarda, Intepe
RES i¢in ise ilk 1 y1l yatirim siiresi oldugu icin en yiiksek maliyetler bu 1 yilda yapilmaktadir.
Isletme donemleri boyunca ise isletme ve bakim maliyetleri giderler kalemini
olusturmaktadir.
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Karsilagtirma Grafigi
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Sekil 3. Ingaat siiresi, gelir/gider, birim enerji maliyeti ve kapasite faktérleri karsilastirmast

Karsilagtirma Grafigi
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Sekil 4. Proje bedelleri karsilagtirmasi

Yatirim maliyetleri projelerin insaat ve isletme yillar1 boyunca yapildigr i¢in en yiliksek
maliyetler projelerin insaa edilmesi asamasinda ortaya ¢ikmaktadir. Soylemez HES icin 3
yillik ingaat donemi boyunca harcanan toplam deger bugiinkii degerlere gore 655 711 152 TL,
ingaat boyunca ise 759 701 052 TL ‘dir. Yani insaat siiresi olan 3 yil boyunca bugiinkii
degerlere gore toplam yatirim bedelinin % 86.3 ‘i harcanmaktadir. Intepe RES igin 1 yillik
ingaat donemi boyunca harcanan toplam deger bugiinkii degerlere gore 225 324 246 TL,
ingaat boyunca ise 246 730 049 TL’dir. Yani insaat siiresi olan 1 yilda buglinkii degerlere
gOre toplam yatirim bedelinin % 91.3 ‘iinii harcamaktadir. Bu sonu¢ da hidroelektrik
santrallerin ilk yatirim maliyetlerinin daha yiiksek oldugunu ifade eder.

Temiz, ¢evresel etkilerinin ¢ok az oldugu ve iilkemizin 6z kaynaklar1 kullanilarak kurulacak
hidroelektrik ve rizgar santrallerinin yaygmlagsmasi biiyiik 6nem arz etmektedir. Bu
dogrultuda hem hidroelektrik santraller, hem de rizgar santralleri kurulacaklar1 bolgenin
kaynaklarma gore belirleneceklerinden bir ayrim yapilamamaktadir. Bir bolgede hem iyi bir
su potansiyeli, hem de iyi bir rlizgar potansiyeli varsa bu bdlgeye hidroelektrik ve riizgar
santrali bir arada kurulabilir. Bu santraller birbirlerine olumsuz etki yaratmamakta olup, enerji
ihtiyacimiz1 daha diizenli olarak karsilama olanagi sunmaktadir.
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Ulkemizin temiz iki enerji kaynag1 olan riizgar ve su ile elektrik enerjisinin {iretiminin hizla
yayginlagsmasi gerekmektedir. Bu santrallerin kurulmasi i¢in gerekli olan elektromekanik
ekipmanlar ¢ogunlukla yurtdisinda iiretilmektedir. Tiirkiye’de bu ekipmanlarin tiretilmesi hem
yeni ig olanagi saglar hem de santral kurulum maliyetlerini biiyiik oranda asagiya ceker.
Boylece kaynaklarimiz daha verimli hale gelerek, ekonomik olarak ongériillmeyen projeler
verimli hale gelir. Bu durum ekonomik olarak uygun bulunmayan bir¢ok projenin yapimini
saglayarak, daha verimli kaynak kullanimi1 saglanmis olur.
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ABSTRACT: 0-10V control is a control protocol used in many industrial devices. The DC voltage supplied
externally to the device allows some settings to be made automatically. The most known of these is the adjustment
of the LED brightness known as Diming with this DC input. It is divided into many parts when it is considered as
a brightness scale of 0 to 10V. OV corresponds to an unlit lamp, while 10V corresponds to the brightest lamp can
be lit. The voltage in between is used for situations between the Dimmest and brightest. Output value of 0-10V is
also used for devices that can be in the form of such scales. In this study, the design of the Arduino-based 0-10V
control circuit of the VFD (Variable Frequency Drive) device, which controls the speed of a compressor used in
compressing the coolant in the heat pump, is explained. P (proportional) control method is used as the control
method.

Keywords: Arduino, Motor Speed Changer,

1. INTRODUCTION

With the developing engineering technologies, development cards are used to reduce costs and
increase the application in education [1]. There are microcontroller, input and output pins on
development cards [2]. In this way, many environmental sensors can be included in
development cards. Development cards differ according to their features such as
microcontroller, working platform, number of input-output pins, memory [3]. One of these
development boards is Arduino. Arduino is an open source code and hardware development
board developed by Italian engineers [4-5]. Arduino has many models according to usage areas
and number of input and output pins. Some models of Arduino development board are given in
Table 1.

Table 1. Arduino models

Arduino DUE Arduino Leonardo Arduino Yun Arduino DUE Arduino Leonardo
Arduino Mega Arduino LilyPad Arduino Industrial Arduino Mega Arduino LilyPad
2560 101 2560
Arduino Esplora Arduino Uno Arduino 101 Arduino Esplora Arduino Uno
Arduino Pro Mini Arduino Mini Arduino Tian Arduino Pro Mini Arduino Mini
Arduino BT Arduino Nano Arduino Zero Arduino BT Arduino Nano
(Bluetooth) (Bluetooth)
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Frequency inverter devices are a series of frequency inverters used to control the speeds of
three-phase AC motors. There are various models with different features from single phase
input of 370 W to three phase input of 970 kW. Frequency Inverters use the state-of-the-art
Isolated Bipolar Circuit Transistor (IGBT) technique controlled by microprocessors [6]. This
feature makes them reliable and versatile. By using a special pulse width modulation method,
the frequency can easily be changed, and motors can be operated silently. Wide range of
protection functions ensures perfect protection of the inverter and motor. Frequency inverters
are ideal for a wide range of simple motor control applications. Today, frequency inverters can
also be used for more advanced motor control applications through a comprehensive parameter
list. Almost all frequency inverters can now be used in applications integrated with
"Automation Systems” or in "one-unit" applications. The frequency inverter is literally the same
as AC drives [7].

2. VFD MOTOR CONTROL UNIT

The installation of the system that uses the MCP4725 DAC to control the heat pump system
has been designed and the task has been completed. In this control mechanism, the temperature
information is read with the DS18B20 temperature sensor and a DC is produced by setting the
frequency value for the VFD device with a proportional control (p control) by taking the
difference of the incoming temperature information from the water temperature value designed
to be taken at the heat pump output. For this, a circuit that will simulate this system was first
established in the Proteus ISIS program. This circuit is shown in Figure 1.
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Figure 1. System simulation circuit

3. VFD CONTROL CIRCUIT DESIGN

The diagram of the VFD Circuit is given in the previous section (Figure 1). Here the circuit
consists of 5 steps.
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e The Arduino board controls the operation of all elements, makes the necessary
calculations and ensures that the system operates at the desired values.

e MCP4725 DAC integration provides the 0-10V voltage required by the VFD device to be
produced as 0-5V.

e The DS18B20 sensor measures the evaporator water outlet temperature and sends it to
Arduino and enables Arduino to use the calculation to send the required voltage to VFD
so that this temperature reaches the desired value.

e 2x16 LCD ensures that the required values (Temperature, voltage produced by DAC,
frequency value corresponding to that voltage) is monitored on the screen.

e By operating the LM358 operational amplifier in inverted mode and using equal resistors,
it provides a 2-fold increase according to the formula (1 + Rf / (R1)) to increase the 0-5V
value in the AC output to the 0-10V range.

After the simulation of the circuit is done here, the circuit board construction is started. For this,
the circuit was first transferred to CADSOFT Eagle Layout Editor program and shown in Figure
2
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Figure 2. Transfer of vfd to cadsoft eagle layout editor program.

With the help of this software, necessary arrangements were made to transfer them to the printed
circuit board and circuit paths were removed. These circuit paths are shown in Figure 3.

0000 o-loooo
Figure 3. VFD printed circuit board.

Later, this scheme was printed with a laser printer on thin coated paper to be used as transfer
paper in order to create the circuit board. This detail can be seen in Figure 4
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Figure 4. The circuit printe on coated paper.

The circuit diagram transferred on coated paper is attached to the copper plaque with the help
of adhesive tape (so that the toner part and copper touch each other) and this time is placed in
the Lamination machine heated to 200 °C to pass the toner onto the copper plaque. In the
lamination machine, toners are glued to the copper plate by moving back and forth for 3-4
minutes. The lamination device used is shown in Figure 5.

ngu 5. Laminating device used for the printed circuit.

When the paper that came out of the lamination machine hot and adhered to the plaque was
softened with water, the paper melted and the toners remained stuck on the plaque. While the
copper plate was in this state, it was thrown into the 70% -30% Salt spirit-Peryhdrol mixture.
This chemical reacted with copper and all the copper that cannot be sealed by the toner is
dissolved. After this procedure, which lasts for 3-4 minutes, the card was removed from the
chemical with a tong and without touching it manually, and the toner and toner were cleaned.
The paths of the copper plate were removed in this way. After this stage, necessary holes were
opened for the placement of the circuit elements. The visual is given in Figure 6

Figure6. Opening of circuit paths in cpper plate.
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In the next stage, the upper element placement of the circuit was printed and the installation
was started. In the assembly stage, mounting bracket, solder, paste and solder wire and side
cutter were used. The visuals of the manufacturing process are given in Figure 3.50.
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Figure 7. Sections from the VVFD card manufacturing process.

After all the placements are made, the connection points reminders are written on the card with
the printed circuit pencil and the assembly is completed. The final view of the finished card is
shown in Figure 8.

Figure 8. VFD card

After this stage, Arduino and other elements were placed on the card and the code to be written
on Arduino started.

4. MODELING OF CONTROL SOFTWARE

It was previously described that certain DC voltages must be sent from the outside in order to
control the VFD device remotely. By setting the parameters of the VFD device, the lowest
frequency value is set to 40Hz and the highest frequency is set to 55Hz. This frequency range
is considered to be 0-55Hz and 0-10V DC voltage that must be given externally to obtain this
frequency is rated in a Table 2.
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Table 2. DC voltage to be produced for the desired Frequency Value

Frequency Volt
Value Value
55 9,999
54,2 9,85356
53,4 9,70812
52,6 9,56268
51,8 9,41724
51 9,2718
50,2 9,12636
49,4 8,98092
48,6 8,83548
47,8 8,69004
47 8,5446
46,2 8,39916
45,4 8,25372
44,6 8,10828
43,8 7,96284
43 7,8174
42,2 7,67196
41,4 7,52652

The voltage value here will be created by the DAC integrated circuit and will be proportional
to the temperature read at the evaporator outlet. The compressor will run at high frequency until
it reaches the temperature read from the evaporator, the frequency value will decrease
proportionally when it reaches the target temperature, and after the target temperature value is
reached, the compressor will be accelerated and slowed down in small steps to keep this
temperature constant. The necessary comparison for this to happen is prepared in Table 3.

Table 3. Frequency and DAC output values versus temperature values

Tset | Tan | Tfark |[Kp Fm(\]/ﬁﬂgy \\/{aol IL;[e \D/';Se

40 |20 |20 0,4 |55 9,999 4094,59459
40 |22 |18 0,4 |54,2 9,85356 4035,03686
40 |24 |16 0,4 |53/4 9,70812 3975,47912
40 |26 |14 0,4 |52,6 9,56268 3915,92138
40 |28 |12 04 |51,8 9,41724 3856,36364
40 |30 |10 04 |51 9,2718 3796,8059

40 (32 |8 0,4 |50,2 9,12636 3737,24816
40 |34 |6 04 (494 8,98092 3677,69042
40 |36 |4 0,4 |48,6 8,83548 3618,13268
40 |38 |2 04 |47,8 8,69004 3558,57494
40 (40 |O 04 |47 8,5446 3499,0172

40 (42 |-2 0,4 |46,2 8,39916 3439,45946
40 (44 |4 0,4 |45/4 8,25372 3379,90172
40 |46 |-6 0,4 |44,6 8,10828 3320,34398
40 (48 |-8 0,4 |43,8 7,96284 3260,78624
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40 50 -10 0,4 |43 7,8174 3201,2285
40 52 -12 0,4 422 7,67196 3141,67076
40 54 -14 04 |414 7,52652 3082,11302

The values in Table 3 are explained as follows.

e Tt The target temperature to be reached at the evaporator outlet

e Tan: Instantaneous temperature (calculated and proportioned with the values that can
be encountered in the table)

e Tk The value difference between target and instantaneous temperature.

e Kp: Proportional, that is, the proportion coefficient as “p” type (proportional) control
is performed.

e Frequency Value: the frequency value that the compressor should operate according
to the current temperature

e Volt Value: The estimated DC voltage value that must be sent to the VFD for the
VFD to operate at the current frequency

e DAC value: The decimal equivalent of the 12-bit digital signal that must be sent to
the DAC circuit in order to generate the signal that can give the volt value (12 bit,
212 = 4096, in this case, DAC generates voltage between 0-5V in response to the
digital information sent between 0-4095 and this value is doubled with the
operational amplifier. exponentially increased to the range of 0-10V).

Here the formula FR = 47 + (Trk X Kp) is used for the frequency value, the formula V =
FRx0,1818 for the Volt Value and the DAC =V / (0.002442) for the DAC value.

After the proportional control is done in this way, serial LCD control codes and DS18B20
temperature sensor read codes are added to the coding. The information read from the sensor is
matched with the Tan variable and coding is completed.

5. CONCLUSION

In the application work carried out, the 0-10V control circuit was designed with the Arduino
Uno development board in order to reach the desired temperature of the VFD device, which
controls the speed of a compressor. P control method was used as the control method.
Frequency and DAC output values were checked against the temperature values in the control
processes of the control card. In addition, the DC voltage to be produced according to the
desired frequency value has been determined.
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OZET: Son yiizyllda diinyada meydana gelen sosyal ve ekonomik geligmeler insanlarin galisma sartlarmin
iyilestirilmesini &n plana ¢ikarmaktadir. Insaat sektorii, artan niifus ile birlikte insanlarin ihtiyaglarini karsilamak
icin hizla gelismektedir. Bu gelisimle olusturdugu katma deger ve istihdam agisindan iilke ekonomilerinin en
onemli sektodrlerinden biri haline gelmistir. Istihdamin artmas her projenin birbirinden farkli olmasi ve farkli is
kollarmin bir arada ¢alismak zorunda olmasi1 gibi nedenlerle son yillarda yasanan is kazalarinin énemli bir orani
insaat sektorlerinde meydana gelmistir. Is kazalar1 sonucu olusan 6liim ve yaralanmalar is sagligi ve giivenligini
bu sektorde on plana ¢ikarmistir. Bu ¢alismada, is sagligi ve giivenligi egitimlerinin ingaat sektdriinde ¢alisanlar
iizerindeki etkisini ve dnemini belirlemek iizere anket arastirmasiyla ingaat sektoriinde yasanan kazalar ile bu
kazalar1 yasayan kisiler hakkinda egitim, saglik, yas grubu, tecrilbe ve ¢alisanlarin i giivenligi bilgileri
degerlendirilmistir. Anket sonug¢larmnin analiziyle, ¢aligmada elde edilen demografik ve sosyokiiltiirel 6zellikleri
ile is kazalar1 arasinda bulunan ampirik bulgular degerlendirilerek kazalar1 onceden onlemek igin gereken
tedbirlerin alinmasini saglamaktir. Ayn1 zamanda is saglig1 ve giivenligi bilincinin olusturulabilmesi igin egitimin
onemini vurgulamak amaciyla is sagligi giivenligi egitimi baz alinarak SPSS programiyla capraz tablolar
olusturulmustur. Is saglig: ve giivenligi egitim seviyesinin artirilmasiyla is kazalar1 ve hastaliklari en az seviyeye
indirilerek calisanlarin sagliklar1 ve Ulke ekonomisine kazalarin getirdigi mali yiikler azaltilmig olacaktir.

Anahtar Kelimeler: s saglhig1 ve giivenligi, Insaat sektoriinde is saghig1 ve giivenligi egitimi.

EVALUATION OF OCCUPATIONAL HEALTH AND SAFETY
TRAINING

ABSTRACT: The social and economic developments that have occurred in the last century point to the need to
improve working conditions. The construction sector is rapidly developing to meet the needs of the ever-growing
population and has thus become one of the most significant sectors of national economies in terms of added value
and employment. There is a significantly high rate of occupational accidents in the construction sector, for different
reasons such as the increase in the employment rate in this sector, the differences between every project, and the
necessity for different occupational branches to work collaboratively. The injuries and deaths resulting from
occupational accidents have brought attention to the issue of occupational health and safety in this sector. This
study evaluated occupational accidents in the construction sector and assessed victims’ educational and health
status, age group, experience, and knowledge of occupational safety through questionnaires administered to
determine the effect and significance of occupational health and safety training for employees in the construction
sector. In addition, this study analyzed the questionnaire results, evaluated the empirical findings obtained after
the analysis of demographic and sociocultural characteristics and occupational accidents, and aimed to ensure that
necessary precautions for preventing such accidents are taken. In addition, crosstabs were created based on
occupational health and safety training using the SPSS program to indicate the importance of training for raising
employees’ awareness of occupational health and safety issues. When employees’ awareness of occupational
safety is raised, the rate of occupational accidents and diseases will be minimized, and their economic burden on
employees and the national economy will be reduced.

Keywords: Occupational health and safety, Occupational health and safety training in construction sector.
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1. GIRIS

Son yiizyilda diinyada meydana gelen sosyal ve ekonomik gelismeler insanlarin ¢aligma
sartlarinin iyilestirilmesini 6n plana ¢ikarmaktadir. Bu kapsamda is sagligi1 ve giivenligi konusu
gelismis ve gelismekte olan iilkelerde énem kazanan bir konu olmustur. Is kazas1 ve meslek
hastaliklar1 istatistiklerine bakildiginda ISG konusunun énemi daha iyi anlagilmaktadir. Bu
istatistiklere gore yaklasik en ¢ok is kazasi ve meslek hastaliklar1 insaat sektoriinde meydana
gelmektedir[4-5,14]

Is saghg1 ve is giivenligi 6nlemlerinin yeterince alinmamasi sonucu is kazasi ve meslege bagl
hastaliklar meydana gelmektedir. Bunun sonucu olarak bir yandan is giicii, is giinii kayiplar1 ile
maddi kayiplara neden olurken diger yandan can ve uzuv kayiplari ile toplumda onarilmaz
sosyal yaralar acilir. Bir is kazas1t meydana geldiginde sadece is¢iyi etkilememekte, is¢inin
ailesini, yakinlarini, is arkadaslarini ayni is kolunda calisan diger isc¢ileri, isvereni, sendikalar1
devleti dolaysiyla biitiin {ilke ve toplumu etkilemektedir. Bu kazalar ve hastaliklar sonucu
calisanlarin yagami yitirmesi veya sakat kalmasi is saghg1 ve giivenligi konusunun 6nemi
daha artirmaktadir. Bununla birlikte is kazalar1 ve hastaliklar1 Ulke ekonomilerine agir yiikler
getirmektedir [9].

Giiniimiizde Isyerlerinde isin yiiriitiilmesi sirasinda dogan olumsuz sartlardan calisanlar
korumak, iiretimin devamini saglamak ve verimliligi artrmak i¢in yapilan ¢aligmalar1 ifade
eden “is saglig1 ve giivenligi” (ISG) kavrami, sanayinin ve teknolojinin gelismesine paralel
olarak dnem kazanmistir [4]. Genis anlamda is¢i sagligi ve giivenligi ise, sadece igyerinden
degil igyeri digindan da olsa is¢inin saglik ve giivenligini olumsuz etkileyebilecek risklere kars1
Onlem almay1 ifade etmektedir [1].

Is kazalar1 ve meslek hastaliklari konusunda yapilan arastirmalar, is saghgi ve giivenligi
egitimlerinin dnemli oldugunu ortaya ¢ikarmaktadir. Bununla birlikte is sagligi ve giivenligi
egitimlerinin sadece c¢alisanlara verilmesiyle degil tiim taraflarin katilimmnin saglanmasi ve
kararlhilikla uygulamasi gerekmektedir. Bu sekilde verilen egitimin teoride kalmamasi
uygulamaya gegirilmesi biiyiikk onem tagimaktadir. Is kazalarin ve meslek hastaliklarin
onlenebilmesi i¢in is yerleri iki ana baglik altindan egitimler vermektedir. Bu egitimler; teknik
egitimler ve is saglig1 ve glivenligi olarak siralanabilir [6,11,16].

Insaat projelerindeki basar1 genel olarak projeyi zamaninda, ucuz ve kaliteli bir sekilde bitirip
igverene teslim etmek olarak goriilmektedir. Bu diisiinceye is saglhigi ve giivenligi acisindan
basar1 da bu maddelere eklenmelidir.

Ulkemizde is kazalar1 ve meslek hastaliklar1 uzun yillardir birgok is¢inin hastalanmasima,
yaralanmasina, sakat kalmasina ve hatta hayatlarini kaybetmesine yol agmaktadir. Bu tip
olaylar 6zellikle de insaat sektoriinde daha fazla yaganmaktadir [14]. Bunun en 6nemli sebebi
ingaat sektdriiniin kendine 6zgii ¢alisma kosullar1 olmasindandir. Insaat sektdriiniin diger
sektdrlerden farkli olmasinin baslica nedeni her projenin birbirinden farkli olmasi ve bu yilizden
her projede degisik calisma kosullariyla ve farkl risklerle kars1 karsiya kalmmasidir. Isciler
endustriyel sektordeki gibi tek bir fabrikada ¢aligma imkani bulamadiklari gibi siirekli bir
projeden bagka projeye hareket halindedirler [3].

Is saghg1 ve giivenligi ve egitimleri konusunda birgok calisma bulunmaktadir. Fakat halen is
saglig1 ve glivenligi egitiminin dneminin bilinci ve kiiltiirii tam olarak olusturulamamastur.
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[8], is kazalarinin yogun goriildiigii insaat sektoriinde ¢alisan is¢ilerin is doyumu diizeyi ile is
giivenligi algilar1 arasindaki iliskinin ortaya konulmasi amaglayan bir ¢alisma yapmustir. Insaat
iscilerinin iy doyumu ve is giivenligi algisi diizeyini belirlemek amaciyla ingaat is¢ilerine anket
uygulamistir. Yapilan analizler sonucunda insaat is¢ilerinin is doyum diizeyi ile ig glivenligi
algilar1 arasinda anlamli bir iligki bulamamustir. [12], is saghg1 ve gilivenligi kiiltiiriiniin
olusumunda egitimin etkisi irdelemeye ¢alismistir. Bu amagla okullarda verilen ISG egitimi ve
giivenli okul uygulamasmin ne 6lgiide igsellestirildigi, 6gretmen ve Ogrencilerin bilgi ve
pratiklerine yansimasi kistas alarak ISG kiiltiirii olusturmada etkisi irdelemistir. Anketi
gerceklestirildigi okulun 6gretmen ve Ogrencilerinde tam olarak bir gilivenlik kiiltiiriiniin
olusmadig1 sonucuna varmigtir. Ancak anket sorularina verilen "kismen" cevaplarinin oraninin
yilksek olmasindan, ISG Kkiiltiiriiniin yeterli olmamakla birlikte olusmaya basladig1
diistinmiistiir. [13], insaat sektoriinde is glivenligi egitimi isimli ¢caligmasinda ilk olarak, is
saghgr ve gilivenligi konusu incelemistir. Daha sonra genel olarak insaat sektdriinden,
iilkemizdeki gelisiminden, ingaat sektoriinde yasanan kazalardan ve insaat sektoriindeki is
saghgl ve giivenligi ile ilgili yasal diizenlemelerden bahsetmistir. Son olarak Tiirkiye’de is
saghgl ve giivenligi egitiminden genel olarak ele almig ve ardindan ingsaat sektoriindeki is
saglig1 ve giivenlik egitimlerini degerlendirmistir. [15], 6331 sayili Is Saghg1 ve Giivenligi
Kanunu’nda yer alan ISG egitimlerinin etkin bir sekilde verilebilmesi igin egitim verilmesi
gerekli calisanlarin profilleri arastirilmis ve calisanlarin ISG’ye bakis agilar1 ortaya koymustur.
Bu amagla anket calismasi yapmustir. Elde edilen sonuglara gore, ISG egitimi verilecek
calisanlarin yas, egitim, bilgi, tecriibe... vb Ozelliklerinin ¢ok degiskenlik gosterdigi;
dolaysiyla, calisanlara tek bir ¢at1 altinda egitim yapilmamasi, ¢aliganlari uygun egitim
modellerine gore gruplara ayirarak ¢alisanlarin egitilmesi gerektigini Onermistir.

[10], is saglig1 ve giivenligi egitimlerinde gorsel ve sozel egitimin etkinliginin karsilagtirmagtir.
ISG egitimlerinin verimini artrmak amaciyla sdzel ve gorsel egitimin sonuglari incelemistir.
Bu amagla benzer yas, deneyim ve egitim diizeyine sahip ayni sektorde farkli is yerlerindeki
bir grup calisana ISG egitimi s6zel ve gorsel olarak anlatilmustir. Egitim sonrasinda kisilere
uygulanan sinav sonugclari istatistiksel olarak karsilastirmis, gorsel egitimin sdzel egitime gore
basar1 agisindan olumlu yonde etkili oldugu sonucuna varmustir. [2], bazi kurulus ve
isletmelerin, i3 saghgir ve gilivenligi egitimlerine ne derece O6nem verdikleri incelemis,
paydaslara karsilikli duygudaslik c¢ercevesinde belirli siireyle verilen egitimlerin, o
isletmelerden alinan verilerin degerlendirilmesi sonucu is kazalarini ve meslek hastaliklarini ne
Olclide azaltt1g1, kalite ve verimliligi artwrarak karliliklarma ne kadar katki sagladigini tespit
etmistir. Bu dogrultuda isletmelerin egitim sonuclar1 degerlendirerek, isletmelere en az % 6.5
maddi katki sagladigi istatistiksel tablolarla gostermistir. Ayrica, bilingli ¢aligma ve motivasyon
etkisiyle de is kazas1 ve meslek hastaliklarinda % 70'lere varan azalmayla, iilkelerin biit¢elerine
% S'ler civarinda katki sagladigi goriilmekle birlikte, bircok toplumsal yaralanmalarin
onlenmesiyle manevi bir huzura sebep olmasi gibi, egitimin daha bir¢ok olumlu sonuglarini
ortaya koymustur.

2. IS SAGLIGI VE GUVENLIGi EGITIMLERININ DEGERLENDIRILMESI

Bu caligmanin amaci, is saghgi ve giivenligi egitimlerinin ¢alisanlar tizerindeki etkisini
belirleye bilmek amaciyla, anket arastirilmasi teknigiyle ingaat sektoriinde yasanan kazalar ile
bu kazalar1 yasayan kisiler hakkinda egitim, saghk, yas grubu, tecriibe ve ¢alisanlarin is
giivenligi bilgilerini degerlendirmektir. Anket sonuclarinin analiziyle, ¢aligmada elde edilen
demografik ve sosyokiiltiirel 6zellikleri ile is kazalar1 arasinda bulunan ampirik bulgular
degerlendirilerek kazalar1 onceden Onlemek i¢in gereken tedbirlerin alinmasini saglamaktir.
Ayni zamanda is sagligi ve gilivenligi bilincinin olusturulabilmesi i¢in egitimin Snemini
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vurgulamak amaglanmustir. Is saglig1 ve giivenligi egitim seviyesinin artirilmasiyla is kazalar1
ve meslek hastaliklar1 en az seviyeye indirilerek Ulke ekonomisine is kazalarmnin getirdigi mali
yiikler azaltilmis olacaktir.

Bu c¢aligmanin 6nemi, ¢aliganlarin biling diizeyleri is kazalar1 ve meslek hastaliklarinin
azaltilmas1 i¢in onemli bir rol oynamasindan dolay1 ig saghig1 ve giivenligi egitimleriyle birlikte
biling diizeylerinin artirilmasidir. Bu sekilde is kazalarmin ve meslek hastaliklarinin tamamen
ortadan kaldirilmas1 miimkiin olmasa da en azindan minimize edilmesi gerekmektedir. isci
saghig1 ve is giivenligi egitiminin yararlarinin ortaya ¢ikmasi yani is kazalar1 ve meslek
hastaliklarinin azaltilabilmesi igin ¢alisanlarin egitimler konusunda bilingli olmasi ve egitimin
onemine inanmasi1 gerekmektedir.

Bu calismanin kapsami, Tirkiye’de meydana gelen is kazalar1 ve meslek hastaliklari
istatistiklerine gore ilk swralamalarda insaat sektdrii calisanlarindan olusmaktadir. Insaat
sektdriiniin is kazalarinda ve meslek hastaliklarinda ilk siralarda gelmesinin sebebi alanin genis
ve farkli ¢calisgma gruplarmin ayni anda ¢alismalarindan kaynaklanmaktadir. Bu sebepten
santiye icerisinde bulunan tiim ¢aliganlarin is saglhigi ve giivenligi konusunda egitimli, bilingli
ve dikkatli olmas1 gerekmektedir.

Arastrmanin  hipotezleri, ¢alisanlarin i saghgi ve giivenligi egitimi ile is kazalari ve
hastaliklarinin nasil etkiledigini gosterilmesi iizerine diizenlenmistir. Bu hipotezler; ¢calisanlarin
is saglig1 ve giivenligi egitimi alip — almamasina gore is saglig1 ve giivenligi ve meslek hastaligi
hakkinda yeterli bilgi diizeyine sahip olmasi, is kazas1 ve meslek hastalig1 ge¢irme orani ve bu
durumda sahip oldugu kanuni haklar hakkinda bilgi diizeyi iliskileri incelenmistir.

Calismada nicel aragtrma tekniklerinden anket yontemi kullanilmigtir. Objektif
degerlendirmeler yapabilmek i¢in hazirlanan anketlerde, problemin ne oldugunun akilc1 bir sira
icinde incelenmesi, dnemli bilgileri ve temel sorunlara ait detayli goriisleri elde etmeyi
saglayabilecek goriisleri toplayabilmek hedeflenmektedir. Anket yontemi araciligiyla goreceli
sekilde fazla sayidaki verinin kolaylikla toplanmasi ve analiz edilmesi miimkiin olmaktadir.
Anket ¢aligmalari, aragtirmacinin arastirma siirecine daha hakim olmasini saglamaktadir.

Calismanin kisitlamalarma bakildiginda, anket calismasinin uygulandigi insaat sektoriiniin
genis bir alan1 ve ¢esitli is gruplarmi kapsadigi i¢in zaman sikintisindan 6rneklem olarak 110
isgorene ulasilmis olmasi dikkat ¢ekmektedir. Ayni zamanda anket yapilan iggorenlerin
yoneltilen sorular1 dogru bir sekilde algilayip cevapladiklar1 varsayilmistir.

Calismada yapilan varsayimlar ise, arasgtrmaya dahil edilen katilimci sayisinin sayisal
yeterlikte oldugu ve anketin uygulandig1 ¢alisanlarin anket formunu isteyerek ve dogru bir
sekilde yanitladigi kabul edilmistir.

Anket sorulari, daha 6nce bu alanda hazirlanmis anket caligmalar1 incelenerek ve is kazalari
konusunda deneyimli uzman kisilerin goriisleri alinarak hazirlanmigtir. Bu asamada oncelikle
taslak anket sorular1 hazirlandiktan sonra anketi gelistirebilmek igin, siirecte muhtemel
karsilagilabilecek sorunlar1 ve eksiklikleri ortadan kaldirilabilmesi ve ayni zamanda hedeflenen
sonuca giivenilir bir sekilde ulasabilmesi amaciyla anket ¢aligmas1 oncelikle 10 kisi ile yliz yiize
yapilmistir. Bu uygulamadan sonra anket sorulari igerisindeki hatalar diizeltilmis gerekli
eklemeler ve ¢ikarmalar yapilarak anket sorularmin son hali verilmistir. Bu amagla hazirlanan
anket sorular1 insaat sektoriinde calisan ve Mesleki Yeterlilik Kurumunda (MYK) sinava
katilan kisilere uygulanmistir. Anketlerin MYK’da yapilma sebebi ise farkli santiyelerden gelen
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calisanlardan olusan heterojen bir gruba ulasmaktir. Yapilan anketlerin sonucunda; is¢ilerin
kendi calistiklart meslek sahasinda is giivenligi ile ilgili ne kadar bilingli ve bilgi sahibi
olduklar1 degerlendirilmesiyle is saghgi ve gilivenligi egitimlerinin daha etkili bigimde
algilanmas1 ve hayata geg¢irilebilmesi saglanmasi1 hedeflenmektedir.

Calisma verilerinin toplanmasi, yiiz yiize olarak yapilan anket ¢aliymasinda insaat sektoriinde
20 farkli firmada calisan 110 kisi ile goriisiilmiis ve 22 anket sorusu yoneltilmistir. Bu sekilde
anket sorularinin cevaplanmasinda ciddiyet saglanmig ve yanlis algilarin 6niine gecilmis oldu.

Anketlerin uygulanmasi sonucu elde edilen demografik 6zellikler, is saglig1 ve giivenligi
egitimleri ve bilgi diizeyleri gibi ham verilerin analizi SPSS 22 (Statistical Package for the
Social Sciences) programi kullanilarak bilgisayar ortaminda gergeklestirilmistir. Analiz
sonuglarina gore ankete katilanlarin verdikleri cevaplar betimleyici istatistikler (frekans ve
yiizde dagilimi) yorumlanmis ve tablo seklinde verilmistir.

Anketlerin giivenirliginin tespiti i¢in Cronbach Alpha (giivenilirlik) katsayis1 hesaplanmis ve
0.81 bulunmustur. Bu degerin 0.70’in iizerinde olmasiyla ankette egitimin is sagligi ve
giivenligi iizerinde oynadigi rolii tespit etmek i¢in sorulan sorularin kendi aralarinda ig
tutarliligin oldugu anlamina gelmektedir.

Ayrica ikili degiskenler arasindaki iligki incelenirken Ki-kare testi kullanilarak capraz
tablolarda verilmistir. Ki-kare testinin uygulanmasiyla yapilan c¢aprazlamalarda, ankette
sorulan farkli sorular arasinda anlamli bir iligkinin olup olmadig1 incelenebilmistir. Bu test
sonucu elde edilen sonuglar ikili tablolar halinde verilmistir.

3. ANKETLERDEN ELDE EDILEN SONUCLAR

Arastirma kapsaminda ilk olarak ulasilabilen insaat sektorii ¢alisanlarmin yas gruplarmin
dagilimi incelenmistir. Yapilan arastirma gore, 110 kisi lizerinde yapilan anket ¢caligmasmin %
7°si 18-24 yas araliginda, % 11’i 25-29 yas araliginda, % 23’0 30-34 yas araliginda, % 26’s1
35-39 yas araliginda, % 21’1 40-44 yas araliginda, % 8’i 45-49 yas araliginda ve % 4’1 50 yas
ve lizerinden olugmaktadir.

Anket caligmalar1 kapsaminda calisanlarin medeni durumuna gore degisimi incelendiginde,
anketlerin uygulandigi hedef kitlenin % 64°i evli ve % 36’s1 bekardir. Bu durum anketlerin
uygulandig1 kesimin biiyiik ¢cogunlugunun evli olmasinin disarda bakmakla sorumlu oldugu
kisilerin oldugunu ifade etmektedir.

Anketlerin uygulandig1 insaat sektoriinde ¢aliganlarin egitim durumlar1 incelendiginde, % 14’0
ilkokul, % 53’U ortaokul, % 23’G lise, % 9’u On lisans, % 1’i lisans ve % 1’i lisansist
egitiminden mezun olduklar1 goriilmektedir. Ankete katilan ¢alisanlarin biiyiik ¢ogunlugunun
mecburi egitimin 12 yila ¢ikmasindan dnce mezun oldugu i¢in ortaokul seviyesinde oldugu
gorilmektedir.

Calisanlarin ayn1 meslek grubunda ¢alisma yillarinin dagilimi incelendiginde, % 11’inin bir
yildan az, % 23’iin 1 — 4 yil arasinda, % 30’un 5 — 9 y1l arasinda ve % 36’simnin ise 10 y1l
iizerinde ayni meslekte calistigi goriilmektedir. Genel anlamda bakildiginda calisanlar bir
meslek grubunda uzun siireli ¢aligtig1 ve tecriibeli olduklar1 goriilmektedir.

Anketlerin uygulandigi kisilerin ¢alistiklar ig yerindeki calisan personel sayisi incelendiginde,
% 5’1 10 kisiden az, % 34’ii 10 — 24 arasinda, % 53’1 25 — 50 arasinda, % 9’u ise 50 ve lizeri
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calisam1 olan is yerinde calismaktadir. Is yerlerinde ¢alisan sayisinmn genel dagilimma
bakildiginda, anketler ¢alisan sayismin g¢ogunlukla 25 ile 50 c¢alisanin oldugu yerlerde
uygulandigini gostermektedir.

Anketlerin yapildig1 ¢alisanlarin yaptiklar1 isten memnuniyet durumu incelendiginde,
calisanlarin % 25’1 yaptig1 isten hi¢ memnun olmadigi, % 21’inin kararsiz, % 45’inin memnun
ve % 8’in cok memnun oldugu anlagilmaktadir.

Verilen 6rneklemde ¢aliganlarin yaptiklar: isle ilgili egitim alma durumlar1 incelendiginde,
calisanlarin % 55°1 yaptig1 isle ilgili egitim almis ve % 45’1 ise yaptigi is ile ilgili egitim
almadig1 anlasilmaktadir. Buna gore ¢alisanlarin kiigimsenmeyecek bir kisminin yaptiklar isi
usta — crrak iligkisiyle 6grendigi goriilmektedir. Caligma alanlariyla ilgili egitim alanlar ise
Mesleki yeterlilik belgesini genellikle Cevre ve Sehircilik 11 Miidiirliigii ve Mesleki Egitim
Merkezi kuruluslarindan aldigini beyan etmistir.

Anketlerin yapildig1 ¢alisanlarin, ¢alistiklar santiyede is saglig1 ve giivenliginden sorumlu bir
departman bulunma durumu incelendiginde, katilimcilarin % 55°1 is saghgi ve giivenliginden
sorumlu bir departmanin var oldugunu, % 36’s1 i saglig1 ve giivenliginden sorumlu bir
departmanin olmadigmi, % 9’luk bir kismi ise boyle bir departmanin olup olmadig1 hakkinda
bilgisinin olmadig1 cevabini vermistir.

Anketin uygulandig1 calisanlarin ilgili alanda calismaya basladiktan sonra is saghigi ve
giivenligi ile ilgili egitim alma durumu incelendiginde, ¢alisanlarin % 77’sinin is saghigi ve
giivenligi ile ilgili egitim aldigini, % 23’lniin ise i saghgt ve gilivenligi ile ilgili egitim
almadigini gdstermektedir. 4857 sayili Is Kanunu’nun 17. maddesi ¢alisanlarin egitiminin
isverenler tarafindan saglanmasi gerektigini hatta bu egitmin 6zellikle; ise baslamadan dnce,
caligma yeri veya is degisikliginde, is ekipmaninin degigsmesi halinde veya yeni teknoloji
uygulanmasi halinde verilmesi gerektigini ifade etmektedir (Calisma ve Sosyal Giivenlik
Bakanligini, 2019b). Bu kanunda agikc¢a belirtilmesine ragmen is saglig1 ve glivenligi ile ilgili
egitim almayanlarin orani kiiciimsenemeyecek seviyededir.

Anketin uygulandig1 calisanlara verilen is sagligi ve gilivenligi egitimlerinin c¢alisanlar
tarafindan yeterli goriilme durumu incelendiginde, ¢alisanlarin % 82’lik bir kismi1 verilen is
saghg1 ve giivenligi egitimini yeterli bulurken, % 18’lik gibi bir kismida verilen is saghig1 ve
giivenligi egitimini yeterli bulmamaktadir.

Anketlerin uygulandig1 calisanlara verilen is saghgi ve gilivenligi egitimi tekniklerinin nasil
olmasi gerektigi ile ilgili dagilimi incelendiginde ¢alisanlarin % 35’1 gorsel egitim teknigi, %
10’u isitsel egitim teknigi, % 55’1 ise uygulamali egitim tekniginin daha faydali olacagi
diisiincesindedir. Fakat bu sonuglar degerlendirilirken cevap verenlerin % 23’liikk bir kismmnin
daha 6nce is saglig1 ve giivenligi konusunda hi¢ egitim almadig1 unutulmamalidir.

Anketlerin uygulandigi calisanlarin i saghigt ve giivenligi hakkinda bilgi diizeyi
incelendiginde, iggdrenlerin % 30’u is saglig1 ve giivenligi konusunda bilgi diizeyinin ¢ok iyi
oldugunu, % 41’1 is saglig1 ve giivenligi konusunda bilgi diizeyinin orta oldugunu, % 22’si i
saghig1 ve giivenligi konusunda bilgi diizeyinin az oldugunu, % 7’si ise is saglig1 ve giivenligi
konusunda bilgisinin hi¢ olmadigini diisiinmektedir.
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Anketlerin uygulandigi isgorenlerin ¢aligma esnasinda koruyucu ekipmanlari kullanma durumu
incelendiginde isgorenlerin % 95’1 caligma esnasinda koruyucu ekipmanlar1 kullandigini, % 5’1
ise ¢caligma esnasinda koruyucu ekipmanlar1 kullanmadigini belirtmistir.

Calisanlarin yaptiklar1 isle ilgili meslek hastaliklar1 hakkinda bilgi diizeyi incelendiginde,
verilere gore calisanlarin yaptiklari isle ilgili meslek hastaligi hakkindaki bilgi diizeylerinin
%181 cok oldugunu, % 46’s1 orta diizeyde oldugunu, % 28’1 az oldugunu ve % 7’si ise hi¢bir
bilgisi olmadigini belirtmistir.

Anketlerin uygulandig1 c¢alisanlarin c¢alistigir is yerinde olusabilecek meslek hastaligi
durumunda sahip oldugu haklar konusunda bilgi durumu incelendiginde, ¢alisanlarin % 71’inin
is yerinde olusabilecek meslek hastaliklarinda sahip olduklar1 haklar1 bildigini ve % 29 unun
bu haklar konusunda bilgi sahibi olmadigini belirtmistir.

Calisanlarin bulunduklar1 meslekte yasanan is kazalari1 hakkindaki bilgi diizeyleri durumu
incelendiginde, yaptiklar1 is ile ilgili yasanan veya haberdar olduklar1 i kazalarindan %
59’unun ¢ok bilgisi oldugu, % 24’Unin orta diizeyde, % 14’Unun az dizeyde ve % 7’sinin hig
bilgisinin olmadig1 anlasilmaktadir.

Anketlerin uygulandig1 calisanlarin calistiklar1 santiyede is yeri hekimi bulunma durumu
incelendiginde, isgérenlerin ¢ogunlugu biiyiikk santiyelerde gorev yaptiklarindan % 71’inin
calistig1 yerde is yeri hekiminin bulundugu ve % 29’unun ise ¢alistig1 yerde is yeri hekiminin
bulunmadig1 goriilmektedir.

Calisanlarin is yerinde herhangi bir is kazasiyla karsilagsmas1 durumunda sahip olduklari kanuni
haklarda bilgi diizeyi durumu incelendiginde, ¢alisanlarin herhangi bir is kazasiyla karsilagsma
durumunda % 14’iiniin kanuni haklarini iyi seviyede, % 37’sinin orta diizeyde, % 33’iiniin az
seviyede ve % 16’sinin ise higbir bilgisinin olmadig1 goriilmektedir.

Calisanlarin caligma hayat1 boyunca daha dnce is kazasi gegirmis olma durumu incelendiginde,
ingaat sektorlinde calisanlardan anket ¢calismasinda ulasabildigimiz grubun % 75°1 hig is kazas1
gecirmedigini ve % 25’1 ise is kazas1 ge¢irdigini ifade etmistir.

Calisanlarin is giivenligi kurallarina kendi biinyelerinde gereken hassasiyeti gosterme durumu
incelendiginde, c¢alisanlarin % 16°s1 is giivenligi kurallarinda ¢ok hassas, % 56’smin orta
seviyede hassas, % 20’sinin az hassas ve % 7’sinin ise hi¢ dikkat etmedigi anlasilmaktadir.
Calisanlar is giivenligi kurallarinda ¢ok dikkatli olamadiklarinin sebebini iglerin hizli bir sekilde
devamlilik arz ettigi icin zaman igerisinde hassasiyetlerinin azaldig1 seklinde agiklamiglardir.

Anketlerin uygulandigi ¢alisanlarm i saglig1 ve giivenliginin is hayatlarini olumlu ve olumsuz
yonde nasil etkiledigi durumu incelendiginde, ¢alisanlarin % 23’1 is saglig1 ve giivenligi ile
ilgili diizenlemelerin is hayatlarini ¢cok olumlu yonde etkiledigini, % 53°ii orta diizeyde olumlu
yonde etkiledigini, % 20’si az seviyede olumlu ydnde etkiledigini ve % 5’1 ise hig
etkilemedigini ifade etmistir.

Anketlerin uygulandig1 ¢alisanlarin is saghigi ve giivenligine dikkat etmesiyle is verimliligini
ve kalitesini olumlu ve olumsuz yonde etkileme durumu incelendiginde, ¢alisanlarin % 31’1
calisma ortaminda is saglig1 ve giivenligine dikkat edilmesinin ig verimliligini ve kalitesini ¢ok
olumlu yonde etkiledigini, % 45’1 orta diizeyde, % 20’si az seviyede ve % 5’1 ise hig
etkilemedigini ifade etmistir.
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4. CAPRAZ TABLO SONUCLARI

Is saghg1 ve giivenligi egitiminin énemini ortaya koymak igin hazirlanan anket sonuglari
verildikten sonra g¢alisanlari anket sorularina verdikleri cevaplar1 karsilastirmak amaciyla
capraz tablolar olusturularak veriler filtrelenmistir. Bu sekilde anket ¢aligmasinda, is saglig1 ve
giivenligi egitimi alip — almama durumuna gore diger sorularin degerlendirilmesi
yapilabilmektedir. Bunun igin ¢alisanlardan elde edilen anket sonuglarina Ki — kare testi
yapilarak degiskenler arasindaki iliskilerin frekans degerleri saptanmistir. Yapilan analizle elde

Anketlerin uygulandigi ¢alisanlarin is saglig1 ve giivenligi egitimi alip — almama durumu ile
aldig1 egitimi yeterli bulma arasindaki iligki Cizelge 1’de verilmistir. Anket sonuglarina gore,
is saglig1 ve giivenligi egitimi alip — almama durumu ile aldig1 egitimi yeterli bulma arasinda
anlamlilik degeri 0.049 bulunmustur. Bulunan bu degerin 0.05’ten kii¢lik olmas1 gz Oniine
alinan degiskenler arasinda anlamli bir iliski oldugunu gostermektedir.

Tablo 1’den goriildiigii gibi anket sorunlarini cevaplayanlardan % 77’si is saglig1 ve giivenligi
egitimi almig ve bunlardan % 89’u aldig1 egitimi yeterli bulurken, % 11’1 ise aldig1 egitimi
yetersiz bulmaktadir. Benzer sekilde anket sorularini cevaplayanlarin % 23’1 is saghgi ve
giivenligi egitimi almamis ve bunlardan % 56’°s1 aldig1 egitimi yeterli bulurken % 44’1 aldig:
egitimi yetersiz bulmaktadir. Calisanlar iizerinde yapilan anket sonucuna gore is sagligi ve
giivenligi egitimi alanlarm ¢ogunlugunun aldiklar1 egitimi yeterli buldugu goriilmektedir.

Tablo 1. Is saghgi ve giivenligi egitimi alma ile aldig1 egitimi yeterli bulma durumu arasindaki iligki
Aldiginiz egitimi yeterli buluyor musunuz?

Evet Hayir
Is saghg1 ve giivenligi ile ilgili egitim Evet % 89 % 11
aldmiz mi1? Hayir % 56 % 44
Toplam % 82 % 18

Anketlerin uygulandigi ¢alisanlarin is sagligi ve giivenligi egitimi alip — almama durumu ile
aldig1 egitimin daha faydali olabilmesi i¢in egitim teknigi arasindaki iliski Cizelge 2’de
verilmistir. Anket sonuglarmma gore, is saglhig1 ve giivenligi alip — almama durumu ile aldig1
egitimin daha faydali olabilmesi i¢in egitim teknigi arasinda anlamlilik degeri 0.041
bulunmustur. Bulunan bu degerin 0.05’ten kiiciik olmasi g6z 6niine alinan degiskenler arasinda
anlamli bir iligki oldugunu gostermektedir.

Tablo 2’den goriildiigii gibi anket sorunlarini cevaplayanlardan % 77’1 is saglhig1 ve giivenligi
egitimi almis ve bunlardan % 33’U gorsel, % 8’1 isitsel ve % 59’u ise uygulamali egitimin daha
faydali olacagmi diistinmektedir. Benzer sekilde anket sorularmi cevaplayanlardan % 23’1 is
saghgi ve giivenligi egitimi almamis ve bunlardan % 40’1 gorsel, % 20’si isitsel ve % 40’1 ise
uygulamali egitimin daha faydali olacagmni diisiinmektedir. Calisanlar {izerinde yapilan anket
sonuglarina gore ig sagligl ve giivenligi egitimi alanlarin ¢gogunlugunun uygulamali egitimin
daha faydali olacagi daha sonra sirasiyla gorsel egitimin ve ¢ok az oranda isitsel egitimin faydali
olacagi kanaatinde oldugu gorulmektedir.
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Tablo 2. Is saghg1 ve giivenligi egitimi alma ile aldig1 egitimin daha faydali olabilmesi igin egitim teknigi
arasindaki iliski
Is saglig1 ve giivenligi egitimlerinin daha faydali olabilmesi igin
egitim teknigi nasil olmal1?

Gorsel Isitsel Uygulamali
Is saghig1 ve giivenligi ile ilgili Evet % 33 % 8 % 59
egitim aldiniz m1? Hayir % 40 % 20 % 40
Toplam % 35 % 10 % 55

Anketlerin uygulandigi ¢alisanlarin is saghigi ve glivenligi egitimi alip — almama durumu ile is
saghgl ve giivenligi hakkinda bilgi diizeyi arasindaki iliski Cizelge 3’de verilmistir. Anket
sonuglarina gore, is saglig1 ve glivenligi egitimi alip — almama durumu ile is saglig1 ve giivenligi
hakkinda bilgi diizeyi arasinda anlamlilik degeri 0.043 bulunmustur. Bulunan bu degerin
0.05’ten kiiclik olmas1 goéz Oniine alman degiskenler arasinda anlamli bir iliski oldugunu
gostermektedir.

Tablo 3’ten goriildiigii gibi anket sorularini cevaplayanlardan % 77°si is saglig1 ve giivenligi
egitimi almis ve bunlardan % 12’si az seviyede, % 49’u orta diizeyde, % 39’u ¢ok iyi seviyede
is saghig1 ve gilivenligi hakkinda bilgi sahibi oldugu ve egitim alanlar arasinda is saghigi ve
giivenligi hakkinda hig bilgi sahibi olmayan ¢aligan bulunmadigi belirlenmistir. Benzer sekilde
anket sorularini cevaplayanlarin % 23’Unun is sagligi ve glivenligi egitimi almamig ve bunlarin
% 32’sinin is saglig1 ve giivenligi hakkinda hig bilgi sahibi olmadigi, % 56’sinin az seviyede
bilgi sahibi oldugu ve % 12’sinin ise orta diizeyde bilgi sahibi oldugu ortaya ¢ikmaktadir. s
saglig1 ve giivenligi egitimi almayip ta ¢ok seviyede bilgi sahibi olan ¢alisan bulunmamaktadir.
Calisanlar iizerinde yapilan anket sonuglarmma gore is sagligt ve giivenligi egitimi alanlarin
biiyiikk ¢ogunlugunun is saglhigr ve giivenligi hakkinda orta diizeyde bilgi sahibi oldugu
goriilmektedir. Is saghig1 giivenligi egitimi almayanlarin biiyiik cogunlugunun ise hig bilgisinin
olmadigi ve bir kismmin ise diger c¢alisanlardan veya sosyal medya araglarindan
belirleyemedigimiz seviyede bilgi sahibi oldugu goriilmektedir.

Tablo 3. Is saghgi ve giivenligi egitimi alma ile is saghig1 ve giivenligi hakkinda bilgi diizeyi arasindaki iligki
Is saglig1 ve giivenligi hakkinda bilginiz diizeyiniz nedir

Hig Az Orta Cok
Is saghigi ve giivenligi ile ilgili Evet -- % 12 % 49 % 39
egitim aldiniz m1? Hayir % 32 % 56 % 12 --
Toplam %7 % 22 % 41 % 30

Anketlerin uygulandigi ¢alisanlarin is sagligi ve giivenligi egitimi alip — almama durumu ile
meslek hastaliklar1 hakkinda bilgi diizeyi arasindaki iliski Cizelge 4’de verilmistir. Anket
sonuglarina gore, is saglig1 ve giivenligi alip — almama durumu ile meslek hastaligi hakkinda
bilgi diizeyi arasinda anlamlilik degeri 0.048 bulunmustur. Bulunan bu degerin 0.05’ten kiiguik
olmasi1 goz oniine alinan degiskenler arasinda anlamli bir iligki oldugunu gostermektedir.

Tablo 4’ten goriildiigii gibi anket sorunlarmi cevaplayanlardan % 77°si is sagligi ve giivenligi
egitimi almis ve bunlardan % 29°u az seviyede, % 47°si orta diizeyde, % 24’0 ¢ok iyi seviyede
meslek hastaliklar1 hakkinda bilgi sahibi oldugu ve egitim alanlar arasinda meslek hastaliklar1
hakkinda hi¢ bilgi sahibi olmayan ¢alisan bulunmadigi belirlemistir. Benzer sekilde anket
sorularini cevaplayanlarin % 23’ is saglig1 ve giivenligi egitimi almamis ve bunlardan % 32’si
meslek hastaligi hakkinda hig¢ bilgi sahibi olmadigimi % 24’0 az seviyede ve % 44’0 ise orta
diizeyde bilgi sahibi oldugu ortaya ¢ikmaktadir. Is saghg ve giivenligi egitimi almayip ta gok
seviyede bilgi sahibi olan calisan bulunmamaktadir. Calisanlar {izerinde yapilan anket
sonuglarina gore is saghig1 ve giivenligi egitimi alanlarin biiylik ¢ogunlugunun meslek hastaligi
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hakkinda orta diizeyde bilgi sahibi oldugu goriilmektedir. Is saghigi giivenligi egitimi
almayanlarin ¢ogunlugunun meslek hastaliklar1 hakkinda az seviye veya hi¢ bilgi sahibi
olmadig1 ortaya ¢ikmustir.

Tablo 4. Is saghgi ve giivenligi egitimi alma ile meslek hastaligi hakkinda bilgi diizeyi arasindaki iligki
Meslek hastaligi hakkinda bilgi diizeyiniz nedir.

Hig Az Orta Cok
Is saghigi ve giivenligi ile ilgili EVet - % 29 % 47 % 24
egitim aldiniz mi1? Hayir 05 32 05 24 0% 44 -
Toplam %7 % 28 % 46 % 18

Anketlerin uygulandigi ¢alisanlarin is saglig1 ve giivenligi egitimi alip — almama durumu ile
calistig1 is yerinde meslek hastalig1 olugsmasi durumunda sahip oldugu haklar hakkinda bilgi
diizeyi arasindaki iliski Cizelge 5’de verilmistir. Anket sonuglarma gore, is sagligi ve giivenligi
egitimi alip — almama durumu ile ¢alistig1 is yerinde meslek hastaligi olugsmasi durumunda
sahip oldugu haklar hakkinda bilgi diizeyi arasinda anlamlilik degeri 0.049 bulunmustur.
Bulunan bu degerin 0.05’ten kiiciik olmas1 géz Oniine alinan degiskenler arasinda anlamli bir
iliski oldugunu gostermektedir.

Tablo 5’den goriildiigii gibi anket sorunlarini cevaplayanlardan % 77°si is saglig1 ve giivenligi
egitimi almis ve bunlardan % 82°si ¢alistig1 is yerinde meslek hastaligi olusmasi durumunda
sahip oldugu haklar hakkinda bilgi sahibi iken % 18’1 ise bilgi sahibi degildir. Benzer sekilde
anket sorularini cevaplayanlari % 23’1 is saglhig1 ve giivenligi egitimi almamig ve bunlardan
% 32’si ¢aligtig1 is yerinde meslek hastaligi olusmasi durumunda sahip oldugu haklar hakkinda
bilgi sahibi iken % 68’1 bilgi sahibi degildir. Calisanlar iizerinde yapilan anket sonucuna goére
is saghig1 ve gilivenligi egitimi alanlarin biiylik bir ¢ogunlugunun ¢aligtig1 is yerinde meslek
hastalig1 olugsmasi1 durumunda sahip oldugu haklar hakkinda bilgi sahibi oldugu gorilmektedir.

Tablo 5. s saghg1 ve giivenligi egitimi alma ile caligtig1 is yerinde meslek hastalig1 olugmasi durumunda sahip
oldugu haklar hakkinda bilgi durumu arasindaki iliski
Calistigr is yerinde meslek hastaligi olusmast durumunda sahip
oldugu haklar hakkinda bilgi durumu

Evet Hayir
Is saghig1 ve giivenligi ile ilgili Evet % 82 % 18
egitim aldiniz m1? Hayir % 32 % 68
Toplam % 71 % 29

Anketlerin uygulandigi ¢alisanlarin is saglig1 ve giivenligi egitimi alip — almama durumu ile
meslekte yasanan is kazalar1 hakkinda bilgi diizeyi arasindaki iliski Cizelge 6’da verilmistir.
Anket sonuglarina gore, is saglhigi ve giivenligi egitimi alip — almama durumu ile meslek
hastalig1 hakkinda bilgi diizeyi arasinda anlamlilik degeri 0.038 bulunmustur. Bulunan bu
degerin 0.05’ten kiglk olmasi géz Oniine alinan degiskenler arasinda anlamli bir iligki
oldugunu goéstermektedir.

Tablo 6’dan goriildiigii gibi anket sorularini cevaplayanlardan % 77°si is sagligi ve giivenligi
egitimi almig ve bunlardan % 7°si az seviyede, % 21’i orta dlizeyde, % 72’si ¢ok iyi seviyede
meslekte yasanan is kazalar1 hakkinda bilgi diizeyine sahip iken egitim alanlar arasinda
meslekte yasanan is kazalar1 hakkinda hi¢ bilgi sahibi olmayan bulunmamaktadir. Benzer
sekilde anket sorularini cevaplayanlarm % 23’1 is saghig1 ve giivenligi egitimi almamis ve
bunlardan % 32’si meslekte yasanan is kazalar1 hakkinda bilgi sahibi olmadigmni, % 36’s1 az
seviyede ve % 32’si ise orta diizeyde bilgi sahibi oldugu ortaya ¢ikmaktadir. Is saghgi ve
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giivenligi egitimi almayip ta ¢ok iyi seviyede bilgi sahibi olan galisgan bulunmamaktadir.
Calisanlar iizerinde yapilan anket sonuglarmma gore is sagligi ve giivenligi egitimi alanlarin
biiyiik cogunlugunun meslekte yasanan is kazalar1 hakkinda bilgi sahibi oldugu goriilmektedir.
Is saghig1 giivenligi egitimi almayanlarin gogunlugunun meslek hastaliklar1 hakkinda az veya
orta seviyede bilgi sahibi oldugu ortaya ¢ikmustir.

Tablo 6. Is saghg1 ve giivenligi egitimi alma ile meslekte yasanan is kazalar1 hakkinda bilgi diizeyi arasindaki

iligki
Meslekte yasanan ig kazalar1 hakkinda bilgi diizeyi
Hig Az Orta Cok
Is sagligi ve giivenligi ile ilgili _Evet -- % 7 % 21 % 72
egitim aldiniz m1? Hayir % 32 % 36 % 32 --
Toplam %7 % 14 % 24 % 55

Anketlerin uygulandigi ¢alisanlarin is sagligi ve giivenligi egitimi alip — almama durumu ile is
yerinde herhangi bir kazayla karsilasma durumunda sahip olunan kanuni haklarla ilgili bilgi
diizeyi arasindaki iliski Cizelge 7°de verilmistir. Anket sonuglarma gore, is sagligi ve giivenligi
egitimi alip — almama durumu ile is yerinde herhangi bir kazayla karsilagsma durumunda sahip
olunan kanuni haklarla ilgili bilgi diizeyi arasinda anlamlilik degeri 0.039 bulunmustur.
Bulunan bu degerin 0.05’ten kiiciik olmas1 géz Oniine alinan degiskenler arasinda anlaml bir
iliski oldugunu gostermektedir.

Tablo 7°den goriildiigii gibi anket sorunlarini cevaplayanlardan % 77°si is saglig1 ve giivenligi
egitimi almig ve bunlardan % 39’u az seviyede, % 44’0 orta dlzeyde, % 18’1 ¢ok iyi seviyede
Is yerinde herhangi bir kazayla kargilagma durumunda sahip olunan kanuni haklarla ilgili bilgi
diizeyine sahip oldugu ve egitim alanlar arasinda is yerinde herhangi bir kazayla karsilagma
durumunda sahip olunan kanuni haklarla ilgili bilgi sahibi olmayan calisan bulunmadig:
belirlenmistir. Benzer sekilde anket sorularmi cevaplayanlarin % 23’1 is saglhig1 ve giivenligi
egitimi almamis ve bunlardan % 72’si is yerinde herhangi bir kazayla karsilasma durumunda
sahip olunan kanuni haklarla ilgili bilgi sahibi olmadigini, % 12’si az seviyede ve % 16’s1 ise
orta diizeyde bilgi sahibi oldugu ortaya ¢ikmaktadir. Is saglig ve giivenligi egitimi almamus
¢ok 1yi seviyede bilgi sahibi olan ¢aligan bulunmamaktadir. Calisanlar iizerinde yapilan anket
sonuglarma gore is sagliglr ve giivenligi egitimi alanlarin biiyiikk ¢ogunlugunun is yerinde
herhangi bir kazayla karsilasma durumunda sahip olunan kanuni haklarla ilgili bilgi sahibi
oldugu goriilmektedir. Is saglig1 giivenligi egitimi almayanlarm bilylik cogunlugunun is yerinde
herhangi bir kazayla karsilasma durumunda sahip olunan kanuni haklarla ilgili bilgi sahibi
olmadig1 ortaya ¢ikmustir.

Tablo 7. Is saghg1 ve giivenligi egitimi alma ile is yerinde herhangi bir kazayla karsilasma durumunda sahip
olunan kanuni haklarla ilgili bilgi diizeyi arasindaki iliski
Is yerinde herhangi bir kazayla karsilasma durumunda sahip
olunan kanuni haklarla ilgili bilgi diizeyi

Hig Az Orta Cok
Is sagligi ve giivenligi ile ilgili Evet -- % 39 % 44 % 18
egitim aldiniz m1? Hayir % 72 % 12 % 16 --
Toplam % 16 % 33 % 37 % 14

Anketlerin uygulandigi ¢alisanlarin is sagligi ve giivenligi egitimi alip — almama durumu ile
calisma hayat1 boyunca daha once hig is kazas1 ge¢irmis olma durumu arasindaki iligki Cizelge
8’de verilmistir. Anket sonuglarina gore, is sagligi ve giivenligi egitimi alip — almama durumu
ile galisma hayat1 boyunca daha dnce hig is kazas1 gegirmis olma durumu arasinda anlamlilik
degeri 0.049 bulunmustur. Bulunan bu degerin 0.05’ten kiiciik olmasi géz Oniine alinan
degiskenler arasinda anlamli bir iligki oldugunu gostermektedir.
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Tablo 8’den goriildiigii gibi anket sorularini cevaplayanlardan % 77°si i sagligi ve giivenligi
egitimi almis ve bunlardan % 22’si ¢aligma hayati boyunca daha once is kazasi gecirmis iken
% 78’1 ise is kazas1 gecirmemistir. Benzer sekilde anket sorularini cevaplayanlarin % 23’1 is
saglig1 ve glivenligi egitimi almamis ve bunlardan % 36’s1 ¢alisma hayat1 boyunca daha 6nce
is kazas1 gecirmis iken % 64’0 is kazas1 gecirmemistir.

Tablo 8. Is saghg1 ve giivenligi egitimi alma ile caligma hayat: boyunca daha énce hig is kazasi gegirmis olma
durumu arasindaki iligki

Calisma hayat1 boyunca daha 6nce hi¢ is kazasi gegirmis olma

durumu
Evet Hayir
Is saghig1 ve giivenligi ile ilgili Evet % 22 % 78
egitim aldmniz m1? Hayir % 36 % 64
Toplam % 25 % 75

Anketlerin uygulandigi ¢alisanlarin is saglig1 ve giivenligi egitimi alip — almama durumu ile
calisanlarin i giivenligi kurallarma gereken hassasiyeti gostermesi durumu arasindaki iligki
Tablo 9’da verilmistir. Anket sonuglarina gore, is saghgi ve giivenligi egitimi alip — almama
durumu ile galisanlarin is giivenligi kurallaria gereken hassasiyeti gostermesi durumu arasinda
anlamlilik degeri 0.040 bulunmustur. Bulunan bu degerin 0.05’ten kii¢iik olmas1 gz oniine
alinan degiskenler arasinda anlamli bir iliski oldugunu gostermektedir.

Tablo 9’dan goriildiigii gibi anket sorunlarini cevaplayanlardan % 77°si is saglig1 ve giivenligi
egitimi almis ve bunlardan % 18’i az seviyede, % 65’i orta diizeyde, % 18’1 ¢cok lyi seviyede
calisanlarin ig giivenligi kurallarina gereken hassasiyeti gosterdigini diisiiniirken ve egitim
alanlar arasinda is giivenligi kurallarina gereken hassasiyeti gostermedigini diisiinen
bulunmamaktadir. Benzer sekilde anket sorularini cevaplayanlarm % 23’1 is saghgi ve
giivenligi egitimi almamis ve bunlardan % 32’si is giivenligi kurallarina gereken hassasiyeti
gostermedigi, % 28’i az seviyede, % 28’1 ise orta diizeyde ve % 12’si ise ¢ok iyi seviyede is
giivenligi kurallarma gereken hassasiyeti gostermektedir. Calisanlar {izerinde yapilan anket
sonuglarina gore i sagligi ve giivenligi egitimi alanlarin biliyliik cogunlugunun is saghgi ve
giivenligi kurallarina gereken hassasiyeti gosterdigi gorulmektedir.

Tablo 9. Is saghg1 ve giivenligi egitimi alma ile calisanlarin is giivenligi kurallarina gereken hassasiyeti
gostermesi durumu arasindaki iligki
Calisanlarin i giivenligi kurallarma gereken hassasiyeti
gostermesi durumu

Hig Az Orta Cok
Is sagligi ve giivenligi ile ilgili Evet -- % 18 % 65 % 18
egitim aldiniz m1? Hayir % 32 % 28 % 28 % 12
Toplam %7 % 20 % 56 % 16

Anketlerin uygulandigi ¢alisanlarin is sagligi ve giivenligi egitimi alip — almama durumu ile is
saghgi ve giivenliginin i hayatmi etkiledigini diisiinme durumu arasindaki iligki Cizelge 10°da
verilmistir. Anket sonuglarma gore, is saglig1 ve giivenligi egitimi alip — almama durumu ile is
saghgl ve giivenliginin is hayatimi etkiledigini diisiinme durumu arasinda anlamlilik degeri
0.047 bulunmugtur. Bulunan bu degerin 0.05’ten kiiclik olmas1 gz Oniine alinan degiskenler
arasinda anlamli bir iligki oldugunu gostermektedir.

Tablo 10’dan goriildiigi gibi anket sorularini cevaplayanlardan % 77°si is saglig1 ve giivenligi
egitimi almig ve bunlardan % 2’si is saghigi ve giivenliginin i hayatmi etkilemedigini
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diistinurken % 18’1 az seviyede, % 59’u orta diizeyde, % 21’1 ¢ok iyi seviyede is saghgi ve
giivenliginin is hayatin1 etkiledigini diistinmektedir. Benzer sekilde anket sorularini
cevaplayanlarin % 23’1 ig saghgi ve giivenligi egitimi almamis ve bunlardan % 12’si is saglig1
ve giivenliginin is hayatin etkilemedigini diisiiniirken, % 28’i az seviyede, % 32’si ise orta
dizeyde ve % 28’i ise ¢ok iyi seviyede is saghgi ve giivenliginin is hayatmi etkiledigini
diisiinmektedir. Calisanlar tizerinde yapilan anket sonuglarima gore is sagligi ve giivenligi
egitimi alanlarin biiylik ¢ogunlugunun is sagligi ve giivenliginin is hayatin1 olumlu yonde
etkiledigini diistindukleri gorulmektedir.

Tablo 10. is saghig1 ve giivenligi egitimi alma ile is saglig1 ve giivenliginin is hayatini etkiledigini diisiinme
durumu arasindaki iligki

Is sagh@ ve giivenliginin is hayatini etkiledigini diisiinme

durumu
Hig Az Orta Cok
Is saghigi ve giivenligi ile ilgili Evet % 2 % 18 % 59 % 21
egitim aldiniz m1? Hayir % 12 % 28 % 32 % 28
Toplam % 5 % 20 % 53 % 23

Anketlerin uygulandigi ¢alisanlarin is sagligi ve giivenligi egitimi alip — almama durumu ile is
saglig1 ve giivenligine dikkat edilmesinin is verimliligi ve kalitesi diizeyini artirma durumu
arasindaki iligki Cizelge 11’de verilmistir. Anket sonuglarma gore, is sagligi ve giivenligi
egitimi alip — almama durumu ile is saghgi ve giivenligine dikkat edilmesinin is verimliligi ve
kalitesi duzeyini artirma durumu arasinda anlamlilik degeri 0.046 bulunmustur. Bulunan bu
degerin 0.05’ten kiiciik olmasi goz Oniine alinan degiskenler arasinda anlamli bir iliski
oldugunu gostermektedir.

Tablo 11’den goriildiigi gibi anket sorularini cevaplayanlardan % 77°si is saglig1 ve giivenligi
egitimi almis ve bunlardan % 2’si is saglig1 ve giivenligine dikkat edilmesinin is verimliligi ve
kalitesi diizeyini etkilemedigini diisiintirken % 15’i az seviyede, % 53’i orta duzeyde, % 29’°u
cok iyi seviyede is sagligi ve giivenligine dikkat edilmesinin is verimliligi ve kalitesini
etkiledigini diisiinmektedir. Benzer sekilde anket sorularini cevaplayanlarin % 23’1 is sagligi
ve gilivenligi egitimi almamis ve bunlardan % 12’si is saglig1 ve giivenligine dikkat edilmesinin
is verimliligi ve kalite diizeyini etkilemedigini diigiintirken, % 36°s1 az seviyede, % 16’s1 ise
orta diizeyde ve % 36’s1 ise ¢ok iyi seviyede is sagligi ve giivenligine dikkat edilmesinin is
verimliligi ve Kkalitesini etkiledigini diisinmektedir. Calisanlar {izerinde yapilan anket
sonuglarma gore is saglhigi ve giivenligi egitimi alanlarin bilyliik ¢ogunlugunun is sagligi ve
giivenligine dikkat edilmesinin is verimliligi ve kalite diizeyini olumlu yonde etkiledigini
diistindlkleri gorilmektedir.

Tablo 11. is saghig1 ve giivenligi egitimi alma ile is saglig1 ve giivenligine dikkat edilmesinin is verimliligi ve
kalitesi diizeyini artirma durumu arasindaki iligki

Is saghig ve giivenligine dikkat edilmesinin is verimliligi ve
kalitesi diizeyini artirma durumu

Hig Az Orta Cok
Is sagligi ve giivenligi ile ilgili Evet % 2 % 15 % 53 % 29
egitim aldiniz m1? Hayir % 12 % 36 % 16 % 36
Toplam %5 % 20 % 45 % 31
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5. SONUCLAR

Insaat sektorii, iilkemizde son yillarda olduk¢a hizli bir ivmeyle siirekli geliserek biyiiyen bir
sektordir. Insaat sektdriindeki bu bilyiimeye paralel olarak isyeri ve ¢alisan sayilarinda yasanan
artigla meydana gelen is kazalar1 ve meslek hastaliklar1 is sagligi ve giivenligini 6n plana
cikarmistir. SGK istatistiklerine son yillarda yasanan is kazalarinin 6nemli bir orani insaat
sektoriinde meydana gelmistir. Is kazalari ve meslek hastaliklar1 konusunda yapilan
aragtirmalar is saglig1 ve glivenligi egitimlerinin dnemli oldugunu ortaya ¢ikarmaktadir.

Bu amagla insaat sektoriinde yaganan kazalar ile bu kazalar1 yasayan kisiler hakkinda egitim,
saglik, yas grubu, tecriibe ve is giivenligi bilgilerini is sagligr ve giivenligi egitimleriyle
degerlendirebilmek icin bu sektorde calisanlarla anket yapilmistir. Anket sonuglarinin
analiziyle, ¢aligmada elde edilen demografik ve sosyokiltiirel 6zellikleri ile is kazalar1 arasinda
bulunan ampirik bulgular degerlendirilmistir. Ayn1 zamanda is saglhigi ve giivenligi bilincinin
olusturulabilmesi i¢in egitiminin dnemini vurgulamak amacuyla is saglig1 giivenligi egitimi baz
alinarak SPSS programiyla ¢apraz tablolar olusturulmustur.

Hazirlanan anketler 110 kisi lizerinde uygulanmis ve sonuglar yorumlanarak verilmistir.
Anketlerin uygulandig1 ¢alisanlarin yas ortalamasi 30 — 45 yas grubunda ve egitim durumlari
ortaokul diizeyindedir. Calisanlarin % 55’1 yaptig1 is ile ilgili egitim almisken % 77’1 ise is
saglig1 ve giivenligi egitimi almistir. Analiz sonuglarma gore yaptigi is ile ilgili egitim alanlarin
hepsi is sagilig1 giivenligi egitimlerinde almistir. Is sagligi ve giivenligi egitimlerini calisanlarin
% 82’1 yeterli bulurken % 55’1 egitimin uygulamali olmasinin daha verimli olacagini
diisiinmektedir.

Calisanlarm konuyla ilgili bilgi diizeyleri orta ve ¢ok seviye olanlar toplami dikkate alindiginda;
is saglig1 ve giivenligi hakkinda bilgi diizeyi % 71, meslek hastaliklar1 hakkinda bilgi diizeyi %
64, alanlartyla ilgili yasan is kazalar1 hakkinda bilgi diizeyleri % 79 ve is yerinde herhangi bir
kazayla karsilasmalar1 durumunda kanuni haklar1 hakkinda bilgi diizeyi % 51 olarak
gorilmektedir.

Anketlerin uygulandigi ¢alisanlarin % 75’1 hi¢ is kazas1 gecirmemistir ve ¢aligma esnasinda
orta ve ¢cok seviyede is giivenligi kurallarina gereken hassasiyeti toplam % 72’1 gostermektedir.
Yine ayni sekilde is saghigi ve giivenliginin is hayatini olumlu yonde etkiledigini % 76’1
diistiniirken is saglhig1 ve giivenligine dikkat edilmesi is verimliligi ve kalitesini artirdigini
benzer oranda ¢alisan diistinmektedir.

Is saghgi ve giivenligi egitiminin 6nemini belirleyebilmek icin egitimi alan (% 77) ve
almayanlar (% 23) dikkate alinarak ¢apraz tablolar olusturulmustur. Is saghg: ve giivenligi
egitim alanlarin % 89’u egitimi yeterli bulurken % 55’1 egitim tekniginin uygulamali olmasinin
daha verimli olacagini diistinmektedir.

Is saglig1 ve giivenligi egitimi alanlarin orta ve ¢ok seviyelerinin toplami dikkate alinarak; %
88’1 is saglig1 ve giivenliginde bilgi sahibi oldugu, % 64’ii meslek hastaliklarinda bilgi sahibi
oldugu, %79’u calistiklar1 meslekte ilgili is kazalarinda hakkinda bilgi sahibi oldugu ve % 51°1
herhangi bir is kazasiyla karsilagmast durumunda sahip oldugu kanuni haklarda bilgi sahibi
oldugu goriilmektedir.
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Yine ayni sekilde is sagligi ve gilivenligi egitimi alanlardan % 72’si ¢alisma esnasinda is
giivenligi kurallarina yeterli hassasiyeti gosterdigini, % 76’s1 is saghgi ve giivenliginin is
hayatini olumlu yonde etkiledigini ve is verimliliginin ve kalitesinin artigimi diigiinmektedir.

Anket caligmalar analizi sonucunda is saglhigi ve giivenligi egitimlerinin daha kontrollii bir
sekilde verilmesi ve gerekli denetlemelerin yapilmasiyla is kazalar1 ve meslek hastalarmin
biiyiik oranda oniine gegilebilecegi kanaati olugsmustur.
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ABSTRACT: T Log files keep activity records of each process performed have an important place in terms of
security. Systems that provide infrastructure for applications such as network security mainly work on log
management. Recently, when the security mechanisms of popular applications are examined, it has been observed
that they aim to strengthen their infrastructures with machine learning (ML) methods, but in some respects, they
have shortcomings. In this study, we aim to develop an alarm and security reporting system using ML methods.
Our study differs from the others since it considers five separate feature (IP reputation, web reputation, malware
destination access, botnet) and includes them into ML model.

Keywords: Log Analysis, Security Management, Alarm System, Machine Learning.

1. INTRODUCTION

Log data is the recordings produced by information systems for various purposes (security,
error recovery, performance, control, etc.) [1]. Log management, which is performed by system
administrators for fault detection, have become widely used for security issues, information
analysis, and compliance with standards in recent times. Moreover, storing the log data is
obligated by the law of 5651, “Internet ortaminda yapilan yaymlarin diizenlenmesi ve bu
yayinlar yoluyla islenen suglarla miicadele edilmesi” and 1ISO 27001 which is the standards of
the IT sector.

Logging is critical task for detection of cyber-attack and event management. Cyber security
specialists reveal the security flaws in the system by analysing the log records. More recently,
Security Information and Event Management (SIEM) has been joined by the broad use of log
management technology that focuses on collecting an extensive variety of logs. SIEM approach
is seen as a more advanced system than logging, since it offers more detailed and real time
configuration and reporting options. One of the most important features of SIEM is the
correlation technique that helps to identify possible attacks by establishing meaningful
connections between independent events with the help of the security policies and rules [2].
SIEM has composed of two main functions; security information management (SIM) and
security event management (SEM) [3]. SIM provides the collection, reporting and analysis of
log data; primarily from host systems and applications, and secondarily from network and
security devices, to support regulatory compliance reporting, internal threat management and
resource access monitoring. SEM processes log and event data from security devices, network
devices, systems and applications in real-time to provide security monitoring, event correlation
and incident responses.
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Traditional SIEM systems push security notifications by conducting static rule-based model
through previous safety threats. However, this approach causes missing different types of attack
which have not appealed before. Generating specific rule sets is necessary to detect dissimilar
cyber-attacks considering the factors such as change in network characteristics, usage
behavior’s, and users’ tendency. Another point to be noticed in current SIEM systems is that
they do not use the analysis results of log file to explore future threats.

In this study, we propose to detect users having unexpected actions on a network by using a
novel hybrid approach consisting of non-static rules and ML methods. We also aim prediction
of the network attacks which may occur in the future. For this aim, we trainee base models
with the use of dataset including log files of many applications to detect the current network
anomalies and unpredictable problems which are revealed using current security issues. The
proposed ML approaches are compared in terms of Root Mean Square Error (RMSE) and it is
concluded that our study is promising in future network attack predictions.

This paper is organized as follows. In Section 2, related works are presented. Section 3 gives
information about the methods used for security analysis of log files. Section 3 gives
information about proposed ML methods in our study. In Section 4, some experiments are
implemented on the data set and the results are discussed. Section 5 concludes the paper and
gives information about our future work.

2. RELATED WORKS

One of the most noticeable points derived from existing literature is that current SIEM
infrastructures contain some limitations. A contribution to the existing literature to eliminate
these limitations is realized by AlSabbagh and Kowalski [4]. They develop a new network
analysis and incident management system to support the companies where socio-technical
security operations are performed [4]. To eliminate the drawbacks and constraints of the SIEM
infrastructure the researchers calculate the risk management maturity level by considering
different metrics.

Some studies in the literature claim that the user information must be analyzed along with data
obtained through log analysis. One of these studies is carried out by Deliang. He states that
cyber profile creation is the most important step for the web applications to obey privacy and
security policies [5]. Accordingly, the user information is also considered beside log analysis
for system threats and problem identification.

In case of considerable number of alarms arising, users in the network must focus on the most
important alarms and ignore non-critical alarms. This situation (warning the users with
inappropriate security alerts) can lead to time consumption and performance decrease. Thus,
specification of the appropriate security alerts is the critical sub task in security systems. One
of the studies on alarm classification is conducted by Schleburg et al. [6]. Researchers identify
the significance level of automatically generated alarms using Market Basket Analysis method.

In the past several years there has been extensive research into detection and information
gathering against external threats. However, a few numbers of study have been utilized for
insider threat which is widely known as the most dangerous attack. Insider has many advantages
since knowing internal organization. Focusing on insider threats may cause the increase in the
false generated alarms. One of the studies aiming to find a solution to this issue is carried out
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by Ambre and Shekokar [7]. The researchers aim to decrease the unnecessary alarms to detect
insiders as soon as possible.

3. PROPOSED APPROACHES
3.1. K-Means Algorithm

The K-means clustering is one of the simplest and most popular unsupervised ML algorithms.
Unsupervised algorithms reveal information from datasets using only input vectors without
referring to tagged attributes [8]. To achieve this goal, the number of clusters in the data set is
determined first. Clusters represent the collection of the data points due to certain similarities.
Assignment of samples to clusters is done by determining the distances from cluster centers.

The general architecture of the K-means clustering algorithm is demonstrated with the flow
diagram in Figure 1.

[= ]

Pre processing

Determination of k'
centroids

I

Calculate the distances of
samples to centroids

!

Place the samples to the most
appropriate clusters

I

Find the new centroids of
the clusters

Figure 1. Flowchart of K-means algorithm
3.2. Gaussian Mixture Model

Gaussian Mixture (GM), which has similar properties with the K-mean, is one of the most
widely used clustering methods. According to researches, GM method has some advantages
over K-means. Firstly, K-means cluster the data without considering the variance, while GM
model uses the variance to reveal the distribution patterns of the data in a clearer manner [9].
To summarize, K-means model is that it places a circle (or, in higher dimensions, a hyper-
sphere) at the center of each cluster, with a radius defined by the most distant point in the cluster.
This works fine for when the data is circular. However, when data takes on different shape, K-
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means does not perform well. In contrast, Gaussian mixture models can handle even very
oblong clusters.

4. EXPERIMENTAL STUDY

4.1. Experimental Dataset

The experimental dataset of our study is constructed collecting data from more than one
hundred information system components (network, operating system, database, and so on). First
collected data is normalized and split into columns to make the analyse process easier. During
this process, legacy category and priority level of the events are tagged. Figure 2 shows the
examples of the categorized samples.

Figure 2. Attributes of sample data.

Finally, the attributes of the samples in the dataset are combined with each other with respect
to generate new features (Figure 3).

.+..

Figure 3. Combination of attribute names.
4.2. Evaluation Results

In this study, our goal is to reveal possible threats on the system and to minimize the number
of false alarms received during the day. Static rules (not specific for company’s network
architecture) can cause excessive alarm triggers, performance loss occurs accordingly.
Considering this situation, False Positive alarms, generated by using static rules, is examined.
The results are visualized as in Figure 4.
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Figure 4. Analysis of False Positive alarms

The threshold value for the alarms tagged as False Positive is dynamically set to minimize the
number of security threats. This dynamic architecture determines the alarms to be triggered
with respect to change of the user actions within 24 or 48 hours. As a result, the number of the
false alarms decreases by 70% to ensure more accurate notification system.

In the second part of our study, K-Means and Gaussian Mix clustering algorithms are performed
on the experimental data set. Using the obtained results, we identify the users who behave
differently from what it should be. K-means algorithm split the samples into two category such
as “frequently seen situations” and “rare cases” (Figure 5). If any log that are newly introduced
to the system has different characteristics from the rare cases, they are included in the "rarely
seen” cluster and a security alarm is triggered.
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Figure 5. K-means clustering (k=2)
When the results Figure 6 illustrates are evaluated, it is concluded that K-means is not an
appropriate alternative for our study, and the GK model performs better on the experimental
dataset.
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Figure 6. GK clustering (k=3)
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Figure 7 and Figure 8 show some of the system interfaces.
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5. CONCLUSION

The most important problem in traditional security mechanisms is the use of static rules for the
detection of different attacks. However, this common approach can be inefficient due to the
change of network characteristics, usage differences, and user tendencies. Considering the
deficiencies in the existing systems, we aim to identify the users performing unusual actions on
a network by using a novel hybrid approach consisting of non-static rules and ML methods. We
also utilize prediction of the network attacks which may occur in the future. In the experimental
studies based on the K-means and the GM clustering algorithms, it is observed that GM gives
more accurate results to detect of unusual events in the network.
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Figure 8. System Interface
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ABSTRACT: This study focuses on influences of orientation angle and mounting position of PV modules on
energy output for different longitudes in August. Analyses were carried out using L8 orthogonal array, which has
three control factors with two levels, according to Taguchi technique. Orientation angle and mounting position of
PV modules and longitude were considered as control factors. Effects and the optimum levels of control factors in
PV energy output were evaluated using analysis of Signal-to-Noise (S/N) ratio whereas importance and percentage
contribution rates of control factors on PV energy output were determined using analysis of variance (ANOVA)
at 95 % confidence level. According to results, the optimum energy output was obtained using the first levels of
PV orientation angle, PV modules mounting position, and longitude. PV orientation angle, PV mounting position,
and longitude are the significant control factors due to P < 0.05 value. Also, the most effective control factors are
found to be PV mounting position which has 95.23 % contribution, longitude which has 2.98 % contribution, and
PV orientation angle which has 1.67 % contribution, respectively.

Keywords: Orientation Angle, Mounting position, PV Module, Longitude.

1. INTRODUCTION

The need for renewable energy has been increasing all over the world in recent years. Some of
renewable energy resources are solar energy, wind energy, biomass energy, tidal power,
geothermal energy [1]. Solar energy is known as one of the cleanest energy resources and it is
generally referred to as “alternative energy” to sources including fossil fuel energy such as oil
and coal [2]. A lot of studies have been presented due to the excessive use of solar energy. In
literature, there are also many studies including PV modules. Sreenath et al. [3] investigated the
formation of glare and its effect from the offered solar PV plant mounted in an airport. Shukla
et al. [4] presented a study on building integrated photovoltaic applications for sustainable
building based on South Asian countries. Hussein et al. [5] determined performance analyses
of photovoltaic modules in accordance with various tilt angles and orientations. Kern and Harris
[6] presented a study consisting of the optimal tilt of a solar collector. Xu et al. [7] investigated
the optimal tilt angle of a photovoltaic panel soiled. Gunerhan and Hepbasli [8] examined the
optimal tilt angle for solar collectors in accordance with building applications. Wilson and Paul
[9] evaluated the influences on convection occurring using a photovoltaic panel based on a
computational fluid dynamic model. Chang [10] analysed theorical electric energy output using
photovoltaic modules in accordance with various tilt and azimuths angles in Taiwan. In
literature, there are different studies with PV modules. In this study, effects of orientation angle
and mounting position of PV modules on energy output for different longitudes in August using
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L8 orthogonal array, which have three control factors with two levels, according to Taguchi
technique were evaluated.

2. MATERIALS AND METHODS

In analyses, the effect of mounting position of photovoltaic modules was evaluated in energy
output. This factor is related to air temperature directly. The map layers regarding specific
photovoltaic power output and the air temperature of areas for Turkey were presented in Figure
1 [11].

-\-.
»
+

(a) specific photovoltaic power output

"L bbbl MNE

o
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(b) air temperature
Figure 1. Map layers (a) specific photovoltaic power output and (b) air temperature [11].

Statistical analysis was conducted using Taguchi’s L8 orthogonal array design and this array
contains three control factors with two levels. Longitudes for areas in Turkey, mounting
position of PV modules, and orientation angle of PV modules were accepted as control factor
in determining energy output. Latitude value for every area was considered as 38.6 in degree
while longitude values were used to be 27.5 and 41.5 in degree. For second control factor,
mounting position of PV modules were assumed as free-standing and building-integrated
systems. In free-standing system, the PV modules are fixed on a rack consisting of air flowing
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easily behind the modules [12]. In building-integrated system, PV modules are totally
constructed into the structure of the wall or roof of a building and so air movement behind the
modules was not occurred [12]. For third control factor, orientation angle of PV modules was
considered as 0 and 5 in degree. In addition, this angle was generally used as azimuth and it is
the angle of PV modules relative to South [12]. East, South, and West were determined as -90°,
0°, and 90° [12]. Control factors used and their levels in analyses were presented in Table 1.

Table 1. Control factors and levels

Control Factors Symbol Level 1 Level 2

Longitude A 21.5 41.5
Mounting Position B free-standing building-integrated
Orientation Angle C 0

In analyses, data for PV energy outputs were obtained using control factors with different levels.
These data were used from photovoltaic geographical information system (PVGIS) [12]. In
system, there are many different solar radiation databases with hourly time resolution.
However, in this study, analyses were performed using satellite-based database named as
PVGIS-CMSAF, which is old default satellite-based database of PVGIS 4 for areas such as
Europe, Africa and some areas of South America [12]. Energy output data obtained for different
control factors including various levels were shown in Table 2 [12].

Table 2. PV energy output
Longitude Mounting Position Orientation Angle PV Energy Output [12]

(degree) (-) (degree) (kWh)
21.5 free-standing 0 168.63
21.5 free-standing 5 167.79
21.5 building-integrated 0 160.55
21.5 building-integrated 5 159.75
41.5 free-standing 0 167.32
41.5 free-standing 5 165.99
41.5 building-integrated 0 159.52
41.5 building-integrated 5 158.30

In order to obtain the highest energy output data, statistical analysis were carried out using “The
higher is better” quality characteristic based on Taguchi Method and the approach was given in
Equation 1 [13].

(§/N)yg = —10.log (n_l Z(le _1> (1)

In here, n represents the number of analyses for energy output in a trial and yi shows ith data.
In order to see effects of control factors in energy outputs, the S/N ratio analysis was employed
using Minitab 15 statistical software [14].

3. RESULTS AND DISCUSSIONS

This study deals with influences of orientation angle and mounting position of PV modules on
energy output for different longitudes in August based on L8 orthogonal array design with three
control factors at two levels. PV energy outputs obtained from photovoltaic geographical
information system and their S/N ratio data for “The higher is better” quality characteristic were
tabulated in Table 3.
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Table 3. Results and S/N ratio data

Results
Test Designation PV Energy Output [12] S/N ratio
(kwh) n (dB)

1 A1B1Cy 168.63 44.5387
2 A1B:C; 167.79 44.4953
3 A1B.Cy 160.55 44.1122
4 A1B.C, 159.75 44.0688
5 A2B1Cy 167.32 44.4710
6 A2B1C, 165.99 44.4016
7 A2B,Cy 159.52 44.0563
8 A2 B.C, 158.30 43.9896

Overall Means (E;) 163.48 -

3.1. Examination of control factors

In order to find the optimal levels of PV orientation angle, PV mounting position, and
longitudes in energy output, average means and their S/N ratio data in accordance with each
control factor at two levels for energy output data were calculated by Minitab R15 statistical
software. The results were shown in Table 4.

Table 4. Response table for S/N ratio and mean
S/N ratio in dB Mean (kWh)
B C A B C
1 4430 44.48 4429 164.20 167.40 164.00
2 4423 44.06 44.24 162.80 159.50 163.00
Delta 0.07 042 0.06 140 7.90 1.00
Rank 2 1 3 2 1 3

Level

Table 4 shows that the optimal control factors were obtained for the first levels. In order to see
effects of PV orientation angle, PV mounting position, and longitudes, average S/N ratio data
for control factors at two levels based on energy output data were plotted in Figure 2. According
to Figure 2, the increase of levels of PV orientation angle, PV mounting position, and longitudes
causes the decrease of energy output in system.
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Control Factors

Longitude Mounting Position Orientation Angle

44,52
44,48
44,44
44,40
44,36+
44,32

44,28+ \ .\
44.24- \. T

44.20+

Mean of SN ratios in dB

44,164
44,12+
44,08
44.04+

44,00

T T
275 41.5 free-standing building-integrated 0 5

Levels
Signal-to-noise: Larger is better

Figure 2. Effects of control factors in energy output

3.2. Analysis of Variance for energy output

In this study, three different control factors which have two levels were used and each control
factor has various % effects in energy outputs. In order to calculate the % influences and the
significant levels of PV orientation angle, PV mounting position, and longitude, variance
analysis (ANOVA) was employed at 95 % confidence level. ANOVA results for R-Sq = 99.88
% and R-Sq (adj) = 99.79 % was presented in Table 5.

Table 5. Analysis of Variance for energy output
Source DF SeqSS AdjSS AdjMS  F P % Effect
A 1 3906 3906 3.906 99.80 0.001 2.98
B 1 124.899 124.899 124.899 3191.29 0.000 95.23
C 1 2195 2195 2195 56.07 0.002 1.67
4
7

Error 0.157  0.157  0.039 0.12
Total 131.156 100

As can be seen from Table 5, PV orientation angle, PV mounting position, and longitude are
the significant control factors due to P < 0.05 value. Also, the most effective control factors are
found to be PV mounting position which has 95.23 % influence, longitude which has 2.98 %
influence, and PV orientation angle which has 1.67 % influence, respectively.

3.3. Prediction of optimal energy output
In order to predict the optimal energy output for the highest data, the significant levels among

PV orientation angle, PV mounting position, and longitudes were selected. Therefore, energy
output data based on the optimal levels of control factors (A, B, C) were determined. The
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optimal result of response was calculated using control factors at the first levels. The predicted
mean of energy output may be calculated based on Equation 2 [13].

g, = Ay + By + C; — 2Tg, )

In here, A, =164.20, B, = 167.40, and C, = 164.00 express the average means of PV orientation
angle, PV mounting position, and longitude at the first levels for energy outputs. These data
were given in Table 4. Ty is calculated as 163.48 and it is the average mean based on Taguchi’s
L8 orthogonal array. This data was given in Table 3. Substituting data given of different terms
in Equation 2, pg_ is calculated be 168.64 kWh. Confirmation analysis and population at 95 %
confidence intervals were solved in accordance with Equation 3 and Equation 4 [13].

0.5

1 1 3
Clca = (F(x;l;nzverror [@ + E]) ( )
F(x'l'n Verror 05
CI = (2—> 4
POP Neft ( )
- ©
eff = (1 + Tpor)

In here, n2 =4 is the error value for the degree of freedom in ANOVA and o = 0.05 express the
risk. Fo.0s5.1.4 1S solved as 7.71 [13] based on data of F ratio table for 95 % confidence interval.
R express the sample size of confirmation analysis of response and this value is determined to
be 1. N demonstrates the sum of number of analysis carried out for response and numerical
value of this term was taken as 8. Tpor presents the sum of the number of degrees of freedom
(DF) for the important control factors in analysis of variance and numerical value of this term
was solved as 3. Therefore n, -, was calculated as 2. Venor illustrates the error value for Adj MS
in analysis of variance and numerical value of this term is given as 0.039 in Table 5. Numerical
data for Clcr and Clpop were calculated as + 0.672 and + 0.388, respectively. The estimated
confidence interval for confirmation analyses [13] is:

Mean pg, — Clgr < pg; < Cler + Mean pg,

The 95 % confidence interval of population [13] is:

Mean |J.ES - Clpop < |J.ES < Clpop + Mean |J.ES

The comparation of reference and predictive results for optimum result at estimated confidence
intervals is presented in Table 6.

Table 6. Optimal results for reference and predicted data
Predictive  Predicted Confidence Intervals
Test Reference [12] Result for 95% Confidence Level
167.968 < pg < 169.312 for Clcr

168.252 <pg < 169.028 for Clpop

AiB:1C:  168.63kWh  168.64 kWh

4. CONCLUSIONS

In this study, the effects of orientation angle and mounting position of PV modules on energy
output for different longitudes in August were investigated. Analyses were performed using L8
orthogonal array, which has three control factors with two levels, according to Taguchi
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technique. Impacts and the optimal levels of control factors in PV energy output were

determined using analysis of Signal-to-Noise (S/N) ratio whereas importance and percentage

contribution rates of control factors on PV energy output were examined using analysis of
variance (ANOVA) at 95 % confidence level. According to this study, the following
conclusions can be summarized:

» The optimum energy output was obtained using the first levels of PV orientation angle, PV
modules mounting position, and longitudes.

» The increase of PV orientation angle and longitudes leads to decrease of energy output.

» Compared with PV mounting position which has building-integrated system, energy output
of PV mounting position with free-standing system is higher.

» PV orientation angle, longitudes, and PV mounting position are significant control factors
due to P < 0.05 value. Also, the most effective control factors are found to be PV mounting
position which has 95.23 % effect, longitude which has 2.98 % effect, and PV orientation
angle which has 1.67 % effect, respectively.

» Predicted energy output data at 95 % confidence intervals of confirmation analyses were
calculated as 167.968 < ug < 169.312 for Clcr and 168.252 <ug_< 169.028 for Cleop.
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ABSTRACT: Although the application of mobile devices to educational curricula can be easier than in computers,
many obstacles might also be encountered. Therefore, measurement of the performance of mobile learning process
and further improvements by incorporating and assessing learners style should be seriously taken under
consideration. The purpose of this research study is to assess mobile learning performance by proposing an
improved methodology. The study pays attention to the instructional strategies that imply different settings and
approaches when using mobile devices in the learning process, based on the case study insights from different
universities.

Keywords: Assessment, Education, Learning Personalization, Mobile Learning, Performance.

1. INTRODUCTION

The innovations and rapid advances in mobile technologies have significantly increased since
2007 with the presentation of the iPhone followed by iPad. The exciting benefits of having all
important information accessible everywhere in real time have given rise to the huge
investments on internet technologies and mobile devices, like tablets and smart phones.
Needless to say, the biggest advantage of mobile learning over e-learning is the mobility that
minimizes the dimensional constraints of time and location, thus provides flexibility,
convenience and the comfort to learn at any place, any time.

As a result of rapid increase in the usage of mobile phones and internet in the recent decade,
mobile learning became almost the most popular and preferred method among the learners.

The remarkable popularity of mobile learning systems also leaded researchers to measure the
effectiveness of these systems. Chen suggested that the theory has been validated by its
successful application within the classroom stating that “The absolute objectivity of any
methodology is illusory” [1]. Many researchers perceived the mobile learning as a higher level
development of e-learning [2-4] and considered as part of distance education [8].

Time to transmit the data to mobile devices is often longer then to computers, thus it might
impact the patience of learners. It is one of the reasons that might have initiated skepticism
about effectiveness of using mobile devices in learning process which needs to be seriously
investigated.

This study addressed the following research questions: What are the opportunities and
potentials of enhancing the accessibility of learning information in real time? What kind of
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communication levels and knowledge transfer exist between learners and educational
institutions, by means of the mobile devices? How to measure and improve the mobile learning
performance?

We examined the learning theories, learning styles and instructional strategies, followed by
analyzing their influences on the individual learning processes. Results helped us define the
fundamental requirements of personalized mobile learning experience which concluded with
the customization of the educational processes based on the personalized mobile learning.

2. EXPERIMENTAL STUDY

With the main focus on the integration of mobile devices in the education curricula, this study
started with a theoretical research by reviewing the secondary data from literature review,
followed by an empirical research to collect primary data through custom-designed
questionnaires that were presented to university students.

According to Hu [6] and Sukic [4], there is a lack of research studies on educational aspects of
the use of mobile technologies. Efficiency, effectiveness and usability of mobile learning
applications as well as overall performance should be investigated by researchers. Therefore,
we tried to investigate the performance of mobile solutions used through the research as an
experimental case study, to determine the factors that influence the development of efficient
mobile learning applications.

Based on previously defined personalization criteria, we have designed a personalized mobile
learning model for the “Software Engineering” course using “Google Classroom”. For the
research study needs, a case study was initiated and students from various faculties (like
Computer Sciences, Public Administration, etc.) have been included in the study within two
particular courses where they used mobile devices in the learning process.

According to Chen [1], the theory of “multiple intelligences” (also known as Gardner's theory),
implies that there are eight kinds of intelligences owned by each individual: logical-
mathematical, naturalist intelligence, intrapersonal and interpersonal, spatial, body-kinesthetic,
linguistic and musical. According to this theory, “specific pedagogies should be devised to
allow each of the abilities to be expressed, and different intelligences represent not only
different content domains but also learning modalities™.

In our study we suggest the adaptation of the Gardner’s learning modalities and learner’s
preferences in the field of mobile learning and represent each type of intelligence with
appropriate type of mobile learning content that has to be represented and covered in mobile
learning application as shown in the Table 1.

Table 1. Relationship between intelligence, mobile learning content type and technology [1]

Intelligence Content type [Technology

Linguistic Prose, Textual Explanation HTML, Word

Logic-Math Bulleted List HTML list

Spatial Diagrams, Graphics, Movies Flash, iMovie, Power Point
Musical Sound Effects, Sound Track Flash, Audio

Intrapersonal Self-Guided Problem Analysis, Journals HTML forms with script
Interpersonal Discussions — problems, cases, questions Threaded discussion
Naturalist Categories and Metaphors HTML lists, Flash

Bodily- Kinesthetic |Hands-on Exercises Simulations Scripts Virtual Environ.
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The instructional strategies of Inquiry-based Learning, Project-based Learning, Task based
learning and Problem-based learning have been investigated with a conclusion of Task Based
Learning being the most appropriate strategy for mobile learning [3].

We recommend that the personalization requirements should be designed such that they
represent the inherent knowledge in a form that is reusable and accessible to course developers
using personalized mobile learning development platforms and learners using personalized
mobile learning services.

In the study, we analyzed the students’ learning styles by following the guidelines of Felder and
Silverman [5]. The index of learning styles (ILS) through using the ILS Questionnaire as
discussed in Felder was used in the research. After we presented the questionnaires to learners
and received the results, we have mapped them with intelligence type and mobile learning
content type, together with the corresponding instructional strategy with an aim to personalize
the mobile learning experience.

Students’ learning styles have been defined from the responses to questionnaires that covered
questions on their preferences, previous knowledge, hobbies, interests, etc.

Based on their learning modalities and preferences, we defined the personalization criteria,
focused on different adaptation types: adaptation to students’ behaviour; adaption to learning
objective; adaptation to students’ knowledge level, learning modalities and preferences, with
the aim of adopting an appropriate way of learning, navigation and assessment.

As an example, if the majority of students were found to be of reflective type of learners
(learners that prefer to develop critical thinking, self-awareness and analytical skills) then that
would need to be combined with the instructional strategy-project based learning or problem
based learning and organize the mobile learning content according to the Table 1, respecting
the correlation between the type of intelligence majority of students exhale with the type of
content that needs to be provided to them. On the other hand, if the majority of students were
found to be of active type of learner (that prefer hands on approach and actively doing
something while they learn and investigate) then combined with “task based learning”
instructional strategy and further in correlation with the content that suits the majority type of
excellence in a particular type of intelligence.

The mobile learning performance methodology as estimation calculation approach we have
based on improving as outlined by Lord, method of iteration for solving equations method
known as the Newton-Raphson method. The improved equation is shown below:

T@=21.@)  ED= e

The Information Test (IT) with i = 0 for the incorrect response, and i = 1 if the response is
correct and the calculated mobile learning skill ability level (Q) after users answer n questions:
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Z Si+1 (Qn+1)
Qn+l = Qn + In:_ll
Ii+1 (Qn—l) @
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The standard error S(€2) and information test IT () calculate the ability level Q by summing
the values of the variable functionality (\VF) at the candidate's ability level to obtain the test
information. The importance of performance measurement is based on the fact that it seeks to
bring together diverse body of knowledge and to ensure that the key issues are identified, by
focusing on the process of performance measurement of mobile learning.

The most important element of testing is the collection of test items. The item test represents
the parameters that are connected with the variable response factor (VRF) selected to model the
data included in the pool and to measure the ability levels (€2) of the learners.

The difficulty of an item is a location index and defines the item functions along the ability
scale.

The main aspect of variable response factor (VRF) is the exponential function, curve of
characteristics (CC) [2]. CC expresses the difficulty level by measuring and provides the
probability of answering a question correctly by a learner with certain skill level ().

The simplest VRF (variable response factor) model is the “1-parameter logistic” (1PL). This
item parameter represents and calculates “the difficulty” and the equation for this model we
have adopted and modified from Georg Rasch model [3] and used in mobile learning as
provided below:

1

-1(Q-d) 4)

P(Q) =
l+e
where d is the calculated difficulty parameter, Q is the ability level and e is the constant 2.718.

The variable functionality (\VF) is a very important value of VRF models, and it provides
information about the learner’s ability determined in an adaptive assessment. For selecting a
question appropriate to the learner, VF for all the questions in the assessment should be
calculated and the question with highest value of VVF is presented to the learner.

1 (Q) = R(Q)1-F(£2) ©)
where Pi(Q) represents the correct response to item i probability for ability level Q [3].
Throughout the study, 73 students out of 87 (in total 83.90%,) entered a pre-test and post-test

questionnaire. The main purpose was to measure the increase in their skills before and after the
use of the mobile learning.
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The results from these questionnaires showed a positive relationship between the post-test and
pre-test, T (1,62) = 79.989, p < 0.001, and there were no significant differences between genders
T (1,62) = 3.076, p = 0.079.

Table 2. Anova results for gender and their interactions according to training condition found from post- test

L The sum of ;
Variation squares diff MeanSquare T Value S
all 59.649 2 59.989 1.392 0.319
gender 450.477 3 601.012 9.003 0.007
all * gender 49.879 6 60.072 0.978 0.326
errors 2798.204 29 39.754
Total 53187.330 40

Table 3. Ancova results for gender and their interactions according to training condition found from post- test

L The sum of .
Variation squares diff MeanSquare T Value S
all 453.276 2 453.786 17.021 0.001
gender 84.911 2 84.911 2.995 0.084
Post-Test 2207.208 2 2207.208 79.998 0.001
all post-Test 134.962 6 134.962 4.899 0.028
error 1711.647 29 30.012
Total 6069.809 41

*p<0.05, **p<0.001 (These are standard values for threshold levels)
6. CONCLUSIONS

This study tried to propose a personalized conceptual methodology to measure mobile learning
performance by comparing and evaluating the various levels of mobile learning effectiveness,
based on the methods defined by Gardner, Felder and Silverman. Various measurements were
also realized by using an improved Newton-Raphson iterative method and other mathematical
formulas to measure mobile learning skill levels and assess learners’ learning ability levels
together with other parameters like d (difficulty level) and Q (ability level).

The opportunities for improving accessibility to information in real time when needed,
communication level between learners, knowledge transfer and with this the level of learning
at educational institutions through use of mobile devices was evaluated as positive with quite
high impact. Mobile learning had a substantial impact on the above mentioned factors.
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