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Research Article

ESTIMATING BASE STATION-BASED INDOOR AND OUTDOOR ELECTRIC FIELD
LEVELS BY ARTIFICIAL NEURAL NETWORKS

Esin KARPATY, Muhammed Rafet BAKCAN? , Mustafa Mohamedosman Abbaker IBRAHIM?,
Berkant CELIK*, Ahmed Takieddine CHABBAR®, Oguzhan DOGAN®

The measurement of the electric field and the magnetic field is significant in
order to determine electromagnetic pollution level compared to standards.
In Turkey, electric field limit value, which is emitted by base station is 13.5
V/m for one mobile communication operator. In addition, according to the
regulation of medical devices, the limit of electric field value inside the
hospital, where the medical devices are located, is 3 V/m. In this study, the
measurement and evaluation of electromagnetic pollution inside and outside
the Bursa Uludag University hospital building are performed and its
compliance with national and international standards is examined.
Moreover, the distribution of electric field in the environment is estimated by
the artificial neural network and fuzzy logic methods considering the
measurement results. The measured electric field values, estimated electric
field values, and national standard values are compared.

Key words: Electromagnetic pollution, Electrical field, artificial neural
network, fuzzy logic, prediction.

1. Introduction

In the shadow of these days, electromagnetic waves (EM) have become a complementary part
of our every day life. This influences almost every aspect of our day-to-day life. However, the
electromagnetic waves are radiated from natural, man-made sources such as TV, radio, wireless,
Internet, cellular communication, and many other devices which are also exchanging increasing
amounts of data by means of radio frequency (RF). So, this leads to installation of more base stations
to cover new areas with new technology to work within the limited geographic area for unlimited
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users. That means the exposure of high levels of Electromagnetic Radiation (EMR) due to high RF
power broadcasting in order to maximize the coverage of area [1-5].

Overall, EM waves, which have very wide range of frequencies, are part of non-ionizing
radiation. While the operating system and frequencies can be in the range between 27 MHz — 300
GHz. In the best case, in Europe and Turkey there is over 600 MHz of spectrum available for mobile
operators including the 800, 900, 1800, 2100 and 2600 MHz Frequency Division Duplex (FDD) and
Time Division Duplex (TDD) bands (GSM, CDMA, UMTS, LTE respectively, or a combination of
generation technologies) [6,7]. The health effects of base stations and mobile phones in Turkey are
really a tender topic. In gathering the accepted limits in many countries including European Union and
the USA are recommended by The International Commission on Non-lonizing Radiation Protection
(ICNIRP), which is recognized by the World Health Organization (WHO). Turkey applies the limits
which are determined in accordance with ICNIRP's limits [7]. Although, many parameters can change
the EMR values such as the distance from base stations, the line of side path, the weather and
Geographic nature and the number of traffic in the channel or the capacity of users in one cell. Thus,
measurement and statistical evaluation have a large importance in the determination of EMR limits.

In the literature, there are many studies about the effect of high-frequency electromagnetic fields
on human health. These studies were carried out with some animals, especially farm animals, as well
as humans [8]. Research on humans has focused on children, adults and the elderly. High-frequency
electromagnetic field was applied to tissues, such as skin, brain, etc. of children of up to 10 years old,
and the resultant effects were compared with the results of adults. [9].

In addition, some studies have shown that children in the womb do not have cancer risk based
on base station radiation [10]. In studies on children [11], the level of the electromagnetic pollution
that the children between 1-10 years old are exposed to, due to wireless communication devices, are
measured and Specific Absorption Rate (SAR) values of body tissues are compared with international
standards [12].

In studies about sparrows, it was found that in the regions exposed to the frequencies of 900
MHz and 1800 MHz, the male sparrows were found to be less and this would have a negative effect on
semination period [13].

Exposure of electromagnetic measurement in the GSM band studies is performed in regions
where the population density is excessive. The mapping in the measured region is carried out and the
results are compared with the international standards, determinations to determine the regions which
have a negative effect on human health [14-20].

SAR values generated in case of close proximity to indoor devices, such as wireless baby
monitors, phones, wireless headphones with different output powers, are calculated, the maximum and
the average exposure Electromagnetic field (EMF) values are measured and evaluated [21].

The electromagnetic pollution, in the places where the mobile network is installed, can affect
the communication of new networks. New methods are used to detect and reduce pollution [22].

In studies about the estimation of electromagnetic pollution in the literature, wireless
electromagnetic field value detection in the indoor environment was estimated by Artificial Neural
Networks (ANN) according to the position in the region. The attenuation effect of the facility
obstacles between the base station and the mobile phone is estimated by artificial neural networks
according to the mobile phone communication frequencies [23].
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EMR has been obtained by artificial neural networks considering the parameters, such as
building materials, window dimensions, and the number of windows in places such as houses, schools,
and complex buildings [24].

The aim of this study is to measure and statistically analyse the EMR limits for GSM (2G&3G)
and LTE (4G&4.5G). The electric field values on specific position from the base station were
measured at different times of the days. The measurements were carried out at 45 different outdoor
and 33 indoor locations in Bursa Uludag University’s main campus and inside and outside the Faculty
of Medicine Hospital. In this study, the predicted outdoor electromagnetic pollution values by artificial
neural network and fuzzy logic are presented.

2. Electromagnetic Wave Propagation

Electromagnetic waves, which are the result of time-varying electric and magnetic fields, are
means of energy or information. Typical electromagnetic waves are TV signals, radar rays, and radio
waves. All electromagnetic waves have their signature features; they move at high speed and spread
out from the source.

Electromagnetic waves, at distances sufficiently far from sources can be approximated as
uniform plane waves. The E and H field components of these waves are everywhere normal to each
other and to the direction of wave propagation [25].

The time-average power density carried by the electromagnetic wave can be calculated as

- 1T,
Prve(z) = T,L P(z, t)dt (1)

where; P(zt) is the Poynting vector representing the instantaneous power density crossing unit area at
a specific time in Eq.(2).

B(z,t) = Exil @)
The time-average power density carried by the electromagnetic wave can be also calculated as

Pre = %Re{fsxﬁ;} ®3)

where Es and ﬁ;‘ are the phasor forms of electric field and conjugate of magnetic field, respectively.
The intrinsic impedance of the medium is calculated as

Zy=2 4)
Ho

In the far field region, where the electromagnetic waves are reffered to as radiative field, the
electric field, magnetic field and power density are combined together with Eq. (5).

2
P =2 or P = HZZ, )
Z,

0
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where P ; Power density, (Watt/m?), Eo ; Electric field intensity (V/m), Ho ; Magnetic field intensity
(A/m) and Zo; characteristic Impedance of free space, which is approximately 377 Q [26].

Eqg. 5 shows that, in the far field, the measurement of the electric field or the magnetic field
gives information about the electromagnetic level of the medium [25,27] and when the value of one of
the field components is measured the other can be calculated.

3. Measurement

In this study, the electromagnetic pollution caused by the base station was measured in and
around Bursa Uludag University medical school. The measurement results are divided into frequency
ranges between 27 MHz to 3 GHz, allocated by the ICTA and classified as GSM, UMTS, LTE and
other frequencies other than these frequencies. Measurements were carried out inside and outside the
hospital building.

The measurements outside the hospital were performed at the main entrance because of high
density of people. The measurement points were selected as the places where the medical devices are
located, the clinics close to the base station, the corridors and waiting rooms inside the hospital. The
position and the measurement time are randomly selected and the most important selection criterion is
determined to be the population density for indoor measurement. A total of 33 points were identified
for indoor environment.

The measurement points in the front were close to the building and were across the base station.
The measurements were carried out behind the windows and walls that face the base station.

In addition, measurements were performed inside the clinics and compared with national
standards.

The measurement position and the measurement time are taken into consideration for outside
measurement. A total of 45 measurements were identified for outdoor environment. After
measurements, the data in the outdoor environment were obtained by taking the 6-minute average

electric field values for each position considering the latitude and longitude of the measurement point
and measurement time.
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Figure 1. Indoor maximum and average electrical field value

The maximum value obtained indoor is 4.314 VV/m and the minimum electric field value is

0.108 V/m. The highest electric field value was detected on the 3rd floor of the building behind the
window facing the base station. 0.97 V/m value is measured behind the wall across the same base
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station. And the same value of the electric field (0.97 V/m) is obtained when the measurement is
repeated behind the wall in front of the same base station, on the same floor. Average and maximum
peak electric field values obtained during indoor measurements are given in Fig.1.

4. Artifical Neural Network

The results of systematic measurement of outdoor measurements are trained by artificial neural
network. The output electric field values are estimated based on the input parameters of the trained
network. To estimate the total electric field value, there are 3 input parameters and 1 output value as
shown in Fig. 2. The input parameters are latitude, longitude and measurement time values. In order to
increase the accuracy of the predicted values given by the training network, it is necessary to select the
input parameters as systematically as possible. If the random values are applied as input values, the
MSE (mean squared error) value increases and the accuracy of prediction value decreases. For this
reason, although the number of input data is not much, three different interrelated parameters are
applied to the network as input variables.

Hidden Layer OQutput Layer
Input Output
- <
= | . s 1
10 1

Figure 2. Input parameters, measurement time, latitude, longitude for total E field prediction

In the second artificial neural network which was constructed in the study, different output
parameters were tried to be estimated by using different inputs [28]. This created network has 5 inputs
and 1 output parameters. Three of the input parameters are fixed and the other 2 input parameters are
changed depending on the output parameter to be obtained. The parameters that are constant are
latitude, longitude and measured time values of the measurement point, while the other 2 dependent
input parameters are average electric field values covering the GSM, UMTS, LTE frequencies. One of
the GSM, UMTS and LTE electric field values is estimated as an output parameter while the
remaining 2 frequency components are defined as input parameters in Fig. 3. For example, in order to
estimate the electric field value of UMTS frequency, input parameters are latitude, longitude,
measurement time, GSM and LTE electric field values.

Hidden Layer Output Layer
Input Output
- ‘<
= | = 5 1
10 1

Figure 3. Input parameters; time, latitude, longitude, LTE and UMTS frequency values

In this way, the average electric field values of the other 2 frequency components are estimated
using the same method. 70% of the measured data was used to train artificial neural networks, rest of

Copyright © INESEG ISSN 2536-5010 | e-ISSN 2536-5134 http://dergipark.gov.tr/ejt


http://dergipark.gov.tr/ejt

European Journal of Technique (EJT) Vol 9, Number 1, 2019

30% data were used for network test. There are 10 neurons in the hidden layer and one neuron in the
output layer, in both prediction networks.

5. Fuzzy logic

Another prediction method used in the study is fuzzy logic [29]. In this method, the accuracy of
the estimated results was increased. The range of input and output values was required for estimation.
The input data were latitude and longitude values of the measurement point as in the ANN prediction
model. However, the latitude values of the measurement points were rated between 0-400 and the
longitude values were rated between 0-400 as shown in Eq. (6) and Eq. (7) respectively.

6
Lat,, =(Lat,, - 40.20696)*10000 €)

Lon,, = (Lon;, - 28.85185)*10000 7

out

Since the decimal degrees of the coordinates are very small, those formulas are used. The fuzzy
logic system can easily detect the distance between the measurement positions, by scaling according to
a specific position by using the coordinates. The output parameter of the system is the average total
electric field value. This value has been entered into the system by taking the minimum and maximum
value range of the measurement data.

In the estimation with fuzzy logic, there is a relation between input and output parameters.
Table of rules should be created according to the input parameter values in order to get the output
parameter values. As a result of this table, an output data is estimated according to the input value.

As an input membership function, the position values are divided into 9 equal parts which are
latitude and longitude of the measurement point. Rules have been created with obtained membership
functions in order to calculate output values. A total of 16 rules were created to increase the accuracy
of the output data.

Fuzzy logic estimation is applied to average electric field values including total average electric
field value, GSM, UMTS and LTE frequency bands as in ANN estimation method. However, when
the field values for these frequencies are estimated, the input parameters used are latitude and
longitude values, in addition, the output values are estimated by entering the maximum and minimum
measured value of this frequency as an input.

6. Results

Average field values were estimated according to the total average electric field value and
frequency. Regression analysis was applied to the results obtained by artificial neural networks. The
calculated regression value, R?, is 0.8422 for the total electric field, 0.64913 for GSM, 0.5033 for
UMTS and 0.8462 for LTE. These values could be better if more measurements could have been
performed. In addition, the mean square error values are calculated in order to analyse the accuracy of
the prediction results given by the trained network. In Fig. 4, the MSE values for total EM (Top-Left),
for GSM (Top-Right), for UMTS (Bottom-Lleft) and for LTE (Bottom-Right) are given.
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Figure 4: Total EM ANN regression (Top-left), GSM EM ANN regression (Top-right), UMTS EM ANN regression

(Bottom-Left), LTE EM ANN regression (Bottom-right).

In addition, the correlation coefficient values of the Measurement-ANN-Fuzzy methods of the
total average electric field, GSM average electric field, UMTS average electric field and LTE average
electric field values are shown in Table 1, Table 2, Table 3 and Table 4 respectively.

Table 1. Total average E-field correlation coefficient

Method Fuzzy Measurement ANN
Fuzzy 1 0.942636 0.966254
Measurement 0.942636 1 0.921688
ANN 0.966254 0.921688 1
Table 2. GSM E-field correlation coefficient
Method Fuzzy Measurement ANN
Fuzzy 1 0.939559 0.819398
Measurement 0.939559 1 0.805687
ANN 0.819398 0.805687 1
Table 3. UMTS E-field correlation coefficient
Method Fuzzy Measurement ANN
Fuzzy 1 0.943614 0.65603
Measurement 0.943614 1 0.709447
ANN 0.65603 0.709447 1
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Table 4. LTE E-field correlation coefficient

Method Fuzzy Measurement ANN
Fuzzy 1 0.960722 0.90267
Measurement 0.960722 1 0.919899
ANN 0.90267 0.919899 1

Obtained measurement and estimated electric field values are compared with each other. The
measurement points and the electric field values obtained at these points are plotted as V/m. In
comparison, the closest prediction method has been determined with measurement values. The
estimated results are compared with the values obtained by the measurements, ANN and fuzzy logic in

Fig. 5, Fig.6, Fig. 7 and Fig. 8 respectively.
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Figure 6. GSM E-Field

Copyright © INESEG ISSN 2536-5010 | e-ISSN 2536-5134 http://dergipark.gov.tr/ejt


http://dergipark.gov.tr/ejt

European Journal of Technique (EJT) Vol 9, Number 1, 2019

When Table 1 and Fig. 5 are analyzed, it is seen that the correlation rate between measurement
data and fuzzy logic is 94%, as well as it is 92% between measurement and ANN. When the results for
GSM are examined in Table 2, the similarity is 93% between measurement data and fuzzy logic and
80% between measurement and ANN as it is seen in Fig. 6.

For UMTS, there is a 94% correlation between measurement data and fuzzy in (Table3 and
Fig.7) and 70% between the measurement and ANN. Finally, the graph obtained for LTE shows a
correlation of 96% between measurement and fuzzy and 91% between measurement and ANN (Table
4 and Fig. 8).

3.5 T T T T T T T T T
i -+ ANN
e Fuzzy
3 ¢ 3 Measurement ||

Electrical Field (V/m)
N
T

05 I I I 1 I I I 1 I
0 5 10 15 20 25 30 35 40 45 50

Measurement Point

Figure 7. UMTS E-Field
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Figure 8. LTE E-Field
7. Conclusions

The average electrical field value level of the environment in clinics with medical devices
required by national standards should not exceed 3 V/m for indoor measurements. As a result of
measurements, the highest measured value was found to be 2.88 V /m in clinics and the most
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important parameter of signal attenuation was found to be due to the building materials of concrete
walls which have 75-80 cm thickness approximately.

When the estimation methods and measurement results are compared, accuracy of fuzzy logic
estimation results are higher than ANN estimation results which is determined by the average electric
field.

When the obtained data are compared with the measured average results, it is observed that the
electric field values change nonlinearly. For this reason, it is possible to obtain better learning of the
network by taking more measurements in future studies in order to increase the accuracy of
predictions.

In this study, it was determined that the average electric field value within the region can be
estimated with latitude and longitude values only in the regions with a certain amount of base stations.

Finally, the measurement and estimation of the electromagnetic pollution, which is a result of
2G, 3G and 4.5G communication infrastructure are performed and the capability of both ANN and
fuzzy logic methods are illustrated.
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THE EFFECT OF HOT WATER AGEING ON THE GLASS FIBER REINFORCED EPOXY
COMPOSITE

Gurbet ORCEN*

In the present study, the effects of hot water ageing on the glass fiber
reinforced epoxy woven composites were experimentally examined. The
specimens in three groups which undamaged, damaged, and single patch-
repaired ones were kept in tap water at 50°C and 70°C temperature for 8
days and 16 days. At the end of those periods, the moisture absorption rates
were calculated, the maximum failure loads at the end of period of keeping
in hot water were determined and the failure modes occurring on these
specimens were observed and compared. As a result of experimental study, it
was found that the moisture absorption rates increased but the failure load
values decreased together with the increase in water temperature and
duration of hot water ageing.

Key words: Composites, Single patch-repaired, Adhesive bonded, Hot
water, Environmental degradation.

1. Introduction

In the engineering practice, the use of composite materials became very popular in terms of light
weight and strength. Opening holes on the composite plates causes stress accumulation in the
application sites. Moreover, the use of bolts and pins at these sites is considered as the important
parameters influencing the load-carrying capacity and the damage. For this reason, the adhesive bonds
are preferred in many of the composite plates bonds. Also the adhesive bonds are frequently used
because of the low-cost and no-damage on the connectors. As a result of damage of composite plates
because of various reasons, the adhesive bonds are generally repaired by using the patches. It is known
that the mechanical properties of composites and adhesives that are used vary depending on the
environmental conditions, as well as the bond types and repairing methods. Especially the moisture
and thermal environments have significant effects on the performance of composites. For this reason,
many researchers have investigated the durability of adhesive-bonded composites.

In literature, the adhesive patch bonds [1-28] and the effects of environmental conditions on
these bonds and composites have been experimentally examined in many studies. Especially the
studies on using single-patch repair [1-10,12,14,15,17], the patch applied on specimen having hole
damage at the center [1,2,15,16,19], repairing the damaged composite specimens, and the effects of
moisture/temperature on the composite specimens [21,24,26-28,30] have a significant place in
literature. Among the studies carried out on patch, Campilho et al. [1, 2] repaired the composite plate,
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which were holed at the center, by making use of patch on the single surface. They carried out an
experimental study on examining the parameters influencing the patch thickness, effect of patch
length, stress distribution, and mechanical behaviors of patch-repaired composite plates.
Charalambides et al. [13] experimentally analyzed the damage behaviors of single patch-repaired
composite plates, on which the patch is applied on only one side, caused from the external factors.
Tsouvalis et al. [15] examined the efficiency of steel plates, which have hole damage at the center and
been repaired by using carbon/epoxy patch, under the static tensile load. They determined that the
failure load rates of patches increased from 30% to 50%. Her et al. [16] investigated the effects of
material characteristics, size, and thickness of adhesives and patches on the stress distribution of
damaged composite plates repaired by using patch. Liu et al. [19] applied a prepreg external patch on
the perforated composite plate, and then they performed tensile test.

For the patch-repaired composite materials, Park et al. [21] examined the effects of temperature,
moisture, and cold among the environmental factors on the single patch-repaired composite
connections. Akderya et al. [26] experimentally investigated the effects of thermal ageing on the
tensile properties of composites, joints of which were established by using adhesives. Soykok [27]
examined the behaviors of single lap adhesively bonded glass fiber-reinforced epoxy composite
specimens in the hot water. The prepared composites were kept in hot water for one or two weeks at
50°C, 70°C, and 90 °C, and then tensile test was applied. Zhang et al. [28] examined the effects of hot
water on the adhesive bonds between the aluminum and steel surfaces.

This experimental study; it is important to expose undamaged, damaged and patch repaired
glass fiber reinforced epoxy composite specimens to hot water from environmental conditions. Also,
the effects of hot water were investigated. For this purpose, the composite specimens were kept in tap
water at 50°C and 70°C for 8 and 16 days. Therefore study, the results obtained from the specimens in
each of the three groups is important in that together. In this study, the moisture absorption
performances, maximum and minimum load damages for pre- and post-absorption and failure modes
were determined and compared.

2. Materials and Methods

2.1. Material preparation

The glass fiber-reinforced woven epoxy plates with 1m x1m size were produced by using a
heat-controlled vacuum infusion machine. The specimens were cut from these composite materials at
the geometries to be used in the present study. The composite specimens were divided into three
groups; namely the undamaged specimens in first group (Figure 1), specimens with circular hole
damage at the center with 5 mm and 10 mm diameter in second group (Figure 2a, Figure 2b). The
specimens in second group were repaired by using patch on one side and then the third group was
constituted (Figure 3). The width (w), thickness (t), and length (L) of specimens in each group were 30
mm, 1.7 mm, and 160 mm, respectively. The dimensions of composite patches made of the same
material were 30 mm x 30 mm. Three specimens were produced for each group and the specimens
were prepared in accordance with ASTM 5868-01 [29]. The thickness of adhesive was 0.3 mm and the
epoxy adhesive Loctite 9466 was chosen as the adhesive material. While preparing the specimens in
third group, the adhesion surfaces of specimens and those of patches were cleansed by using
sandpaper and then wiped with swab soaked into acetone in order to improve the adhesion quality.

A specific mold for the specimens was prepared by using a 3D printer in accordance with the
sizes of damaged specimen and patch, as well as the adhesive thickness (Figure 4). The damaged
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composite specimen was placed into a mold and the patch was fastened on a single side by using
Loctite 9466 adhesive, thus the repaired specimens were obtained (Figure 5). These specimens
repaired by using adhesive and patch were kept at room temperature for drying for 15 days. Then the
specimens were fixed at 50°C and 70°C temperature and then placed into thermostat-controlled
boilers, which were filled with tap water, for 8 days and 16 days. The hangers were placed into the
boilers in order to prevent the specimens from contacting each other (Figure 6).

\ 4

Figure 1. Glass fiber-reinforced composite specimens-Undamaged (Group I).
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Figure 2. Specimens with circular hole damage (Group I1).
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Figure 3. Single patch-repaired specimens (Group I11).
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Figure 5. Repaired specimens.

Copyright © INESEG ISSN 2536-5010 | e-ISSN 2536-5134 http://dergipark.gov.tr/ejt


http://dergipark.gov.tr/ejt

European Journal of Technique (EJT) Vol 9, Number 1, 2019

Figure 6. The specimens placed into water boilers fixed at 50°C and 70°C temperatures.

3. Results and Discussion
3.1. Moisture absorption rates of specimens

Before and after placing them into hot water at 50°C and 70°C, the specimens were weighed
individually. At the end of 8 and 16 days periods, the excessive water on the specimens taken out of
hot water boilers was dried by using a swab. In order to measure the moisture absorption rates of
specimens, a 0.01g-sensitive scale was used. The initial weights of specimens (wo) and the weights of
specimens after the application (wt) were measured, and the moisture absorption rates of each sample
(M) were calculated using following formula.

M =[(Wt-wo)/wo] x 100 [30]

Figures 7 and 8 represent the moisture absorption rates of specimens in terms of the specimens
geometries and duration of keeping in hot water. As can be seen from the figures, it is seen that
moisture absorption rates are higher in specimens that are kept for 16 days than specimens that are
kept for 8 days. However, when the temperature is 70 °C, the absorption rate is also increased. For
example, the moisture absorption of undamaged specimens in 1st group kept in hot water at 50°C for
16 days increased by 46.15% when compared to the specimen kept under the same conditions for 8
days (Figure 7). The moisture absorption rates of specimens kept in hot water at 70°C for 16 days
were 22.22% and it was higher than that of specimens kept under the same conditions for 8 days
(Figure 8). The moisture absorption rates of specimens having @5 mm circular hole damage at the
center in 2nd group kept in hot water at 50°C for 16 days were found to increase by 50% when
compared to the specimens kept under the same conditions for 8 days (Figure 7). The moisture
absorption rates of specimens having @10 mm circular hole damage at the center and kept in hot water
at 70°C were found to increase by 41.66% (8 days) and 11.11% (16 days) when compared to the
moisture absorptions observed after keeping the specimen at 50°C. The moisture absorption rates of
single patch-repaired specimens having @5 mm circular hole damage at the center in 3rd group kept in
hot water at 50°C for 16 days increased by 120% when compared to the specimens kept under the
same conditions for 8 days (Figure 7). Similarly, the moisture absorption rates of single patch-repaired
specimens having @10 mm damage in 3rd group kept in hot water at 70°C increased by 33.33% (for 8
days) and 9.52% (for 16 days) when compared to the specimens kept in hot water at 50°C.

This shows that enviromental temperature plays a decisive role in the diffusibility of water
molecules in fiber-reinforced composites. At higher temperatures, more filtration of the water into the
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matrix of the resin takes place [27]. This is explained by the fact that the moisture absorption rates of
the specimens kept in hot water at 70 °C are higher than those kept in hot water at 50 °C.
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Figure 7. Moisture absorption rates of specimens kept in hot water at 50°C for 8 and 16 days.
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Figure 8. Moisture absorption rates of specimens kept in hot water at 70°C for 8 and 16 days.

3.2. Maximum failure loads of specimens

The specimens were exposed to tensile test at 1mm/min speed by using Instron BS8801 device
having the capacity of 100 kN (Figure 9). At the end of hot water ageing period, the excessive water
on the surface of each specimen was dried by using a swab, and static tensile test was carried out
within 1 hour. The maximum failure load values obtained from 3 specimen groups kept in hot water at
50°C and 70°C for 8 and 16 days were compared to the values obtained from dry specimens and the
results of maximum failure load comparisons were presented in Figures 10 and 11. In addition, load-
extansion curves of the specimes are given in Figures 12,13,14,15 and 16. The results of experiment
were expressed as the average values obtained from three specimens.

Figure 9. Tensile test applied to the specimens.
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As shown in the load-extension curves and Figures 10,11, the maximum failure loads of the
specimens;it is seen that due to the increase in temperature and residence time in hot water, it is lower
than the values obtained from dry specimens. For example; the maximum failure load values obtained
from the undamaged specimens kept in hot water at 50°C and 70°C for 8 days were observed to
decrease by 1.59% and 3.59%, respectively, when compared to the maximum failure load values
obtained from the dry and undamaged specimens. Moreover, the maximum failure load values
obtained from the undamaged specimens kept in hot water at 50°C and 70°C for 16 days were
observed to decrease by 2.39% and 5.98%, respectively, when compared to the maximum failure load
values of dry and undamaged specimens (Figures 10,11 and 12).

The maximum failure load values of specimens having @5 mm circular hole damage at the
center and kept in hot water at 50°C and 70°C for 8 days were found to decrease by 4.78% and 9.89%,

respectively,when compared to the maximum failure load values obtained from dry specimens
(Figures 10,11 and 13).
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Figure 10. Maximum failure load values of specimens kept in hot water at S0°C.
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Figure 11. Maximum failure load values of specimens kept in hot water at 70°C.

Moreover, the maximum failure load values of specimens having @10 mm circular hole damage
at the center and kept in hot water at 50°C and 70°C for 8 days were found to decrease by 8.59% and
13.39%, respectively, when compared to the maximum failure load values of dry specimens (Figures
10,11 and 14).

The maximum failure load values of single patch-repaired specimens having @5 mm circular
hole damage at the center and kept in hot water at 50°C and 70°C for 8 days were found to decrease by
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4.44% and 13.45%, respectively, when compared to the maximum failure load values obtained from
dry specimens (Figures 10,11 and 15).

The maximum failure load values of single patch-repaired specimens having @10 mm circular
hole damage at the center and kept in hot water at 50°C and 70°C were observed to decrease by 9.87%
and 4.02%, respectively, when compared to the values of specimens kept under the same conditions
for 8 days (Figures 10,11 and 16).
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Figure 12. Load-extension diagram of the undamaged specimens.

Polymeric matrixes are susceptible to swelling caused by water absorption in composite
structures. This causes swelling stresses. These stresses are the cause of the formation of micro-cracks,
particularly during the transition phase. In most cases, the degradation of a composite material during
wet aging causes a phenomenon of water absorption due to temperature, hygrometric speed and the
nature of the composite. The transport of water can be facilitated by differentiating within the matrix
by imperfections in the matrix formed during manufacture or by capillarity along the fiber / matrix

interface. As a result, these microfractures adversely affect the mechanical properties of the material
[27].
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Figure 13. Load-extension diagram of damaged Figure 14. Load-extension diagram of damaged specimens
specimens (95). (010).
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Hydrothermal degradation due to temperature and moisture absorption at the fiber-matrix
interface also leads to weakened fiber / matrix interface bonds. When these bonds are damaged, both
the ability to transmit forces to the fibers and the homogeneity of the load distribution between the
fibers are expected to be interrupted [27]. In this study, this is explained by the increase of the
temperature of the water and the waiting times of the hot water and the decrease of the maximum load
of the specimens.

SPR specimens (¢3) SPR specimens (910)
20000 20000
Ve
—d’-.\:
a o —dry
—50°C-3 days ¢
- 2 | =—350°C.$ days
-50°C-16 days 2
: 50%C-16 days
—10%$ days —70°C$ days
l e 70°C-16 days w70 °C-16 days
0 1 2 3 4 s 4 5 v
Extension (mm) Extension (mm)
Figure 15. Load-extension diagram of repaired Figure 16. Load-extension diagram of repaired
specimens (95). specimens (010).

3.3. Failure mode of specimens
The failure modes of specimens, which were kept in hot water at 50°C and 70°C, were observed
at the end of tensile test and these modes are shown in Table 1.
Table 1. Observed failure modes

Failure Modes
Waiting times 05 damaged 010 damaged SPR- 05 SPR- 010
50°C | 70°C 50°C | 70°C 50°C 70°C 50°C 70°C
0 NT NT NT NT CF+LFT | CF+LFT CF+LFT | CF+LFT
8 days NT NT NT NT CF+LFT | CF+LFT CF+LFT | CF+LFT
16 days NT NT NT NT CF+LFT | CF+LFT CF+LFT | CF+LFT

The failure modes of some of specimens are also illustrated in Figures 17 and 18. The Net-
Tension failure mode was observed when the damaged specimens of 2nd group were kept dry and in
hot water at 50°C and 70°C for 8 days (Figure 17) and 16 days (Table 1). Among the single patch-
repaired specimens, it was determined that the mixed-type damages occurred, that the adhesive joint
broke especially on single side (cohesive failure), on which the patch was attached, and that the other
side was undamaged. In this cohesive failure site, also the fiber damage (LFT failure) was observed at
low level on the adhesion layer of adhesive bond. On the side, on which no patch was attached, it was
observed that the damage started around the hole, and that the net-tension damage occured but it did
not split from the patch (Figure 18).
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Figure 17. Net-Tension damage images of dry form of damaged specimens and specimens kept in hot water at
50°C/70°C for 8 days.

Figure 18. Damage images of patched (front) and unpatched (back) sides of repaired (310, @5) specimens kept in hot
water at 50°C and 70°C for 8 and 16 days.

4. Conclusions

In this study, the effects of hot water ageing on the woven glass fiber reinforced epoxy
composites were examined experimentally. The undamaged, damaged, and repaired specimens were
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kept in hot water at 50°C and 70°C for 8 and 16 days. At the end of hot water ageing period, the
moisture absorption rates, maximum failure load values, and failure modes of specimens were
determined and compared. At the end of this study, the following conclusions were made;

« It was found that the maximum failure load values of damaged specimens increased after
repairing with patch. The resistance of damaged specimen having @5 mm circular hole damage at the
center increased by 45.19% after being repaired with single patch. For the damaged specimens having
10 mm circular hole damage at the center, the strength increased by 57.89% after repairing by using
single patch.

* The minimum failure loads were obtained from the specimens having @10 mm circular hole
damage at the center, whereas the maximum failure loads were observed among the undamaged
specimens.

* The specimens kept in hot water at 70°C for 16 days were observed to show maximum
moisture absorption values when compared to the other environmental conditions.

« It was found that when the waiting times of composite samples in hot water and the
temperature of water increased, the amount of moisture absorption increased but the failure load
values were decreased.

« It was also seen that generally the same failure modes were observed among the specimens
under all conditions.

Nomenclature

SPR : Single patch-repaired specimen

NT : Net Tension

CF : Cohesive Failure

LFT : Light-Fiber Tear Failure
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THE PROPERTIES OF CADMIUM OXIDE-CARBON NANOTUBE NANOCOMPOSITE
SYNTHESIZED VIA SOL-GEL METHOD

Oykiim BASGOZ ', Omer GULER **, M. Gokhan ALBAYRAK °, Mehmet TAKGUN *

In this study, cadmium oxide based carbon nanotube reinforced material was
produced and the optical and electrical properties of the obtained composite
were investigated. After the carbon nanotubes used as reinforcement material
were synthesized using the chemical vapor deposition method, they were
supplemented at different ratios to the commercially available cadmium oxide
powders. As another group of samples; cadmium oxide powders were
synthesized by the sol-gel method and the carbon nanotubes were again
supplemented at different ratios. Synthesized carbon nanotubes were
subjected to Transmission Electron Microscope examination. Composite
materials obtained were examined by Scanning Electron Microscope. Then,
the changes in the electrical conductivity of the composites obtained by
temperature were measured. The optical properties of the composites were
determined by taking UV-vis spectrometers.

Key words: Carbon Nanotube, Cadmium Oxide, Sol-Gel, Nanocomposite.
1. Introduction

In recent years, the application areas of metal oxides have grown to a large extent due to their
new electrical, catalytic and optical properties, so researchers primarily work with these materials
because of their optical and structural properties of metal oxides [1-4]. Transparent oxide conductors
such as copper oxide (CuO), zinc oxide (ZnQ), tin oxide (SnO) and cadmium oxide (CdO) are of interest
due to their semiconductor optoelectronic properties (transparent in the visible region and electrically
conducting) [5]. CdO is an n-type semiconductor. It has 2.2 - 2.8 eV direct and 0.55 eV indirect band
gap and is used in many applications such as photodiode, solar cells in the result of low electrical
resistance, high optical transparency [6-8]. CdO is n-type semiconductors in the rock salt crystal
structure of NaCl (surface-centered cubic structure) [9]. Since CdO-structured semiconductors have an
extraordinarily large carrier mobility in the visible region and good optical transparency, their use is
increasing [10-12].
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CdO is used in making photodiodes, solar cells, flat panel displays, optical communication, thin
film resistors, phototransistors, photovoltaic, transparent conductive electrodes, liquid crystal displays
and IR detectors due to their high conductivity, high permeability and low band gap properties [13-15].
The physico - chemical properties of CdO depend not only on chemical composition but also on size,
shape, surface morphology and production technique [16]. There are many different methods for
producing CdO in the literature. As a result of these methods, CdO acquisition at nano size is made
possible. Physical, chemical and thermal hydrothermal methods [17-18], template assisted method [19],
solvothermal method [20], mechanochemical method [21-22], thermal disruption method [23],
photosynthetic method [24] sonochemical method [25] are production methods. Sol-gel technique for
preparing pure and doped CdO films is a cost-effective method of controlling size and morphology [26],
and nanoparticles are one of the most promising methods for synthesizing nanoparticles.

The idea of doping carbon nanotubes has attracted the attention of researchers because it allows
themto control their electronic properties (intercalation reaction with electron donors or recipients) [27].
In addition, the absence of certain band voids in MWCNT provides added value to photovoltaic
efficiency by absorbing light over a broad wavelength range [28]. Isolated CNTs have an electrical
conductivity of 2x107 s /m, a capacitance of 10*3 A / m? and a thermal conductivity of 3500 W / mK
[29].

The purpose of this work is to reinforce the above mentioned CNTs with very good electrical
properties by using two different cadmium oxide matrices and to examine the change in electrical and
optical properties that will occur in the structure compared to pure CdO.

2. Material and Method

In this study, CdO synthesized by sol-gel method was used as matrix. CNTs synthesized by
Chemical Vapor Deposition (CVD) method were used as reinforcement material and nanocomposites
with CdO matrix were synthesized by powder metallurgy method. Carbon nanotube synthesis was
performed using a single crystal silicon (100) substrate. This substrate was first washed with acetone
followed by ethanol in an ultrasonic bath. Then, the substrate was placed in the middle of a tube furnace
on a boat, the inside of the tube furnace was vacuumed with a pump and purged. The furnace was then
heated to 650 °C in an argon (Ar) atmosphere at a flow rate of 1 liter per minute through the system.
After the tube furnace reached 650 ° C, the flow of Ar gas was interrupted and acetylene (C,H,) gas
was introduced for 40 minutes. At the end of 40 minutes, the acetylene gas was cut off and the Ar gas
was again supplied to the system until the furnace cooled to room temperature. Characterization of the
obtained nanotubes was performed by X-ray diffraction (XRD) and transmission electron microscopy
(TEM). Jeol Jem 2100 F brand TEM device was used.

Carbon nanotubes were added to the CdO synthesized by the sol-gel method at 0.1, 0.2, 0.5 and
1 % by weight. For a homogenous mixture, the alcohol carbon nanotube mixture was mixed in an
ultrasonic mixer and then the appropriate amount of CdO was added. The alcohol was mixed with a
magnetic stirrer until evaporation. The resulting powder mixture was pelletized by pressing at a
pressure of 600 MPa and then sintered at 450 ° C. In order to compare the properties of the sol-gel
produced CdO, the Acros Organic brand (Code: 223792500, 99% purity) CdO was readily available.
The production of the Hi-encoded nanocomposite with the ready CdO matrix was similarly performed
and compared with the CdO-matrix nanocomposite synthesized by the sol-gel method.
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Table 1. Codes and other characteristics of samples.

The amount of CNT

Samples Codes The type of CdO (% w)
Hi Commercial -
S1 Sol-Gel -
S Sol-Gel 0.1
S3 Sol-Gel 0.2
S4 Sol-Gel 1

2.1. Production of Carbon Nanotubes

Fig. 1 shows the XRD analysis of carbon nanotubes produced by the chemical vapor deposition
method. As can be seen, the powders gave both a violent and broad peak at about 26°, which overlaps
with the peaks of the carbon nanotubes in the database of the XRD (Pixel analysis Diffrac Evaluation
Software ICDD tag No. 00-058-1638). The fact that the pikes are wide indicates that the powders are
nano-sized according to Debye-Scherrer equality. Debye-Scherrer equality;

D=0.9 A / Brki cosO

D is the crystal size, B is the maximum peak intensity half-peak width in radians, 0 is the Bragg
angle, A is the wavelength of the light used in the diffraction [29].

5000 -

4000 A
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Figure 1. XRD analysis results of carbon nanotubes produced.

Fig. 2. TEM Images of the produced carbon nanotubes.
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TEM images of the carbon nanotubes produced in Fig. 2 are given. As can be seen, the structures
obtained are carbon nanotubes. There is a gap in the middle of the structures obtained, and on both
sides there are walls with certain thicknesses. The produced carbon nanotubes vary in diameter from
15 to 20 nmand vary in size from 1-5 pm.

Some particles have black particles in the joint or tip (Fig. 2.b). These particles are nano-sized
iron particles that have been used as catalysts during the synthesis of carbon nanotubes. Carbon
nanotubes grow on these particles.

2.2. Production of CdO with Sol-Gel

For synthesis, 1 mole of cadmium acetate dihydrate was used, 46 moles of methanol, 0.2 moles
of glycerol and 0.5 moles of triethylamine. Firstly, cadmium acetate was dissolved in 23 moles of
methanol using a magnetic stirrer. Stirring is carried out until the mixture has a transparent color.
Glycerol was added and then triethylamine and the remaining methanol mixture added. The whole
mixture was stirred at 60 ° C for 2 hours in a magnetic stirrer. The mixture was stirred at room
temperature for 12 hours in a magnetic stirrer to obtain a homogeneous mixture. Calcination heat
treatment was applied in order to remove the solvent in the thoroughly homogenized solutions by
mixing. The resulting powder mixture was calcined at 600 ° C for 1 hour and a brown powder was
obtained at the end of the treatment. The flow chart of the method mentioned in Fig. 3 is given.

Stirring(af 60 °C for 1h)

Gliserol Stirring (af 60 °C for 2h)
Kadmivum Asetat (CsHzO0s:)
Dihidrat + —
((CH:CO0):Cd.2H:0) Triethylamine >
+ > (C:Hs:N (Sol)

Metanol +

(CH;OH) Metanol Stirring (12h)
(CH:OH) g1

k 4

Homogeneous Solution
(Gel)

Calcination (600 °C for 1h)

L J

CdO Powder

—

Figure 3. CdO synthesis flow diagram by sol-gel method.
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3. Result and Discussion
3.1. Microstructure Examination Results of CdO-KNT Composite

Microstructures of the resulting composites were determined by scanning electron microscopy.
Jeol Jsm 7001 F electron microscope used in this study was used. In Figure 3, microstructure images of
H, sample and S, series are given.

Figure 4. Microstructure images of Hi sample and Sx series. a) Hi, b) S1, ¢) Sz, d) S4 samples.

Figure 4.a gives a SEM image of sample Hi. The Hi sample is commercially available pure CdO.
When the microstructure images are examined, a structure consisting of many particles in homogeneous
and close to each other is seen.

In Figure 4.b, SEM image of S1 sample is given. Sample Sz is pure CdO produced by the sol-gel
method. The structures formed as shown are homogeneous spherical shaped particles, the size of the
particles being around 100 nm.

Figure 4.c shows a SEM image of sample Sz. The sample Sz is a CdO matrix 0.1 % CNT
reinforced composite sample produced by the sol-gel method. It can be said that the CNTs are distributed
homogeneously within the structure. In addition, there were not CNT pellets found in the structure.

In Figure 4.d, a SEM image of sample S4 is given. Sa sample isa composite sample of CdO matrise
1 % CNT reinforced by the sol-gel method. Although there are homogeneously distributed regions of
CNTs in the structure, it is not uncommon to find the regions where the CNTSs are scattered and clustered
as in the Hs sample.

Copyright © INESEG ISSN 2536-5010 | e-ISSN 2536-5134 http://dergipark.gov.tr/ejt

29


http://dergipark.gov.tr/ejt

European Journal of Technique (EJT) Vol 9, Number 1, 2019
3.2. Investigation of Electrical Properties of CdO-KNT Composite Samples Produced

The conductivity of the produced semiconducting samples was changed according to the
temperature by applying the temperature values in the range of 300-433 K by applying 0,5-5 V current
in a dark environment. KEITHLEY 6517A electrometer was used to measure the current values of the
samples according to the temperature. Figure 4 shows the electrical conductivity measurements of

samples Si1, Sz, Ssand S4 respectively.
1.0

0.5
L %o CNT-CdO

00 | o

05 F

0.2% CNT-CdO

M W
20t gw%"“w 0.1% CNT-CAO
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Ing g, (S/cm)
T

1000/T (1K)

Figure 5. Electrical properties of composites of S, samples.

Conductivity values of pure CdO, 0.1%, 0.2 and 1 CNT doped CNT-CdO composites at room
temperature were found to be 5.37x1072, 4.9x1072, 1.44x10~1 and 8.8x10~1S/cm, respectively.
These values show that the conductivity at room temperature of the composite increases with increasing
KNT ratio compared to pure CdO.

3.3. Investigation of Optical Properties of CdO-CNT Composite Samples Produced

In Fig. 6, reflection-wavelength spectrum graphs of CdO and S;, S,, S; and S,samples with 0.1,
0.2 and 1 CNT added by sol-gel method are given. ,

v

undoped CdO
0.1% CNT
0.2% CNT
1% CNT

Reflectance (%)

5 1 1 1 1
400 500 600 700 200 200

Wavelength (nm)

Figure 6. Reflection-wavelength spectrum of Sx series samples.
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In Fig. 6, reflectance values were measured (%) for all samples between 400-900 nm wavelengths.
Reflectance values of CNT-doped samples decreased in the reflection-wavelength spectrum graph
shown in Figure 6. An increase in reflectance values is observed after 500 nm wavelength range when
the S, series exhibits similar reflectance characteristics at a wavelength range of 400-500 nm. However,
a lesser increase is observed in the sample of 1% CNT added compared to the others. It might be that
the reason for this is due to the increase in the rate of CNT in the structure and the difficulty in
homogeneous distribution. The S; has the highest reflectance value and the S, has the lowest reflectance
value.

In Fig. 7, a graph of the change of the S, series (ahv)? according to hv (photon energy) is given.

4.2x10°
| | s Undoped CdO
3.6x10° || ™= 0.1% CNT
I 0.2 % CNT
5 o1’ e ] % CNT
X
0
g 24x10°
> 1.8x10°
@ L
1104
S 12x10
— L
6.0x10°
0.0
1 1 | |

L PR I L L L
16 18 20 22 24 26 28
hv (eV)
Figure 7. A Graph of The Change of The S, Series (ahv)? According to hv (Photon Energy).

To determine the bandgap values of CNT doped and undoped CdO nanowires, optical
absorption method was used on diffuse reflectance. The Kubelka-Munk function transforms the
reflectance values into absorbance. The Kubelka-Munk theory is usually used to analyze the diffuse
reflectance spectra obtained from samples with low absorbance. The Kubelka-Munk formula can be
expressed by the following relation:

F(R)= (1-R)*/ 2R

Where R represents the diffuse reflectance. F (R) is the Kubelka-Munk function corresponding
to the absorbance. F (R) values were converted to linear absorption coefficient with the following
relation.

o = F(R)/t = Absorbance/t

Here t is the thickness of the sample. It is estimated that CdO has a direct optical band gap
(bandgap). Thus, the optical band gaps of the CdO samples can be determined using the following
relationship.

ahv = C(hv — E;) /2

D =0.9 /By cosb

C is a constant, a absorbance coefficient, and hv is the photon energy. hv (photon energy) versus
(ahv)? graph, optical absorption method and equation 5. Equation 3 is used when the crystal size of the
samples is determined using the Debye-Scherrer relationship. Where D is the crystal size, Sy is the
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peak width of half maximum density, 0 is the diffraction angle and A is the wavelength of the X-ray [30,
31]. The bandgap values calculated in this way are given in Table 2.

Table 2. Sample contents and E, values.

Sample Code The type of CdO Amount of CNT (% w) Eg(eV)
Hi1 Commercial - 1,75
S1 Sol - Gel - 1,88
S2 Sol - Gel 0,1 2,02
Sa Sol - Gel 0,2 1,93
S4 Sol - Gel 1 1,84

The bandgap values calculated in Table 2 don’t show a decrease or increase parallel to the
contribution of CNT. CdO produced by the sol-gel method seems to have a wider Egvalue when
compared to CdO produced by the ready-made CdO and the left-handed CdO.

3.2. Comparison of Electrical and Optical Properties of Commercial and Sol-Gel Produced CdO
Matrix Composites

Comparative graphs were drawn to investigate how the properties of the CdO-matrix composite
synthesized by the sol-gel method are changed from electrical and optical point of view compared to
commercially available CdO. In Figure 8, comparative electrical conductivity plots of samples S; and
H, are given.

-0k —a— 5
L
I H,
ERy
v G2t
=
=
'E =33 F
G4l
a5
3.6 1 1 1 1 zn
22 14 186 18 30 32 34

1000/T (1K)
Figure 8. Electrical Properties of the Composites Of Samples S -H;.

The graph of Figure 8 clearly shows that the CdO (S;) synthesized by the sol-gel method has

better electrical properties than the ready-supplied CdO (H,). Figure 9 shows the reflection-wavelength
spectrum graph of samples S; and H,.
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Figure 9. Reflection-Wavelength Spectrum of S;-H{Samples.

The H, sample provided at 400-500 nm wavelengths has a higher reflectance value than the
S; sample synthesized by the sol-gel method. A sharp increase in the reflectance value is observed after
500 nm for sample S;. The CdO synthesized by the sol-gel method exhibits low reflectance at low wave
lengths and almost the same reflectance value at 900 nm wavelength as supplied.

Figure 10 shows a graph of the change of H; (photon energy) of samples (S; H;) of samples S; -
H,.

2.4x10°

(F(R)hv)", (cm”eV")

1.8x10°

12x10°

6.0x10°

16 18 20 22 24 26 28
hv (eV)
Figure 10. §;~ H, samples (ahv)? ~ hv (photon energy) change graph.

The E; value of the H,; sample was 1.75 eV while the E; value of the S; sample was 1.88 eV. It
has been found that CdO synthesized by the sol-gel method broadens the bandgap value.
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4. Conclusions

Using the CVD method, carbon nanotubes with diameters ranging from 15 to 25 nm and varying
from 2 to 5 pm in diameter were synthesized. The resulting carbon nanotubes were reinforced in
commercially available CdO at 0.1, 0.2 and 1% to produce composite samples called H groups. The
carbon nanotubes produced by the sol-gel method were reinforced with 0.1, 0.2 and 1% carbon nodules
to produce composite samples called S groups.

SEM studies of the produced composites showed that the production of a homogeneous composite
structure was difficult with the increase of the amount of carbon nanotubes. In samples containing 1%
CNT, it was found that some regions contained carbon nanotubes in bulk without disintegration.

As a result of the electrical examinations of the produced composites depending on the
temperature; it was found that the electrical conductivity increased with the carbon nanotube increase in
both sample groups. In addition, it has been observed that the CdO-containing composites produced
with Sol-Gel have higher electrical conductivities than the CdO-containing composites already
provided.

As a result of optical examinations, the forbidden energy ranges of all samples have been
determined. In the H group samples, the forbidden energy range of the pure CdO sample was found to
be 1.75 eV and increased to the maximum level with 0.1% CNT content with the increase of KNT and
then decreased with the increase of CNT. Composite containing 1% CNT was found to have a forbidden
energy range of pure CdO. For the S group samples, the forbidden energy range of the pure CdO sample
was found to be 1.88 eV and it was found that it increased to the maximum level with the content of
0.1% CNT with the increase of CNT and then decreased with the increase of CNT. Composite containing
1% CNT was found to have a forbidden energy range of pure CdO.

Consequently, it was determined that the composites using CdO produced by Sol-Gel showed
better performance in terms of electrical and optical properties than the H group samples.
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Some of the fonts used in the computer systems are designed to facilitate readability
on the computer screen while others are designed to use both readability and print
space economically. However, computer users do not have any idea which of the
most commonly used fonts are more economical. In the present study, the printing
area of the 10 commonly used fonts were examined with image processing methods
and compared among each other. It is seen that the font which uses the least print
area among Century Schoolbook, Courier New, Georgia, Times New Roman, Arial,
Comic Sans MS, Tahoma, Verdana, Cambria, Calibri fonts is Courier New whereas
the type that uses the least print area is Times New Roman. It was found that Comic
Sans MS and Verdana used almost twice as much printing area as the font Courier
New font. With this study, it is thought that computer users will be more careful and
more conscious about the font they use for printing.

Key words: Font Types, Printing Area, Image Processing, Green IT
1. Introduction

As a result of various social, economic and environmental factors, it can be said that less paper is used
recently. Specifically, users prefer e-mail, projector, document scanning, double-sided printing, single-spaced
text, recycled paper, printing multiple pages per page, smaller font size, margin reduction, toner / ink saving
mode, colorless and paper-free printing solutions [1]. Users and companies may also seek for such simple
solutions that don't require investment.

Font designers put great efforts to choose features such as the type and size of the font to make the
reader's reading experience more enjoyable and more comfortable. The typography of the text undoubtedly
influences the reader's reading and comprehension performance [2, 3]. In addition, the font type and font size
are also effective on reading and comprehension [4, 5]. Indirectly, text type can be said to affect the printing
area used while printing on type paper. Tiirk Telekom has developed a font type with 25% less ink / toner
for its use [6]. In this study, the widely used font types were compared regarding the use of the print area.
Thus, it is aimed to increase both individual and institutional awareness about green IT.

2. Green Information Technologies

Reducing the use of environmentally harmful materials and chemicals in information and
communication technology products or the use of recyclable products can be considered as green information.
Technologies aiming to minimize the environmental impact of design, production and use of tools such as
computers, monitors, printers, network and communication systems known as green IT [7]. In green IT,
respect for nature and the efficient use of products are essential [8]. It also contributes to environmental
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sustainability through equipment that uses energy more effectively. Energy efficiency is provided not only by
hardware but also by green software [9]. Especially virtualization technology is one of the best examples of
this condition [10]. However, the awareness of individuals and institutions about green IT is very low [11].
The UK is the first country to focus on green IT strategies and policies [12]. The ultimate aim of green
computing is to reduce operational costs and increase the efficiency of the IT infrastructure [13]. Individual
and corporate users of information technologies can choose and apply the solution they want to use to reduce
costs.

3. Commonly Used Font Types

Effective reading, fast reading, charm and general preference font types were examined and eight fonts
were found to be widely used [14]. Hashim and Majid [15] used these fonts and the Calibri font in the
readability of web texts. However, it has been concluded that fonts do not have an effect on web readability.
These fonts are listed below.

1. Comic Sans MS
Verdana
Tahoma
Arial
Georgia
Century Schoolbook
Times New Roman
Courier New
Calibri

Times New Roman font type is designed for both legible and print economy. The Georgia font type is
similar to the Times New Roman font type, but is particularly legible on the computer screen. The Century
Schoolbook font type is also designed to be more legible, especially in books, and is widely used in school
books [14].

Thesis manuscripts of the Institute of Science and Technology belonging to 208 state and private
universities in Turkey examined the font types given in Table 1 below. Some universities have allowed their
students to use more than one font. Some of the universities have been excluded from the evaluation due to
their being a vocational school, not being an institute of science or lack of a thesis guide, resulting in 68
universities in total.

© o N O~ oDd

Table 1. Font Type and Number of Universities Using

Font Type Number of Universities Rate (%)
Avrial 22 9,13
Bitstream-Charter 1 0,41
Calibri 9 3,73
Cambria 4 1,66
Helvetica 1 0,41
Tahoma 2 0,83
Times New Roman 132 54,77
Verdana 2 0,83
There is no Institue or thesis writing guide 68 28,22
Grand Total 241 100

The majority of the universities (54.77%) prefer the Times New Roman font type. Then Arial font type
was preferred with 9.13%. Other font types are used in very few universities. With Helvetica, the Bitstream-
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Charter font type is used only at a university. These font types are not installed in the Windows 10 version and
in Microsoft Office 2016 by default. Therefore, these font types were excluded from the study. Cambria was
added to nine font types and 10 font types were examined.

The 10 font types specified here are printed on 12-point A4 paper. Figure 1 below shows the 400% zoom
of the "S" character. Only solid black is used, and each character is under the corresponding font. Figure 1
shows that some font types are thicker and more dominant when carefully examined. However, in some font
types, thinner and lesser points are used. Such properties are effective in the use of the print area. Montrucchio
and Ferrero [16] also found that in order to reduce the use of toner in these studies, these characters were able
to place white spots in dense places and save about 40% of toner. Similar results were observed in different
studies [17, 18]. Another method of saving toner is to illuminate some areas of characters in print. For example,
only the color values of the internal pixels are exposed from the pixel groups of the same color. Thus, outlines
are unaffected [19]. It is another method to make the inner and edge pixels independent [20] or to just open
some parts of the image [21].

S S

S

‘s

Century Schoolbook Courier New Georgia Times New Roman
Arial Comic Sans MS Tahoma Verdana

Calibri Cambria

Figure 1. A Letter of Commonly Used Font Types (400% Zoomed)
4. Method

Font type and font size are important for less ink / toner consumption [22]. For this reason, with 10
commonly used font types in the study, 10 verses of the National Anthem were written in Word file to fit on
one page. Then the output from this word file is saved as an image file with jpg extension. With the help of C
# programming language, image files with jpg extension have been converted to Bitmap file type. Thus, red,
green and blue values of each pixel will be accessible. These values consist of values between 0-255. The
pixels of the image files created here are either full black or full white. By counting the black pixels and white
pixels, the necessary analyzes were made and the ratio of the blacks was extracted. Thus, the use of printing
area has been determined. Pixel numbers are calculated by the following equations.
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Yy d
TS=ZZS )

Ts = Total black pixel count
y = Total number of horizontal pixels in paper
g = Total number of vertical pixels in paper

s = Black pixel

Y d
Tb=22b @

T, = Total white pixel count
b = White pixel

T, =Ts+ T (3)

T, = Total pixel count

The number of white pixels is calculated by counting the white pixels by scanning all pixels horizontally
and vertically. The number of black pixels is calculated similarly and the sum of the two gives the total number
of pixels. As a result of the ratio of these values with the following equation 4, the printing area utilization
ratio is calculated.

Ty + Ty (4)
¢ = Black pixel ratio

5. Results

The calculated number of black pixels and white pixel numbers for each font is given in Table 2 below.
In this case, the font with the least use of the print area was Courier New with 3.55%. The Times New Roman
font is 4.94% followed by the least printable area.

Table 2. Print Area Usage Ratios of Font Types

Font Types Total white pixel Total black pixel Total Black Ratio (%)
count count
Comic Sans MS 3619078 249628 3868706 6,452493
Verdana 3619623 249083 3868706 6,438406
Tahoma 3622015 246691 3868706 6,376577
Arial 3633961 234745 3868706 6,067791
Georgia 3644581 224125 3868706 5,793281
Cambria 3668706 200000 3868706 5,169687
Century Schoolbook 3672691 196015 3868706 5,066681
Times New Roman 3679757 188949 3868706 4,884036
Calibri 3684153 184553 3868706 4,770406
Courier New 3731099 137607 3868706 3,556926
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Comic Sans MS and Verdana font types have been found to have the most printing area fonts. It
would be correct to say that these fonts use approximately twice as much printing space as the Courier
New font type. There is a 0.1% difference between Times New Roman and Calibri font type.

Courier New

Calibri

Times New Roman
Century Schoolbook
Cambria

Georgia

Arial

Tahoma

Verdana

Comic Sans MS

o

50000 100000 150000 200000 250000 300000

Figure 2. Black Pixel Numbers by Font Types

Black pixel numbers according to font types are shown in Figure 2 and there is very little
difference between Comic Sans MS, Verdana and Tahoma but this difference is very high for Times
New Roman and Courier New.

6. Discussion and Conclusion

Due to the fact that computers are indispensable devices of today, much of the information is
obtained through these tools. In some cases, the information must be transferred from the computer to
the paper. Even though this situation is reduced by different solutions, some users think that paper
transfer is still necessary [23]. In this study, it was investigated which common fonts would be
appropriate to use less toner or ink in case of paper printing. It has been seen that the Courier New font
uses the most printing area of the 10 commonly used fonts. It would not be correct to say that reading
from the computer screen is more disadvantaged than reading paper [24]. Therefore, of course, not
printing is the right solution. However, selecting the font types that use less toner / ink when printing is
required will be the most suitable option for greener printing. Milosevi¢ et al. [25] also produced similar
results. The font generated by the font called eco-font was found to use 39% less ink than other fonts. It
was seen that these two different fonts could be parsed by the users but not the problem. The Regulation
on the Procedures and Principles to be Applied in the Official Correspondences [26] covering all public
institutions and organizations states that the electronic documents will use Times New Roman or Arial
as the font. However, the Times New Roman font uses approximately 10% less print space than the
Avrial font. This means that 10% toner savings will be achieved if the Times New Roman font type is
selected and applied in all public institutions. It is good to see that the Times New Roman font type is
mostly used in the thesis writing guidelines of the Institute of Science. Considering this situation, other
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institutions and organizations will undoubtedly have many different benefits. Some of these are less
damage to nature, less paper consumption, less toner consumption, less electricity. Particularly while
efforts are being made for a sustainable ecosystem [29] on the one hand, ignoring such issues will be in
contradiction in itself. Unhelkar [27] also refers to a number of users to reduce the environmental impact
of information technologies in their daily life, such as turning off the monitor, minimizing printing
operations or using recycled paper. It would be right to say that there is almost no difference between
Times New Roman and Calibri. This difference can be ignored and the two font types can be considered
equal in terms of the print area. Furthermore, in future studies, both fonts that use less print space and

methods that can hide data in various ways can be used [28].
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A GEOLOGICAL AND PETROLOGICAL OVERVIEW OF THE HISTORY OF KIRA
MOUNTAIN: AN APPROACH TO THE SIMILARITY AND DIFFERENCE OF
KARACADAG

Siileyman POLAT"', Hakan COBAN?, Semsettin CARAN?

The volcanism of Kira Mountain, at south of the Bitlis Zagros suture zone
(BZK), was erupted from different joint systems by young extensional tectonic
regime. The main geological and petrographic features of the Late Miocene
Kira Mountain volcanics were investigated as well as the major oxide, trace
element and rare earth element geochemical characteristics. The Kira
Mountain volcanic products are classified as basanite, tephrite and trachy-
basalt and show alkaline character above the alkaline-subalkaline separation
line. Nonetheless, the peripherals associated with these volcanics starts with
the Miocene aged Selmo Formation. This formation is accompanied by
Oligocene Germik Formation and Eocene Gercus Formations. The
Karacadag volcanics are adjacent to the Lower, Middle and Late-Cambrian
Sadan, Koruk and Sosink Formations, respectively, predominantly the
Precambrian Derik Formation. In addition to these formations, Late
Cretaceous Karababa and Karbogaz Formations, Late Cretaceous-Paleocene
Germav Formation, Eocene Midyat Formation and Eocene Selmo Formations
are also contiguous. The phenocrysts of the Karacadag volcanics include
olivine, clinopyroxene, plagioclase and opaque minerals. In the Kira
Mountain volcanics, olivine, plagioclase and opaque minerals are
accompanied by sanidine and pyroxene. As reported by the geochemical and
petrographical studies, The Karacadag volcanics are mainly classified as
basalt and trachy-basalt, tephrite, basanite and hawaiite. Moreover these
lavas are mainly alkaline and present subalkaline transition. The Karacadag
volcanics erupted in three different stages with different phases, and the Kira
mountain volcanics were found to be identical with the Siverek stage.

Key words: Kira Mount, Batman, Karacadag, basalt

1. Introduction

After the closing of the Tethys Ocean in the Middle Miocene (approximately 11-12 Ma, [13,
14, 15]), the deformation and compression effect in Anatolia, which started with the Arabian plate
dipping under the Eurasian plate, continues effectively today. As a result of this collision to the north of
the Bitlis-Zagros suture zone (BZK), volcanic units such as Mount Ararat, Mount Nemrut, Mount
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Suphan and Mount Tendurek have developed within the Erzurum-Kars Plateau. In the south of BZK,
the Late Miocene Kira Mountain, which has a limited distribution compared to the Karacadag volcanics
and approximately 75km to the east (Figure 1), has a long arc shape. Selmo Formation (Miocene;
conglomerate, sandstone, shale, siltstone, etc.), Germik Formation (Oligocene; shale, dolomite and
gypsum) and Gercus Formations (Eocene; conglomerate, sandstone and claystone) were covered by the
volcanics of the Kira Mountain.

Another volcanic unit in the south of BZK is Karacadag, which has continued its activity in the
Late Miocene-Holocene (approximately 11 Ma-0,01 Ma), the largest volcanic complex in Anatolia
(Figure 2). The neighboring units and geological features of Karacadag begin with Derik Group
formations from old to young. Derik Group formations are known as Telbesmi (Precambrian; andesitic
intercalated sandstones), Sadan (Lower Cambrian; sandstone mainly with shale alternation), Koruk
(Middle Cambrian; limestone, dolomite, dolomitic limestone) and Sosink (Middle- Late Cambrian;
sandstone-weighted, occasionally marl and shale alternation) outcropping in different terrains
throughout the region. These formations are accompanied by Karababa (Mardin group member, Late
Cretaceous; limestone, dolomite, dolomitic limestone), Karbogaz (Adiyaman group member, Late
Cretaceous; limestone, occasionally chert band limestone), Germav (Sirnak Group member, Late
Cretaceous-Paleocene; marl, shale, sandstone intercalation), Hoya (Midyat Group member, Eocene;
limestone and dolomite intercalations) and Selmo (Silvan Group member, Miocene; milstone, shale,

sandstone) formations [2, 5, 7, 8, 16, 17].
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Figure 1 Mapping of Kira Mount and Karacadag in Southeast Anatolia and the spread of two
volcanism (The dispersion of Karacadag volcanism is modified from [12])

The Kira Mountain lavas, which can be traced from Batman center, erupted Eocene aged

limestones (Hoya formation), sedimentary rocks with Oligocene gypsum-shale-evaporites (Germik
formation) and Miocene aged conglomerate-claystone-shales (Selmo formation) along the stretching
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cracks. In this study, it is aimed to present the geochemical and petrographical data of the Kira Mountain
and the Karacadag volcanism. Additionally, the mantle resource areas are evaluated in the light of the
available data.
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Figure 2. Geological map of the study area and its vicinity (the regional geology map is modified from [12])

2. Analytical techniques

In addition to the geological and topographical maps of the study area and its surroundings, more
than 100 representative samples were collected by using satellite data. Thin sections were prepared in
different university laboratories for petrographical studies from selected samples. Thin sections were
examined by Leica DM750P brand under polarized microscope and detailed petrographic
determinations were made especially mineralogical composition and textural features. For geochemical
data, major oxides, trace elements and rare earth element analyzes were performed at the laboratories of
ACME (Canada) and Istanbul Technical University. Each sample was weighed between 0.1g and 1g
and subjected to a solution of HCF: HNO3: HF (3:1:0.5) acid mixture at a temperature of 180 °C and a
pressure of 20 bar at the Berghof brand microwave. Fully soluble analyte solutions were analyzed on a
Perkin EImer ELAN DRC-e brand ICP-MS, Perkin EImer Analyst 700 AAS device. Multi-element ICP-
MS calibration solutions at 10mg/L concentration were used as calibration solutions.

3. 3. The geology of the investigated field
3.1. Kira mount volcanics

The volcanics which can be traced along the Besiri (Batman) district and nearby villages have
a plateau basalt character and layer thickness reaches 40m. Considering the land spread (about 23 km2),
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there are no pyroclastic material exits. The color and textural characteristics of basaltic magma show
occasional changes, and the presence of aggregates with gas porosity or column shape is noteworthy.
Volcanites, where limited samples of basalt lava morphology are observed, can be distinguished from
Karacadag volcanics in the field observations with abundant fractures and widespread discontinuities.
In the scope of phenocrystalline, feldspar minerals (sanidine and plagioclase) are added to olivine,
pyroxene and opague minerals. Minerals are generally not euhedral, but they offer examples of alteration
at different scales. Opaque minerals are commonly found in sections, while the feldspar bars in the
matrix give typical basaltic texture samples (Figure 3).

Figure 3. The Kira Mount volcanics generally show basaltic texture as euhedral or subhedral phenocrysts. a) Sample
1.1; Hypidiomorphic macrocrystalline olivines, microcrystalline pyroxene and opaque mineral grains in hypocrystalline
porphyritic texture b) Sample 4a.2; plagioclase laths with polysynthetic, lamellar twins with lots of opaque minerals ¢) Sample
4b.3; the coloured crystal is pyroxene and the rest of the field is occupied by plagioclase microlites, high relief small opaque
minerals and small pyroxene remnants in hypocrystalline texture d) Sample E4b-7, showing porphyritic texture, euhedral
feldspar phenocrysts are seen in dense groundmass with abundant plagioclase microliths. (Oli: olivine, Fel: feldspar, Pyrx:
pyroxene and all samples given above are trachy-basalt)

3.2. Karacadag volcanics

Karacadag volcanism, which is located in a very wide geography (about 10 000 km2) covering
different provinces of Mardin and Sanliurfa, mainly in Diyarbakir, has been active in three main stages
[3, 4]. The most widely distributed and relatively oldest Siverek stage (2.7 Ma-11 Ma/constitutes 80%
of the volcanism) was the north-south direction from the south of Ergani to Viransehir. The Karacadag
stage (1 Ma- 1,9 Ma/constitutes 15% of the volcanism) composes the main body of Karacadag and
contains pyroclastic aggregates in some places. The youngest member, the Ovabag stage (0,01 Ma- 0,4
Ma/constitutes 5% of volcanism), has reached the SE directional surface, not in the form of a whole, but
in several parts of the opening cracks. The phenocrysts of these volcanics include olivine, pyroxene
(clinopyroxene), feldspar (plagioclase) and opagque minerals [10, 11, 12].

3.3. Geochemical properties

The major oxides, trace elements and REE of the Kira Mountain volcanics and the Karacadag
volcanic complex (Table 1 and Table 2) were evaluated in the TAS diagram proposed by Le Bas et al.
(1986) [9]. (Data related to the Karacadag volcanites are described in [3, 10, 11, 12] ). The main oxide
changes reflect a characteristic of the sodic composition rich in TiO2, which is commonly seen around
the Mediterranean when both volcanic products are considered together. The samples belonging to
Karacadag show a wide distribution up to basalt and trachy-andesite including trachy-basalt, tefrite,
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phonotephrite, basanite, basaltic trachy-andesite, and alkaline character except for a few examples
according to Irvine and Baragar 1971 [6] (Figure 4).

Table 1. Major oxide values of Kira Mount volcanites and Karacadag volcanic complex (%)

SiO2 Al20s Fe20s MgO CaO Na20 K20 TiOz2 P20s MnO Crz0s3

Kira (min) 46,30 13,74 1390 3,48 7,20 3,84 144 3,44 156 0,21 0.047
Mount  (mak) 47,60 14,41 15,02 4,16 8,97 4,36 1,552 3,61 1,67 0,24 0.117
(min) 43,27 11,35 6,82 4,40 457 231 043 1,18 0,02 0,12 0,00

(mak) 61,50 18,17 15,83 11,36 13,17 542 3,25 4,76 1,28 0,26 0,07

Karacadag

Table 2. Trace elements and REE values of Kira Mount volcanites and Karacadag volcanic complex (ppm)

Rb Sr Ba Sc V Cr Co Ni Y Zr Nb La

(min) 219 3611 385 28 171 320 255 <20 453 2506 16,5 34,2
(max) 29,3 4988 544 29 189 800 348 <20 51 2688 18,2 369

g Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb
§ (min) 76,8 1049 475 10,73 42 11,28 167 925 182 482 0,62 3,79
© (max) 826 11,27 511 1162 4,49 1213 1,8 10,73 197 527 0,68 4,44
>
Lu Th Pb U Hf Ta Ga GCs Cu Zn
(min) 0,52 3,8 NA 0,6 5,2 1 195 <0,1 2599 167
(max) 0,63 4.7 NA 1,7 6,1 14 221 11 4853 2031
Rb Sr Ba Sc \ Cr Co Ni Y Zr Nb La
(min) 3,30 412 147 18,0 142 60 260 57 188 1120 141 09,83
(max) 33,0 1160 543 2500 263 460 67,0 300 30,80 897 90 82,90
(@]
'c?\: Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb
& (mn) 2280 2,8 1210 3,31 131 374 058 321 059 1,66 022 129
¢ (max) 162 1890 64,10 1370 4,52 1150 150 6,60 1,10 2,70 0,36 2,11

Lu Th Pb U Hf Ta Ga Cs Cu Zn
(min) 0,15 0,72 050 020 265 0,76 360 0,10 40 150
(max) 0,27 6,80 6,00 2,20 11,10 7,10 20,1 0,80 100 260

Although it is noteworthy that the Kira Mountain lavas are falling into the trachy-basalt, tephrite,
phonotephrite, and basanite range, it is determined that they have an alkaline character such as
Karacadag products. In order to examine the main oxide data carefully, Kira Mountain volcanics show
lower values of SiO2, Al203, MgO, Ca0, Na20, K20 and TiO2 compared to Karacadag products whereas
Fe20s and MnO data are considered as equivalent on average. With respect to the P20s and Cr20s values,
an enrichment is observed.

It is seen that the rising basalts, mostly Siverek stage volcanics and Karacadag stage volcanites,
predominantly alkaline character Karacadag products imply the Nb/La (>1) and Nb/Yb ratios showing
a scattered trend and the OIB type as the asthenospheric mantle. In contrast, the lower Nb/La (<1) and
low Nb/Yb (<8) values of the Kira Mountain volcanics indicate that the mantle source they derive is
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interacting with each other on the basis of the mixed lithospheric-astenosphere mantle, which is a strong
evidence of the heterogeneity of the mantle source (Figure 5).

Na,0 + K,O (wt%)

16 T T T
0 Kira Mount volcanics
14 = V Karacadag volcanict N
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Figure 4. TAS diagram [9] and geochemical characteristics [6] of Kira Mount volcanics and Karacadag volcanics
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Figure 5. Nb/La-La/Yb diagram of Kira Mount volcanics and Karacadag volcanics [1]

4. Discussion

To take regionally, the collision of the Arabian and Anatolian plate, which controls the
neotectonics Turkey is one of two main events and has played a decisive role in terms of the dynamics
of this case. This movement formed an in-plate volcanism that started in Late Miocene and continued
until Quaternary and thus formed Karacadag and Kira Mountain. Karacadag lava coming out of the
opening cracks and reaching the surface in the direction of NW-SE is in line with the Kira Mountain
lava. The Karacadag products also show formations in the N-S direction. While the Kira Mountain
volcanites are classified as tephrite, phono-tephrite, trachy-basalt and basanite, the Karacadag magma
also offers a wide distribution extending from basalt to trachy-andesite. Karacadag products are similar
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to OIB and are predominantly of asthenospheric mantle origin. In contrast, the magma forming the Kira
Mountain marks a mixed lithospheric-astenospheric mantle composition.

5. Conclusion

On the basis of the stratigraphic location of the region for many years, the Kira Mountain
volcanics have been evaluated as Pliocene and some have been accepted as Quaternary in literature
studies. Nonetheless, in the light of the current geological data, with the effect of the stress regime
developed due to neotectonic deformation in the region, mantle uplift was realized and basaltic products
were exposed in plateau basalt form spreading in Diyarbakir and Batman regions. Although the Kira
Mountain lavas exhibit similar mineral paragenesis, they can be distinguished from the Karacadag
Volcanites by their abundant fractures and widespread discontinuities in the field surveys as well as by
their distinctive color distribution in different shades. Considering the unique contribution of analysis
data, it is quite clear that the Late Miocene aged Kira Mountain volcanites were found in the Karacadag
volcanites which correspond to Siverek stage periodically, exhibit different geochemical characteristics
and derived from different types of magma.
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ASSESSMENT OF ENERGY PERFORMANCE BASED ON ENERGY AUDIT OF AHOTEL
USING EXERGY APPROACH

Mehmet Emin Ugur OZ*, M. Ziya SOGUT 2

This study presents an analytic assessment method of energy consumption
processes that was developed to apply to the energy management systems of
hotels. This method has based directly on an exergetic approach and
examined energy and environmental performances using energy and exergy
analysis with the pre-energy audit. The energy efficiency performance of the
hotel was considered for uninsulated (Case 1) and insulated (Case II)
conditions. The results of the analysis show that energy consumption losses
are related to not only the structural features of the buildings but also the
operational management of the hotels. Also, the specific energy consumption
of Case Il is 43,08% higher than the Case I. Exergetic efficiency for insulated
and uninsulated conditions were found as 27.31% and16.26%, respectively.
At the end of the study, some recommendations on effective energy
management and the applications of a hotel were revealed.

Key words: Hotels, Energy Management, Energy Audit, Energy Analysis,
Exergy Analysis.

1. Introduction

Increases in the energy consumption based on fossil energy resources, which is the primary reason
for the environmental impact, has been motivated all sectors for investigation energy-efficient
applications. According to researches of the European Union (EU), the building sector has
approximately 40% of the total energy consumption and 36% of the CO2 emissions. Hotels, which are
known as having high energy consumption and large complex buildings among the commercial
buildings, have 6% roundly of the total energy consumption of the building sector. Hotels, as
commercial enterprises, directly depends on tourism mobility and the capacity of the sector, which
served 980 million people in 2011, is expected to will increase to 55% in 2020 to serve more than 1.5
billion people [1]. A study about 610 hotels across Europe with including 40 hotels in Ankara Turkey,
revealed that the amount of energy used by most hotels is between 200-400 kWh/m?.yr. This important
potential for consumption, which is dependent on the occupancy rates of hotels, has contributed
significantly to the emission production [2]. Therefore, the determination of energy efficiency and
savings potential is the critical point for reducing energy waste and CO2 emissions. In the literature,
many studies related energy efficiency and savings based on the building sector like commercial, high-
volume buildings and hotels have found [3,4]. Energy analysis considering hotels is defined as a
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guantitative expression of consumption and expresses only potential use of existing energy. In this type
of analysis, defining and evaluating of the system according to losses are not possible. To define
irreversibility potential and energy losses of hotels are explained by exergy analyses directly. Exergy
analysis in hotels is a tool to determine the real potential of energy losses and carbon footprint. [5].
Energy and exergy analyses of hotels have become prominent regarding energy management, energy
costs and sustainable environments in buildings. However, few studies in the literature have focused on
hotels within the scope of exergetic analyses. Gongalves studied new energy and exergy indicators,
which are suggested for legislation, regarding building energy performance in a 4-star hotel in Coimbra,
Portugal [5]. Xydis et al. analyzed the energy and exergy efficiencies of four hotels in different regions
of Greece using data acquired from 2001-2002 [6]. Kilkis stated that efficiency and environmental
compliance could ensure lower costs for a sustainable exergy-efficient building. This situation was
explained by the dynamic and controlled balance between radiant changes and convective changes in an
attentive design optimization with corresponding thermal heating-cooling changes (HVAC) in the
building [7].

Studies about hotels can be defined as local energy consumption analyses, per m2 as well and
process analyses. A sustainable model about energy performance evaluation of hotels with exergy
analysis has not been observed in the literature. First, this study was presented by the pre-energy audit
of a hotel, which was considered under insulated and uninsulated conditions with real data. In this study,
occupancy rate and per m2 area were considered as a reference parameter for analyses. Energy and
exergy analyses for each one of two situations were calculated CO: emissions dependent on
irreversibility and energy losses. Besides, energy and emission capacity per a customer according to
occupancy rate, energy saving potential according to improvement potential were found separately.

2. Energy management and energy audit at hotels

The global consumption of energy by hotels is approximately 360 MToe, which has an important
effect on the environment due to the activities and energy-based infrastructures of hotels. Considering
the hotel sector, Europe hotels have approximately a potential of 42% and 5.45 million beds capacity.
According to a study made for these hotels, the average energy consumption was defined between 305
and 330 kWh/m?.yr with an average emissions release of 160-200 kgCO2/m?. The energy consumed by
hotels is derived mostly from fossil fuels. Natural gas and fossil fuels generate approximately 39% of
the total energy for a typical hotel, whereas electricity generates approximately 61% of the total
consumption for a typical hotel. When analyzing the activity structure of hotels, energy is used for
heating, cooling, conditioning, lighting, and ventilation. The usage of heating requirements depends on
the operations of building heating, swimming pools, and cooking [2]. According to energy savings
studies that considered capacity and usage rates in hotels, maximum energy savings potentials of 30%
were attained. Energy savings potentials are dependent on the place of use; in hotels in Europe, the
distribution of energy use is as follows: 15-20% in heating, 5-30% in cooling, 40-70% in water heating
and 7-40% in lighting [8].

Considering the costs of annual energy consumption of hotel, there is a need for effective and
sustainable energy management. Energy management for hotels is defined as a disciplined study that is
structured and organized for the efficient use of energy without sacrificing environmental conditions,
service quality, comfort, and safety. This system in Turkey can be provided with an ISO 50001 Energy
Management System. [9]. Effective energy management is a dynamic structure that progresses within a
cycle of monitoring, planning, implementing, controlling and measuring. The primary task of energy
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management is dependent on the capability of an organization to effectively determine all energy
processes and savings potentials with pre-energy searching.

3. Exergetic approach in integrated building

The primary objective of effective and sustainable energy methods is to maximize the energy
savings potentials through the use of energy searching attached to a targeted consumption. An analysis
for each energy-consuming system is important for determining the aspects required for subsequent
improvments. A flow chart of the exergetic approach developed for building implementations is shown
in Fig. 1.
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Fig. 1. Flowchart of the exergetic approach for buildings

Step 1: Energy Audit

Exergetic analysis of the process shows directly a useful performance related to irreversibility.
But previously from this analysis, distribution of energy consumption of all processes should be
examined and process to be studied should be determined. An energy audit is the most important stage
of the methodology for developing efficiency and determining the energy savings potential. The most
important stage of an energy audit is the data collection process. The data collection process requires a
strategic approach to energy management. The collected data should be transformed into a standard
structure, and their unit transformation should be ensured by a unit analysis.  Energy management
standards determine standard, target energy consumptions and energy savings potentials. The standard
equation of consumption is a linear equation that demonstrates that the need for energy is dependent on
specific variables. This equation is expressed as;

E =a+b(P) (1)

Where the variables “a” and “b” are fixed, and P is a specific variable. After the standard equation
dependent, targets are determined by considering consumption processes. The target equation is the
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same form as the standard equation. To determine the energy savings potential, the cumulative sum
value (CUSUM) method is employed. This method consists of determining the total cumulative sum of
the energy savings potentials from the energy data using the least squares method [10].

Step 2: Exergy analysis
Energy demands of residential or commercial buildings are generally determined as based on
heat losses and gain. Energy demands in these buildings are assessed for demands, comfort conditions
and thermal losses during the project process. The energy demand based on heating for a building (Q,,)
is;
Qm = [Qh(Tin — Tour) — (Pm(win,m + Q)out,m)]- t (2)

Where Qyis specific heat losses of the building, (T;,, — Tpy.)is monthly the average inlet and
outlet temperature, ™ isthe utilization factor, % and "S" represents average inlet gains and average
solar energy gains respectively, and Uis time[11]. Fossil fuels are generally used as the primary energy
source to supply heat demands in the buildings. The amount of fuel for the total energy load (M+) is;

Qheat,year (3)
LHVgyer-Mpoiter

Where LHVp,,, is the low heat value of the fuel and "7 is the thermal efficiency of the boiler
or heat supplier [11]. The total energy efficiency of a heating system is the ratio of annual energy demand
to annual fuel consumption. According to this, the total efficiency is;

Mfuel =

_ Qheat,year
M = Y vearLHV )
fuet,year.LHV

Where 771 is the total energy efficiency, Q'heat,year is the demand for heating energy, and
Mpyet,year 18 the annual fuel consumption. Considering the heat requirements of the buildings, thermal
exergy is addressed accordingly heating and cooling demands related to minimum energy or fuel usage.
The exergy factor firstly is the minimum exergy or heat demand depending on Carnot efficiency between
inlet and output or dead state temperature. Exergy factor can also be described as the rate of energy and
exergy demand for buildings. It can even be thought as a ratio of the real need in buildings to will be
consumed with energy. In this case, the (7/ ) exergy factor is,

E T,
=2X—=(1-= 5
v=5,=1-7 ()
The exergy demand of a building can be considered as minimum energy demand accordingly
internal comfort requirements, indoor and output temperature together with on structure components

directly dead state temperature. The exergy demand is,
. . T,
Ey=0Qn(1-2 (6)
Where Q,, is the total heat demand of the building, To is the dead state temperature or outdoor
temperature, and T is the ambient temperature [9,12,13]. The exergy load rate for buildings is dependent
on the exergy load of the heating system and the exergy demand rate of the distribution system. The
total system exergy of buildings depends on the heating system, the distribution system and other
components that consume energy, such as DHW, HVAC or heat pump systems. The total system exergy

load rate of the building becomes

Extotal = ExHS,in + Exdis,in + ExDHW,in + Exother,in + Z Psys,in (7)
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Where Exyg iy is the exergy load of the heating system, Ex;, is the exergy load rate of the
distribution system, Expyy i is the exergy load rate of the domestic water heater, Ex,¢perin iS Other
component that consume energy, and ; Psy i, is the electric power consumption of all systems. The
total exergy efficiency of buildings based on the demand exergy rate:

EXgemand
— —“demand 8
EXtotal ( )

Exergy is consumed in all thermal systems that are dependent on environmental
conditions[9,12,13]. Therefore, the exergy destruction rate is an important parameter for assessing
irreversibility and the entropy production of systems. The exergy destruction rate of the system can be
calculated by;

Exdest = (1 - lpsys)- Extotal )

The rational exergy efficiency is the most accurate criteria for exergy efficiency related to building
energy system[14].

The improvement of exergy efficiency for an energy process or system is based on to minimize
the exergy loss or irreversibility. The exergy loss or irreversibility is based on the exergy difference
between input and output of the system. The improvement potential (IP) is defined for irreversible
processes of energy systems as follows [15,16]:

IP = (1 =) (Exin — Exgyr) (10)

Step 3: CO2 Emission Analysis
The United Nations Environment Program can be seen at the top of these organizations, and
according to the 4th evaluation report, the amount of CO2 emission was delimitated by 450 ppm.
According to the pre-industrialization value (280 ppm), this value has been expected to rise global
temperature as 2 °C. In recent years, scientific researches have brought to light that the target level
should be limited to 350 ppm related to boundary condition in which environmental cycles can occur,
as this limit would not result in climate change [17].

CO2zemissions are considered in two aspects. The first aspect is the amount of CO2 emitted
from burning fossil fuels. The second aspect is the equivalent amount of CO2. This criterion is described
asa criterion for evaluating the global warming potential (GWP) and accepted as the equivalent potential
of greenhouse gases like CH4 and N20, emitted by especially fossil fuel consuming systems. (GWPnzo :
21 and GWPcH4:.310). The conversion factor between these two criteria is 7.78 GtCO2 considering unit
ppmCO:2 [17]. CO2 emission assessment of buildings is defined considering energy consumption and
relationship of the emissions and the energy is expressed by the following equation.

Er sec =100* (SEG, / SEG,) (11)

Where SEG (kg-CO2/m?year) states to the annual COz rate for per m?. “a” and “r” indies expresses
to real and reference conditions, respectively. The emissions value of buildings is related to energy
consumed and each fuel consumed has an emission factor (Fsec). According to this, total emission
potential is calculated as below;

SEG = My -Feeo (12)
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Where Fsec refers to the CO2 emission factor for each fuel like natural gas (0.234) and coal(0.433)
[18,19]. The CO2 emission metrics related to the exergy concept is defined as another method in
emissions analyses.

4, Results and discussions

In this section, the exergetic approach suggested for a hotel were applied considering a sample
hotel, which has two cases including isolated and uninsulated conditions. But first, energy efficiency
potential was defined based on an energy audit. Then, energy and exergy analyses of the hotel were
made consequently. Structural features of the hotel were given below:

4.1.Structural Features of Hotel

The hotel was built in provincial borders of Bursa/Turkey, and its construction is a concrete
building. Energy consumption of the hotel depends on electric and natural gas. The building's central air
conditioning system is powered by steam for steam humidification. Alternatives energy systems (such
as renewable) except the standard energy sources was not supported in the building. Construction
components were assessed separately for building energy requirement values. The floor area of the
ground contact is 2152 m?, the total area of the window is 1442.42 m?, and the total area of the doors is
13.57 m?. The total area of the wall in the project is 6693.45 m2, and the total terrace and roof area is
2092.97 m?. The total m? measurement for the closed area of the hotel is 13253.04 m?. In this study, for
the analytic assessment in uninsulated (Case 1) and insulated (Case Il) conditions were separately
addressed.

4.2. Results of the Analysis and Evaluations

During energy audits of the hotel, the analyses for Case | and Case Il conditions examined at
two-way, which were defined m? consumption and the occupancy rate. These parameters were analyzed
separately considering annual consumptions.. The energy consumption distributions for both analyses

are given in Table 1.

Table 1 Table 1 Energy consumption distributions of the hotel for the years of Case | and Case 11

Case Energy Distribution Unit Cost Cost Distribution | Unit Energy Cost

Case | (kWh/year) % $/unit $/Total % $/unit
Electricity 1389970.37 0.5599 0.091 126384.12 0.7609 0.091
Natural gas 1092611.46 0.4401 0.296 39713.14 0.2391 0.036
Total 2482581.83 166097.26 0.067

Case Il
Electricity 1406277.33 0.5969 0.164 230629.48 0.8505 0.164
Natural gas 949498.50 0.4031 0.41 40551.05 0.1495 0.043
Total 2355775.83 271180.53 0.115
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For Case | and Case Il, the energy consumption for the hotel was 230.22 Toe and 211.85 Toe,
respectively; the unit energy annual cost was found 0.067 $/kWh for Case I and 0.115 $/kWh for Case
I. The energy consumption assessments for the hotels are generally performed using m2 as a reference.
However, the occupancy rates in hotels are directly affected by the cost effectiveness. In this study,
energy savings potentials were calculated using the m2 and the occupancy rate as references.

According to the audit results, the standard annual average m2 consumption for the Case | was
found 16.83 kWh/ m?, and the target consumption was defined 12.43 kWh/m? with a decreasing rate of
36.6%. For the Case Il, the standard consumption was 14.81 kWh/ m?, and the target consumption was
7.64 KWh/ m? with a rate of 48%. Similar analyses were conducted using the energy consumption per
capita, which is dependent on the occupancy rate of the hotel. The occupancy rates for an insulated
building in Case I and Case Il were found 74.64% and 51.77%, respectively. Standard consumption was
calculated as 1.56 kWh/person in Case | and 1.95 in Case Il. Considering capacity, the target
consumptions were 1.13 kWh/person in Case | and 1.10 kWh/person in Case Il. According to this
distribution, the annual average energy savings for Case Il was 59.7% for m2 and the savings per capita
was 43.8%:; in Case |, the savings rates per m? and per capita were 36.6% and 27.3%, respectively

Based on the audit of a building, the cumulative total values chart (CUSUM) was only created
for Case 1. Based on the total consumption values for Case Il, the CUSUM chart was generated using
the least squares method, as shown in Fig. 2.
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Fig.2. CUSUM charts

According to the CUSUM analyses, the savings potential was 7.16 kWh for m? and 48.4% and
0.86 kWh and 43.9% per person depending on the occupancy rate. The difference was less than 10% for
both potentials. The audit results, which are dependent on insulated and uninsulated conditions of the
hotel, indicate a significant savings potential for the hotel. Based on these assessments, energy and
exergy analyses of the hotel were made separately.

The energy sources in the hotel were natural gas and electric. The analyses were performed for
the consumptions of the mechanical system by employing the consumed energy charges to satisfy the
need for energy produced from the loss of heat outside of the kitchen and hot water required for laundry.
The energy consumption distributions for both situations are given in Fig.3.
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Fig.3. Energy consumption distribution for the hotel

In both usage conditions, the % variation in the energy consumption distribution is
approximately 4.25%. Insulation support provided savings at a rate of 43.08%. When disregarding the
effect of external air changes, the annual energy consumption decreased to 348203.5 kWh/year from
611323.1 kWh/year. From these data, the monthly energy efficiencies of the hotel were calculated; the
distributions are shown in Fig. 4.
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Fig.4. Energy efficiency in the hotel for Case | and Case |1

In the analyses, reference values were calculated by considering the hot water demand of
facilities, the individual hot water demand and loss of heat analyses. The results of the analyses indicate
that the efficiency of the system is higher for uninsulated usage. The average energy efficiency was
51.72% and 42.84% in Case | and Case Il, respectively. Although there is an improving effect of
insulation at the rate of 43.08% in the heating requirement, other consumptions in the hotel create
significant losses due to operational inefficiencies.

These results indicate that the distribution of energy consumption was directly affected by the
occupancy rate of the hotel. The results of an important advantage, such as insulation, did not provide
sufficient savings because a control could not be applied that was dependent on the occupancy rate of
the hotel or the system did not allow this application. This distribution was also obtained with the unit
hour energy consumption of energy based on the demand for natural gas. The unit energy consumption
distribution for the hotel for both situations is shown in Fig. 5.

The monthly unit energy consumptions do not exhibit significant differences. An analysis of
these values reveals that the annual average unit energy consumption is higher for the insulated year at
a rate of 3.19%. The average unit consumption for Case | was 0.779 kWh, whereas the average unit
consumption for Case 1l was 0.804 kwh. The difference of 30.7% in the occupancy rate of the hotel is
important. No system was able to control this change in the mechanical infrastructure of the hotel.
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Fig.5. Energy consumption distribution for Case I and 11

Concerning energy analyses of the total system distribution, the effect of consumption also
yielded results that were similar to the exergy distribution. Building exergy analyses can be performed
separately based on fuel and building exergy demands. If building demands cannot be directly measured
in a system, the exergy analyses and efficiency of the system can be determined regarding fuel. Both
approaches were analyzed in this study. The exergy consumption of the system was separately analyzed
with fuel consumption as a reference, and the monthly average exergy efficiency of the hotel was
calculated. The average exergy efficiency for both situations is shown in Fig. 6.
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Fig.6. Exergy efficiencies of the hotel based on the fuel

As in the energy analyses, the average exergy efficiency in Case | was higher than the average
exergy efficiency in Case Il at a rate of 30.57%. The average exergy efficiency for both years was
23.02% (Case 1) and 15.97%, respectively. These assessments were performed by considering the charge
analyses, such as loss and gain of heat, mechanical systems, boiler and laundry, and the results were
compared. In the exergy demand analyses, the efficiency was 27.31% in Case | and 16.26% in Case II.
These values are close to the results obtained from the fuel exergy approach at an average error rate of
10%. To display the operating charges, the results from the demand exergy approach require more
detailed analyses. Thus, these charge values can be used to define the improvement potentials related to
irreversibility caused by the energy consumptions of the hotel. Entropy production based on equation
(14) and the related improvement potential were calculated separately. Only data for Case Il were
employed for future scenarios. The entropy production and improvement potential of the exergy
consumption for Case Il are shown in Fig. 7.
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Fig.7. Entropy production and improvement potential of the hotel

In the exergy production of the hotel for the year Case I, the irreversibility for monthly average,
lost exergy or entropy production amount to 89800.36 kWh. The improvement potential of this effect
was 56657.29 kWh. The improvement in this potential increases the exergy efficiency of the hotel at the
rate of 80.15%. With adequate energy management of the hotel and effective energy usage, the
improvement of this potential and emission release based on energy consumption will be positively
affected.

Emission approaches in energy systems differ in many aspects. The carbon release metric was
employed in this study, and CO2 emission savings based on the improvement potential with current
emission release in the system were separately calculated; the results are shown in Fig. 8.
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Fig.8. CO2 Emission potential and improvement rate of the hotel

Regarding energy consumption, the monthly average for the year Case | was 77946.93 kWh,
and the COz emission potential for the hotel causing entropy production was 113.24 Gt. Considering the
improvement rate, emission savings at a rate of 39.68% emerges in the monthly average of this potential.
The exergy loss of the hotel based on the irreversibility in Case 11 was 89800.36 kWh. The improvement
potential based on the exergy efficiency of the system was 83.74%. The average monthly CO2 emission
potential of the system was 130.46 Gt.CO.. This potential can be reduced at a rate of 23.62% via an
improvement based on this potential improvement rate.

For buildings and building elements, a comparative methodology framework as namely cost-
optimal methodology, which is levels of minimum energy performance requirements, was published by
the European Commission on 30 June 2011.
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This methodology evaluates the energy performance considering the lowest cost during the estimated
economic life-cycle, cost-optimal methods have many units related to energy consumption[20,21]. In
this study, the present value of energy consumption is used for cost-optimal considering target
consumptions of the energy audit in insulated and uninsulated conditions. Occupancy rate and m?
parameters were taken references and results were given Fig.9.
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Fig.9. The global cost of the energy consumption for bed and m?

Energy consumptions in hotels must be evaluated together with climatic conditions. But the
energy consumption is also an important aspect of cost-effectiveness except for the efficiency. In this
context, the global cost has been found both for occupancy rate and m2 referred to objective
consumptions by present value. According to this evaluation, energy consumption per bed for isolated
and un-isolated buildings have been found respectively 0.108 $/bed and 0.1097 $/bed. Global costs for
consumptions have been found meanly 1,194 $/ m? and 0,765 $/ m? at the same conditions.

5. Conclusions

In this study, an analytic method referred to as the exergetic approach was developed as the
reference for the energy management considering thermodynamic and environmental analyses The
results of the study show that not only the construction specifications but also the operating structure
should be evaluated as essential parameters in hotels In this context, the improvement between
uninsulated and insulated conditions with a rate of 43.08% were found except for the problems in the
energy management structures of the hotel. The results taken from the analysis were given as follows:
a. According to the results received from the energy audit of the hotel, the annual average energy
savings of Case | was 59.7% for m2 and 43.8% for saving per capita. The savings rates for m? and per
capita for Case Il were 36.6% and 27.3%, respectively.

b. The savings potential of the hotel as a cumulative total based on occupancy rate was of 43.9%
with 0.86 kWh per capita energy consumption and 48.4% with 7.16 kWh energy consumption for m2.
C. Although high-efficiency elements are used in the energy system of the hotel, the energy

efficiency was 51.72% for Case | and 42.84% for Case Il. The significant loss potential in the system
was defined.

d. When assessing the exergy efficiency of the hotel based on fuel, the average exergy efficiency
rate of 30.57% in Case | was higher than the exergy efficiency in insulated structure. The average exergy
efficiency for both years was 23.02% (uninsulated structure) and 15.97%, respectively. However, the
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exergy efficiency in the uninsulated structure was 27.31% and 16.26% in insulated structure, depending
on the building demand and building usage.

e. The most important contribution of exergy analyses is the ability to define the improvement rate
based on the loss potential. The exergetic efficiency of a hotel can be increased to 80.3% depending on
the improvement rate of the hotel.

f. The improvement rate in exergetic analyses can be used as a guide to define the CO2 emission
savings potential of the hotel concerning environmental effects. Thus, the CO2 emission savings rates
of the hotel were 39.68% and 23.62% in uninsulated structure and insulated structure, respectively.

g. These analyses demonstrated the importance of structuring an effective energy management
system for the considerable consumption of energy by hotels. The positive effects of some
improvements in the system, such as insulation, did not result in financial savings for this hotel because
the energy could not be effectively managed and efficiently employed. These improvement studies
should be based on useful engineering studies.

Hotels have significant potential in the building and tourism sectors and have become
prominent due to not only their energy consumption but also their environmental effects. This study is
important because it indicates that effective energy management can be ensured with the proposed
exergetic approach, mainly through conducting energy analyses. This study was performed using a
method for defining the unit energy value in hotels. In this respect, this study has importance for a
sustainable environment and sustainable life-cycle cost analyses.
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ORGANIC MATERIAL POTENTIAL AND ENERGY ANALYSIS FOR BIOGAS
APPLICATION OF BATMAN
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With the decrease of fossil fuels in the world, increasing energy costs caused
the countries to turn to different kinds of energy sources. One of these sources
is biogas energy which is a renewable energy source. Biogasorganic is a kind
of energy resulting from the fermentation of domestic and industrial wastes
indoor environment.

In this study, biogas amounts and energy analysis which can be obtained by
determining the potentials of organic (animal and herbal) wastes belonging
to Batman province have been made. As a result of the researches, 52% of the
total wastes in the province of Batman are composed of organic wastes.
According to the data obtained in the calculations; It has been found that the
biogas production potential in Batman province is 115,745 m® / day biogas
and 544,000 KWh / day electrical energy from the wastes and 1.563 m* / day
biogas and 7.346 KWh / day electrical energy from the vegetable wastes. The
obtained data are given in table and graph

Key words: Biogas, Fermentation, Animal Waste, Herbal Waste
1. INTRODUCTION

Nowadays, it is seen that fossil fuels are gradually decreasing and countries are turning to
renewable energy sources within the scope of their efforts to diversify their energy needs. Biagas which
does not harm to environment is seen as a renewable energy source cause it can be obtained continuously
in nature. Biogas energy, agriculture and livestock activities as a result of the production of vegetable
and animal waste produced by biogas production facilities by oxygen-free respiration (fermentation) by
bacteria is broken by the resulting methane (CHa) is used as fuel and energy products. It's also evaluate
that like as a result of fermentation in fertilizers for use in agriculture.

As a result of the reduction in natural energy resources and the search for new resources, biogas
production from organic wastes is considered as an alternative source. The use of organic wastes in the
production of biogas is an effective waste management step in both waste disposal and energy
generation.[1]

Biogas is a colorless, flammable gas, depending on the structure and process of organic matter,
containing 60-70% CHg4, 30-40% CO:2 and low amount HzS, N, H, CO. The fuel equivalent of biogas is
0.60-0.65 L petroleum / m® biogas [2],[3].
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It is important to evalute that biomass energy, which is one of the renewable energy sources, has
increased in recent years, increase in utilization rates, and within the scope of energy efficiency
applications and the diversity of energy resources. For this purpose, there are various breakthroughs in
the world. In the coming years, it is predicted that the biofuel products that will be obtained with the
conversion of traditional biomass to the bioenergy in modern facilities will have an important place
among the renewable energy sources. [4]

In our country, animal manure is burned for heating and cooking purposes. The use of animal
manure in agricultural production is more economical than conversion to energy. Animal manure has
superior properties than artificial fertilizers. It is possible to prevent the incineration of animal manure
and to give it to the agricultural land by giving a new energy to the rural area to replace this energy. This
energy is biogas that can be obtained from animal manure.[5]

Which can be related to the biomass potential that exists in our country with statistical data of
Turkey's annual biomass potential of about 32 MTOE, while total converted to bioenergy potential is
said to be about 16.92 MTOE. [6] 73 units in Turkey biogas, biomass, waste heat and power plant
pyrolysis oil. The total installed capacity of these power plants is approximately 395.0 MW. [7]

Considering the studies on the use of biogas energy; The biogas energy produced from animal
wastes in our country shows that the energy value is between 3 and 3.5 billion m? / year. [8]. If the
biogas potential of urban solid wastes is 4,850 million kwWh / year and 1% of the processed agricultural
land is used for energy plant cultivation, ir is determined that the biogas potential will be 25.95 billion
kWh / year and that the biogas potential of animal manure will be 14.26 billion kWh / year [9]. The
annual biogas energy potential for animal waste originating from Igdir city is estimated to be 21.441
million m® [10]. It has been shown that approximately 87,645 m® / daily biogas can be produced from
biogas plants from animal manure in Malatya. [11]. When the theoretical biogas energy value which can
be produced from organic wastes for Ankara city is considered as m3 / day, it is found as 277.348 m?3/
daily from animal wastes, 38.493 m*/ daily from agricultural wastes and 160.380 m*/ daily from kitchen
wastes [12].

In Batman province, agricultural activities have gained importance with the development of
irrigation conditions as well as animal husbandry. In many fields wheat, corn and lentil cereal products
are planted. However, after harvesting the crops, unfortunately, the remaining stubbles are burned
unconsciously and they endanger human health while damaging the environment and natural life. While
many land becomes a flame ball, an important energy source is wasted in front of us.

Batman province has a significant waste potential both in livestock and agriculture and their
evaluation is of great importance both for the solution of environmental problems and for alternative
energy sources.

2. METHOD

Statistical data and web pages were used to determine the amount of organic waste in Batman
province. The different data obtained have been brought into tables and graphs. The collected data were
calculated by using scientific calculations and transformations. Biogas potential and daily / yearly
energy analyzes were calculated from animal and vegetable wastes in Batman province. While the data
were collected, the changes in the last few years were taken into consideration. Cal culations have been
made by taking into account the serious decreases and increases that may occur in years.

In order to calculate the amount of fertilizer to be formed from animal wastes, animal manure
production volume (ton / year) and the amount of biogas (m® / year) that can be obtained are given
according to animal species. The electrical energy that can be produced on an annual basis according to
the amount of 4.70 kWh electricity corresponding to 1m3 biogas is calculated. Energy production
potentials which are mixed with the amount of biogas obtained from agricultural wastes are calculated
daily and yearly.
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The energy value of methane gas obtained from cattle, sheep and poultry and the amounts of
energy that can be taken from agricultural wastes are shown as numerical data, graphs and tables.

3. DISCUSSION

When the amount of solid waste in Batman province is examined, organic wastes constitute the
biggest share with 52%. Organic waste is divided into two different categories. The first is animal waste.
These are the wastes of cattle, sheep and poultry and slaughter waste. The second is herbal waste. These
are straw, finely chopped stalks, maize residues, sugar beet leaves, and waste from the untreated parts
of plants..

% 52

% 26
% 14
% 3 05 2 % 3
| — |
Organic Ash Plastic Paper Pine Metal

Figure 1. Waste Composition in Batman Province in 2017[13]

3.1. Animal Wastes
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Figure- 2 Batman Province Animal Numbers by Years [14]

When we look at the statistical data of Batman province in animal husbandry field, in 2018, we
see that most small small head animals (719.919) followed by animals with wings (152.792) and finally
big head animals (107.379). When we look at the data of the last four years, it is observed that there is
generally an increase in cattle and sheep and livestock breeding but there is a decrease in poultry
husbandry. Table 1 below shows the number of animals on the basis of districts.

When the number of animals raised in Batman province is examined, it is seen that the number
of big head animals in terms of biogas potential is less than the number of small head animals. According
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to the population density of Batman province, the majority of big head animals are raised in Kozluk and

the majority of small cattle and poultry are grown in the central and central villages.

Table 1 Number of Cattle, Sheep and Poultry by Batman Province [14]

District Name Big Head Animals Small Head Animals Animals With Wings
Merkez 22.038 291.817 77.010
Besiri 6.861 163.286 53.350
Gerclis 4.662 68.418 11.142
Hasankeyf 1.095 17.380 140

Kozluk 42.469 123.427 4.000

Sason 30.254 55.591 7.150

Total 107.379 719.919 152.792

When the average amount of fertilizer and biogas obtained from animal sources is examined, 5-
6% of the big head animals weight is obtained in kg fertilizer / day, while 4-5% of sheep and goat weight
is in kg fertilizer / day and 3-4% in chicken weight. 3 kg of fertilizer / day can be obtained. [15]

In order to calculate the biogas potential, the research results are used in Table 2 below.

Table 2. Energy Quantities from Animal Wastes [15]

A P i
Big Hed Animals 3,6 33
Small Head Animals 0,7 58
Animals With Wings 0,022 78

According to the data in the table according to the total number of animals in the province of
Batman age fertilizer and biogas calculation;

For big head animals; = 386.564 tons / year fertilizer,
For small head animals; 503.943 tons / year fertilizer,
For animals with wings ; 3.361 tons / year of manure was found.

When the results are obtained, it is seen that the maximum amount of fertilizer can be obtained
from small head animals in Batman province. Although the amount of biogas can be obtained from big
head animals according to the table, the majority of biogas production potential constitutes the amount
of fertilizer that can be obtained from small head animals because of small animal husbandry production
in Batman province.

When the biogas calculation can be obtained from these collected fertilizers;

For big head animals; = 12.756.612 m®/ year or 34.949 m®/ day biogas

For small head animals; = 29.228.694 m® / year or 80.078 m* / day biogas

For animals with wings; = 262.158 m? / year or 718 m® / day biogas was obtained.
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The daily energy amounts that can be obtained from 1 m* biogas under normal conditions are
shown in Table 3 [16]

Table 3. Thermal Values of Biogas

Quantity of heat 4700-5700 kcal/m®
Oil 0.62 It
Wood Coal 1.46 kg
Wood 3.47 kg
1mé Butane Gas 0.43 kg
Biogas Turd 12.3 kg
Electrical Energy 4.70 kWh
Diesel 0.66 It
Gasoline 0.75 It
Propane 0.25m?

4.70 kWh of electrical energy can be obtained from 1 m® biogas. It was calculated that the total
amount of biogas obtained from animal wastes for the province of Batman is converted into electrical
energy and 544.000 KWh of electricity can be obtained daily. Table 4 below shows the amount of biogas

and energy that can be obtained daily in Batman province according to animal species.

Table 4. Biogas and Electricity Quantities Obtained from Animal Wastes in Batman Province

ial Amount of Biogas Electrical Energy Available TL / day
Animal Type (m3/day) (kwh/day) Price
Big Hed Animals 34.949 164.260 73.917 TL
Small Head Animals 80.078 376.366 169.364 TL
Animals With Wings 718 3.374 1518 TL
376.366
164.260 169.364 TL
80.078 73.917TL
34.949
718 33?4 1.5“1_’8 TL

Amount of Biogas (m3/day)

= Big Hed Animals

Electrical Energy (KWh/day)

® Small Head Animals

Animals With Wings

Available TL / day Price

Figure-3 Biogas and Electricity Amounts Obtained from Animal Wastes for Batman Province
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Turkey Statistics 1 kWh of electricity for the amount paid for housing, according to the Agency
according to the average of 12:45 per month of June 2018 is. [17] According to the calculations, it was
found that biogas from animal wastes would provide an economic contribution of approximately
244,799 TL in one day in Batman province.

When calculating the amount of biogas that can be obtained, the amount of energy that can be
obtained if all of the organic wastes are collected is calculated. However, it is estimated that the loss rate
will be around 30% when the fertilizers are collected in the pastures. When calculated according to this,
the amount of energy that can be obtained daily in Batman province will be 380,800 KWh electricity
energy.

3.2. Herbal Wastes

According to the data obtained from Batman Agriculture and Livestock Provincial Directorate of
Agriculture for the province of Batman, biogas potential and daily / annual energy analyzes obtained
from vegetable wastes were calculated. The data and the results of the research given in Table 5 are used
for this purpose.

Table 5. Batman Province Herbal Product Amounts [14]
SN | Name of the product Planted Area (da) | Yield (kg/da) | Production (ton)
1 |Egypt 45.858 1446 66.353
2 | Cotton (Mass) 2.524 550 1.389
3 | Corn Silage 6.000 4825 28.950
4 | Wheat 64.862 375 24.346
5 | Wheat Juicy 23.245 638 14.839
6 | Wheat Juicy 32.423 519 16.835
7 | Wheat (Other) Dry 416.180 341 142.169
8 | Barley (Other) Dry 46.675 310 14.892
9 | Red Lentils Dry 141.031 191 26.945
10 | Chickpeas Dry 1.785 164 294
Sown Area Total 780.583

The daily and annual production amounts of the biogas produced by the biogas calculation that
can be obtained from the vegetable wastes collected in Batman province and the amount of daily and
annual electricity energy of these products and the value added to be added to the country's economy
are indicated in Table 6.

Approximately 10% of the total production amounts of wheat, corn, barley, chickpea and lentils
are straw that can be used in biogas production. 1 kg. about 0.017 m* of biogas can be obtained daily
from the straw. [18]

With these data, the biogas production of the agricultural products that can be used in the biogas
production of Batman province is calculated; 1.563 m®/ day biogas will be obtained from the straw of
the products such as corn, lentil, wheat, barley and chickpea. Approximately, 60% of the obtained biogas
is composed of methane gas. This is equivalent to about 937.8 m®/ day of methane gas.1 m® of methane
is 10 kWh of energy. [18]

The daily and annual production amounts of the biogas produced when the biogas calculation can
be obtained from the vegetable wastes to be collected in Batman province and the amount of daily and
annual electricity energy of these products and their value added will be given in Table 6.
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Table 6. Methane Gas and Electricity Quantities Obtained from Agricultural Wastes in Batman
Province

Agricultural Waste Amount of Biogas Electrical Energy Available TL
Corn, Wheat, Lentil, miday | (milyear) | (KWhiday) | (kWhiyear) | 1L/ | TL/year
Chickpea, Barley (Straw, ( y | (miyear) | ( N | ( year) Price Price
Stalk) 1.563 | 570.495 7.346 2.681.290 | 3.305 | 1.206.580

According to the calculations, a biogas production of approximately 3.305 TL per day was
calculated from vegetable wastes in Batman province.

According to the data in Table 6, when the total vegetable waste and biogas calculation is done
in Batman province;

Corn, Wheat, Lentil, Chickpea, Barley (Straw) = 335.593 tons / year

When the biogas calculation can be obtained from these products;

For Corn, Wheat, Lentil, Chickpea, Barley (Straw, Stalk); = 570.495 m?/ year or 1.563 m®/ day
biogas will be obtained.

4. RESULTS

In this study, biogas potential of Batman province and cost analysis in terms of savings are
examined. According to the results, it is seen that there will be a significant economic benefit in case of
establishment of plants in biogas production when considering the animal waste potential and
agricultural areas in Batman province. In Batman province, organic wastes (animal and vegetable)
constitute the largest share in terms of waste materials. Biogas production will reduce the burning of
buckets in the villages, stubble fires that cause serious environmental pollution will be prevented. In
addition, fertilizers used in biogas plants will be used more economically in post-processing agricultural
areas to provide an economic benefit..

As a result of researches, 52% of total wastes in Batman province are composed of organic wastes.
According to the data obtained in the calculations; It has been found that the biogas production potential
in Batman province is 115,745 m*/ day biogas and 544,000 KWh / day electrical energy from vegetable
wastes and 1,563 m*/ day biogas and 7,346 KWh / day electrical energy can be obtained from vegetable
wastes. The results show that animal wastes are more advantageous in biogas production. However, the
use of vegetable wastes as a source of biogas to transform both energy and rich fertilizers should not be
ignored.

Our country is considered as an agricultural country in terms of its geographical location and
economic structure. This potential needs to be evaluated and awareness raising should be established to
increase biogas production. It is important to solve the energy problem of our country and to increase
the renewable energy resources. At this point, more efficient use of solid wastes for biogas production
will be useful.
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APPLICATION OF DECISION TREE METHODS FOR WIND SPEED ESTIMATION

H. Selcuk NOGAY?Y, T. Cetin AKINCI?

An area's wind speed forecasting is very important to investigate whether the
area is available for wind power. The wind speed estimation has been carried
out by means of other machine learning methods, mostly artificial neural
networks. Because, in such methods, it is aimed to estimate the wind speed
with the highest accuracy along with the decimal. However, if a wind farm is
to be installed, the wind speed, which is a variable in the range of 0-20 m /s,
can easily be estimated with round values. If the wind speed values obtained
with round values are forecasted with a high accuracy rate, the wind speed
that is necessary for the establishment of a wind power plant in a region is
obtained by a shorter and easier way. In this study, the decision tree method
was used in order to reach wind speed information with an easier method and
with a very short training period. Decision tree methods were examined in
three different structures and three different decision tree models were
designed. Additionally the estimation results of all three methods were very
high, the most accurate estimation was obtained by the “Coarse Decision

Tree” method which is much simpler and faster than the others.

Key words: Wind speed, Coarse, Fine , Medium, Decision Tree, Forecasting

1. Introduction

Decision tree method is an effective method used to solve classification problems. As can be seen
from many publications in the literature, the decision tree method has so far only been used for the
classification of two-variable data [1]. In other words, usually the respond have two values, such as 1
and 0. Therefore, decision tree method is not generally preferred for the purpose of predicting any
parameters in renewable energy sources. However, if the output variable in the data set is divided into
classes, the decision tree method can be used to estimate and classify different parameters such as power
quality in the field of renewable energy [2]. Because wind speed values in renewable energy sources
can not be classified as too many varieties. However, in some studies, decision tree method has been
used for wind speed classification [3]. Evaluation of wind sources and approvals to be taken for a wind
farm are usually the longest activities in the development of the wind energy project. These can take up
to 4 years for a large wind farm, which requires extensive environmental impact research. The
installation of the wind farm can normally be completed roughly within a year. Precise determination of
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the wind source at a given site is the biggest and first step in realizing a wind energy project. Because
the wind source can significantly affect the cost of the wind farm. It is recommended that wind speed
measurement be carried out for at least one year before the feasibility studies required to establish a
wind farm in a field [4]. It is a controversial issue whether the estimation of the wind velocity with its
the decimal expression is required. However, the estimation of round wind velocity values with a high
accuracy rate may be sufficient to decide on the establishment of the wind farm [4]. If the wind speed
can be estimated in a fast and simple way, rather than simply high accuracy, then the fastest and simplest
method can be preferred over other machine learning methods. In this study, wind speed estimation was
performed by decision tree methods. Estimation was made by three decision tree approach. The
estimation results of these three models were compared with each other and the fastest and most
attractive method with the highest accuracy rate was tried to be found.

After the introduction in the first part of the study, in the second part, the theoretical framework
of the study is briefly explained. In this section, the structure and approach methods of decision trees
are given.

In the third part of the study, the preferred method for performing the study was introduced. The
stages of the study are explained.

In the results section, numerical results and graphs obtained from the study are given.

In the last section, evaluation of the results is given. It is discussed which method is more
advantageous than others and how the results can be evaluated from the obtained graphs.

2. Theoretical Framework

Decision Trees (DT) are a classification and pattern recognation algorithm that has been widely
used in literature in recent years. The most important reason for the widespread use of this method is
that the rules used to create DT structures are understandable and simple. A multi-step or sequential
approach is used in performing the DT classification process. Although other methodologies such as
neural networks can be used for classification, decision trees provide an advantage for decision makers
in terms of easy interpretation and intelligibility [5]. DT have some advantages compared to other
classification methods. Some of these include low cost, easy-to-understand convenience, and
compatibility with databases. Because of these advantages, it is widely used in many classification
problems. Classification in decision trees is carried out in two steps: learning and classifying. In the
learning step, the model is designed with an edited training data. The trained DT model is defined as
classification rules or decision tree. In the classification step, test data is used to determine the accuracy
of the classification rules or DT. If high accuracy is obtained in the test result, the rules are used to
classify new data. It should be determined which fields in the training data should be used to form the
tree in which order [6, 7].

The basic structure of a DT consists of three basic parts called nodes, branches and leaves. In this
tree structure, each attribute is represented by a node. Branches and leaves are other elements of the DT
structure. The last part of the DT is called a leaf and the top part is called a root. Portions between roots
and leaves are expressed as branches [7, 8]. In other words, a tree structure consists of a root node
containing data, internal nodes (branches), and end nodes (leaves). By using the attribute information of
the training data, the basic principle in establishing a DT structure can be expressed as a series of
questions about the data and concluding in the shortest time by acting on the answers obtained. In this
way, the DT collects the answers to the questions and creates decision rules. The root node, which is the
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first node of the tree, begins to be asked questions for the classification of the data and the formation of
the tree structure. This process continues until leaves or nodes without branches are found. The test data
is used to determine the generalization capability of the generated tree for a new data set. A test data
that is new to the tree structure created by the training data enters the root of the tree. This new data
tested in the root is sent to a lower node according to the test result. This process is continued until it
reaches a specific leaf of the tree. There is only one way or a single decision rule from root to every leaf.
Figure 1 shows a simple (coarse type) tree structure consisting of four-dimensional attribute values of
four classes. The tree structure in Figure 1 is the DT of the coarse type algorithm designed in this study.
In Figure 1, the “VarNameA” attribute values; VarNameA <a, b, ¢, d and e values are the threshold
values for branching. 1, 2, 3 and 4 show the class labels. Depending on the number of variables used in
each stage of tree formation, there are single variable or multivariate decision tree structures [9-11].

VarName6<129.07 & \arName6>=129.07

VarName6<437 .98 22y VarName6>=437.98

VarName6<16.625 4 VarName6>=16.625

VarName3<26 44 VarName3>=26

Figure 1. Coarse DT

By testing a single attribute in each internal node of the univariate decision tree, the data are
divided into two or more subgroups. In this way, division continues until the decision tree repeatedly
reaches a leaf node of the input data. The specific values of the decision limits in an univariate decision
tree are experimentally estimated from the training data. In the case of persistent data, the ix > ¢ shaped
logical test is carried out, where xi shows a characteristic in the data space of each internal node at the
internal node, and that ‘¢’ is a threshold value in the observed range of xi. The threshold value ‘c’ can
be determined using certain conditions, such as maximizing differences or minimizing similarity in
descent nodes [12-14]. The most important step in the creation of decision trees is to determine the
criteria for tree branching. There are various approaches developed to solve this problem. The most
important of these are the ‘information gain’ and ‘information gain ratio’, the ‘gini-index’, the ‘towing
rule’, and the ‘square probability table statistic’ approaches. ID3, C4.5, C5.0, CART, CHAID and
QUEST algorithms are examples of algorithms using these approaches. According to the method of
information gain, ‘information theory' which includes ‘entropy rules' is used in order to determine which
according to characteristic to make branches in decision tree. Entropy is a measure of irregularity or
uncertainty in a system. In single variable decision trees, ID3 algorithm uses informagion gain approach.
The C4.5 algorithm, which is an improved version of this algorithm, uses the gain ratio approach
calculated by taking advantage of the information gain. Gini Index approach was used in this study. All
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variables are assumed to be continuous according to the Gini Index. It is assumed that there are many
possible distinctions for each variable [14].

If a 'T' data set contains ‘N’ samples from ‘n’ different classes, the gini index, gini (T) is calculated
as follows:

gini(T) =1 =Y, p; €

pjdenotes the relative frequency of the class j in T.
If the T data set is divided into two N1 and N2 magnitudes as T1 and T2 respectively, the gini index
for the allocated data is:

.. Ny . . N, . .
ginia(T) = 3gini(Ty) + 12 gini(Ty) @

VarName6 < 437.91

Name6 >= 16,625 ‘arName6 >= 437.98

VarName6 < 16 6.

VarName3 < 26

‘arName3 >= 26

Figure 2. Fine decision tree model

The variable with the lowest gini value is selected. Another important point in the DT formation
is the pruning of the tree structure. The DT classifier divides the training data into subsets that contain
only one class, resulting in a very large and complex tree structure. Therefore, it may be possible to
place a leaf in the decision tree instead of a sub-tree. In this way, the processing decision tree is called
pruning [15-19]. With pruning, the parts of the decision tree which do not affect the accuracy of the
classification are removed. Thus, a less complex and more understandable tree is obtained. Two methods
are generally used to simplify the tree structure and reduce the process complexity by pruning. The first
one is the pruning method which is decided to be reduced while the tree structure is formed, and the
other is the last pruning method where the pruning is made after the tree structure is formed. If the
pruning of the sub-tree with a single leaf or the most used branch of this tree will reduce the expected
error rate, the tree is truncated. As the error rate in the sub-branches is reduced, the error rate for the
whole tree will decrease. At the end of the pruning process, a tree with a minimum error rate is obtained.
2 shows a sample that can be prone to pruning in the fine type decision tree used in this study [16 — 19].
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3. Methodology

The study was performed using Classification Toolbox in MATLAB environment. In this
environment, decision trees are given as three separate structures. The first building is the most complex
'Fine' decision trees among the three. The second is ‘Medium’ and the third is the ‘Coarse’ decision tree
structure. In this study, these three each of DT structures were designed to estimate wind speed. The
Gini index was selected for all three decision trees. The data set was obtained and arranged before the
decision tree models were created. Table 1 shows a summary of the data set used for each of the three
models. Table 1 also shows the definitions of variables. The first 6 variables are “Predictor” and the last
variable is “Respond". "Respond" in the data set shows the wind speed for 50 meter high. The data set,
used for this study was obtained from "Turkish State Meteorological Service in 2014". The data set
consists of meteorological data for Turkey Amasra district.

Table 1. Summary of the data set

Data Predictors Respond

Variable VarNamel  VarName2 VarName3 VarName4 VarName5 VarName6 VarName7

Label

Variable Daily Daily average  Daily Daily local Ro, Air P/A, Wind power Daily

Definition average temperature average soil relative density intensity (W/m2)  average wind
temperature  (K°) temperature  humidity (kg/m3) speed, (m/s)
(o) 20 cm (C°) (%)

Min -1.11 272.04 4.45 37 1.16 0.19 0.49

Max 29.40 302.55 27.6 96 1.29 10308.76 18.49

Since the DT method is a classification method, it is necessary to enumerate the wind speed data
by classifying them in order to use this method for estimation purposes. Table 2 shows the numbering
of the actual respond of the data set. In other words, the wind speed data representing the output of the
model is divided into four parts and a new output is obtained.

Table 2 Numbering of respond

Win Speed 50  Numbering
m (m/s)
0.3

1
3.6 2
6_9 3

4

9=>

In the study, three separate decision tree models were designed. The first model is the Coarse
decision tree model with a very simple structure. Figure 1 shows the structure of this model. The second
model is the Fine decision tree model. The Fine decision tree model shown in Fig.2 is 7-dimensional.
Figure 3 shows the branches on the left side of the Fine decision tree created. At each node, the variables
are given with their threshold values, whether they are large or small. The numbers in the last sections
of each branch represent the wind speed.

Figure 4 shows the branches, nodes, and leaves in the middle of the Fine decision tree. In Figure
4, the thresholds at each node are compared with the corresponding variables. Figure 5 shows the right-
hand branch and threshold values of the Fine DT. The third DT model designed in the study is less
complicated than the Fine DT. Figure 6 shows the third model that is the Medium decision tree model.
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VarName4 < 49 arName4 >= 49

VarNamed < 45.5 arNamed >= 455

VarName6 < 3.805 2WarName6 >= 3.805

VarName6 < 3.655 /&AVarName6 >= 3.655

Figure 3. Left side of fine decision tree

VarName6 < 23.235 arName6 >= 23.235

VarName6 < 81.76 arName6 >= 81.76

VarName6 < 23.04 Z&VarName6 >= 23.04 VarName5 < 1.255 ;AWarName5 >= 1.255

VarName3 < 23.85 arName3 >= 23.85

VarName1 < 5.435 Z\WarName1 >= 5.435 VarName3 < 23.95 2WarName3 >= 23.95

VarNamed < 85 JWarName4 >= 85

Figure 4. Middle part of decision tree

As can be seen from Figure 6, although Medium DT consists of fewer branches than Fine DT, it has the
same numer of exit points and answers. Also in Figure 7, middle part of Medium DT is illustrated.

VarName5 < 1.2775 /AvarName5 >= 1.2775 \

VarName6 < 153.19 /&QVarName6 >= 153.19

VarNames < 151.7565 ‘artName6 >= 151.755

Figure 5. Right side of fine decision tree
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VarName6 < 129, Name6 >= 129.07

VarName6 < 16.6: Nameb >= 16.625 VarName6 < 437. 984\ arName6 >= 437.98

VarName3 < 26 £arName3 >= 26

Fig.6 Medium decision tree

VarName < 16.6:

Name6 >= 16.625

‘VarName3 < VarName1 < 26.155, ‘arName1 >= 26.165

‘VarName6 < 15.82

‘arName6 >= 15.82 VarName6 < 81.41 ‘arName6 >= 81.41

VarNamed < 49

‘arNamed >= 49 VarName6 < 23.235 £VarName6 >= 23235 VarName6 < 81.76 ‘arName6 >= 81.76

VarName4 < 45.5 [&varNamed >= 45.5 VarName6 < 23.04 ZVarName6 >= 2304

1 2 2 3

Figure 7. Middle part of medium decision tree

4. Results

Table 3 shows the results obtained from the study. Estimates were obtained at high accuracy rates
in all three decision tree methods.

Table 3 The results of applications

Accuracy  Prediction speed Training Maximum
(%) (obs/sec) time (sec) number of split
Fine DT 95.6 1400 0.93103 100
Medium 95.9 8200 2.0152 20
DT
Coarse DT  96.7 39000 0.52248 4

Figure 8 shows how two variables affect output. The Scatter plot is only available between
VarName6 and VarNamel. Figure 9 shows the ROC curves obtained for all three decision tree models

Copyright © INESEG ISSN 2536-5010 | e-ISSN 2536-5134 http://dergipark.gov.tr/ejt

80


http://dergipark.gov.tr/ejt

European Journal of Technique (EJT) Vol 9, Number 1, 2019
@
10000 | [ |
7000 [
6000 [
5 L ]
E 5000 [ °
Q
3 4000
o
@ 3000 |-
2000
1000 |
0 L o
1 1 1 1 1 1 1
0 5 10 15 20 25 30
VarName 1
Figure 8. Scatter plot for fine tree
1 P—__,___.——/_" 1 P—__’_’—; 1 P—__r___.——/_"
(0.01,0.96 (0.01,0.98) (0.01, 0.99)
0.8 0.8 0.8
506 %06 206
2 AUC=0.97 g AUC=098 é AUC =0.99
ﬂ% 04 5. 0.4 é; 04
0.2 0.2 0.2
_EOC CUII;VE (vt ——ROC cu;ve —— ROC cu;ve
reaunder curve Area under curve (AUC] Area under curve (AUC]
° ®  Currentclassifier 0 ® Curent classlfler( i 0 ® cCurrent classlfier( i
o 0.2 0.4 0.6 0.8 1 0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
False positive rate False positive rate False positive rate

a) b) c)

Figure 9. ROC curves of a) Fine DT, b) Medium DT, c) Coarse DT

1 78 2 1 1 79 1 1 | 80 1
2 7 313 9 2 7 314 8 2 7 317 5
! ] &
) ] =]
3 g g
ot = =
T a 10 204 1 F 8 10 204 1 s 8 206 1
“ 1 2 124 4 1 2 124 4 1 2 124
7 @ @ E 4 7 b4 - 7 7 @ @ 14
Predicted class Predicted class Predicted class

a) b) c)
Figure 10. Confusion matrixes of a) Fine DT, b) Medium DT, c) Coarse DT

Copyright © INESEG ISSN 2536-5010 | e-ISSN 2536-5134 http://dergipark.gov.tr/ejt

81


http://dergipark.gov.tr/ejt

European Journal of Technique (EJT) Vol 9, Number 1, 2019

Figure 10 shows the confusion matrices obtained according to the estimation results of all three
models. With this confusion matrix, it is also possible to understand the reason for each prediction and
which output is correct or incorrect for which output.

5. Conclusions

The following results can be obtained from the study.

1. From Table 3, it can be observed that the Coarse Tree has reached the highest accuracy rate.
Coarse tree is the simplest decision tree method. Therefore, as can be seen from Table 3, it has
a higher estimation rate than other methods. At the same time, the duration of training is shorter
than the duration of the other methods. In the Coarse decision tree method, the maximum
number of splits is considerably less than the others, depending on the fact that the tree is not
complex.

2. According to the ROC curves in Figure 9, the AUC (Area Under the Curve) values of medium
and coarse decision trees are equal to each other and are higher than the Fine decision trees. As
can be seen from the ROC curves, all three decision trees are successful in the forecastings. In
addition, the simplest and most understandable Coarse DT method can be said to be more
successful and acceptable.

3. According to the confusion matrices in Figure 10, if the diagonal figures of the 4x4 matrix
(green ones) are examined and the values of the confusion matrix belonging to each decision
tree method are compared to each other, the superiority of the coars can be noticed. Diagonal
numbers indicate the number of accurately predicted data. It is obvious that the maximum
number is in Coars. Figures in other regions indicate incorrect estimates.

4. Asaresult, the decision trees method produces satisfactory estimates by replacing the artificial
neural networks when the correct numbering and correct calculation option and the correct
decision tree method are used. These estimates, however, are predetermined rounded output
values, as indicated above. It is understood from this study that it is possible to find wind speed
estimations needed for any region with decision tree close to reality.
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THE EFFECT OF GRAPHENE OXIDE ON THE STRUCTURAL AND ELECTRICAL
PROPERTIES OF YTTRIUM FERRITE BASED NANOPOWDERS

Handan AYDIN

In this study, Yttrium Ferrite based nano electroceramics were prepared by
the doping at various ratios of graphene oxide by the hydrothermal method.
The obtained doped and undoped samples were characterized by XRD, SEM,
FTIR, DTA, UV-VIS-NIR spectroscopy, temperature dependent electrical
resistance changes and dielectric measurements. From the XRD results, it is
observed that the obtained samples are polycrystalline with an Orthorhombic
structure. The crystal parameters are changed with the doping of graphene
oxide. FTIR spectra indicate that the graphene oxide changes the peak
intensities. This confirms the incorporation of the graphene oxide into the
ceramic structure. The doping of the graphene oxide changes the optical band
gaps of the samples. The dielectric constants of the samples are changed with
the graphene oxide. The DC electrical conductivity measurements confirm the
semiconducting behavior of the samples. The obtained results indicate that
the electronic and nanostructure of the synthesized electroceramics can be
controlled by the doping of graphene oxide for electronic and energy
applications.

Keywords: Hydrothermal method, Graphene oxide, Hummers method, Nano
electroceramic, structural properties.

1. Introduction

Over the last years, research on the nano-structured electroceramics has been increasing. These
materials have played an important role in advanced technology applications [1] such microwave
industries [2], electronics [2], data storage devices [2, 3], gas-sensitive sensors [4], digital disk
recording[2] and actuator applications [2]. Efforts have been made for the improving of specific
properties and potential applications [5] of nano electroceramics ABOs type (where A is a rare or
alkaline earth metal and B is a first-row transition metal) [6, 7]. The materials in this formula are often
referred to as rare earth orthoferrites [8]. Orthoferrites have attracted attention due to their a wide range
of Ferro-, piezo-, pyroelectrical properties and electro-optical effects[7]. Yttrium ferrite (YFeOs) is a
member of this class. It has perovskite structure with an orthorhombic unit cell [5, 8, 9] and a p-type
semiconductor ( Eq=2.58 eV) [4].

Recently, the studies on the structural and electrical properties of yttrium ferrite are increasing. In
this context, the scientists have investigated and concentrated zoom in on improving the properties of
Yttrium Ferrite with a different dopant and various element.

Handan AYDIN, Department of Metallurgy and Materials Engineering, Engineering Faculty, University of Munzur, Tunceli, TR,
(handanaydin23@gmail.com) “='https://orcid.org/0000-0002-0141-9773

Received: 22 May 2019; Accepted: 25 June 2019 Doi: https://doi.org/10.36222/ejt.569114

European Journal of Technique (EJT) Vol 9, Number 1, 2019

Copyright © INESEG ISSN 2536-5010 | e-ISSN 2536-5134 http://dergipark.gov.tr/ejt


http://dergipark.gov.tr/ejt

European Journal of Technique (EJT) Vol 9, Number 1, 2019

In recent years, to produce these materials have been used different synthesis process such as
solvothermal [2], sol-gel [2, 5, 6, 8-11], , hydrothermal method [6, 8, 9], coprecipitation [8, 9], solid
state reaction method [5, 6, 9, 10], self-propagating combustion synthesis [5], alkoxide method [5, 10],
, pulsed laser deposition [5, 10], microwave-assisted [5, 9, 10], sonochemical synthesis [2, 5, 10].
Among these production methods, hydrothermal synthesis can be preferred due to its advantages such
low temperature, control of particle size, without any calcination or milling step and not purity phase
[12]. In this scientific study, pure and Graphene oxide doped Yttrium Ferrite nano electro-ceramics were
synthesized by the Hydrothermal Process. The structural, morphological, chemical and physical
electrical properties of the obtained samples were investigated.

2. Experimental Details
2.1. Synthesis of Graphene Oxide

Graphene oxide was prepared by a modified Hummers method. In this method, 1 g graphite
powder, 0.5 g sodium nitrate and 23 ml sulfuric acid were mixed into a beaker and exposed stirring for
30 min in an ice bath. Then 3 g potassium permanganate was slowly added to mixture solution by
magnetic stirring through 6 hours. Subsequently, after the solution was kept in the ultrasonic machine
for 2 hours and 100 ml distilled water and 2ml H202 (30%) were added by using a magnetic stirrer.
Finally, the solution was washed with de-ionized water and filtered until pH value reached to 7.

2.2. Synthesis of YFeO3 via Hydrothermal Method

Synthesis of YFeOs nano electroceramics were carried out by hydrothermal route. The precursor
solution was prepared using Yttrium (111) nitrate hexahydrate (N3OoY') (Abcr, %99,9), Iron (111) Chloride
Hexahydrate (FeCls.6H20) (Merck, %99) and potassium hydroxide (KOH) (Merck, %85) as mineralizer
and de-ionized water as a reaction medium. For the production process of the samples, the schematic
diagram about with Hydrothermal method is given in Fig. 1. In this reaction procedure, four solutions
containing N3OqY, 5.5 mmol FeCls.6H20, and 9 mol KOH were prepared. 6.1 mmol of N3OgY was
added into 55mL of de-ionized water with constant magnetic stirring followed by the addition of 6.1
mmol of FeCls.6H20. The solutions were stirred at room temperature for 1 h to obtain a homogeneous
solution. Thereafter, KOH was slowly added to the above Y-Fe solution to co-precipitate. The solution
was kept at room temperature °C for 2 h under stirring. After, each graphene oxide solution was added
to the precursor solution. The final mixture is here after called LFO, LFO20, LFO50 and LFO100,
respectively. The suspension solution was poured into full-automatically hydrothermal system (Fytronix
HT-100) for the hydrothermal process. The process was carried out for 6 h at temperature of 200 °C.
After completion of the hydrothermal reaction, the autoclave was cooled naturally to the room
temperature. The products were filtered and dried at room temperature for 24 h. The obtained powders
were formed by hydraulic press machine under a uniaxial pressure of 10 MPa at room temperature.

2.3. Characterization of Samples

The crystalline phase of the products was recognized using a BRUKER ADVANCE D8 X-ray
diffractometer with Cu Ka radiation ( A = 1.5406 A) in the 20 range from 20 to 80° with 0.02 °/min. at
room temperature. The morphology of nano electro-ceramics were investigated with the a High-
Resolution Scanning electron microscope (JEOL JSM-7001F). High-Resolution Transmission electron
microscope (JEOL JEM-2100F) was performed at an accelerating voltage of 200 kV, by placing the
powder on a copper grid to observe the microstructure of the powders. The optical spectrum was
recorded by a SHIMADZU 3600 UV-VIS-NIR spectrophotometer in the wavelength range of 200-1400
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nm at room temperature. The thermal analysis of the powders were determined by SHIMADZU DTG-
60AH from room temperature to 900 °C in Argon ambient at a scan rate of 10 °C/min. FTIR spectra
studies were made with Thermo Scientific Nicolet IS5 mark Fourier transform infrared spectrometer
with an ID5 ATR sample holder in the wavenumber range from 400 to 4000 cm-1. The dielectric and
alternating current conductivity properties were investigated using a HIOKI 3532-50 LCR HITESTER
at room temperature. The ferroelectric properties were studied using Radiant Precision Premier Il
Technology. The electrical conductivity of the samples was measured as a function of temperature using
a KEITHLEY 6517A electrometer.

3. Results and Discussion
3.1. Structural and morphological characterization of Producted Nano Electroceramics

The XRD patterns of pure and GO doped YFeOs nanostructure powder samples are shown in
Fig.1. The observed all peaks in Fig.1. revealed that YFeO3 are polycrystalline structure with the
orthorhombic structure. The crystalline phases were identified by reference to the Joint Committee on
Powder Diffraction Standards (JCPDS 01-073-1345) files. XRD pattern of the samples were appeared
at 20 values, 33.462°, 35.956° and 54.361° corresponding to (200), (120) and (310) reflections,
respectively. As seen in the XRD peaks, the intensity of peaks is changed with increasing Graphene
oxide doping. This indicates that Graphene oxide is incorporated into sites of YFeOs.

The lattice parameters (a, b and c) of the orthorhombic perovskite structure of YFeOs at various
graphene oxide contain were determined according to the following relations [6, 13,30]:

1 h? k%17

+3 @)

dhklz T a2 b2 c?

Where (h, k, ) are the indices of every peak of crystallographic plane obtained from XRD
patterns. d is the interplanar distance, (a, b, ¢) are the lattice constants. Average crystallite sizes were
estimated using the Debye-Scherrer equation [1, 14-19,31]:

092
o B.cosb

@)

The crystallite parameters of the unit cells of the samples are given in Table 1. As seen in Table
1, with the addition of graphene oxide, the crystallite size was changed for (200) crystal plane.

Table 1. The calculated values of the crystallite parameters of the unit cells of the samples.

200 Crystal Structure FWHM  Crystallite Size (nm)  d (nm)

YFO 33,462 Orthorhombic 0,304 27,30 0,2675
YFO20 33,484 Orthorhombic 0,330 25,15 0,2674
YFO50 33,312 Orthorhombic 0,225 36,87 0,2687

YFO100 33,352 Orthorhombic 0,209 39,69 0,2684
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Figure 1. XRD spectrum of Samples
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In order to determine the surface morphologies of undoped and graphene oxide-doped YFeOs
samples prepared by using the hydrothermal method they were analyzed with Scanning Electron
Microscope (SEM). Fig.2. shows SEM images of the prepared samples. When the SEM images in Fig.2.
were examined, it was seen that the grains on the surface of the sample were large and small, were
randomly oriented, and were not distributed homogeneously and there were partial accumulations
formed by grain stacks. It could be clearly seen that the samples formed in composite structure made of
nano-sized grains and there were morphological differences in surface structure. The surface structure
of the samples was generally composed of grains with similar size and morphology. It was very obvious
that the surface morphologies of the samples changed with the graphene oxide dopant [32]. The change
of crystallite size and particle size with the amount of graphene oxide ara portrated in Fig.3.
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Figure 2. Scanning Electron Microscopy photographs of the Yttrium Ferrite nanopowders
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Figure 3. The change of crystallite size and particle size with the amount of graphene oxide
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Figure 4 FT-IR spectra of synthesized yttrium ferrite nano powders

The FTIR spectra of the samples are shown in Fig. 4., and the as-detected bands can be explained
as follows. The band detected at 1507 cm™ is attributed to the bending mode of H2O band. The
characteristic band of COz is detected at 2364 cm™ . The band at 1397 cm™ is due to the C=0 bond. The
band observed at 1320-1360 cm™ is related to the NO3™ stress vibration mode. The band at 592 cm™ is
related to the bending vibration mode of Fe—O bond.

Fig. 5. shows both DTA curves in the range from room temperature to 900 °C for each sample.
There are one exothermic peaks in the DTA thermograms of all the samples. At the temperatures below
the this peak, the weight losses are due to the elimination of the adsorbed water from the samples.
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Figure 5. DTA curves for the nanopowders
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For the peaks for each sample, these losses may be due to the elimination of some oxygen-
containing functional groups. While the peak is detected at 358, 352, 355 and 348 °C for YFO, YFO20,
YFO and YFO100, respectively. As can be easily seen from DTA thermograms, these peaks detected at
the above-mentioned temperatures are due to the weight loss for each sample. These findings mean that
the amount of the additive affects significantly the thermal stability of the GO.

3.2. Optical characterization

Reflection spectra of undoped and graphene oxide doped YFeOs samples are presented in Fig. 6.
As shown in Fig. 6, the reflection curves of the samples show a rapid decrease in a wavelength of about
600 nm.This peak varies depending on graphene oxide adding. This confirms that the optical band gaps
of the films change with graphene oxide doping. With graphene oxide doping, the reflectance values of
the samples increase compared to the undoped YFeQOs sample. The change in optical reflectance may be
due to the morphological change in the samples because the aspect ratio of the crystallites varies
depending on the sample surfaces. The results obtained confirm the results obtained in the SEM
photographs. The sample with the highest reflectance value is the undoped YFO50 sample. Besides, the
reflectance values decreased at shorter wavelengths. The reason for this may be the reflection of photons
due to the decrease in their energy and thus less interaction with electrons, atoms, or crystal molecules.

80
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Figure 6. The reflectance spectra of samples as a function of wavelength
The optical band gap (Eg) had a direct effect on the optical properties of the semi-conductive
samples. The diffuse reflectance spectra given in the Fig. 6. were used to determine the band gaps (EQ)

of the undoped and graphene oxide doped YFeOs nano powders by using the Kubelka-Munk function.
Kubelka-Munk function [18] can be defined as follows [1, 13, 16, 17, 19-24,33-35] :
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(F(Ii)hv

)=A.(hv - Eg)" 3)
Where R is diffuse reflectance; F(R) is Kubelka-Munk function corresponding to the absorption
value; t is the thickness of the sample; A is an energy-independent constant, hv is photon energy, and

Eg is band gap and n is ' for direct transitions.
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Figure 7. The plot of Kubelka—Munk relation for the yttrium ferrite nano electroceramics

The hv-(ahv)? graphs of the samples were drawn and the point where the line opposite to the linear
part of the graph intersected the axis 4v at 0 was determined. Fig.7. shows the /v-(ahv)? graphs of the
samples. The values of the band gap (Eg) calculated with the help of these curves were shown in the
Table 2. As can be seen from the Table 2, Eq values of the samples increased as the atomic rate of the
doped Fe increased. The reason of the increase in the band gaps of the samples was the increase in the
crystal size. Since the optical properties are were affected by the changes in the size of the nano-
structure. The change in the band gap with the doping process is known as "Burstein-Moss" effect. The
energy band gap is in the visible region and hence the YFeO3 nanopowders in the current study are a
good candidate for optical applications[25]. The variation of band gap and actiavtion energy with the
amount of graphene oxide are presented in Fig. 8.
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Table 2. Optical band gap (Eg) and the activation energy (AEa) of the nanopowders

Eg(eV) Activation Energy (AEa) (eV) adc (S/cm) (30°C)

YFO 2,20 0,796 1,09x10°®
YFO20 2,13 0,651 4,11x10°7
YFO50 2,66 0,606 3,53x10°®
YFO100 2,50 0,337 1,16x10°®
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Figure 8. The variation of band gap and actiavtion energy with the amount of graphene oxide

3.3. Electrical characterization

The dielectric properties of the YFeOs samples were investigated in the frequency range from 1
kHz to 5 MHz. The relative permittivity (¢'), dielectric loss (¢") and alternating current conductivity
(cac) were calculated using the following relations, respectively

The relative permittivity (¢'), dielectric loss (&") and alternating current conductivity (cac) values
of the samples were determined by the following relations [26, 27,36]:

o=t @

e =tand. €' (5)
l

Oac = 5 4 (6)

where &o is the permittivity of free space, A is the area of the electrode, C is the capacitance, | is the
thickness of the sample, tand is the loss tangent and Z is the impedance. Using the equations from 2 to
4, the relative permittivity (&), dielectric loss (¢") and alternating current conductivity (oac) values were
computed and their changes with increasing frequency were also plotted in Figs. 9, 10 and 11,
respectively.
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Figure 11. Alternating current conductivity vs. frequency plots of the samples

As can be seen from Figs. 9, 10 and 11, the relative permittivity (¢'), dielectric loss (¢") and
alternating current conductivity (o=c) are significantly affected by graphene oxide content, respectively.
While the values of ¢’ and ¢" decrease with increasing of frequency, the gac increases linearly, for each
sample. In brief, graphene oxide-doping into YFeOs affects its dielectric properties and alternating
current conductivity values. The relative permittivity value for each sample decreases at the higher
frequencies in comparison to the lower ones since the contribution of the dipolar polarization is small at
the higher frequencies because of the inertia of the molecules and ions. At the same time, the orientation
of dipoles cannot adapt to the higher applied alternating fields, and this leads to the dielectric loss. The
increase in the dielectric permittivity with the different graphene oxide-amount can be a sign of a
percolation transition from an insulator to conductor.

The relative permittivity values of the nano electroceramic samples at different frequencies were
given in Table 3.

Table 3. The relative permittivity values of the samples at different frequencies

8!

&' 1kHz  &'1okHz  &'100kHz  E£'500kHz  €'IMHz  E2MHz  £'3MHz  E'amHz  £'5MHZ

YFO 3,161 1,459 3,597 3,000 3,213 2,990 2,970 3,095 3,240
YFO20 7,330 3,349 8,037 6,797 7,219 6,833 6,776 6,966 7,391
YFO50 13,039 6,284 11,767 10,897 10,804 10,457 10,288 10,698 11,283
YFO100 8,575 3,349 7400 7,406 7,580 7,307 7,263 7,551 7,957
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In order to determine the temperature-dependent variation of the produced undoped and graphene
oxide-doped nano electroceramics and their electrical transmission mechanism, the temperature-
dependent conductivity curves were used. The conductivity curves were analyzed using the equation
known as Arrhenius equation [19, 20, 24, 28, 29,37] :

Gae = g exp ( =2) ™

In Equation 7, oo; is the exponential function, k; Boltzmann constant and Ea represents the
activation energy. In the light of the data, /no-1000/T change graphs were drawn for all samples and
activation energies corresponding to the donor level were calculated.

-6
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i @ YFO20
sl YFO50
@ YFO100
fg-‘ID =
Q
@ L
6 1y M
E W&
14
-16 L 1 L I 1 1 1 I L L 1 I 1 1 1
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1000/T (K')

Figure 12. Temperature dependence of DC electrical conductivity of the yttrium ferrite samples

Fig.12. shows Ino-1000/T graph of the samples. As seen in Fig.12., electrical conductivity of the
samples changed as the amount of graphene oxide dopant changed. The highest conductivity value was
observed in YFO50 sample. It was also clearly seen that as the temperature increased, the conductivity
increased. For all the samples, a single conductivity mechanism occurred in the measured temperature
range. This conductivity mechanism formed by the thermal excitation of the carrier loads. As the
temperature increased, the electrons were thermally stimulated to the conductivity band from the donor
levels. With increasing temperature, more load carrier contributed to the electrical conductivity by
exceeding the activation energy barrier. The activation energy of the samples was calculated from the
slope of the lines in the graph and was given in Table 2. When the values in Table 2 were examined,
activation energies decreased in parallel with the increasing graphene oxide ratio. YFO100 sample had
the lowest activation energy value. In addition, the conductivity values of the samples at room
temperature changed based on the graphene oxide dopant. Table 2 shows the conductivity values of the
samples at room temperature.
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4. Discussion

Undoped and different mass ratio graphene oxide doped YFeOs based nanocomposite samples
were prepared via hydrothermal method. Structural, morphological, chemical, optical and electrical
properties of the samples were investigated. All of the results obtained from characterization show a
change with graphene oxide contribution. As a result, in this study is especially important in terms of,
nanoceramic semiconducting materials, which have an important place in technological applications,
can be produced especially at low cost and easily and also offering the possibility to dope of graphene
oxide, which is characterized as the superior feature material of our time. In addition, this article is an
important guide for future studies on researching of physical and chemical properties of YFeOs based
organic semiconductors with doping different elements and exploring the potential for use in advanced
electronic applications.
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THE EVALUATING OF WIND ENERGY POTENTIAL OF DiYARBAKIR USING
WEIBULL AND RAYLEIGH DISTRIBUTION

Fatih KOCYIGIT"

In comparison to fossil fuel that pollutes the lower layer of the atmosphere,
wind energy is an alternative clean source of energy. Wind speed is the
parameter with primary importance in designing and studying the wind
energy conversion systems. In this study, the statistical analysis of the
parameters of wind power density and wind speed distribution was
investigated using the wind speed data of Diyarbakir province between the
years 2014 and 2018 that were hourly measured by the General Directorate
of Meteorology. Wind data are used to derive probability distributions, and
their distributional parameters are determined. Two probability density
functions are suited to the measured probability distributions on a yearly
basis. The Weibull and the Rayleigh models are used to analyze the wind
energy potential of the location. This modeling process was evaluated
according to R2, RMSE and »2 parameters. In conclusion, the values obtained
by the Weibull model gave better results than the values obtained by the
Rayleigh model in the wind data analysis of Diyarbakir province.

Key words: Wind Energy, Rayleigh Distrubition, Weibull Distrubition
1. Introduction

As the world population grows rapidly, the demand for energy increases proportionally. Despite
the increasing demand for energy, limited fossil fuel reserves, quality energy and the efficient use of
energy produced have become important issues especially in developing countries like Turkey. Turkey
has a fairly high level of renewable energy sources to meet a certain part of the total demand for energy
[1]. Wind energy has a renewable property and is also known as an environmentally clean energy source
among these energy sources [2]. There is no transport problem in wind energy, and also its use does not
require a high technology. Wind is formed by the temperature and pressure difference caused by the
warming and cooling of the atmosphere. Wind is a stable, reliable, continuous and kinetic energy source.
Especially in recent years, investments in converting wind power potential into electric energy have
been increasing much faster along with the development of turbine technology. In order to benefit from
wind energy which exists as long as the sun and the world exist and is a renewable energy source, it
needs to be converted to another form of energy [3]. With the help of meteorological data, distributions
of the most suitable regional wind regimes can be determined by using various computer programs [4-
5]. In addition, in many studies, meteorological data were used for statistical analysis in solar energy
applications [6-9]. In the studies carried out in the literature, the wind speed frequency distribution is
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shown using different distributions such as Gamma, log normal, Rayleigh. On the other hand, the two-
parameter Weibull distribution and the one-parameter Rayleigh distribution are the methods that have
been used to represent the wind distribution of many regions of the world in recent years. The reasons
for using these methods are the factors such as their good compliance with the wind distribution, the
flexibility of the distributions, the ease of determination of parameters, small number of parameters,
predictability of different heights after determining parameters for a height [10]. Hourly average wind
speed data measured at a height of 30 meters at Diyarbakir meteorological station of the Turkish State
Meteorological Service between the years 2014 and 2018 were used in this study. Weibull and Rayleigh
functions were analyzed statistically to determine the wind energy potential of Diyarbakir province.
Statica and Matlab programs were used in the analyses of the study. Weibull and Rayleigh probability
density function, cumulative distribution function, average wind speed, standard deviation of wind
speed, maximum wind speed and wind power density were determined in statistical analyses. The root
mean square error (RMSE), Chi-square (x2) and correlation coefficient (R2) were used to evaluate the
performance of Weibull and Rayleigh functions.

2. Wind speed data

In this study, hourly time series wind speed data in Diyarbakir that were measured between the
years 2014 and 2018 were statistically analyzed. Wind speed data were continuously recorded at a height
of 30 m using a cup-generator anemometer located at the Diyarbakir station of the Turkish State
Meteorological Service. The continuously recorded wind speed data were averaged over 1 hour and
stored as hourly values.

3. Performance analysis

The model selection criteria required in determining the optimal statistical distribution for the
observed wind speed are introduced in this section.

3.1. Statistical criteria

In the literature, there are studies on the wind speed statistics [11-24]. Rayleigh distributions,
where the two parameter Weibull and Weibull shape parameters are 2, are the most widely used
distributions. Rayleigh distribution is less flexible than Weibull since it is single parameter, but the
calculation of parameters is easier. It is known that the wind speed distribution approaches the Rayleigh
distribution in the case where annual average wind speed is greater than 4.5 [10].

The general expression of the two parameter Weibull probability density function is presented in Eq. 1.

pw =)0 " e[

Here, k and c are the shape and scale parameters, respectively. The scale parameter ¢ also has a
reference value in the wind data. Weibull cumulative distribution function is determined by Eq. 2.
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F,()=1—exp|- () 2)

The shape parameter is around 1 near the equator, 2 at temperate latitudes and around 3 for
continuous wind areas [25].

The probability density function of the Rayleigh distribution and the cumulative distribution
function are presented by Eq. 3 and Eq. 4.

fu@) =% exp [— (S)Z] 3)

Fr(v) =1 —exp [— (5)2] @)

The biggest advantage of Rayleigh distribution is the determination of the distribution only with
the average wind speed. The validity of Rayleigh distribution in wind studies was shown in many
references [26]. In this study, the least squares method was used to find the parameters of the Weibull
and Rayleigh distributions [10, 26]. The average wind speed and the standard deviation of the wind
speed are calculated using Eq. 5 and Eq. 6, respectively.

vmzcr(1+—) 5)

o= Jer[r(1+2)-r?(1+2)] ®
where [ () is the gamma function.

Based on the Weibull distribution, the wind speed with the largest frequency is calculated from
Eq. 7 [8].

1\1/k
Vinoa = ¢ (1) W)
Maximum wind speed is found by Eg. 8 [6].
k+2\1/k
Vmax =c (T) (8)

When it is k=2 in the above-mentioned formulas, calculations are made for the Rayleigh
distribution. The average wind power density is most generally calculated from Eq. 9:

Py = [ P() f(w)dv o)
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The average power density for the Weibull distribution is obtained from Eq. 10 as follows [10].

1

Py =1pc(142) (10)

2

The average power density for Rayleigh distribution is determined by Eq. 11:

Pr == p(U,)? (11)

In this study, the coefficient of determination (R? based on the theoretical and observed
probabilities of distributions, root mean square error (RMSE) and chi-square (y2) criteria were selected
as Eq. 12, Eq. 13 and Eq. 14 in the statistical modeling of wind speed data of distributions:

RZ = N i—z)? =3I (e -yi)?

N i-z)? (12)
22 = i i)’ 13)
N—n
1 1/2
RMSE = [251,(v; - x)7’] (1)

where yi is the measured data, zi is the mean value, xi is the predicted data with the Weibull or Rayleigh
distribution, N is the number of observations and n is the number of constants. Thus, the more
distribution function can be selected by the highest value of R? and the lowest values of RMSE and .
R? ranges between 0 and 1 as a measure of the predictive power of a model and its approaches to 1
indicates that predictive power of the model has increased [26].

4. Results and discussion

The monthly mean wind speeds are presented in Figure 1. As it can be seen in Figure 1, the mean
wind speed varies between 1.78 m/s and 3.14 m/s, with a yearly mean of 2.64 m/s. Maximum value of
the mean wind speed is 4.5 m/s in July of 2016, whereas minimum value is 1.30 m/s in November of
2014.
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Figure 1. Monthly mean wind speed in Diyarbakir

The diurnal variation of the mean wind speed values is plotted in Figure 2. According to the yearly
average results, the wind speed is the lowest as 0.98 m/s the hours of 03:00 in 2014, and is the highest
as 4.33 m/s the hours of 13:00 in 2016.
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Figure 2. Diurnal variation of mean wind speed for the period of 20142018 in Diyarbakir

In Table 1, available time-series data were arranged as frequency distribution format for the period
between 2014 and 2018. In the second column of Table 1, wind speed is grouped into classes. In the
third column, mean wind speeds are calculated for each speed class intervals. The fourth column shows
the frequency of the occurrence of each speed class. The probability density distribution is presented in
the fifth column. In the last columns, the theoretical frequency values calculated from the Weibull and
Rayleigh distributions are presented, respectively.
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Table 1. Comparison of the actual probability distribution of wind speeds derived from measured data with Weibull and

Rayleigh approximations for whole years

j Vj Vmjj Actual data Weibull distribution Rayleigh distribution
1 0-1 0.5 0.1398264 0.1511543 0.1808638
2 1-2 15 0.2055449 0.2271100 0.2467099
3 2-3 2.5 0.2752245 0.2466999 0.2156508
4 3-4 3.5 0.1630558 0.1856827 0.1543006
5 4-5 4.5 0.0865043 0.0967622 0.0959776
6 5-6 5.5 0.0524023 0.0360599 0.0515152
7 6-7 6.5 0.0372452 0.0103187 0.0236582
8 7-8 7.5 0.0203999 0.0024959 0.0093202
9 8-9 8.5 0.0106799 0.0005762 0.0031719
10 9-10 9.5 0.0048804 0.0001505 0.0009396
11 10-11 10.5 0.0023715 4.95245E-05 0.0002440
12 11-12 115 0.0009869 1.90944E-05 5.58849E-05
13 12-13 12.5 0.0005129 7.72884E-06 1.13513E-05
14 13-14 13.5 0.0003252 3.1318E-06 1.93884E-06
15 14-15 14.5 0.0001313 1.25641E-06 3.17865E-07

The yearly probability density and the cumulative distributions derived from the time-series data of
Diyarbakir are presented in Figures 3 and 4, respectively. The yearly probability density and the
cumulative distributions are presented in Figure 5 for all years.
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Figure 3. Yearly wind speed probability density distributions, derived from the measured hourly time series
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Figure 4. Yearly wind speed cumulative probability distributions, derived from the measured hourly time-series.

The monthly mean wind speed values (vm) and standard deviations (o) are presented in Table 2 to
Weibull distribution for Diyarbakir, the period of 2014-2018. Most of the monthly mean wind speed values
are between 1.0 m/s and 4.0 m/s, but only a few of them are over 4.0 m/s and under 2.0 m/s. In general, it is
determined that the highest mean wind speed values are in June and July, and the lowest mean wind speed
values are in November and December. After analyzing 48 months of the wind speed data, it is possible to
conclude that the wind speed distribution significantly differs from one month to the next. The monthly and
yearly standard deviation values are mostly between 1.0 m/s and 3.0 m/s, with only a few under 4.0 m/s.

1,2

0,8

0,6

0,4

0,2

Probability density function

——PDF
B CDF

g-8-8-8-8-8-8-8-

4 5 6 7 8 9 10 11 12 13 14 15
Wind speed (m/s)

Figure 5. Yearly wind speed probability density and cumulative probability distributions derived from the measured data for

whole years
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Table 2. Monthly mean wind speed and standard deviations to Weibull distribution

Vol 9, Number 1,2019

Years 2014 2015 2016 2017 2018

Parameters Vm o Vm 4 Vm o Vm o Vm o
January 1.180 0.323 2.820 1.517 2.832 1.182 2.967 1.583 2.977 1.584
February 2.531 1.598 3.011 2.613 3.058 2.692 2.824 1.125 2.497 1.033
March 2.812 0.871 3.005 2.746 3.358 2.768 3.074 2.597 3.037 2.393
April 2.466 1.899 3.278 2.784 3.362 2.066 3.114 2.521 3.271 2.716
May 2.365 1.088 2.298 1.170 2.297 1.395 2.258 1.145 3.124 2.737
June 1.803 1.206 2.317 1.437 2.976 1.066 2.282 1.843 2.295 1.741
July 2.409 0.869 2.992 1.056 2.980 1.316 2.309 1.927 2.290 1.985
August 1.056 0.969 2.313 1.455 2.311 1.567 2.287 1.317 2.282 1.006
September 1.599 0.664 3.392 2.049 2.305 1.991 3.115 2.770 3.398 2.317
October 2.601 1.401 2.974 1.549 2.867 1.488 3.214 1.640 3.016 2.423
November 1.593 0.564 2.833 1.326 2.570 1.867 2.440 1.920 2.396 1.856
December 2.535 1.298 2.814 1.230 3.127 2.595 2.420 1.890 2.711 1.071

The yearly values of the two Weibull parameters, the scale parameter ¢ (m/s) and shape parameter k
(dimensionless), calculated from the long term wind data for Diyarbakir are presented in Table 3.
Furthermore, monthly values of k and c are also presented in Table 3. It is obvious that the parameter k has
a much smaller, temporal variation than the parameter c. The range of k is between 0.861 and 3.42, while the
c value varies between 0.923 to 5.70 m/s. The lowest value of the scale parameter is 0.923 m/s and is found
in July of 2014, while the highest value is 5.70, which occurred in July of 2016. The highest k value is in
December of 2014 and the lowest is found in June of 2014. The mean k and ¢ vales is 2.47 and 3.27 m/s,
respectively. The mean wind intensity and standard deviation values are important in predicting the shape

and scale parameters.

Table 3. Monthly shape parameter (k) and scale parameter (c) values distribution for period of 2014-2018

Years 2014 2015 2016 2017 2018
Parameters k c k c k c k c k c
January 2.1509 1.3649 3.0342 3.0143 2.1729 3.1172 2.7634 3.1698 2.7378 3.2835
February 1.5694 2.7567 3.0341 3.1927 2.9882 3.2845 2.0884 3.1645 2.7785 2.7825
March 1.3298 3.0348 3.3374 3.1696 2.3797 3.6661 2.6394 3.3692 2.2728 3.3516
April 1.0493 1.9211 2.9098 3.4049 3.0479 3.5854 2.2860 3.4716 2.5746 3.5141
May 1.1825 1.1309 2.9503 3.7306 2.3783 4.2768 2.3694 4.0386 2.8424 3.3962
June 0.8618 2.1454 2.5112 4.2356 2.6510 4.7366 2.6246 4.5460 3.0244 4.1953
July 1.5072 0.9238 2.7949 4.6279 2.8789 5.7097 2.9261 4.4236 2.5325 4.7439
August 1.6694 1.0230 2.8323 4.0554 3.0107 4.0496 2.6403 4.0432 3.1674 4.3388
September 0.9979 16627  2.9533 36205 2.2008 4.9795 29385  3.3787  3.2850  3.6799
October 1.2652 2.5233 2.9344 3.1827 3.0083 3.0936 2.5876 3.4361 2.3261 3.3562
November 1.3567 1.6558 2.7325 3.0730 2.2164 2.8545 2.7242 2.7005 2.6145 2.6851
December 3.4263 2.7561 2.6878 3.0041 2.6328 3.3703 2.7104 2.6788 2.3312 3.0085
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In Figure 6, the variation of the Weibull probability distribution with wind speed is plotted by years. The
highest probability value according to the Weibull probability distribution function was obtained as 0.35 in

2014.
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Figure 6. Yearly Weibull probability density distributions for the period of 2014-2018 in Diyarbakir

The Weibull and Rayleigh approximations of the actual probability distribution of wind speeds are
presented in Figure 7, while a comparison of the two approximations is presented in Table 4. In Figure
7, the probability distribution of the actual data, the Weibull probability distribution, and the Rayleigh
probability distribution are plotted versus the wind speed according to the average of five years data.
The probability ratio of the Rayleigh distribution is higher than the Weibull distribution.
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Figure 7. Weibull and Rayleigh approximations of the actual probability distribution of wind speeds
The values of the statistical parameters (R?, RMSE, and y°) obtained from Weibull and Rayleigh

distributions are given in Table 4. The R? value is found between 0.92-0.98 in the Weibull distribution
and 0.90-0.93 in the Rayleigh distribution. The RMSE values range from 1.09x10°° to 4.72x107 in the
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Weibull distribution and from 2.69x107° to 1.84x10™* in the Rayleigh distribution. The ¥ values vary
between 2.59x10 and 1.08x10™ in the Weibull distribution and between 6.61x10° and 3.95x10™ in the
Rayleigh distribution. As can be seen in Table 4, the highest R? value is obtained by using the Weibull
distribution. However, the results have shown that the RMSE and ¥ values of the Weibull distribution
are lower than the values obtained for the Rayleigh distribution. As a result, the Weibull approximation
is found to be the most accurate distribution according to the highest value of R? and the lowest values
of RMSE and .

Table 4. The statistical analysis parameters for yearly wind speed distributions in Diyarbakir

Weibull Distribution Rayleigh Distribution
Years
R? RMSE x2 R? RMSE 12

2014 0.919 0.00047219 0.0010897 0.900 0.00184337 0.0039501
2015 0.947 0.00025287 0.0005835 0.911 0.00068175 0.0014609
2016 0.941 0.00020512 0.0004733 0.915 0.00029723 0.0006369
2017 0.963 0.00015103 0.0003485 0.934 0.00026925 0.0005770
2018 0.976 0.00010960 0.0002591 0.933 0.00030541 0.0006617

Fig. 8 shows the monthly change in the R? obtained from the Weibull and Rayleigh distributions for
Diyarbakir using the ten-year data. The range of R* values change from 0.89 to 0.93 in the Weibull
distribution and 0.89 to 0.97 in the Rayleigh distribution. Because the R? value is closer to 1 in the
Weibull distribution, it is understood that the Weibull distribution is more suitable for modeling the
wind data for Diyarbakir.
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Figure 8. The change of correlation coefficient values obtained from Weibull and Rayleigh distribution to months

The Weibull distribution parameters and the Rayleigh distribution parameters are given in Table 5 and
Table 6 according to years, respectively. The maximum mean velocity (Vmax) in the Weibull distribution
ranged from 4.23 to 5.02 m/s and the mean power density (Pw) ranged from 17.87 to 41.99 W/m?. In the
Rayleigh distribution, Vmax varied from 2.95 to 5.22 m/s and P varied from 11.95 to 26.20 W/m?.
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Table 5. Weibull distribution parameters

Vol 9, Number 1,2019

Years k c(m/s) Vm(m/s) o(m/s) Vmod(M/s) Vmax(m/s) Pw(W/m?)
2014 1.5305 1.9082 1.79101 1.89879 0.3530 4.2385 17.867
2015 2.8927 3.5259 3.14357 3.90231 2.9562 4.2554 27.465
2016 2.6305 3.8937 3.46241 4.16010 3.0463 5.0254 41.991
2017 2.6082 3.5350 3.14177 3.76184 2.8014 4.5430 29.579
2018 2.7073 3.5280 3.14007 3.81948 2.8385 4.4730 28.852
Table 6. Rayleigh distribution parameters
Years c(m/s) Vm(m/s) o(m/s) Vmod(M/s) Vmax(M/s) Pr(W/m?)
2014 2.3461 2.07913 2.33091 1.4762 2.9524 11.957
2015 3.2013 2.83712 3.48380 2.6102 5.2204 26.049
2016 3.2011 2.83686 3.37859 2.8209 5.6418 26.201
2017 3.0376 2.69196 3.18978 2.5545 5.1089 22.546
2018 3.1306 2.77441 3.32709 2.5427 5.0854 24.739

The variation of mean wind speed with Weibull power density and Rayleigh power density are
showed in Fig. 9 and in Fig. 10 with respect to years, respectively. The mean wind velocity is determined
as 2.93 m/s for Weibull distribution and 2.64 m/s for Rayleigh distribution. In the Weibull distribution,
the highest power density is 41.99W/m?in 2016 and the lowest power density is 17.87 W/m? in 2014
and the mean power density is 29.15 W/m?. In the Rayleigh distribution, the highest and the lowest
power density is determined as 26.20 W/m? in 2016 and 11.95 W/m?2 in 2014, respectively, and but also

the mean power density is obtained as 22.29 W/m?.
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Figure 9. Yearly mean power density and wind speed according to Weibull distribution
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Figure 10. Yearly mean power density and wind speed according to Rayleigh distribution

5. Conclusion

The wind characteristics of Diyarbakir were statistically analyzed. Wind speed data were obtained
for five years (2014-2018). Probability density distributions and power density distributions were
obtained from time series data and distribution parameters were calculated. Two probability density
functions were added to the wind speeds measured on a monthly and yearly basis. Based on the Weibull
and Rayleigh models, the wind energy potential of Diyarbakir was investigated. The results can be
summarized as the following:

1) Within five years, the Weibull distribution provides a better estimate of wind power potential
density than the Rayleigh distribution. This is seen from the results of the correlation coefficient.

2) The Weibull model is generally better in fitting the measured yearly probability density
distributions than the Rayleigh model, to the statistical criteria such as R?, RMSE and y°. Therefore, it
was concluded that it would be better to use the Weibull distribution in the analysis of wind data of
Diyarbakir.

3) The values of the shape parameter (k) and scale parameter (c) at Diyarbakir were examined. The
yearly mean values of k and ¢ for Weibull distribution were determined as 2.47 and 3.27 m/s over a five
year period of 2014-2018. The yearly mean ¢ value for Rayleigh distribution was found 3.39 m/s.

4) Itis indicated by the mean value of wind speed and energy intensity measured at the location that
economical electricity production is not provided from wind power by the current technology and that
the measurements need to be assessed in the long term in line with the technological developments and
reduction in the cost of turbines. In conclusion, average monthly power and annual average power
densities in Diyarbakir are not appropriate directly to the network support with wind energy systems.
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Nomenclature

A : Blade sweep area (m?)

¢ : Weibull scale parameter (m/s)

f(v) : Probability density function

fj : Frequency of occurrence of each speed class
F(v) : Cumulative distribution function

k : Weibull shape parameter

n : Number of wind speed classes

N : Number of hours in the period of time considered, number of observations
P : Power density (W/m?)

RMSE : Root mean square error

R? : Correlation coefficient

V : Wind speed (m/s)

Xi : ith measured value

yi . ith calculated value

zi - mean value of the experimental data

Subscripts

m : mean

max : maximum

mod : largest frequency
R :: Rayleigh

W : Weibull
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CALCULATING ENERGY-INDUCED CARBON FOOTPRINT: BATMAN UNIVERSITY

CASE
Ali Serkan AVCI!, Hakan KARAKAYA?

This study determined the energy-induced carbon footprint arising from
energy consumption in Batman University. It is important for universities to
do acts toward control the greenhouse gas emission based on energy
consumption while performing activities. Therefore, there is need to know
the components of carbon footprint. Electric energy, natural gas energy, and
various oils as the energy consumption components in these institutions were
scrutinized. Petrol, diesel fuel, and fuel oil were utilized as types of oil. It is
seen that the component which considerably specifies the carbon footprint is
3.161.238 ton CO: value and electric energy. Natural gas and fuel oil use
contribute to carbon footprint at high ratios in winter months especially
arising from heating. 361 ton CO: based on natural gas use and 1.256.445
ton CO2 based on fuel oil use are other components which specify the carbon
footprint. As a result, the primary carbon footprint for Batman University
was determined by IPCC Methodology and Tier 1 approach; it is
3.162.855,445 ton CO2 for 2017.

Keywords: Carbon footprint, Global climate change, Tier approach

1. Introduction

Greenhouse gas emission and environmental issues have emerged with the development of technology
and increasing urbanization and energy consumption. Climate change based on global warming as the
result of environmental issues and greenhouse gas emissions is a severe threat for our country and the
world. Sustainable development, green axis growth, and environment-friendly policies become crucial
in our country as well. In this regard, it is expected from organizations and people to decrease their

carbon emission and increase environmental conscience.

It is observed when the literature relating to Carbon Footprint is analyzed to increase the sustainable
and ecologic awareness that studies in recent years have gradually increased. Ozlem reviewed some of
the European countries’ approaches based on power generation and consumption about carbon
footprint [1]. Tor6z analyzed methodology choices, calculations and results in enterprises in our
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country, the world and many European countries whose approaches on carbon footprint are different
[2]. Yaka determined the carbon footprint of Health Services Vocational High School of Akdeniz
University [3]. Unald1 analyzed green marketing and carbon footprint concepts in detail [4]. Tan et al.,
evaluated the 30-years background of the transition process of universities in China to green and
sustainable campus application [5]. Moreover, Li et al., measured the carbon footprint of students at
Shanghai University in China [6].

Sangwan et al., [7] determined carbon footprint in Pilani campus of India. For their research results,
indirect emissions have a 99% contribution to the footprint. Gu et al., found total energy footprint,
carbon footprint and water footprint in Keele University in England [8]. They developed a
conceptional correlation based on the combination of different environmental footprints to evaluate
how hydrologic cycle, energy resources, climate with operations and food supply interact with each
other. Ozawa-Meida et al., conducted a carbon footprint study based on consumption for a university
in England [9]. Bello et al., analyzed the effects of hydroelectric consumption in Malaysia on the
environment within four different frameworks as ecologic footprint, carbon footprint, water footprint,
and COz emission [10]. Utaraskul evaluated the carbon footprint of 35 students in Rajabhat university
based on three criteria. Related criteria are food consumption and energy consumption by using
electrical appliances [11].

In this study, it was aimed to point out global climate change and environmental awareness by
computing the carbon footprint of Batman University that is one of the institutions that produce
science. Carbon footprint shows the amount of carbon dioxide and other greenhouse gas emissions
that are produced as the result of daily activities. The main effects on carbon footprints include
population, economic output and energy and carbon density of economy. It is significantly associated
with not only the energy consumption of corporate sectors but also the consumption of industry by the
increase in energy consumption. Prevalence of energy-intensive devices in houses and job
environment considerably increased energy consumption. Space heating and cooling systems in
buildings to provide better comfort zones increase the energy consumption in the same way.

2. Carbon Footprint and Sustainability

’Sustainable’” and ‘’ecologic’” concepts enter into our daily life by increasing the environmental
issues. ’Sustainability’’ concept that first emerged in the international area in 1970 is defined as being
provided ecological balance and protected the environment. The issue of “’effect of human activities
on environment’’ was discussed in Stockholm Conference in Switzerland in 1972; damages of related
activities were highlighted [12]. It was decided to reduce the greenhouse gas emission till 2012 in
Kyoto Protocol which was signed by 189 countries in 1997 Greenhouse gas emission [13].
Sustainability is a broad concept which prioritizes conservation and sustainability of natural habitat
and inholds the social and economic dimensions at the same time. Sustainable development will
actualize when environmental, economic and social sustainability materialize together [14].

Ecological footprint means the size of biologically fertile soil or water area in global hectares. This
fertile soil or water is required to destroy the waste and reproduce the resources consumed by a
community or activity via available technology and resource management [15]. The biggest share
belongs to carbon footprint among the Ecological Footprint components in Turkey in 2007 [16].
Carbon footprint is composed of two parts as the primary and secondary carbon footprint. The primary
carbon footprint (direct carbon footprint) is defined as the direct measurement of CO2 emissions which
arise as the result of firing fossil fuels that are used for energy consumption and transportation.
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The secondary one (indirect carbon footprint) is the measurement of CO2 emissions that arise during
the whole life cycle from being produced and consumed all the commodities. Carbon footprint is a
crucial indicator to reveal the effects of greenhouse gas emissions on the environment and minimize
those related effects.

About the Carbon Footprint Change of Turkey and the World countries, G20 countries which meet
approximately 85% of the world economy and 80% of the world trade is considered. The carbon
footprint of 19 state part of G20 and all the EU countries were evaluated for the period between 1990
and 2016. Figure 1 and 2 shows the carbon footprint values belong to related years on the website of
World Carbon Atlas. While China, America, and India were in the leading position for carbon
footprint values in 2016; Italy, France, and Argentina were in the last ranks. While America was the
leading country in 1990, China reached the top in 2016. Carbon footprint values of Turkey increased
approximately 2,5 times from 1990 to 2016 [17].
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Figure 1. Carbon footprint values of G20 countries in 1990 (Mt CO2) [18]
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Figure 2. Carbon footprint values of G20 countries in 2016 (Mt CO2) [18]

Although there has been a 3 times increase in carbon footprint value of Turkey in the last 15 years,
there are two main reasons for us to be at last ranks. One of the reasons is that while developed
countries increased energy efficiency in other sectors which generate the emission, the yield in these
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sectors in Turkey has not increased as of yet. In other words, the share of carbon footprint in total
emissions is relatively low in the transportation sector because of the high CO2 emission. The second
reason is that while the mobility (number of trips per person and length of the journey) is more in
developed countries, the same mobility is relatively low in developing countries such as Turkey [19].

3. Method

The primary carbon footprint was computed by the IPCC calculated methodology (Tier 1 approach) in
this study. In this regard, carbon footprint arising from heating, transportation and electricity
consumption of University was computed.

Since the carbon emission based on energy consumption of university was computed in this study, the
information in energy title was utilized. 2017 Data of all departments of Batman University were
analyzed. Since carbon dioxide emission is directly associated with firing the oil, it can be exactly
computed. Firing conditions, technology, emission standards, and oil characteristics need to be known
to compute other greenhouse gases. IPCC methodology categorized emission calculation methods at 3
different levels which are accepted as Tier [20].

Tier 1 uses the assumed emission factor in calculation; it does not consider the factors in the region
where the activity is found. Resource category of each of the gas emissions and emission factor
peculiar to the oil is required in the Tier 2 approach. These emission factors are specified peculiar to
this country because of differences in types of oil, burning technology, working conditions, control
technology, care quality and age of the equipment used for firing oil. Since the emission factor is
intrinsic to country, variability and carbon dioxide emissions need to be calculated in a proper way.
Tier 3 approach uses technology variable as the base and includes firing process, properties of oil and
other factors that can affect calculation results [20, 21]. This study gave the calculation method
relating to the Tier 1 approach in detail; CO2 emission that has the biggest share in greenhouse gases
was computed as well.

Amount of fuel consumption is determined in the calculation of carbon dioxide emissions. Gasoline,
diesel, LPG, coal, natural gas and electricity consumption amounts were obtained from the official
records of University. IPCC carbon dioxide emission factor, 0,584 ton/mWh that was found in
master’s thesis of Tor6z was used to calculate carbon dioxide emission based on the electric energy [2,
20]. Energy content is computed by multiplying consumption values of fuels by transformed value in
IPCC guide. Transformed values are the values in IPCC 2006 guide and the Regulation on Monitoring
of Greenhouse Gas Emissions that was published in 22.07.2014 dated and 29068 numbered Official

Gazette. The table shows the related values.
Table 1. Net Calorific Value of Fuels

Fuel Type Net Calorific Value (Tj/Gg)
Gasoline 443
Diesel 43,0
LPG (Liquefied Petroleum Gas) 47,3
Lignite Coal 119
Natural gas 48,0

Energy Consumption (TJ) = Fuel Consumption (t)x Net Calorific Value (TJ/GQ)
At this stage, carbon emission factors in IPCC guide for each of fuel group were selected to calculate

the total carbon content in the fuel. Amount of carbon content is found by multiplying carbon emission
factor by the energy content value that is computed in the previous step [20].
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Table 2. Emission Factor of Fuels

Fuel Type Emission Factor (t C/Tj)
Gasoline 18,9
Diesel 20,2
LPG (Liquefied Petroleum Gas) 17,2
Lignite Coal 27,6
Natural gas 15,3

Carbon Content (t C) = Carbon Emission Factor (t C/TJ) x Energy Consumption (TJ)

Unoxidized carbon amount is found during firing; carbon value that completely fires is calculated.
Following oxidation percentages (combustion efficiency) are specified by IPCC; 0,99 for petroleum
products, 0,995 for gaseous fuels; 0,98 for coal products. The amount of oxidized carbon is computed
by multiplying the carbon content by these related values.

Table 3. Oxidation Ratio of Fuels

Fuel Type Oxidation Rate
Gasoline 0,99

Diesel 0,99

LPG (Liquefied Petroleum Gas) 0,99

Lignite Coal 0,98

Natural gas 0,995

Carbon Emission (Gg C) = Carbon Content (Gg C) x Carbon Oxidation Rate

Net carbon value that is found by the proportion of the molecular weight of CO:z to the molecular
weight of carbon is turned into CO2 form. At this stage, CO2 emission value is found by multiplying
the previous value by 44/12 that is the proportion of the molecular weight of CO2 to the molecular
weight of carbon [20].

CO2 Emission (Gg COz ) = Carbon emission (Gg C) x (44/12)

4. Findings

Data relating to electricity, gasoline, diesel, natural gas, and Fuel Oil consumption were received from
university to determine the primary carbon footprint of University for 2017. Calculations were
performed in line with IPCC methodology Tier 1 approach that can be seen in Method chapter. Table
4 shows the related calculations.

Tablo 4. Calculation of Carbon Footprint in Batman University

Energy Type Consumption Consumption Net Calorie Carbon Carbon Ton CO2

Amount (2017 Amount (Ton)  Value (Tj/ Gg) Emission Oxidation

Year) Factor Rate

(tC/TJ)
Gasoline 1091 litre 0,81 443 18,9 0,99 2,461
Diesel 63845 litre 53,6 43 20,2 0,99 170,164
Natural gas 169303 m? 135,44 48 15,3 0,995 361
Fuel Oil 350260 kg 350,26 40,4 21,1 0,99 1083,82
Electricity 5413079 KWh 3161238
Total 3162855,445
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Primary carbon footprint value of Batman University was found as 3.162.855,445 ton CO: by the help
of IPCC Methodology and Tier 1 approach. Electric energy is 3.161.238 ton COz2. This value is 99% of
the total carbon footprint within the campus. Moreover, 0,03% of total carbon footprint results from
361 ton CO2 natural gas use and 1.256.445 ton CO: fuel oil consumption.

3161238
GASOLINE DIESEL NATURAL GAS FUEL OIL ELECTRICITY

Figure 3. Batman University's Carbon Footprint (Ton CO2)

5. Conclusion

Need for energy gradually increases by industrialization and increasing the world population. This
overconsumption brings along global climate change and increasing health risks. Due to these reasons,
countries have started to reevaluate energy models. They should head for renewable energy resources
that are non-depletable, clean and confidential. It is seen that renewable energy provides remarkable
environmental advantages regarding greenhouse gas emissions and other classical atmosphere
pollutants in comparison to classical energy systems. Turkey is extremely lucked in terms of
renewable energy potential. Therefore, it is important to be effectively used available clean energy
resources to avoid both environmental, social and economic problems. This study was conducted to
create awareness in terms of sustainability and ecological. Greenhouse gas emissions based on energy
consumption was emphasized. The primary carbon footprint is 3.162.855,445 ton CO2 by IPCC
Methodology and Tier 1 approach for 2017 for Batman University. 99% of this value originates in
electric energy consumption. There is a need for establishing renewable power plants, notably solar
power plants to meet increasing electric energy need within campus and change available energy with
clean energy resource.
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